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 PHYTOPLANKTON
In the analysis of the phytoplankton community research in 2019, the processing results of 75 quantitative phytoplankton samples were used. Of these, 40 samples were obtained during JOSS-GE-UA 2019, 35 samples were obtained in NPMS 2019 (EMBLAS-Plus project). The samples JOSS GE-UA 2019 were taken from July to August (28.07.2019-3.08.2019) in coastal (CW-UA) and shelf (Sh-UA) waters of Ukraine (Fig. 1a). The samples NPMS UA 2019 were taken from August to October (01.08.2019-16.10.2019) in the shelf and open waters (OW-UA) of Ukraine (Fig. 1b). Phytoplankton samples were collected by vertical series on different depth, so that the material could be collected from main hydrophysical layers (upper mixed layer, upper thermocline layer, lower thermocline layer and chlorophyll maximum (if this maximum didn't coincide with other sampling layers) and near-bottom layer.
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Figure 1. Sampling stations of cruises JOSS-GE-UA 2019 (a) and NPMS UA 2019 (b)
               (EMBLAS-Plus project)
To assess the ecological status class (ESC) of the marine ecosystem based on the state of phytoplankton communities, in accordance with the requirements of the WFD and MSFD, the following indicators were used:
 IPI – Integral Phytoplankton index, IPI  = (Ki min a)0,5 ( K1a1· K2a2 · K3a3· K4a4 · K4a5 )1/2n
 Кi – values of phytoplankton metrics;

Total phytoplankton biomass, mg*m-3;

Shannon’s index, Beat*ex-1;

% of Euglenophyta, Cyanophyta, Microflagellat in total biomass;

% of Dinophyta in total biomass;

% of Bacillariophyceae in total biomass;

аi – weight characteristics of metrics, the result of pair correlation of each value of metrics with the most "significant" metric;

n – total number of metrics.

В - total phytoplankton biomass, mg*m-3.
The 5 categories for transit waters and GES or NotGES status of shelf and open sea waters of Ukraine were determined on the basis of classification scales (Tabl.1.) and Thresholds Values (Tabl.2.) of phytoplankton indicators

Table 1. ESC categories for coastal and transit waters of Ukraine based on Integral phytoplankton index (IPI).

	Danube-Dnieper interfluve coastal waters
	 Danube Avandelta

	ESC
	IPI
	ESC
	IPI

	High
	0,212-0
	High
	0,326-0

	Good
	0,297-0,212
	Good
	0,445-0,326

	Moderate
	0,463-0,297
	Moderate
	0,584-0,445

	Poor
	0,620-0,463
	Poor
	0,649-0,584

	Bad
	1-0,620
	Bad
	1-0,649


Table 2. Thresholds values for subdivisions of Ukrainian waters of Black Sea (correspond to the phytoplankton biomass).

	Subregion
	Water body
	В, mg∙m-3

	
	
	GES
	Not

	
	
	
	GES

	Northwester Black Sea Bays
	CW8, CW9, CW10, CW11
	≤485
	>485

	(C9)
	
	
	

	Deepwater shelf
	Zernov’s Phyllophora Field (depth
	≤773
	>773

	(Sh6)
	25-55 m)
	
	

	Danube-Dnieper interfluve coastal waters
	CW2, CW3, CW4, CW5, CW6, CW7
	≤1087
	>1087

	(C3)
	
	
	

	Danube Avandelta
	Shelf
	≤1583
	>1583

	(T1)
	water
	
	

	South-Eastern region
	Open
	≤810
	>810

	
	water
	
	


Species composition and biodiversity
 As a result of Ukrainian waters studies, conducted in 2019, 234 phytoplankton species of 18 unicellular algae classes were identified (Fig. 2). For various categories of Black Sea waters in 2019, a different number of phytoplankton species was revealed. The maximum number of species (175) was found in the coastal waters of Ukraine. Biodiversity gradually decreased from the shelf waters of Ukraine (118 species) to the open waters of Ukraine (80 species) (Fig. 2). In general, 83% of the biodiversity of the study area in 2019 was formed by algae of 5 classes (Dinophyceae, Bacillariophyceae, Cyanophyceae, Chlorophyceae and Prymnesiophyceae). Dinophyceae algae made the maximum contribution to the biodiversity of phytoplankton  (34%, 80 species). The relative contribution of Dinophyceae algae to the phytoplankton biodiversity in 2019 was increasing from the coastal waters (26%, 42 species) to the shelf waters (44%, 52 species) and then to the open waters of Ukraine (53%, 42 species). The contribution of Cyanophyceae algae to biodiversity, on the contrary, was decreasing from the coastal (8%, 12 species) and shelf (8%, 10 species) waters of Ukraine to the open waters of Ukraine (4%, 3 species). The maximum relative contribution of Bacillariophyceae algae to biodiversity was observed for the coastal waters of Ukraine (39%, 63 species).
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Figure 2. Phytoplankton taxonomic composition (2016-2019) in deference zones of Ukrainian

               waters
Phytoplankton community structure (abundance, biomass, taxonomic structure)
 The maximum biomass in 2019 was detected in the shelf waters of Ukraine (782.46 mg/m3) Unlike 2016 and 2017, when the maximum average abundance and biomass were detected in the coastal waters of Ukraine (Fig. 3) Meanwhile, the minimum biomass was detected in open waters of Ukraine both for 2019 (377.50 mg/m3) and 2016-2017 years (Fig. 3). The values of the average abundance of phytoplankton communities for different water categories of the study area in 2016, 2017 and 2019 were distributed in a similar way. The maximum was found in the coastal waters of Ukraine, the minimum – in the open waters (Fig. 3).
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Figure 3. Average abundance (cells/L, left) and biomass (mg/m3, right) in 2016, 2017 and 2019

The sharp increase in phytoplankton biomass in 2017 in coastal and open waters (despite the decrease in abundance) was associated with an increase in the size of phytoplankton cells for all mass classes of algae. In 2019, a decrease in the cell volume was detected for all taxa, except Dinophyceae (Fig. 4). This determined lower values biomass in 2019 (Fig. 3 b).
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Figure 4. The average volume of the cell (μm3) for mass classes of algae in 2016-2019

In 2019, Cyanophyceae algae gave the maximum (72%) contribution to abundance (Fig. 1.5 a). The contribution of Bacillariophyceae to biomass was maximal. The subdominant group was Dinophyceae (Fig. 1.5 b). However, such taxonomic structure was typical only for the coastal waters of Ukraine (CW-UA). The taxonomic structure of phytoplankton in the shelf waters of Ukraine (Shelf-UA) was characterized by increase in the abundance of Prymnesiophyceae. In the open waters the contributions of Dinophyceae increased (Fig. 1.5 a). The changes in the relative contributions of taxonomic classes of phytoplankton to the biomass of different water areas were associated with a redistribution of the contributions of Bacillariophyceae and Dinophyceae. The exception was the coastal waters of Ukraine, where the contribution of Cyanophyceae increased (Fig. 5 b).
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Figure 5. Contributions of taxonomic classes in average phytoplankton abundance (a) and biomass (b) in 2019

Dominant species
 The massive development of phytoplankton in 2019 was revealed not only in the zone of influence of large rivers (Dniester and Danube), but also in the damping region, where the abundance and biomass of phytoplankton reached 96406294 cells/l and 2533 mg/m3. It was formed by Cyanophyceae. The abundance of some phytoplankton species reached values of water bloom. The abundance of Jaaginema kisselevii, 1988 reached 5017211 cells/l, and the abundance of Dolichospermum spiroides - 456393 cells/l. The biomass (872 mg/m3) was mostly formed by Nodularia spumigena. In the Danube influence zone it was mostly formed by Merismopedia minima (16118880 cells/l) and Stephanodiscus hantzschii (1436335 cells/l). In the Dniester influence zone, the biomass of phytoplankton was 2576 mg/m3. The abundance of Jaaginema sp. reached the concentration of water bloom as well (8517530 cells/l). 
In total the species with the highest occurrence in the phytoplankton communities in 2019 were Gymnodinium wulffii (Dinophyceae), Pseudosolenia calcar-avis (Bacillariophyceae) and Emiliania huxleyi (Prymnesiophyceae). The species with the highest abundance in the phytoplankton communities in 2019 were Merismopedia minima (CW-UA), Emiliania huxleyi (Sh-UA) and Cyanophyceae gen. sp. (OW-UA). The species with the highest biomass in the phytoplankton communities in 2019 were Ceratium tripos (CW-UA, OW-UA) and Neoceratium sp. (Sh-UA).
Phytoplankton indicator based ecological status assessment
 Assessment of the ecological status based on biomass threshold values showed that most stations of various categories belong to the GES category (Good Ecological Status). Two out of six JOSS GE-UA 2019 cruise stations were assigned as having a not good environmental status (Fig. 1.6a). The relative content of Not GES stations for NPMS UA 2019 (four out of twenty) was lower than for JOSS-UA-GE 2019. One of them was in subdivisions Deepwater shelf (category Shelf--UA), while the rest ones – in Danube-Dnieper interfluve coastal waters (category CW-UA) (Fig. 6b). Despite this, based on an estimation of the average biomass values for different water categories, them can be assigned as those that have Good Ecological Status. 
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Figure 6. Distribution of environmental state categories based on GES threshold values for phytoplankton biomass in JOSS UA-GE (a) and NPMS-UA 2019 (b) (circles - stations)               (EMBLAS-Plus project)
ZOOPLANKTON
In Ukrainian waters during 2019-th year mesozooplankton samples were taken at 28 stations (Figure 1). 
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Figure 1. Zooplankton sampling maps for 2019 year (coastal, shelf and open waters)
The Integral Zooplankton Index, IZI (Alexandrov, 2016, Alexandrov Kharitonova, 2019) was used to assess the ecological state of the investigated aquatories.
IZI – Integral Zooplankton Index IZI = (Ki min a)0,5 ( K1a1· K2a2 · K3a3· K4a4 · K4a5 )1/2n
Кi – values of zooplankton metrics:

In addition, other zooplankton community assessment indices were used:

Total zooplankton biomass, mg*m-3; Shannon’s index, Beat*ex-1; % of Noctiluca scintillans in total biomass; % of Copepoda in total biomass; аi – weight characteristics of metrics, the result of pair correlation of each value of metrics with the most "significant" metric;n –  total number of metrics.
In accordance with the standards of the MSFD, the Thresholds Values of the zooplankton indicetors were determined to assess the GES and Not GES environment status of the sea waters of Ukraine, taking into account different seasons and deferens subdivisions of national marine monitoring (Tabl. 1).

Table 1. Thresholds Value of Integral Zooplankton Index for the Ukrainian national

               subdivisions and deferens seasons.
	Coastal waters, Danube area

ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.915
≥ 0.565
≥ 0.890
≥ 0.709
Not GES
≤ 0.914 
≤ 0.564 
≤ 0.889 
≤ 0.708 
Coastal waters, Dnestrovsko-Dniprovs'kyi district
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.863
≥ 0.094
≥ 0.841
≥ 0.789
Not GES
≤ 0.862
≤ 0.093 
≤ 0.840 
≤ 0.788
Shelf zone, surface layer (0-10 m), Danube area
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.899
≥ 0.477
≥ 0.914
≥ 0.593
Not GES
≤ 0.898
≤ 0.476
≤ 0.913
≤ 0.592
Shelf zone, surface layer (0-10 m), Dniester-Dnipro district
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.897
≥ 0.828
≥ 0.618
-
Not GES
≤ 0.896
≤ 0.827
≤ 0.617
-
Open water, surface layer (0-10 m)
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.838
≥ 0.684
≥ 0.321
≥ 0.903
Not GES
≤ 0.837
≤ 0.683
≤ 0.320
≤ 0.902
Shelf zone and open water, thermocline zone (10-25 m)
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.911
≥ 0.617
≥ 0.895
≥ 0.280
Not GES
≤ 0.910
≤ 0.616
≤ 0.894
≤ 0.279
Open water, cold intermediate layer (25-100 m)
ES
IZI
Spring
Summer
Autumn
Winter
GES
≥ 0.929
≥ 0.812
≥ 0.923
≥ 0.935
Not GES
≤ 0.928
≤ 0.811
≤ 0.922
≤ 0.934
Transition waters

ES
IZI
Spring
Summer
Autumn
Winter
GES
GES
≥ 0,365
≥ 0,411
≥ 0,539
Not GES
Not GES
≤ 0,364
≤ 0,410
≤ 0,538



Species composition and biodiversity
Totally 49 taxons of zooplankton were registered: Protista - 2, Coelenterata – 2, Ctenophora – 2, Nematoda – 1, Rotatoria – 4, Polychaeta – 4, Gastropoda – 1, Bivalvia – 1, Tentaculata – 1, Crustacea – 26 (including Cladocera – 8, Copepoda – 14, Ostracoda - 1, Cirripedia – 1, Cumacea – 1, Isopoda – 1, Decapoda - 1), Chaetognatha – 1, Tentaculata – 1, Chordata – 3 taxons. Holoplankton includes 35 taxons, meroplankton – 14 taxons. Most of them belong to the forage zooplankton for fish.
Biomass 

In coastal waters average number and biomass of zooplankton in 2019 (19642 ind*m-3 and 281,14 mg*m-3) was similar to those in 2016 (10299 ind*m-3 and 182,62 mg*m-3) and much more higher than in 2017 (1714 ind*m-3 and 29,99 mg*m-3). Dominant taxons and spatial distribution of zooplakton in 2019 was similar to those in 2016 and 2017. Average biomass of forage zooplankton in 2019 was approximately 10 times higher than in 2016 and 2017 (23,8 mg*m-3 and 21,4 mg*m-3 respectively). So, we can see the positive changes in a state of forage base of planktophagous fishes during last years.

In deep basin of Ukraine in 2019 average number of zooplankton was 4788 ind*m-3, biomass 337,41 mg*m-3. The number and biomass of zooplankton clearly decreased from the water-surface to the depth. In the upper mixed layer average number of zooplankton was 10252 ind*m-3, biomass 742,83 mg*m-3. At the thermocline average number and biomass of zooplankton were approximately 4-5 times less than in the upper mixed layer - 2539 ind*m-3 and 140,84 mg*m-3 respectively. Under the thermocline average number and biomass of zooplankton were 1,8-3,5 more times less the at the thermocline - 715 ind*m-3 and 75,29 mg*m-3 respectively. The largest number and biomass of zooplankton were registered at the Zmeiny island region - 32505 ind*m-3 and 3445,42 mg*m-3. Minimal number and biomass of zooplankton was registered in the open marine waters at the thermocline layer - 203 ind*m-3 and 3,99 mg*m-3.

At all the stations organisms of the forage zooplankton played dominant role in forming of zooplankton biomass. Percentage of the non-forage zooplankton in the total biomass was less than 23%. Average biomass of the forage zooplankton was 220 mg*m-3, so the status of forage base of planktophagous fishes was relatively good. Maximal biomass of the forage zooplankton - 1524,08 mg*m-3 was registered at the Tendra island. Minimal biomass of the forage zooplankton – 5,02 mg*m-3 was registered in the Dniester region (Fig. 2).
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Figure 2. Total and forage zooplankton biomass (mg*m-3). Axis X – numbers of samples and stations: 1, 2 – Dnieper region, 3-8 – Odessa Bay, 9-12 – Dniester region, 13, 14 – Danube region, 15, 16 – Zmeiny island, 17-20 – Zernov’s Phyllophora field

According to the zooplankton metrics and IZI integral index in 2019 most of investigated Ukrainian coastal waters had Bad ecological status (LES), only the waters of Danube region have “High” environmental class status. In 2016 the coastal waters of Dniester region had “Bad” environmental class status at all stations as well as water from Upper Mixed Layer. Central waters had «Bad» water quality. The waters of Danube region also had “High” environmental class status at all stations. The waters near Dnieper had “Poor”, «Moderate» or «Bad» environmental class status. In 2016, 2017 and 2019, the environmental class status in most of the investigated aquatories showed a «Bad» quality class, rarely «Moderate»  or  «Poor», “High”  class of water quality was noted only in Danube region (in 2019 and 2016) and in Odessa region (2017)  (Fig. 3).
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Figure 3. Environmental class status of the investigated aquatories in 2016, 2017 and 2019 years. Axis X – numbers of samples and stations: 1, 2 – Dnieper region, 3-8 – Odessa Bay, 9-12 – Dniester region, 13, 14 – Danube region, 15, 16 – Zmeiny island, 17-20 – Zernov’s Phyllophora field
In open waters environmental status class in 2019 was much better than in 2016 and similar to that in 2017 when most of them had «High» (GES) environmental class status. In 2016 the waters of Upper Mixed Layer and Deep Waters had «Bad» environmental class status at all stations. Only Thermocline Layer shown «Moderate» water quality. In 2017 the coastal waters of Upper Mixed Layer, Dniester-Danube district, Shelf zone of Danube area and Thermocline Layer had «High» environmental class status at all stations. Only Deep Waters had «Moderate» and «Bad» environmental quality class.
So, the best ecological class status was in 2019 year and the worst – in 2016. The main tendencies in changes of the mesozooplankton community in the Ukrainian part of the Black Sea are decreasing of percentage of N. scintillans in total zooplankton biomass and increasing of percentage of Copepoda. Those tendencies indicate decreasing of the pressure of negative eutrophication factor and show positive changes in the forage base of commercial planktophagous fishes and ecological status of the Black Sea waters. These tendencies are in good agreement with the conclusion of Polishchuk (2006) that the Black Sea ecosystem is in a state of de-eutrophication and the establishment of a new “ecological norm”.
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PHYTOBENTHOS
In the Ukrainian sector of the Black Sea, samples were take in the coastal zone (Odessa region), in the shelf area of the Zernov’s Phyllophora Field  (Shallow St.  - 25 m and Deep  St. – 40 m) and  Denude Delta region (Fig 1.)
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Figure 1. Monitoring Station of the macrophytobenthos in period 2018-2019 in Ukrainian sector of the Black Sea
For macrophytobenthos collection and processing was used the manual “Black Sea Monitoring Guideline: Macrophytobenthos” (Minicheva et al., 2015). Classical indices were used to estimated macrophyte communities (Kalugina-Gutnik, 1975). The species composition was determined using basic Guidelines (Zinova, 1967; Milchakova, 2011; Afanasyev et al., 2016).
Correspond to requirement of MFSD for assessment of the ecological status class (ESC) thee morphofunctional indicators of macrophytes were used. Analyses of the national’s empirical data show necessity correction the indicators: Community activity (Average Species Ecological Activity, S/Wx, m2∙kg-1). To avoid the technically difficult problem connection with determining the total floristic composition of macrophytobenthos, proposed to calculation the average value of the populations specific surface (S/Wp), only for those species whose biomass exceeds more than 0,001 kg∙m-2.

For assessment the categories of ECS on the basis of morphofunctional organization of macrophytes communities the classification scheme for coastal and shelf Black Sea habitats with salinity 12-17 ‰ was used  (Tab. 1.).

Table 1. Classification scheme of macrophytes morphofunctional Ecological Evaluation Indexes (EEI) for assessments the Ecological Status Class (ESC) for Ukrainian Black sea costal and shelf habitats with salinity 12-17‰.

	ESC
	 EEI range

	
	(S/W)3Dp,  

 m2.kg-1
	EQR
	(S/W)x ,
m2.kg-1
	EQR
	SIph  ,

 units
	EQR

	High
	(S/W)3Dp < 15
	≥ 0.82
	(S/W)x  < 60
	≥0.98
	SIph  < 25
	≥ 0.95

	Good
	15 ≤ (S/W)3Dp   ≤ 30
	0.54
	60 ≤ (S/W)x  ≤ 80
	0.79
	25 ≤ SIph ≤ 40
	0.84

	Moderate
	31 ≤ (S/W)3Dp   ≤ 45
	0.37
	81 ≤ (S/W)x ≤ 120
	0.58
	41 ≤ SIph ≤ 55
	0.68

	Poor
	46 ≤ (S/W)3Dp   ≤60
	0.25
	121 ≤ (S/W)x ≤200
	0.17
	56 ≤ SIph ≤90
	0.15

	Bad
	(S/W)3Dp   > 60
	≥0
	(S/W)x  > 200
	≥0
	SIph > 90
	≥0


In addition, when conducting methodological developments correspond the IMB NAS Ukraine activity within of EMBLAS_PLUS, another indicator of macrophytes was proposed, with which it is possible to reliability assess the Ecological Status Class – Sensitive species (Ssp) (Tabl.2.).

Table 2. Black Sea region ESC scale classification for EEI – Percentage the sensitive species (Ssp, %).

	ESC
	EEI
	EQR

	High
	100 ≥ (Ssp, %)> 86
	1,0 -0,86

	Good
	85≥ (Ssp, %)> 51
	0,85 – 0,51

	Moderate
	50 ≥ (Ssp, %) >21
	0,50 – 0,21

	Poor
	20 ≥ (Ssp, %) >1
	0,20 – 0,01

	Bad
	(Ssp, %) = 0
	0


Zernov’s Phyllophora Field  
Macrophytobenthos of the Zernov’s Phyllophora Field (ZPF) is an important Ecological Quality Element by the indicators of which it is possible to assess the Ecological Status Class of the north western shelf of the Black Sea, as an key area influenced by river flow of large European rivers – the Danube, Dniester and Dnepr. In addition to the long-term trends with us historical data of the indicators of ZPF macroalgae community can provide an opportunity to answer the question whether the ecological status of the Black Sea ecosystem is improve or worsen in general at the period last decades.

Floristic composition 

The 15 species of macrophytes (Chlorophyta – 1; Ochrophyta – 3; Rhodophyta – 11) registered on the monitoring sates of ZPF under the fieldwork in August 2019 with ecological activity from 9,03 to 456 (m2∙kg-1) . Compared with 2016 (20 species) and 2017 (30 species), the quantitative composition of macrophytes has decreased. However, this is not due to a tendency to reduce floristic diversity, but to a different number of seasonal expeditions and the different volume of material. Comparison of the floristic structure, by the ratio of the percentage contribution of different genus of macrophytes (Chlorophyta, Ochrophyta, Rhodophyta), on the contrary, indicates the stability of the floristic structure of ZPF macrophytes communities in the period 2016-2019. At the same time, minor positive trends can be noted – a decrease in the structure of communities of representatives of green algae (Chlorophyta), indicating pollution. A corresponding increase in the contribution to the floristic structure of species representing the genus Rhodophyta (Fig. 2.).
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Figure 2.  Comparison of the floristic structure of ZPF macrophytobenthos in the period

2016-2019

At the Historical Shallow St. due to its shallow water (25 m), a higher floristic diversity was recorded; including more tolerate species with the specific surface more of 25 m2∙kg-1 at comparison with depth water Historical Deep St. (40 m). Large, perennial species with low specific surface are indicators of the GES status of the marine environmental. Vice versa, a large number and biomasses of the small, finely branched species with high specific surface indicate a high intensity of production process, high level of eutrophication and low categories of ESC. The different illumination of the stations, which is reflect in the intensity of the primary production process, is the result of the fact that at Shallow St.  epiphyte with higher environmental activity predominates in the fouling of phyllophora’s species – Spermothamnion strictum (134 m2∙kg-1). At the Deep St., the epiphyte dominants – Cladophora liniformis (88,4 m2∙kg-1) and Desmarestia viridis (76,7 m2∙kg-1) were less value of ecological activity (Fig. 3.).
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Figure 3. Fouling of sensitive species (Phyllophora crispa, Coccotylus truncates) by tolerant epiphytes species Spermothamnion strictum, Cladophora liniformis, Desmarestia viridis) in the ZPF phytosenoses in August 2019

Biomass 

As a result of obtaining the transition coefficient between the two methods of collecting macrophytes (Frame and Grab), it became possible to recalculate the data of 2016 and get the objective picture of the distribution of phyllophora’s species biomass in the period 2016-2019 (Fig. 4.).
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Figure 4. Interannual comparison of the Phyllophora biomass species at the ZPF model Historical Shallow St.  (For 2016, the reconstruction of the biomass obtained with the help of method “Grab” and recounted to the method “Frame”)

As can be seen from Fig. 4., we can say that the difference in the biomass values of species of the phyllophora family is in the margins of statistical error. Thus, it can be state that during the period 2016-2019, the average biomass of the species Coccotilus truncatus and Phyllophora crispa were at the level of half a kilogram (see Fig. 4.).

Ecological status ZPF in August 2019

For national Ukrainian state monitoring, the area of ZPF is divided on two subdivisions in accordance with the intensity of the production process: - Shallow Shelf (Sh4) Off-shore shelf (depth 15-24 m) and - Deepwater Shelf (Sh6) Zernov’s Phyllophora Field (depth 25-55 m). In accordance with the depth of the Shallow St.  (25 m) and Deep St. (40 m), they belong to different national subdivisions: Shallow St.  - Sh4; Deep St. - Sh6. In accordance with this condition, the boundary of morphofunctionsl indicators values were used to determine the Ecological Status Class category and the Thresholds Values given in chapter Materials and Method (Macrophytobenthos) this report. ESC categories were determined on the basis of three indicators: (S/W)3Dp, (S/W)x and Ssp. For all three indicators, category of Shallow St.  can be assessment as GES. Due to the high ecological activity of the epiphyte dominating in the phyllophora’s species – Spermothamnion strictum (134 m2∙kg-1), according to the index – (S/W)3Dp the Deep St., it has category – NotGES (Tabl. 3.).

Table 3. Assessment of the Ecological Status Class of ZPF stations in August, 2019, taking into account the estimated values for various Ukrainian monitoring subdivisions

	Stations,

August

2019
	National

sub

division
	Categories corresponding to indicators values

	
	
	(S/W)3Dp

m2∙kg-1
	Ecolo-gical

Status

Class
	Status to

Thre-sholds

Value
	(S/W)x
m2∙kg-1
	Ecolo-gical

Status

Class
	Status to

Thre-sholds

Value
	Ssp, %
	Ecolo-gical

Status

Class
	Status to

Thre-sholds

Value

	10
	Shallow Shelf

(Sh4)

Off-shore shelf (depth

15-24 m)
	51,1
	Poor
	GES
	86,7
	Mode-rate
	GES
	40
	Mode-rate
	GES

	9
	Deepwater Shelf

(Sh6)
Zernov’s Phyllophora Field (depth 25-55 m)
	51,3
	Poor
	Not GES
	61,8
	Good
	GES
	67
	Good
	GES


 Assessment of status, trends

The indicator of the ecological activity of the floristic composition – S/Wx reflects the integrated environmental activity of communities and shows how it has changed over a long period. The determination of the category of the ESC for Historical Monitoring Shallow St.  for the period 1964-2019 shows that the pattern obtained for changing the category corresponds to the historical stages of eutrophication of the northwestern part of the Black Sea (Fig. 5.). 
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Figure 5.     Long-term change of ESC categories for Historical Shallow St.  ZPF on basis indicator S/Wx correspond to data: 1964 by Kalugina & Lachko (1966); 1986 by Kalugina-Gutnik & Evstigneeva (1993); 2004 by Minicheva (2007); 2006, 2008 by Minicheva et al. (2009); 2016, 2017, 2019 by EMBLAS project (data expedition)

ESC categories at the ZPF during the period 1964-2019 changed in accordance with the main stages of eutrophication of the northwestern part of the Black Sea. The category is “High”, was typical for 1964. The lowest categories – “Poor” were observed at the beginning of this century. In the last period of the study of the ZPF during of National Pilot Monitoring Studies of the EMBLAS project (2016, 2017 and 2019), the ESC categories are at the same level – “Moderate”. Analysis of the similar long-term dynamics of the GES/NotGES based on the Thresholds Values of the indicator of the ecological activity of the floristic composition –S/Wx, reflect the similar regularity of the connection with the ecological status of the ZPF with the process of changing the eutrophication of the north-western part of the Black Sea (Fig. 6.) In the 60s and 80s of the last century, the GES was characteristic of the ZPF. At the beginning of the new century, the category decreased to NotGES. At present, an improvement in the environmental situation is observe, and the status of the ZPF for the period 2016-2019 corresponds to the GES.
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Figure 6. 
Long-term change of GES/NotGES categories for Historical Shallow St.  ZPF on basis indicator S/Wx correspond to data: 1964 by Kalugina & Lachko (1966); 1986 by Kalugina-Gutnik & Evstigneeva (1993); 2004 by Minicheva (2007); 2006, 2008 by Minicheva et al. (2009); 2016,2017, 2019 by EMBLAS project (data expedition)

Odessa region

In 2018 and 2019, the biomass of coastal macrophytobenthos in developing on stone sites and in benthic antropogenic gydroconstructions was almost at the average level typical for the last decade (2010-2020). At the same time, the average level of macrophyte biomass increased 1,2 -1,5 times compared to the first decade of this century (2000-2010). The similar regularity is observed for the values ​​of macrophytes  production. The increase in biomass and gross monthly production of macrophytes can be explain by a general decrease in the intensity of the autotrophic process. In this case, the floris structure of community macrophytes begins to change - the benefits of development are sensitive species, which have a lower coefficient of ecological activity (specific surface area of ​​the population- S/Wp), but they have larger sizes, longer life cycle and respectively create higher values ​​of biomass and gross output (Fig.7.).
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Figure 7.  Long-term dynamics of biomass and production of macrophyte community on

                 the Odessa coast in the period 1980-2019
Using the marine ecosystem assessment standards in accordance with the Marine Strategy Framework Directive (MSFD, 2008/56/EC) based on the morphofunctional indicator of macrophytes - Surface Index (SI) (Minicheva, 2013), the Ecological Status Class (ESC) of the Odessa coast in 2018-2019 have been assumed. After a climatically abnormal 2010 year, characterized by the category "Poor", a next ten year period with a good ecological state  categories "Good"  and “High”.  For 2018 and 2019, the lowest average annual values of the surface index (SI) of macrophytobenthos for the last decade were recorded, respectively 20 and 17 units. These values of the index allow us to assess the ecological status of the class of the coastal ecosystem of Odessa on the state of benthic vegetation as “High”. Such structure-functional organization of macrophytes communities in 2018 and 2019 confirm the trend of recent decades associated with improving the environmental situation (Fig. 8).
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Figure 8. Long-term dynamics of the ecological status class (ESC): H - High (blue); G – Good
               (green); M - Moderate (yellow); P - Poor (orange); B - Bad (red), Odessa coast by the 
                values of the surface index (SI) of macrophytes
Thus, the average annual values of the SI of macrophytobenthos in the coastal zone of the Odessa region in 2018 and 2019 were corresponding to 20 and 17 units, respectively. These values of the SI indicator correspond to the categories of ecological status "High". We can say that in 2018-2019 the trend of improving environmental status continued.
Danube Delta region

The Danube Delta region is in accordance with the standards of the WFD refers to transit waters with low salinity. It is obvious that river waters rich in nutrients of nitrogen and phosphorus compounds stimulate the praymary production process. Accordingly, in the macrophyte fouling structure of the Danube region there are more species with high ecological activity (S/Wp) . The ESC assessment of this region is carried out on a special scale developed for salinity below 12%. The assessment on the scale of transit waters of macrophyte communities in the Danube region showed that in 2018 the SI was 37 units, and in 2019 – 42 units. Despite the fact that the absolute value of SI in the Danube region is almost 2 times higher than in Odessa region, but this region is active river water and high natural productivity in 2018-2019 corresponded to the category of “High” (Fig. 9.).
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Fig. 9. Long-term dynamics of the ecological status (ESC): H - High (blue);

            G - Good (green); M - Moderate (yellow); B - Bad (red), Danube Delta

            region according to surface index (SI) values of macrophytes

Thus, in 2018 the average annual value of SI macrophytes of the Danube region was 37 units, and in 2019 - 42 units. These values of the indicators correspond to the category of ecological status class – “Good”. In the last decade, after the abnormal climate of 2010, there has been a stable level of SI values fluctuating between the 30-40 units, which corresponds to the constant category of environmental status "Good".
Conclusions

Zernov’s Phyllophora Field

· In August 2019, 15 species the bottom algae were founded at the four stations of ZPF (Chlorophyta-1, Ochrophyta-3, Rhodophyta-11) from it three species (Phyllophora crispa, Coccotylus truncatus, Lomentaria clavellosa) has ecological activity (S/Wp) is less than 25 m2∙kg-1 relate to “sensitive” species (ESG I, k-species).

· During the 2016-2019 on ZPF, found out the brawn algae invasive species – Desmarestia viridis (O.F.Müller) J.V.Lamouroux and only at the 2016 was found the another brown algae Halosiphon tomentosus (Lyngbye) Jaasund = Chorda tomentosa Lyngbye.
· A difference in the dominant species of epiphytes developing on phyllophora’s species was found. At a depth of 25 meters filamentous epiphytes prevail with less environmental activity (Cladophora liniformis – 88,4 m2∙kg-1 and Desmarestia viridis 76,7 m2∙kg-1) compared to a depth of 40 m – Spermothamnion strictum (134 m2∙kg-1).
· In 2019, two times less species were fount, compared with 2017, respectively 15 and 30. However, based on this fact, it is impossible to draw a conclusion about a decrease in floristic diversity in the ZPF. The data from the 2017 expedition analysed data from four stations and three surveys (April, July and August). In 2019, the material was receive from only two station and only on August 31.

· During the period 2016-2019, the average biomass of the species Coccotilus truncatus and Phyllophora crispa were at the level of half a kilogram.

· For all morphofunctional indicators – (S/W)3Dp, (S/W)x and Ssp, category of Historical monitoring Shallow St. 10 can be defined as GES in August 2019. Due to the high ecological activity of the epiphyte dominating in the phyllophora’s species – Spermothamnion strictum (134 m2∙kg-1), according to the index (S/W)3Dp, the second  Historical monitoring Deep St. 9, it has category – NotGES, but  in accordance with other indicators, the ESC is also defined as GES.

· ESC categories at the ZPF during the period 1964-2019 changed in accordance with the main stages of eutrophication of the northwestern part of the Black Sea. The category is “High”, was typical for 1964. The lowest categories – “Poor” were observe at the beginning of this century. In the last period of the study of the ZPF during of National Pilot Monitoring Studies of the EMBLAS project (2016, 2017 and 2019), the ESC categories are at the recovery to level – “Moderate”.

· In the 60s and 80s of the last century, the GES was characteristic of the ZPF. At the beginning of the new century, the category decreased to NotGES. At present, an improvement in the environmental situation is observe, and the status of the ZPF for the period 2016-2019 corresponds to the GES.

Odessa region
The average annual values of the Surface Index (SI) of macrophytobenthos in the coastal zone of the Odessa region in 2018 and 2019 were corresponding to 20 and 17 units, respectively. These values of the SI indicator correspond to the categories of ecological status class –  «High". It can be argue that in coastal marine zone Odessa region in 2018-2019 the trend of improving environmental status continued.
Danube Delta region

In 2018 the average annual value of the Surface Index (SI)  macrophytes of the Danube region was 37 units, and in 2019 - 42 units. These values of the indicators correspond to the category of ecological status class – “Good”. In the last decade, after the abnormal climate of 2010, there has been a stable level of SI values fluctuating between the 30-40 units, which corresponds to the constant category of environmental status "Good".
ZOOBENTHOS
In 2018-2019, samples of macrozoobenthos were collected at 15 stations in the north-western part of the Black Sea (Fig. 1). The assessment of the ecological state of benthic habitats was carried out according to the methods developed in the framework of the EMBLAS-plus project (Thresholds values of macrozoobenthos indicators for defining the ecological status class (GES/ NotGES) of national subdivisions for Ukrainian state marine monitoring). Indicator - biomass, percentage of key groups, M-AMBIN. were used to assess the ecological status of the Ukrainian sector of the Black Sea.
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Figure 1. Scheme of sampling stations for macrozoobenthos in the north-western part of the Black Sea (2018–2019)
In 2018–2019 in the north-western part of the Black Sea, broad scale benthic habitats were studied – infralittoral sand and coarse sediments with Chamelea gallina, Infralitoral mixed sediments with Mytilus galloprovincialis biogenic reefs, сircalittoral terigenous mud with Melinna palmata, as well as сircalittoral coarse sediments with Mytilus biogenic reefs (Zernov’s Phyllophora Field).
Infralittoral sand with Chamelea gallina. In this community, 47 taxa of macrozoobenthos have been identified (Mollusca – 13, Vermes – 21, Crustacea – 11, Varia – 2). The average abundance and biomass of invertebrates reached 1431±686 ind.∙m-2 and 700.131±569.558 g∙m-2, respectively. The abundance of Chamelea gallina was 284 ± 46 ind.∙m-2, biomass – 339.807±84.652 g∙m-2. 

The ecological status class at station 11 was assessed as Moderate according to WFD and NotGES according to MSFD criteria, which is explained by the fact that station 11 is located at the mouth of the Dniester estuary under the direct influence of the Dniester waters. In general, for 2019 in the north-western part of the Black Sea, the state of the community is assessed as GES/Good (Tab. 1). 
Table 1. Ecological status (ES) by macrozoobenthos in Infralittoral sand with Chamelea gallina.
	Stantion
	S
	H’
	M-AMBIn
	

	St. 11 (a)
	8
	2.80
	0.57
	NotGES

	St. 11
	9
	2.40
	0.54
	NotGES

	St. 12
	10
	2.74
	0.62
	GES

	St. 13 (a)
	15
	3.12
	0.68
	GES

	St. 13
	17
	3.35
	0.74
	GES

	St. 18 (a)
	27
	4.03
	0.89
	GES

	St. 18
	19
	3.47
	0.77
	GES


В In the 1930-1940s. Chamelea gallina, was abundant on sandy and silty sediments at a depth of 3.5-10 m. In the 1970s. the community Chamelea gallina was found only in the Odessa region of the Black Sea and in the Karkinitsky Gulf. In 1994–1999 no live specimens of the mollusk Chamelea gallina were found in the collected materials. The Chamelea gallina community has been registered since 2005 in the Odessa region of the Black Sea. In 2005–2007, the chameleon habitat was characterized by the ESC category ”Moderate”, since 2009 she has risen to "Good" (Fig. 2).
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Figure 2. Long-term change of ESC categories for Infralitoral sand with Chamelea gallina
Сircalittoral terigenous mud with Melinna palmata was studied in 2018 in the Danube River area. This community contains 24 taxa of benthic invertebrates (Mollusca – 10 taxa, Vermes – 7, Crustacea – 5, Varia – 2 taxa). The average zoobenthos abundance was 3782±1509 ind.∙m-2 (Vermes – 78.1%, Mollusca – 18.0%, Crustacea – 1.6%, Varia – 2.3%), biomass – 182.474±83.026 g∙m-2 (Vermes – 27.1%, Mollusca – 70.7%, Crustacea – 0.3%, Varia – 1.9%). 
In the 1950-1970s, the Melinna palmata community occupied the central part of the Danube-Dniester interfluve and underwater trench, approaching the Dnieper-Bug estuary. Since the 1980s, there has been a massive death of Melinna palmata, a significant reduction in the area occupied by the Melinna palmata community. Back in the late 1990s, the abundance and biomass of Melina were low. An increase in the number of Melinna palmata has been observed since the 2000s. In the modern period, the benthic habitat of Melinna is at the stage of restoration, and the stations in the Danube region are characterized by the ESC category "Moderate" (Tabl. 2, Fig. 3).
Table 2. Ecological status (ES) by macrozoobenthos in Сircalittoral terigenous mud with Melinna palmata. 

	Stantion
	S
	H’
	M-AMBIn
	

	St. 17 D (August, 2018)
	22
	1.8
	0.68
	GES

	St. 18 D (August, 2018)
	11
	1.6
	0.50
	NotGES

	St. 19 D (August, 2018)
	9
	1.5
	0.45
	NotGES

	St. 17 D (November, 2018)
	6
	1.7
	0.45
	NotGES

	St. 18 D (November, 2018)
	7
	1.7
	0.45
	NotGES


[image: image26.png]M-AMBIn

0,65
0,60
055
0,50
045
0,40
035
0,30

oderate

2005 2006 2007 2008 2009 2010 2011 2012 2013 2015 2016 2018




Figure 3. Long-term change of ESC categories for Circalittoral terigenous mud with Melinna 
               palmata

Infralitoral mixed sediments with Mytilus galloprovincialis biogenic reefs. This community of benthic invertebrates included 37 taxa: Mollusca – 11, vermes – 17, Crustacea – 7, Varia – 2. The average abundance of benthic invertebrates was 74746±32656 ind.∙m-2, and the biomass was 5821.244±1818.042 g∙m-2. Mollusca share of the total number and biomass accounted for 92.3% and 98.7%, respectively. At the stations performed in 2019, juveniles dominated the population of Mytilus galloprovincialis. The density of individuals with a body size of <2 mm was 27560 ind.∙m-2. The abundance of individuals 2–4 mm long was 37160 ind.∙m-2. In 2019, ESC category ”Moderate” was characteristic of the Infralittoral Mytilus galloprovincialis biogenic reefs habitat (Tab. 3). This material does not allow an objective assessment of the state of this habitat as a whole for the northwestern part of the Black Sea. 

Table 3. Ecological status (ES) by macrozoobenthos in Infralitoral mixed sediments with Mytilus galloprovincialis biogenic reefs.
	Stantion
	S
	H’
	M-AMBIn
	

	St. 19 (r) (2019)
	8
	0.03
	0.31
	NotGES

	St. 19 (2019)
	21
	0.30
	0.43
	NotGES

	St. 20 (r) (2019)
	13
	1.81
	0.60
	NotGES

	St.20 (2019)
	13
	0.65
	0.42
	NotGES

	St.4 (2019)
	12
	2.32
	0.56
	NotGES


In the 1980-1990s, ESC category ”Moderate” was characteristic of the Infralittoral Mytilus galloprovincialis biogenic reefs habitat. In 2005-2015 she changed to “Good”. In 2016, ESC category was “High” (Fig. 4).
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Figure 4. Long-term change of ESC categories for Infralittoral mixed sediments with Mytilus galloprovincialis biogenic reefs
Circalittoral coarse sediments with Mytilus biogenic reefs (Zernov’s Phyllophora Field). The community of benthic invertebrates in this habitat was represented by 33 taxa (Mollusca – 4, Vermes – 15, Crustacea – 9, Varia – 5). The average abundance of benthic invertebrates was 2786±494 ind.∙m-2 (Vermes – 49.9%, Mollusca – 21.4%, Crustacea – 24.4%, Varia – 4.3%), and the biomass was 361.442±88.817 g∙m-2 (Vermes – 1.7%, Mollusca – 88.6%, Crustacea – 2.9%, Varia – 6.8%)
In the 1980s, the Circalittoral coarse sediments with Mytilus biogenic reefs habitat was characterized by the ESC category ”Moderate”. In the modern period she changed to "Good". The status of the Circalittoral coarse sediments with Mytilus biogenic reefs (Zernov’s Phyllophora Field) for 2019 corresponds to the GES (Tab. 4, Fig. 5).
Table 4. Ecological status (ES) by macrozoobenthos in Circalittoral coarse sediments with Mytilus biogenic reefs (Zernov’s Phyllophora Field).
	Stantion
	S
	H’
	M-AMBIn
	

	St. 17(Ph) (r) (2019)
	22
	3.71
	0.83
	GES

	St. 17(Ph) (2019)
	22
	3.68
	0.81
	GES

	St. 16 (Ph) (r) (2019)
	14
	3.23
	0.70
	GES

	St. 16 (Ph) (2019)
	19
	3.58
	0.79
	GES
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Figure 5. Long-term change of ESC categories for Circalittoral coarse sediments with Mytilus biogenic reefs (Zernov’s Phyllophora Field)
CONCLUSION
Phytoplankton  

· Phytoplankton research made it possible to assess the ecological status of the waters of Ukraine in 2019. The ecological status of most of the coastal regions corresponded to the High and Good categories. Most of the regions of open and shelf waters corresponded to the GES category. In previous years in a number of regions, a decrease in the ecological status to NotGES was revealed (Central region of the open sea and Dnipro region in 2017). This is consistent with historical data that demonstrate the wavelike nature of interannual changes in phytoplankton. The average annual values of the indicators could differ by orders of magnitude. Results obtained by IMB NASU in Northwest region allow to track changes in biomass in the warm period 2000-2012. They had a wavy character and varied from 440.7 mg/m3 in 2001 to 5915.1 mg/m3 in 2010, when climatic factors caused the development of Nodularia spumigena. The average biomass for 2000-2012 (2195.6 mg/m3) is close to the average values during the study period. Wave-like changes are also typical for distribution of the biomass of Dinophyceae and Bacillariophyceae. Both the largest (91%, 2017) and the smallest (33%, 2019) contributions of Bacillariophyceae were identified during 2016-2019. The average contribution of Bacillariophyceae was 60% (in 2000-1012) and 62% (in 2016-2019). 

Thus, in 2019 compared to the previous period the state of phytoplankton communities was stable for most regions of the Black Sea. In general, the variability of phytoplankton indicators corresponded to the indicators of the period that began as a result of the end of eutrophication in the 1980s and 1990s. Compared to 2016 and 2017, 2019 revealed a decrease in average density, biomass and cell volume in coastal waters. In offshore waters, biomass in 2019 was higher than in 2016 and 2017.

Zooplankton  

· In coastal Ukrainian waters in 2019 taxonomic composition of zooplankton was more diverse than in previous years - 49 taxons (27 taxons in 2016, 26 in 2017). Average number and biomass of zooplankton in 2019 was similar to those in 2016 (10299 ind*m-3 and 182,62 mg*m-3) and much more higher than in 2017 (1714 ind*m-3 and 29,99 mg*m-3). At most of the stations dominant taxons by number and biomass were Copepoda, Cladocera and larvae of benthic invertebrates. In deep waters in 2019 average biomass of forage zooplankton was the highest among three years. At most of the stations organisms of the forage zooplankton played dominant role in forming of zooplankton biomass.

· Among 2016, 2017 and 2019, in deep basin of Ukrainian part of the Black sea the best water quality was observed in summer 2019 (all stations) and at most of the stations in 2017. The worst water quality among 3 years was found in 2016. In coastal waters in 2019 most of the investigated aquatories showed a «Bad» quality class, rarely «Moderate» or «Poor», “High” class of water quality was noted only in Danube region (in 2019 and 2016) and in Odessa region (2017).
Macrophytobenthos
Zernov’s Phyllophora Field

· In August 2019, 15 species the bottom algae were founded at the four stations of ZPF (Chlorophyta-1, Ochrophyta-3, Rhodophyta-11) from it three species (Phyllophora crispa, Coccotylus truncatus, Lomentaria clavellosa) has ecological activity (S/Wp) is less than 25 m2∙kg-1 relate to “sensitive” species (ESG I, k-species).

· During the 2016-2019 on ZPF, found out the brawn algae invasive species – Desmarestia viridis (O.F.Müller) J.V.Lamouroux and only at the 2016 was found the another brown algae Halosiphon tomentosus (Lyngbye) Jaasund = Chorda tomentosa Lyngbye.
· A difference in the dominant species of epiphytes developing on phyllophora’s species was found. At a depth of 25 meters filamentous epiphytes prevail with less environmental activity (Cladophora liniformis – 88,4 m2∙kg-1 and Desmarestia viridis 76,7 m2∙kg-1) compared to a depth of 40 m – Spermothamnion strictum (134 m2∙kg-1).
· In 2019, two times less species were fount, compared with 2017, respectively 15 and 30. However, based on this fact, it is impossible to draw a conclusion about a decrease in floristic diversity in the ZPF. The data from the 2017 expedition analysed data from four stations and three surveys (April, July and August). In 2019, the material was receive from only two station and only on August 31.

· During the period 2016-2019, the average biomass of the species Coccotilus truncatus and Phyllophora crispa were at the level of half a kilogram.

· For all morphofunctional indicators – (S/W)3Dp, (S/W)x and Ssp, category of Historical monitoring Shallow St. 10 can be defined as GES in August 2019. Due to the high ecological activity of the epiphyte dominating in the phyllophora’s species – Spermothamnion strictum (134 m2∙kg-1), according to the index (S/W)3Dp, the second  Historical monitoring Deep St. 9, it has category – NotGES, but  in accordance with other indicators, the ESC is also defined as GES.

· ESC categories at the ZPF during the period 1964-2019 changed in accordance with the main stages of eutrophication of the northwestern part of the Black Sea. The category is “High”, was typical for 1964. The lowest categories – “Poor” were observe at the beginning of this century. In the last period of the study of the ZPF during of National Pilot Monitoring Studies of the EMBLAS project (2016, 2017 and 2019), the ESC categories are at the recovery to level – “Moderate”.

· In the 60s and 80s of the last century, the GES was characteristic of the ZPF. At the beginning of the new century, the category decreased to NotGES. At present, an improvement in the environmental situation is observe, and the status of the ZPF for the period 2016-2019 corresponds to the GES.

Odessa region
The average annual values of the Surface Index (SI) of macrophytobenthos in the coastal zone of the Odessa region in 2018 and 2019 were corresponding to 20 and 17 units, respectively. These values of the SI indicator correspond to the categories of ecological status class –  «High". It can be argue that in coastal marine zone Odessa region in 2018-2019 the trend of improving environmental status continued.
Danube Delta region

In 2018 the average annual value of the Surface Index (SI)  macrophytes of the Danube region was 37 units, and in 2019 - 42 units. These values of the indicators correspond to the category of ecological status class – “Good”. In the last decade, after the abnormal climate of 2010, there has been a stable level of SI values fluctuating between the 30-40 units, which corresponds to the constant category of environmental status "Good".
Zoobenthos
· In general, in 2018-2019 in the Ukrainian sector of the northwestern part of the Black Sea, on the basis indicators of of macrozoobenthos communities the environmental status is assessed as GES, with the exception of stations that are directly influenced by large rivers.

· Long-term changes in the state of benthic communities demonstrate an improvement in the quality of the environment in the modern period.
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