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Executive summary 

Across the Black Sea region, environmental monitoring is fragmented,  and the ANEMONE project set 
out to enable an environment al and methodological framework for future coordination and 
implement an integrated approach  to environmental monitoring within the Black Sea basin. Hence, 
in ANEMONE, we performed (one of the) first assessments of the pressures and impacts s imultaneously 
for seven rivers from northern  (Dnieper, southern Bug), north western (Dniester and Danube), western 
(Kamchia), and southern (Sakarya and Yesilirmak) Black Sea. We aggregated data from four countries 
(from north  to south - Ukraine, Romania, Bulgaria and Turkey), six cruises and a sampling network of 
62 stations. Thus, the monitoring and assessment related provisions of the Bucharest (Black Sea) 
Convention and its Protocols, taking into account existing regional (BSIMAP) and national monitoring 
and assessment programs, the best practices of other Regional Sea Conventions, and last, but not 
least, Marine Strategy Framework Directive (MSFD) principles, aiming to  contribute further to 
harmonization of methodologies and filling in of knowledge gaps i dentified in the region.  
The outcomes represent the databases for chemistry ð water, sediment and biota, pelagic habitats 
components ð phytoplankton, zooplankton, and benthic habitats - zoobenthos. Apart from the 
analytical results themselves, new monitori ng data regarding the neighbouring area, we applied tools 
for integrated assessments. Only some were applied before (E -TRIX and BEAST), but others were 
entirely new for the Black Sea. We learned to apply the new tools (e.g. CHASE, NEAT) through 
workshops organized in the projectõs lifetime and held by their authors and developers, all from the 
European area. Consequently, the  information ensure s the establishment and improvement of the 
regional pool of data  that allow s the production of common indicator assessment reports in an 
integrated manner, which ensures comparability  across the Black Sea region due to agreed indicators 
of good environmental status.  
Therefore, t he deliverable consists of the comparative assessment of rivers impact on the Black Sea 
ecosystem quality through pilot case studies carried out in marine areas in front of seven riversõ 
discharging into the Black Sea and following th e ecosystem approach. The scope is to assess the Black 
Sea ecosystem vulnerability to the human pressures resulting from rivers discharge as an important 
tool for decisions. 
Following the River -Sea cruises (2019-2020) in ANEMONE project was identified, using integrated 
tools, a high risk of eutrophication (BEAST) and chemical contamination (CHASE) in the rivers 
neighbouring areas. The risk was decreasing from N-NW (southern Bug, Dnieper, Dniester, Danube) 
to W (Kamchia) and slightly increase d again in S (Sakarya and Yesilirmak) and was not particularly 
correlated with the average riversõ flows but more with the basinõs area and activities. 
In our study, the nutrients and contaminants enrichment led to òmoderateó-òpooró-òbadó status in 
most of the areas , highlighting the risk to not achieve the Good Environmental status at least for 
descriptors 5 and 8.  The integrated tool's results could be used as governance performance indicators 
- evaluating the success of policies developed to effectively manage the c oastal and marine 
environment. For example, the Danubeõs Mouths are classified as potential problem areas which 
represents an encouraging case for the Black Sea waters quality improvement. Implementing the 
Danube basinõs program of measures (ICPDR) (e.g.  TransNational Monitoring Network (TNMN), 
phosphate detergents ban) might lead to the improvement of the Black Sea waters quality in other 
rivers catchments.  
On the other hand, t he atmospheric deposition on the entire basin and the seawater circulation are 
considered of major importanc e. Thus, because they were neglected in the present study, we 
consider that the next development of such assessments should consider both  strains.  
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Introduction 

The Black Sea is the endpoint of four òtop 
10ó rivers in Europe (the Danube, Dnieper, 
Don, Dniester),  totalling  more than 8  000 
km length  journeys across its drainage basin 
(2 000 000 km2). Consequently, about 160 
million people, almost half of non -coastal 
countries, are using and impacting the 
Black Sea ecosystem indirectly and without 
realising it .  We do not have a price for this 
òproductó yet.  Shiny attempts to moneti se 
it, but nobody succeeded to value all 
òbenefitsó.   
Comparable with human health prevention, 
it is crucial to plan (assess), do (minimi se), 
check (monitor)  and act (review ) for the 
Black Sea environmental condition . The 
process should be continuous and dynamic 
with a unique objective ð the healthiest sea 
as numerous marine organisms' living place. 
Otherwise,  the cost is catastrophic. The 
Black Sea almost òdiedó once, and the 
action of  the Danubeõs riparian countries 
saved it, but not at all.  
Like everywhere in the Black Sea basin the 
human activities and needs such as 
agriculture, transportation, energy 
production or ur ban development exert 
pressures on the water environment  that 
are in need to be assessed for managing 
each river basin and for taking decisions on 
adequate measures for addressing and 
reducing these pressures (ICPDR, 2015). 
Interdependencies and interactions that 
occur at the land -sea interphases steadily 
increase under the current complex global 
scenarios. The geomorphological and 
ecological interdependent patterns (e.g., 
sediment transfer, nutrient flows from 
catchment areas) also relate to social, 
economic, and technological linkages, like 
the ones present at developing 
infrastructures  or harvesting agricult ure,  
produce heavily reliant on well -functioning 
maritime logistics. Under this perspective, 
marine systems' governance needs to be 
interwoven, and communication, 
participation,  and joint planning need to occur. This necessity remains, however, a significant 
challenge for  this day. Sustainability issues and vulnerabilities are differently perceived since world 
views are fundamentally different 1.  
River discharges are critical  factors affecting the marine ecosystem functioning. Land -originated 
inflows carrying fresh, nutrient or pollutants rich water are the factor responsible for creating new 
physical and biochemical conditions, which can create a favourable  medium for many marine 
organisms to run t heir biological cycles within. Like in the other basins, in the Black Sea , land-

 
1 https://www.oceangov.eu/working_groups/land-sea-interactions/  

https://www.oceangov.eu/working_groups/land-sea-interactions/
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originated water inflows are associated with the nutrientsõ enrichment, eutrophication  and pollution 
being one of the factors, which trigger th ese processes2.  
Hydrological and hydro-chemical characteristics of coastal water bodies of the Black Sea differ 
significantly. The coastal marine environment has really  and quickly changed in space and time, 
comparing with shelf waters . The near-shore phytoplankton commun ity depends not only on river 
flow but also on local coastal runoff, including sewage and agricultural drains, other forms of human 
activities, local wind -driven surface currents causing upwelling and downwelling, and other natural 
and anthropogenic factor s. 
The pressuresõ management at this level is complex. Hence, besides the interaction of tangible 
entities, the interaction, cross -fertilisation, and distinct separation of different modes of organising, 
decision-making, of governance play out along the coast, challenged by population density, shifting 
materialities a nd weak, partly outdated, or little -enforced governance mechanisms (Assche et al. ,  
2020). Indeed, the distinction between governance and government has been made and remade 
naturally in coastal environments, as coasts often represent political entities' bo rders. Policies can 
focus on the sea or turn their back to it, but can never ignore the, in times of rapid environmental 
change, decreasingly reliable boundary between land and sea. Coasts are , therefore , place of 
institutional rupture and consecutive co -evolutio n (Assche et al. , 2020).  
The Black Sea ecosystem has no internal borders. Thus, riparian countries  inhabitants , and direct 
benefi ciaries of the resources, are responsible for the ecosystemõs health more than anybody. 
Understanding that what is going in is transported everywhere will end in a healthier Black Sea shared 
by us. 
We, as scientists, want to reveal the impact of river discharges as an essential pressure when 
managing activities and continental waters, as all such discharges, influence  the total marine 
productivity of the Black Sea.  
 
  

 
2 https://www.icpdr.org/main/danube-basin/black-sea  

https://www.icpdr.org/main/danube-basin/black-sea
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 Material and methods 

According to the deliverable õs aim, we divided abiotic and biotic data to describe  the pelagic and 
benthic habitats in front of each river influence area .  
Therefore, for pelagic habitats were first discussed the biological (phytoplankton, zooplankton) 
characteri sation and the water column physico -chemical characteristics (temperature, salinity, pH, 
dissolved oxygen), nutrients (phosphate, silicate, nitrat e, nitrite, ammonium) and organic matter 
(biological oxygen demand, total phosphorus, total nitrogen, total organic carbon, total suspended 
solids) and contaminants (heavy metals, total petroleum hydrocarbons (TPH), polyaromatic 
hydrocarbons (PAHs), pesticides and polycyclic biphenyls (PCBs)). 
We continued, for benthic habitats , to describe  the biological features (macrozoobenthos and 
meiobenthos) and the sedimentsõ chemistry (heavy metals, total petroleum hydrocarbons (TPH), 
polyaromatic hydrocarbons (PAHs), pesticides and polycyclic biphenyls (PCBs)). 
 

 

Figure 1.1- Map of stations  

 
After presenting the results, with the purpose of the harmoni sed investigation were applied 
integrated tools f or diverse assessments ð Biodiversity - NEAT (Nested Environmental status 
Assessment Tool), Eutrophication - E-TRIX (Trophic Index) , BEAST (Black Sea Eutrophication 
Assessment Tool), pollution - CHASE (Contaminants Status Assessment Tool), NEAT (Nested 
Environmental status Assessment Tool) and cumulative pressures (EcoImpact Mapper). Some were 
used for the first time in the Black Sea area (CHASE, NEAT and EcoImpact Mapper). 
Finally, we statistically analyse d all common parameters (abiotic and biot ic) for testing the 
hypotheses that each river discharge has a distinct influence on the Black Sea ecosystem.  Data were 
analysed with Microsoft Excel, Ocean Data View, Statistica, Primer 7 . 
For Kamchia river influence , Generalized Additive Mixed Models (GAMM) were employed to study the 
relationships between the in situ environmental variables and phytoplankton and mesozooplankton 
response metrics. Analysis of Variance (ANOVA) was used to test the models and smooth terms of 
statistical significance. Statistical analyses and graphic representations were undertaken in R 3.6.2 
(R Core Team, 2019) CRAN package (Wood, 2017) and CRAN package (Peterson and Carl, 2014). 
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We did the maps with Ocean Data View (ODV) software version 4.7.3; a computer program for the 
interactive exploration that displays data in two basic ways: either by showing the original data at 
the data locations as coloured dots of user-defined size or by projecting the original data onto 
equidistant or variabl e resolution rectangular grids and then displaying the gridded fields. The 
gridded fields of method 2 are data products, and that small scale or extreme features in the data 
may be modified or lost because of the gridding procedure (DIVA gridding). All ODV representations 
done within the scope of this assessment have used method 2 (data products).   
For calculation of AMBI and m-AMBI*(n) was used freeware software available on www.azti.es, for 
structural indexes (S, iChao1, Hõ, IMg), PAST 3.14 and MS Excel.  
Details of  sampling and analytical methods are in Annex B. 
 



 

21 

 Riversõ catchment and features description  

2.1  Dnieper River 

From the spring to the mouth, the Dnieper flows through the t hree states' territory : Russia, Belarus, 
and Ukraine and serve as a natural border between countries. The Dnieper irrigates 13 densely 
populated areas, one in Russia (Smolensk Region), three in Belarus (Vitebsk, Mogilev, Gomel Regions), 
and nine in Ukraine (Chernigov, Kiev, Cherkasy, Kirovograd, Poltava, Dnepropetrovsk, Zaporizhia, 
Kherson and Nikolaev Regions). More than fifty cities and towns lie on the riverbanks, including the 
capital of Ukraine - Kiev. 
Along the Ukrainian section of the Dnieper are located 25 cities with mo re than 7.5 million 
inhabitants. The main are Kiev (4130000), Kremenchug (232000), Kaminsky (273700), Dnipro 
(1040000), Zaporozhye (786000) and, Nikopol (128369) (Figure 2.1).  
 

 

Figure 2.1 - The main rivers of the north western Black Sea regio n 

The Dnieper is a flat river with a slow and calm course. It has a winding channel, form sleeves, rifts, 
islands, channels, and shallows. It is divided into three parts: the upper reaches of the river - from 
the source to Kiev (1320 km), the middle - from Kiev to Zaporozhye (555 km) and the lower - from 
Zaporozhye to the Black Sea (325 km). 
The direction of the current changes several times: from the headwaters to Orsha, the Dnieper flows 
southwest, then to Kiev - directly south, from Kiev to the Dnieper sou theast. In Zaporozhye, there is 
a second, shorter (90 km l ength) southward stretch of the river. Further to its estuary, it flows in a 
southwestern direction. Thus, the Dnieper forms on the territory of Ukraine a semblance of a large 
bow facing east, which  doubles the route along the Dnieper from Central Ukraine to the Black Sea: 
the distance from Kiev to the mouth of the Dnieper in a straight line is 450 km  while  along the river 
is 950 km. The width of the river valley is up to 18 km. The floodplain is up to 12 km wide , and the 
Delta area has 350 km².  
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The intensive use of the Dnieper, especially since the 20 th century, has led to several serious 
environmental problems:  
Å Pollution of the Dnieper waters with industrial and domestic wastewater and intensively applied 
agrochemicals in the catchment (fertili sers, pesticides). In recent years, the pollution of the banks 
of the river and tributaries, including by vacationers, has also increased.  
Å Noncompliance with the rules of development and use of the Dnieper coastal protection zone.  
Å Swamp formation on the Dnieper: due to the building of hydropower plants õ cascade,  the middle 
and lower riverõs reaches have turned into a chain of lakes with almost stagnant water. Also, unique 
river landscapes and ecosystems, particularly the Zelenyi Lug (Green Meadow) , were lost because 
the reservoirs flooded the Dnieper floodplain . 
 
Pressures3 
 
In all three Dnieperõs riparian countries, many domestic waste dumps and industrial waste storage 
facilities are in the Dnieper basin. Following 2001 estimates, industrial waste accumulation is 8.5 
billion tons in waste storage facilities (up to 50 % accumulated in Ukraine, up to 10% in Belarus, and 
about 40% in the Russian Federation). There is an estimated annual increase in accumulated industrial 
waste of 8% to 10%. The storage facilities contain up to 40% of especially hazardous industrial waste, 
including salts of heavy and non -ferrous metals (lead , cadmium, nickel, chromium) a nd oil products 
(up to 2.5%). After the Chernobyl catastrophe, a large amount of radioactive caesium was deposited 
in the reservoir sediment.  
 
Transboundary impact  
Discharges of insufficiently treated municipal and industrial wastewaters and pollution from waste 
disposal sites and agriculture ha rm the Dnieper River's water quality  and its major transboundary 
tributaries.  
 
Trends 
Hydropower stations, nuclear power sta tions and manufacturing industries have caused ecological 
damage at a sub-regional scale. Large-scale development of timberland, draining of waterlogged 
lands for agriculture, and intensive growth of cities where sewage treatment is insufficient  to worsen 
the environmental and human health problems both in the Dnieper river basin and Black Sea region .  

2.2  Southern Bug River 

The southern Bug has its entire catchment area in Ukraine. It originates on the Volyn -Podolsky plateau 
in Kholodets village of Khmelnitsky Region, from there flows east through Vinnitsa, near which it 
changes direction to the southeast and flows into the Bug estuary, then with the Dnieper (Dnieper 
estuary) flows into the Black Sea via Dnieper -Bug estuary. It runs throug h the southwest of Ukraine ,  
within Khmelnytsky Region (122 km), Vinnitsa Region (324 km), Kirovograd Region (70 km) and Odessa 
Region (40 km; along the border with Kirovograd Region), as well as Nikolaev Region (250 km). The 
total length of the river is 81 3.6 km. The total area of the southern Bug basin is 64 300 km2 (Figure 
2.1).  
The southern Bug's main tributaries  are Bolshaya Vys, Rotten Tikich, Wolf, Mountain Tikich, Zgar, 
Ingul, Kodyma, Mertvovod, Row, Savranka, Sinyukha, Sob, Black Tashlyk, Chicheklya, Yatran. The 
largest of them, the Sinyukha River (its basin area has 16,804 km2 - 26% of the total) ,  is formed at 
the Tikich and Bolshaya Vys Rivers' confluence. The longest tributary (342 km) is the Ingul River.  
Several reservoirs used mainly for power production have been created on the southern Bug River: 
Shchedrivske, Ladyzhenskoye, Sabarovskoye, Glubochanskoye, Gayvoronskoye, Pervomayskoye and 
Aleksandrovskoye.  
Replenishment with water happens due to snow and rainfalls (prevails), as well as due to groundwater 
runoff. High water is from late February to mid -April ð early-May, low water - from June to February 
and floods are rare. Significa nt variability characteri ses the r iver flow. Average water consumption 
(132 km from the mouth) near the village Alexandrovka is 92.1 m³/s (the highest ð 5320 m³/s, the 
lowest - 2.6 m³/s). The share of spring runoff (in the annual runoff) is 61  %, in summer ð 9 %, in 
autumn ð 12 %, and in winter ð 18 %. The river flow is slightly regulated. The southern Bug does not 
have large hydropower stations (such as the Dnieper and Dniester). It freezes over almost regularly 

 
3 https://unece.org/fileadmin/DAM/env/water/blanks/assessment/black.pdf  

https://unece.org/fileadmin/DAM/env/water/blanks/assessment/black.pdf
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in November (December) - February, opens by mid-March; the ice regime is not constant ;  often in 
winter ,  the ice is melting and freezing again. The lower reaches do not freeze in warm winters. The 
minerali sation of water near the village Aleksandrovka ( in the south Ukrainian Nuclear Power Station  
area) is spring flood - 600 mg/dm³; summer -autumn low water - 674 mg/dm³; winter low water - 701 
mg/dm³.  
 
Pressures4 
 
Wastewater discharges and diffuse pollution from agriculture are the main factors contributing to 
the entry of pollutants into the southern Bug basin. According to the data of the regional departments 
of ecology, a significant excess of the content of poll utants in the river was recorded. The level of 
water pollution in the lower reaches of the southern Bug River corresponds to class 4 out of 6 - 
polluted.  
 
Impact  
Discharges of inadequately treated wastewater and pollution from along coastal developments an d 
agricultural waste are damaging the water quality of the southern Bug River and its main tributaries.  
 
Trends 
Nuclear power plants continue to cause environmental damage on a subregional scale. The lack of 
water and the slowing down of the flow of the southern Bug River is associated with the creation of 
197 reservoirs and 7 thousand ponds, where 40 % of the river basin's runoff is concentrated, and 
inadequate wastewater treatment exacerbates environmental and human health problems in the 
river basin.  

2.3  Dniester River 

The Dniester is a river in Eastern Europe along which the state border between the Republic of 
Moldova and Ukraine goes. It flows from the northwest to the southeast within Ukraine and Moldova's  
territory into the Black Sea. The length of the D niester is 1362 km, and the basin area has 72100 
km2(Figure 2.1).  
Sixty-two  cities and 95 urban-type settlements are in the Ukrainian part of the basin, two  
municipalities and 41 cities within the Moldavian part. More than 7 million people inhabit Ukrainia n 
and Moldavian areas adjacent to the river. The river spring is in the Ukrainian Carpathians, on the 
slopes of Mount Chentyevka at an altitude of 870 m, flows into the Dniester estuary connected to the 
Black Sea in the Odessa Region. The average downstream flow rate is 310 m³/s. The volume of annual 
runoff is 10.2 km³. The slope of the river is 0.666 m/km.  
In its upper reaches, the Dniester flows in a deep narrow valley and has the character of a fast 
mountain river. The current velocity in this region is 2ð2.5 m/s. Here, many tributaries flow into the 
Dniester, originating from the Carpathians' slopes, mainly on the right. The largest tributary in this 
section is the Stryi. Below the Galich city  (Ivano-Frankivsk Region),  the flow becomes calmer, but 
the valley remains narrow and deep.  
In the middle course, tributaries flow only to the left: the Zolotaya Lipa, the Strypa, the Seret, the 
Zbruch, the Smotrych, the Muksha (from the territory of Ternopil, Khmelnitsky and Vinnitsa Regions).  
The Dniester reservoir is located on the territory of Ukraine (Khmelnitsky, Chernivtsi, and Vinnitsa 
Regions). It was formed during the Dniester hydropower station's construc tion (677.7 km from the 
mouth of the Dniester, Novodnistrovsk, Chernivtsi Region).  
The length of the Dniester within Moldova is 660 km. The area of the basin within Moldova is 19 ,070 
km², which is 57  % of its territory. Below the city of Mogilev -Podolsky (Vinnytsia region, Ukraine), the 
valley expands, but up to Vykhvatintsy of Rybnitsky District, the valley expands,  Dniester still flows 
in a narrow and deep canyon-like valley with high steep and rocky coasts cut by ravines.  
The current environmental state of the Dniester basin can be characterized as tense, with a whole 
range of problem s regarding the quantitative and qualitative characteristics of water bodies, the 
reduction of biological resources and diversity , and manifestations of water's destructive effect . The 
river basin has a diversified and complex economy characterized by a hi gh density of environmentally 
hazardous activities - mining (e.g., potassium salts, sulphur, gas, oil, building materials), chemical 
industry, oil refining, engineering, food, and energy production. One of the first places in terms of 

 
4 https://unece.org/fileadmin/DAM/env/water/blanks/assessment/black.pdf  
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environmental impact on the Dniester is hydropower production . In the middle reaches of the 
Dniester, two -channel reservoirs were constructed ð the Dubossary Reservoir and the Dniester 
Reservoir, which influenced the decrease in river flow, which led to a change in structural 
communities and the predominance of cyanobacteria and euglena algae, as well as sedimentation.  
Almost 67 % of the Dniester basin area within Ukraine is under agricultural activities. The share of 
arable land in farmland reaches 66  % in Ukraine. On the territory of Moldova, agricultural land 
occupies 76 % of the Dniester basin and only 9 % by forests. Because of the existing land use structure, 
diffuse pollution sources are among the most significant factors of anthropogenic load on the basin.  
According to the conditions of water regime, physical and geographical features, the Dniester basin 
is divided into three parts: the Carpathian (upper) part with  a highly developed hydrographic network 
and about 70% of the river flow is formed in this part; Podolsk (middle) part of the basin with  a well -
developed hydrographic network. Large riverbed Dniester and Dubossary Reservoirs were built on this 
site, which caused significant  changes to the river's hydrological and thermal regime . That res ulted 
in significant adverse effects on biological resources of the basin below the dam of the 
Novodnistrovskaya hydropower station; the lower part of the basin has a poorly developed 
hydrographic network and a well -developed flooded massif, which is signi ficantly influenced by 
economic activity: part of this massif is drained, and part is separated under pond farms.  
The priority environmental problems of the Dniester basin are:   

- The destructive effect of water: water erosion, bank destruction, catastrophic floods in the 
upper part of the basin. 
Unsatisfactory water quality, including drinking water supply sources.  

- Unsatisfactory sanitary-ecological and hydrological conditions of small rivers in the basin. 

- Depletion and scarcity of water resources in the basin. 

- Eutrophication 

- Reduction of biological diversity in aquatic ecosystems of the basin.  
- Reduction of hydrobiological resources. 
 
 

Pressures5 
 
The Dniester flows through a densely populated area with  a highly developed industry (mining, wood-
processing, and food). Aquaculture, discharges of municipal  wastewaters and diffuse pollution from 
agriculture are  other main pressure factors  introducing pollutants as n itrogen compounds,  heavy 
metals, oil products, phenols , and copper. During the wa rm season, a deficit of dissolved  oxygen and 
increased BOD5 levels occur additionally.  Microbiological pollution is also of concern.  Petrol mining 
and chemical industr ies (e.g. , oil refining)  cause water pollution by phenols and oil products. Their  
key sources are in the basin's upper part, where  petroleum mining occurs, and oil  refineries are  
located. Due to the high migration ability of phenols and  oil  products, elevated concentration s are 
also found in the  Middle Dniester.  
 
Transboundary impact  
Moldova assesses that the upper and middle Dniester basin is moderately polluted, whereas the Lower 
Dniester and the Dniester tributaries are assessed as substantially polluted. Recently, the technical 
status of wastewater treatment plants in Moldova subst antially decreased. Although  wastewater 
treatment plants in cities continue to decrease efficiency, most of the other treatment plants are 
out of order. For some cities ( e.g.,  Soroki), new treatment plants are to be constructed. Also, there 
is a great chal lenge to plan, create and correctly manage water protection zones in Moldova, 
including abolishing non-licensed dumpsites in rural areas.  
 
Trends 
Although there was an improvement in water quality over the last decade, mainly due to the decrease 
in economic activities, the water quality problems remain to be significant. A further decrease in 
water quality related to nitrogen and phosphorus compounds a nd the microbiological and chemic al 
status is to be expected. In both countries, the construction of wastewater treatment plants and the 
enforcement of water protection zones are of utmost im portance.  

 
5 https://unece.org/fileadmin/DAM/env/water/blanks/assessment/black.pdf  
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2.4  Danube River  

The Danube River Basin (DRB) covers more than 800000 km2 ð 10 % of continental Europe ð and extends 
into 19 countries' territo ries, being the most international river basin in the world. The Danube River 
Basin can - based on its gradients - be divided into three sub -regions: the upper basin, the middle 
basin, and the  lower basin (including the Danube Delta). The Upper Basin extends from the source of 
the Danube in Germany to Bratislava in Slovakia.  
The Middle Basin is the largest of the three sub -regions, extending from Bratislava to the Iron Gate 
Gorge's dams on the border between Serbia and Romania. 
The lowlands, plateaus and mountains of Romania and Bulgaria form the Lower Basin of the River 
Danube. Finally, the river divides into three main branches, forming the Danube Delta, which covers 
an area of about 6750 km².   
Over 80 million people live in this basin, with many depending on the Danube for drinking water, 
energy production, agriculture, and transport. Its ecological diversity, from plant and animal species 
to critical habitats, is also highly valued. However, the increasing human impacts, pressure , and 
severe pollution from agriculture, industry, and municipalities affect the water supply for 
communities, irrigation, hydropower generation and industry, transportation, tourism, and fishing 
opportunities . The Danube River and many of its tributaries form the spawning grounds for many fish .  
They also receive various degrees of treated wastewater from many different sources, ultimately 
ending up in the Black Sea, affecting the nutrient levels in a significant  portio n of its waters 6 (Figure 
2.2).  

 

Figure 2.2 ð Danube River basin (from ICPDR)  

The estimated basin-wide nutrient emissions for 2009 ð2012 are 605000 t/y TN and 38500 t/y TP. 
Diffuse pathways contributed with 84  % (TN) and 67 % (TP). For N, groundwater (base flow and 
interflow) is the most important d iffuse pathway , with  54 %. In the case of P, soil erosion (32 %) and 
urban runoff (18  %) generate the highest emissions. Regarding the sources, agriculture (N: 42 %, P: 
28 %) and urban water management (N: 25 %, P: 51 %) are responsible for most nutrient e missions. 
The untreated wastewater discharges significantly influence  the t otal point source emissions ð 28 % 
(TN) and 39 % (TP). The long-term average (2003ð2012) observed river loads estimated from measured 
river discharge and nutrient concentration data  at the river mouth (TNMN station Reni) are 490000 
t/y (TN) and 25  000 t/y  (TP), a significant reduction in the transported nutrient fluxes to the Black  
Sea being detected. However, the input is still considerably higher than those of the early 1960s , 
representing river loads under low pressures (TN: ca. 300000 t/y, TP: ca. 20000 t/y).  

 
6https://www.icpdr.org/flowpaper/app/services/view.php?doc=drbmp-

update2015.pdf&format=pdf&page={page}&subfolder=default/files/nodes/documents/  

https://www.icpdr.org/flowpaper/app/services/view.php?doc=drbmp-update2015.pdf&format=pdf&page=%7bpage%7d&subfolder=default/files/nodes/documents/
https://www.icpdr.org/flowpaper/app/services/view.php?doc=drbmp-update2015.pdf&format=pdf&page=%7bpage%7d&subfolder=default/files/nodes/documents/
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At the basin scale, the urban wastewater sector generates about 255000 t/y  Biological Oxygen 
Demand (BOD), and 550000 t/y  Chemical Oxygen Demand (COD) discharges into the surface water 
bodies of the Danube Basin (reference year: 2011/2012). From an overall COD emission of 
approximately 610  000 t/y , the urban wastewater sector releases 90 %. More than 60 % of the BOD 
surface water emissions via urban wastewater  stem from agglomerations with existing sewer systems 
but without treatment.  
The main sectors with nutrient pollution from the industrial sector are releasing in total, 7200 t/y 
nitrogen and 220 t/y phosphorus were released in the reference year. F or nitrogen, the chemical 
industry has the highest importance emitting almost 45  % of the total discharges. In the case of 
phosphorus, food production and energy sectors have the highest share with 39  % and 24 %. The 
reported industrial emissions are relat ively small compared to those of the  urban wastewater, only 8  
% (TN) and 2 % (TP). 
Out of a 28836 km network in the D anube River Basin, good ecological status or ecological potential 
is achieved for 7107 km (25 %); good chemical status for 20  380 km (70.7 %) without data on mercury 
in biota , which is a decisive element for assessing the chemical status because in all surface water 
bodies exceeded its Environmental Quality Standard (EQS) and caused bad chemical status. 
According to the data of the Hydrometeorological Service of Ukraine, the flow of the main rivers into 
the Black Sea in 2018 are as follows: 

- Danube near Reni (54 miles) - 206.4 km3. 
- Dnieper in the lower section of the Kakhovskaya hydroelectric power station ð 39.2 km3. 

- Dniester near Mogilev Podolskiy ð 7.11 km3. 

- Southern Bug near the village of Aleksandrovka ð 1.06 km3. 
Based on the results of the monitoring performed by UkrSCES in 2019 in the lower reaches of these 
rivers, the annual load has been calculated  (Table 2.1, Table 2.2 and Table 2.3). 

Table 2.1 - Intake  of nutrients and suspended solids from the main  River s into the Black Sea 

Parameters P min. P org. P total N min. N org. N total Si TSS 

Danube load t/y 12900 2400 15300 263760 76470 340230 479200 33952800 

Dnieper load t/y оурл 180 4030 56320 780 57100 100500 203050 

Dniester load t/y 430 227 657 9700 8450 18150 20600 150000 

Southern Bug load t/y 71 19 90 2683 37 2720 2780 11340 

Table 2.2 - Intake of t race metals  from the main  River s into the Black Sea 

Parameters Cu Cd Pb Ni As Hg Zn Fe 

Danube load t/y 527 33 396 58 355 18 206 49380 

Dnieper load t/y 271 21.5 56 0 62 0 90 430 

Dniester load t/y 44 1.2 65 0 0 1.1 0 43 

Southern Bug load t/y 2.80 0.1 2.1 1.0 0 0 2.8 52 

Table 2.3 - Intake of POPs from the main Rivers into the Black Sea 

Parameters HCH 
total 

DDT 
total 

PCBs 
total 

PAHs 
total 

Of these, the largest contribution 

     Naphthalene Phenanthrene Fluoranthene 

Danube load t/y 0.27 1.03 1.80 5.97 2.47 2.15 0.38 

Dnieper load t/y 0.05 0.47 1.27 0.23 0.06 0.05 0.06 

Dniester load t/y 0.01 0.08 0.33 0.01 0 0 0 

Southern Bug load t/y 0 0.01 0.02 0.01 0 0 0 

 
Pressures7 
 
More than 81 million people living in the Danube River basin significantly affect the basin's natural 
environment, causing pressure on water quality, water quantity,  and biodiversity.  
The most significant pressures fall into the following categories: organic pollut ion, nutrient pollution, 
pollution by hazardous substances, and hydro-morphological alterations.  Insufficient treatment of 
wastewater from major municipalities is a significant cause of organic pollution. In parts of the Middle 

 
7 https://unece.org/fileadmin/DAM/env/water/blanks/assessment/black.pdf  
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and Lower Danube, wastewater  treatment plants are missing, or the treatment is insufficient. CODCr, 
ammonium-nitrogen and orthophosphate  phosphorus reach the highest values in the Lower Danube.  
The chemical, food, and pulp and paper industries are prominent industrial polluters, and  
wastewaters from these plants raise the levels of nutrients, heavy metals,  and organic micro-
pollutants in the river network.  
Cadmium and lead can be considered as the most severe inorganic microcontaminants in the Danube 
River basin. Especially critical  is cadmium, for which the target value under the transnational 
monitoring network (TNMN)  is substantially exceeded in many locations downstream of river 
kilometre 1071 (values are in many cases 2-10 times higher than the target value). The pollution of 
the Lower Danube by cadmium and lead can be regarded as a significant problem.  
Agriculture has long been a significant  source of income for many people, and it has also been a 
source of pollution by fertili sers and pesticides. Many tributaries, such as the r ivers Prut, Arges, 
Russenski Lom, Iskar, Jantra, Sio, and Dyje, are considered as rather polluted by nitrogen compounds. 
Most of these are in the lower part of the Danube.  
Like many large rivers, the impact of the high transboundary river nutrient loads i n the Danube River 
basin is the most critical in the receiving coastal waters of the Black Sea; however, pressures from 
the coastal river basins directly affecting the coastal waters of the Danube RBD also need to be 
considered. 
A substance of particular  concern in the lower Danube is p,põ-DDT. Here, the very low target values 
of the TNMN are often exceeded in the order of two magnitudes. It  means that, despite a high 
analytical uncertainty, the level of p,põ- DDT is significant and gives a strong indicat ion of the 
potential  risk of failure to reach good status. For lindane, the results of the TNMN classification are 
not so alarming.  
 
Transboundary impact  
In the Danube basin, there are areas in òhigh and good statusó, but there are also stretches of river 
which fall s under òheavily modified water bodiesó and has been assessed as òpollutedó. As analysed 
in the above section, cadmium, lead, mercury, DDT, lindane and atrazine are among the most  serious 
pollutants.  
The Upper Danube, where chains of hydropower plants exist, is mainly impacted by hydro -
morphological alterations, and many water bodies have also been provisionally identified as òheavily 
modified water bodiesó. The Middle Danube is classified as òpossibly at riskó due to hazardous 
substances.  The Lower Danube is òat-riskó due to nutrient pollution and hazardous substances, and 
in large parts ,  due to hydro -morphological alterations. It is òpossibly at -riskó due to organic pollution. 
 
Trends 
The Danube basin's water quality has improved significantly during the last decade, with 
improvements in the general environmental conditions in the Danube basin.  
Improvements in water quality can be seen at several TNMN locations. A decrease in biodegradable 
organic pollution is visible in the Austrian -Slovakian section of the Danube and a lower section 
downstream at Chiciu/Silistra.  
As for nutrients, ammonium -nitrogen decreases are evident in locations of the upper part of the 
Danube. Nitrate -nitrogen decreases in several locations of the German-Austrian part of the Danube 
River and some Lower Danube locations. Nitrate -nitrogen decreases have also been seen in the 
tributaries Morava, Dyje, Vah and Drava, and in the Sava River at the Una River's confluence 
Jasenovac. 
A decrease of orthophosphate phosphorus has been observed at Slovak monitoring locations, at 
Danube Szob, and at most downstream locations on the Danube River starting from the Reni 
Chilia/Kilia arm. An improvement can also be seen in the tributaries to the upper part of the rive r 
and further in the rivers Drava, Siret, and the Sava/Una rivers' monitoring site  at Jasenovac.  
Despite the last decade's achievements, water and water -related ecosystems in the Danube River 
basin continue to be at risk from pollution and other harmful  factors.  
More intensive farming, especially in the new EU member States' fertile area s in the basin, may 
increase agricultural pollution. This calls for developing a long-term strategy to address pollution 
problems, predominant ly diffuse pollution from agri culture. As is the case in other basins, the 
frequency of severe flood events due to climatic changes could increase, which  may cause substantial 
economic, social, and environmental damage in combination with unsustainable human practices . 
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2.5  Kamchia River  

The Kamchia River, entirely located in Bulgaria, is one of the largest (245 km  length) and highly 
anthropogenic loaded river systems in the Bulgarian Black Sea basin watershed (Shtereva et al., 
2006). The river catchment (5358 km 2) covers 40% of the Bulgarian Black Sea catchment area. It  
contributes to about half the freshwater discharge by national rivers, ranging between 179.3 ā 106 
m3/y and 1475.3x106 m3/y  (about 19.25 m3/s ), collecting urban effluents of 230 settlements, 
populated by 310000 inhabitants , including untreated sewage discharges (Shtereva et al. 2010, 
Dineva, 2011). It drains mid -altitude (mean altitude: 300 ð800 m asl) catchment, having downstream 
lowland river sections. The average slope of the system is 2.9  %, and the average altitude - 327 m. 
The river has two main branches, the GolyamaðKamchia in the north considered the main stem and 
the LudaðKamchia in the south ( Figure 2.3). The river syst em is highly regulated with 26 reservoirs 
larger than 106 m 3; only three of them ð Kamchia, Ticha and Tsonevo, have a total volume of 870 mln 
m3, which is about 92  % of the total volume of water. Two reservoirs are located along Luda Kamchia 
(Kamchia and Tzoveno), and a third one (Ticha) is formed through the confluence of three Golyama 
river tributaries. The estimated average annual discharge of Kamchia increases from 1.14 m 3/s at 
Ticha village to 26.3 m 3/s at the mouth (Soufi , Uzunov, 2008). The Kamchia reservoir provides most 
of the drinking water for Burgas and Varna's cities (storage capacity: 229 Mm 3). After the reservoir 
construction, the total flow decreased from 0.87 km 3/year to 0.61 km 3/y.  
The anthropogenic inputs (industry, a griculture, and urbani sation)  are of significant  importance for 
the high content of organic matter and nutrients in the riverine waterflow (Shtereva et al., 2006, 
Shtereva et al., 2007, Shtereva et al. 2010), exerting pressure on the coastal ecosystem nutr ient 
regimes (Shtereva&Krastev, 2009, Dineva, 2011).  
Kamchia annually receives ~1.85 Mm3 industrial and 15.3 Mm 3 municipal wastewater  (Mihailov et al., 
2005). The region is under the extensive impact of the tourism industry.  Out of the total o rganic 
pollution discharge d into the Bulgarian Black  Sea by the national rivers (measured by BOD5) in the 
range  2000 ð 7158 t/y, the share of the Kamchia r iver was between 608 t/y and 4146 t/y (1998 -
2005), from the total nitrate -nitrogen between 885 t/y and 5098  t/y, the Kamchia River's contribution 
was from 520 t/y to 3278 t/y and from the t otal orthophosphate -phosphorus discharge in the ranges 
from 65 t/y to 1141 t/y, the Kamchia River's rate was between 36 t/y and 222 t/y (Dineva, 2011).  
The size of the impact ed area, related to the advection of the river plume, depends strongly on the 
volume of discharged waters, as well as on the winds and current system in this part of the western 
Black Sea, the southeasterly and easterly winds spreading the eutrophic waters  towards the coast 
(Shtereva et al., 2010a, Truhchev et al., 2010).   
One of the significant  factors in the dynamic of river runoff and sediment discharge is climate change, 
the intensity of heavy rains and storms and warmer and dry periods. During the las t decade, the flood 
frequency in Bulgaria has increased, with  almost 70 % due to river overflows associated with heavy 
rainfalls, snow melting and mismanagement of riverbeds and dikes (Vasileva  et al., 2019). During 
2004-2018 intense floods have been registered in 2005-2006, 2007, 2009, 2010 and 2012, the strongest 
one in the Varna region and Kamchia area observed in 2014 (Romanova et al., 2012, Rusinov et al., 
2014). The river has an intensely dynamic seasonal regime originally of maximum flow in 
February/March and minimum in October (Tockner et al., 2010).  
The high fluvial discharge resulting from increased precipitation rates during rainy periods may be 
one of the major, if not the most critical  factor ,  for controlling the structure and seasonal dynamics 
of estuarine/marine coastal waters phytoplankton asse mblages due to its effect on turbidity, salinity, 
nutrient concentrations, and water residence time (Noriega et al., 2013; Saeck et al., 2013). Riverine 
nutrients act in concert with local hydrographic conditions to create distinct ecological niches for 
phytoplankton communities across river -sea continuums (Gomes et al., 2018) and further impact the 
coastal processes.  
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Figure 2.3 - Map of the Kamchia River  (red dot ðsampling station at the river mouth in t he coastal Black 
Sea area)  

The Kamchia reserve is under the protection of UNESCO. The total area of the protected habitats in  
reserve, together with Kamchia  Sands Protected Area, adds up to 1200 ha. The area around the mouth 
and lower course of the river are remarkable for their  variety of habitats. Besides, the Kamchia River 
mouth is a crucial  site for birds  situated on the migratory route Via Pontica (Sht ereva et al . , 2006).  
 
Pressures 

  
The main drivers in the Kamchia River region (catchment and coastal zone) are industry, agriculture, 
and urbanization , which cause significant pressure on the aquatic systems. The river collects effluents 
of 230 settlements in the catchment area,  populated by 310000 inhabitants, including untreated 
sewage discharges (Soufi&Uzunov, 2008). It is an attractive touristic area but lacking adequate 
treatment facilitie s. Kamchia annually receives ~1.85 Mm3 industrial and 15.3 Mm 3 municipal 
wastewater  (Mihailov et al., 2005 ). Therefore,  the riverine water is affected by a high organic matter 
content  and nutrients (most frequently for nitrite) exceeding the Bulgarian Water quality standards . 
The river system is highly regulated , with 26 reservoirs larger than 10 6 m3, only the three of them 
(with  a total volume of 870 mln m 3), constituting  about 92 % of the total volume of accumulated 
water.  
 
Trends 
The fl ow regulation has caused a degradation of riparian vegetation and local habitat loss . In contrast,  
the higher discharge resulting from the increased frequency of rainy periods in the area, associated 
with the recent climatic changes, emerg ing as one of the  critical factor s controlling the structure 
and seasonal dynamics of estuarine/marine coastal  processes. 
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2.6  Sakarya and Yesilirmak Rivers 

The total area of Turkey's Black Sea basin is 246525 km2. Overall, are 18 rivers in the basin area and 
five  large (Sakarya, Filyos, Kĕzĕlĕrmak, Yeŀilĕrmak,  and Çoruh) rivers. Five main river basins are 
discharging to the Black Sea, including Sakarya (63273 km2) and Yesilĕrmak (39693 km2) (Figure 2.4). 
Despite the considerable inter -annual variability in loads and flows, the reported annual average 
flows are 6.4 km3/y for Sakarya and 6.1 km 3/y for Yesilirmak (DSľ, 2016). The total freshwater inflow 
along the Turkish coastline into the Black Sea is 923 m 3/s (TDA, 2008);  thus, the total flow of these 
two rivers (~ 500 m 3/s) constitute s approximately h alf of the total.   

 

Figure 2.4 - Sakarya and Yesilĕrmak drainage areas 

In the Black Sea, there are low salinity areas distributed along the south coast in response to the 
river discharges, including Sakarya and Yesilirmak. These freshwater contributions d elineate the 
peripheral zone with salinit y around 17.5-18.0 PSU separated by the interior water mass of 18.2 -18.5 
PSU by a well -defined, narrow frontal zone (MarinTurk Project  report, 2014 ).  
The results of the  monitoring project, undertaken in the period 2014ð2016, indicate that Sakarya  
River on the western Black Sea basin and Yeŀilĕrmak rivers on the eastern Black Sea basin exert a 
significant pollution effect on the Black Sea ecosystem  (MoEU-DGEIAPI and TUBITAK-MRC, 2017 
report ).  
Nutrient and org anic matter enrichment is high in Turkish Black Sea coastal areas. Insufficient 
wastewater treatment, marine outfall discharges and river inputs are the principal sources of input. 
Besides, solid wastes (storage areas by the coast) are causing problems in the coastal areas. High 
sedimentation rates at several fishing ports mean that dredging is a frequent activity, releasing 
sediment-trapped nutrients back into the water column. Some locali sed activities, such as agriculture 
(with associated erosion), sand/ gravel extraction, industry and aquaculture ,  also contribute to 
eutrophication along the Black Sea coast.  
Widespread agriculture and animal farming, untreated domestic and industrial wastewaters, solid 
waste dumping sites, erosion around the dam lakes and  rivers, sand and gravel mining on riverbeds 
are the main activities creating pressure in the Sakarya River Basin. Total pollution (point and diffuse 
sources) loads from Sakarya RB were calculated as 47000 t/y TN and 5500 t/y TP (MoFW and TUBITAK 
MRC, 2013). 
Organic pollution in the Black Sea coastal areas is high due to the wastewater t reatment facilities 
and river input. The landscapes of the Black Sea region are not suitable to construct wastewater 
treatment facilities.  Some cities use the sewerage system directly disposing of deep marine outfalls , 
but most small settlement areas use  septic tanks or package biological treatment. However, present 
sewerage systems also show such a variety as combined and/or separate systems. Ordu, Giresun city  
centres have separate sewerage systems, whereas Sinop, Trabzon, and Zonguldak have combined 
systems; only Samsun has both combined and separate systems draining the city (Bakan et al., 1996). 
Besides, solid wastes deposited in coastal areas  cause pollutio n problems.  
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Eutrophication based pressure-impact analysis in the Black Sea was undertaken using the Land Uses 
Simplified Index (LUSI) (Flo et al . , 2011) and the LUSIVal methodology (Romeo et al., 2013) under the 
DEKOS Project (2014) (TUBITAK MRC and MoEU-GDEM 2014, Ediger et al. ,  2015). Chlorophyll a 
concentration  was used as an indicator of impact, representing one of the descriptor 5 
(Eutrophication) criteria.  The water bodies under the Yeŀilĕrmak river and Samsun province's impact 
were identified as the highest -pressure areas. In contrast,  the water body under Sakar ya's impact 
was defined as a òmoderateó pressure area.  These coastal waters (water bodies) are also designated 
as òsensitiveó areas (following  the UWWTD implementation) in 2015. Sensitivity was assessed based 
on physico-chemical, hydro -morphological and b iological characteristics, together with exposure to 
land-based sources of pollution ( TUBITAK SINHA Project 2015, TUBITAK-MRC and MoFWA 2015). These 
coastal areas are defined as mesotrophic/eutrophic according to their average DIN, TP, bottom water 
oxygen saturation and chlorophyll a concentration. They have a relatively limited exchange/mixing 
with waters further offshore, with phytobenthos and zoobenthos results suggesting moderate impact 
levels. Addition ally, the water bodies are threatened by nutrient i nputs from the Sakarya and 
Yesilirmak Rivers. Phyto- and zoo-benthos communities are showing clear signs of degradation. Thus, 
these water bodies under the impact of Sakarya and Yeŀilirmak were designated as òsensitive areasó 
(SINHA Project -TUBITAK-MRC and MoFWA, 2015). Marine benthic macrophytes are used as  indicators 
for the assessment of ecological status. The ecological status of stations along the Black Sea coast 
was assessed (MoEU-DGEIAPI and TUBITAK-MRC, 2014, 2015) using the Ecological Evaluation Index 
(EEI, Orfanidis et al., 2011;). According to the Black Sea coasts' ecological status levels, the lowest 
values were usually observed at the stations nearby Sakarya discharge due to abundant opportunistic 
algal species (e.g., Ulva sp. Cladophora sp. and Ceramium sp.) in the shallow sub -littoral zone. The 
station of Yeŀilĕrmak was classified as moderate status (SINHA Project-TUBITAK-MRC and MoFWA 
2015).  
In the Black Sea region of Turkey, contaminants arise from numerous anthropogenic sou rces such as 
land-based industrial and agricultural activities, pollution by ship, atmospheric deposition and 
mineral exploration and riverine inputs.  They include synthetic compounds, such as pesticides, and 
non-synthetic compounds, such as metals, dispersed by industrial processes, and polycyclic aromatic 
hydrocarbons, dispersed by combustion and oil spills. Generally ,  industrial facilities are low in 
number in the Black Sea region and concentrated in Zonguldak and Samsun. Copper (in Murgul and 
Samsun) and iron/steel production (Samsun)  are essential in the eastern Black Sea region. Zonguldak 
and Samsun harbours are important transportation centres for these industries  and the fertili ser 
industry in Samsun. The main industrial sectors located in the Sakar ya and Yesilĕrmak River Basins 
are plastics, rubber and synthetic resins, mineral products other than metals , food processing, metal 
products, chemicals and chemical product s (LBS NAP, 2017).  
 
Pressures 
 
Besides direct discharges, spills of contaminants leaching from land, together with atmospheric 
deposition, large quantities of contaminants, notably those deriving from agricultural activities, are 
carried to the Black Sea via Sakarya and Yesilĕrmak rivers. Some Pesticides sourced from agricultural 
activities were found above Environmental Quality Standards (EQS) (BIKOP Project 2012-2014). 
Amasya and Sakarya provinces were chosen as pilot areas for the Black Sea Region due to the 
significant agricultural activit y in these provinces.  
 
Hence, we set out to analyse the impact of seven rivers in the N -NW-W-S areas of the Black Sea, of 
which three  are in the top 10 longest rivers in Europe (Danube, Dnieper ,  and the Dniester). The rivers 
cross amount to over 1500000 km2 so that when discharged into the Black Sea, they can bring 
significant quantities  of suspensions, nutrients, organic matter,  and pollutants. The average flow of 
the Danube exceeds about three times all the others. Taken together, the Danube and Dnieper bring 
approx. 91 % of the freshwater supply 1320000 km2, 88 % from the total  (Figure 2.5).  We also 
calculated the flow per catchment unit area as a pressure indicator  (Table 2.4).  
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Table 2.4 ð Black Sea rivers main characteristics  

River basins Area of basin Annual discharge Flow per catchment 
unit area 

 103 km2 km3/y (km3/y)/ (103 km2) 

Danube 817.0 200.00 0.245 

Dnieper  503.0 43.50 0.086 

Dniester 72.1 9.10 0.126 

Southern Bug 63.7 2.20 0.035 

Sakarya  63.3 6.40 0.101 

Yesilirmak  36.1 6.10 0.169 

Kamchia  5.0 0.61 0.122 

 
 

 

Figure  2.5 - Share of average flows ð Black Sea rivers  
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 Structure, functions, and processes of marine 
ecosystems with relevance for rivers-sea interaction 
assessment - cruises ANEMONE results 

3.1  Pelagic Habitats 

Pelagic ecosystems face numerous exogenous stressors, which threaten the  sustainability of their 
current functions.  Numerous human activities cause eutrophication, habitat degradation, biological 
and geological removals and different activities and pressures, climate change, ocean acidification . 
The potential impac ts of  these stressors on the pelagic habitats ,  much less their interaction and 
cumulative  effects, are largely unknown.  However, a study indicates that there remain no  places in 
the ocean, no matter how deep,  distant  or dynamic, that are not affected by  human activities 
(Halpern et al. 2008). In  response to these intensifying threats , there  have been increasing calls for 
better  management, conservation, and marine biodiversity protection  (Dunn et al ., 2011).  
Pelagic habitats have faster dynamics and lower predictability levels than  terrestrial and marine 
benthic habitats (Ray, 1991; Gray, 1997; Hyrenbach et al., 2000). Living in liquid is different from 
living in gas, and the vital rates of all marine organisms are con trolled to a great degree by the 
properties of and processes occurring within the sea (Purcell, 1977; Andersen et al., 2015; Manderson, 
2016). Bertrand et al. (2014) describe the pelagic ecosystem as where the òsubstrateó consists of 
constantly moving wate r masses. Pelagic habitats are also defined by the frontal structures and 
subside created and delivered by divergent and convergent flows (Tew Kai et al., 2009 , Della Penna 
et al., 2017 , Dickey-Collas et al., 2017) .   
The waterõs transport is the primary mechanism for direct impacts of onshore human activities on 
the nearshore marine environment at the rivers' mouths . The adverse effects of excess nutrients and 
sediments carried by rivers to coastal waters have been well -described worldwide. Sediments and 
nutrients typically co -occur in the freshwater runoff, even though th ose two pressures' dynamics and 
impact s are not identical. Nutrients and other dissolved matter are transported further than 
sediments, so the freshwater plume containing dissolved nutrients may encompass a smaller sediment 
plume (Fredston et al., 2016). Nutrient additions to coastal and marine ecosystems can lead to 
increased phytoplankton abundance, including harmful algal blooms. In extreme cases, the bacterial 
decomposition of these phytoplankton blooms depletes dissolved oxygen levels to such an extent that 
most marine life cannot survive, creating anoxic òdead zonesó in coastal waters (Fredston et al., 
2016). The influence of rivers on the shelf waters depends on many  factors, but the main is the 
volume of river flow, which varies from season to season and year to year.  
Measurements of chlorophyll  a, used as an estimate of phytoplankton biomass, are included in most 
eutrophication monitoring programs. Chlorophyll  a represents the biological eutrophication indicator 
with the best geographical coverage at the European level (EEA, 2019).  
 

3.1.1  Phytoplankton  

Phytoplankton is the leading producer of primary production and the basis of the water trophic 
chains. Phytoplankton com munities, consisting of fast -growing, short -cyclical organisms, are the first 
to respond to environmental conditions changes  by coherent rearrangement of their structural and 
functional organization. Both Water Framework Directive (Directive 2000/60/EC) an d Marine Strategy 
Framework Directive (Directive 2008/56/EC) consider the phytoplankton a necessary component of 
assessing water bodies' ecological statu s. Various marine phytoplankton indicators  can provide 
valuable information on ecological processes essential  for coastal countries' quality of life and 
economy. Structural indicators of phytoplankton, immediately revealing the changes in nutrient 
concentration in the water column, have the advantage in analysing the eutrophication.  
Chlorophyll a is one of the most frequently determined biochemical parameters, an indicator of 
biomass and primary productivity. Because of its importance in the marine ecosystem and measured 
more easily than phytoplankton biomass, chlorophyll a was included on the ind icator list for 
"Eutrophication" in the EU "Water Framework Directive" as one of the impact parameters to be 
monitored.  
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 Dnieper River, southern Bug River, Dniester River and Danube (UA) River  

In the coastal waters, we found 146 taxa belonging to 15 classes. Bacillariophyceae (47), 
Chlorodendrophyceae (1), Chlorophyceae (27), Choanoflagellatea (1), Chrysophyceae (1), 
Cryptophyceae (4), Cyanophyceae (15), Dictyochophyceae (1), Dinophyceae (29), Euglenoidea 
(5), Imbricatea (1), Prymnesiophyceae  (2), Tre bouxiophyceae (8), Ulvophyceae (1), Xanthophyceae 
(1), and uncertain taxon Flagellata (1). In summer  were observed 105 taxa belonging to 14 classes, 
diatom-green complex of species with the great contribution of dinoflagellates and cyanobacteria. 
We registered 105 taxa belonging to 14 classes: Bacillariophyceae (34), Chlorodendrophyceae (1), 
Chlorophyceae (22), Trebouxiophyceae (7), Ulvophyceae (1), Chrysophyceae (1), Cryptophyceae (2), 
Cyanophyceae (14), Dinophyceae (14), Euglenoidea (4), Imbricatea (1), F lagellata (1), 
Prymnesiophyceae (2), Xanthophyceae (1). In autumn ,  we noted 117 taxa belonging to 15 classes. 
The dominant classes were Bacillariophyceae and Dinophyceae, but green algae and cyanobacteria 
remained high. We noted 117 taxa belonging to 15 cl asses: Bacillariophyceae (38), 
Chlorodendrophyceae (1), Chlorophyceae (19), Trebouxiophyceae (7), Ulvophyceae (1), 
Choanoflagellatea (1), Chrysophyceae (1), Cryptophyceae (4), Cyanophyceae (11), Dictyochophyceae 
(1), Dinophyceae (26), Euglenoidea (3), Imbr icatea (1), Prymnesiophyceae (2), Xanthophyceae (1 ) 
(Figure 3.1).  
 

 

 

 

 
a b 

Figure 3.1 - Taxonomic structure of phytoplankton community in the coastal waters of N -NW Black Sea 
in summer (a) and autumn (b), 2019  

The Shannon index of biodiversity for coastal waters varies from 1.59 to 1.97 (summer) and 0.53 -2.69 
(autumn), with averages of 1.77 and 1.76, respectively. The highest values of biodiversity index were 
in Zatoka waters ( St. 3), at the exit of Dniester estuary.  

 

In summer, the coastal waters near the e stuaries' exit s were characterized by high values of 
quantitative characteristics. The average abundance was 11.03ā106 cells/L , and the average biomass, 
2.34 g/m 3. The highest values were observed in the surface waters near Ochakov ( St. 6) at the exit 
of Dnipro-Buh estuary (59ā106 cells/L and 12.3 g/m 3, respectively) due to simultaneous bloom s of 4 
cyanobacteria Microcystis aeruginosa, Nodularia spumigena, Jaaginema kisselevii, Dolichospermum 
flosaquae.  The lowest values were observed in the Danube region's coastal waters (TW5), at the near -
bottom l ayer close to the Kiliya arm (45ā103 cells/L and 44 mg/m 3, respectively).  
In autumn, the quantities  and densities of phytoplankton communities were much lower than in 
summer. The average abundance was 3.36ā106 cells/L ,  and the average biomass was 1.18 g/m3. As in 
summer, the highest values were observed in the surface waters near Ochakov, at the exit of Dnipro -
Buh estuary (21ā106 cells/L and 5.57 g/m 3, respectively), due to the bloom of freshwater species 
Monactinus simplex (by biomass) and filamentous cyanobacteria J. kisselevii.  At the near -bottom 
layer close to the Kiliya arm (76ā103 cells/L and 55 mg/m 3, respectively)  were t he lowest values in 
the Danube region's coastal waters. 
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In summer, we observed the tremendous simultaneous bloom of four cyanobact eria M. aeruginosa, 
N. spumigena, J. kisselevii  and D. flosaquae. Comparative sampling in Dnieper and Bug rivers showed 
that this bloom started in the Bu g River, where the quantities were the highest ,  with the share of 
the Cyanobacteria species more than 94 %. Due to the Rim Current, a narrow counter -clockwise 
flowing, basin -wide current which runs along the Black Sea coast and in particular is responsible for 
water transition in north western Black Sea shelf from its northeastern part to its southwestern part 
(Staneva et al., 2001) ,  this bloom spread along the coastal line. The spatial distribution of the 
phytoplankton biomass occurs because of the expansion of blooming freshwater from Bu g mouth along 
the northwestern shore of the Black Sea up to the exit of Dniester estuary  (Figure 3.2). 

 

Figure 3.2 - Spatial distribution of phytoplankton biomass (mg/m 3) in the surface layer of the coastal 
waters of N -NW Black Sea, June 201 9 

Freshwater spread over marine waters, so the surface layer's biomass was much higher than in the  
near-bottom layer. In the Dnieper -Bug and Dniester coastal areas, the biomass values were related 
to t he share of cyanobacteria ( Figure 3.3). In the coa stal Black Sea waters, the highest biomass was 
in the surface waters near Ochakov (12.3 g / m3), with the share of Cyanobacteria more than 85  %.  
The Danube region's coastal waters were not affected by the cyanobacteria bloom, and the biomass 
did not exceed 200 mg/m 3, with less than 1  % cyanobacteria. The lowest values were observed in the 
Danube region's coastal waters, at the near -bottom layer near the Kiliya arm's exit  (44 mg/m 3).  All 
stations except for St. 2, had the highest biomass in the surface layer and coincide d with the minimum 
salinity, and a negative correlat ion was observed (r=-0.49). We also detected  a high positive 
correlation of biomass with pH (r=0.79) and water temperature (r=0.56). As for nutrients, we found 
a slight positive correlation with DIP (r=0.37) and a negative with DIN (r= -0.38).  
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Figure 3.3 - Spatial and vertical distribution of salinity ( PSU), phytoplankton biomass (mg/m 3) and share 
of Cyanobacteria (% of to tal biomass) in the coastal waters, N -NW Black Sea, June 2019  

We also observed a strong negative correlation between phytoplankton biomass and salinity (r= -0.79), 
at the coastal stations , in autumn . High values of quantitative characteristics coincide with  a high 
share of freshwater species ( Figure 3.4). We also observed a very high correlation with pH (r= 0.9 4). 
Biomass was very slight positive correlat ed with DIP (r= 0.36) , slight negative correlat ed with DIN (r=-
0.20) and the correlation with temperature was absent (r= -0.11).  
As in summer, the highest values were observed in the surface waters near Ochakov, at the exit of 
Dnieper-Bug estuary (21ā106 cells/L and 5.57 g/m 3, respectively), due to the bloom of freshwater 
colonial species M. simplex  and filamentous cyanobacteria J. kisselevii .  
 

 

Figure 3.4 - Spatial and vertical distribution of salinity ( PSU), phytoplankton biomass (mg/m 3), and the 
species' contribution  with different salinity preferences to the total biomass of phytoplankton in  the 

coastal waters of N -NW Black Sea, September 2019  

The quantitative characteristics of phytoplankton near the Danube mouth were much lower. The 
lowest values were also observed in the Danube region's coastal waters, at the near -bottom layer 
near the exit of Kiliya arm (76 ā103 cells/L and 55 mg/m 3, respectively).  
So, we assume that in the summer and autumn, the Danube river's negative effect  on the coastal 
marine environment (according to phytoplankton indicators) was significantly lower than Dnieper, 
Bug and Dniester rivers. 
The values of chlorophyll a in the coast al waters in summer var y from 1.49 µg/L to 49 .0 µg/L, in 
autumn from 1.85 µg/L to 29.8 µg/L. The highest values for phytoplankton biomass were observed in 
the Dnieper-Bug estuary and decreased along the Danube mouth's coastal line. The spatial distribution 
of chlorophyll a concentration in surface waters is shown in Figure 3.5. 
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Figure 3.5 - Spatial distribution of chlorophyll a concentration (µg/L)  in the N-NW Black Sea (left  ð 
spring, right  ð autumn)  

One of the principal  indicator s for the assessment of marine water quality is the phytoplankton 
biomass. We have developed this indicator's thresholds  for all the main regions of the NW Black Sea 
for every season. Thus, the coastal waters in summer are assessed as òbadó and òpooró for the 
statio ns in Dnieper-Bug and Dniester regions, and òhighó in the Danube region (Figure 3.6).  
 

 

 

 

 

Figure 3.6 - Water quality assessment of coastal waters by phytoplankton biomass  (left  ð summer, right  
ð autumn)  

In autumn, in the surface waters of the Dnieper-Bug and Dniester region, the quality of water was 
òbadó and òpooró, whilst  in the surface waters of the Danube region near the exit of Bistroe arm, it 
was òmoderateó. The near-bottom layer of all regions and surface layer near the exit of the Bistroe 
arm had a òhighó status. 
The water quality assessment results  by the Menhinick index are shown in Figure 3.7, but we underline 
that the thresholds are defined for the present regions. We used the scale used in the EMBLAS project 
for water quality assessment (Moncheva, 2016). According to this scale, in summer, GES results were 
absent for the coastal samples , and in autumn, only 18  % of samples were GES (green).  
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Figure 3.7 - Water quality assessment of the coastal waters by Menhenick index ( left  ð summer, right  ð 
autumn)  

Conclusions 

In summer, in the coastal waters, the species diversity of microalgae was formed by the diatom-
green complex of species with a great contribution of dinoflagellates and cyanobacteria. There was 
observed the bloom of cyanobacteria, which started from the Dnieper -Bug River system and spread 
along the most of NW coastal line. The share of cyanobacteria in total phytopl ankton biomass was 
more than 94 % in the estuary and up to 85 % in the coastal waters. Only in the Danube area, the 
phytoplankton biomass was lower than GES limits.  
In autumn, the dominant classes in microalgal biodiversity were Bacillariophyceae and Dino phyceae, 
but the part of green algae and cyanobacteria also remained high. Quantitative characteristics were 
much lower than in summer. The general tendency was the decrease of phytoplankton biomass from 
the exit of Dnieper -Bug estuary along the coast in the southeast direction, with the òspotsó of 
increase near the riversõ mouths, where the dominant are freshwater cyanobacteria and green algae. 
The spatial distribution of chlorophyll a concentration mainly coincides with the distribution of 
phytoplankton biomass. For the coastal waters, the maximum of chlorophyll a was noted in the 
surface layer. The highest values were observed in the Dnieper -Bug estuary and decreased along the 
coastal line towards the Danube mouth.  
Coastal marine ecosystems of the NW Black Sea shelf were strongly affected by the Dniester and 
especially Dnipro and Bug River systems. The blooms start in the Dnieper and Bug rivers and due to 
the Rim Current spread along the significant part of NW Black Sea  shore. The Danube river's negative 
effect on the Danube area is significantly lower than the other Ukrainian rivers.  
In the coastal water bodies, the good ecological status was assessed in the Danube region but not  in 
the Dnieper-Bug and Dniester region in summer. In autumn, most stations' surface waters are not in 
good ecological status, unlike  the near -bottom waters of all regions , which are in good status. 
According to phytoplankton indicators, the ecological status increased along the coast from the exit 
of the Dnieper -Bug estuary to the  Danube region, and the surface waters were of a worse ecological 
class than near-bottom waters.  

 Danube River (RO) 

The superficial layer of freshwater near the Danube's mouths can spread over large areas of the sea, 
also spreading the suspensions and plankton it contains. The  surface and their mixing speed depend 
on the wind regime and the water mixing.  Another  important aspect is the impact that the violent 
contact between two unique living environments has. Freshwater species die in suddenly contact 
with marine water, as do the few marine elements found in the freshwater. Marine waters are much 
more transparent, so for marine phytoplankton, a harmful factor is not only the low er salinity but a 
large amount of suspensions. Suspensions can also act directly in the destruction of phytoplankton by 
attaching to them, preferably those with long shapes or setae (Chaetoceros, Skeletonema, Nitzschia), 
sometimes covering them almost completely.  Thus, their buoyancy is reduced, causing them to fall 
to the bottom, where they accumulate (B Ŋcescu, 1965). 
With the osmotic shock to which they are subjected by the sudden change of salinity, especially in 
the surface horizon, phosphorus is released firs t, then nitrates. It results that in this area, both the 
Danube and the sea continuously transport large quantities of phytoplankton, which is destroyed by 
the violent contact between the two environments, release significant  quantities of biogenic 
element s. Under these conditions, a series of species with brackish tendencies or with greater 
tolerance to the saline regime can develop intensely. Due to winds and currents, the waters near the 
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Danube's mouths are then entrained in various directions, especiall y to the south, along the Romanian 
coast. Thus, near the coast, it creates favo urable conditions for phytoplankton development and, 
therefore,  for t rophic zooplankton's massive correlative development , especially  copepods (BŊcescu, 
1965). 
The phytoplankton  abundance and biomass are highly variable around the Danube mouths, is primar ily 
regulated by the nutrient supply and the organic matter  and the light availability, water 
stratification,  and mixing.  
We identified 131 species, varieties and forms of phytoplankton communities belonging to 12 
taxonomic classes. Dinoflagellates (35 %), diatoms (23 %), chlorophytes (18 %) and cyanophytes (8 %) 
represented 84 % of the total number of species. Among dinoflagellate species (46), those from genera 
Gymnodinium (5), Protoperidinium (5), Prorocentrum (4) and Gyrodinium (4) were the most diverse. 
Among diatom species (30), genera Chaetoceros (7), Thalassiosira (3), Cyclotella (2) and Skeletonema 
(2) showed the highest richness. A relatively high number of other groups species were identified for 
Chlorophyceae (24), Cyanophyceae (11), Trebouxiophyceae (6) and Cryptophyceae (5), while the 
classes Ebriophyceae, Euglenoidea, Prymnesiophyceae, Chrysophyceae, Dictyochophyceae and 
Ulvophyceae were represented by few species only (Figure 3.8). 
 

 

 

Figure 3.8 - Taxonomic composition of phytoplankton  - Danubeõs mouths, May 2019 

Comparing the biodiversity on the three transects under the influence of the Danube, we observed 
that, even though it was not a significant difference in the total number of species, the proportion 
of freshwater species was higher on Sulina (42 %) than on other transects (26 -27 %) (Figure 3.9).  
 

 

Figure 3.9 - The proportion of marine and freshwater  - Danubeõs mouths , May 2019 

The phytoplankton was composed of 84 marine and 47 freshwater species ( Annex Cfannex). Numerous 
species of dinoflagellates (46) and diatoms (24)  dominated t he marine phytoplankton . Most of the 
dinoflagellatesõ species were found at Portiŧa (40), t heir number dropp ing to half (23) at Sulina , one 
of the Danubeõs mouths. Alternatively , most of the marine diatomsõ species were found at Sulina 
(20),  and their number dropped at Portiŧa (13). Chlorophytes with the highest diversity at Sulina (19)  
represented half of the total species number of freshwater phytoplankton . Their number dropped at 
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Sf. Gheorghe (11) and Portiŧa (13). The freshwater phytoplankton community was represented as 
well b y species from Cyanophyceae (8), Trebouxiophyceae (6) and Bacillariophyceae (7) classes 
(Figure 3.10).  
 

 

Figure 3.10 - Distribution of marine and freshwater phytoplankton species  - Danubeõs mouths, May 2019 

The total abundance of phytoplankton varied between 4.48ā103 cells/L and 3.80ā106 cells/L and the 
total biomass, between 1 mg/m 3 and 2367 mg/m3 (Figure 3.11). The development of the 
phytoplankton showed a common distribution with maximum values (2.72  ā106-3.80ā106 cells/L and 
1729-2367 mg/m3) in the surface layers (0 -10 m) and minimum (4.48ā103 -17.92ā103 cells/L and 1 -44 
mg/m 3) in the near -bottom layers (50 -60 m).  
 

 

Figure 3.11 - Spatial variation of total phytoplankton abundance and biomass  - Danubeõs mouths, May 
2019 

On Sulina and Sf. Gheorghe transects, under direct Danubeõs influence, the maximum density of 
marine phytoplankton was up to 2.62ā106 cells/L, respectively, 2.67ā106 cells/L , the maximum 
biomass was 1 700 mg/m 3 on both transects. On Portiŧa transect, at a distance from the Danube 
direct discharge, the maximum values were with 1ā106 cells/L and 600 mg/m 3.  
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Figure 3.12 - Spatial variation of marine and freshwater species total abundance and biomass  - 
Danubeõs mouths, May 2019 

The freshwater phytoplankton quantities were up to 1.15ā106 cells/L and 195 mg/m 3,  and both 
recorded on the Sulina profile. On Sf. Gheorghe and Portiŧa transects, the maximum values recorded 
were even lower, 107.80ā103 cells/L, respectively, 688ā103 cells/L and 24 mg/m 3 on both transects 
(Figure 3.12).  
The average abundance of phytoplankton varied between 463.10ā103 cells/L and 1.97ā106 cells/L , and 
the average biomass - between 385 mg/m 3 and 1256 mg/m3. The marine species average abundance 
and biomass were up to 1.40ā106 cells/L, respectively, 1158 mg/m 3, represent ing between 71 % and 
99 % of the total average density and 92 -100 % of the total average biomass (Figure 3.13). Marine 
diatoms were the most important group that contributed to both the average density and biomass 
with 46 -86 %, respectively, 32-75 % of the total. The dinoflagellates, mostly marine species, had a 
lower contribution in density (2 -8 %) but reached 61 % of the total average biomass on Portiŧa 30m 
station. The Other groupsõ species represented between 2  % and 37 % in average density and between 
2 % and 10 % in average biomass. The freshwater species average abundance and biomass were up to 
573.76ā103 cells/L, respectively, 98 mg/m 3, representing between 1  % and 29 % of the total average 
density and up to 8  % of the total average biomass. Species from other groups, such as chlorophytes, 
cyanophytes, trebouxiophytes and ulvophytes , mainly represented fr eshwater phytoplankton , 
together contribut ing up to 27 % of the total average density (Sulina 20  m) and 5 % of the total 
average biomass. The freshwater diatoms represented about 2 -3 % of the total average density and 
biomass. 
The chlorophyll a concentrati on varied between 0.07 µg/L and 23.81 µg/L. The highest concentration 
was recorded in the surface layer, at Sulina 20m, which corresponded to  the development of the 
diatom Skeletonema subsalsum (2.30ā106 cells/L and 690.55 mg/m 3) and a group of freshwater 
species from Chlorophyceae and Cyanophyceae classes (1.15ā106 cells/L and 195 mg/m 3). The values 
gradually decreased to 0.13 -6.17 µg/L with depth and distance from the shore.  
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Figure 3.13 - Phytoplankton taxonomic structure based on marine and freshwater average abundance 
and biomass at Danubeõs mouths, May 2019 

On Sf. Gheorghe profile, concentrations of 7 -8 µg/L were in the surface layer and decreased to 1-3 
µg/L at 20 -30 m depth and below 1 µg/L at 40-50 m depth.  
The chlorophyll a concentration on the Portita profile was between 0.07  µg/L and 2.61 µg/L, the 
maximum value is recorded on the 30 m station , in the surface layer. In the deeper layers, the 
chlorophyll a concentration was below 1 µg/L ( Figure 3.14).   
Bloom densities were recorded in 93  % (13/14) stations with  values between 1.07·106 cells/L  and 
3.80·106 cells/L. Chaetoceros curvisetus, Skeletonema subsalsum,  and Pseudo-nitzschia delicatissima  
mainly produced blooms by recording each over 1 million cells/L in six stations . Several species from 
other  classes developed together with diatoms in the other seven station s and exceeded 1 million 
cells/L  (Table 3.1). 
Pseudo-nitzschia delicatissima  is a marine diatom  geographically widely distributed, producing  
domoic acid in cultures. Domoic acid may be a worldwide threat on temperate coasts , at least . 
However, action can be taken to alleviate the potential danger by monitoring the phytoplankton and 
utilizing temporary closings of selected fisheries in target areas when necessary for the duration of 
a bloom (Carmelo, 1997). P. delicatissima  is listed as harmful in `IOC -UNESCO Taxonomic Reference 
List of Harmful Micro Algae` (Moestrup et al., 2009). P. delicatissima  was observed in four  of these 
stations in densities between 1.08·106 cells/L  and 1.81·106 cells/L, representing 47 -63 % of the total. 
Also, P. delicatissima  contributed with 2 -60 % of the total density in other stations that  recorded 
bloom densities. P. delicatissima  blooms exclusively emerged at  a distance from the Danube direct 
discharge and influence (Figure 3.15).  
Skeletonema subsalsum is a brackish water diatom with usually extremely short linking structures, 
which length s vary with salinity. S. subsalsum was observed in two  of these stations in densities 
between 1.35·106 cells/L and 2.30·106 cells/L, representing between 49  % and 61 % of the total. S. 
subsalsum contributed 0.75 -50 % of the total density in 9 from 13 stations with  bloom densities. S. 
subsalsum is a fresh to brackish water diatom, occurring in salinit y up to 15 PSU in rivers, lakes, 
inland seas, coastal waters, and marshes, and often associated with eutrophic conditions (Kipp et 
al., 2020). S. subsalsum proliferated in front of Sulina arm where salinity was the lowest  and waters 
silicate rich . 
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Figure 3.14 - Water column distribution of chlorophyll a concentration  - Danubeõs mouths, May 2019 

Another diatom only observed in one station with a density above 1 million cells/L was Chaetoceros 
curvisetus (1.13·106 cells/L), representing 42  % of the total. C. curvisetus is known to have a high 
nitrate and phosphate removal capacity (Karthikeyan et al., 2013). C. curvisetus contributed with up 
to 44 % of all stations that  recorded bloom densities. The centric diatom Chaetoceros sp. is harmful 
algae though it does not secrete any harmful toxins. The diatomõs setae are easily broken, and if 
large quantities lodge in the gills of a fish, they may kill the fish. The secondary spines anchor the 
setae to the sensitive gill tissue causing irritation, and the fish react by producing mucus. Eventually, 
it dies from suffoca tion. Fish mortalit y due to this species i s reported from aquaculture farms and 
pen cultures  (Begum et al., 2015).  
These three diatoms were accompanied by other species that  together reached bloom densities, such 
as Emiliania huxleyi  (representing up to 36  %, being present in 12 stations), Pseudanabaena limnetica  
(representing between 1  % and 41 %, in 7 stations) and Komma caudata (up to 9  %, in 13 stations). 
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Figure 3.15 - Distribution of the main bloom species along Danube õs mouths  

 

Conclusions  

Qualitatively, w e identified  64 % marine and 36 % freshwater phytoplankton species . The freshwater 
species were found more on Sulina profile , under the Danube's direct influenc e, than on the other 
transects. Marine species represented between 71  % and 99 % of the total average density and 92  % - 
100 % of the total average biomass. Marine diatoms were the most important group , contributing  to 
both the average density and biomass with 46 % - 86 %, respectively, 32 % - 75 % of the total.  
Other classes such as chlorophytes, cyanophytes, trebouxiophytes and ulvophytes mainly represented 
the freshwater phytoplankton , which together contributed up to 27  % of the total average density 
and only 5 % of the total average biomass. 
The chlorophyll a concentration varied between 0.07 µg/L and 23.81 µg/L. The values gradually 
decreased with depth and distance from the shore.  
Bloom densities were recorded in 13 from 14 sampling stations with values between 1.07·106 cells/L  
and 3.80·106 cells/L. Chaetoceros curvisetus, Skeletonema subsalsum and Nitzschia delicatissima , 
each recording over 1 million cells/L , mainly produced blooms in six of these stations . Several species 
from Other groups developed together with the diatoms and exceeded 1 million cells/L in the other 
seven stations. 
The river discharge provided an optimal environment for both brackish and marine species. Most 
phytoplankton species have a broad spectrum of tolerance to differences in salinity and a high 
capacity to use the Danube's nutrients by creating blooms along the area.  

 Kamchia River  

The effect of Kamchia  River on the ecological status of coastal Black Sea ecosystem is investigated 
based on a spring-summer seasonal dataset of short time series (2012-2019) to represent the level of 
discharge impacts low in the food chain comparing two scenarios of dry (2013 , 2019) and wet (2014, 
2016) years.  
During spring-summer (2012-2019), the phytoplankton community of Kamchia water body  was 
featured by high species richness and taxonomic diversity - the number of species fluctuating 
between 176 and 191 and varieties from 17 classes, including a great number of unidentified  
microflagellates . In summer 2019 (August), the number of species was also very high ð 130 species 
from 17 classes (Figure 3.16). 
 

S. subsalsum 
 

C. curvisetus 
 

P. delicatissima  
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Figure 3.16 - Taxonomic structure of phytoplankton communities in the Kamchia river Water body in 
spring and summer , 2012-2017 

The highest species diversity was observed among dinoflagellates (102-103 in the spring-summer 6 
years period and 83 species in August 2019), followed by diatoms represented by about two times 
low species richness, especially in 2019 (19 species). The remaining groups were represented by a far 
low number of species (between 1 -7) but frequently dominating the structure of the phytoplankton 
communities such as Emiliania huxleyi  (Prymnesiophyceae), Pyramimonas sp.  
(Pyramimonadophyceae), Cryptophyceae (Hemiselmis sp., Plagioselmis sp.) , Nephroselmis 
astigmatica  (Nephroselmidophyceae).  
The total numerical metrics varied in wide ranges depend ing on the environmental conditions 
(season, dry-wet scenarios and hydrodynamics), for the abundance between 662.9ā103 cells/L and 
7359ā103 cells/L in spring and between 52.1ā103 cells/L  and 2364ā103 cells/L in summer and the 
biomass between 127.52 mg/m 3 and 1534.09 mg/m3 in spring and 92.60 mg/m 3 and 717.04 mg/m 3 in 
summer, respectively  (Figure 3.17). Similarly,  the chlorophyll a concentratio n greatly fluctuated, 
between 0.9  mg/m 3 and 6.6 mg/m 3 in spring and 0.2 mg/m 3 and 3.4 mg/m 3 in summer.  
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Figure 3.17 - Variation of phytoplankton - Total Abundance (cells/L) and Biomass (mg/m 3) in  Kamchia 
water body , (spring -summer 2012 -2019)  

The average spring abundance was 2.4 times higher than that in summer (2.4ā106Ñ2.3ā106 cells/L 
versus 0.99ā106Ñ0.7ā106 cells/L), the biomass about 1.7 times (741.85±530 mg/m 3 versus 431.33±230 
mg/m 3) and chlorophyll a about two  times (2.6±2.1 mg/m 3 versus 1.3±0.9 mg/m 3). The difference 
between the wet -dry scenario was much higher, about ten times in  abundance and more than five  
times in the biomass ( Figure 3.18 b).  
 
Like the total abundance and total biomass, a specific feature in the dynam ic of the taxonomic profile 
of phytoplankton assemblages was the high variability, exhibiting alternating community structure , 
which makes it challenging to extract distinct trends, typical for estuarine/marine coastal mixing 
zones (Raateoja, Kauppila, 2019). A relatively sensible presence of the freshwater/brackish species 
Pyramimonas sp. (class Pyramimonadophyceae) and microflagellates both in spring (up  to 17.1 -34.5 
%) and clearer  in summer (up to 34.1 -40.5 %, respectively) is noted over the entire period , in terms 
of total abundance, with a minor contribution in the total biomass due to their small size.  
The rainy period (2014) was marked by an increased proportion (~ 34%) of freshwater/brackish species 
from the classes Chlorophyceae (Monoraphidium  contortum ), Cryptophyceae ( Hemiselmis sp., 
Plagioselmis sp.) and Euglenoidea (Euglena acusformis), concomitant with an elevated share of 
diatoms (61.8 % of the total abundance). The max imum diatom abundance (1.3ā106 cells/L) and spring 
biomass (466.941 mg/m 3) observed in May 2014 were contributed specifically by the indicator species 
of eutrophication  Pseudo-nitzschia  delicatissima , Cyclotella  choctawhatcheeana, Thalassiosira 
nordenskioeldii . For comparison, these proportions for the selected dry scenarios were below 18  % 
for the three classes and between 8.0-8.4 % (61ā103-63ā103 cells/L) for diatoms at the much lower 
total abundance and biomass. The dinoflagellates biomass peak (515.04-529.63 mg/m 3) was also 
measured in 2014 (the rainy year) in June and September after  high diatom  development.  
As riverine waters change nutrient loads, so does the stoichiometry of the coastal waters, resulting 
in changes of N:P supply and consequent variations in algal communities (Glibert, Burkholder, 2011), 
increased algal growth and development of high biomass, as well as shifts in species diversity  could 
be observed. Usually, the nitrate in this source water exists at sub -Redfield ratios and hence is quickly 
drawn down by enhanced growth of coastal diatoms that benefit from the DIP and Si -rich w ater 
(Stukel et al., 2014). For example,  a highly dense and mixed bloom of diatoms comprising primarily 
Skeletonema sp. Pseudo-nitzchia  spp., Thalasiossira sp., and Chaetoceros spp. was reported to 
occupy the low salinity core of the plume fuelled  by riverine derived silicate and cross-shore and 
upward flux of DIN into the surface layers (Gomes et al., 2018) and similar to our results nanoplankton 
such as Cryptophytes, Prasinophytes and Haptophytes were also observed in large numbers in low 
salinity plume waters. As many dinoflagellates are mixotrophic, it is possible that this mixing of 
trophic levels allows them to exist and adapt to all situations.  
Even if the frequency of to tal densities exceeding 1ā106 cells/L was high (>55 % of the sampling cases) 
no monospecific or a 2-3 species cohort outbursts were observed except the bloom of Emiliania 
huxleyi  in September 2013 (abundance 1.3ā106 cells/L) and especially in May -June 2016, in this case 
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originating from the northwest as a regional bloom and controlled by the basin-wide current patterns 
(Figure 3.18 a). It was a particular  case in which the bloom density was locally sustained to reach a 
cell abundance of 5.2ā106 cells/L ( Figure 3.18 b),  more than three times higher than that in the 
northern Bulgarian coastal WBs. 
Accordingly, based on the phytoplankton -integrated index (Phyto -IBI),  the ecological status of 
Kamchia WB associated with the latter event was in category poor ( Figure 3.18 c). During spring-
summer 2012-2019, the Phyto- IBI f predominantly f luctuated within the categories moderate -good; 
however,  no consistent trend towards achieving good ecological status was observed, most likely 
modulated by the impact of the Kamchia river as shown by the Generalised Additive Mixed Model 
(GAMM) approximations ( Figure 3.19, Figure 3.20).  
 

 

(a)  

 

(b) 

 

(c) 

Figure 3.18 - Taxonomic profile of phytoplankton communities abundance (in %) under the three 
different scenarios (a) dry scenario (24.06.2013 and 12.08.2019), wet scenario (19.06.2014) wet 

scenario + regional bloom (01.05.2016); (b) Total abundance, N (cells/l) and Biomass, B (mg/m3) and (c) 
Variation of the ecological status of WB Kamchia based on the integrated phytoplankton index Phyto -IBI 

(spring -summer 2012 -2019); colourðcodes  correspond to the WFD classification system  

 
GAMM was applied to model phytoplankton biomass and the integrated index Phyto -IBI as an 
alternative to GAM (due to limitations in data availability observations, n=24) as a flexible instrument 
to detect nonlinearities in data and its robustness and flexib ility in terms of distributional 
assumptions. The basic GAMM model was used without implementation of correlation structure ð as 
data shows no autocorrelations in and between the data series (max. lag=0.4); therefore, 

Metric/Date 24.06.2013 19.06.2014 01.05.2016 12.08.2019

N, cells/l 731752 2622784 7359550 790376

B, mg/m3 270.403 1169.515 1534.086 455.500
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autocorrelation is not accounted in th e model; nevertheless, standardised residuals are checked for 
autocorrelation to ensure that the models result are not misinterpreted.  
Phytoplankton biomass was modelled by the implementation of the following GAMM: 
PhytoplanktonB=Ɯ+f_1 (T)+f_2 (S)+f_3 (NH4

+)+f_4 (NO3
-)+f_5 (PO4 )+f_6 (Si). 

The model outcome ( Figure 3.19 and Table 3.2) clearly shows statistically significant linear effects 
of temperature, salinity, and ammonia and nonlinear effects of nitrate and phosphates 
concentrations. The overall effect on the response (phytoplankton biomass) is rather complex, 
influenced by multip le factors.  
  

 

Figure 3.19 - GAMM terms fit showing the effect of various environmental variables on phytoplankton 
biomass. Locations of observations are shown as vertical lines on the x -axes; the dots repre sent the 

observations partial residuals. Solid lines are the estimates of the smooths; the dashed lines indicate 
95% confidence intervals; in situ data ð T (temperature, ° C), S (salinity, PSU), NH4 ( ammonium, µM), NO 3 

(nitrate, µM), PO 4 (phosphate, µM) and SiO 4 (silicate, (µM)  

 

Table 3.2 - GAMM ANOVA results on the effect of various environmental variables on phytoplankton 
biomass 

Family: Gaussian, Link function: identity, Formula: 
PhytoB ~ s(T) + s(S) + s(NH4) + s(NO3) + s(PO4) + s(Si) 

Parametric coefficients: 
            Estimate Std. Error t value Pr(>|t|)     
(Intercept) 585.38      40.95    14.3 3.51e-09 *** 

Approximate significance of smooth terms: 

  edf Ref.df F p-value   

s(T) 4.306 4.306 4.997 0.012738 * 

s(S) 1 1 6.764 0.021979 * 

s(NH4) 1 1 8.597 0.011671 * 

s(NO3) 1 1 19.985 0.000634 *** 

s(PO4) 2.044 2.044 17.362 0.000205 *** 

s(Si) 1 1 1.226 0.288354   

Signif. codes:  0 ô***õ 0.001 ô**õ 0.01 ô*õ 0.05 ô.õ 0.1 ô õ 1 

R-sq.(adj) = 0.744,   Scale est. = 38561     n = 24 

 
IBI GAMM terms have been selected following  the underlying ecology concept, i.e. the expectations 
that the eutrophication drives low Phyto -IBI values associated withó pooró ecological status; hence a 
two-way interactions effects (included in the model as tensor product) were studied aiming at 
assessment of their potential effect on the response of the integ rated index. The model results 
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(Figure 3.20 and Table 3.3) highlighted the statistically significant combined linear effect of nitrate 
and phosphate concentrations and salinity and nonlinear effect of temperature and ammonia.  
 

 

Figure 3.20 - GAMM terms fit showing the effect of various environmental variables on IBI. Locations of 
observations are shown as vertical lines on the x -axes; the dots represent the observations partial 

residuals. Solid lines ar e the estimates of the smooths; the dashed lines indicate 95% confidence 
intervals; in situ data ð T (temperature, ° C), S (salinity, PSU), NH4 (ammonium, µM), NO 3 (nitrate, µM), 

PO4 (phosphate, µM) and SiO 4 (silicate, (µM)  

 

Table 3.3 ð GAMM ANOVA results on the effect of various environmental variables on IBI  

Family: Gaussian, Link function: identity, Formula: 
IBI ~ s(T) + s(S) + s(NH4) + ti(NO3, PO4) + s(Si) 

Parametric coefficients: 
Estimate Std. Error t value Pr(>|t|) 
(Intercept) 0.56191 0.01178    47.7 1.29e-12 *** 

Approximate significance of smooth terms: 

  edf Ref.df F p-value   

s(T) 4.075 4.075 7.144 0.008299 ** 

s(S) 1 1 7.237 0.024788 * 

s(NH4) 1 1 0.598 0.459343   

ti(NO3,PO4) 1.012 1.012 11.803 0.007343 ** 

s(Si) 6.43 6.43 18.026 0.000156 *** 

Signif. codes:  0 ô***õ 0.001 ô**õ 0.01 ô*õ 0.05 ô.õ 0.1 ô õ 1 

R-sq.(adj) =  0.892, Scale est. = 0.0010186     n = 24 

 
Other studies (reviewed in Masotti  et al., 2018) have also reported a positive relationship between 
increased river discharge, nutrient input, and high phytoplankton biomass in adjacent coastal areas 
to river mouths. For example, in coastal waters off Japan, chlorophyll a concentration fro m ocean 
colour satellite estimates , was two times higher during periods of high river discharge than periods 
of low discharge. Similarly, high chlorophyll a level  was observed in winter and early spring, 
coinciding with an abrupt precipitation increase in northwestern Florida's Apalachicola River . Other 
runoff -related changes have also noted that variation in salinity, silica, and total nitrogen were the 
main driver of phytoplankton community structure and productivity (Barroso et al., 2016) ,  with 
further p otential  implications to the ecological status of the coastal marine environment (Masotti et 
al., 2018).  
Although the Kamchia River's water discharge is low compared to the big rivers discharging into the 
NW Black Sea, its influence on coastal water qualit y should not be ignored. Small rivers (i.e., rivers 
with small drainage basins and small annual discharges) affect adjacent coastal waters to a limited 
extent under average climatic conditions, while under certain climatic conditions, their cumulative 
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discharge can increase in response to precipitation events and heavy rains (Mertes  & Warrick, 2001; 
Saldias et al., 2016, Osadchiev & Korshenko, 2017). Our data shows that the rainfall regime along the 
Bulgarian coast during the last decade manifests high year  to year variability but is maintained above 
the average (1960-1990) in over 70%. A remarkable for Bulgaria rainfall, particularly in the research 
area, significantly exceeding the mean norm (approx. 10 folds) was reported in spring -summer 2014 
(Drenovski & Kastreva, 2017), with maximum extremes measured in June (211mm ð 458 %). 
Subsequently, an increase in the river discharge rate was measured in the Kamchia watershed 
(Qmax=200 m3/s), resulting in salinity lower than 13 PSU in the coastal area's mixing zone . The 
precipitation in 2016 (spring, about four times higher than the norm) was considerably lower than in 
2014, but similar environmental changes were observed . 
 

Conclusions 

Our results suggest that the high river runoff (wet season) enhance the biological activity near the 
river mouth (increased t otal phytoplankton abundance, biomass and chlorophyll a), sustaining higher 
local bloom densities in case of regional blooms (the case of E.huxleyi  bloom), causing alteration of 
phytoplankton taxonomic structure.  
What is noteworthy is the marked interannual variability in the wet -dry conditions and consequent 
phytoplankton community structure, modulated by the extent of the Kamchia River and its inputs.  
Apart from th e peak flow events, the River Kamchia impact is traceable throughout the inner coastal 
area only, located mainly in the one -mile coastal zone, as documented by previous studies (Truhchev 
et al. 2010, Shtereva et al., 2010a).  
 

 Sakarya River and Yesilirmak River  

In July 2019, a total of 62 species were identified from six taxonomic classes. The bulk of the species 
pool was composed of Dinoflagellates - 42 species, 17 genera (68 % of the total number) among which 
the genus Protoperidinium  (13 species), Prorocentrum  and Dinophysis (5 species) were the most 
diverse. Among diatoms (17 species, 11 genera), genus Chaetoceros (4 species) and genus 
Coscinodiscus showed the highest species richness. A few species belonging to the classes 
Prymnesiophyceae and Dictyochophyceae have been identified ( Figure 3.21).  
 

 

Figure 3.21-Proportional distribution of phytoplankton classes, July 2019  

Species belonging to 11 classes were recorded in January 2020 (Figure 3.22). A total of 63 species 
were determined in which Bacillariophyceae was represented by 5 genera 5 species; 
Coscinodiscophyceae by 4 genera and 6 species; Mediophyceae by 6 genera and 14 species; 
Dinophycaeae by 12 genera and 29 species; Dictyochophyceae by 2 genera and 3 species and the 
other classes by 1 genera and 1 species. From the total number of species, 46  % were represented by 
dinoflagellates, 39  % by diatoms and the remaining 13 % by other classes. The bulk of the species 
pool was composed of Dinoflagellates among which the genus Protoperidinium  (8 species), Tripos (5 
species) Dinophysis (4 species) and Prorocentrum  (3 species) were the most diverse. Among diatoms , 
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Chaetoceros (8 species) showed the highest species richness. A few species belong to t he classes 
Prymnesiophyceae, Cyanophyceae, Cryptophyceae, Dictyochophyceae, Noctilucophyceae 
Trebouxiophyceae and Thecofilosea have been identified.  
 

 

Figure 3.22 - Proportional distribution of phytoplankton classes, January 2020  

 
In July 2019, the average total abundance of phytoplankton for the entire area varied between 
8.8ā103 cells/L and 7.1ā104 cells/L and the average biomass between 59.35 mg/m 3 and 345.92 mg/m 3. 
Dinoflagellates dominated 89  % of the total phytoplankton biomass sampled from all depths of the 
stations. 55 % of the total phytoplankton abundance obtained from all sampling stations' depths was 
dominated by dinoflagellates ( Figure 3.23). The highest abundance value was detected at the station 
named SAK07. We observed that the members of Emiliania  huxleyi  were dominant in this sampling 
station. Also, this species was shown to be dominant in sampling stations SAK08 and YSL10. However, 
it was found that the diatom abundance values in this period are low ( Figure 3.24).  
 

 

Figure 3.23 - Distribution (%) of average total abundance (left) and average total biomass (%) 
proportion of phytoplankton groups, July 201 9 
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Figure 3.24 - Total biomass and abundance values of phytoplankton groups, July 2019  

In January 2020, the average total abundance of phytoplankton for the entire area varied between 
7.4ā103 cells/L and 4.3ā104 cells/L and the average biomass between 44.35 mg/m 3 and 509.2 mg/m 3. 
The highest value of phytoplankton abundance was at the station YSL07. Also, Oscillatoria  sp. were 
dominant in stations SAK07 and SAK08. However, dinoflagellate species dominated in other stations. 
They dominated 43 % of the total phytoplankton abundance of  all depths of the sampling stations. 
The biomass was similar to the stationsõ abundance. It was computed that dinoflagellates dominated 
the biomass values except for stations SAK07 and SAK08. Dinoflagellates dominated 83 % of the total 
phytoplankton bioma ss sampled from all stations' depth s (Figure 3.25, Figure 3.26).  
 

 

Figure 3.25 - Distribution (%) of average total abundance (left) and average total biomass (%) 
proportion of phytoplankton groups, January 2020  
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Figure 3.26 - Total biomass and abundance values of phytoplankton groups , January 2020  

 
Conclusions 
 
Nutrient s (N, P) transported to the Black Sea through rivers have increased steadily through the years. 
Because large dams that have been built to control the flow of rivers reduce the silicate load carried 
to the sea by the rivers, the Si/N ratio in the surface la yer of the Black Sea has decreased drastically 
and the abundance of diatoms that  consume silicate has reduced significantly and dramatic changes 
have occurred in the distribution of dominant species (Dekos, 2014). The dominance of dinoflagellates 
detected in the study area during the sampling periods has confirmed this situation.  
 

3.1.2  Zooplankton  

Zooplankton is an essential part of marine ecosystems. It is an essential link in the food chain. 
Addition ally , due to the sensitivity of zooplankton organisms to environmental changes, the 
zooplankton community's state and structure  may indicate the ecosystem's state. The Marine Strategy 
Framework Directive (Directive 2008/56/EU) of the European Union defines zoo plankton as an 
essential component of assessing water bodies' ecological state . Various marine zooplankton 
indicators  can provide valuable information on ecological processes important for coastal countries' 
quality of life and econom ies. The state of zoop lankton and its structural characteristics are of 
particular interest because, in contrast to short -cycle phytoplankton, which reflects mainly 
momentary changes, and long-cycle macrozoobenthos, which has a large inertia, zooplankton is the 
only one reflect ing the state of the environment in the medium term.  
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 Dnieper River, southern Bug River, Dniester River and Danube (UA) River  

For this report ,  we used the ANEMONE project materials and national monitoring performed by 
UkrSCES. During the shelf studies, we observed four areas of NWBS: the part of Zernov Phyllophora 
field that belonged to Mixed Waters region (ShW_UA_5) influenced by Dnipro -Bug and Dniester 
waters, surroundings of Zmejinyj island, which belonged to Danube region (ShW_UA_1), Odessa 
dumping region, which belonged to Dnipro -Bug region (ShW_UA_3) and the central NWBS (Central 
Waters region, ShW_UA_7). For the study of coastal waters, we observed marine waters near the 
Danube mouth (Kiliya and Bystryj arm), near Zatoka (Dniester estuary area), and n ear Ochakov 
(Dnipro-Buh estuary area) with riverine waters of Dnipro and Buh near their mouths.  
 
In the coastal zone of the NWBS, we identified 49 taxa. The high taxonomic diversity was due to the 
presence of brackish and freshwater species. The species composition was based on Copepoda (15) 
and Cladocera (12); Rotifera (6) w as also diverse in freshened areas. Nine taxa represented the 
meroplankton organisms. Non-forage zooplankton consisted of jellyfish (2) and flagellates (1). The 
rest of the taxa (2) did  not significantly contribute to total species diversity ( Figure 3.27).  
 

             
A B 

 
C 

Figure 3.27 - Taxonomic structure of the zooplankton community in the coastal waters of the Dnieper -
Bug region (A), Dniester region (B) and Danube region (C), 2019  

In the coastal area, the Shannon-Weaver index varied from 1.40 bit/ind in the Dnieper -Bug estuary 
to 2.18 bit/ind in the Dniester est uary zone and averaged 1.79±0.26 bit/ind Shannon-Weaver index's 
higher values are a usual situation because of the greater biodiversity due to freshwater and brackish 
species' contribution . In the Dnieper-Bug region's coastal zone, it averaged 1.72 ± 0.18 bit/ind, in the 
Dniester region, 1.75±0.61 bit/ind and in the Danube 1.89 ± 0.35 bit/ind ( Figure 3.28).  
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Figure 3.28 - Shannon-Weaver index by zooplankton abundance in the coastal waters  

(ƴ ð September, ƴ ð July)  

 

In the coastal zone, the abundance varied from 7788 ind/m 3 near the town of Ochakov to 149  000 
ind/m 3 in the Dnieper estuary mouth (Dnieper -Bug region). On average, in the study region, it was 
43161±41333 ind/m3. On average for the regions, it was 58714 ± 42240 ind/m 3 in the Dnieper-Bug 
region, 18295 ± 9383 ind/m 3 in the Dniester region and 18699 ± 16269 ind/m 3 in the Danube region. 
The biomass varied from 43.80 mg/m 3 near the city of Ochakov to 9611.246 mg/m 3 in the Dnieper 
estuary. On average, in the research area, it was 1156.62 ± 2694.60 mg/m 3. The average biomass in 
the regions was 1807.36 ± 3478.35 mg/m 3 in the Dnieper -Bug region, 122.46 ± 41.65 mg/m 3 in the 
Dniester region and 178.14 ± 227.67 mg/m 3 in the Danube region.  
Depending on the level of salinity, freshwater, brackish, or marine species dominated the samples. 
Thus, in the Dnieper -Bug estuary, near the town of Ochakov, the copepod Acartia  tonsa, the larvae 
of Cirripedia and rotifers of the genus Brachionus dominated. In the Dnieper -Bug estuary, near the 
Dnieperõs mouth, Eudiaptomus gracilis  and the genus Acanthocyclops were dominant among the 
copepods; among the cladocerans, the genus Bosmina; rotifers of the genera Asplanchna and 
Brachionus were also numerous. However, the marine complex dominated.  
 
Riverine transport is the primary  mechanism for the direct impact of onshore human activities on the 
coastal marine environment. The negative impacts of excess nutrients and sediments carried by rivers 
into coastal waters have been well studied worldwide and are gaining the immediate  attention of 
conservationists and resource managers. Sediments and nutrients are commonly found in freshwater 
runoff, although the two loads' dynamics and impact s are not the same. Nutrients and other dissolved 
matters are transported farther than sediments, so a freshwater plume containing dissolved nutrien ts 
can wrap around a smaller plume of sediment (Fredston et al . , 2016). The addition of nutrients to 
coastal and marine ecosystems leads to eutrophication that led to a sharp increase in the number of 
phytoplankton up to the water bloom, which can provoke the formation of oxygen -free zones and 
death of hydrobionts from hypoxia. Also, during eutrophication, the proportion of short -cycle species, 
which include jelly species, increases. They eat up the food supply and compete with valuable 
commercial fish. Eut rophication also changes marine algal communities, providing a competitive 
advantage for some species of macroalgae. Loading of nutrients and sediment can also lead to 
increased turbidity and decreased availability of light, which in turn affects species s uch as benthic 
macroalgae. Sediment can also physically strangle sensitive habitats and impair fish larval 
development (Fredston et al . , 2016).  
In July and September 2019, the river runoff was relatively low, and the share of freshwater species 
in the dive rsity of zooplankton did not exceed 7%. The only exceptions are the samples taken in the 
Dnieper-Bug estuary, where the contribution of freshwater and brackish water species was 50 %-70% 
of the total diversity, and the mouth of the Dniester estuary, where i n summer it was 26% (Figure 
3.29).  
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Figure 3.29 - The distribution of salinity preferences of the zooplankton species at the coastal waters  

Freshwater zooplankton is represented mainly by rotifers of the genera Brachionus (4), Filinia (1), 
Asplanchna (1), copepods Eudiaptomus gracilis  and Acanthocyclops vernalis, cladocerans of the 
genera Bosmina, Daphnia, Diaphanasoma, Moina. Brackish-water zooplankton are mainly represented 
by the cyclopoids Halycyclops negletus and Calanipeda aquae-dulcis and various cladocerans 
(Cercopagis pengoi, Cornigerius maeoticus, Leptodora kindtii ). I nterestingly,  certain species of 
brackish-water organisms were registered only at certain stations. Thus, the cyclopoid H. negletus  
was recorded only around the Dniester estuary, and brackish -water cladocerans were recorded only 
in the Dnieper-Bug estuary. 
The contribution of brackish and freshwater organisms to the abundance and biomass of zooplankton 
in the coastal zone was higher, but still, they do not constitute the majority at most stations. The 
only exceptions are the Dniepe r-Bug estuary, where the contribution to the abundance reached 78  % 
and to biomass up to 91 % (Figure 3.30), and the Dniester estuary õs mouth (2 % and 20 %, respectively).  
 

 

Figure 3.30 - The contribution of the species with different salinity preferences to zooplankton's total 
biomass in the coastal waters  

There is no significant Pearson correlation between bio mass and salinity (r=-0.19), biomass and pH 
(r=-0.38), biomass and nitrogen-containing compounds (r=-0.28), phosphorus-containing compounds 
(r=-0.46) on coastal stations.  
We used several quantitative characteristics to assess the environment's quality  by zooplankton 
indicators  - the total biomass of zooplankton, the Shannon -Weaver diversity index (by abundance), 
the share of copepods (by biomass), and the proportion of Noctiluca scintillans  in the biomass. We 
have developed threshold values for these indica tors for all major regions of the N and NW Black Sea 
(Table 3.4).   
A five-point scale is used to assess the ecological status of coastal waters according to the WFD. Most 
coastal stations in 2019 had high biomass. The high biomass may indicate an increase in the level of 
anthropogenic eutrophication. However, at all stations, a low level of development of N. scintillans  
was observed. It should be noted that N. scintillans  is a marine species and is rare and scarce in 
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significantly  freshened regions. It indicates the need to develop new assessment methods, which 
would be more suitable for use in estuarine zones and freshened areas of the sea. There was high 
biodiversity by the Shannon-Weaver index at all stations , and at almost all stations, there was a high 
proportion of copepods, which indicated a good ecological state. Generally, in summer , the Dniester 
region's ecological status was assessed as òGoodó, and the Dniester -Bug region as òModerateó. In 
autumn, the Dniester-Bug region's state was assessed as òModerateó, and for Dniester and Danube 
areas, as òGoodó. 

Table 3.4 - Water quality assessment of the coastal waters by the zooplankton metrics , 2019 

River influence 

Metrics 
General 
assess 

Total biomass 
(mg/m3) 

N.scintillans 
(%) 

Shannon index 
(bit/ind.) 

Copepoda 
(%) 

July 

Dnieper-Bug (ShW_UA_7) 3487.04 Ñ5309.7 0 38.24 Ñ43.98 1.59Ñ0.17 Moderate 

Dniester (ShW_UA_2) 151.909 Ñ151.909 0 49.08 Ñ49.08 2.18Ñ2.18 Good 

September 

Dnieper-Bug (ShW_UA_3) 547.599 Ñ682.054 0.01Ñ0.02 37.77 Ñ16.73 1.82Ñ0.11 Moderate 

Dniester (ShW_UA_2) 93.009 Ñ93.009 0Ñ0 74.45 Ñ74.45 1.32Ñ1.32 Good 

Danube_Bistroe 
(ShW_UA_1) 

327.677 Ñ234.537 0.91Ñ1.58 49.83 Ñ37.5 1.8Ñ0.38 Good 

 
During the study, we identified 49 zooplankton taxa of marine, brackish -water and freshwater 
complexes. Copepoda was the basis of species diversity in all observation regions ; Cladocera and 
Rotatoria w ere also diverse. 
High abundance and biomass were in coastal waters.  Depending on the level of salinity, existed both 
freshwater, brackish -water and marine species. Thus, in the Dnieper -Bug estuary, near the town of 
Ochakov, the copepod Acartia tonsa , larvae of Cirripedia, and rotifers of the genus Brachionus 
dominated. In the Dnieper -Bug estuary, near the Dnieperõs mouth, among the copepods, Eudiaptomus 
gracilis  and genus Acanthocyclops were dominant, among cladocerans, the genus Bosmina, among 
rotif ers, the genera Asplanchna and Brachionus were also numerous. However, the marine complex 
mainly dominated.  
The influence of rivers on marine ecosystems is mainly expressed in the supply of freshwater with 
large quantities  of nutrients and freshwater speci es to the sea. However, we did not find a clear 
correlation between salinity and zooplankton biomass. Freshwater species also do not have a 
significant contribution to marine zooplankton communities. However, we observed that the closer 
to the river estuar y zone, the increased abundance of the biomass. Changes in quantitative 
characteristics may be explained by the fact that smaller organisms have a shorter life cycle, which 
is a sign of increased eutrophication. However, for a more accurate assessment, fur ther research is 
needed.  
It is noteworthy that this is not strictly related to the overall productivity of the stations. When 
calculated the ratio of biomass to abundance, we saw that biomass was decreasing faster , which 
indicates an increase in the propo rtion of small species in the communit y.  
Certain species of brackish-water organisms were registered only at certain stations. Thus, the 
cyclopoid H. negletus  was recorded only in the Dniester estuary and brackish -water cladocerans 
(Cercopagis pengoi, Cornigerius  maeoticus, Leptodora  kindtii ) were recorded only in the Dnieper -
Bug estuary. 
Most coastal stations in 2019 had high biomass. A very low level of development of N. scintillans  was 
also observed at all stations. However, it should be noted  that N. scintillans  is a marine species and 
is rare and scarce in significantly freshened regions. This indicates the need to develop new 
assessment methods that would be more suitable for use in estuarine zones and freshened areas of 
the sea. At all stat ions was a high diversity according to the Shannon-Weaver index.   
 

Conclusion 

At almost all stations , was a high proportion of copepods, which indicates a good ecological state. In 
general, in summer , the Dniester and Dnieper -Bug regions' ecological status may be assessed as 
òGoodó. In the fall, the Dnieper-Bug region's state may be assessed as òModerateó, Dniester and 
Danube - as òGoodó. 
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 Danube River (RO) 

Microzooplankton communities 

In the Romanian Black Sea waters were identified a total number of 13 species of tintinnids, apart 
from the four  families . The highest species richness was on the Sf. Gheorghe profile  (12), while on 
the Portiŧa profile ,  was recorded the lowest (9) (Annex C). Regarding the vertical distribution of 
species richness was observed that in the surface layer was registered a higher diversity (between 9 -
11 species) than in the 10 m layer (between 5 -7 species) on all three investigat ed profiles (Figure 
3.31).  
 

 

Figure 3.31 ð The diversity of tintinnids in the Danubeõs mouths area  - Romanian Black Sea, May 2019  

Regarding the species distribution, we can note that from the total of 13 identified species, only 4 
(Tintinnopsis baltica, T. beroidea, T. karajacensis and Stenosemella ventricosa) are present in all 
layers of the three investigated pr ofiles, all being characteristic species for the recorded 
temperatures. The species Codonella cratera was present only in 10 m layer ,  while the species 
Tintinnopsis compressa, T. lobiancoi, T. urnula, Tintinnidium mucicola and Metacylis mediterranea  
were present exclusively in the surface layer.  Tintinnidium mucicola  is the species present only on 
the Sulina profile. Tintinnopsis campanula  and Metacylis mediterranea  were found only on the 
profiles of Sf. Gheorghe and Portita missing from the Sulina profile. Codonella cratera  was found only 
on the profiles of Sulina and Sf. Gheorghe missing from the Portita profile.  
The highest abundance and biomass of tintinnids from  the Sulina profile w ere recorded in SU-40m 
station (238 ind/L and 0 .65 µgC/L), probably due to the higher quantity of nutrients (phosphates and 
nitrates) ,  while in station S ulina 20 m, they recorded values of about four times lower (60 ind/L and 
0.15 µgC/L) (Figure 3.32). For quantitative analysis, the dominant species  on this profile were 
Tintinnopsis beroidea in the surface layer  and T. karajacensis in the 10 m layer ( Figure 3.33). T. 
beroidea  recorded density and biomass values of 218 ind/L , and 0.42 µgC/L and T. karajacensis 
recorded 250 ind/L and 1.1 µgC/L.  
On the Sf. Gheorghe profile, the highest abundance and biomass of tintinnids was recorded in the 50 
m station (1224 ind/L and 4 .78 µgC/L) while in station 20 m they recorded the minimum (387 ind/L 
and 1.17 µgC/L) (Figure 3.32). From the point of view of the quantitative dominance of the species ,  
they were  Tintinnopsis karajacensis  (0 m) and T. beroidea  (10 m), the situation reversed from Sulina 
(Figure 3.33). T. karajacensis recorded the density and biomass of 2102 ind/L and 9.29 µgC/L while 
T. beroidea  recorded 1056 ind/L and 3.38 µgC/L . 
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Figure 3.32 ð Community structure of tintinnids community in the Danube mouths area ð density (left 
side) and biomass (right side) , May 2019  

The highest mean values of density and biomass were in the Portita 20 m and the lowest in the Portita 
30 m (Figure 3.32).  The species that dominated the community of tintinnids from the Portiŧa profile 
were Tintinnopsis beroidea  in the surface layer and T. karajac ensis in 10 m layer ;  the situation was 
like the one on the Sulina profile ( Figure 3.33). T. beroidea  recorded the density and biomass values 
of 112 ind/L and 0.22 µgC/L while T. karajacensis recorded 226 ind/L and 0,49 µgC/L, in the layers 
mentioned above. 
The outliers occurred at  Sulina 20m and Portita 30 m , respectively Sf. Gheorghe 30 m and 50 m 
(Figure 3.33) from all the analysed northern areas . 
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Figure 3.33 ð Density (ind./L) of tintinnids community (transformed values) in the Danube mouths area 
(integrated layers) , May 2019  

Figure 3.34 - nMDS analysed of microzooplankton from the Danube mouths area , May 2019  

Conclusions 

From a total of 13 species identified in the northern part of the Romanian Black Sea, a diversity of 
12 species were observed in the surface layer, respectively 8 species in the 10  m layer, a situation 
which corresponds to the ecology of these organisms. Tintinnopsis compressa, T. lobiancoi , T. urnula , 
Tintinnidium mucicola , Metacylis mediterranea  are the species found exclusively in the surface layer, 
while Codonella cratera  is the species found exclusively in the 10 m layer.  
Tintinnopsis baltica , T. bero idea, T. karajacensis and Stenosemella ventricosa are the species found 
in all the profiles and layers analysed. They are also dominant in terms of quantity, being species 
that prefer colder waters.  
The tintinnids community registered maximum values both from a qualitative and quantitative point 
of view on Sf. Gheorgheõs profile, because the Danube discharges have the most significant influence 
(highest values of nutrients and the total suspended solids content, also the lowest average salinity).  
The minimum number of species and abundance of tintinnids community was registered on the Portita 
profile.  
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Following the microzooplankton component analysis , we can conclude that the Danube discharges 
influence it .  
 

Mesozooplankton communities 

We identified a total of 21 mesozooplankton species, Copepoda being the best represented (8), 
followed by Cladocera (5) and meroplankton (4)  (Annex C).  
Among the marine zooplankton, copepods are the most familiar and dominant constituent since they 
comprise around 55-95 % of the total zooplankton abundance in the marine pelagic system (Angara, 
2013).  
Copepods Acartia clausi and Pseudocalanus elongatus were most abundant, representing the bulk of 
the community. Acartia clausi reached the highest density values in station SG-20M and SU-50M and 
Pseudocalanus elongatus in SU-50M, SU-40M, SG-40M. Oithona similis, another copepod with high-
density values, was best represented in PO-20M, SG-60M and SU-50M. 
Pleopis polyphemoides, belonging to Cladocera, appeared mainly in all stations, the other four 
species being identified only in some sampling stations (Figure 3.35). Bosmina longirostris and 
Chydorus sphaericus appeared only in stations located under the direct influence of the Danube (SU-
20M, SU-30M). The small-bodied C. sphaericus often appears as a common plankter in eutrophic 
waters where extensive Cyanobacteria blooms are prevalent (Gannon, 1972). The cladoceran species 
Bosmina longirostris is widely distributed throughout the world in temperate and tropical climates, 
having the capability to colonise freshwater ecosystems at the phase of environmental change, 
including warming, eutrophication, salinization, and acidification (Adamczuk et al.,2019). 
 

 

Figure 3.35 ð Qualitative structure of mesozooplankton species - NW Romanian Black Sea, May 2019  

Polychaeta and Bivalvia were best represented from the meroplanktonic component, with high 
densities in sampling stations near the coast (SG-20M, PO-20M). 
Other groups recorded lower density values, Oikopleura dioica being the only species better 
represented from the quantitative point of view. 
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Figure 3.36 - Shannon diversity index  - NW Romanian Black Sea, May 2019  

Noctiluca scintillans recorded higher values in SG-50M, SG-60M, PO-50M, PO-20M and PO-50M, in the 
other stations reaching lower density values (Figure 3.35). 
The Shannon diversity index (Hõ) is commonly used to characterize species diversity, richness, and 
evenness of the community's species. In biological communities, the Shannon-Wiener diversit y index 
varies from 0 to 5. Values less than one characterize heavily polluted condition s, and values in the 
range of 1-2 are characteristics of moderate ly polluted condition s, while values above 3 show stable 
environmental conditions (Shah et al.,2013). T aking into consideration , the Shannon index calculated 
for samples ranged from 0.8 to 1.9 . In station SG-20M the biological oxygen demand and total 
suspended solids content reached the highest values, influencing the species diversity, therefore the 
low value of Shannon diversity index for mesozooplankton, indicating a heavily polluted condition 
(Figure 3.36).  
Regarding the mesozooplanktonõs community structure, the fodder component was dominant;  the 
highest densities were in Sf. Gheorghe 20m and the lowest in Sulina 20m. The non-fodder component 
represented by Noctiluca scintillans  recorded high-density values only in stations SG-50M, SG-60M 
and PO-40M, in the other sampling stations reaching lower values (Figure 3.37).  

 

Figure 3.37 - Distribution of non -fodder (left)  and fodder (right) mesozooplankton densities - NW 
Romanian Black Sea, May 2019  
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The non-metric MDS performed for the fodder ,  and non-fodder densities showed a similarity of 80% 
for stations PO-40M-SG-40M-PO-30M-SG-30M-SU-30M-SU-40M, forming a single cluster. For stations 
SU-30M and SU-40M, the similarity was 95% due to the close values recorded for both fodder and non -
fodder components. Similarities of 80% were between stations SG-50M-PO-20M-SU-50M and between 
SG-50M-PO-50M. A particular case was station SG-20M which did not record any similarity with the 
other sampling stations  due to the biological oxygen demand , and total suspended solids content 
reached the highest values (Figure 3.38).  

 

Figure 3.38 - Non-metric multidimensiona l scaling (NMDS) ordination based on fodder and non -fodder 
density values - NW Romanian Black Sea, May 2019  

As far as the fodder component is concerned, Copepoda represented the community's bulk with the 
maximum density and biomass in SU-50m (3844 ind/m 3,  192 mg/m 3), being followed by SG-20m 
(Figure 3.39). Meroplankton recorded high densit ies and biomasses with the maximum in SG-20M 
(18843 ind/m 3, 70 mg/m 3). 
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Figure 3.39 - Quantita tiv e structure of  fodder  mesozooplankton - NW Romanian Black Sea, May 2019  

Analysing the distribution  between the stations based on mesozooplanktonôs fodder densities, a high 
similarity was observed between samples that are under the direct influence of the Danube (SG -30M-
SU20-M, SG-20M-PO-20M), which formed two clusters. The other stations that are far f rom the Danube 
influence formed a single cluster, including stations with depths between 30  m and 50 m (Figure 
3.40).  

 

Figure 3.40-Non-metric multidimensional scaling (NMDS) ordination based on fodder densi ties - NW 
Romanian Black Sea, May 2019  
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Conclusions 

 
The Danube's influence is observed by the presence of the species Bosmina longirostris  and Chydorus 
sphaericus,  which recorded higher density values in stations SU -20M and SU-30M. 
Shannon diversity index recorded variations, indicating heavily pollution in the areas near the Danube 
mouths.  
The sampling stations located in the vicinity of the Danube mouths (20m and  30m bathymetric strips) 
were characterised from the quantitative point of view by the mesozooplanktonôs trophic component, 
the Danube providing the nutritional support for th is component.  Therefore, stations in front of the 
Danube mouths recorded the high est similarities . 
Noctiluca scintillans , the non -fodder mesozooplankton component, recorded lower density and 
biomass values and did not register blooms that co uld have led to exceeding the target for D5 -
Eutrophication (HAB).  
 

Macrozooplankton communities 

During the cruise, two  macrozooplankton species were identified: scyphozoa Aurelia aurita  and the 
ctenophore Pleurobrachia pileus . The number of jellyfish species was low due to cold  water  
temperature and month of sampling (May) which represents the beginn ing of  their development .  
In the northern part of the Romanian continental shelf, in Sulina profile represented by three station s, 
the species A. aurita  reached maximum density, 0.52 ind/m³ in front of the Sf.  Gheorghe Danubeõs 
mouth (SG-30M) and maximum biomass 15988.13 mg/m³ in the same station. The minimum density  
of 0.42 ind/m³ (SG -20M) and the minimum biomass (2690.71 mg/m³) were recorded at SG-40M (Figure 
3.41).  
At Portita (four stations), the species A. aurita  reached the maximum density and biomass 
concentrated on the offshore area, PO-60M, 0.69 ind/m³ and 53239.21 mg/m³. The minimum density, 
0.26 ind/m³, was found in PO -30M and the minimum biomass, 2400.64 mg/m³ in the PO-20M (Figure 
3.41).  
The species A. aurita  prefer s waters with low temperature, having high densities where salinity is 
lower (<18 PSU) and less dense surface waters similar to the distribution of Pleurobrachia  pileus 
(Mutlu E., 2009). The species distribution is heterogenous, the values oscillating over the entire 
analysed area. The density is very high in the PO-40M station, being influenced by the high depth and 
the lower water temperature in the water column.  
Additionally, many scientists suggest that disturbed environments are more susceptible to invasion. 
In the case of A. aurita , overfishing of native pelagic fish has made establishment and success rates 
much higher (Richardson et al., 2009). Other research ers point  out that eutrophication infl uences 
the establishment and success of the jellyfish. Excess nutrient runoff encourages phytoplankton 
blooms. This shift in plankton size from large to small means that larger species higher up in the food 
web are inefficiently consuming a less nutritious  diet causing declines in predator populations. 
Anthropogenic habitat may also be responsible for success in A. auritaõs invasion (Richardson et al., 
2009).  
At Sf.Gheorghe profile, the species P. pileus reached maximum density, 16.48 ind/m³ in front of th e 
Danubeõs mouth (SG-30M) and the maximum biomass, 454.74 mg/m³ in the SG -20M. The minimum 
abundance and biomass, 5.86 ind/m³, 194.48 mg/m³, respectively, were measured in SG -40M (Figure 
3.42).  
At Portita profile, the species P. pileus reached the maximum density concentrated in the open sea 
area, 28.58 ind/m³ (PO -60M), and the maximum biomass 688.61 mg/m³ in the same station. The 
minimum density, 0.26 ind/m³ was found in PO -30M and the minimum biomass, 2400.64 mg/m³ in 
PO-20M (Figure 3.42). The occurrence of HABs and ôfish killõ could be related to the abundance of 
Ctenophore P. pileus (Bu-Olayan and Bivin, 2006). Gelatinous zooplankton outbreaks could 
exacerbate the fish stock decline and may lead to trophic dead ends by channelling the flow of energy  
to òwasteó (in the sense of lost fish production) (Sclutter et al., 2010 ).  
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Figure 3.41 ð A. aurita density (left) and biomass (right), May 2019  

 

Figure 3.42 - P. pileus density (left) and biomass (right), May 2019  

In the area under the direct influence of the Danube, the species P. pileus registered a non-uniform 
distribution, with high densities (station SG -30m) on SG profile, in the area in which the Danube River 
discharges into the Black Sea being characterized by a strong water current and low salinity values. 
In the offshore station (SG -40M), the density value decreases (Figure 3.42). In the Portita profile, the 
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distribution is non-uniform, while in the offshore area where the bottom depth is higher, and the 
Danube's influence is reduced, a higher density concentration was observed.  
 

Conclusions 

Species variability was reduced due to sampling at the beginning of the jellyfish species season.  
In the transitional and marine water bod ies, the density of species P. pileus was dominant compared 
to A. aurita .  
According to our data , the Danubeõs freshwater input does not influence the distribution of gelatinous 
organisms. 
The exact effects of eutrophication continue to be challenging to distinguish, although the Black Sea 
constitutes an example of large pelagic coelenterate populations in eutr ophic conditions  (Purcell et 
al., 2000).  
 

 Kamchia River  

Mesozooplankton showed a remarkable variation in density (3271 -30690 ind/m 3) and biomass (24.47-
787.13 mg/m 3). The variability of abundance and biomass in spring among the years was relatively 
small,  about 2-4 folds, while the summer is characterized with huge numerical metric deviation 
(min.- 3864 ind/m 3, max- 30690 ind/m 3 and within  156.86-787.13 mg/m 3, respectively) ( Figure 3.43). 
The lowest abundance/biomass and species number observed during the study (June 2014) coincided 
with a large rain event in the watershed. The zooplankton community was composed of 22 
species/taxa (15 classes), varying from 14 to 22 ð poor species richness and taxonomic diversity. 
Freshwater/brackish species were not registered. Copepoda w as the richest species group (11), 
followed by Cladocera (5) and Meroplankton (8  taxa), Ctenophora (3) and  Sciphozoa (1). The different 
species/taxa frequency  did not show any major changes between environments (scenarios). Acartia  
clausi prevailed in both wet and dry seasons with 32  % and 17 %. The species that contributed to the 
period differences were Pleopis polyphemoides (15 % in wet and 10 % in dry season), Penilia avirostris  
(dry scenario ð 14 %), Cirripecia larvae (13 % - wet season). The development of N. scintillans  in spring 
and M. leidyi  in summer reflected indirectly on mesozooplankton biomass  since both negatively 
correlated with the biomass of planktonic fauna.  
During the wet period, the abundance and biomass of N. scintillans  overwhelmed the other -
zooplankton abundance/biomasses with more than 80  %. Dry years demonstrated opposite community 
structure with Copepods prevalence and equivalent cladoceras and benthic larvae presence ( (c) 
Figure 3.43). Statistical analysis confirmed the negative correlation of mesozooplankton abundance 
with Noctiluca density in spring, well pronounced in the wet season. Like the phytoplankton 
community pattern in May 2016, Noctiluca was positively affected by regional an d local river 
discharge. The same phenomenon of the appearance of N. scintillans  during the flood season was 
found by Cardoso (2012) concluding that the mass development of Noctiluca was a result of 
freshwater input.  
N. scintillans  is recognized to play an essential role in the population dynamics of the zooplankton 
community by feeding on their eggs and competing for food resources (Nakamura, 1998). Therefore,  
its response to environmental factors was also model led, providing stati stically significant patterns 
in its abundance variations, associated with single or a multiplex of environmental variables. GAMM 
of N. scintillans  abundance provided statistically significant model approximation (R 2adj=0.652), 
showing statistically signif icant negative linear effects of temperature (p=4.00e -7, df=1), salinity 
(p=3.36e-7, df=1) and PO4 concentrations (p=0.006, df=1) Figure 3.43 and Table 3.5). 
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(a) 

 
(b) 

 
(c) 

Figure 3.43 - Mesozooplankton  quantity metrics (a), zooplankton community structure (b) and GAMM fits 
between N. scintillans abundance and environmental variable (in situ data) (c); T (temperature, 0C), S 

(salinity, PSU), NH4 ( ammonia, µM), NO 3 (nitrate, µM), PO 4 (phosphate, µM) and SiO 4 (silicate, µM)  
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Table 3.5 - GAMM ANOVA results 

Family: Gaussian, Link function: identity, Formula: 
NScintillans ~ s(T) + s(S) + s(NH4) + s(NO3) + s(PO4) 

Parametric coefficients: Estimate Std. Error t value Pr(>|t|)   
(Intercept) 12.291      1.357   9.054 4.03e-08 *** 

Approximate significance of smooth terms: 

  edf Ref.df F p-value   

s(T) 1 1 47.261 1.09E-06 *** 

s(S) 1 1 25.735 7.81E-05 *** 

s(NH4) 1 1 0.024 0.87763  
s(NO3) 1 1 0.115 0.73818  
s(PO4) 1 1 9.324 0.00684 ** 
Signif. codes:  0 ô***õ 0.001 ô**õ 0.01 ô*õ 0.05 ô.õ 0.1 ô õ 1 

R-sq.(adj) = 0.65, Scale est. = 42.381     n = 24 

 
According to the mesozooplankton  biomass indicator, the Kamchia water body's ecological status was 
òpooró to òmoderateó. During spring-summer 2012-2019, mesozooplankton biomass indicator 
fluctuated within the categories poor -moderate, predominantly in the òpooró state during spring 
(wet)  season with N. scintillans  prevalence and in moderate - in summer (Figure 3.44).  
 

 

Figure 3.44 - Variation of the ecological status of WB Kamchia based on the mesozooplankton biomass 
indicator (spring -summer 2012 -2019); co lour codes correspond to the WFD classification system  

 

Conclusions 

The results emphasize that albeit the  interannual and seasonal variability , the  zooplankton has not 
shown a clear community pattern in the discrete scenarios (dry-wet), most likely because of time -
lagging behind the phytoplankton response.   
The River Kamchia impact (wet scenario), similar to the response of phytoplankton, is apparent on 
the numerica l development of Noctiluca scinti l lans, spatially  throughout the inner coastal area only  
(the one-mile coastal zone ), as documented by previous studies (Truhchev et al. 2010, Shtereva et 
al., 2010a).  
 

 Sakarya River and Yesilirmak River  

During the study, Sakarya and Yeŀilĕrmak Rivers had in total, 30 mesozooplankton taxa. Ten species 
of the subclass Copepoda (Acartia (Acartiura) clausi  (Giesbrecht, 1889), Acartia (Acanthacartia) 
tonsa Dana, 1849, Acartia  sp. Dana, 1846 Calanus euxinus (Hulsemann, 1991), Centropages ponticus 
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(Karavaev, 1895), Oithona davisae (Ferrari F.D. & Orsi, 1984), Oithona similis  (Claus, 1866), 
Paracalanus parvus (Claus, 1863) Pseudocalanus elongatus (Boeck, 1865) and Pontella mediterranea  
(Claus, 1863), four species of the superorder Cladocera ( Evadne spinifera (P. E. Müller 1867), Penilia 
avirostris  (Dana, 1849), Pleopis polyphemoides (Leuckart, 1859) and Pseudevadne tergestina (Claus, 
1877)), one species of the phylum Chaetognatha (Parasagitta setosa (Müller, 1847)) , one species of 
the class Appendicularia ( Oikopleura (Vexillaria) dioica  Fol, 1872)), and eleven groups belonging to 
meroplankton were in the sampling area.  
Average abundance and biomass values in both Sakarya and Yeŀilĕrmak were higher in July than in 
January. Mesozooplankton average abundance and biomass values in July in Sakarya (6130 ind/m3 
and 132 mg/m3) and Yeŀilĕrmak (5368 ind/m3 and 137 mg/m3) were similar. Mesozooplankton average 
abundance and biomass values in January were higher in Sakarya (2245 ind/m 3 and 47 mg/m 3) than 
Yeŀilĕrmak (1287 ind/m3 and 18 mg/m 3).  
The mesozooplankton abundance and biomass values varied between 3363 ind/m 3 (station YSL 10) ð 
8581 ind/m 3 (station SAK 08) and 78 mg/m 3 (station YSL 10) ð 209 mg/m 3 (station YSL 07) in July 2019, 
729 ind./m 3 (station YSL 09) ð2642 ind/m 3 (station SAK 07) and 8 mg/m 3 (station YSL 09)ð59 mg/m 3 
(station SAK 10) in January 2020, respectively ( Figure 3.45).  
The abundance and biomass are more than 2.5 times higher in summer compared to winter in Sakarya 
River. The abundance 4 times and biomass are more than 7.5 times higher in summer compared t o 
winter in Yeŀilĕrmak River. The mean abundance 3 times and the mean biomass is four  times higher 
in summer compared to winter .  

 

Figure 3.45 - The abundance (ind ./ m3) and biomass (mg /m3) values of mesozooplankton at sampling 
stations in the Sakarya and Yeŀilĕrmak Rivers (absent Noctiluca)  

In terms of relative mesozooplankton abundance and biomass, Copepoda had high percentages in all 
stations during the study (54  % SAK09 July 2019 ð 94 % SAK10 January 2020, abundance and 54 % SAK09 
July 2019 ð 88 % SAK07 January 2020, biomass) (Figure 3.46).  
 

 

Figure 3.46 - The relative abundance and biomass of the mesozooplankton groups in Sakarya River and 
Yeŀilĕrmak River (absent Noctiluca) 
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The lowest number of taxa was recorded in January 2020 at YSL07 and YSL09 (11 taxa or groups),  and 
the highest was recorded in July 2019 at the SAK10 (21 taxa or groups). The maximum Shannon 
diversity index was found in July 2019 SAK10 (3.09). The minimum Shannon diversity index was 
determined in January 2020 SAK10 (1.89). This decrease in diversity was due to the numerical 
dominance of P. parvus and A. clausi (Figure 3.47). 

 

Figure 3.47 - The Shannon diversity index (Hɪ) for mesozooplankton for each month and sampling 
stations (absent Noctiluca)  

 
Noctiluca scintillans  
 
The abundance and biomass values of N. scintillans  were between 5.6 ind/m 3 (station SAK09) and 
457 ind/m 3 (station YSL10) in July 2019 and from 0.5 mg/m 3 (station SAK09) to 40 mg/m 3 (station 
YSL10) in January 2020. This species was not present in samples from July 2019 in Station YSL08 and 
YSL09. Abundance and biomass values of N. scintillans  were higher in January than in July.  
 

 

Figure 3.48 - The abundance (ind./m 3) and biomass (mg/m 3) of Noctiluca scintillans at sampling stations 
in the Sakarya and Yeŀilĕrmak Rivers 

  



 

73 

Conclusions 

The species identified in the present study were marine zooplankton organisms common to the Black 
Sea (ľŀinibilir et al., 2017). Unidentified Cladocera species detected in Sakarya River (station SAK07) 
have characterized the river effect in January 2020.  
Pontella mediterranea  is highly sensitive to pollution at the microfilm layer of surface waters (Kideys 
et al., 2000). This species was only observed in the Yeŀilĕrmak River in July 2019 (station YSL 07). 
Cladocera is one of the important nutritional zooplankto n groups of coastal marine ecosystems and 
its presence is influenced by environmental factors (Üstün et al., 2019).  Coastal ecosystems are under 
the influence of terrestrial inputs (anthropogenic activities) and meteorological phenomena (e.g. 
rain) (Resmi et al. 2011). These factors affect the amount of inorganic nutrients and phytoplankton 
in the aquatic environment and many other physiochemical properties, which may have an impact on 
the distribution and abundance of Cladocera.  In the Black Sea, the presence of Cladocera is 
characterised as extremely seasonal ð they reach maximum densities in the summer and early autumn 
(Lebedeva et al. 2015; Üstün et al., 2018). In this study, Pseudevadne tergestina and Penilia avirostris  
of mar ine cladocers dominated both rivers in July 2019. Cladocera species were higher in Sakarya 
River in terms of abundance s and biomasses, and it was determined as the dominant species of P. 
tergestina .  
In the present study, Acartia clausi , warm water species Acartia tonsa  and Centropages ponticus 
were determined at high values in July 2019. Paracalanus parvus was the most dominant Copepoda 
species in January 2020. C. ponticus showed maximum abundance and biomass in Yeŀilĕrmak River, 
whereas A. clausi, A. tonsa and P. parvus displayed high values of abundance and biomass in Sakarya 
River. These species are the dominant species in the coastal waters of the southern Black Sea (Yĕldĕz 
& FeyzioĽlu 2016; ¦st¿n et al., 2018) 
Cirripedia larvae were found in high value in July 2019 in both rivers. Decapoda larvae, Gastropoda 
larvae, Polychaeta larvae were determined at higher values in Yeŀilĕrmak River than Sakarya River in 
July 2019. Bivalvia larvae became the dominant group in January 2020 in both rivers.  
Alexandrov et  al. (2014) stated organisms that show improved environmental conditions: Pontella 
mediterranea , Centropages ponticus, Pseudevadne tergestina and Decapoda larvae. These groups 
are the predominant species in our study.  
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3.1.3  Physical and chemical characteristics ð water column 

General hydro-physical and hydro-chemical characteristics of waters are the main indicators of their 
quality and  the marine ecosystem's state, which is influenced by anthropogenic and natural factors 
associated with climate change. The Black Sea ecosystem's main anthropogenic factors include toxic 
and biotic pollution and  eutrophication (Zaitsev, 1998; Yunev et al. ,  2007; Tokarev et al. ,  2007). 
Eutrophication results from  the increase in nutrients loads that leads  to phytoplankton's rapi d growth , 
the so-called algal bloom. Algal blooms, "green tides", "red tides" lead to fish and other marine 
organisms' death and threaten the population's health . Many eutrophication studies  worldwide  have 
shown a significant  role in this phenomenon of nit rogen (N) and phosphorus (P). Large quantities  of 
nutrients (N, P , Si and some organic compounds) can cause undesirable consequences such as 
structural and functional changes in marine ecosystems and their stability. The reduction of the 
anthropogenic load  of nutrients and eutrophication of waters is the subject of the MSFD (Marine 
Strategy Framework Directive 2008/56/EU)  as one of the main pressures. 

 Dnieper River, southern Bug River, Dniester River and Danube River (UA)  

During the coastal cruises in the z ones of the mouths of the northwestern shelf's main rivers  - Danube, 
Dniester, Dnieper, southern Bug, we observed in June 2019 a significant variability of water 
temperature in the surface layer. In September, the water temperature exceeded the typic al monthly  
values by 3-4 °C, both in the northern shelf and Danube areas . 
In June, the surface layer's salinity  from the Danube area was in the range of 1.24ð5.39 PSU (Figure 
3.49, St. 1 and 2). According to WFD, coastal waters are classified as oligohaline for 0.5 -5 PSU and 
as transitional waters (mesohaline marine type) for salinity 5 -18 PSU. The salinity increased wi th 
depth, and in the bottom (8.6 -8.9 m) in the halocline layer ,  it was 9.27-14.64 PSU. In autumn, with 
the minimum flow of the Danube, which usually occurs in September (Simonov AI, Altman AI ,1991), 
salinity increased, and in the surface layer,  was within 11.08ð11.1 PSU, while in the bottom layer 
(8.5-9.0 m), increased to 16.65 -16.91 PSU (Figure 3.49, St. 1 and 2).  
In the Dniester estuary area, in the Tsaregra dsky (June), the surface salinity was 0.63  PSU (Figure 
3.49, St. 3), which indicates an increased runoff of Dniester. Dnieper estuary õs salinity (0m, June) 
was 1.12 PSU, and at the entrance to the Bug estuary ,  3.96 PSU. Thus, the waters of the estuary were 
oligohaline. At the estuaryõs exit (Ochakov area), the surface waters had a salinity of 5.41 PSU, which 
increased with depth and amounted to 10.65 PSU in the bottom  layer at 5 m  depth (Figure 3.49, St. 
6). Thus, the estuary waters  are of the transit ional type in the oligohaline open lagoon's upper part  
and in the lower part of the mesohaline open lagoon (Iarochevitch, 2017).  
In September, as on the Danube seaside, with a decrease in the Dniester and Dnieper's runoff , the 
salinity of coastal waters at the Dniester outlet  and Dnieper-Bug estuaries in the surface and bottom 
layers increased. Thus, on the Dniester estuary's seashore, 2 miles northeast of the Tsaregradsky 
mouth on the sea surface, salinity was at the level of 10.92 PSU, and in the bottom layer (4.5 m) it 
increased to 17.06 PSU (Figure 3.49, St. 3).  
 

 

Figure 3.49 - Salinity of sea areas near the main rivers of the north west shelf of the Black Sea in June  
(left) and in September ( right ),  2019 

In the Ochakov area, at the exit from the Dnieper -Bug estuary, salinity (0  m, September) increased 
to 8.66 PSU and at a depth of about 5 m in the bottom layer reached 15.00 PSU (Figure 3.49, St. 6). 
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In the near -mouth zones, the variability of marine waters' physicochemical characteristic s is 
predominantly determined by the river flow and the wind regime.  
pH on the north western shelf in the estuarine areas  under study varied in June in the range of 8.26 -
9.15 and exceeded the maximum allowable  value of 8.5 established by Resolution no. 431 of the 
Cabinet of Ministers of Ukraine  (2002). The maximum allowable level  was in the Danube area (8.69), 
at the Bug estuaryõs entrance (9.10) in the surface layer and on the seashore of the Dnieper -Bug 
Estuary in the Ochakov area, both in the surface and in the bottom layer (5m) with pH of 9.15 and 
8.53, respectively. In the autumn (September), with a general decrease in river runoff, the water p H 
slightly improved, exceeding (8.86) being noted only at the outlet from the Dnieper -Bug estuary (0 
m). In the rest of the estuarine areas, sea waterõs pH varied in the range 8.28-8.43. 
The dissolved inorganic phosphorus concentration (DIP) in June 2019 varied in a wide range from 0.23 
ÕM to 1.28 ÕM (average, 0.8 ÕM).  
 

 

Figure 3.50 - DIP in front o f the main rivers of the north - north west shelf of the Black Sea in June ( left ) 
and in September ( right ),  2019 

In June, in front of the Danube, increased phosphate concentrations  (DIP), 1.28 ÕM,  and 1.19 ÕM 
were observed at the sea surface layer and decreased with depth. In the bottom layer (8.9 m and 8.6 
m), the DIP concentration was 0.28 ÕM and 0.23 ÕM, respectively (St. 1 and 2). In the coastal area of 
the Dniester estuary (Tsaregradskiy mouth), the conce ntration of phosphate (0  m) was 0.49 (St. 3). 
Increased phosphate content  was at the Dnieper-Bug estuary outlet in the surface layer, 0.88 ÕM,  
and at the bottom , 1.10 ÕM (Figure 3.50).  
In September, with a general decrease in river runoff, a decrease in phosphates' concentration is also 
noted, on average by more than 1.5 times. In front of the Danube, a decrease in the phosphate 
concentration (0  m) to 0.96  ÕM and 0.42 ÕM was observed, in the bottom layer (8.5 m and 8.0 m), an 
increase in concentrations was noted to 1.03 ÕM and 0.75 ÕM, respectively (St. 1 and 2). The minimum 
0.29 ÕM was observed in the Dniester estuary in the bottom layer at a depth of 4.5 m, and in the 
surface layer,  it increased to 0.50 ÕM (St. 3). In the Dnieper -Bug estuary (Ochakov area), increased 
phosphate content  persisted in September (1.01 ÕM in the surface layer) and 0.79 ÕM in the bottom 
layer (St. 6) , (Figure 3-50b). 
The concentrations of total phosphorus (TP) followed the  general trend of DIP. A relatively increased 
TP concentration was observed in June with an average value of 1.94 ÕM during increased river flow 
and decreased to 0.82 ÕM in September, with a general decrease in river flow. In June, a relatively 
increased TP concentration  is in the surface layer on the Dnieper-Bug estuary seashore, 2.15 ÕM,  and 
in front of the Danube , 2.40-2.99 ÕM in the surface and bottom layers, respectively. In September, 
the concent ration of total phosphorus decreases, but areas with a relatively increased TP 
concentration  do not change. In September, at the Dnieper-Bug estuaryõs exit, the increased TP 
concentration was 0.81 ÕM (bottom ) and 1.04 ÕM (surface); on the Danube area opposite at the 
Bistroeõs arm was 1.01 ÕM (surface) and 1.07 ÕM (bottom ). In September, the average concentration 
of total phosphorus  decreased relative to its average concentration in June more than two  times. 
Generally, th e total phosphorus content was dominated by dissolved mineral phosphorus, which 
accounted for 56  % of the total. In June, with a relatively increased flow of rivers,  the TP share was 
40.2 % - mineral phosphorus and 59.8 % - organic phosphorus. In September, with relatively low rivers 
flow, the organic form of phosphorus's contribution  decreased to 12.2 %. 
Concentrations of nitrites in June varied in the range of 0.54 -2.10 ÕM, and the average value was 
1.01 ÕM. The highest content of nitrites (0.86-2.10 ÕM), with a maximum concentration of 2.10 ÕM, 
exceeding the environmental standard (ES) for the quality of the marine environment (ES = 0.714 ÕM 
NO2) was observed in waters on the Danube area (St. 2). In other areas of observation, opposite the 
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Dniester River and at the exit from the Dnieper -Bug estuary, the concentration of nitrites was at the 
level of 0.54 -0.69 ÕM,  not exceeding ES (Figure 3.51). 
 

 

Figure 3.51 - DIN in seawaters near the main rivers of the north west shelf of the Black Sea in June ( left ) 
and in September ( right ),  2019 

During the autumn, the nitrites concentration  varied in the range of 0.07 -0.56 ÕM (average, 0.31 ÕM). 
Generally, in September, due to  a decrease in river runoff, the nitrites concentration  decreased three  
times than in June. A relatively increased concentration of nitrites (0.45 -0.56 ÕM) in September was 
noted on the Danube seaside opposite at the Bistroe arm  (St.1). In other areas, the concentration 
was in the range of 0.07 -0.39 ÕM. 
In June, the concentration of nitrates va ried over a very wide range of 1.41 -82.5 ÕM (average, 29.3 
ÕM). The maximum values, 10.64 -82.53 ÕM, exceeding the environmental standard ES = 7.14 ÕM, 
were observed at the Danube area. In the rest of the regions, near rivers Dniester and Dniep er-Bug, 
the n itrate content in June varied between 1.41 µM and 2.17 ÕM. 
In September, the nitrates levels were an order of magnitude less than June , 0.02-6.85 ÕM (average, 
2.62 ÕM). Relatively increased values , 4.50-5.09 ÕM,  (St. 1) and 3.74-6.85 ÕM (St. 6),  were observed 
at the Bistroe arm and the exit from the Dnieper -Bug estuary, respectively. In other areas, the 
concentration of nitrates did not exceed 0.38 ÕM (Figure 3.51).  
Ammonium in June was in the range 0.04-1.66 ÕM (average, 0.52 ÕM). The maximum was recorded in 
Ochakovõs coastal waters, 1.66 ÕM (surface). In September, the ammonium concentration was in the 
range 0.30-32.13 ÕM. In contrast to nitrites and nitrates, the concentrations of which decreased in 
autumn, the a mmonium's average concentration increased to 6.53 ÕM. The maximum, 32.13 ÕM was 
noted at the outlet of the Dnieper -Bug estuary (Ochakov area), bottom layer (4.6 m) (St. 6). Increased 
ammonium values, 3.48-8.93 ÕM and 1.70-3.40 ÕM,  were in the coastal waters of the Danube Bistroe 
arm and Kiliya, respectively (St. 1 and 2).  
The sum of mineral forms of nitrogen (DIN) in June was on average 30.8 ÕM and varied in the range 
of 2.78 ð 84.63 ÕM. Relatively increased values, 11.73 ð 33.13 ÕM and 75.43 ð 84.63 ÕM were in the 
coastal waters of the Danube Bistroe arm and Kiliya, respectively. In other areas, the DIN 
concentration  in June varied in the range of 2.78 -3.72 ÕM. 
DIN decreased in September to an average of  9.47 ÕM. The DIN concentration varied in the range of 
0.75-39.2 ÕM. Increased concentrations, 8.54-14.47 ÕM and 5.53-39.20 ÕM were observed in the 
Danube Bistroe arm's coastal waters and the Ochakov coastal area at the outlet of the Dnieper -Bug 
estuary, respectively. The maximum concentration of DIN in the Ochakov coastal area was noted in 
the bottom layer (39.20 ÕM). The relative contribution to the total mineral forms of nitrogen in June 
was 3.2 % nitrites, 95.4  % nitrates and 1.4 % ammonium. In September, the relative contribution 
changed and amounted to 3.3 % nitrites, 27.7  % nitrates and 69 % ammonium. 
Concentrations of total nitrogen (TN) varied within the range of 36.3 -118.9 ÕM in June, with a 
maximum in the Ochakov coastal area's bottom layer (St. 6). The average concentration in June was 
79.9 ÕM and exceeded the environmental standard EN = 71.39 ÕM. In September, during low river 
runoff, TN concentrations decreased and were in the range of 11.91 -151.57 ÕM with an average of 
54.76 ÕM. The maximum TN concentrations in September with an exceeding ES were observed only 
at the Danube arm Kiliya, 94.4 -151.6 ÕM with a maximum in the bottom layer at 8.5 m depth (St. 2). 
Organic and mineral nitrogen contributio n to t he total (TN) w as in June 62 % - organic nitrogen and 
38 % - DIN, and in September 83 % - organic nitrogen and 17 % - DIN (Figure 3.52). 
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Figure 3.52 - Concentrations of nitrogen forms in seawaters near the main rivers of the north west shelf 
of the Black Sea in June ( left ) and in September ( right ),  2019 

Silicate concentrations in June were in the rang e 1.13-66.6 ÕM (average, 36.7 ÕM). Increased values 
were in the Dnieper -Bug estuary, 43.08-66.6 ÕM and in the surface layer in front of the Danube area,  
47.0-48.1 ÕM. 
Like most hydro-chemical characteristics, silicate concentrations decreased in September , in the 
range of 7.5-50.3 ÕM,  (average, 18.9 ÕM). Relatively increased silicate levels were in the Dniester 
coastal area, 11.8 -22.5 ÕM,  and at the outlet from the Dnieper -Bug estuary, 20.2 - 50.3 ÕM. 
The average ratio of nutrients to the observation period was : 

- in June DIN/DIP = 39.5; Si/DIN = 1.2 

- in September DIN/DIP = 13.2; Si/DIN = 2.0 
The optimal ratio for the phytoplanktonõs development, the so-called Redfield ratio, is DIN/DIP = 
16:1 and Si/DIN = 1:1 (Redfield, 1958). Thus, the ratios indicate an excess of mineral nitrogen in June 
and its deficiency in September, which is unfavourable for diatoms growth.  
The dissolved oxygen content in the water and its dynamics is one of the defining criteria  of the 
marine ecosystem status and indicator of organic matter's primary production  intensity and  
biochemical oxidation.  
The concentration of dissolved oxygen in the north -north western shelf of the Black Sea in June varied 
over a very wide range from 95 ÕM (37.4 %) to 453.8 ÕM (187.0 %) with an average oxygen content of 
316.6 ÕM (114.6 %). The most environmentally unpleasant water conditions were noted in the 
Dnieper-Bug estuary, where the maximum oxygen concentration, 453.8 ÕM (Figure 3.53). was 
observed in the surface layer with a relative saturation of water with oxygen - 187 % (St. 6), which 
indicates the development of phytoplankton bloo ms and eutrophication processes. Because of these 
processes in the coastal waters in the Ochakov area, hypoxia was noted in the bottom layer at a 
depth of 4 .6 m (95 ÕM), (Figure 3.53) and saturation 37.4  % (St. 6). Increased oxygen content in the 
surface layer of 376.9 -381.9 ÕM (125-128 % saturation) was noted on the Danube seaside (St. 1 and 
St. 2), (Figure 3.53). 
 

 

Figure 3.53 - Concentrations of oxygen dissolved ( left ) and saturation percentages ( right ) in front of the 
main rivers of the north -north western shelf of the Black Sea, June 2019  

In September, the oxygen concentration varied within 178.8 ð 390.6 ÕM (69-149 %). The average was 
283.8 ÕM (saturation  108.6 %). Increased dissolved oxygen levels, 390.6 ÕM (146-149 %) were in the 
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surface layer at two stations on the Danube seaside (St. 1 and St. 2) and in the coastal waters of the 
Ochakov area in the zone of the outlet from the Dnieper -Bug estuary (Figure 3.54).  
 

 

Figure 3.54 - Dissolved oxygen ( left ) and saturation ( right ) in front of the main rivers of the north -
north western  shelf of the Black Sea, September 20 19 

The content of total suspended solids (TSS) in seawater was maximum in June in the surface and 
bottom layers in the Danube region at station 1 (59.7 mg/L and 28.0 mg/L, respectively) in front of 
Bistroe arm (St. 1) , (Figure 3.55). 
 

 

Figure 3.55 ð Total suspended solids (TSS) content in front of the main rivers of the north -north western 
shelf of the Black Sea, June ( lef t ) and September ( right ), 2019  

In September, the content in total suspended solids decreased in the range of 5.22 -20.5 mg/L. The 
maximum (20.5 mg/ L) was noted in the surface layer in the area of òZatokaó at the outlet of the 
Dniester River waters (Figure 3.55).  
 

Conclusion 

Among the regions under study, the most unfavourable conditions of the marine environment are 
noted for many indicators of assessing the state of eutrophication of waters at the outlet from the 
Dnieper-Bug estuary and in the Danube region.  
 

 Danube River (RO) 

The seawater temperature recorded typic al values for the beginning of the warm season, outlining 
an increasing gradient from north to south. Maximum, 16.87  °C, was measured at the surface, Portita 
50 m (Figure 3.56). The thermocline began to shape in the surface layer (0 -10 m), although 
temperatures above 10°C were in the superficial layer (0 -5 m). Minimum 6.93 °C, was found at the 
bottom (Sulina 40  m) (Figure 3.57).  
Overall, salinity did not show a particular gradient at the surface , only some extremes and outliers 
corresponding to the Danubeõs direct discharge points, Sulina (9.41 PSU) and Sf. Gheorghe (6.21 PSU) 
(Figure 3.58). The variability profile of the water column was similar to temperature but reverse. 
Thus, the most substantial  rise was observed in the 0-10 m layer with an enhancement in the 
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superficial la yer 0-5 m. A homogenous bottom layer was observed with maximum salinity between 
18.28 PSU and 18.36 PSU (Figure 3.59).  
The dissolved oxygen content was highest at the surface (308.6 ð 363.5 µM) due to the atmospheric 
exchange and biological production confirmed by a maximum from the water column (10 m) at 
Periboina 60 m. It also outlines the decreased gradient with depth as a typic al feature of the Black 
Sea waters (Figure 3.60). Thus, bottom oxygen saturation reached its minimum, 64.8  %, at Sf. 
Gheorghe 6 0m (Figure 3.61).  
The lowest pH was measured at the surface, Sulina 20 m, and represents an outlier. The surface layer 
has the highest variability, 7.91 -8.71 (standard deviation 0.19) ( Figure 3.62).  
The biological oxygen demand (BOD5) recorded an outlier (4.87 mgO 2/L) in front of Sf.  Gheorghe 
mouth highlighting a potential increas e in organic discharge (Figure 3.63).  
Phosphate and silicate concentrations were significantly correlated with salinity (r= -0.71 and r=-0.95) 
and followed the same pattern at the surface. Thus, in front of Sf. Gheorghe discharge  point (surface) 
were both highest concentrations due to the Danube discharge (Figure 3.64 and Figure 3.65).  
The inorganic nitrogen species had different behaviour. Therefore, nitrate revealed a  riverine input 
explained by the significant correlation with salinity (r= -0.62). The maximum was at the surface, Sf. 
Gheorghe 30 m. Nitrite and ammonium concentrations were not s ignificant ly correlat ed with salinity . 
It is to note that nitrite levels were  extreme at the surface in many stations, located beyond the 
direct influence of the Danubeõs discharge (Figure 3.66). Ammonium reached its highest 
concentrations in the water column. One intermediate peak was observed at 10 m , while the 
maximum at the bottom  (50 m). 
The total suspended solids content (TSS) reached the maximum in front of Sf.  Gheorghe arm under 
the direct influence of the Danube disch arge (Figure 3.67).  
Total nitrogen (TN) concentrations were higher in the front of Sulina and Sf. Gheorghe mouths being 
significantly correlated with salinity (r= -0.92), phosphate (r=0.81), silicate (r= -0.94) and nitrate (r= -
0.76),  emphasizing the riverine input of nutrients and organic matter ( Figure 3.68). Unlike total 
nitrogen, the  organic carbon content was rather a consequence of biological productivity ,  confirmed 
by the significant correlation with dissolved oxygen concentrations (r=0.59) ( Figure 3.69). Total 
phosphorus (TP) concentrations were also indicat ed the riverine inputs due to high correlations of 
the surface layer content with salinity (r= -0.85), phosphate (r=0.84), silicate (r=0. 88), total nitrogen 
(r=0.85). However, the maximum level was found for the 10 m depth at Portita 20 m ( Figure 3.70).  

Conclusions 

The influence of the Danube in the area under study is well known and documented (Gomoiu, 1992, 
Humborg et al., 1997,  Mihailov et al. , 2013). Nowadays, the Danubeõs discharge pressure is mainly 
observed for the nutrients input. Thus, phosphate, silicate, nitrate, total nitrogen, and total 
phosphorus were significant ly correlat ed with salinity . Moreover, in 95  % and 42 % cases, GES was not 
achieved for DIN and DIP, respectively.  

 

Figure 3.56ð Surface seawater temperature, May 2019  
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Figure 3.57 ð Water column temperature, Sulina transect, May 2019  

 

Figure 3.58 - Surface salinity, May 2019  

 

Figure 3.59 ð Water column salinity, Sulina transect, May 2019  
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Figure 3.60 ð Surface Dissolved oxygen saturation, May 2019  

 

Figure 3.61 ð Bottom Dissolved and water column oxygen saturation, May 2019  

 

Figure 3.62 ð pH variability (0 m, water column and by transect), May 2019  
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