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ABSTRACT

Water resources in the Republic of Karakalpakstan are relatively abundant compared to other regions of
Uzbekistan; however, their efficient use is limited by environmental and hydrological constraints. Amu
Darya River represents the main freshwater source supporting irrigated agriculture and aquaculture
production. Climate change effects in Central Asia are especially evident in the lower reaches of this
river, altering hydrological regimes and affecting the ecological stability of aquatic ecosystems. Under
these conditions, aquaculture has become a strategically important sector contributing to regional food
security and economic development. Currently, more than 130 fish farms operate across approximately
82,300ha, producing nearly 20,000t of marketable fish annually. Algae constitute an essential
component of aquatic ecosystems and play a key role in regulating water quality, trophic conditions, and
biological productivity in aquaculture ponds. Investigation of algal biodiversity, community
composition, and ecological distribution under different environmental conditions provides valuable
information on ecosystem functioning and productivity potential. Application of indicator-saprobic
algae enables a reliable assessment of the ecological and sanitary status of water bodies and serves as an
effective tool for biomonitoring. Analysis of algal communities enables the identification of ecological
changes, the evaluation of anthropogenic influences, and the improvement of aquaculture management
strategies. Comprehensive assessment of algal flora, therefore, provides a scientific basis for water
quality monitoring, enhancement of fish productivity, and the sustainable development of aquaculture
systems in the lower Amu Darya region.

Keywords: Algal biodiversity, Aquaculture ponds, Bioindicator algae, Saprobic index, Water quality
assessment.

Article History (ABR-26-112) || Received: 28-Feb-2026 || Revised: 30-Mar-2026 || Accepted: 05-Apr-2026 || Published Online: 13-Apr-2026

This is an open-access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. INTRODUCTION

Physicochemical parameters and water quality indices are widely used to assess ecological conditions in
aquatic ecosystems influenced by aquaculture. Variations in parameters such as electrical conductivity, nutrients,
and organic pollution indicators reflect the impact of fish farm effluents on water quality and ecosystem stability.
Integrated indices, including NSFWQI and IRWQISC, provide reliable assessments of ecological status and enable
classification of water bodies by pollution levels. Previous studies have shown that spatial differences in these
indices indicate varying degrees of environmental impact associated with aquaculture activities (Pourfaraj et al.,
2024). Assessment of physicochemical and biological parameters is essential for evaluating ecological conditions
and detecting pollution in aquatic ecosystems influenced by anthropogenic activities. Variations in nutrients,
organic matter, and physicochemical indicators can significantly affect aquatic community structure and overall
ecosystem stability. Integrated monitoring using physicochemical variables and biological indices provides reliable
information on environmental quality and supports sustainable water resource management. Previous studies have
shown that water quality and biological communities are strongly influenced by seasonal changes and point-source
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pollution, highlighting the importance of comprehensive ecological assessment (Asadi Sharif et al., 2021).

Aquaculture activities, such as cage culture, can significantly alter water physicochemical properties and affect
the structure of algal and cyanobacterial communities. Changes in nutrient levels, organic matter, and light
availability associated with fish farming can lead to shifts in biodiversity and ecosystem functioning. Integrated
assessment using physicochemical measurements and biological indicators provides essential information for
monitoring ecological impacts and maintaining water quality. Previous studies have demonstrated that aquaculture
effluents can modify algal community composition and productivity, with potential consequences for aquatic
ecosystem health (Baguma et al., 2025). Seasonal and environmental variations can influence aquaculture
production, particularly in cage-culture systems. In Lake Volta, Ghana, water quality remained within suitable
limits for Nile tilapia (Oreochromis niloticus) growth across both dry and wet seasons, resulting in minimal
seasonal differences in growth performance and yield. Economic factors, such as feed and fingerling costs,
accounted for the majority of production expenses, while higher survival rates during the dry season contributed to
increased profitability. These findings highlight that with appropriate management, tilapia cage culture can be
maintained year-round without significant adverse effects on growth, yield, or water quality (Mensah et al., 2018).
Understanding fish assemblage structure is essential for evaluating the ecological impacts of stocking programs and
managing freshwater ecosystems. In Daye Lake, China, ecological stocking led to substantial variation in fish
diversity and biomass across years, with 27 species recorded in 2019 and 24 species in 2020, representing multiple
orders, families, and genera. Such data illustrate how fish community composition responds to management
interventions and environmental conditions, providing critical insights into ecosystem functioning and sustainability
of aquaculture and stocking practices (Xiao et al., 2022).

Assessment of fish diversity is critical for understanding ecosystem health, biodiversity conservation, and
sustainable fisheries management. In Wanlv Lake, China, environmental DNA metabarcoding revealed 83 genera
across 42 families and 17 orders, including rare, endangered, and invasive species. Such comprehensive
biodiversity data provide a scientific basis for monitoring ecological changes, guiding conservation strategies, and
ensuring sustainable use of aquatic resources, particularly in critical water bodies that serve as drinking water
sources (Wu et al., 2024). Accurate assessment of fish communities is essential for biodiversity monitoring and
sustainable fisheries management. In plateau Erhai Lake, China, comparison of environmental DNA (eDNA)
metabarcoding with traditional capture methods revealed that eDNA effectively identifies species but may
underestimate abundance and diversity. While eDNA showed higher detection sensitivity, traditional capture data
were more responsive to environmental factors such as water temperature, aquatic vegetation, and depth. These
findings suggest that combining eDNA with conventional sampling provides a more comprehensive approach to
understanding fish community structure and ecological dynamics (Chen et al., 2024). Harmful algal blooms (HABs)
are a major ecological concern in aquaculture systems, as they can drastically alter algal community structure and
reduce biodiversity. In Lampung Bay, Indonesia, algal diversity indices varied significantly across shrimp farms
and fish cage culture sites, with low values associated with population explosions of Ceratium furca, Noctiluca
scintillans, and Trichodesmium erythraeum. Such shifts in community composition highlight the sensitivity of
aquatic ecosystems to nutrient enrichment and anthropogenic activities, emphasizing the importance of monitoring
algal diversity and uniformity as indicators of ecological health (Hasani et al., 2012).

Microalgae-based “green water” systems have become a cornerstone of global aquaculture due to their critical
role in supporting fish and shrimp growth, enhancing water quality, and maintaining ecosystem stability. In various
aquaculture species, including Hypophthalmichthys molitrix, Oreochromis niloticus, Catla catla, and Litopenaeus
vannamei, microalgae contribute to nutrition and trophic balance, supporting both productivity and sustainability.
Understanding species-specific trophic interactions and biomass contributions is essential for optimizing
aquaculture performance and designing ecologically efficient production systems (Neori, 2011). Plants and
invertebrates play a fundamental role in aquaculture ecosystems, contributing to nutrient cycling, water quality
regulation, and the maintenance of biodiversity. They serve as natural food sources, biofilters, and habitat providers,
supporting the growth and health of cultured species while enhancing ecological sustainability. Incorporating plant
and invertebrate components into aquaculture systems improves productivity, reduces environmental impacts, and
provides a scientific basis for integrated management practices (Escamilla-Montes et al., 2018). Seasonal variations
strongly influence water quality and algal succession in aquaculture systems. In integrated fish ponds, fluctuations
in temperature, dissolved oxygen, pH, alkalinity, and nutrient levels significantly affect algal community dynamics
and ecosystem functioning. Understanding these temporal changes is essential for predicting algal succession,
maintaining water quality, and optimizing fish production in managed aquaculture environments (Wirasith et al.,
2011). Microalgae play a central role in aquaculture pond ecosystems by supporting primary productivity, nutrient
cycling, and overall ecological balance. In experimental carp—pangasius polyculture ponds, microalgal dynamics
were closely linked to physicochemical parameters and seasonal changes, influencing fish growth and pond
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productivity. Understanding these ecological interactions is essential for optimizing polyculture systems, enhancing
biomass production, and maintaining sustainable aquaculture practices (Hossain et al., 2008). Intensive aquaculture
can lead to eutrophication, algal blooms, and fish mortality in poorly flushed coastal areas. In Bolinao, Philippines,
the excessive proliferation of fish pens and cages over a 10-year period led to organic accumulation, elevated
nutrient levels, and a major fish kill in 2002, associated with the dinoflagellate Prorocentrum minimum. These
events highlight the critical need to monitor nutrient loading and manage stocking densities to prevent ecological
deterioration and maintain sustainable aquaculture production (San Diego-McGlone et al., 2008).

Aquaculture and algal farming can significantly influence local fish assemblages by altering habitat structure
and substrate composition. In Kiwengwa and Matemwe, Tanzania, fish communities within cultivated areas
differed markedly from control sites, with strong correlations between substrate characteristics and species
composition. These findings highlight the ecological effects of aquaculture practices on fish biodiversity and
emphasize the need for habitat-based management strategies to mitigate impacts on surrounding aquatic ecosystems
(Bergman et al., 2001). Agricultural and aquaculture practices can profoundly affect the physicochemical
characteristics and overall health of lagoon ecosystems. In the Keta Lagoon Complex, Ghana, significant seasonal
and long-term changes in temperature, salinity, and nutrient levels have been observed, reflecting the cumulative
impacts of anthropogenic activities. Monitoring these environmental parameters is essential for assessing ecosystem
health, managing nutrient loading, and supporting sustainable aquaculture and fisheries practices in coastal lagoons
(Mahu et al., 2023). Seasonal and spatial variations in physicochemical parameters strongly influence fish diversity
in coastal lagoons. In Lagos Lagoon, Nigeria, dissolved oxygen levels were higher during the rainy season (4.44 +
0.43 to 4.73 £ 0.52 mg/L), while pH was elevated in the dry season (7.36 = 0.13 to 8.13 £ 0.12), showing a
significant correlation with salinity (R = 0.7532). Although most parameters remained within national regulatory
limits, variations in total dissolved solids and dissolved oxygen highlight the sensitivity of lagoon ecosystems to
environmental changes, emphasizing the need for continuous monitoring to maintain fish biodiversity and
ecosystem health (Amaeze et al., 2012). Algal community structure is strongly influenced by herbivore biomass and
water quality gradients. In Marovo Lagoon, Solomon Islands, herbivore biomass ranged from 2.17 + 0.9 to 14.8 £
3.0 gm™ across study reefs, while principal component analysis of water quality highlighted co-variation of
dissolved nutrients, total nutrients, and suspended solids. These patterns indicate that nutrient enrichment and
herbivory are key drivers of algal composition, providing insights into ecosystem functioning and the management
of coastal reef habitats (Albert et al., 2008). Coastal lagoon fisheries face multiple ecological and anthropogenic
constraints that limit productivity and sustainability. Factors such as nutrient enrichment, habitat alteration, and
overexploitation interact to influence fish community structure and overall ecosystem health. Understanding these
limitations is essential for developing effective management strategies that balance fisheries production with the
conservation of lagoon biodiversity (Joyeux et al., 1998).

Phytoplankton composition is a key indicator of water quality in aquaculture systems. In Blanakan, West Java,
diatoms dominated fish ponds with an average dominance index of 88.06%, while cyanobacteria were subdominant
(10.54%), resulting in low phytoplankton diversity (0.085-0.877). Similar patterns in intertidal coastal ecosystems
highlight the influence of nutrient enrichment and environmental conditions on community structure, emphasizing
the need for monitoring to maintain ecological balance and sustainable aquaculture productivity (Takarina et al.,
2017). Cyanobacteria dynamics are closely linked to water quality and nutrient status in intensive aquaculture
systems. In Situbondo, East Java, nitrite and dissolved phosphate concentrations in shrimp (Litopenaeus vannamer)
ponds ranged from 0.025-1.322 and 0.013-0.148 mgL™, respectively, generally within Indonesian regulatory
thresholds. Temporal fluctuations in nutrient levels can influence cyanobacterial proliferation, trophic status, and
pond ecological balance, underscoring the importance of continuous monitoring to ensure sustainable and compliant
aquaculture practices (Aliviyanti et al., 2017). Algal communities in aquaculture ponds play a fundamental role in
nutrient cycling, primary productivity, and fish nutrition. In farming systems of African sharptooth catfish (Clarias
gariepinus) and Nile tilapia (Oreochromis niloticus), a total of 73 algal species were identified across multiple
habitats, including ponds, evacuation canals, decantation units, and fish digestive tracts. These taxa spanned six
phyla, with Chlorophyta comprising 43.84% of recorded species, while Miozoa accounted for only 4.11%,
indicating marked taxonomic dominance patterns. Such diversity and distribution reflect environmental conditions
and trophic interactions within aquaculture systems, highlighting the ecological significance of algal assemblages in
sustaining pond productivity and water quality (Santi et al., 2023). Fertilization practices in earthen fish ponds
strongly influence phytoplankton abundance and biomass, which in turn affect water quality and primary
productivity.

In Rasht, Iran, application of granular and liquid fertilizers in fish culture ponds led to significant differences in
chlorophyte, bacillariophyte, and chrysophyte populations, indicating that nutrient enrichment alters phytoplankton
community structure and productivity. Such changes have important implications for the ecological dynamics and
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trophic status of aquaculture systems, as phytoplankton form the basis of food webs and support higher trophic
levels, including fish growth (Tizkar et al., 2017). Comprehensive inventories of algal flora are essential for
evaluating freshwater ecosystem health and sustainability. In reservoirs of southern Kyrgyzstan, algal biodiversity
assessments provided critical baseline data on species composition and ecological status, supporting long-term
monitoring and sustainable water resource management (Alimjanova et al., 2024). Understanding the floristic
composition and ecological characteristics of algal communities is crucial for assessing freshwater ecosystem
functioning and water quality. In various types of reservoirs of the West Zarafshan Ridge (Uzbekistan), detailed
studies of algal flora have provided insights into species distribution, ecological preferences, and environmental
influences. Such information is essential for evaluating trophic status, detecting ecological changes, and supporting
sustainable management of aquatic resources in semi-arid regions subject to hydrological and anthropogenic
pressures (Dustov et al., 2024). Diatom algae are recognized as reliable bioindicators of water quality due to their
sensitivity to environmental gradients and rapid response to changes in physicochemical conditions. In the lower
Zarafshan River, Uzbekistan, diatom communities have been used to assess ecological status and detect water
quality variations, demonstrating their value in aquatic biomonitoring. Such studies underscore the importance of
algal indicators for comprehensive evaluation of freshwater ecosystems and sustainable water resource management
(Barinova & Mamanazarova, 2021).

Bioremediation using vascular aquatic plants has emerged as an effective strategy for improving water quality
in polluted aquatic systems. Recent research has demonstrated that Azolla caroliniana and Lemna minor
significantly alter key water parameters when used in biotechnological treatment, highlighting their potential to
reduce nutrient loads and improve ecological conditions in contaminated waters (Rakhmonov et al., 2026).
Intensive cultivation of vascular aquatic plants in Uzbekistan has demonstrated their potential as sustainable feed
resources for herbivorous fish. Species such as Azolla caroliniana and Lemna minor contribute both to improved
fish nutrition and to enhanced water quality through nutrient uptake, supporting integrated and eco-efficient
aquaculture systems (Rakhmonov et al., 2025). Algae are widely recognized for their bioremediation potential due
to their rapid growth and ability to absorb nutrients and pollutants from wastewater. They play a crucial role in
improving water quality, reducing organic and inorganic contaminants, and supporting sustainable management of
aquatic ecosystems (Prabha, 2012). Trophic state is a key determinant of protist diversity and overall microbial
community composition in freshwater ecosystems. In the tropical New River (Belize), variations in nutrient levels
and trophic conditions were found to drive changes in protist assemblages, highlighting the importance of trophic
dynamics in shaping microbial biodiversity and influencing ecosystem functioning (Barbosa et al., 2022).
Anthropogenic activities profoundly affect littoral biota and the structure of aquatic ecosystems in freshwater
systems. In Lake Kivu (DR Congo), human-driven influences such as nutrient loading, habitat alteration, and
shoreline modification were shown to impact littoral communities, highlighting the sensitivity of near-shore biota to
environmental disturbances and the importance of integrated monitoring for sustainable ecosystem management
(Basima et al., 2006). Freshwater algae are essential bioindicators for assessing water quality because they respond
rapidly to environmental changes and nutrient fluctuations. Their identification and enumeration provide critical
insights into aquatic ecosystem health, supporting both ecological monitoring and sustainable management of
freshwater resources (Bellinger et al., 2015). Cage and pen aquaculture systems are widely employed in freshwater
and coastal environments, but their productivity is inherently linked to environmental carrying capacity.
Overloading these systems can lead to nutrient accumulation, reduced water quality, and ecological disturbances,
emphasizing the need for sustainable management strategies in intensive fish farming (Beveridge, 1984).

Assessment of water quality and identification of pollution sources are fundamental for evaluating the
ecological integrity of freshwater systems. In Bukavu urban rivers of the Lake Kivu basin (DR Congo), water
quality monitoring revealed significant spatial variation linked to anthropogenic inputs, highlighting the impacts of
urban-driven pollution on physicochemical conditions. Such studies underscore the importance of systematic water
quality assessment in understanding environmental pressures, planning sustainable management strategies, and
protecting aquatic biodiversity (Bisimwa et al., 2022). Recent studies highlight the significant role of environmental
and agronomic factors in shaping biological productivity and biochemical composition of organisms. For instance,
Mustanov et al. (2026) demonstrated that sowing time, planting scheme, and microbial inoculants significantly
influence yield and nitrogen fixation in chickpea, emphasizing the importance of external factors in regulating
biological processes. Similarly, Isomov et al. (2026) reported that the chemical and bioactive composition of
Cynara scolymus L. varies with ecological conditions, indicating a strong link between the environment and
metabolite formation (Bobokandov et al., 2024). Moreover, Hamrayeva et al. (2025) found that different light
conditions significantly affect biomass accumulation and dry matter content in Chelidonium majus L., highlighting
the role of light as a key ecological factor. Multivariate statistical approaches are essential for analyzing complex
ecological datasets, particularly in aquatic ecology, where environmental variables and biotic communities interact.
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Tools such as R enable robust numerical analyses, including ordination and correlation techniques, to assess
patterns of biodiversity, community structure, and environmental drivers in freshwater ecosystems (Borcard et al.,
2011). Phytoplankton composition significantly influences primary production and ecosystem functioning in large
tropical lakes. In Lake Kivu, for example, variations in community structure were closely tied to nutrient
availability and trophic gradients, demonstrating that shifts in algal assemblages can affect overall productivity and
biogeochemical processes in freshwater environments (Darchambeau et al., 2014). Environmental perturbations and
anthropogenic disturbances are major drivers of biodiversity patterns in freshwater systems. In Africa’s Lake Kivu,
variations in mollusk communities were strongly linked to both natural environmental changes and human
influences, demonstrating how ecological integrity and species composition respond to multifaceted stressors. Such
findings underscore the need for integrated monitoring of biotic and abiotic factors to understand and manage
biodiversity under changing environmental conditions (Dusabe et al., 2024).

In this context, investigating the taxonomic composition, ecological characteristics, and ecological—sanitary
status of algae in fish farms of the Republic of Karakalpakstan is of considerable scientific and practical
importance. The region, located within the broader Aral Sea basin, is characterized by increasing salinity, water
scarcity, and strong anthropogenic pressure, all of which significantly influence aquatic ecosystems.

Algae serve as sensitive bioindicators of water quality, trophic status, and organic pollution. Therefore, their
taxonomic structure and ecological distribution provide a reliable basis for assessing ecosystem stability and
sanitary conditions in aquaculture systems. Moreover, understanding algal community dynamics is essential for
preventing harmful blooms, ensuring fish health, and supporting sustainable aquaculture development under
environmentally stressed conditions.

2. MATERIALS AND METHODS
2.1. Climate

Due to the vast territory of the Republic of Karakalpakstan, part of it lies within the Central Kazakhstan
province, while the remaining area lies within the Turan Plain province. According to the soil—climatic zoning
scheme, the Khorezm region and the Republic of Karakalpakstan are included in the Lower Amu Darya soil—
climatic district. During the study period (2022-2024), annual precipitation ranged from 44.3 to 165.3 mm. The
rainiest year recorded was 2016, with 165.3mm of precipitation. Most precipitation occurs in spring (about 45%),
while approximately 27% falls in winter. In the studied years, the seasonal distribution of precipitation was
38.4% in spring, 14.9% in winter, 41.5% in autumn, and only 5.3% in summer. In Nukus city, rainfall is almost
absent during summer (Fig. 1). The water resources of Nukus city are mainly associated with canals supplied by
the Amu Darya River.
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2.2. Study Area and Fish Farms
The study was conducted in commercial fish farms located in the districts of Nukus (Nukus Agro-Fish,
Quvanchbek-Gulziba, Jenisbek-Gulshod), Khojayli (Amur-Sazan, Khojayli Fish Industry, Khojayli Fish Farm), and
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Takhiatash (Zamirbek-Takhiatash) (Fig. 2). These fish ponds were established between 2010 and 2020 and are
mainly supplied with water from the Amu Darya River. The pond bottoms are mostly covered with silt. Higher
aquatic plants surrounding the ponds include Holoschoenus vulgaris Link, Bolboschoenus affinis (Roth.) Drob., and
Typha angustifolia L.

2.3. Fish Community Composition

The fish assemblage in the studied ponds is dominated by cyprinids, particularly Ctenopharyngodon idella,
Hypophthalmichthys molitrix, Aristichthys nobilis, and Cyprinus carpio. In addition, freshwater species such as
Silurus glanis and Abramis brama orientalis are also present in these water bodies. Fish identification was
conducted following the morphological keys described by Berg (1949), Nelson (2016) and Sheraliev & Peng
(2021). Diagnostic characteristics, including body proportions, dorsal and anal fin ray counts, scale morphology,
and head structure, were used for species-level identification.

oo w0t vt
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2.4. Sampling Method

During 2022-2024, algological samples (n = 120) were collected seasonally (spring, summer, and autumn)
from the ponds of the above-mentioned fish farms using a route-based sampling method. Seasonal grouping (spring,
summer, and autumn) was used as a factor for statistical analysis to evaluate temporal variability.

2.5. Collection and Preservation of Algae Samples

Standard hydrobiological methods were used to collect, fix, label, and preserve freshwater algal samples.
The collected samples were fixed immediately after collection and stored in labeled containers for further
laboratory analysis.

2.6. Identification and Taxonomic Analysis

Species identification and taxonomic classification of algae were carried out using standard identification
manuals and taxonomic keys. Identification was based on detailed morphological characteristics, including cell
shape and size, colony organization, chloroplast structure, presence of flagella, pigmentation, and reproductive
features observed under light microscopy. Microphotographs and measurements of diagnostic structures were taken
to ensure accurate species-level determination. Taxonomic analysis followed a hierarchical classification system
(division, class, order, family, genus, and species). The identified taxa were compared with descriptions provided in
widely accepted algological floras and monographs. To ensure nomenclatural consistency and current taxonomic
status, species names were verified using the international algal database AlgaeBase (Guiry et al., 2014). In
addition, recent taxonomic revisions and updated classification schemes were considered where applicable. For
each sample, qualitative and quantitative assessments were performed, and taxa were grouped according to their
systematic affiliation. Synonyms and outdated names were cross-checked, and valid names were adopted following
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current taxonomic standards. This approach ensured reliable identification and consistent taxonomic interpretation
of the algal assemblages.

2.7. Samples Analyses

The analysis of algoflora composition and ecological characteristics was performed using both descriptive and
statistical approaches. Species composition was evaluated through qualitative assessment, while quantitative data
were analyzed using descriptive statistics, including mean values and standard deviations. Relative abundance (%)
and frequency of occurrence were calculated to determine dominant and subdominant taxa. Seasonal variations in
algal communities were assessed by grouping samples into spring, summer, and autumn periods. In addition, taxa
were categorized by their ecological preferences and systematic affinities to analyze patterns of community
structure in artificial water bodies.

2.8. Statistical Analysis

Spatial variations of mineralization among sampling points were evaluated using descriptive statistics (mean +
SD) and one-way analysis of variance (ANOVA). To identify statistically significant differences among sampling
sites, a post hoc Tukey’s test was applied (P<0.05). This approach allowed us to determine whether mineralization
levels differed significantly among points within each district and among districts. Additionally, correlation analysis
(Pearson’s r) was used to examine relationships between mineralization and other physicochemical parameters,
such as temperature, pH, and transparency. All statistical analyses were performed using SPSS v.25 All statistical
analyses were performed using SPSS v.25 (IBM Corp, 2017).

3. RESULTS
3.1 Algofloristic Analysis of Fish Farms

A taxonomic analysis of the algoflora of the studied fish farm ponds in Karakalpakstan revealed an uneven
distribution of algal taxa among the water bodies. According to the analysis results, the sequence of fish farms with
relatively rich algoflora is presented in the table (Table 1). According to the data, “Khojayli Fish Industry” ponds
contained 144 algal species, accounting for 60.76% of the total algoflora. These species belong to 6 divisions, 13
classes, 21 orders, 41 families, and 65 genera. The next positions were occupied by “Amur—Sazan” (141 species —
59.49%) and “Nukus Agrofish” (141 species — 59.49%) ponds. They were followed by “Quvanchbek—Gulziba”
with 119 species (50.21%), “Khojayli Fish Farm” with 110 species (46.41%), “Jenisbek—Gulshod” with 92 species
(38.82%), and “Zamirbek—Takhiatash” with 82 species (34.60%) (Table 1).

Table I: Geographic location of fish farms and average physicochemical parameters of pond water in the study area
Fish Farms  District Coordinates Average Physical Parameters of Water Bodies

Temperature (°C) pH  Mineralization (mg/L) Transparency (cm)

Norts East

I Takhiatash  42.344561 59.549551 235+ 1.17 7.5 604.1 +£30.2 20.5 £ 041

2 Khojayli 42.355823 59.564214 24.1 £1.20 73 7975398 16.8 £ 0.84

3 42.360204 59.563464 242+ |.21 70 6475+£323 285+ 14

4 42.381828 59.601331 243 +1.22 7.5 556.0+278 18.6 £0.93

5 Nukus 42492533 59.584860 24.4 % 1.22 7.6 5733+286 283+ 14

6 42.537506 59.579469 23.6+ 1.18 6.8 13170+658 246+ 1.2

7 42.553708 59.592053 238+ 1.19 7.2 642.5 + 32.1 259+ 1.3

Note: Values are presented as mean + SD. Differences were considered significant at P<0.05. | — Zamirbek-Takhiatash; 2 — Khojayli

Fish Industry; 3 — Khojayli Fish Farm; 4 — Amur—Sazan; 5 — Nukus Agrofish; 6 — Quvanchbek—Gulziba; 7 — Jenisbek—Gulshad.

Statistical differences in physicochemical parameters among the three districts (Takhiatash, Khojayli, and
Nukus) were evaluated using one-way ANOVA. Mean values of temperature, pH, mineralization and transparency
were compared among districts. The analysis revealed that water temperature showed no significant differences
among districts (P>0.05), indicating relatively homogeneous thermal conditions. Similarly, pH values did not differ
significantly (P>0.05) across the study area. However, mineralization exhibited notable variation among districts,
with the highest values recorded in the Nukus district, mainly due to elevated mineral content at certain sampling
sites. This parameter showed statistically significant differences (P<0.05). Water transparency also varied among
districts, with higher transparency observed in Nukus compared to Takhiatash and Khojayli, indicating significant
spatial heterogeneity (P<0.05). These results suggest that while temperature and pH remained relatively stable,
mineralization and transparency differed significantly among districts and contributed to spatial variation in
environmental conditions of the studied fish ponds.
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The species diversity of the algoflora in the fish ponds of Karakalpakstan depends on several factors, including
the duration of pond operation, water stagnation level, bottom substrate structure, the degree of macrophyte
coverage along the banks, pond depth, sources of water supply, and ecological characteristics of the water such as
temperature, transparency, mineralization, pH, and the concentration of biogenic nutrients.

A comparative analysis of the species composition of the algoflora in the fish farms studied within the Republic
of Karakalpakstan showed that ponds supplied by the same water source, located in close territorial proximity, and
characterized by similar ecological conditions, also exhibited relatively similar algoflora. In particular, the highest
similarity indices were observed between Amur—Sazan and Nukus Agrofish (0.673), Quvanchbek—Gulziba and
Jenisbek—Gulshad (0.671), and Khojayli and Khojayli Fish Industry (0.668). As noted above, the primary reasons
for this similarity are the common water supply source, close geographical location, and similarity of environmental
factors influencing the formation of algoflora (Fig. 3). Among the studied fish farms, the algoflora of Zamirbek—
Takhiatash fish farm ponds differed significantly from that of the other ponds. These ponds are mainly supplied
with water discharged from the cooling canal of the Takhiatash Thermal Power Plant (TPP). Therefore, the canal
water is extremely poor in algal diversity. The algoflora of the ponds fed by this canal is largely formed by algae
entering from surrounding small ditches, drainage channels, and soil-associated algae.

- " w0 r~ o — " 3.2. Ecological Analysis of Algal Flora

In Karakalpakstan, where the study was
conducted, plays an important role in thinking about
the overall algal flora and understanding the formation
0.500 characteristics by analyzing the ecological
characteristics of the species in it. During our
research, we analyzed several important ecological
characteristics of the algal flora in the fish ponds
studied. In this regard, it is important to study the
0.7504 relationship of algae to water salinity and temperature,
indicator-saprobic characteristics, and pH.

0.9759

0.6254

.5'; 06754 The algal flora of the middle reaches of the
£ Zarafshan River was studied by who reported that
v water mineralization at the initial observation points
0.600 of the river ranged between 300-305mg/L, while in
the middle reaches it increased to 500-530 mg/L, and

0525+ in the lower reaches it reached 900-1030 mg/L. These
results indicate that the river water gradually changes

0450 from freshwater to slightly brackish conditions. Such

changes are mainly associated with the influence of
irrigation canals, collector—drainage waters, as well as
0375+ domestic and  industrial wastewater, = which
significantly affect the composition and distribution of
algal flora. Similar ecological situations were also

Fig. 3: Fish farms: | — Khojayli; 2 — Khojaly Fish Industry; 3 —  observed in several rivers of Central Asia, including
Zamirbek — Takhia tash; 4 — Amur —Sazan; 5 — Nukus Agrofish;  the Chirchik, Akbura, and Ahangaran rivers
6 — Quvanchbek — Gulziba; 7 — Jenisbek — Gulshad. (Solovyev et al., 2016; Ergasheva, 2017).

The analyses showed that, depending on the
degree of soaking, 16 species were mesogalobes, 27 species were halophobes, 39 species were halophiles, 8 species
were oligohalobes, and 114 species were indifferent. The halophilic and mesoglobic rounds of diatoms that
characterize Suwning Shorlanish are flat. Individual species have a wide range of habitats, adapted to living in
water bodies of all types.

Halophiles: Gloeocapsa minima, Oscillatoria limosa (blue-green), Cryptomonas erosa, Glenodinium
quadridens (dinophyte), Fragilaria crotonensis, Diatoma elongatum (diatom), Pediastrum minimum, Qocystis
lacustris (green), mesohalobs: Surirella dydima, Amphora coffeaformis, (diatom), oligohalobs: Scenedesmus
quadricauda, Chlamydomonas reinhardii (green), Gomphonema lanceolatum, (diatom), Peridinium aciculiferum,
Cryptomonas reflexa (dinophyte), Aphanizomenon gracile, Merismopedia minima (green) are examples.

Due to the fact that fish ponds are saturated with water from rivers, canals and other water sources, their low
water exchange rate, and their relatively small volume, halophilic and halophobic species are more widespread.
Indifferent species are of particular importance because they are distributed in all types of water bodies. It was
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found that halophilic and halophobic species significantly dominate the algal flora of fish ponds in Nukus and
Khojaly districts. This is due to the fact that these ponds are saturated mainly with water from sewage and sewage
discharges from agricultural crops.

The number of species in the algal flora of the studied fishery ponds initially increased slightly due to increased
mineralization (Fig. 4). The increase in water mineralization gradually affected the number of species. However, the
dynamics of this change is not significant. The main reason for this is the high proportion of euryhaline species
distributed in the water bodies of the studied area.

Mineralization levels across the studied ponds showed significant spatial variation. Descriptive statistics
indicated that values ranged from 556.0 to 1317.0 mg/L, with the highest mineralization observed at certain
sampling points in the Nukus district (Table 1). One-way ANOVA revealed no statistically significant differences
in mineralization among districts (F(2,4) = 0.36; P>0.05). Post hoc Tukey’s test indicated that mineralization in the
Nukus district tended to be higher than in the East district (Takhiatash + Khojayli), while no significant differences
were observed among sites within the East district.

. A regression analysis was performed to
examine the relationship between water salinity
(water_salt) and mineralization levels across all
sampling points (Fig. 4). The scatter plot showed a
positive trend, with fitted regression lines indicating
. that mineralization tended to increase with
increasing salinity. However, variability at lower
salinity levels suggested localized environmental
. influences. Pearson’s correlation confirmed a
moderate positive correlation between water salinity
and mineralization (r = 0.62, P<0.05), supporting
- I—— the observed spatial pattern. Overall, these analyses
e  general type . Eitted valuss demonstrate that mineralization is highly variable
Fitted values among sampling sites and districts, and that water
salinity is an important factor influencing its
distribution in artificial water bodies. Another
important hydroecological characteristic of water
bodies is the hydrogen ion content of water. — pH is
calculated. During the research, the pH
characteristics of water bodies were determined, and it was found that in the Amur-Sazan Khojaly fish ponds in
different seasons, the average is 7.2-7.9; in the Zamirbek-Tahiatash fish ponds, 7.0-8.0; in the Khojaly Fish Art fish
ponds, 7.8-8.0; in the Nukus AgroFish fish ponds, 7.2-8.0; in the Khojaly fish ponds, 6.9-7.2; in the Kuvanchbek-
Gulziba fish ponds of the Nukus district, 6.5-7.2; in the Zhenisbek-Gulshad fish ponds of the Nukus district, 7.0-7.5.

According to the analysis, in the studied water bodies, alkaliphilic species (88 species) were more numerous
than acidophilic species (24 species), and 95 species were indifferent. Diatoms clearly dominated. This can be
explained by their direct relationship to their morphological and ecological characteristics. This shows that the
water in fish ponds is alkaline. This is a favorable environment for fish growth and development.

Alkaliphilic species: Merismopedia minima, Anabaena schremetieve, Peridinium invisible, Melosira
varians, Rhizosolenia longiseta, Gyrosigma attenuatum, Cocconeis placentula, Euglena caudata, Tetraldron the
smallest, Tetraldron incus, acidophilus: Hapalosiphon fontinalis, Ceratium swallow, Mallomans punctifera,
Synedra tenera, Tabellaria flocculosa, Stauronians hesitated, pinnularia diverge, solitary oocysts, Your doubt
kabilarni can be taken as examples.

Water temperature is one of the main factors in the development of algae in water bodies. Previous studies
have shown that increases in water temperature above the norm lead to rapid growth of some blue-green and
green algae, which have a detrimental effect on fish (Alimjanova et al., 2019). Similar phenomena can also be
observed in the works of researchers who have studied the algal flora of some reservoirs in our republic
(Erolova, 2009; Ergasheva et al., 2017).

Algal observations were conducted in the studied water bodies during spring, summer, and autumn. Given that
most fish ponds dry up during the winter months, samples were not collected during this season.

According to the analysis, there were 213 eurytherm species, accounting for 89.87% of the total algal flora, and
24 stenotherm species, accounting for 10.13%. Analysis of the distribution by sections showed that among
stenotherm species, diatoms (5 species, 20.83%) clearly dominated, followed by green algae (19 species, 79.17%).
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Fig. 4: Effect of water mineralization on the number dynamics of
algoflora species.
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Among eurytherms, diatoms (121 species, 56.81%) dominated, followed by blue-green algae (45 species, 21.13%),
green algae (27 species, 12.68%), and dinophytes (9 species, 4.23%).

In fish ponds, diatoms develop well in autumn or early spring. The almost constant water temperature from
mid-spring to the second half of autumn ensures the stable development of blue-green and green algae.
Therefore, diatoms, which are considered stenothermal species, cannot consistently lead in terms of species
richness in fish ponds. The ratio shows that the difference between them is not very large. This is due to the
significant differences in the hydrothermal conditions of the water bodies studied, soil characteristics, and
saturation by different water sources.

The initial increase in temperature also affects the number of species. However, exceeding the optimum
temperature leads to a decrease in species. That is, when the water temperature was 22.5°C, the number of
species was 144. An increase in temperature above 25°C, in turn, provided a significant decrease in the number
of species (Fig. 5).

8 Water clarity is an important ecological factor in
the development of algae (Alimzhanova &
Shayimkulova, 2008; Eshmurodova, 2010;
Tashpulatov, 2018; Boboev, 2018; Dustov et al., 2024).
In algofloristic studies conducted to date, data have
been presented on the significant impact of water
clarity on algal flora formation.

The decrease in tranquility led to a significant
reduction in the number of algal species, and later, an
increase in tranquility had a positive effect on the number

16 18 20 22 24 of species (Fig. 6).
temperature p ( g )

e  general type Fitted values . .
Fitted values 3.3. Assessment of the Ecological and Sanitary

Condition of Fishing Ponds by Indicator-saprobic
Fig. 5: The inflience of water temperature on the Species in Algoflora
dynamics of the number of species in the algal flora. The analysis of indicator-saprobic species in the algal
flora of fishery ponds and their assessment of the
ecological and sanitary state of water have been conducted
relatively rarely. Boboev (2018), who studied the algal
flora of fishery ponds in southern Tajikistan, recorded 245
species. He explains the roles of several ecological factors
in shaping the algal flora of fishery ponds in this region.
At the same time, he cites an analysis of indicator-
saprobic species in these fishery ponds.
However, the above-mentioned sources did not
analyze the occurrence of indicator-saprobic species in the
* algal flora of the fishery ponds, their saprobic indices, and
18 19 ) 20 21 water pollution levels and pollution classes. Tashpulatov
waterolarty __— (2018) studied the algal flora of the middle reaches of the
e  general type Fitted values R N .
Fitted values Zarafshan River, separately analyzed indicator-saprobic
species in the river algal flora and noted that the
ecological and sanitary state of the river changes
seasonally and along the course. Similar studies have
assessed the ecological state of artificial and natural water
bodies by analyzing quantitative and qualitative indicators
of indicator-saprobic species in the algal flora of various basins of the Western Zarafshan Range (Dustov et al.,
2024). Dustov et al. (2024) studied the indicator-saprobe species in the algoflora of Khadija Lake, located in the
Bukhara Region, as a separate group, and studied the ecological-sanitary condition of the lake in the seasonal and
annual years. In addition, he developed a cadastre of indicator-saprobic species (Kobulova et al., 2023). A separate
analysis of indicator-saprobe species studied during our research was carried out across the cross-sections of fish
farm ponds and across seasons. These studies are significant because they were carried out for the first time not
only in this region, but also on the scale of the Republic.
The algal flora of the fish ponds in the area where we conducted the study also includes indicator-saprobic
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Fig. 6: Effects of water clarity on the number dynamics of
algoflora species.
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species formed under the influence of the Amu Darya River. A total of 173 indicator-saprobic species were
identified in the algal flora of the fishery ponds of the Republic of Karakalpakstan, accounting for 73% of the total
algal diversity. Among them, 66 species belonged to oligosaprobic, 66 species to beta-mesosaprobic, 83 species to
xenosaprobic, 12 species to alpha-mesosaprobic, and 1 species to polysaprobic groups (Table 2).

Oligosaprobic species included Gloeocapsa turgida, Gloeotrichia echinulata, Peridinium inconspicuum,
Ceratium hirundinella, Stephanodiscus bodanica, Rhizosolenia sp., Ankistrodesmus closterioides, and Closterium
gracile. Xenosaprobic species included Denticula tenuis, Aulacoseira alpigena, Ceratoneis arcus, Eunotia lunaris,
and Cymbella helvetica. Beta-mesosaprobic species included Microcystis flos-aquae, Gomphosphaeria aponina,
Glenodinium quadridens, Melosira varians, Aulacoseira granulata, Synedra capitata, Trachelomonas verrucosa,
Phacus orbicularis, Pediastrum duplex, and Cladophora glomerata. Alpha-mesosaprobic species comprised
Oscillatoria limosa, Anabaena verrucosa, Navicula rhynchocephala, Navicula viridula, Nitzschia hungarica, and
Chlamydomonas reinhardtii, while Trachelomonas caudata was recorded as a polysaprobic species.

Table 2: Taxonomic composition of the algoflora of fish farm ponds

Water Bodies Division Class Order Family Genus Number of Species (n) Percentage (%)
Khojayli Fish Industry 6 13 21 41 65 144 60.76
Amur—Sazan 6 12 19 42 64 141 59.49
Nukus Agrofish 6 13 21 43 69 141 59.49
Quvanchbek-Gulziba 6 I 17 36 6l 119 50.21
Khojayli Fish Farm 6 12 19 39 56 110 46.41
Jenisbek—Gulshod 6 I 17 37 53 92 38.82
Zamirbek—Takhiatash 6 8 16 32 48 82 34.60

The distribution of indicator-saprobic groups shows that xenosaprobic and oligosaprobic species dominate the
algoflora, indicating relatively clean water conditions with low organic pollution. The presence of beta-
mesosaprobic species suggests moderate organic enrichment typical for fish ponds receiving nutrient inputs. Alpha-
mesosaprobic and polysaprobic species were recorded in small numbers, which indicates that heavily polluted
conditions were rare. Overall, the composition of indicator-saprobic species reflects moderately clean water with
slight organic loading.

According to the analysis of the research results, the average saprobic index of the water in the Khojaly fishery
ponds was 1.60 in spring, increased to 1.78 in summer, and decreased slightly to 1.76 by autumn. The water class
(3), category (3a-sufficiently clean), and saprobic zone indicators (B ' -mesosaprob) did not change in all seasons.
These results show that the deterioration of the ecological and sanitary condition of the Khojaly fishery ponds
increases significantly from spring to summer, and although it decreases slightly by autumn, it remains stable
throughout the year according to general indicators (Table 3).

The average saprobic index of the water of the Khojaly fish farm ponds was 1.70 in spring, increased to 1.98 in
summer and decreased slightly to 1.65 in autumn. The water class (3), category (3a-sufficiently clean) and saprobic
zone indicators (f1-mesosaprob) did not change in all seasons. These results show that the deterioration of the
ecological and sanitary conditions of the Khojaly fish farm ponds increases significantly from spring to summer,
and although it decreased slightly in autumn, it remained stable throughout the year according to general indicators.

The average saprobic index of the water in the Zamirbek-Takhiatash fish farm ponds was 1.40 in spring,
summer, and autumn. The water class (2), discharge (2b cleaner), and saprobic zone indicators (a-oligosaprobic)
did not change in all seasons. These results show that the deterioration of the ecological and sanitary condition of
the Zamirbek-Takhiatash fish farm ponds was the same in spring, summer, and autumn, but according to general
indicators, it remained moderate throughout the year.

The average saprobic index of the water in the Amur carp Khojaly fishery ponds was 1.60 in spring, increased
to 2.00 in summer, and decreased slightly to 1.67 by autumn. The water class (3), category (3a-sufficiently clean),
and saprobic zone indicators ( B ! -mesosaprob) did not change in all seasons. These results show that the
deterioration of the ecological and sanitary condition of the Amur carp Khojaly fishery ponds increases significantly
from spring to summer, and although it slightly decreases by autumn, it remains stable throughout the year
according to general indicators.

The average saprobic index of the water of the Nukus agroFish fish farm ponds was 1.61 in spring, increased to
1.75 in summer, and increased again to 1.76 in autumn. The water class (3), category (3a-sufficiently clean), and
saprobic zone indicators (B'-mesosaprob) did not change across all seasons. These results show that the
deterioration of the ecological and sanitary conditions of the Nukus agroFish fish farm ponds increases significantly
from spring to summer, and although it increased slightly in autumn, it remained stable throughout the year in terms
of general indicators.
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Table 3: Ecological-sanitary condition of the studied fisheries ponds

Indicators Spring Summer Autumn
The owner
Average saprobity index 1.6 1.78 1.76
Water quality class 3 3 3
discharge 3a 3a 3a

Saprobic zone
Farmed fish industry
Average saprobity index
ater quality class
discharge
Saprobic zone
Zamirbek — Takhiatash

B ' - mesosaprobe

1.70

3

3a

B ' - mesosaprobe

B ! - mesosaprobe

1.98

3

3a

B ! - mesosaprobe

B ! - mesosaprobe

1.65

3

3a

B ! - mesosaprobe

Average saprobity index 1.40 1.40 1.40
Water quality class 2 2 2
discharge 2p 2p 2p
Saprobic zone a- oligosaprobe a- oligosaprobe a- oligosaprobe
Amur carp
Average saprobity index 1.60 2.00 1.67
Water quality class 3 3 3
discharge 3a 3a 3a
Saprobic zone B ! - mesosaprobe B ! - mesosaprobe B ' - mesosaprobe
Nukus AgroFish
Average saprobity index 1.61 1.75 1.76
Water quality class 3 3 3
discharge 3a 3a 3a

Saprobic zone
Kuvanchbek — Gulziba
Average saprobity index
Water quality class
discharge
Saprobic zone
Jenisbek-Gulshad

B ! - mesosaprobe

1.62

3

3a

B ! - mesosaprobe

B ! - mesosaprobe

1.81

3

3a

B ! - mesosaprobe

B ! - mesosaprobe

1.65

3

3a

B ! - mesosaprobe

Average saprobity index 1.67 1.77 1.73
Water quality class 3a 3a 3a

discharge B ! - mesosaprobe B ! - mesosaprobe B ! - mezosaprob
Saprob zone 3a 3a 3a

In the table, letters and codes represent saprobity and ecological categories. Discharge values mostly show the letter ‘3a’,
indicating mesosaprobic conditions, while the water quality class sometimes varies between ‘2’ and ‘3’, depending on the
site and season.

The average saprobic index of the water of the Kuvanchbek-Gulziba fish farm ponds of the Nukus district was
1.62 in spring, increased to 1.81 in summer, and by autumn it slightly decreased to 1.65. The water class (3),
category (3a-sufficiently clean) and saprobic zone indicators (B'-mesosaprob) did not change in all seasons. These
results show that the deterioration of the ecological and sanitary condition of the Kuvanchbek-Gulziba fish farm
ponds of the Nukus district increases significantly from spring to summer, and although it slightly decreases by
autumn, it remains stable throughout the year according to general indicators.

The average saprobic index of the water of the Zhenisbek-Gulshad fish farm ponds in the Nukus district was
1.67 in spring, increased to 1.77 in summer, and decreased slightly to 1.73 in autumn. The water class (3), category
(3a-sufficiently clean), and saprobic zone indicators (B'-mesosaprob) did not change in all seasons. These results
show that the deterioration of the ecological and sanitary condition of the Zhenisbek-Gulshad fish farm ponds in the
Nukus district increases significantly from spring to summer, and although it decreased slightly in autumn, it
remained stable throughout the year according to general indicators.

4. DISCUSSION

The present study demonstrates that the structure and ecological characteristics of algal communities in fish
farm ponds of the Republic of Karakalpakstan are strongly influenced by hydrochemical conditions, nutrient
dynamics, and environmental stressors. Specifically, we observed that algal taxonomic richness and distribution
patterns varied among ponds with different water sources, mineralization levels, and ecological traits. Such findings
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are consistent with recent research demonstrating that physico-chemical factors play a critical role in shaping
phytoplankton community structure in aquaculture systems. For instance, optimized ecological pond management
practices, such as maintaining suitable water depth and nutrient balance, have been shown to increase
phytoplankton diversity and suppress harmful blooms in aquaculture environments, indicating that environmental
manipulation can mitigate negative impacts of eutrophication in pond ecosystems (Amorim et al., 2021;
Tekebayeva et al., 2024). The relationship between nutrient load and algal community responses observed in
Karakalpakstan aligns with broader evidence that aquaculture effluents accumulate nitrogen and phosphorus
compounds, which in turn drive changes in algal composition and water quality. In controlled experiments,
microalgal treatments have been shown to significantly reduce ammonium, nitrate, and phosphate concentrations in
fish culture water, thereby improving water conditions and highlighting the potential of algae in nutrient
remediation strategies (Farrag et al., 2024). This supports our observation that variations in water chemistry -
particularly salinity and nutrient profiles - corresponded to differences in algal diversity and ecological status
among ponds. Our findings further highlight that monitoring algal biomarkers provides valuable insights into water
quality dynamics. The use of specific algal physiological indicators has been demonstrated as an effective tool for
assessing ecological conditions in freshwater aquaculture, facilitating early detection of deteriorating water quality
and enabling adaptive management (Jin & Pan, 2024). Similarly, recent advances in high-resolution monitoring
technologies - such as multispectral imaging - have been shown to accurately map chlorophyll-a and turbidity
across aquaculture ponds, reinforcing the importance of advanced monitoring in managing ecological stability and
algal population responses (Liu et al., 2024). In addition to nutrient and physico-chemical influences, biotic
interactions and ecosystem processes contribute to the observed algal community patterns. Studies on fish ponds
employing biomanipulation approaches - such as modifying fish stocking strategies to influence food webs - reveal
consequential effects on phytoplankton assemblages and water quality (Zhang et al., 2024). These findings
highlight the interconnected nature of biological and environmental drivers in determining algal diversity,
emphasizing that pond management should consider both trophic interactions and abiotic conditions. Recent
reviews of aquaculture water quality also underscore the importance of innovative nutrient management techniques,
including the use of microalgae or algae-bacterial consortia to enhance nutrient removal from culture water. Such
approaches not only reduce eutrophication pressures but also offer sustainable alternatives to traditional water
treatment methods, aligning with broader goals of sustainable aquaculture development (Raza et al., 2025).
Comparative research in aquaculture systems across diverse regions has similarly demonstrated that environmental
heterogeneity - particularly variations in salinity, pH, and nutrient concentrations - drives shifts in algal community
structure and ecological function. This is evident in the observed dominance of certain taxa under specific
conditions, which often serve as bioindicators of water quality. For example, research on open-water reservoirs has
documented the prevalence of Chlorophyta, Bacillariophyta, and Cyanophyta in relation to physico-chemical
gradients, reinforcing the idea that algal composition responds sensitively to environmental changes (Jumaeva,
2025). Overall, the integration of physico-chemical monitoring, ecological assessment, and algal bioindicators
provides a robust framework for understanding and managing algal communities in aquaculture ponds. These
approaches contribute both to ecological theory and practical strategies for enhancing water quality and
sustainability in fish farms. The results of this study - considered in light of recent advances in international
research - underscore the necessity of holistic water quality management practices that account for multiple
interacting drivers of algal community dynamics.

5. CONCLUSION

The biological diversity of algal flora in Karakalpakstan's fishing ponds depends on a number of factors,
including the stability of the pond water, soil structure, the degree of coverage of higher plants on the shores, the
depth of the ponds, the sources of saturation, and the ecological characteristics of the water: temperature, clarity,
mineralization, pH, amount of nutrients). The ponds' saturation from a single source, their territorial proximity, and
the similarity of factors affecting algal flora formation have led to a high degree of similarity in the algal flora. It
was found that the formation of algal flora in the studied fish ponds is largely dependent on water temperature,
mineralization level, and water clarity. Changes in water temperature, mineralization, and clarity levels in the
formation of algal flora in the fish ponds of the Republic of Karakalpakstan also affect the number of species in the
algal flora. As a result of the analysis, the optimal and minimum limits for the number of species in the algal flora
of the ponds, as well as the normative indicators of these environmental factors that directly affect it, were
determined. Scientists have recognized that these normative indicators vary in different water basins in different
regions (Alimzhanova, 2008; Tashpulatov, 2018; Dustov, 2024).

According to the results of determining and analyzing the levels of indicator-saprobic species in the algoflora
of the studied fishing ponds, according to the ecological-sanitary quality of the water of the ponds, i.e., Zamirbek-
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Takhiatosh fishery. It was found that the fish farm ponds had a relatively higher saprobic index (average saprobic
index — 2; saprobic zone — a-oligosaprobic). This did not change much in the spring-summer-autumn seasons. In the
ponds of all other fish farms, the average saprobic index was found to be — 3; saprobic zone — B!-mesosaprobic.
These indicators were also preserved in these ponds throughout the year. This is explained by the fact that the fish
farms are moderately supplied with a single water source throughout the year. The saprobic index increased in all
fish farms from spring (1.60) to summer (1.78) and decreased again in autumn (1.66). This is explained by the high
numbers and masses of fish in the ponds in the summer, intensive fish feeding, and relatively high organic matter
input from water sources that feed the ponds. This is rarely observed in fish ponds in other regions of Uzbekistan
(Kobulova, 2023).
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