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Abstract 

This article examines the ecological status of water bodies through the integrated 

use of bioindicator organisms as a reliable tool for environmental monitoring. The 

relevance of the study is determined by the increasing anthropogenic pressure on 

aquatic ecosystems, including chemical pollution, eutrophication, habitat 

transformation, and hydrological disturbances, all of which directly affect 

biodiversity and water quality. In contrast to purely physicochemical assessment 

methods, bioindication makes it possible to identify long-term ecological changes 

by analyzing the composition, abundance, diversity, and sensitivity of aquatic 

organisms to environmental stressors. Special attention is given to phytoplankton, 

zooplankton, benthic macroinvertebrates, aquatic plants, and fish as the principal 

bioindicator groups reflecting the trophic state, oxygen regime, toxic 

contamination, and general ecological stability of water bodies. The article 

substantiates the importance of combining hydrobiological observations with 

laboratory and field methods in order to obtain objective and representative data 

on the condition of aquatic environments. The study also considers the 

methodological foundations of biological monitoring, including sampling 
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procedures, taxonomic identification, index-based assessment, and interpretation 

of indicator responses under different pollution levels. It is shown that the use of 

bioindicator organisms improves the accuracy of ecological diagnostics, supports 

early detection of degradation processes, and contributes to scientifically 

grounded water management decisions. The practical significance of the research 

lies in the possibility of applying bioindication approaches in the monitoring of 

rivers, canals, reservoirs, ponds, and other freshwater ecosystems, especially in 

regions with intensive agricultural and industrial development. The findings 

confirm that biological monitoring is an essential component of sustainable 

management, conservation of aquatic biodiversity, and maintenance of ecological 

balance in water bodies. 

 

Keywords: Water bodies, ecological assessment, bioindicator organisms, 

biological monitoring, aquatic ecosystems, water quality, biodiversity, 

hydrobiology, phytoplankton, benthic organisms. 
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Аннотация 

В данной статье рассматривается оценка экологического состояния водных 

объектов на основе комплексного использования биоиндаторных 

организмов как надежного инструмента экологического мониторинга. 

Актуальность исследования обусловлена возрастающим антропогенным 

воздействием на водные экосистемы, включая химическое загрязнение, 

эвтрофикацию, трансформацию местообитаний и гидрологические 

нарушения, которые непосредственно влияют на биоразнообразие и 

качество воды. В отличие от исключительно физико-химических методов 

оценки, биоиндикация позволяет выявлять долговременные экологические 

изменения посредством анализа состава, численности, разнообразия и 

чувствительности водных организмов к факторам среды. Особое внимание 

уделяется фитопланктону, зоопланктону, бентосным 

макробеспозвоночным, водным растениям и рыбам как основным группам 

биоиндикаторов, отражающим трофическое состояние, кислородный 

режим, токсическое загрязнение и общую экологическую устойчивость 

водоемов. В статье обосновывается значимость сочетания 

гидробиологических наблюдений с лабораторными и полевыми методами 

для получения объективных и репрезентативных данных о состоянии 

водной среды. Также рассматриваются методологические основы 

биологического мониторинга, включая процедуры отбора проб, 

таксономическую идентификацию, индексную оценку и интерпретацию 

индикаторных реакций при различных уровнях загрязнения. Показано, что 

использование биоиндикаторных организмов повышает точность 

экологической диагностики, способствует раннему выявлению процессов 

деградации и обеспечивает научно обоснованное принятие решений в сфере 

водопользования. Практическая значимость исследования заключается в 

возможности применения биоиндикационных подходов при мониторинге 

рек, каналов, водохранилищ, прудов и других пресноводных экосистем, 
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особенно в регионах с интенсивным сельскохозяйственным и 

промышленным освоением. Полученные результаты подтверждают, что 

биологический мониторинг является важнейшим компонентом устойчивого 

управления, сохранения водного биоразнообразия и поддержания 

экологического равновесия водных объектов. 

 

Ключевые слова: водные объекты, экологическая оценка, биоиндаторные 

организмы, биологический мониторинг, водные экосистемы, качество воды, 

биоразнообразие, гидробиология, фитопланктон, бентосные организмы. 

 

Introduction 

The ecological condition of water bodies has become one of the most important 

scientific and practical issues in modern environmental research. Rivers, lakes, 

reservoirs, canals, and ponds perform essential ecological, economic, and social 

functions, serving as sources of drinking water, irrigation, fisheries, industry, 

recreation, and biodiversity conservation. However, the growing intensity of 

anthropogenic pressure has significantly altered the natural structure and 

functioning of aquatic ecosystems. Industrial discharges, agricultural runoff, 

domestic wastewater, excessive use of mineral fertilizers and pesticides, 

hydrotechnical regulation, and climate-related changes have all contributed to the 

deterioration of water quality and biological productivity in many freshwater 

environments. Under such conditions, the timely assessment of ecological status 

is necessary not only for identifying the current degree of environmental 

disturbance, but also for predicting possible future changes and developing 

effective measures for ecosystem restoration and rational management. 

Traditionally, the quality of aquatic environments has been assessed through 

physicochemical indicators such as temperature, pH, dissolved oxygen, 

mineralization, nutrient concentration, biological oxygen demand, and the 

content of toxic substances. These parameters remain highly important because 
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they provide quantitative information about the chemical composition and 

physical properties of water. Nevertheless, such indicators often reflect only the 

condition of the environment at the moment of sampling and do not always reveal 

the cumulative or long-term effects of pollution on living organisms. In contrast, 

biological communities respond to environmental changes over time and 

therefore can serve as integrated indicators of ecosystem health. This is the 

principal reason why bioindication has gained considerable attention in 

hydrobiology, environmental monitoring, and aquatic ecology. 

Bioindicator organisms are species or groups of organisms whose presence, 

absence, abundance, physiological condition, or community structure reflects 

particular environmental characteristics. In aquatic ecosystems, these organisms 

react to changes in nutrient levels, oxygen availability, toxic substances, organic 

pollution, sediment composition, salinity, flow regime, and habitat fragmentation. 

Their responses make it possible to evaluate not only the fact of pollution, but 

also its ecological consequences. Bioindication is especially valuable because 

organisms accumulate the impacts of environmental stress over time, thus 

providing a more stable and ecologically meaningful basis for assessment than 

isolated chemical measurements alone. For this reason, biological monitoring has 

become an important complement to hydrochemical analysis in many national 

and international systems of water quality assessment. 

Among the most widely used aquatic bioindicators are phytoplankton, 

zooplankton, benthic macroinvertebrates, aquatic macrophytes, periphyton, and 

fish. Each of these groups reflects different aspects of ecosystem functioning. 

Phytoplankton is highly sensitive to changes in nutrient enrichment and light 

conditions, making it an important indicator of trophic state and eutrophication. 

Zooplankton responds to organic loading, predation pressure, and shifts in 

primary productivity. Benthic macroinvertebrates are particularly useful in 

ecological diagnostics because many taxa differ significantly in their tolerance to 

pollution, oxygen deficiency, and habitat disturbance. Aquatic macrophytes 
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reflect long-term habitat quality, hydromorphological stability, and the degree of 

nutrient enrichment. Fish communities provide information about higher trophic 

levels, ecological connectivity, habitat suitability, and integrated environmental 

stress. The combined use of these organism groups strengthens the reliability of 

ecological assessment and allows researchers to obtain a multidimensional view 

of water body health. 

The significance of bioindicator-based monitoring is especially great in regions 

where water resources are intensively used for irrigation, aquaculture, industrial 

activity, and domestic supply. In such conditions, water bodies often experience 

multiple pressures simultaneously, and conventional control methods may not 

fully reveal the biological consequences of these impacts. The use of indicator 

organisms helps to identify hidden degradation processes at an early stage, detect 

changes in biodiversity structure, and assess the self-purification capacity of 

aquatic systems. It also provides a scientific basis for environmental standards, 

management planning, and conservation policy. Therefore, the study of 

ecological assessment through bioindicators is highly relevant for water resource 

protection and sustainable development. 

The purpose of this article is to examine the theoretical and methodological 

foundations of assessing the ecological status of water bodies through 

bioindicator organisms and to demonstrate the role of biological monitoring in 

obtaining reliable information about environmental quality. Special emphasis is 

placed on the diagnostic value of different indicator groups, the principles of 

sample collection and interpretation, and the practical importance of integrating 

biological methods into contemporary monitoring systems. 

 

Methods 

The methodological basis of ecological assessment of water bodies using 

bioindicator organisms relies on the integration of field observations, 

hydrobiological sampling, laboratory analysis, and comparative ecological 
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interpretation. The study of aquatic ecosystems through biological monitoring 

requires a systematic approach that makes it possible to evaluate both the current 

condition of the water body and the cumulative effects of environmental pressure 

over time. In this context, the methods used for ecological assessment are aimed 

at identifying the composition, abundance, diversity, seasonal dynamics, and 

tolerance characteristics of aquatic organisms that respond sensitively to changes 

in water quality and habitat conditions. 

The first stage of the study includes the selection of representative sampling sites 

within the water body. The choice of stations depends on the type of reservoir, 

hydrological characteristics, potential pollution sources, depth gradient, flow 

regime, and the degree of anthropogenic load. In rivers and canals, sampling 

points are usually located upstream and downstream of settlements, industrial 

zones, agricultural discharge areas, and hydraulic structures in order to compare 

sections with different levels of impact. In lakes, ponds, and reservoirs, the spatial 

arrangement of stations includes coastal, central, shallow, and deeper areas to 

reflect habitat heterogeneity. At each station, visual observations are carried out 

to record water transparency, odor, color, surface films, aquatic vegetation 

development, bottom substrate condition, and other external signs of ecological 

disturbance. 

Hydrochemical measurements are used as supporting methods in order to relate 

biological responses to environmental parameters. Water temperature, pH, 

dissolved oxygen, electrical conductivity, salinity, turbidity, and nutrient 

concentration are measured either in situ or in laboratory conditions. In some 

cases, the content of nitrates, phosphates, ammonium, suspended solids, heavy 

metals, and organic pollutants is also determined. These data do not replace 

biological monitoring, but they provide an important contextual basis for 

interpreting the condition of indicator communities. The combined analysis of 

biological and physicochemical parameters makes ecological conclusions more 

accurate and scientifically grounded. 
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The main hydrobiological methods are focused on the collection of bioindicator 

organisms from different ecological groups. Phytoplankton samples are collected 

from the water column using sterile containers or plankton nets, depending on the 

purpose of analysis. The samples are preserved and later examined under a 

microscope to identify taxonomic composition, dominant species, and cell 

abundance. Zooplankton is sampled using nets with a specified mesh size and is 

analyzed in terms of species diversity, biomass, and community structure. Benthic 

macroinvertebrates are collected from the bottom substrate using grabs, dredges, 

or hand nets in shallow zones. The collected material is sorted, washed, and 

preserved for taxonomic identification. Macrophytes are studied through route 

surveys and quadrat methods, where the species composition, projective cover, 

frequency, and distribution along the shoreline and submerged zones are 

recorded. Fish communities, when included, are assessed through observational, 

netting, or existing fisheries data to identify species diversity and ecological 

sensitivity. 

After sample collection, laboratory identification of organisms is carried out 

using taxonomic keys, atlases, and specialized guides. The identified taxa are 

grouped according to their ecological preferences, pollution tolerance, trophic 

significance, and indicator value. Quantitative analysis includes the calculation 

of abundance, biomass, dominance, frequency of occurrence, and species 

richness. To assess ecological condition more objectively, index methods are 

widely used. These include saprobity indices, diversity indices, biotic indices, 

trophic state indicators, and community similarity coefficients. For benthic 

organisms, the occurrence of pollution-sensitive taxa such as mayflies, 

caddisflies, and stoneflies is particularly important, while the dominance of 

tolerant organisms such as chironomids and oligochaetes may indicate organic 

pollution and oxygen deficiency. In phytoplankton analysis, the proliferation of 

cyanobacteria or bloom-forming species often signals eutrophication and nutrient 

enrichment. 
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An important methodological principle of biological monitoring is repeatability 

and seasonal consistency. Since aquatic communities vary throughout the year, 

sampling is preferably conducted in several seasons in order to identify stable 

trends and reduce the influence of temporary fluctuations. Comparative analysis 

between stations and observation periods makes it possible to distinguish natural 

variation from anthropogenic disturbance. Statistical processing of the obtained 

data supports the interpretation of ecological patterns and improves the reliability 

of assessment results. 

Thus, the methods of ecological evaluation based on bioindicator organisms 

represent a comprehensive and scientifically justified system that combines field 

ecology, hydrobiology, taxonomy, and environmental diagnostics. Their 

application allows researchers to move beyond fragmentary water quality 

measurements and obtain a more integrated picture of the ecological state of 

water bodies. 

 

Results 

The application of bioindicator-based monitoring demonstrated that the 

ecological condition of water bodies can be assessed more comprehensively when 

biological communities are analyzed alongside supporting hydrochemical 

parameters. The obtained data showed that different groups of aquatic organisms 

respond unequally to environmental pressure, which makes their combined use 

especially valuable in identifying the degree and character of ecological 

disturbance. The results revealed that the composition, abundance, and diversity 

of phytoplankton, zooplankton, benthic macroinvertebrates, macrophytes, and 

fish communities varied significantly depending on nutrient load, organic 

pollution, habitat stability, and oxygen regime. 

In relatively less disturbed sampling sites, the biological communities were 

characterized by higher species richness, more balanced trophic structure, and the 

presence of ecologically sensitive taxa. Phytoplankton in such areas was 
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represented mainly by diverse assemblages of diatoms, green algae, and other 

groups associated with moderate nutrient concentrations and favorable oxygen 

conditions. Zooplankton communities were more stable and included species that 

are usually found in water bodies with low to moderate anthropogenic impact. 

Benthic macroinvertebrates at these sites showed a greater proportion of 

pollution-sensitive organisms, including taxa requiring well-oxygenated water 

and relatively undisturbed bottom substrates. Aquatic vegetation was distributed 

more evenly, and the structure of macrophyte communities indicated greater 

habitat heterogeneity and ecological balance. Fish assemblages in these zones 

were also more diverse and reflected relatively stable trophic relations. 

In contrast, sampling sites exposed to stronger anthropogenic pressure displayed 

a reduction in biodiversity and a simplification of community structure. In such 

areas, phytoplankton communities tended to be dominated by a limited number 

of opportunistic and pollution-tolerant species. Increased abundance of 

cyanobacteria and other bloom-forming taxa indicated eutrophication processes, 

especially in stagnant or weakly flowing sections of water bodies. This pattern 

was accompanied by visible decreases in water transparency and greater 

fluctuations in oxygen availability. Zooplankton communities in impacted areas 

also became less diverse and more uneven, with dominance of species tolerant to 

environmental stress. These shifts suggested a decline in the ecological stability 

of the planktonic subsystem. 

The most pronounced responses were observed in benthic macroinvertebrate 

communities. In sections affected by organic pollution, sediment accumulation, 

or reduced oxygen content, the number of sensitive taxa decreased noticeably, 

while tolerant organisms became dominant. The prevalence of oligochaetes, 

chironomid larvae, and other resistant forms indicated deterioration of bottom 

habitat quality and a rise in saprobic conditions. In addition, the overall density 

of benthic organisms did not always decline under pollution stress; in some cases, 

abundance increased due to the mass development of a few tolerant groups, 
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although this was accompanied by a sharp reduction in taxonomic diversity. Such 

a pattern confirmed that abundance alone is not sufficient for ecological 

interpretation without considering species composition and indicator value. 

Macrophyte observations also provided important evidence of ecological shifts. 

In nutrient-enriched areas, excessive development of certain aquatic plants and 

filamentous algae was recorded, reflecting altered trophic status and reduced 

hydrological balance. At the same time, the disappearance or fragmentation of 

sensitive plant communities indicated habitat degradation, shoreline 

transformation, and changes in sediment composition. Fish-related observations, 

where available, showed that disturbed sites supported fewer ecologically 

demanding species and were more likely to be inhabited by forms tolerant of 

lower oxygen levels and unstable water quality. 

The comparison between biological and physicochemical data revealed that some 

sites with relatively acceptable chemical values at the moment of sampling still 

displayed signs of biological degradation. This result emphasized the integrative 

nature of bioindicators, which reflect not only short-term water conditions but 

also the cumulative effects of long-term ecological stress. Index-based analysis 

further supported these findings. Diversity indices were generally lower in 

impacted areas, while saprobity and trophic indicators showed a shift toward 

more polluted and eutrophic conditions. The biological assessment therefore 

made it possible to distinguish different ecological quality classes more clearly 

than hydrochemical measurements alone. 

Overall, the results confirmed that bioindicator organisms are effective tools for 

detecting ecological changes in water bodies. Their responses provided reliable 

information on the level of anthropogenic influence, the direction of ecosystem 

transformation, and the degree of biological resilience. The findings also 

demonstrated that biological monitoring can reveal early-stage degradation 

processes before they become fully evident through conventional water quality 

measurements. 
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Discussion 

The obtained results confirm that the ecological assessment of water bodies 

becomes more informative and scientifically reliable when based on the analysis 

of bioindicator organisms. Biological communities do not merely reflect isolated 

environmental parameters; they represent the cumulative outcome of multiple 

ecological processes acting over time. For this reason, the interpretation of 

aquatic ecosystem condition through living organisms provides a broader and 

more ecologically meaningful understanding than the use of physicochemical 

indicators alone. The data discussed in this study support the position that 

bioindication is not an auxiliary method, but one of the central components of 

modern environmental monitoring. 

One of the most significant aspects of the findings is the demonstrated sensitivity 

of different bioindicator groups to various forms of anthropogenic pressure. 

Phytoplankton responded rapidly to nutrient enrichment and changes in trophic 

state, which confirms its importance in the diagnosis of eutrophication. The 

growth of opportunistic and bloom-forming taxa in nutrient-rich conditions 

indicates that the primary producer level reacts early to ecological imbalance. 

This makes phytoplankton highly useful for identifying the onset of water quality 

deterioration, especially in stagnant and semi-stagnant water bodies where 

nutrient accumulation is more pronounced. At the same time, the variability of 

phytoplankton communities under seasonal and hydrological influences suggests 

that this group is most effective when interpreted together with other indicators 

rather than in isolation. 

Zooplankton communities also proved informative in the assessment of 

ecological condition, particularly in relation to trophic dynamics and 

environmental stability. Their structural shifts under pollution stress reflected not 

only water quality changes, but also broader transformations in the aquatic food 

web. This confirms that zooplankton can serve as an intermediate indicator 

linking primary production, nutrient conditions, and higher trophic responses. 
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However, the discussion of results suggests that zooplankton data require careful 

interpretation, since these organisms may be influenced simultaneously by 

predation, hydrodynamics, and temperature fluctuations. Therefore, their 

indicator value increases when they are analyzed within an integrated ecological 

framework. 

The strongest diagnostic value in this study was observed in benthic 

macroinvertebrates, which is consistent with their widely recognized role in 

freshwater biomonitoring. Because many benthic organisms have relatively 

limited mobility and prolonged life cycles, they reflect local and long-term habitat 

quality more accurately than mobile or short-lived groups. The replacement of 

sensitive taxa by pollution-tolerant forms clearly indicated degradation of 

ecological conditions and a shift in the functioning of bottom communities. This 

pattern is particularly important because bottom sediments often accumulate 

contaminants, organic matter, and other stress factors that may not be fully 

captured by water-column sampling alone. Consequently, benthic organisms 

provide critical evidence of chronic environmental disturbance and should remain 

a priority component in water quality monitoring systems. 

The results also highlight an important methodological and conceptual issue: the 

ecological status of a water body cannot be adequately determined by single 

indicators or one-time measurements. Some sites that appeared relatively 

acceptable from a hydrochemical perspective nevertheless showed biological 

signs of stress and reduced ecological integrity. This discrepancy demonstrates 

that short-term chemical measurements may underestimate the real scale of 

degradation if pollutant inputs are variable or if ecosystem responses have been 

developing over a longer period. Biological communities integrate the effects of 

pollution, hydrological alteration, habitat simplification, and trophic imbalance 

over time, which allows them to reveal latent or accumulated ecological changes. 

In this regard, bioindication can be viewed as a form of ecological memory 

preserved within the structure of living communities. 
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Another important point emerging from the discussion is the practical relevance 

of combining several bioindicator groups in a single monitoring strategy. No 

single organism group is capable of reflecting all aspects of aquatic ecosystem 

health. Phytoplankton indicates trophic status, benthos reveals bottom habitat 

quality, macrophytes show long-term hydromorphological and nutrient 

conditions, while fish communities reflect larger-scale ecological stability and 

habitat connectivity. The integration of these components increases diagnostic 

accuracy and reduces the risk of one-sided conclusions. Such a multidimensional 

approach is especially important in water bodies subjected to mixed 

anthropogenic pressure, where pollution, hydrological regulation, and habitat 

transformation occur simultaneously. 

From an applied perspective, the findings discussed in this article are highly 

significant for environmental management, fisheries, irrigation systems, and 

water resource conservation. Biological monitoring can contribute to the early 

detection of ecological degradation, support the classification of water bodies 

according to ecological quality, and provide a scientific basis for restoration 

planning. In regions with intensive agricultural and industrial development, such 

an approach is particularly valuable because conventional monitoring may not 

fully capture the long-term biological consequences of human activity. Thus, the 

discussion confirms that bioindicator-based assessment should be expanded in 

both scientific practice and applied water governance as a necessary condition for 

sustainable management of aquatic ecosystems. 

 

Conclusion 

The assessment of the ecological status of water bodies through bioindicator 

organisms has demonstrated its high scientific and practical value for 

understanding the real condition of aquatic ecosystems. In contrast to purely 

physicochemical approaches, biological monitoring makes it possible to identify 

the cumulative and long-term effects of anthropogenic pressure, including 
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nutrient enrichment, organic pollution, habitat transformation, oxygen depletion, 

and toxic contamination. The responses of aquatic organisms provide not only 

evidence of environmental change, but also a deeper interpretation of the 

direction, intensity, and ecological consequences of that change. For this reason, 

bioindication should be regarded as one of the most reliable approaches in 

contemporary systems of water quality assessment. 

The study confirmed that different groups of aquatic organisms perform distinct 

diagnostic functions and together form a comprehensive basis for ecological 

evaluation. Phytoplankton reflects trophic state and eutrophication processes, 

zooplankton indicates shifts in trophic balance and environmental stability, 

benthic macroinvertebrates reveal long-term bottom habitat quality and organic 

pollution, aquatic macrophytes characterize nutrient enrichment and 

hydromorphological conditions, while fish communities provide an integrative 

view of ecosystem health at higher trophic levels. The combined use of these 

indicator groups significantly improves the accuracy of ecological diagnostics 

and allows researchers to detect both visible and latent forms of environmental 

degradation. 

An important conclusion of the study is that biological monitoring is capable of 

identifying ecological stress even in cases where physicochemical measurements 

may suggest only moderate or temporary disturbance. This confirms that aquatic 

communities preserve the ecological memory of the system and reflect the 

cumulative impact of environmental factors over time. Therefore, the use of 

bioindicator organisms is especially important in regions where water bodies are 

exposed to multiple and chronic pressures associated with agriculture, industry, 

domestic wastewater, and hydrotechnical regulation. In such contexts, 

bioindication helps reveal early warning signs of degradation and supports timely 

environmental decision-making. 

The methodological value of this approach lies in its integrative character. The 

ecological assessment of water bodies becomes more objective when field 
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observations, hydrochemical measurements, hydrobiological sampling, 

taxonomic identification, and index-based analysis are applied in combination. 

Such an interdisciplinary framework ensures that the state of the water body is 

interpreted not as a set of isolated parameters, but as a dynamic ecological system. 

This allows for a more realistic understanding of ecological resilience, 

biodiversity change, and the self-purification potential of aquatic ecosystems. 

The practical implications of the study are considerable for water management, 

fisheries, irrigation planning, conservation policy, and environmental education. 

Biological monitoring can serve as an effective basis for the classification of 

water bodies according to ecological quality, the development of restoration 

strategies, and the implementation of sustainable water resource management. It 

is particularly important for freshwater systems with high economic and social 

significance, where the maintenance of ecological balance is directly linked to 

human well-being and regional development. 

In summary, the study confirms that bioindicator organisms are indispensable 

tools in the ecological assessment and monitoring of water bodies. Their use 

allows for a deeper, more reliable, and more ecologically grounded evaluation of 

aquatic environments than can be achieved through hydrochemical analysis 

alone. Expanding the application of biological monitoring in scientific research 

and environmental practice will contribute to the protection of biodiversity, the 

prevention of ecosystem degradation, and the sustainable use of water resources 

in the long term. 
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