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Abstract  The paper presents changes in the structure 
of macroalgae phytocenoses, as well as variations in 
morphometric parameters of dominant macrophyte species, 
in the Black Sea coastal area, within the influence zone of 
Sochi River in southern Russia. The center of the city's 
agglomeration with the same name surrounds its valley, 
and the resort's maritime port is also located near the 
studied area. Complex anthropogenic impacts from several 
different sources and specific natural properties of water in 
the Sochi River create conditions for the transformation of 
macrophyte phytocenoses, when perennial indigenous 
species such as Ericaria crinita Duby (1830) are gradually 
replaced by pollution-tolerant annual or seasonal species. 
The species composition of brown (Fucophyceae), red 
(Rhodophyceae), and green (Chlorophyceae) algae, which 
are considered to be bioindicators of water pollution at 
different levels, was described during this study. The 
abundance and biomass of these species in the 
phytocenoses were studied. The morphometric 
characteristics, such as the average thallus length and 
weight of the dominant species, were measured. A strong 
negative correlation has been identified between the 
percentage share of E. crinita within the total abundance of 
macrophytes in the investigated phytocenoses and both the 
suspended solid content and BODult values. Additionally, 
it was found that as the values of these physico-chemical 
parameters increase, the abundance of E. crinita in the 
phytocenosis significantly decreases, as well as the length 
of its thallus. At the same time, the correlations between 

the average algal biomass and both suspended solids and 
BOD parameters were weaker. The abundance and average 
weight of the E. crinita thallus generally decrease from 
areas with minimal river inflow impact to those that are 
significantly affected, reaching minimum values at the 
station closest to the river mouth. The results of these 
studies have significant implications for environmental 
management and public health policies. The bioindication 
approach represents a significant advance in the 
assessment and management of marine environment 
quality in coastal areas. It provides comprehensive 
information about areas significantly impacted by 
technogenic activities in their catchment basins. 

Keywords Macrophytes, Abundance, Biomass, 
Marine Coastal Phytocenoses, Bioindication, Biotesting, 
Biochemical Oxygen Demand (BOD), Suspended Solids 

1. Introduction
Marine biological resources and their natural regulatory

systems are subject to stress caused by a variety of factors, 
including both natural and anthropogenic ones. At the same 
time, alterations in the structural and functional 
characteristics of coastal marine biotic communities serve 
as an indicator of the susceptibility of marine ecosystems to 
the effects of human activities [1], [2], [3]. 
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Among the most significant sources of pollutants and 
nutrients released into the coastal marine environment are: 
river inflows, sewage and storm drains, predominantly 
from urbanized and recreational areas [4], [5]. 

Considering the intensification of development in the 
Black Sea coastal areas and, consequently, the increased 
anthropogenic pressure on their ecosystems [1], significant 
attention is being given to the development of marine 
environmental state biomarkers that belong to various 
taxonomic and trophic groups, in line with international 
best practices [6], [7]. 

However, relatively few studies have focused on the 
examination and implementation of biological monitoring 
of marine coastal ecosystem indicators based on 
macroalgae phytocenoses, despite these organisms being 
producers and therefore able to not only reflect the effects 
of environmental impacts on the marine environment but 
also provide an opportunity to forecast bioproduction in 
coastal areas and the potential successions and 
developments of subsequent trophic levels [8], [9], [10], 
[11]. The algae comprising marine coastal phytoceonsis 
are essential components of the nutrient circulation and 
natural recovery processes occurring in the 
hydroecosystem, preventing secondary sedimentation and 
providing nutrition and habitat for a variety of associated 
hydrobionts [12], [13]. 

Algae, as autotrophic organisms, are more sensitive than 
other organisms occupying subsequent trophic levels in 
this ecosystem to the physical and chemical characteristics 
of seawater and bottom sediment, such as nutrient 
concentration, pH and light intensity in the water column, 
which depends on water clarity [14]. In addition, changes 
in specific electrical conductivity, alkalinity, and 
concentrations of magnesium, calcium, and sodium can 
regulate the development of aquatic phyto-communities, 
while algae provide the basis of the food chain and perform 
ecosystem-forming functions [10], [15], [16], [17]. 
Therefore, the parameters of the satisfactory state of 
macrophytes communities reflect the overall health of the 
coastal ecosystem [18]. 

Currently, in the study area, an increase in 
anthropogenic pressure on the coastal zone of the Black 

Sea has been observed, due to demographic, economic and 
anthropogenic factors. Therefore, it is essential to develop 
and test in specific conditions, economically viable and 
reliable biomarker systems that are suitable for various 
types of pollution, reflecting both the current state and 
long-term changes in the aquatic environment [19], [20]. 
Also, an assessment of the transformation of multicellular 
algal communities allows determining the further decline 
in the abundance of long-lived aboriginal Fucophycea, 
which are oligosaprobic organisms sensitive to pollution, 
and the succession of cosmopolitan opportunistic genera 
such as Rhodophyceae and Chlorophycea genuses, which 
are mostly monocyclic, relatively low productive and do 
not perform a habitat-forming function. 

This paper aims to investigate the properties of coastal 
seawater in one of the most ecologically stressed areas of 
Sochi, specifically at the point where the Sochi River 
discharges into the Black Sea. In order to evaluate the 
general ecological status of the studied area, the 
macrophyte community bioindication data were compared 
and analyzed in order to potentially apply this approach as 
part of biological monitoring and assessment of 
anthropogenic pollution in the coastal marine environment 
of the Black Sea within resort and recreational areas in 
Russia. 

2. Materials and Methods

2.1. Sampling Location and Procedure 

Sampling was carried out in the plume zone of the Sochi 
River in October 2024, along the northern pier of the Sochi 
Maritime Port. Transportation along the pier was 
conducted by a small vessel, and sampling operations were 
carried out by divers. The sampling locations and their 
descriptions are presented in the scheme (Fig. 1). 

In order to assess the condition of the macroalgae 
growing on the benches of the northern pier, 6 observation 
stations were established at distances of 10, 50, 100, 300, 
and 700 meters from the coastal zone. Their coordinates 
are provided in Table 1. 

Figure 1.  Sampling stations along the northern pier of the Sochi Maritime Port 
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Table 1.  Results of measurements with standard error 

Sampling stations Latitude Longitude 

Sch 1 43.57311127305886 39.71121291889943 

Sch 2 43.57618458701369 39.70891694798268 

Sch 3 43.57864936435878 39.708895490310574 

Sch 4 43.5805056800999 39.709152982376 

Sch 5 43.581940775583604 39.711856649063 

Sch 6 43.58267390882409 39.71357326283255 

Algae were collected from concrete structures of the pier 
at a depth of 0.2-1.0 meters from the water surface using a 
scraper. At each station, macrophytes were collected and 
placed in polythene bags along with seawater samples from 
the site of their growth. The biological samples were 
subsequently transported to a laboratory, where taxonomic 
identification of the macrophyte species was performed, 
and the morphological dimensions of the macroalgal 
species thallus were measured. 

2.2. Physical and Chemical Methods 

The seawater was analyzed using classical methods of 
analytical chemistry: the hydrogen index was determined 
by potentiometry, suspended solids and mineralization by 
gravimetry, and biochemical oxygen consumption by 
iodometry. 

Biochemical oxygen demand (BOD) is a parameter of 
water contamination caused by organic substances that are 
susceptible to biochemical decomposition.  

In order to ensure that the oxidation process has been 
completed for all organic material present in the sample, 
BOD analysis was conducted according to the method of 
measuring residual dissolved oxygen on days 5, 10, 15 and 
20, as well as at the experiment completion, when the 
nitrification process commenced. The oxygen flask 
incubation was performed under standard conditions at 
20°C without access to light or air [21]. 

2.3. Bioassay Methods 

Macrophyte species were identified using the 
determinant in [22]. Algae nomenclature changes have 
been taken into account [23], [24], [25], [26]. The 
indicative significance of the selected algae species has 
been determined based on prior research [27]. 

Abundance and biomass of each algal taxonomic group 
were counted, and the size and condition of the thalluses 
were recorded. Quantitative indicators were calculated 
based on the obtained data: the number of thalluses and 
their biomass per square meter, and the dominant species 
were identified by their percentage proportion to the total 
abundance and biomass of macrophytes in the sample [28]. 

The Black Sea flora comprises 292 species of 
macrophytes algae, the majority of which are found along 
the Turkish coastline [29]. The macroflora of the Russian 
part of the Black Sea includes 152 different species, 

comprising 37 species of green algae, 36 species of brown 
algae, 77 species of red algae, and two flowering plants 
species. At the same time, the Sochi coast has relatively 
low species diversity with only 39 species of macrophytes 
represented by 16 phytocenoses at depths ranging from 0.1 
to 25 m [19]. 

The bioindicative characteristics of algae macrophytes 
are primarily determined by their sensitivity to nutrient 
availability, which influences the process of eutrophication 
in aquatic systems. Consequently, the dynamics of 
macrophytes' growth can play a significant role in 
long-term assessments of environmental change caused by 
prolonged human activities. For instance, the species 
composition of macrophytes is changing, their biomass is 
decreasing, and the replacement of dominant perennial 
species with short-lived algae is occurring in polluted 
coastal marine areas [24], [30]. 

In this context, macrophyte communities dominated by 
species that are tolerant to eutrophication are formed near 
discharges of wastewater that contain excessive 
concentrations of nutrients, indicating anthropogenic 
pollution [31], [32]. An indicator of pure oligosaprobic 
waters is the phytocenosis of Ericaria sp., which usually 
forms the foundation of uncontaminated coastal 
biocenoses and is legally protected in several European 
countries [33]. 

The statistical calculations and graphs for this work were 
carried out using Excel 2010. 

3. Results 

3.1. Physical and Chemical Characteristics 

Studies of hydrochemical macroparameters have 
allowed for an assessment of the impact of the Sochi River 
and the maritime port’s entrance on the marine water 
quality within the study area. 

Despite the fact that station Sch 1 is the farthest from the 
Sochi River estuary and the influence of river water on the 
chemical composition of seawater is minimal there, a 
deterioration in water quality has been observed at this 
station compared to stations Sch 2 and Sch 3 with regard to 
parameters such as suspended solids content and BODult 
level. The proximity of station Sch 1 to the maritime port 
may explain this. Station Sch 2, located 100 meters from 
Station Sch 1, has been found to be the least polluted with 
the highest mineralization and pH readings of all the 
samples analyzed, and is accepted as the reference sample. 
Subsequently, as the sampling approaches the confluence 
of the Sochi River and the sea, the concentration of 
suspended solids increases, while the pH and salinity 
decrease. The influence of the river becomes more 
pronounced and reaches its maximum in samples from 
station Sch 6. At this location, the concentration of 
suspended solids increases 24 times, while BODult 
increases 5 times and mineralization decreases by 4.5 times, 
relative to reference values (Table 2). 



Environment and Ecology Research 14(1): 26-35, 2026 29 

Table 2.  Results of measurements with standard error 

Stations рН, val. рН Mineralization, mg/l Suspended solids, mg/l BOD5, mgО2/l BODult, mgО2/l 

Sch 1 8.05±0.08 21.3±0.5 2.5±0.5 0.27 0.98±0.14 

Sch 2 8.10±0.08 22.7±0.6 1.0±0.2 0.23 0.44±0.06 

Sch 3 8.10±0.08 20.8±0.5 1.7±0.3 0.18 0.52±0.07 

Sch 4 8.09±0.08 20.2±0.5 4.1±0.7 0.15 0.66±0.09 

Sch 5 8.05±0.08 15.3±0.4 11.2±1.3 0.48 1.74±0.24 

Sch 6 7.98±0.08 5.0±0.1 23.9±2.9 0.61 2.21±0.31 

Based on the results of the measurements, the BOD5 
values were significantly lower than the BODult values, 
indicating a relatively low rate of biochemical degradation 
of pollutants. Using BOD5 as an indicator of water quality 
may lead to an inaccurate assessment if pollutants are 
resistant to biological degradation and require a longer 
period of time for oxidation by microorganisms [34]. 

Thus, the BODult values provide a more comprehensive 
picture of pollution than BOD5 and allow for a correct 
assessment of water quality. 

3.2. Bioassay Results 

During this study, algal biodiversity was detected to be 
relatively low in the macrophyte samples. In total, six 
species of macroalgae were identified throughout the 
sampling region. These included six stations located at 
different distances from the coast and the confluence of the 
Sochi River and the Black Sea. The macrophyte species, 
identified during the research, include brown 
(Fucophyceae), red (Rhodophyceae) and green 
(Chlorophyceae). However, the distribution of detected 
algal taxa in study areas was not consistent, as shown in 
Table 3. 

The productive perennial brown algae (Ericaria crinita 
D.), which is an indicator of clean water, was the dominant 
and edifying species at stations Sch 1-5, where other 
species were present only as epiphytes on E. crinita, and 
their abundance and biomass were insignificant. 
Additionally, the green alga Codium fragile H., which can 
only be found in open, unpolluted areas of the sea and its 
presence was occasional at stations Sch 4 and Sch 5. 

The species composition of the phytocenosis at Station 6, 
located at the confluence of the Sochi River and the Black 
Sea, represents a qualitatively different association of 
macrophytes. In contrast to stations Sch 1-5, the 
predominant algae identified at this site were the green 
algae species Cladophora albida and Ulva compressa. 
Perennial brown algae were not found in this sample (Table 
2). 

The dominant species in this association at the time of 
the study was C. albida, which formed the basis of the 
phytocenosis. The species U. compressa was not abundant. 
The low abundance of these species is probably explained 

by the fact that the samples for this study were taken 
outside the seasonal vegetation period and in the summer 
low-water period. When the river is in its low-flow regime, 
eutrophication levels increase and water temperatures rise; 
while hydrodynamic condition decreases, these algae 
populations may increase [35], [36]. 

The analysis of the abundance and biomass of 
macrophytes in the study area demonstrated the highest 
density of algal thalli per 1 m² of substrate surface at 
station Sch 6. The dominant species there was C. albida, a 
green macroalgae, which is an indicator of contaminated 
water. The biocenoses of E. crinita were found to have the 
highest abundance at Station 3 (with 115 thalli per square 
meter). In contrast, the abundance of algae in samples 
collected at Stations 1 and 2 was rather lower. 

At the same time, an analysis of algal biomass indicated 
that values were lower at Station Sch 1 compared to those 
at Stations Sch 2 and Sch 3. However, the algae biomass at 
station Sch 4 demonstrated a significant decrease. The 
biomass of macrophytes was minimal at station Sch 5. In 
addition, at Station 6, which is most affected by the river's 
inflow, the overall biomass of macroalgae has increased, 
although the dominant species has changed (Table 4). 

E. crinita phytocenoses were observed at the sites of
stations Sch 1 – Sch 5. It has been determined that the total 
abundance and biomass of algae in these areas are 
primarily formed from this dominant species, with an 
insignificant contribution from epiphytic algae. The site of 
station Sch 6 is characterized by a different phytocenosis 
dominated by an association of green algae. The graph (Fig. 
2) illustrates the density of the dominant species in
abundance and biomass per square meter at all the
investigated sites.

It was observed that the proportion of E. crinita within 
the biocenoses differed between stations, with the highest 
levels of this parameter recorded at station Sch 3. At station 
Sch 5, there is evidence of a decrease in the abundance of E. 
crinita and an increase in the proportions of epiphytic 
green (C. laetevirens) and red (C. virgatum) algae, which 
are indicators of water contamination. 

Additionally, it was observed that the samples collected 
from station Sch 2 exhibited the highest average values for 
algae thallus length and biomass within the study area. 
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Table 3.  Distribution of macrophyte algal taxa within the study area 

Macrophytes species Sampling stations 

Sch 1 Sch 2 Sch 3 Sch 4 Sch 5 Sch 6 

Fucophyceae 

Ericariaa crinita Duby (1830) +++ +++ +++ ++ ++ 

Codium frigile (Suringar) Hariot (1889) ++ ++ ++ + + 

Rhodophyceae 

Ceramium virgatum Roth (1797) ++ ++ ++ ++ ++ 

Chlorophyceae 

Cladophora laenteverens Dillwyn (1805) ++ + + ++ ++ + 

Cladophora albida Nees (1820) +++ 

Ulva compressa Linnaeus (1753) ++ 

Note: +++ - abundant species; ++ - average occurrence; + - occurs occasionally; 

Table 4.  Bioassay parameters determined within the study area 

Station Sch 1 Sch 2 Sch 3 Sch 4 Sch 5 Sch 6 

Total macrophyte abundance per 1 m2 107±2.20 60±7.91 115±11.78 74±7.42 13.3±2.69 1430±17.88 

Proportion of dominating species in the total algae 
abundance, % 67.3 66.7 78.3 56.8 25 91 

Total biomass, raw weight, g/m2 772±0.97 946±11.11 984±5.04 572±9.59 78.67±3.69 485±0.14 

Proportion of dominating species in the total algae 
biomass, % 99.7 99.8 99.8 99.6 95.9 90.1 

Average thallus length of dominating species, cm. 19.93±1.01 30.22±2.32 20.58±1.07 22.42±1.77 23.64±1.55 1.35±0.05 

Average thallus weight of dominating species, g. 10.69±1.21 23.61±2.65 10.91±1.11 13.57±1.80 5.68±1.78 2.98±0.05 

Figure 2.  Abundance and biomass of the dominant macrophytes within the study area 

At the same time, the average length of the E. crinita 
thallus was significantly lower both at the location of 
station Sch 1, which is closest to the maritime port, and at 
stations Sch 3-6. However, the value increases slightly 

from Sch 3 to Sch 5. Meanwhile, the values of average 
weight of algae thallus generally decrease from station Sch 
2 to station Sch 5, with minimum values recorded at station 
Sch 5. 
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4. Discussion

4.1. Pollution Characteristics 

The study revealed the negative impact of maritime port 
operations on the seawater quality in the section furthest 
away from the confluence of the Sochi River and the Black 
Sea. At this station, there was detected not only an increase 
in the BODult and suspended solids concentration 
compared to the nearest station, but also a decline in the 
biological parameters that characterize the macrophyte 
algae community. This effect is presumably caused by the 
proximity of this site to the Sochi Maritime Port exit, where 
excursion boats, yachts, and other vessels are actively 
operating. 

At the same time, the site located off the coast of the 
aforementioned station demonstrated the most favorable 
hydrochemical and biological parameters. As sampling 
progressed towards the confluence of the Sochi River and 
the sea, the values of biochemical oxygen consumption 
(BODult) and suspended solid concentration increased, 
while the pH and salinity values decreased. This leads to 
the assumption that the qualitative characteristics of the 
coastal marine environment are altered under the influence 
of river discharge, resulting in the suppression of E. crinita 
phytocenoses and their subsequent replacement by a 
different type of macroalgae community consisting of 
species that are tolerant to pollution and pH variations 
(Table 3). 

As mentioned previously (Table 1), the concentrations 
of BOD5 are significantly lower than those of BODult in 
the studied marine waters, suggesting a low rate of 
biochemical decomposition of pollutants. Low BOD5 
levels create an appearance of ecological health and 
stability in aquatic environments, but do not account for 
negative changes in hydrobiocenoses in adjacent waters. 
Research has established that the biochemical oxidation of 
organic substances varies in rate and is influenced by 
several factors, including their chemical composition, 
initial concentration, and adaptation of microbial flora. 

Based on the rate of decomposition, organic substances 
are classified into three categories: biologically soft, 
intermediate, and hard [21], [34]. It is assumed that the 
seawater studied was contaminated with hard biological 
pollutants, which required more than five days for 
microorganisms to oxidize them [21]. The river carries a 
significant amount of fine clay particles and organic matter, 
while oil products and nitrogen-based pollutants are 
discharged from the maritime port. Therefore, the 
concentration of suspended solids transported by the river 
increases starting from station Sch 3; however, the BOD5 
values, on the other hand, begin to change from station Sch 
4, and increase significantly in samples collected from 
stations Sch 5 and Sch 6, which is where the impact of river 
discharge on marine waters is greatest. 

4.2. Analysis of Macrophytes Phytocenoses 

Analyzing the responses of macrophyte communities to 
various factors within the study area, a negative impact 
from the maritime port was revealed in a sample located 
farthest from the river's mouth (Sch 1), which is evident 
both in the condition of E. crinita phytoceenoses and in the 
values of morphometric parameters of its thalli (Fig. 3). 

Additionally, a significant impact of river drainage is 
observed, while extending from station Sch 4 towards the 
coastline. In this area, the abundance and biomass of E. 
crinita in the phytoceonosis, which is an indicator of 
unpolluted water, begin to decrease, while the proportion 
of annual green and red algae that grow as epiphytes on E. 
crinita, in contrast, increases. Scientific research and 
international experience demonstrate that this phenomenon 
indicates eutrophication and pollution of the aquatic 
environment [37], [38], [39]. 

At the location of Sch 6, which is situated in the 
immediate vicinity of the confluence of the Sochi River and 
the Black Sea, a complete replacement of the E. crinita 
phytocenosis by an association of green algae, a 
phenomenon typical of desalinated and eutrophic water in 
the pseudo-littoral area subject to river runoff [35]. 

In order to understand the characteristics and dynamics 
of the development of this phytoceonosis, it is necessary to 
continue research covering all seasons of macrophyte 
vegetation. According to the results of our short-term 
survey, it is possible to consider the site of station Sch 6, 
represented by the phytocenosis where the main abundance 
and biomass of algae are determined by the dominant 
species, C. albida, as a distinct independent association that 
has different ecological requirements compared to the E. 
crinita biocenosis located further towards the open sea 
[34]. 

4.3. Correlations between Studied Indices 

In the study, a strong correlation was found between the 
proportion of dominant species in the overall abundance 
and biomass of macrophytes and both the level of 
suspended solid concentration (R²=0.93; R²=0.91 
correspondingly) and the BODult concentration (R2=0.79; 
R2=0.93 correspondingly). At the time, it was generally 
demonstrated that total macrophyte abundance and 
biomass had weaker correlations with these physical - 
chemical parameters (Table 5). 

The correlations between the average length and 
biomass of E. crinita thalli and the values of suspended 
solids content (R²= 0.75 and R²= 61, respectively), and 
biochemical oxygen consumption (R²=0.61 and 0.57 
respectively) were also weaker. However, all studied 
biological parameters demonstrated significant 
correlations with the physical and chemical characteristics. 
It was observed that as these physical and chemical 
parameters increased, the abundance of E. crinita within 
the phytocenosis significantly decreased, as did the 
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average length of its thalli. The correlations between the 
average algal thallus biomass and suspended solids and 
BODult concentrations were substantially lower compared 
to other dependencies between biological and physical - 

chemical parameters (Fig. 4). 
As an indicator species of oligosaprobic water, E. crinita 

is unable to tolerate eutrophic pollution associated with 
contaminated river's drain. 

A B 

Figure 3.  Correlation between growth parameters of E. crinita (proportion in overall macrophyte abundance, average thallus length, and average 
biomass) and physical-chemical values: (A) BODult and (B) suspended solids concentrations

Table 5.  Pearson’s correlation between the biological parameters and general physical-chemical characteristics of water quality 

Correlating parameters Suspended solids concentration, mg/l (R2) BODult, mgО2/l (R2) 

Total macrophytes abundance, thallus /1 m2 0.78 0.53 

Total macrophytes biomass, raw weight, g/m2 0.74 0.56 

Proportion of dominating species in overall macrophytes abundance, % 0.93 0.79 

Proportion of dominating species in overall macrophytes biomass, % 0.91 0.93 

Average thallus length, cm 0.75 0.76 

Average biomass of E. crinita thallus, cm 0.61 0.57 
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Figure 4.  Variation in average length and weight of E. crinita thallus 

On the other hand, the decreased transparency of coastal 
marine waters, due to increased suspended solid matter, 
inhibits photosynthesis and results in the suppression of 
algae. It was determined that the strongest correlations 
were observed between the physical and chemical 
characteristics of coastal seawater and the abundance and 
biomass of dominant species within the overall macrophyte 
community. Significant correlations were identified 
between the physical-chemical parameters and the average 
length of the E. crinita thallus. 

Furthermore, a significant correlation was identified 
between the concentrations of suspended matter and the 
overall abundance and biomass of macrophytes collected 
from the research site. We consider these characteristics of 
macroalgal phytocenoses to be the most reliable indicators 
of coastal marine ecosystem health (Table 5). 

It should be noted that the assessment of the condition 
of macroalgal biocenoses is relevant as a biomarker for 
long-term, persistent, or recurrent impacts. Therefore, 
bioindication based on the analysis of phytocenoses can be 
used as the basis for continuous monitoring of the 
condition of the marine environment. 

Furthermore, it is essential to emphasize the significance 
of considering BODult values when assessing the quality 
of natural water bodies and the anthropogenic impacts on 
them, as underestimating these values can distort the 
picture of the ecological status of a water body. According 
to the Maximum Permissible Concentrations of Pollutants 
in Waters of Fishery Significance (MPC) [40], the BOD5 
level should not exceed 2.1 mg/l and the BODult value 
should not exceed 3 mg/l. The seawater sampled during 
this study did not exceed the Maximum Permissible 
Concentration (MPC) for the BOD parameter at any of the 
studied stations. However, bioindication parameters based 
on vital characteristics and the functioning of autotrophic 
organisms demonstrate sufficient sensitivity to changes in 
their environment. 

5. Conclusions
Studies of the responses of photosynthetic organisms

that form the basis of coastal ecosystems and their trophic 
chains to the complex influence of various environmental 

factors have led to the following conclusions. 
An application of data on ultimate biochemical oxygen 

demand (BODult) to assess the quality of natural water is 
justified, as oxidation processes occur at varying rates 
depending on the type of pollutant present and the 
characteristics of organisms involved in biological 
transformations. BOD5 values do not always accurately 
reflect the true dynamics of biochemical processes in 
natural aquatic environments, considering the complexity 
and variety of influencing factors. 

Macrophytes serve as an indicator of the chronic, 
long-term effects of pollution, primarily due to 
eutrophication; therefore, it is essential to monitor changes 
in the quantitative and qualitative composition of 
macrophyte phytocenoses over multiple years in order to 
assess these effects. 

The research identified two distinct types of macrophyte 
associations: estuarine communities dominated by green 
algae, which indicate a polluted and desalinated water 
environment, and marine communities dominated by 
brown algae that are sensitive to pollution. 

An analysis of the E. crinita phytocenosis revealed that 
partial containment of the dominant algae species was 
noted at the location adjacent to the exit of the Sochi 
Maritime Port. The impact of polluted river discharges is 
reflected in a consistent reduction in the biomass and 
population density of E. crinita. Such dynamics of 
seawater pollution at the study stations was confirmed by 
data from general physical and chemical analysis. 

Changes in the coastal marine environment have 
facilitated the succession of native aquatic phytocenoses to 
algal communities, with an increased proportion of 
cosmopolitan species that are tolerant to physical and 
chemical pollution factors. 

The findings from these studies provide a basis for 
further in-depth research on hydrobiocenoses during 
different vegetation periods and in various locations. The 
results of the expanded research on macroalgae respond to 
the environmental changes caused by both natural and 
anthropogenic impacts at other Black Sea coastal regions 
with similar characteristics, such as influence of river 
discharge and continuing affects from the maritime port 
activity. 
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The bioindication method represents a significant 
advancement in the assessment and management of marine 
water quality in coastal areas, providing integrated 
information for regions significantly affected by 
anthropogenic activity within their catchment basins. 
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