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Phytoplankton
Odessa region

The analysis of the phytoplankton community structure in Gulf of Odessa is based on the the samples collected during the coastal monitoring on three sites on Lazheron Cape (46.479118, 30.764367; 46.475036, 30.766516; 46.475036, 30.766521). The samples were collected mostly twice a month since January till November in 2020. 

For the purpose of quantitative study of phytoplankton the standard methodology was used (Moncheva, Parr, 2010). The 1,5 l samples were preserved with formaldehyde 4% and processed by the sedimentation method. Phytoplankton cells were counted in using counting chambers 0,08 and 1 ml under the microscope (160 and 640 magnification). In order to count cells from 50 μm in size and search for colonial forms of phytoplankton, a chamber with a volume of 1 ml is used. Biomass was calculated by the method of "real volume", equating the cell to a similar geometric shape (Bryantseva et al., 2005).

In 2020 in the coastal area of the Gulf of Odessa the 89 species of the phytoplankton in total were met: Bacillariophyta (52), Miozoa (25), Cyanobacteria (5), Chlorophyta (3), and one species in Cryptophyta, Euglenoidea, Flagellates, Haptophyta (Fig. 1).
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Fig. 1. Taxonomical structure of the phytoplankton in the coastal area of the Gulf of Odessa in 2020.

In the development of phytoplankton there were two increases in numbers and biomass – in summer and autumn, when the average number was respectively 310 (July) and 518 thousand cells·l-1 (November), biomass – 454 (August) and 968 mg · m-3 (November) (fig. 2).

[image: image3.png]log10
IS

«

w

~

-

1 2

mmmm Abundance

5

mm Biomass

2020

7 8

= Temperature

10

Month

11

30

«

0

Temperature, C




Fig. 2. The dynamics of phytoplankton indicators in the coastal area of the Gulf of Odessa in 2020.

The taxonomic structure of phytoplankton in terms of biomass varied with the predominance of diatoms or dinoflagellates depending on the season (Fig. 3). Due to the relatively warm winter (5.7-6.1℃), dinoflagellates predominated in the phytoplankton group. From May to June, diatoms dominated, but in July, a large contribution to the number was made by cyanobacteria (fig. 3). In late summer and until the end of October, the excess of dinophytic algae was again disputed, they were replaced by diatoms in November. However, natural spring blooming was not recorded, neither caused by dinophytic nor diatoms, so it was not possible to analyze the spring period by the diatom-dinophyte index. Throughout the year in the phytoplankton there was the presence of green algae of the genus Monoraphidium that did not make a great contribution to biomass.

According to the phytoplankton indicators (biomass), the GES scale was developed in the frame of EMBLAS project (National Pilot Monitoring 2018, 2018) (Table 2 ). Biological seasons in the marine environment in the north west Black Sea were distinguished by temperature: winter (<8ºC), spring, autumn (8-16ºC), summer (> 16ºC) (Александров, 2008). The phytoplankton`s indicators through the whole period of the 2020 characterized the state of the environment as “high”, whereas in 2019 in summer because of the cyanobacteria the situation switched to “moderate” (Table 3). 
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Fig. 3. Taxonomic structure of the phytoplankton in the coastal area of the Gulf of Odessa in 2020.

Table 1.

Phytoplankton biomass phytoplankton in the coastal area of the Gulf of Odessa in 2020

	Month
	Total 

biomass
	Bacillariophyta
	Dinophyta
	Chlorophyta
	Cyanoprokaryota
	other

	1
	12,60
	9,43
	2,15
	0,05
	0,00
	0,97

	2
	26,08
	0,26
	24,00
	0,39
	0,00
	1,45

	3
	55,44
	1,73
	52,99
	0,63
	0,08
	0,00

	5
	70,74
	65,02
	0,41
	0,03
	0,00
	5,28

	6
	352,73
	281,98
	54,39
	1,81
	0,20
	14,35

	7
	221,29
	157,30
	3,19
	0,17
	60,63
	0,00

	8
	454,02
	171,70
	275,70
	2,21
	0,93
	4,58

	9
	139,69
	59,85
	76,97
	0,00
	0,00
	2,87

	10
	280,93
	17,34
	259,12
	0,16
	0,83
	3,49

	11
	968,37
	718,11
	189,68
	0,47
	1,80
	58,31


Table 2

Scale for assessing the state of the marine environment by phytoplankton 

biomass (mg m-3) (according to National Pilot Monitoring 2018)

	Season
	ESC categories 

	
	High
	Good
	Moderate
	Poor
	Bad

	Winter
	<1100
	1100-1400
	1400-2000
	2000-4000
	>4000

	Spring
	<1400
	1400-1700
	7400-2500
	2500-4700
	>4700

	Summer
	<1100
	1100-1400
	1400-2000
	2000-4000
	>4000

	Autumn
	<1000
	1000-1250
	1250-1850
	1850-3700
	>3700


Table 3.

Seasonal state of the marine environment in the coastal area of the Gulf of Odessa by phytoplankton biomass (mg m-3) in 2019-2020

	Year
	Months

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2019
	-
	851,83
	315,12
	76,33
	334,2
	7137,6
	441,77
	33,17
	35,64
	-
	-

	
	Winter
	Spring
	Summer
	Autumn

	
	449,3
	252,34
	1962,82
	

	Months
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	2020
	12,60
	26,08
	55,44
	-
	70,74
	352,73
	221,29
	454,02
	139,6
	280,9
	968,3

	
	Winter
	Spring
	Summer
	Autumn

	
	19,34
	63,09
	289,73
	968,37


The mass development of cyanobacteria Nodularia spumigena in June 2019 was an unexpected phenomenon and caused by a set of factors: abnormally high temperatures for late May-early June (23.7 ºC), lack of active mixing of water masses in the coastal zone, calm weather. 2020 was characterized by the dominance of dinophytic algae. This may be due to the relatively high temperature of the water in the Gulf. Despite the periodic dominance of certain species (diatoms Coscinodiscus, Thallassiosira, Leptocylindrus; dinoflagellates Lingulodinium, Prorocentrum, Tripos; cyanobacteria Jaaginema, haptophyta Emiliania), mass development was not observed.

Danube Delta region

In summer 2020 in communities of phytoplankton in the Danube Delta region (sea part) was found 39 species of microalgae, which belong to six higher taxa (Fig. 4). The most dominant species were diatoms, chlorophytes and dinoflagellates. Among the diatoms were marked Cyclotella choctawhatcheeana Prasad, C. meneghiniana Kützing, Ceratoneis closterium Ehrenberg, Pseudo-nitzschia delicatissima (Cleve) Heiden, Thalassionema nitzschioides (Grunow) Mereschkowsky, Pseudosolenia calcar-avis (Schultze) B.G.Sundström, Proboscia alata (Brightwell) Sundström, Skeletonema costatum (Greville) Cleve, Cerataulina pelagica (Cleve) Hendey. Dinoflagellates were represented by Prorocentrum micans Ehrenberg, P. cordatum (Ostenfeld) J.D.Dodge, Tripos furca (Ehrenberg) F.Gómez, Protoperidinium steinii (Jørgensen) Balech, Katodinium glaucum (Lebour) Loeblich., whereas green algae by Monoraphidium arcuatum (Korsch.) Hindak, Desmodesmus bicaudatus (Dedusenko) P.M.Tsarenko, Actinastrum hantzschii Lagerh. 
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Fig. 4. The taxonomic structure of microalgae Danube Delta region in summer 2020

In summer 2020 the average biomass of phytoplankton communities in the Danube Delta region has been 249.013 mg ∙ m-3. In general, in summer 2020 the phytoplankton biomass was presented by diatoms (95.63%). The dinoflagellates were presented for 3.89%, the share cyanoprokaryotes was low (0.75%). Thus, 99.25% of the biomass of phytoplankton trophic component is suitable for consume by invertebrates and fish.

In comparison with the last period of 2018 (409.100 mg ∙ m-3) phytoplankton biomass in 2020 has decreased by 1,6 times. 

In spring 2021 in communities of phytoplankton in the Danube Delta region (sea part) 46 species of microalgae were found, which belonged to four taxa (Fig. 5). The most dominant species were diatoms. Among the diatoms we noted Cyclotella choctawhatcheeana Prasad, C. meneghiniana Kützing, Pseudo-nitzschia delicatissima (Cleve) Heiden, Skeletonema subsalsum (Cleve-Euler) Bethge, S. costatum (Greville) Cleve. Dinoflagellates were represented by Heterocapsa triquetra (Ehrenberg) F. Stein, Gymnodinium sp., whereas cyanoprokaryota by Merismopedia minima, Oscillatoria sp., green algae by Scenedesmus quadricauda (Turpin) Brebisson.
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Fig. 5. The taxonomic structure of microalgae Danube Delta region in spring 2021

In spring 2021 the average biomass of phytoplankton communities in the Danube Delta region has been 464.624 mg ∙ m-3. In general, the phytoplankton biomass was presented by diatoms (64.24%) and dinoflagellates (27.72%). The share cyanoprokaryotes and chlorophytes was 7.04%. 

In comparison with the last period of 2020 (187.973 mg ∙ m-3) phytoplankton biomass in 2021 has increased by 2.5 times.

In 2020-2021 in communities of phytoplankton in the Danube Delta region (sea part) the most dominant species were diatoms, chlorophytes and dinoflagellates. According to the average biomass of phytoplankton communities, the Danube Delta region has been the “high” environmental state. The 99.25% of the biomass of phytoplankton trophic component is suitable for consume by invertebrates and fish.

Zooplankton
In Ukrainian waters during 2020-th year mesozooplankton samples were taken in the Odessa marine region (waters near the beaches Luzanovka, Lanzheron and Delfin), in the Danube region and in coastal waters between Berezan island and Yuzhne city. Totally 44 samples of zooplankton were collected in 2020.

Odessa region of the Black Sea

20 taxons of zooplankton were registered in the coastal waters of the Odessa region of the Black Sea: Protista – 1, Coelenterata – 2, Ctenophora – 2, Rotatoria – 1, Polychaeta – 1, Mollusca – 2, Cladocera – 2, Copepoda – 5, Cirripedia – 1, Isopoda – 1, Amphipoda – 1, Decapoda – 1. 

Seasonal changes of zooplankton number and biomass are listed in the table 4.
Table 4.
Zooplankton number (N, ind*m-3) and biomass (B, mg*m-3) in the coastal waters of the Odessa region of the Black Sea in 2020

	Sampling months
	Luzanovka
	Lanzheron
	Delfin
	Hydrobiological station of ONU

	
	N
	B
	N
	B
	N
	B
	N
	B

	02.20
	17880,00
	37,90
	10420,0
	23,96
	24260,0
	50,09
	31052,80
	64,12

	03.20
	5100,00
	14,28
	4860,0
	16,18
	4220,0
	23,06
	5401,60
	29,52

	04.20
	8560,00
	99,50
	10020,0
	121,12
	7380,0
	171,66
	9446,40
	219,72

	05.20
	7820,00
	111,78
	6160,0
	117,76
	6060,0
	60,50
	7756,80
	77,44

	06.20
	13240,00
	44,16
	28900,0
	375,92
	15900,0
	210,06
	20352,00
	268,87

	07.20
	5715,00
	85,23
	3320,0
	99,33
	5765,0
	120,70
	7379,20
	154,50

	09.20
	8290,00
	97,97
	7475,0
	116,98
	9085,0
	123,59
	11628,80
	158,20

	10.20
	17705,00
	333,90
	17820,0
	252,46
	16970,0
	291,49
	21721,60
	373,10

	Average
	10538,75
	103,09
	11121,8
	140,46
	11205,0
	131,39
	14342,40
	168,18


As we can see from the table 4 maximal values of zooplankton number and biomass were registered in waters near the Hydrobiological station of ONU (14342,40 ind*m-3, 168,18 mg*m-3). Minimal values were registered in waters near the beach of Lanzheron and Luzanovka (10538,75-11121,88 ind*m-3, 103,09-140,46 mg*m-3). Organisms of forage zooplankton formed the major part of zooplankton biomass in all seasons and in all investigated aquatories. Non-forage zooplankton (Coelenterata, Ctenophora and Noctiluca scintillans) did not form more than 5% of total zooplankton biomass. According to the zooplankton indicator metrics (total biomass, % of N. scintillans, % of Copepoda) in 2020 waters of Odessa marine regions had Moderate ecological status (not GES).

Danube region of the Black Sea

21 taxons of zooplankton were registered in the Danube region of the Black Sea in 2020: Protista - 1, Rotatoria – 1, Polychaeta – 1, Mollusca – 2, Crustacea – 14 (Cladocera – 6, Copepoda – 6, Cirripedia – 1, Decapoda – 1), Chordata – 1, Chaetognatha - 1. Most of them belong to typical inhabitants of the marine waters of the Black Sea, freshwater and oligohaline zooplankters also were registered, mainly in the dredging area. 

Spatial distribution of zooplankton number and biomass was quite heterogeneous. On some stations in borders of the same subdivision they could differ by an order of magnitude (table 5). 
Table 5.
Number (N, ind*m-3) and biomass (B, mg*m-3) of total and forage zooplankton in the Danube region of the Black Sea in 2020

	Sampling area
	Sampling stations
	Total zooplankton
	Forage zooplankton

	
	
	N
	В
	N
	В
	%

	Background
	6
	45012,30
	1115,13
	45012,30
	1115,13
	100

	
	17
	73325,95
	1379,71
	73159,79
	1361,69
	98,69

	
	18
	56979,07
	1258,33
	55614,19
	1110,24
	88,23

	
	19
	53784,02
	1020,80
	53784,02
	1020,80
	100

	
	Average
	57275,34 ± 11836,12
	1193,49 ± 157,95
	56892,58 ± 11790,68
	1151,96 ± 146,38
	96,73 ± 5,70

	Dredging
	7
	2002,69
	36,52
	2002,69
	36,52
	100

	
	7/1
	2869,14
	104,34
	2869,14
	104,34
	100

	
	7/2
	385,06
	5,14
	385,06
	5,14
	100

	
	8
	50947,45
	617,72
	50390,13
	557,25
	90,21

	
	Average
	14051,09 ± 24619,11
	190,93 ± 287,52
	13911,76 ± 24340,69
	175,81 ± 257,64
	97,55 ± 4,89

	Damping
	10
	18424,76
	459,32
	18333,20
	449,39
	97,83

	
	10/2
	20138,25
	501,16
	20038,36
	490,32
	97,83

	
	10/3
	21527,28
	671,17
	21374,97
	654,64
	97,53

	
	10/4
	27337,41
	1087,29
	27337,41
	1087,29
	100

	
	Average
	21856,92 ± 3867,73
	679,73 ± 286,73
	21770,98 ± 3914,17
	670,41 ± 291,73
	98,30 ± 1,14


Maximal values of zooplankton number and biomass were registered in the background area, on the station 17 (73325,95 ind*m-3, 1379,71 mg*m-3), minimal – in the dredging area (station 7/2, 385,06 ind*m-3, 5,14 mg*m-3). Sagitta setosa, species of the genus Acartia and Oithona davisae formed the main part of zooplankton biomass. The forage zooplankton biomass was highest in 2020 among last 5 years. Thus, the state of forage base of planktophagous commercial fishes was good. 

Coastal waters between Berezan island and Yuzhne city

11 taxons of zooplankton were registered in coastal waters between Berezan Island and Yuzhne city in 2020: Rotatoria – 1, Polychaeta – 1, Mollusca – 1, Crustacea – 7 taxa (Cladocera – 2, Copepoda – 4, Cirripedia – 1). Seasonal changes of zooplankton number and biomass are listed in the table 6.
Table 6.
Zooplankton number (N, ind·m-3) and biomass (B, mg·m-3) in coastal waters between Berezan Island and Yuzhnoe city in 2020

	Sampling station
	July
	October

	
	N
	B
	N
	B

	Berezan
	2840,00
	35,41
	19400,00
	266,80

	Adzhiyask
	4590,00
	60,51
	16540,00
	242,98

	Koblevo
	2970,00
	44,54
	11890,00
	158,11

	Yuzhnoe
	2800,00
	36,28
	15850,00
	275,68


As we can see from the table zooplankton number and biomass were higher in autumn then in summer. In July maximal zooplankton biomass (60,51 mg·m-3) was registered near Adzhiyask cape. Minimal value (35,41 mg·m-3) was observed on the Berezan station. In October maximum value of zooplankton biomass was near Yuzhnoe city (275,68 mg·m-3), minimal – on the Koblevo station (158,11 mg·m-3). Meroplankton species, species from the orders Cyclopoida and Harpacticoida were dominant taxa in summer. In autumn dominant taxa were species of Acartia, O. davisae, larvae of Cirripedia and Penilia avirostris.

PHYTOBENTHOS

Odessa region

In 2020, the biomass of coastal macrophytobenthos 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. 6).
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Figure 6.  Long-term dynamics of biomass and production of macrophyte community on

                 the Odessa coast in the period 1980-2020
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, 2019 and 2020 the lowest average annual values of the surface index (SI) of macrophytobenthos for the last decade were recorded, respectively 20, 17  and 21 units accordantly. 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 2020 confirm the trend of recent decades associated with improving the environmental situation (Fig. 7).
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Figure 7. 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
The average annual values of the Surface Index (SI) of macrophytobenthos in the coastal zone of the Odessa region in 2018, 2019 and 2020 were corresponding to 20, 17 and 21 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 2018-2020 the trend of improving environmental status continued.
Danube Delta region

The main habitat for the development of phytoperiphyton in the conditions of the Danube avandelta are port, navigation and other hydraulic structures and facilities located in the waters of anthropogenic use. Surfaces of hydraulic structures, buoys of various purposes, which have permanent locations, can be used as biological monitoring stations to assess the spatial heterogeneity and temporal dynamics of the quality of the aquatic environment, which is formed in the waters of navigable use.

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 primary production process. Accordingly, in the macrophyte fouling structure of the Danube region there are more species with high ecological activity (S/Wp). 

In 2020, 19 species of algae were found of the Danube Avandelta as part of phytoperiphyton groups, of which 10 species were found at the port Ust-Dunaisk, and 12 at the mouth of the Bystre (table 1). The basis of plant fouling during the study period consisted of multicellular filamentous and thinly branched lamellar forms of algae-macrophytes, which are characterized by high coefficients of specific surface area (see table 7). Macrophytes serve as a basifite for blue-green and diatoms, which are common in the monitoring region, due to the high concentration of consumer substances in the aquatic environment and low salinity. The floristic structure of the two monitoring sites in August 2020 is quite similar, but in the structure of phytocenoses of the Ust-Danube occupied a greater percentage of green algae (50%) compared to the mouth of the Bistre (41%). (Fig. 8).
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Fig. 8.  Comparative characteristics of the floristic structure of phytoperiphyton groups at the port Ust-Dunaisk (a) and at the mouth of the Bystre (b) in 2020.

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 2019 the SI was 42 units and in 2020 – 15 units. Long-term monitoring observations of the surface index of phytocenoses of phytoperiphyton for the Danube region show that in the last ten years after 2010, which was characterized by abnormally high water temperatures, the ecological status of the class remains at high levels – “Good” and “High” (Fig. 9.).

Table 7. 
Species composition of phytoperiphyton groups at the port Ust-Dunaisk and the mouth of the Bystre  in 2020.

	№
	Species
	S/W (m2 kg-1)
	Ust-Dunaisk
	Mouth of the Bystre  

	Chlorophyta

	1
	Blidingia marginata ( J.Ag.) P. Dang.
	106,4±1,85
	-
	+

	2
	Chaetomorpha capillaris (Kütz.) Börg.
	92,82±1,45
	-
	+

	3
	Chaetomorpha gracilis Kütz.
	155,92±3,21
	-
	+

	4
	Cladophora vagabunda (L.)  Van Hoek.
	58,3±2,28
	+
	+

	5
	Rhizoclonium riparium(Roth) Harv. = Rhizoclonium implexum (Dillw.) Kütz.
	243,82±3,54
	+
	-

	6
	Stigeoclonium tenue Kütz.
	589,71±37,73
	-
	+

	7
	Ulotrix implexa (Kütz.) Kütz.
	477,72±0
	+
	-

	8
	Ulva clathrata (Roth) C. Agardh = Enteromorpha clathrata (Roth) Grev.
	54,03±2,56
	+
	-

	9
	Ulva flexuosa Wulfen = Enteromorpha flexuosa (Wulf.) J. Ag.
	42,78±2,01
	+
	-

	Cyanophyta 

	1
	Gloeocapsa sp.
	1261,2±0
	+
	+

	2
	Lyngbya lutea (Ag.) Gomont.
	1216,88±90,27
	+
	-

	3
	Lyngbya semiplena J.Agardh ex Gomont
	627,26±52,18
	-
	+

	4
	Microcoleus sp.
	2717,67±0
	-
	+

	Rhodophyta 

	1
	Acrochaetium virgatulum (Harvey) Batters = Kylinia virgatula (Harv.) Papenf.
	376,32±16,68
	-
	+

	2
	Bangia atropurpurea (Mertens ex Roth) C.Agardh
	135,69±2,27
	-
	+

	3
	Carradoriella denudata (Dillwyn) A.M.Savoie & G.W.Saunders = Polysiphonia denudata (Dillw.) Kütz.
	128,61±3,27
	+
	-

	Bacillariophyta

	1
	Berkeleya rutilans (Trentepohl ex Roth) Grunow, 1880
	169,37±7,83
	+
	+

	2
	Melosira sp.
	82,79±2,47
	+
	-

	3
	Vaucheria dichotoma (Linnaeus) Martius
	85,53±1,91
	-
	+

	 
	 
	Amount
	10
	12
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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
In 2020, 19 species of algae were found of the Danube Avandelta as part of phytoperiphyton groups, of which 10 species were found at the port Ust-Dunaisk, and 12 at the mouth of the Bystre, but in the structure of phytocenoses of the Ust-Dunaisk a higher percentage of green algae (50%) was recorded in comparison with the mouth of the Bystre (41%). 

In 2020, based on the value of the SI indicator of phytoperiphyton for the Avandelta of the Danube, the category of ecological status of the class was recorded - "High". Long-term monitoring of phytoperiphyton SI for the Danube Avandelta shows that in the last ten years after 2010, which was characterized by abnormally high-water temperatures, the ecological status of the class remains at the level of high categories - "Good" and "High".

Macrozoobenthos 

Danube region

In August 2020, 33 taxa were registered in the invertebrates of the macrozoobenthos of the estuary of the Danube, in May 2021 their number increased to 49, the largest number of taxa were worms and mollusks (Fig. 10). 
In August 2020, the average abundance of benthic macrofauna was 1270 ± 435 ind.∙m-2, the average biomass was 153.325±85.354 g∙m-2. In terms of abundance and biomass, mollusks dominated (59.8% and 92.5%, respectively). In May 2021, the total abundance of macrozoobenthos, compared to August 2020, increased and amounted to 3046±222 ind.∙m-2, biomass did not differ significantly and amounted to 178.029±52.439 g∙m-2. In May 2021, worms predominated in abundance (68.3%) and mollusks in biomass (89.0%) (Fig. 11). The biomass of the forage (for fish) component of the benthic macrofauna in August 2020 amounted to 69.115±21.897 g∙m-2 (or 45.1% of the total), in May 2021 – 80.118±30.138 g∙m-2 (45.0% respectively).
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Fig. 10. Number of taxa of the main taxonomic groups of macrozoobenthos at the nearshore area of the Danube River in August 2020 (A) and May 2021 (B)
The abundance of settlements on the Danube nearshore area in August 2020 was dominated by the bivalve mollusk Abra nitida milachewichi Nevesskaja, 1963. Its average abundance was 648 ± 378 ind.∙m-2 (or 51.1% of the total), and the maximum abundance reached 4430 ind.∙m-2. The total biomass of macrozoobenthos was formed by Spisula subtruncata (da Costa, 1778) (20,113 ± 10.101 g∙m-2), A. nitida milachewichi (17.223±9,867 g∙m-2) and Anadara kagoshimensis (Tokunaga, 1906), its biomass on some sites reached 984.300 g∙m-2. In May 2021, small species of detritophagous Heteromastus filiformis (Claparède, 1864) (798±384 ind.∙m-2) and Polydora cornuta Bosc, 1802 (400±292 ind.∙m-2) prevailed in abundance. During this period, A. kagoshimensis dominated in biomass (83.656±40.547 g∙m-2 or 47.0% of the total).
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Fig. 11. The abundence (A) (ind∙m-2) and biomass (B) (g∙m-2) of the main systematic groups of macrozoobenthos in the nearshore of the Danube River in August 2020 and May 2021

In August 2020, the trophic structure of macrozoobenthos was represented by carnivores (8 species), detritophages (16) and sestonophages (9), in May 2021 – by carnivores (15 species), detritophages (18) and sestonophages (13), phytophages ( 2) and plant-detritivores invertebrates (1 species). Both in the summer of 2020 and in the spring of 2021, detritivores were dominant in number, and seston-feeders in terms of biomass (Fig. 12).
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Fig. 12. Abundance (A) (ind.∙m-2) and biomass (B) (g∙m-2) of trophic groups of macrozoobenthos in the nearshore area of the Danube River in August 2020 and May 2021

In August 2020, 5 invasive species were recorded as part of macrozoobenthos groups - Diadumene lineata (Verrill, 1869), P. cornuta, Streblospio gynobranchiata Rice & Levin, 1998, A. kagoshimensis, and Amphibalanus improvisus (Darwin, 1854). Their total abundance and biomass were 77 ind.∙m-2 and 86.926 g∙m-2 (6.0% and 56.7%, respectively). In the spring of 2021, 6 invasive species were recorded – D. lineata, P. cornuta, S. gynobranchiata, A. kagoshimensis, A. improvisus, and Arcuatula senhousia (Benson, 1842). Their abundance reached 688 ind.∙m-2, the biomass was 88.460 g∙m-2, or 22.6% and 49.7% of the total abundance and biomass of macrozoobenthos, respectively. 

In the summer of 2020, according to the dominance indicators, five types of benthic biocenoses were identified, the dominant species of which were the polychaete worms Alitta succinea (Leuckart, 1847), Melinna palmata Grube, 1870, and the bivalve mollusks A. kagoshimensis, S. subtruncata, and A. nitida milachewichi. In the spring of 2021, four types of benthic biocenoses were identified, the leaders of which were the bivalves A. kagoshimensis, S. subtruncata, and Chamelea gallina (Linnaeus, 1758) and the polychaete Nephtys hombergii Savigny in Lamarck. Of these, two biocenoses (A. kagoshimensis, S. subtruncata) were isolated both in August 2020 and in May 2021.

Meiobenthos

In 2021, there was a continuation of long-term monitoring of a strategically important area on the coast of the Ukrainian part of the Danube Delta. An assessment of the development of meiobenthos (species composition, quantitative indicators) in areas of anthropogenic impact: navigable canal (dredging), soil storage area (dumping) and in areas outside the area of anthropogenic impact (background stations).

Meiobenthos was represented by seven groups of meiobenthic organisms (Nematoda, Harpacticoida, Turbellaria, Oligochaeta, Polychaeta, Bivalvia, Balanus). They all belong to the feed meiobenthos. From 3 to 7 taxa were found at each of the stations. The most diverse in this period was meiobenthos in the background stations. 100% occurrence of nematodes, harpacticoids and polychaetes was noted, the last group was observed only at two – four stations (Fig. 13).
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Fig. 13. Frequency of occurrence of meiobenthic groups in the Danube region of the Black Sea (May, 2021).
In meiobenthos, in terms of settlement density, its permanent component (eumeiobenthos) significantly prevailed, which is typical for water areas under the influence of anthropogenic eutrophication. The average share of eumeiobenthos in the total number of organisms was 90% (Fig. 14). In meiobenthos in terms of biomass, eumeiobenthos also dominated (64%). The bulk of it was harpacticoids. 

The heterogeneity of benthic conditions in the seventh district is evidenced by the density and biomass of meiobenthos, which varied greatly in the study areas. Indicators of meiobenthos density at stations ranged from 1000 ind. ∙ м–2 to 699000 ind. ∙ м–2; biomass – from 27.39 mg∙м–2 to 11521.71 mg ∙ м–2.
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Fig. 14. Share (%) of eu- and pseudomeiobenthos from the total density and biomass in the Danube region of the Black Sea (May, 2021).

At most stations, the density of nematodes is low and ranged from 200 ind.∙м–2 to 33600 ind.∙м–2. Only in some it reached a maximum (209000 ind. ∙ м–2 (st. 8). But compared to 2020, their average number increased by an order of magnitude, amounting to 36942 ind. ∙ м–2. The number of harpacticoids at most stations was also small and ranged from 100 ind. ∙ м–2 to 60,000 ind. ∙ м–2. They dominated in the background stations (up to 670000 ind. ∙ м–2). The increase in the number of harpacticoids significantly increased the total biomass of meiobenthos, i.e. the forage quality of meiobenthos (Fig. 15). Of eumeiobenthos, in addition to nematodes and harpacticoids, there were single specimens of turbillaria.
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Fig. 15. Average density (thousand ind. ∙ m-2) and average biomass (mg ∙ m–2) of meiobenthos groups in the Danube region of the Black Sea (May, 2021).

The temporary component of meiobenthos (pseudomeiobenthos), which plays a very important role in shaping the forage quality of meiobenthos, was represented by polychaetes, oligochaetes, juveniles of bivalve mollusks and balanus, but the quantitative indicators in May 2021 were much smaller than in other years. Among these taxa, only the highest density was characteristic of polychaetes, their occurrence in the study area was 100%. Their number ranged from 400 ind. ∙ м–2 2 to 45000 ind. ∙ м–2, on average – 10642 ind. ∙ м–2. The basis of the biomass of pseudomeiobenthos were young polychaetes and oligochaetes. It should be noted that this period of the year is not characterized by a low number of pseudomeobenthos, especially for young bivalve mollusks. The decrease in their number can be explained by the atypical climatic situation this year.

Peculiarities of meiobenthos distribution in the dumping zone were considered in comparison with the characteristics of small benthic invertebrates in comparison with navigable canal construction zones and water areas, which we consider as background and on which the impact of dredging is minimal.

Figure 16 shows the dynamics of the average density of eu– and pseudomeiobenthos in different parts of the Danube region of the Black Sea (May, 2021). In the area of dredging meiobenthos was the most impoverished both in faunal composition and in quantitative terms. Only five taxa were present. Representatives of eumeiobenthos (nematodes and harpacticoids) dominated by all indicators. From pseudomeibenthos – polychaetes were marked with the maximum quantitative indicators in the zones of dredging (st. 8). Density indices in the dredging zone were formed mainly due to nematodes (65.8%), harpacticoids (19.1%) and polychaetes (15%) (fig. 17).
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Fig. 16. Dynamics of average density (ind. ∙ м–2) of ev- and pseudomeiobenthos in different parts of the Danube region of the Black Sea (May, 2021).
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Fig. 17. Average density (ind. ∙ м–2) and share (%) of meiobenthos groups in different parts of the Danube region of the Black Sea (May, 2021).

Compared with previous years, the average value of meiobenthos density in the dredging zone was at the same level (Fig. 18; 19). Oligochaeta and Bivalvia were also represented, but very few. 
In the dumping zone, the quantitative indicators of the average density of meiobenthos in August were as low as in previous years and averaged 24975 ind.∙м–2. From 3 to 5 representatives of meiobenthos were recorded at different stations. Nematodes were present at all stations, but the quantitative indicators were not large (6450 ind.∙м–2). Harpacticoids dominated in density (on average 11225 ind.∙м–2). From pseudomeibenthos dominated by the density of polychaetes. Biomass in this area was formed due to harpactoids and polychaetes (620.8 mg∙м–2).
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Fig. 18. Average density (ind. ∙ м–2) of meiobenthos in different parts of the Danube region of the Black Sea (2019–2021).
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Fig. 19. Average density (ind. ∙ м–2) and average biomass (mg ∙ м–2) of meiobenthos of the Danube region of the Black Sea (2014–2021).

A biodiversity of meiobenthos was observed in the background stations. From 3 to 7 groups of meiobenthos were found at the stations. The total average number of it in the background stations ranged from 77200 ind.∙м–2 to 699000 ind.∙м–2. The average values of quantitative indicators amounted to 292050 ind.∙м–2. The density of settlements was dominated by harpacticoids on average – 220725 ind.∙м–2, nematodes and polychaetes. The last groups of meiobenthos were small amounts of density. The average value of biomass was 4658.4 mg∙м–2. The basis of biomass was formed by harpacticoids (3531.6 mg∙м–2) and representatives of pseudomeibenthos.

The distribution of quantitative indicators of forage meiobenthos in the study area both in different years of research and in different areas is not homogeneous (Fig. 20). In May 2021, the quantitative indicators of the average biomass of total meiobenthos (2088.3 mg∙м–2) were formed due to the dominance of harpacticoids and polychaetes, especially in the dumping area and at background stations.

The heterogeneity of benthic conditions in the seventh district is evidenced by the density and biomass of meiobenthos, which varied greatly in the study areas. Indicators of meiobenthos density at stations ranged from 1000 ind.∙м–2 to 699000 ind.∙м–2; biomass – from 27.39 mg∙м–2 to 11521.71 mg∙м–2.

It should be noted that this period of the year is not characterized by a low number of pseudomeobenthos, especially for young bivalve mollusks. The decrease in their number can be explained by the atypical climatic situation this year.
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Forage meiobenthos


Fig. 20. Quantitative distribution of forage meiobenthos at stations of the Danube region of the Black Sea
Quantitative indicators of meiobenthos in the area of the navigable canal and dumping were not high. Meiobenthos in the study area received mass development in more remote areas from the area of the navigable canal.
The temporary component of meiobenthos (pseudomeiobenthos), which plays a very important role in shaping the forage quality of meiobenthos, was represented by polychaetes, oligochaetes, juveniles of bivalve mollusks and balanus, but the quantitative indicators in May 2021 were much smaller than in other years. Among these taxa, only the highest density was characteristic of polychaetes.

INVASIVE SPECIES

Invertebrates

A new danger is the Asian date mussel Arcuatula senhousia are highly invasive bivalve actively spreading in the Black Sea region. Separate specimens of A. senhousia were found at several new localities in the Ukrainian Black Sea during 2017-2018 (Zhulidov et al. 2021), and since autumn 2020 we have been recording the development of mass populations in many locations of the Sukhoy Liman (M.O. Son, unpublished). The sequences of A. senhousia from Sukhoy Liman (Odessa) were submitted to GenBank (Accession: MT878230) and the presence of this new invasive species was confirmed, both by morphological and molecular methods (Zhulidov et al. 2021). The findings of A. senhousia provide additional information on dispersal of this species in the Black Sea. Moreover, we cannot exclude the possibility that this species might have been present in the Ukraine earlier. We conducted interviews with local fish farm staff and amateur naturalists after this species was recorded and found that these locals noted multiple findings of unusual “oval” mytilids from the Odessa suburbs. 

Specimens of A. senhousia were found mostly in localities with mixed sediments (mud, shell gravel, pebbles, and marine litter) and limited water exchange between various artificial basins of harbours, with substrate composition sharply altered by man-made impact and a mosaic pattern of soft and hard substrates. All live specimens in this site were attached to pebbles, seagrasses or conglomerates of filamentous algae associated with bottom substrate (Fig. 21). Such bottom habitats designated as “A5.4. Sublittoral mixed sediments” according to EUNIS habitat classification are poorly populated by native byssus-attached bivalves in the Black Sea shallows.

The gradual dispersal of another alien species, Macrobrachium nipponense (Fig. 22) in the desalinated parts of the Black Sea estuaries was observed. Before the 2018s, M. nipponense had been reported only from the Dniester basin (Son et al., 2013). Since 2018 it dramatically expands the zone of invasion. In particular, during 2020-2021 it was observed in different waterbodies, mostly associated with small Black Sea estuaries (Sukhoy Liman, Great Adzhalyk Liman, etc) and in new location in the Dniester Liman (Son et al. 2020; unpublished data). In addition, the shrimp from the fishponds in the Dniester Delta were repeatedly caught in the abovementioned farms for keeping in small decorative ponds in private gardens in Odessa (Son et al. 2020). In last several years this prawn was recorded also in several localities in the Danube delta (Zhmud et al., 2021; Yuryshynets et al., 2021). Thus, its range may be wider than this research suggests.
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Fig. 21. Arcuatula senhousia in the invaded habitat (the Sukhoy Liman): on a limestone gravel (arrows point to byssus filaments) (A); in a tangle of filamentous algae (B); in the process of filtration (C). Photos by M. Son.
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Fig. 22. Diagnostic features of Macrobrachium nipponense: general view (A); rostrum (B); claw (C). Photos by M. Son.

The combination of the intentional introduction of M. nipponense and its random distribution with stocking individuals poses a high risk of invasion into new river basins. Apparently, climate changes are making the Ponto-Caspian region increasingly suitable for Macrobrachium species. The invasion to Sarata’s waterbodies (Son et al. 2020) can be a starting point for the further penetration of Macrobrachium into local freshwater ecosystems, as it is connected with the Danube Delta through the Sarata River channel, Lake Sasyk and the Danube-Sasyk Canal.

Recent studies have analyzed the contribution of biological pollution to the decline of unique Ponto-Caspian biodiversity in the Black Sea (Gogaladze et al. 2021). Invasive species are an ongoing concern for Ponto-Caspian biota. Ponto-Caspian communities have been replaced by communities dominated by invasive Mytilopsis leucophaeata, Potamopyrgus antipodarum, Rhithropanopeus harrisii, and other euryhaline species in the outer part of the Dniester Liman and upper Bug-Ingul estuarine zone in areas previously inhabited by Clessiniola, Limnocardiinae, and other Ponto-Caspian species (Gogaladze et al. 2021). In some of the lower estuaries, increased salinity has resulted in the replacement of PC communities by marine communities, which have colonized these areas from the Black Sea (Zhulidov et al. 2021). These marine communities are heavily affected by invasive mollusk species, especially “old invaders” Mya arenaria, Rapana venosa, and Anadara kagoshimensis.

Fish

The Chinese sleeper, Perccottus glenii Dybowski, 1877 (Actinopterygii: Odontobutidae) is an invasive fish species which is included into the IAS list of Union Concern (European Commission 2017). It shows strongly negative impact on the invaded ecosystems, as competition with local fauna, predation, forming of monospecific communities (Reshetnikov 2013; Rakauskas et al. 2016; Pupina et al. 2018; Kutsokon et al. 2021). This fish is native to China, northwestern Korea, Far Eastern Russia and northern Sakhalin (Mori, 1936; Bogutskaya et al., 2008). In Central and Eastern Europe it was spread primarily through transportation of aquacultural fish stocks (Reshetnikov 2004; Kutsokon 2017). The range of this fish in the Danube basic harbours the Middle and Lower reach with some tributaries, e.g. the Tisza River basin (Koščo et al. 2003; Jurajda et al. 2006; Hegediš et al. 2007; Ćaleta et al. 2011; Covaciu-Marcov et al. 2011, 2017; Kutsokon 2017). Also, the isolated population is known in the Upper Danube basin in Germany (Nehring & Steinhof 2015). The Chinese sleeper in the Danube basin is related to the Carpathian population, first introduced from China to the Upper Dniester basin in Ukraine (Grabowska et al. 2020).
In the Danube delta the Chinese sleeper was first registered in the Romanian part, little later in the Ukrainian delta (Năstase, 2007; Kvach, 2012). Except the delta is it known in Lake Kartal, placed along the main Danube reach on the Ukrainian bank, as well as in the Moldavian part of Lake Kahul (Moshu & Chiriac 2011; Kvach et al. 2020). The fish actively spread the range in Ukrainian deltaic zones, to be recorded also in the Dnieper Estuary (Kutsokon, 2017; Kvach et al., 2016). The case of this fish in the brackish Black Sea environment (Gulf of Yahorlyk) was also recently recorded (Kvach et al., 2021a) (Fig. 23).
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Fig. 23. Image of the Chinese sleeper caught in the Gulf of Yahorlyk, Black Sea. (A) lateral view, (B) dorsal view and (C) ventral view; scale: 50 mm. Photo by Y. Kvach

Recently, we registered the spread of the invasive Chinese sleeper through the Budjak region, even outside the Danube basin (Kvach et al. 2021b). We confirm the presence of the Chinese sleeper in several localities in the sea fore-front, such as overgrown banks of the branches Novostambulske and Skhidne and in the Anakin Kut Bay (Fig. 24). This shown the potential of the spread of the fish from the Danube basin to the other rivers along the sea coasts. Taking into account the finding of this fish in the brackish environment in the Gulf of Yahorlyk (Kvach et al. 2021a), such spread in possible. Only registration outside the Danube basin was in the Sasyk Lagoon, where it was sporadically found in two places in northern and western parts. The Sasyk Lagoon is a natural water body, placed in confluence of two steppe rivers, Kohylnyk and Sarata. Before 1978 the lagoon was a shallow brackish water basin (average depth 1.5-2.0 m), connected to the Black Sea. In 1980s, the lagoon was completely separated from the Black Sea by a dam with further desalination by Danube waters (Kharchenko et al. 1990). The level of total mineralization in the reservoir over the years of existence has not decreased below 1.5-2 g×dm-3 (Vasenko & Lungu 2005). The quality of the aquatic environment in the reservoir significantly depends on the degree of operation of the irrigation system and water balance, and primarily on the inflow of freshwater through the Danube-Sasyk Canal (Kharchenko et al. 1990, Vasenko & Lungu 2005). The Chinese sleeper registrations correspond to the areas with the lowest mineralization (Ivanova 2021): the upper part, close to the inflows of the rivers, the western part, close to the mouth of the Danube-Sasyk Canal. The canal could be a route of the fish introduction in to the water body. This may indicate that the invasive fish population in the desalinated Sasyk Lagoon lives in pessimum conditions, trying to avoid the adverse effects of high mineralization, which can significantly worsen the conditions of distribution of this species north of the delta.
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Fig. 4. The map of the sampling localities with the findings of the Chinese sleeper (Perccottus glenii) marked as black spots, but absence as white spots.

After the analysis of all the data of observations since 2001, we have to confirm the first finding of the Chinese sleeper in the Ukrainian part of the Danube basin as 01.09.2009, where it was caught in the Repida Canal. This is two years earlier, then official registration of this fish in canals in Vylkove in 2011 (Kvach 2012). The Repida Canal place about 30 km distanced from Lake Fortuna, where the fish was first registered for the Danube delta in 2007 (Năstase, 2007).

Same as in the native range and the other parts of the non-native one, the Chinese sleeper in the studied region prefers slow flowing or lentic with well-developed aquatic vegetation (Kosco et al. 2003, Reshetnikov 2013, Kutsokon 2017). In practice, the preferred type of water bodies are artificial canals. The lakes of the Lower Danube basin in the Budjak region are connected with the river by numerous canals, which are routes of introduction of the Chinese sleeper into the lakes such as Kartal, Talpuh, Kuhurlui, Katlabuh. Also, the Sasyk Lagoon is connected to the Danube River by the artificial canal. In the Danube delta the Chinese sleeper is recorded in small bays and marshes, overgrown with aquatic plants, not coming to the main flows of the Danube branches.
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ИПФ_НА РУССКОМ ЯЗЫКЕ

		ИПф, xср. (ед.) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		Nov-04		22.97		16.2		19.59		High

		May-05		18.49				18.49		High

		Sep-05		0.85		10.59		5.72		High

		Nov-05		3.53		32.17		17.85		High

		Dec-06				62.39		62.39		Moderate

		Jun-07		37.1		62.55		49.83		Good

		Jun-08		26.7		38.72		32.71		Good

		Aug-08		5.6		36.18		20.89		Good

		Oct-08		10.6		81.65		46.13		Good

		Jun-09		27.33		24.31		25.82		Good

		Oct-09		4.11		29.21		16.66		High

		Apr-10		7.24		29.36		18.3		High

		Aug-10		115.57		147.08		131.33		Bad

		Nov-10		90.56		168.63		129.6		Bad

		Jun-11		63.71		31.88		47.8		Good

		Sep-11		16.55		68.97		42.76		Good

		Oct-12		24.08		52.14		38.11		Good

		Jul-13		19.65		46		32.83		Good

		Sep-14		25.08		58.48		41.78		Good

		Nov-14		17.63		19.73		18.68		High

		Sep-15		68.68		55.18		61.93		Moderate

		Nov-15		16.32		17.45		16.89		High

		Sep-16		44.49		46.15		45.32		Good

		Oct-16		9.92		13.82		11.87		High

		Aug-17		52.68		17.56		35.12		Good

		Nov-17		36.08		30.98		33.53		Good

		Jul-18		20.62		23.25		21.94		Good

		Nov-18		75.12		12.06		43.59		Good

		May-19		29.37		16.75		23.06		Good

		Nov-19		48.65		75.88		62.27		Moderate

		Aug-20		10.72		19.35		15.04		High

		ИПф, xср. (ед.) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		22.97		16.2		19.59		High

		2005		6.05		27.57		16.81		High

		2006				62.39		62.39		Moderate

		2007		37.1		62.55		49.83		Good

		2008		14.3		43.87		29.09		Good

		2009		15.72		26.76		21.24		Good

		2010		71.12		123.78		97.45		Poor

		2011		40.13		50.43		45.28		Good

		2012		22.46		52.14		37.3		Good

		2013		19.65		46		32.83		Good

		2014		26.21		39.11		32.66		Good

		2015		42.5		36.32		39.41		Good

		2016		27.21		29.99		28.6		Good

		2017		44.38		24.27		34.33		Good

		2018		47.87		17.66		32.77		Good

		2019		39.01		46.32		42.67		Good

		2020		10.72		19.35		15.04		High





ИПФ_НА РУССКОМ ЯЗЫКЕ

		



ІПФ, од.

H

H

M

G

G

G

P

G

G

G

G

G

G

G

G

G

H



ІПФ_НА УКРАИНСКОМ ЯЗЫКЕ

		



Месяц Год

ИПФ, ед.

H

H

H

H

M

G

G

G

G

G

H

H

B

B

G

G

G

G

G

H

M

H

G

H

G

G

G

G

G

M

H



SW_НА РУССКОМ ЯЗЫКЕ

		



SIph, units

H

H

M

G

G

G

P

G

G

G

G

G

G

G

G

G

H



SW_НА УКРАИНСКОМ ЯЗЫКЕ

		ИПф, xср. (од.) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		лист.04		22.97		16.2		19.59		High

		трав.05		18.49				18.49		High

		верес.05		0.85		10.59		5.72		High

		лист.05		3.53		32.17		17.85		High

		груд.06				62.39		62.39		Moderate

		черв.07		37.1		62.55		49.83		Good

		черв.08		26.7		38.72		32.71		Good

		серп.08		5.6		36.18		20.89		Good

		жовт.08		10.6		81.65		46.13		Good

		черв.09		27.33		24.31		25.82		Good

		жовт.09		4.11		29.21		16.66		High

		квіт.10		7.24		29.36		18.3		High

		серп.10		115.57		147.08		131.33		Bad

		лист.10		90.56		168.63		129.6		Bad

		черв.11		63.71		31.88		47.8		Good

		верес.11		16.55		68.97		42.76		Good

		жовт.12		24.08		52.14		38.11		Good

		лип.13		19.65		46		32.83		Good

		верес.14		25.08		58.48		41.78		Good

		лист.14		17.63		19.73		18.68		High

		верес.15		68.68		55.18		61.93		Moderate

		лист.15		16.32		17.45		16.89		High

		верес.16		44.49		46.15		45.32		Good

		жовт.16		9.92		13.82		11.87		High

		серп.17		52.68		17.56		35.12		Good

		лист.17		36.08		30.98		33.53		Good

		лип.18		20.62		23.25		21.94		Good

		лист.18		75.12		12.06		43.59		Good

		трав.19		29.37		16.75		23.06		Good

		лист.19		48.65		75.88		62.27		Moderate

		серп.20		10.72		19.35		15.04		High

		ИПф, xср. (од.) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		22.97		16.2		19.59		High

		2005		6.05		27.57		16.81		High

		2006				62.39		62.39		Moderate

		2007		37.1		62.55		49.83		Good

		2008		14.3		43.87		29.09		Good

		2009		15.72		26.76		21.24		Good

		2010		71.12		123.78		97.45		Poor

		2011		40.13		50.43		45.28		Good

		2012		22.46		52.14		37.3		Good

		2013		19.65		46		32.83		Good

		2014		26.21		39.11		32.66		Good

		2015		42.5		36.32		39.41		Good

		2016		27.21		29.99		28.6		Good

		2017		44.38		24.27		34.33		Good

		2018		47.87		17.66		32.77		Good

		2019		39.01		46.32		42.67		Good

		2020		10.72		19.35		15.04		High
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Вх_НА УКРАИНСКОМ ЯЗЫКЕ

		S/W (м² кгˉ¹) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		Nov-04		166.44		137.68		152.06		Moderate

		May-05		329.6				329.6		Moderate

		Sep-05		151.06		176.85		163.96		Moderate

		Nov-05		243.75		156.75		200.25		Moderate

		Dec-06				231.21		231.21		Moderate

		Jun-07		91.97		601.03		346.5		Moderate

		Jun-08		127.71		518.09		322.9		Moderate

		Aug-08		286.17		436.02		361.1		Poor

		Oct-08		219.89		244.08		231.99		Moderate

		Jun-09		189.35		328.53		258.94		Moderate

		Oct-09		46.77		219.16		132.97		Good

		Apr-10		133.33		195.61		164.47		Moderate

		Aug-10		249.26		763.16		506.21		Bad

		Nov-10		275.85		352.59		314.22		Moderate

		Jun-11		274.27		406.17		340.22		Moderate

		Sep-11		131.61		292.48		212.05		Moderate

		Oct-12		266.69		319.07		292.88		Moderate

		Jul-13		313.52		372.69		343.11		Moderate

		Sep-14		357.86		319.17		338.52		Moderate

		Nov-14		393.57		314.9		354.24		Poor

		Sep-15		208.68		351.73		280.21		Moderate

		Nov-15		227.55		313.61		270.58		Moderate

		Sep-16		308.3		351.85		330.08		Moderate

		Oct-16		257.91		356.74		307.33		Moderate

		Aug-17		261.3		461.15		361.23		Poor

		Nov-17		319.27		425.86		372.57		Poor

		Jul-18		443.7		598.73		521.22		Bad

		Nov-18		598.69		752.03		675.36		Bad

		May-19		277.55		44.39		160.97		Moderate

		Nov-19		397.66		448.28		422.97		Poor

		Aug-20		235		539.07		387.04		Poor

		S/W (м² кгˉ¹) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		166.44		137.68		152.06		Moderate

		2005		206.19		158.92		182.56		Moderate

		2006				231.21		231.21		Moderate

		2007		91.97		601.03		346.5		Moderate

		2008		211.26		469.27		340.27		Moderate

		2009		118.06		273.85		195.96		Moderate

		2010		219.48		466.99		343.24		Moderate

		2011		202.94		349.33		276.14		Moderate

		2012		266.69		319.07		292.88		Moderate

		2013		313.52		372.69		343.11		Moderate

		2014		375.72		317.04		346.38		Moderate

		2015		218.12		332.67		275.39		Moderate

		2016		283.11		354.3		318.71		Moderate

		2017		290.29		443.51		366.9		Poor

		2018		521.2		675.38		598.29		Bad

		2019		337.61		246.34		291.98		Moderate

		2020		235		539.07		387.04		Poor
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		S/W (м² кгˉ¹) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		лист.04		166.44		137.68		152.06		Moderate

		трав.05		329.6				329.6		Moderate

		верес.05		151.06		176.85		163.96		Moderate

		лист.05		243.75		156.75		200.25		Moderate

		груд.06				231.21		231.21		Moderate

		черв.07		91.97		601.03		346.5		Moderate

		черв.08		127.71		518.09		322.9		Moderate

		серп.08		286.17		436.02		361.1		Poor

		жовт.08		219.89		244.08		231.99		Moderate

		черв.09		189.35		328.53		258.94		Moderate

		жовт.09		46.77		219.16		132.97		Good

		квіт.10		133.33		195.61		164.47		Moderate

		серп.10		249.26		763.16		506.21		Bad

		лист.10		275.85		352.59		314.22		Moderate

		черв.11		274.27		406.17		340.22		Moderate

		верес.11		131.61		292.48		212.05		Moderate

		жовт.12		266.69		319.07		292.88		Moderate

		лип.13		313.52		372.69		343.11		Moderate

		верес.14		357.86		319.17		338.52		Moderate

		лист.14		393.57		314.9		354.24		Poor

		верес.15		208.68		351.73		280.21		Moderate

		лист.15		227.55		313.61		270.58		Moderate

		верес.16		308.3		351.85		330.08		Moderate

		жовт.16		257.91		356.74		307.33		Moderate

		серп.17		261.3		461.15		361.23		Poor

		лист.17		319.27		425.86		372.57		Poor

		лип.18		443.7		598.73		521.22		Bad

		лист.18		598.69		752.03		675.36		Bad

		трав.19		277.55		44.39		160.97		Moderate

		лист.19		397.66		448.28		422.97		Poor

		серп.20		235		539.07		387.04		Poor

		S/W (м² кгˉ¹) Буи						Авандельта Дуная		ESC

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		166.44		137.68		152.06		Moderate

		2005		206.19		158.92		182.56		Moderate

		2006				231.21		231.21		Moderate

		2007		91.97		601.03		346.5		Moderate

		2008		211.26		469.27		340.27		Moderate

		2009		118.06		273.85		195.96		Moderate

		2010		219.48		466.99		343.24		Moderate

		2011		202.94		349.33		276.14		Moderate

		2012		266.69		319.07		292.88		Moderate

		2013		313.52		372.69		343.11		Moderate

		2014		375.72		317.04		346.38		Moderate

		2015		218.12		332.67		275.39		Moderate

		2016		283.11		354.3		318.71		Moderate

		2017		290.29		443.51		366.9		Poor

		2018		521.2		675.38		598.29		Bad

		2019		337.61		246.34		291.98		Moderate

		2020		235		539.07		387.04		Poor
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Рік
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		Вх (кг мˉ² ) Буи						Авандельта Дуная

		Дата		Усть-Дунайськ		Гирло Бистре

		Nov-04		0.412		0.111		0.262

		May-05		0.13				0.13

		Sep-05		0.017		0.159		0.088

		Nov-05		0.023		0.331		0.177

		Dec-06				0.703		0.703

		Jun-07		0.628		0.308		0.468

		Jun-08		0.4		0.068		0.234

		Aug-08		0.083		0.496		0.29

		Oct-08		0.138		0.338		0.238

		Jun-09		0.318		0.176		0.247

		Oct-09		0.089		0.217		0.153

		Apr-10		0.09		0.345		0.218

		Aug-10		0.333		0.121		0.227

		Nov-10		0.189		0.424		0.307

		Jun-11		0.472		0.223		0.348

		Sep-11		0.249		0.36		0.305

		Oct-12		0.07		0.364		0.217

		Jul-13		0.148		0.149		0.149

		Sep-14		0.109		0.196		0.153

		Nov-14		0.034		0.125		0.08

		Sep-15		0.236		0.244		0.24

		Nov-15		0.108		0.242		0.175

		Sep-16		0.187		0.181		0.18

		Oct-16		0.029		0.134		0.082

		Aug-17		0.2		0.154		0.177

		Nov-17		0.176		0.548		0.362

		Jul-18		0.134		0.136		0.135

		Nov-18		0.101		0.194		0.148

		May-19		0.396		0.377		0.387

		Nov-19		0.279		0.545		0.412

		Aug-20		0.09		0.14		0.115

		Вх (кг мˉ² ) Буи						Авандельта Дуная

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		0.412		0.111		0.262

		2005		0.047		0.259		0.153

		2006				0.703		0.703

		2007		0.628		0.308		0.468

		2008		0.207		0.301		0.254

		2009		0.204		0.197		0.2

		2010		0.204		0.28		0.242

		2011		0.361		0.292		0.327

		2012		0.07		0.364		0.217

		2013		0.148		0.149		0.149

		2014		0.072		0.161		0.117

		2015		0.172		0.243		0.208

		2016		0.108		0.158		0.133

		2017		0.188		0.351		0.27

		2018		0.118		0.165		0.142

		2019		0.338		0.461		0.4

		2020		0.09		0.14		0.115





		



Вх, кг м-2



		



Месяц Год

Bx, кг м-2



		



Вх, kg m-2



		Вх (кг мˉ² )  Буи						Авандельта Дуная

		Дата		Усть-Дунайськ		Гирло Бистре

		лист.04		0.412		0.111		0.262

		трав.05		0.13				0.13

		верес.05		0.017		0.159		0.088

		лист.05		0.023		0.331		0.177

		груд.06				0.703		0.703

		черв.07		0.628		0.308		0.468

		черв.08		0.4		0.068		0.234

		серп.08		0.083		0.496		0.29

		жовт.08		0.138		0.338		0.238

		черв.09		0.318		0.176		0.247

		жовт.09		0.089		0.217		0.153

		квіт.10		0.09		0.345		0.218

		серп.10		0.333		0.121		0.227

		лист.10		0.189		0.424		0.307

		черв.11		0.472		0.223		0.348

		верес.11		0.249		0.36		0.305

		жовт.12		0.07		0.364		0.217

		лип.13		0.148		0.149		0.149

		верес.14		0.109		0.196		0.153

		лист.14		0.034		0.125		0.08

		верес.15		0.236		0.244		0.24

		лист.15		0.108		0.242		0.175

		верес.16		0.187		0.181		0.18

		жовт.16		0.029		0.134		0.082

		серп.17		0.2		0.154		0.177

		лист.17		0.176		0.548		0.362

		лип.18		0.134		0.136		0.135

		лист.18		0.101		0.194		0.148

		трав.19		0.396		0.377		0.387

		лист.19		0.279		0.545		0.412

		серп.20		0.09		0.14		0.115

		Вх (кг мˉ² )  Буи						Авандельта Дуная

		Дата		Усть-Дунайськ		Гирло Бистре

		2004		0.412		0.111		0.262

		2005		0.047		0.259		0.153

		2006				0.703		0.703

		2007		0.628		0.308		0.468

		2008		0.207		0.301		0.254

		2009		0.204		0.197		0.2

		2010		0.204		0.28		0.242

		2011		0.361		0.292		0.327

		2012		0.07		0.364		0.217

		2013		0.148		0.149		0.149

		2014		0.072		0.161		0.117

		2015		0.172		0.243		0.208

		2016		0.108		0.158		0.133

		2017		0.188		0.351		0.27

		2018		0.118		0.165		0.142

		2019		0.338		0.461		0.4

		2020		0.09		0.14		0.115
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