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Abstract.
The water resources of the Republic of Karakalpakstan are relatively more abundant compared to other regions of Uzbekistan; however, there are various natural constraints related to water use. The largest water source in the region is the Amu Darya River. Its water is widely used for irrigating agricultural lands and for aquaculture purposes. The intensification of climate change in Central Asia is particularly evident in the lower reaches of the Amu Darya. Aquaculture is well developed in the Republic of Karakalpakstan and has become one of the key economic sectors supplying the population with fish products. Currently, more than 130 fish farms operating on an area of 82,300 hectares produce about 20,000 tons of marketable fish annually.The study of algal biodiversity in fish farm ponds, the trends in the formation of algal flora under different ecological conditions, and the assessment of the ecological–sanitary status of water through the use of indicator-saprobic algae make it possible to monitor fish productivity, evaluate water quality, and assess environmental impacts.
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Introductions. Bioindicators and statistical methods revealed that sections of the river around the city of Samarkand and further in the middle reaches reflect the complexity of the impact of the environment on diatom communities. The indices of organic pollution, S, and toxic impact, WESI, were calculated. They show that there is an increase in salinity and turbidity and a decrease in organic pollution downriver. At the same time, the Navoi section is a source of water acidification. Nutrients and heavy metals, as well as phenol pollution, enter the river from various sources, mainly in the middle reaches of the river (Mamanazarova et al., 2024).  Olyokma Nature Reserve, where we conducted our research, is in Eastern Siberia in the middle taiga zone in an area characterized by continuous permafrost. This is the only protected area in the region with a complete reserve regime, where there is no human activity. Here, we studied 14 different types of water bodies located along the Olyokma River valley, 13 of which were studied for the first time (Barinova et al. 2025). 2022 and 2023 at a depth of 0.1 to 1 m at temperatures from 3.7 to 29 and salinity from 13.6 to 15.6 psu on the following 11 species of macroalgae: Phaeophyta of Ericaria crinita, Gongolaria barbata, and Cladosiphon mediterraneus; Chlorophyta Bryopsis hypnoides, Cladophora liniformis, Ulva intestinalis, and Ulva linza; and Rhodophyta Callithamnion corymbosum, Ceramium arborescens, Polysiphonia denudata, and Pyropia leucosticte. On macroalgae were found of 80% benthic diatoms, 50% marine species, 36% brackish-marine, 9% freshwater, 5% brackish, and 36% cosmopolites (Bondarenko et al., 2024). Integrated rice field aquaculture, a practice normally used by rural small-scale farmers, is not only supporting farms and livelihoods but is also reducing poverty and is playing a more and more important role in China. It is also becoming one of the main freshwater aquaculture systems, in addition to ponds, lakes, reservoirs, streams, and other aquaculture systems. During the past 40 years, both the production and areas of integrated rice field aquaculture in China have significantly increased from 0.13 million t and 0.74 million ha in 1990 to 3.25 million t and 2.56 million ha in 2020, respectively. Advances in ecology research on integrated rice–fish aquaculture were one of the main contributors to this achievement. In this paper, we systematically reviewed the advances in ecology research on three major integrated rice field aquaculture systems in China, namely rice–fish, rice–crab, and rice–crayfish coculture systems, the contribution of the research, and future prospects (Yuan et al., 2022). Southeast Asia’s coastal ecosystems are under enormous pressure from a broad range of processes, including over-fishing and a growth in aquaculture, offshore oil and gas, the development of coastal tourist resorts and the extensive mining of coastal sand. These processes both impact and contribute towards the region’s economic transition. As populations and investment in coastal regions have grown over the past 25 years, so too have claims over land and biotic resources as new, often global, industries have sought access to and control over fish production through both fisheries and aquaculture. For many Southeast Asian coastal dwellers relying on fish and other living aquatic resources for their livelihoods, these new relations of production and patterns of ownership have proven exclusive and inequitable (Bush et al., 2016). Aquaculture has a highly promising role in producing fish biomass and fulfilling nutrient requirement for the growing population on the Earth. Worldwide, there exists several substrate-based fish production practices of which Acadja, Athkotu, Samarah, Phum, Aji gnuii assonii, Xeng fishery are popular. These substrate-based fisheries reported higher fish productivity than conventional supplemental feed-based aquaculture. Herbivorous fish, in general, have natural tendency to graze on periphyton ensuring maximum accessibility to resources or acquire enhanced growth in a periphyton fed environment. In waterlogged rice fields with rice stem as substrate, common carp (Cyprinus carpio L.) fishery has been a great success among agro-farmers of Apatani Plateau in north-eastern India. The practice achieves 30% more economic return per annum rice only cultivation (Saikia et al., 2015). Ecological Aquaculture is an essential purchase for all aquaculture personnel involved in commercial, practical and research capacities. Libraries in research establishments and universities where aquaculture, biological, environmental and aquatic sciences are studied and taught should have copies of this book available on their shelves (Costa-Pierce et al.,2002). In addition, we identify which journals published more papers regarding the subject. Our analysis was conducted by assessing studies indexed on the ISI Web of Science database. We detected a lack of data concerning several aspects of the feeding of fish, such as: threatened species; freshwater habitats especially within the Neotropical, Ethiopian and Oriental realms; species rich developing countries; and, when considering marine fish, the Eastern Indo-Pacific region (Braga st al., 2012). Aquaculture is one of the fastest growing industries in the world. The need for enhanced disease resistance, feed efficiency, and growth performance of cultured organisms is substantial for various sectors of this industry. If growth performance and feed efficiency are increased in commercial aquaculture, then the costs of production are likely to be reduced. Also if more fish are able to resist disease and survive until they are of marketable size, the subsequent cost of medication and overall production costs would be reduced drastically (Burr et al., 2005). Detrimental host–pathogen interactions are a normal phenomenon in aquaculture animal production, and have been counteracted by prophylactic use of antibiotics. Especially, the youngest life stages of cultivated aquatic animals are susceptible to pathogen invasion, resulting in disease and mortality. To establish a more sustainable aquatic food production, there is a need for new microbial management strategies that focus on ‘join them’ and not the traditional ‘beat them’ approaches. We argue that ecological theory could serve as a foundation for developing sustainable microbial management methods that prevent pathogenic disease in larviculture. Management of the water microbiota in aquaculture systems according to ecological selection principles has been shown to decrease opportunistic pathogen pressure and to result in an improved performance of the cultured animals (De Schryver et al., 2014) Aquaculture is one of the fastest growing industries in the world. The need for enhanced disease resistance, feed efficiency, and growth performance of cultured organisms is substantial for various sectors of this industry. If growth performance and feed efficiency are increased in commercial aquaculture, then the costs of production are likely to be reduced. Also if more fish are able to resist disease and survive until they are of marketable size, the subsequent cost of medication and overall production costs would be reduced drastically. It has been documented in a number of food animals that gastrointestinal microbiota play important roles in affecting the nutrition and health of the host organism. Thus, various means of altering the intestinal microbiota to achieve favorable effects such as enhancing growth, digestion, immunity, and disease resistance of the host organism have been investigated in various terrestrial livestock as well as in humans (Burr et al., 2005).
Fishermen all reported significant environmental degradation around aquaculture sites. Within 2 years of an operation being established, fishermen reported that gravid female lobsters as well as herring avoid the area, scallop and sea urchin shells become brittle, scallop meat and sea urchin roe becomes discolored. The use of chemicals to control sea lice on farmed salmon has also caused lobster, crab and shrimp kills. These and other concerns suggest that more comprehensive and detailed studies are required to establish the environmental and economic interactions of aquaculture and the inshore fishery, as well as on the stocks on which that fishery rely (Wiber et al., 2012).  World aquaculture is the fastest growing food-producing sector in the world. Globally, aquaculture is expanding into new directions, intensifying and diversifying. With increasing demand for environment friendly aquaculture, the use of alternatives of antibiotic growth promoters in fish nutrition is now widely accepted. Science-based knowledge on probiotics and prebiotics has increased in recent years. No doubt exist that in the last decade we have greatly expanded our knowledge about pro- and prebiotics as important functional ingredients in finfish aquaculture. They have numerous beneficial effects: improved activity of gastro-intestinal microbiota and enhanced immune status, disease resistance, survival, feed utilization and growth performance (Denev et al., 2009). This article presents findings from a series of workshops bringing international aquaculture scholars together from the natural and social sciences to examine and compare social-ecological challenges facing aquaculture development in five nations: Canada, the Faroe Islands, Iceland, Norway, and Sweden. This multinational comparison provides unique insights into common and particular challenges in aquaculture governance – a dimension that is missing in current literature about the industry. A political ecology framework from the environmental social sciences is used to examine how natural and human phenomena interact to shape these challenges and frame the conflicts that often result (Young et al., 2019). Many people believe that such growth relieves pressure on ocean fisheries, but the opposite is true for some types of aquaculture. Farming carnivorous species requires large inputs of wild fish for feed. Some aquaculture systems also reduce wild fish supplies through habitat modification, wild seedstock collection and other ecological impacts. On balance, global aquaculture production still adds to world fish supplies; however, if the growing aquaculture industry is to sustain its contribution to world fish supplies, it must reduce wild fish inputs in feed and adopt more ecologically sound management practices (Naylor et al., 2000). Offshore aquaculture installations have been drawing increasing attention from researchers, industry and policy makers as a promising opportunity for large-scale expansion of the aquaculture industry. Simultaneously, there has also been increased interest in both land-based and nearshore aquaculture systems which combine fed aquaculture species (e.g. finfish), with inorganic extractive aquaculture species (e.g. seaweeds) and organic extractive species (e.g. suspension- and deposit-feeders) cultivated in proximity. Such systems, described as integrated multi-trophic aquaculture (IMTA), should increase significantly the sustainability of aquaculture, based on a number of potential economic, societal and environmental benefits, including the recycling of waste nutrients from higher trophic-level species into production of lower trophic-level crops of commercial value (Troell et al.,2009). In addition, since 36% of landings from fisheries are used for the production of fishmeal and fish oil, which are essential feed elements for many aquaculture species, another source of interaction is at the level of the aqua feed market. The relevance of the interactions between the two sectors is becoming more evident as the process of transition from fishing to farming has reached a pivotal point, with almost 50% of the fish food supply now coming from aquaculture. The analyses on aquaculture and fisheries interactions often result in diverging views. This paper reviews the main positions in the recent scientific literature, structuring the discussion along the following themes: food market interactions; comparison of resources use by means of Life Cycle Assessment; use of fishmeal and fish oil and aqua feed markets; impacts on small pelagic fish stocks; food security; technical substitution of fishmeal and fish oil with alternative ingredients (Natale et al.,2013). Around 85% of the world's farmed fish supplies are derived from freshwater production. The ecological impacts associated with this arise from demands on resources (land, water, seed, feed and energy) and the quantities of wastes, including fish farm escapees, released into the environment. Ecological impacts are determined by species, system, production methods (i.e. whether extensive, semi-intensive or intensive), location and quality of management as well as by the nature of the receiving environment. Global-scale analysis shows that freshwater aquaculture has less impact on the environment than that of other animal source foods. Variability among systems is substantial, however, offering significant room for improvement (Beveridge et al.,2015). Nowadays, due to augmentation of population and expansion of cities and the limitation of fresh water sources in the world, existing water resources cannot meet the human needs. Desalination or reduction of salinity of water through biological methods involves the use of plant species, microorganisms, algae or a combination of them, which can be effective in reducing water salinity. The objective of this study was to investigate the desalination of saline waters by using Dunaliella salina algae. For this purpose, the experiments were carried out as factorial based on completely randomized design. The expected tests were conducted in a laboratory controlled condition for humidity, light and temperature (90 days). During this research, the Electrical Conductivity (EC) was measured daily. The results showed that salt absorption in Dunaliella salina algae was significantly different. High salt absorption was observed in Dunaliella salina at a concentration of 130mS.cm-1 (Moayedi et al., 2019). The biochemical responses of Gracilaria corticata (J. Agardh) J. Agardh to salinity induced oxidative stress were studied following the exposure to different salinities ranging from 15, 25, 35 (control), 45 to 55 in laboratory conditions. The growth was highest under 25 (3.14 ± 0.69% DGR) and 35 (3.58 ± 0.32% DGR) and decreased significantly in both extreme lower (15) and hyper (55) salinities. Both phycoerythrin (PE) and allophycocyanin (APC) were significantly higher in hyper-salinity (45) with an increase of almost 70% and 52% from their initial contents (Kumar et al., 2010). High salinity is a challenging environmental stress for organisms to overcome. Unicellular photosynthetic microalgae are especially vulnerable as they have to grapple not only with ionic imbalance and osmotic stress but also with the generated reactive oxygen species (ROS) interfering with photosynthesis. This review attempts to compare and contrast mechanisms that algae, particularly the eukaryotic Chlamydomonas   microalgae, exhibit in order to immediately respond to harsh conditions caused by high salinity. The review also collates adaptation mechanisms of freshwater algae strains under persistent high salt conditions. Understanding both short-term and long-term algal responses to high salinity is integral to further fundamental research in algal biology and biotechnology (Shetty et al., 2019). High salinity, nutrient deficiency, heavy metals, desiccation, temperature fluctuations, and ultraviolet radiations are major abiotic stress factors considered inhospitable to algal growth and development in natural and artificial environments. All these stressful conditions cause effects on algal physiology and thus biochemical functioning. For instance, long-term exposure to hyper/hypo salinity conditions inhibits cell differentiation and reduces growth. Photosynthesis is completely blocked in algae's dehydrated state, resulting in photoinhibition or photodamage. The limitation of nutrients in aquatic environments inhibits primary production via regulating phytoplankton community development and structure. Hence, in response to these stressful conditions, algae develop plenty of cellular, physiological, and morphological defences to survive and thrive (Kaur et al., 2022). The study investigated the response characteristics of algal-bacterial granular sludge (ABGS) under salinity stress (0 % → 2 %). At 1 % salinity, the sludge performance was inhibited, while recovered rapidly, indicating the ABGS exhibited resistance. However, at 2 % salinity, the suppressed performances did not recover until the stress was eliminated. Under salinity stress, the nutrient removal capacity of the system and the composition and chemical characteristics of extracellular polymers substances also changed. Meanwhile, the ABGS formed adaptation to salinity stress in the early coping process. As a result, the effect of the second 2 % salinity on ABGS was significantly weakened (Liu et al., 2023).  Sulpholipids and phosphatidylglycerol are the lipid classes whose changes are most related to salinity, while knowledge about the response of phospholipids, betaine lipids and sterols is incipient. Among saturated fatty acids, salinity induces greater interspecific variability in 14:0 in comparison with 16:0 and 18:0. Monounsaturated fatty acids change the most with salinity. 18-C polyunsaturated fatty acids tend to increase with salinity in marine microalgae and to decrease in freshwater species. Growing euryhaline microalgae in brackish water is a sustainable and favourable option to produce a variety of lipids of interest, including 20-C and 22-C polyunsaturated fatty acids with maximum nutritional value (Cañavate et al., 2022). Acclimation to low salinity enhanced H. akashiwo's ability to accumulate and grow in low salinity waters. In addition, the presence of a ciliate predator altered H. akashiwo swimming behavior, promoting accumulation in low-salinity surface layers inhospitable to the ciliate. (3) Negative effects of low salinity on predation processes. Ciliate predation rates decreased sharply at salinities <25 and, for one species, H. akashiwo toxicity increased at low salinities. Taken together, these behaviors and responses imply that blooms can readily initiate in low salinity waters where H. akashiwo would experience decreased predation pressure while maintaining near-maximal growth rates. The salinity structure of a typical estuary would provide this HAB species a unique refuge from predation. Broad salinity tolerance in raphidophytes may have evolved in part as a response to selective pressures associated with predation (Strom et al., 2013). Growth of Botryococcus braunii (race ‘A’) and production of its constituents viz, hydrocarbon, carbohydrate, fatty acid, and carotenoids were influenced by different levels of salinity. Under salinity at 34 mM and 85 mM, 1.7–2.25-fold increase in the relative proportion of palmitic acid and two fold increase in oleic acid were observed. A twofold increase in carotenoid content was noticed at 85 mM salinity with lutein (75% of total carotenoid) as the major carotenoid followed by β-carotene. The increase in biomass yields and changes in other constituents indicated the influence of salinity and the organism’s adaptability to the tested levels of salinity (17 mM to 85 mM) (Rao et al., 2007). The response of seaweeds to environmental stressors can be population-specific, and be related to the regime of their habitats. To explore the growth and physiological responses of Ulva prolifera, two strains of this alga (Korean and Chinese strains) were studied under an interaction of temperature (20 and 25 °C), nutrients (low nutrients: 50 μM of nitrate and 5 μM of phosphate; high nutrients: 500 μM of nitrate and 50 μM of phosphate) and salinity (20, 30 and 40 psu). The lowest growth rates of both strains were observed at 40 psu of salinity, independent of temperature and nutrient levels. At 20 °C and low nutrients condition, the carbon: nitrogen (C: N) ratio and growth rate in the Chinese strain were increased by 31.1% and 21.1% at a salinity of 20 psu in comparison to the salinity of 30 psu, respectively. High nutrients decreased the ratio of C:N in both strains with increasing tissue N content. At the same time, high nutrients also increased soluble protein and pigments contents, as well as photosynthetic and growth rates in both strains at the same salinity levels at 20 °C. Under 20 °C and high nutrients conditions, the growth rates and C:N ratio of both strains were significantly decreased with increasing salinity (Bao et al., 2023).  Prymnesins are well known toxins produced by P. parvum (Manning and La Claire 2010). Although other toxic compounds produced by this species exist, they are still poorly characterized (Taylor et al. 2020). At least some of these compounds aid prey capture through cell-to-cell contact, a mechanism that also explains presumably non-target mortality of zooplankton and fish (Remmel and Hambright, 2012, Sopanen et al., 2006, Tillmann, 2003). Allelopathic compounds have also been attributed to P. parvum as well as the possibility that they may serve as deterrents to grazing (Blossom et al., 2014b, Fistarol et al., 2003, Granéli and Salomon, 2010, Granéli et al., 2012;). The concentrations and/or types of toxic compounds appear to vary among strains of P. parvum (Rasmussen et al., 2016, Weissbach and Legrand, 2012) but additionally are affected by a range of environmental and physiological factors(Caron et al., 2023). Open ponds are the preferred cultivation system for large-scale microalgal biomass production. To be more sustainable, commercial scale biomass production should rely on seawater, as freshwater is a limiting resource, especially in places with high irradiance. If seawater is used for both pond fill and evaporative volume makeup, salinity of the growth media will rise over time. It is not possible for any species to achieve optimum growth over the whole saline spectrum (from seawater salinity level up to salt saturation state). In this study, we investigated the effects of gradual salinity increase (between 35 and 233 ppt) on biomass productivity and biochemical composition (lipid and carbohydrate) of six marine, two halotolerant, and a halophilic microalgae. A gradual and slow stepped salinity increase was found to expand the salinity tolerance range of tested species (Ishika et al., 2018).
The phytoplankton was dominated in summer by ‘r-selected’ centric diatoms (Thalassiosirales), species both tolerant of variable salinity and widely distributed in the San Joaquin River. Pennate diatoms were proportionally more abundant (in biomass) in the winter, spring and autumn. Abundant taxa included the diatoms Cyclotella meneghiniana, Skeletonema cf. potamos, Cyclostephanos invisitatus, Thalassiosira weissflogii, Nitzschia acicularis, N. palea and N. reversa, and the chlorophytes Chlamydomonas sp. and Scenesdesmus quadricauda. Patterns in the abundance of species indicated that assembly of the phytoplankton is limited more by light and flow regime than by nutrient supply (Leland et al., 2001).
The broadly halotolerant green alga, Picochlorum strain SENEW3, has a highly reduced nuclear genome of 13.5 Mbp that encodes only 7367 genes. It was isolated from a shallow, mesophilic brackish-water lagoon that experiences extreme changes in temperature, light, and in particular, salinity (freshwater to 3-fold seawater). We challenged Picochlorum cells with high or low salinity shock and used transcriptomic and chlorophyll fluorescence analyses to elucidate tolerance to salinity fluctuation. The transcriptome analysis showed that one-half of the coding regions are differentially expressed in response to salinity changes. In addition, a significant number of co-expressed genes (usually from different metabolic pathways) are co-localized in the genome, forming 2–10 gene clusters. Whereas the overall salt stress response in Picochlorum SENEW3 is similar to that in other salt-tolerant algae, the “operon-like” structure in this species likely contributes to rapid recovery during salinity fluctuation. In summary, our work elucidates how evolutionary forces play out in a streamlined genome (Foflonker et al., 2016). In order to evaluate the combined effects of simulated acid rain (SAR) and salinity on the physiological responses of macroalgae, Ulva prolifera was cultured under three salinity treatments (5, 10, 25 ‰) and at different pH, i.e., at pH 4.4 (C), pH 4.4(F), where the pH of the culture increased from 4.4 to approximately 7.8 during the cultivation period, or in absence of SAR at pH 8.2(C), at 100 μmol(photon) m–2 s–1 and 20°C. Compared to 25‰ salinity, Relative growth rate (RGR) of U. prolifera was enhanced by 10‰ salinity, but decreased by 5‰ salinity. No significant differences in RGR were observed between the pH 8.2(C) and pH 4.4(F) treatments, but the chlorophyll a content was reduced by SAR. Negative effects of SAR on the photosynthesis were observed, especially under low salinity treatments. Based on the results, we suggested that the U. prolifera showed a tolerance to a wide range of salinity in contrast to the low pH induced by acid rain (Li et al., 2017). Antioxidant properties of four common green algal genera viz. Cladophora glomerata, Chaetomorpha aerea, Rhizoclonium crassipellitum, and Pithophora cleveana collected from Sunderban areas of Eastern India were tested in controlled and nutrient stress conditions. Experimental algae were exposed to growth media with variations in nitrate and NaCl salt concentrations from 0 to 1500 ppm level for a period of 21 days. A dose-dependent upregulation in total phenols, flavonoids, pigment, and antioxidant property in relation to % DPPH activity and % ferrous ion chelating activity was observed. Maximum phenol content was observed for algal biomass exposed to 1500 ppm nitrate stress conditions (52.55 ± 0.01 mg GAE/g DW-16.48 ± 0.041 mg GAE/g DW) with Rhizoclonium showing the maximum contents (Mukherjee et al., 2020). Global climate change intensifies the water cycle and makes freshest waters become fresher and vice-versa. But how this change impacts phytoplankton in coastal, particularly harmful algal blooms (HABs), remains poorly understood. Here, we monitored a coastal bay for a decade and found a significant correlation between salinity decline and the increase of Karenia mikimotoi blooms. To examine the physiological linkage between salinity decreases and K. mikimotoi blooms, we compare chemical, physiological and multi-omic profiles of this species in laboratory cultures under high (33) and low (25) salinities. Under low salinity, photosynthetic efficiency and capacity as well as growth rate and cellular protein content were significantly higher than that under high salinity (Shi 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.

Objects and Methods of Research. Climate.
 
Due to the vast territory occupied by the Republic of Karakalpakstan, one part of it belongs to the Central Kazakhstan province, while the remaining part entirely belongs to the Turan Plain province. According to the soil–climatic zoning scheme, Khorezm region and the Republic of Karakalpakstan are included in the Lower Amu Darya soil–climatic district In 2022–2024, the annual precipitation ranged from 44.3 to 165.3 mm. The rainiest year was recorded in 2016 (165.3 mm). The majority of annual precipitation, namely 45%, falls in spring, while 27% falls in winter. In the mentioned year, 38.4% of the total precipitation occurred in spring, 14.9% in winter, 41.5% in autumn, and 5.3% in summer. In Nukus city, rainfall is almost absent during the summer months (Figures 1). In 2012 and 2014, no precipitation was observed at all during summer. The water resources of Nukus city are mainly associated with canals supplied by the Amu Darya River.

Research Objects.
During our research, the studies were mainly devoted to investigating the algoflora and its ecological condition in the water bodies of seven commercial fish farms that have been operating for several years in the districts of Nukus (Nukus Agro-Fish, Quvanchbek-Gulziba, Jenisbek-Gulshod), Khojayli (Amur-Sazan, Khojayli Fish Industry, Khojayli Fish Farm), and Takhia​tash (Zamirbek-Takhia​tash) (Figure 2). The fish ponds were established and have been in operation during 2010–2020. The ponds are mainly supplied with water from the Amu Darya River. Their depth does not exceed 1.5–2.0 m, the average width is 25–28 m, and the bottom is covered with silt.Around the ponds, higher aquatic plants such as Holoschoenus vulgaris Link, Bolboschoenus affinis (Roth.) Drob., and Typha angustifolia L. grow.
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Figure 1. Seasonal Variation of Climatic Parameters in the Study Area
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Figure 2. Map-scheme of the fish farms where the research was conducted

	Fish Farms
	District
	Coordinates
	Average Physical Parameters of Water Bodies

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

	
	
	Norts
	East
	
	
	
	

	1
	Takhia​tash
	42.344561
	59.549551
	23.5±1.17
	7.5
	604.1±30.2
	20.5±0.41

	2
	Khojayli
	42.355823
	59.564214
	24.1±1.20
	7.3
	797.5±39.8 
	16.8±0.84

	3
	
	42.360204
	59.563464
	24.2±1.21
	7.0
	647.5 ±32.3
	28.5±1.4

	4
	
	42.381828
	59.601331
	24.3±1.22
	7.5
	556.0 ±27.8
	18.6±0.93

	5
	Nukus
	42.492533
	59.584860
	24. 4 ±1 . 22
	7 .6
	573.3 ± 28.6​
	28.3± 1 . 4

	6
	
	42.537506
	59.579469
	23. 6 ±1 . 18
	6 .8
	1 317.0± 65 . 8
	24.6± 1 . 2

	7
	
	42.553708
	59.592053
	23.8±1.19
	7.2
	642.5 ±32.1
	25.9±1.3


P≤0.05
1 – Zamirbek–Takhia​tash; 2 – Khojayli Fish Industry; 3 – Khojayli Fish Farm; 4 – Amur–Sazan; 5 – Nukus Agrofish; 6 – Quvanchbek–Gulziba; 7 – Jenisbek–Gulshad..

In these ponds, cyprinid fish species such as Ctenopharyngodon idella, Hypophthalmichthys molitrix, Aristichthys nobilis, Cyprinus carpio, Silurus glanis, and Abramis brama orientalis are cultivated.

During 2022–2024, more than 120 algological samples were collected from the ponds of the above-mentioned fish farms in spring, summer, and autumn using a route-based sampling method. Standard methods for the collection, fixation, labeling, and preservation of freshwater algae were applied. The determination of species composition and taxonomic identification of algae were carried out using identification guides as well as the international database AlgaeBase (Guiry & Guiry, 2025) (http://algaebase.org). Studies on the algoflora of artificial water bodies, their ecological characteristics, and the patterns of algoflora formation have been conducted in Central Asia and other regions by several researchers, including (Nomokonova V.I. and Pautova V.N. 2013).
Results
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–Takhia​tash” with 82 species (34.60%) (Table 1).

                                                                                                                Table 1
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
	11
	17
	36
	61
	119
	50.21

	Khojayli Fish Farm
	6
	12
	19
	39
	56
	110
	46.41

	Jenisbek–Gulshod
	6
	11
	17
	37
	53
	92
	38.82

	Zamirbek–Takhia​tash
	6
	8
	16
	32
	48
	82
	34.60


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.
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Figure 3. Fish farms: 1 – Khojayli ; 2 – Khojaly Fish Industry; 3 – Zamirbek – Takhia ​tash ; 4 – Amur –Sazan ; 5 – Nukus Agrofish ; 6 – Quvanchbek – Gulziba ; 7 – Jenisbek – Gulshad .
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 recorded between Amur–Sazan and Nukus Agrofish (0.673), Quvanchbek–Gulziba and Jenisbek–Gulshad (0.671), as well as between 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 (Figure 3). Among the studied fish farms, the algoflora of Zamirbek–Takhia​tash 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.

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 characteristics by analyzing the ecological characteristics of the species in it. During our research, a number of important ecological characteristics of the algal flora of the fish ponds studied were analyzed. In this regard, it is important to study the relationship of algae to water salinity and temperature, indicator-saprobic characteristics, and pH.

The level of water salinity is considered an important ecological indicator for water bodies and plays a major role in shaping the composition of the algal flora (Tashpulatov Y.Sh et al.,  2015). Y.Sh. Tashpulatov studied the algal flora of the middle reaches of the Zarafshan River (Tashpulatov Y.Sh. et al., 2024). reported that the water mineralization at the initial observation points of the river was 300-305 mg/l, at the middle points it reached 500-530 mg/l, and at the lower points it reached 900/1030 mg/l, that is, it was noted that the water of the river changes from fresh water to brackish water, which in turn flows into the river. It has been determined that the flora of algae has changed significantly due to the influence of the canals, collector-waters, population and industrial wastewater.

Similar situations 
were observed in the Chirchik (Alimzhanova H.A. et al 2005), Akbura, Ahangaran (Ergasheva et al., 2017), (Kashinskaya E.N. et al., 2016) rivers in Central Asia.
The analyzes 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, Oocystis 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) is an example.
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 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.
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Figure 4. Effect of water mineralization on the number dynamics of algoflora species
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 results of 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 the fact that they are directly related to their morpho-biological and ecological characteristics. This shows that the water of fish ponds is an alkaline environment. This is a favorable environment for the growth and development of fish.

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 an example.

Water temperature is one of the main factors in the development of algae in water bodies. According to the data of  (Alimzhanova  et al., 2005), who studied the algal flora of a number of fish ponds in the Tashkent oasis, an increase in water temperature above the norm leads to the rapid development of some blue-green and green algae, which have a detrimental effect on fish. Similar phenomena can also be observed in the works of a number of researchers who have studied the algal flora of some reservoirs in our republic (Ergasheva et al 2017, 
Erolova et al 2009).
Algological observations were conducted in the studied water bodies during the spring, summer, and autumn months. Given that most of the fish ponds dry up during the winter months, samples were not taken during this season.

According to the results of the analysis, there were 213 eurytherm species, which accounted for 89.87% of the total algal flora, and 24 stenotherm species, which accounted 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%). 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 the autumn or early spring months of the year. 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 constantly lead in terms of the number of species in fish ponds. The ratio in the figures 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.
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Figure 5. The influence of water temperature on the dynamics of the number of species in the algal flora
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).
Water clarity is an important ecological factor in the development of algae (Olimjonova, 2008, Eshmurodova, 2010; Shayimkulova, 2008; Boboev, 2017; Tashpulatov, 2015, 2016; 2018, Shernazarov, 2021; Dustov, 2024; Kobulova, 2025). In algofloristic studies conducted to date, data have been presented on the significant impact of water clarity on the formation of algal flora.
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Figure 6. Effects of water clarity on the number dynamics of algoflora species
The decrease in the level of tranquility led to a significant decrease in the number of algae species, and later, an increase in the level of tranquility had a positive effect on the increase in the number of species (Figure 6).
Assessment of the ecological and sanitary condition of fishing ponds by indicator-saprobic species in algoflora

on 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. M. Boboev (2017), who studied the algal flora of fishery ponds from water bodies in southern Tajikistan, cites 245 species. He explains the role of a number of ecological factors in the formation of 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.

Sh.Sh. Shernazarov (2021), who separately analyzed the indicator-saprobic species in the algal flora of a number of fish ponds in the Samarkand region, noted that the algal flora of the studied ponds contains 144 species of indicator-saprobic species, which is 55.81% of the total species. Of these, 66 species are oligosaprobic, 42 species are beta-mesosaprobic, 22 species are xenosaprobic, and 14 species are alpha-mesosaprobic. Although the studied fish farms in the region were not analyzed by saprobic degree, the ecological and sanitary state of each pond was explained based on the quantitative indicators of indicator-saprobic species. In addition, it was noted that there is also an impact of polluting sources.

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 water pollution levels and pollution classes. Y.Sh. Tashpulatov (2017, 2018), who studied the algal flora of the middle reaches of the 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 revealed the ecological state in artificial and natural water bodies by analyzing the quantitative and qualitative indicators of indicator-saprobic species in the algal flora of various basins of the Western Zarafshan Range (B.Dustov, 2024). B. Kobulova (2025), who studied the indicator-saprobe species in the algoflora of Khadija Lake, located in Bukhara Region, as a separate group, studied the ecological-sanitary condition of the lake in the seasonal and researched years. In addition, he developed a cadastre of indicator-saprobic species (Kobulova, 2023). A separate analysis of indicator-saprobe species studied in the course of our research was carried out in the cross-section of fish farm ponds and in the cross-section of 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 species formed under the influence of the Amu Darya River. According to the results of the analysis, a total of 173 species of indicator-saprobic species were found in the algal flora of the fish farms in the Republic of Karakalpakstan. This accounted for 73% of the total algal flora. Of these, 66 species are oligosaprobic, 66 species are beta-mesosaprobic, 83 species are xenosaprobic, 12 species are alpha-mesosaprobic, and 1 species is polysaprobic. 

Oligosaprobes: Gloeocapsa turgida, Gloeotrichia echinulata, Peridinium inconspicuum, Ceratium hirundinella, Mallomans tailed, Chrysococcus heart-shaped, Stephanodiscus bodanica, Rhizosolenia long-haired, Ankistrodesmus closterioides, Closterium gracile , from xenosaprobes: Denticula tenuis, Aulacoseria alpigena, Ceratoneis arcus, Eunotia Lunaris, Cymbella helvetica, Denticula tenuis: from beta-mesosaprobes: Microcystis flos-aquae, Gomposphaeria aponina, Glenodinium quadridens, Melosira varians, Aulacoseria granulata, Synedra capitata, Diatom vulgare, Trachelomonas verricosa, Phacus orbicularis, Pediastrum duplex, Cladophora glomerata, alpha-mezosaproblardan: Oscillatoriya limosa, Anabaena verricosa, Navicula rhynchocephala, Navicula viridula, Nitzschia hungarica, Chlamydomonas reinhardii polysaprobe Trachelomonas caudata kabılar keng tüşganligi tühlülandi.
According to the analysis of the research results, the average saprobic index of the water of the Khojaly fishery ponds was 1.60 in spring , increased to 1.78 in summer, and by autumn it slightly decreased to 1.76. The water class (3), category (3a-sufficiently clean) and saprobic zone indicators ( β 1 -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 2).

Table 2
Ecological-sanitary condition of 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
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mesosaprobe

	Farmed fish industry

	Average saprobity index
	1.70
	1.98
	1.65

	Water quality
	class
	3
	3
	3

	
	discharge
	3a
	3a
	3a

	Saprobic zone
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mesosaprobe

	Zamirbek - Takhiatash

	

	Average saprobity index
	1.40
	1.40
	1.40

	Water quality
	class
	2
	2
	2

	
	discharge
	2 p.
	2 p (
	2 p.

	Saprobic zone
	α- oligosaprobe
	α- oligosaprobe
	α- oligosaprobe

	Amur carp

	Average saprobity index
	1.60
	2.00
	1.67

	Water quality
	class
	3
	3
	3

	
	discharge
	3a
	3a
	3a

	Saprobic zone
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mesosaprobe

	Nukus AgroFish

	Average saprobity index
	1.61
	1.75
	1.76

	Water quality
	class
	3
	3
	3

	
	discharge
	3a
	3a
	3a

	Saprobic zone
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mesosaprobe

	Kuvanchbek – Gulziba

	Average saprobity index
	1.62
	1.81
	1.65

	Water quality
	class
	3
	3
	3

	
	discharge
	3a
	3a
	3a

	Saprobic zone
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mesosaprobe

	Jenisbek-Gulshad

	Average saprobity index
	1.67
	1.77
	1.73

	Water quality
	class
	3a
	3a
	3a

	
	discharge
	β 1 - mesosaprobe
	β 1 - mesosaprobe
	β 1 - mezosaprob

	Saprob zona
	3a
	3a
	3a


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 (β1-mesosaprob) did not change in all seasons. These results show that the deterioration of the ecological and sanitary condition 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 of the Zamirbek-Takhiatash fish farm ponds was 1.40 in spring, and in summer and autumn it showed the same 1.40. The water class (2), discharge (2b cleaner) and saprobic zone indicators (α-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 of the Amur-carp Khojaly fishery ponds was 1.60 in spring, increased to 2.00 in summer, and by autumn it slightly decreased to 1.67. The water class (3), category (3a-sufficiently clean) and saprobic zone indicators ( β 1 -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 ( β 1 -mesosaprob) did not change in all seasons. These results show that the deterioration of the ecological and sanitary condition 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.
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 ( β 1 -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 ( β 1 -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 .
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 saturation of the ponds from one source, their territorial proximity, and the similarity of factors affecting the formation of algal flora have led to the closeness of the degrees 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, it was possible to determine the optimal and minimum limits of the number of species in the algal flora of the ponds and the normative indicators of these environmental factors that directly affect this. Scientists have recognized that these normative indicators vary in different water basins in different regions (Alimzhanova 2008, Tashpulatov, 2018; Mamanazarova, 2019, Shernazarov, 2021; Dustov, 2024; Kobulova, 2025 )
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, Zamirbek-Takhiatosh fishery It was found that the ponds of the fish farms had a relatively better saprobic index ( average saprobic index – 2; saprobic zone – α -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 – β 1 -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 certain water sources throughout the year and the source of supply is also the same. 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 number and mass of fish in the ponds in the summer, intensive feeding of fish, 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 (Shernazarov, 2021; Kobulova, 2025).
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