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Spatio-temporal patterns and interrelationship of fish diversity and water quality in Baghel wetland, Uttar Pradesh, Central India


ABSTRACT
Aims:
The present study aimed to evaluate spatio-temporal variation in fish diversity in relation to water quality parameters and to identify key environmental drivers shaping fish assemblage structure in Baghel Wetland, eastern Uttar Pradesh, India. Despite its national recognition and ecological importance, no prior study has examined the spatio-temporal relationships between fish diversity and water quality in this wetland using multivariate approaches.
Study Design:
Field-based observational and analytical study.
Place and Duration of Study:
The study was conducted at three sampling sites of Baghel Wetland at eastern Uttar Pradesh, India, from September 2024 to April 2025.
Methodology:
Fish diversity was assessed using Shannon–Wiener diversity index (H′), Margalef’s richness index, Pielou’s evenness index (J′), and Simpson’s dominance index (D). Physico-chemical parameters including temperature, pH, electrical conductivity, salinity, dissolved oxygen (DO), total dissolved solids (TDS), alkalinity, and ammonia were measured using standard probe-based methods. Canonical Correspondence Analysis (CCA) was applied to evaluate relationships between fish assemblage structure and environmental variables.
Results:
Fish diversity indices showed clear spatial and seasonal variation, with Shannon–Wiener index ranging from 2.95 to 3.13 and Margalef’s richness from 4.85 to 5.42. Water quality parameters varied seasonally, with pH ranging from 7.35 to 8.07, dissolved oxygen from 4.68 to 5.60 mg L⁻¹, and TDS from 247 to 272 mg L⁻¹. CCA revealed that TDS, alkalinity, electrical conductivity, temperature, and dissolved oxygen were the primary environmental drivers influencing fish species distribution. Species such as Anabas testudineus and Amblypharyngodon mola were associated with higher alkalinity and TDS, whereas Channa marulius and Wallago attu showed affinity towards higher dissolved oxygen conditions.
Conclusion:
The study demonstrated a strong linkage between fish assemblage structure and seasonal water quality dynamics in Baghel Wetland. The findings provide essential baseline ecological information that can support long-term monitoring, climate-resilient wetland management, and conservation-oriented fisheries planning in tropical floodplain ecosystems of the Indo-Gangetic plains.
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Introduction –
Wetlands, often described as the "kidneys of the Earth", perform vital ecological functions by regulating hydrological cycles, improving water quality, and supporting high levels of biological diversity (Arya & Syriac, 2018). These ecosystems play a crucial role in nutrient cycling, groundwater recharge, carbon sequestration, and climate regulation, while simultaneously providing livelihood support through fisheries and allied activities (Mitsch et al., 2013). However, wetlands are among the most vulnerable ecosystems globally, facing increasing pressure from climate change, land-use modification, pollution, and hydrological alterations.
India possesses extensive wetland resources that contribute significantly to ecological sustainability and inland fisheries production. Wetlands in the country cover approximately 0.55 million hectares and function as important biodiversity reservoirs and nutrient sinks (Sarkar et al., 2020). Uttar Pradesh, located in the central Indo-Gangetic plains, is particularly rich in freshwater ecosystems and supports a diverse assemblage of fish species (Sarkar et al., 2015). The state accounts for nearly 14.68% of India’s freshwater fish diversity, with eastern Uttar Pradesh harbouring a substantial proportion of this ichthyofaunal wealth (Lakra, 2010; Srivastava, 2002). Wetlands of the region are known to support more than 45 species of freshwater fishes and contribute significantly to local food security and livelihoods (Jha, 2011).
Baghel Wetland, situated in the eastern part of Uttar Pradesh, is a large, shallow, perennial lentic ecosystem characterised by an irregular shoreline and seasonal fluctuations in water spread area. The wetland covers a total catchment area of approximately 441.56 acres, with about 121.22 acres remaining inundated during the monsoon period (Prakash & Singh, 2019). It has an average depth of 5.5 m, reaching up to 8.2 m during peak water levels and shrinking to nearly 3.6 m in summer. Owing to its ecological importance, Baghel Wetland is listed under the National Wetland Conservation Programme (MoEF, 2009). Previous work by Prakash and Singh (2020) documented 35 fish species from this wetland and highlighted the presence of threatened taxa. However, apart from this inventory-based study, scientific information on the ecological functioning, water quality dynamics, and fish assemblage structure of Baghel Wetland remains extremely limited.
Fish biodiversity assessments are fundamental for understanding ecosystem health, ensuring sustainable fisheries management, and formulating effective conservation strategies. Fish communities respond rapidly to changes in environmental conditions, making them reliable indicators of water quality and habitat integrity (Joshi & Kumar, 2009; Devi, 2025). Physico-chemical parameters such as temperature, dissolved oxygen, pH, electrical conductivity, salinity, total dissolved solids, alkalinity, and nutrients strongly influence fish metabolism, growth, survival, and distribution patterns (Sandhya et al., 2019; Borah et al., 2024). These parameters often exhibit pronounced seasonal and spatial variability in floodplain wetlands due to fluctuations in hydrology, depth, connectivity, and anthropogenic pressures (Mitsch et al., 2013). Freshwater ecosystems support disproportionately high levels of biodiversity but are among the most threatened globally due to habitat degradation, pollution, and climate change (Darwall et al., 2020). Recent studies have emphasized the role of environmental gradients in shaping freshwater fish distributions and community structure (Leathwick et al., 2022).
Understanding the interrelationships between fish diversity and water quality through quantitative and multivariate approaches is therefore essential for evaluating ecosystem condition and identifying key environmental drivers shaping fish assemblages. Despite the ecological significance of Baghel Wetland, no previous study has examined the spatio-temporal relationships between fish assemblage structure and water quality gradients using multivariate statistical tools. In this context, the present study was undertaken to assess fish diversity and water quality across different sites and seasons in Baghel Wetland, and to analyse their interrelationships using diversity indices and Canonical Correspondence Analysis. The findings aim to generate baseline ecological information that can support long-term monitoring, climate-resilient wetland management, and conservation-oriented fisheries planning in eastern Uttar Pradesh and comparable tropical floodplain ecosystems.
Materials and methods
Study area
The study area included Baghel wetland located in the Bahraich district of Payagpur block in Uttar Pradesh state of India (Fig. 1).  
[image: ]
Fig. 1: Location map of Bagel wetland
Fish sampling and taxonomic identification
[bookmark: _Hlk212715393]Information on piscine assemblage of Baghel wetland was collected through experimental fishing conducted at three locations across 8 months from September 2024 to April 2025. Cast nets (1.5 m dia. and 2.0 × 2.0 mm mesh size), gill nets (10-40 mm mesh size) and drag nets were the fishing methods generally employed in the wetland. Data of fish caught by local fishers occasionally, using traditional gear such as hook and line as well as multiple pronged spears, were also collected during samplings. The specimens were preliminarily identified in the field itself. However, ambiguous specimens were preserved in 10% formaldehyde, brought to the laboratory and identified in detail with the help of standard manuals/keys (e.g., Talwar and Jhingran, 1991; Jayram, 2012). The latest scientific names of all the fish species were verified against the online version of Eschmeyer’s catalogue of fishes, California Academy of Sciences (California Academy of Sciences, 2025). The species conservation status was determined using the IUCN Red List of Threatened Species (IUCN, 2024). AqGRISI-Aquatic Genetic Resource Information System of India (https://mail.nbfgr.res.in/agrisi/) and FishBase (Froese and Pauly, 2025) databases as well as active and seasoned wetland fishermen, were consulted for information on the fish utilization pattern. 
Calculation of Biodiversity Indices
A number of univariate measures, including the Shannon and Wiener diversity index (H′) (Shannon and Wiener, 1963), Pielou's evenness index (J′) (Pielou, 1966), Simpson's dominance index (D) (Simpson, 1949), and Margalef's species richness (d) (Margalef, 1978) were used to analyze the fish diversity of Baghel wetland. The indices were calculated in the PAST program (v. 3.26) (Hammer et al., 2001). The relative abundance (RA) of every species was calculated as percentage of the total fish community using the formular, relative abundance (RA%) = ni /N) *100), where ni is the total number of individuals belonging to a species and N is total number of individuals of all the species collected. 
Water sampling and recording of physico-chemical variables
Water samples were collected from the three sites where fish sampling were conducted. Physico-chemical parameters viz., temperature, total dissolved solids (TDS), dissolved oxygen (DO), pH, total alkalinity, electrical conductivity, and salinity were routinely measured along with fish sampling. A probe-based digital water quality analyzer (Hanna Combo Ph/EC/ Temperature/Salinity waterproof device) was used to measure the parameters on-site.
Influence of Water quality parameters on the fish assemblage structure
To examine the relationship between fish diversity and various physico-chemical parameters of water, Pearson’s correlation analysis was performed. This analysis helps to determine which parameters (e.g., temperature, pH, dissolved oxygen, and conductivity) show positive or negative correlations with different fish species; indicating how environmental conditions affect their distribution and abundance. Multivariate ordination techniques are widely used to explore relationships between biological communities and environmental variables in aquatic ecosystems (Smith & Millar, 2021). Canonical Correspondence Analysis was performed following standard ecological procedures to identify key environmental gradients influencing fish assemblage structure (Legendre & Legendre, 2021).
Results and discussion –
Fish diversity and composition
A total of 30 indigenous fish species belonging to seven orders, fourteen families, and twenty-one genera were recorded from the three sampling sites of Baghel Wetland during the study period (Table 1). The observed species richness was lower than that reported by Prakash and Singh (2020), which may be attributed to variations in hydrological conditions, food availability, temperature, nutrient dynamics, and habitat degradation, as reported in similar wetland studies. (e.g., Sandhya et al., 2019; Alam et al., 2021). Order-wise, Cypriniformes was the dominant group with thirteen species, followed by Siluriformes and Perciformes with six species each, followed by Siluriformes and Perciformes (6 species each). At the family level, Cyprinidae was the most dominant group, represented by ten species, followed by Danionidae, Bagridae, and Channidae with three species each, followed by Danionidae, Bagridae, and Channidae (3 species each). Yadav and Sharma (2021) identified 38 species under 28 genera, 14 families, and 7 orders in their study at Chittaura wetland of Eastern Uttar Pradesh. Similar to our study, these authors also found Cypriniformes (15 species, 39.47%) as the most prevalent order, followed by Siluriformes (10 species, 26.31%), Synbranchiformes, Perciformes and Ophiocephaliformes (4 each, 10.52%), Osteoglossiformes (2 each, 5.26%), and Clupeiformes (1 species, 2.63%). Among the recorded species, twenty-four were classified as Least Concern, three as Near Threatened, two as Endangered, and one as Vulnerable according to the IUCN Red List (IUCN, 2024). This pattern underscores the urgent need for biodiversity conservation planning for Baghel Wetland. Analysis of relative abundance (Table 1) revealed a clear predominance of Chanda nama across all sampling sites and months This species was followed by Anabas testudineus and Pethia ticto, which remained consistently abundant throughout the study period. In contrast, species such as Clarias batrachus, Labeo rohita, Macrognathus aral, and Labeo catla exhibited very low relative abundance, suggesting possible habitat unsuitability, fishing pressure, or localized overexploitation. Similar patterns were reported by Chakraborty et al. (2016) from various water bodies of Kokrajhar District, Assam, where Chanda nama was identified as one of the most ubiquitous and abundant species in shallow, vegetated habitats across seasons, where Chanda nama was identified as one of the most ubiquitous and abundant species, particularly in shallow, vegetated habitats across different seasons and habitat types. Likewise, Kumari et al. (2023) reported Anabas testudineus as a dominant species in Bhomra Wetland, West Bengal, attributing its abundance to tolerance of low dissolved oxygen and disturbed habitat conditions. in the Bhomra wetland, located in the southern part of Nadia district, West Bengal. Known for its resilience in marginal and low-oxygen environments, Anabas testudineus was often found associated with other hardy species such as Pethia ticto and Trichogaster fasciata, forming distinct ecological groupings under disturbed habitat conditions.







Table1: List of fish species collected from Baghel Wetland during the study period along with their local names, endemic nature, threat status as per IUCN (2024) and relative abundance
	Sl. No.
	Scientific Name 
	Order
	Family
	Local name
	Endemic Nature
	Commercial
Utilization
	IUCN Status
	Relative abundance (%)

	1
	Labeo catla
	Cypriniformes
	Cyprinidae
	Bhakur
	Indigenous
	 FF + GF
	LC
	0.56

	2
	Labeo rohita 
	Cypriniformes
	Cyprinidae
	Rohu
	Indigenous
	 FF + GF
	LC
	0.53

	3
	 Labeo calbasu
	Cypriniformes
	Cyprinidae
	Karonchh
	Indigenous
	FF
	LC
	4.02

	4
	 Pethia ticto
	Cypriniformes
	Cyprinidae
	Pothia
	Indigenous
	 FF + GF
	LC
	5.79

	5
	Cirrhinus mrigala
	Cypriniformes
	Cyprinidae
	Nain/Mrigal
	Indigenous
	 FF + GF
	LC
	1.64

	6
	Labeo Gonius 
	Cypriniformes
	Cyprinidae
	Kursha
	Indigenous
	 FF
	LC
	2.75

	7
	Puntius sophore
	Cypriniformes
	Cyprinidae
	Pothi
	Indigenous
	FF + GF + MV
	LC
	5.26

	8
	Cirrhinus reba 
	Cypriniformes
	Cyprinidae
	Rewa
	Indigenous
	FF
	LC
	3.80

	9
	Systomus sarana
	Cypriniformes
	Cyprinidae
	Pothi
	Indigenous
	FF
	LC
	4.99

	10
	Puntius chola
	Cypriniformes
	Cyprinidae
	Sidhari
	Indigenous
	FF + GF
	LC
	2.46

	11
	Salmophasia bacaila
	Cypriniformes
	Danionidae
	Chelwa
	Indigenous
	FF + OF
	LC
	1.92

	12
	Amblypharyngodon mola
	Cypriniformes
	Danionidae
	Dhawai
	Indigenous
	 FF
	LC
	5.51

	13
	Rasbora daniconius
	Cypriniformes
	Danionidae
	Dhera
	Indigenous
	OF
	LC
	2.42

	14
	Heteropneustes fossilis
	Siluriformes
	Heteropneustidae
	Singhi
	Indigenous
	 FF + MV + OF
	LC
	5.59

	15
	Clarias magur
	Siluriformes
	Clariidae
	Magur
	Indigenous
	 FF + OF
	LC
	0.09

	16
	Mystus vittatus
	Siluriformes
	Bagridae
	Palwa
	Indigenous
	 FF + OF
	LC
	5.10

	17
	Mystus tengara 
	Siluriformes
	Bagridae
	Tengana
	Indigenous
	 FF + OF
	LC
	4.54

	18
	Mystus bleekeri
	Siluriformes
	Bagridae
	Singarah/Tengra
	Indigenous
	 FF + OF
	LC
	4.29

	19
	Wallago attu
	Siluriformes
	Siluridae
	Padhani
	Indigenous
	FF
	VU
	1.15

	20
	Macrognathus aral
	Synbranchiformes
	Mastacembelidae
	Baam
	Indigenous
	FF + OF
	LC
	0.10

	21
	Notopterus notopterus 
	Osteoglossiformes
	Notopteridae
	Patra
	Indigenous
	 FF + OF
	LC
	1.46

	22
	Xenentodon cancila
	Beloniformes
	Belonidae
	Kauwa
	Indigenous
	 FF + OF
	LC
	2.42

	23
	Channa striata
	Perciformes
	Channidae
	Sauri
	Indigenous
	 FF
	LC
	5.25

	24
	Channa Punctatus
	Perciformes
	Channidae
	Girai
	Indigenous
	 FF
	LC
	4.97

	25
	Channa Marulius
	Perciformes
	Channidae
	Saur
	Indigenous
	 FF
	LC
	1.65

	26
	Nandus nandus
	Perciformes
	Nandidae
	Dhebari
	Indigenous
	 FF + OF
	LC
	1.15

	27
	Chanda nama
	Perciformes
	Ambassidae
	Chanri
	Indigenous
	 FF + OF + BC
	LC
	6.44

	28
	Parambassis ranga
	Perciformes
	Ambassidae
	Chanri
	Indigenous
	FF + OF
	LC
	3.08

	29
	Trichogaster faciata 
	Anabantiformes
	Osphronemidae
	Colisa
	Indigenous
	FF + OF
	LC
	5.16

	30
	Anabas testudenius
	Anabantiformes
	Anabantidae
	Kawai
	Indigenous
	 FF + OF
	LC
	5.94


FF = Food Fish, GF = Game Fish, OF = Ornamental Fish, MV = Medicinal Value, LC = Least Concern, VU = Vulnerable,
BC= Biological Control

Patterns in fish diversity indices 
The diversity indices calculated showed variation at spatial and temporal scales (Fig. 2). Shannon-Wiener index (H′) fluctuated from 2.952 to 3.130, showing moderate variation across sites and months. Values were highest in January, while the lowest diversity was recorded in April. Spatially, Site-2 had the highest diversity, and Site-3 the lowest diversity. Joshi et al. (2022) in Saraiyaman wetland of Ganga River basin at Bihar and Bharti et al. (2025) in Kasaraiya Dhar wetland, Bihar reported highest H' values of 3.50 and 3.29, respectively. Margalef’s richness index in Baghel wetland ranged from 4.850 to 5.419, the highest value was in January and lowest was in October. Among sites, Site-1 showed the highest richness, while Site-3 had the lowest richness, indicating variability in species distribution. Kumar et al. (2003) also observed values almost in the same range for the Margalef’s Index, from 4.317 to 5.061, in the upper stretch of Ganga River. Pielou’s evenness index (J′) values ranged from 0.796 to 0.853, the lowest values in April indicating that a few species were dominant, while highest values in January indicated a more balanced community. Site-wise, Site-3 had highest evenness (0.853), indicating an even fish distribution, while Site-1 had the lowest (0.805). Borah et al. (2024) recorded seasonal variation in evenness index at Alwara wetland of Kaushambi District of Uttar Pradesh with the values of 0.792 (pre-monsoon), 0.8186 (monsoon), and 0.6951 (post-monsoon), indicating unequal fish distribution across seasons. In the present study, Dominance index (D) was ranged from 0.049 to 0.059, the highest dominance value was recorded in April (0.059), suggesting that one or a few species were more abundant during warmer months. In contrast, the lowest values of D were recorded in December and January (0.052), indicating a more balanced and evenly distributed fish species in the winter months. Spatially, Site-3 showed the highest dominance (0.059), whereas Site-2 had the lowest dominance value (0.049). Similar to our study, Joshi et al. (2021) also reported low value of the Simpson Dominance Index (D = 0.05) in the Saraiyaman Wetland, Bihar. 
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Fig.2: Spatio-temporal variation in different diversity indices studied in Baghel wetland. A. Shannon-Wiener diversity index (H′), B. Margalef’s species richness Index (d), C. Pielou’s evenness index (J′), D. Dominance Index (D)

Patterns in water quality parameters
The water quality parameters studied also showed spatio-temporal variations (Fig. 3). The pH varied from 7.35 ± 0.04 to 8.07 ± 0.07 and the highest pH was recorded in April (8.07 ± 0.07), while the lowest was in January (7.35 ± 0.04). Site-wise, Site-3 had the highest average pH (7.80 ± 0.25), and Site-2 recorded the lowest (7.76 ± 0.25). Borah et al. (2024) reported similar findings in the Alwara wetland with slightly alkaline pH, ranging from 7.5 to 8.0. The water temperature ranged from 17.13 ± 0.13°C in January to 30.63 ± 0.15°C in September. Site-wise, Site-1 had the highest average temperature (24.44 ± 4.56°C), whereas Site-2 recorded the lowest (24.07 ± 4.68°C). Verma and Prakash (2020) studied Semara Taal, a wetland in Siddharth Nagar district of Uttar Pradesh, and recorded water temperature ranging from 12.8°C to 35.4°C. Electrical Conductivity (EC) fluctuated from 0.35 ± 0.02 dS/m in January to 0.61 ± 0.05 dS/m in November. Site-wise, the highest mean EC was recorded at Site-2 (0.52 ± 0.09 dS/m), whereas Sites 1 and 3 had similar values (0.50 ± 0.06 dS/m). Thakur et al. (2025) conducted a study on the Pong Reservoir located on the Beas River in the Kangra district of Himachal Pradesh, and reported the electrical conductivity between 216.98 and 279.97 µS/cm. Salinity showed minor seasonal variation, ranged from 0.24 ± 0.01 in December to 0.33 ± 0.02 in April. Spatial differences were minor, with Site-2 had the highest average salinity (0.29 ± 0.03) and Site-3 the lowest (0.28 ± 0.03). Pandey and Chandra (2015) studied Bakhira Lake in Sant Kabirnagar of Uttar Pradesh and found salinity levels ranging from 0.18 to 0.20 g/L across four sampling stations, with peak values recorded in March and July, due to higher temperatures and increased evaporation. Dissolved Oxygen (DO) in Baghel wetland ranged from 4.68 ± 0.09 mg/L in April to 5.60 ± 0.25 mg/L in December, indicating a decline in the DO from winter to early summer. Spatially, Site-2 had the highest average DO (5.30 ± 0.48 mg/), whereas Site-3 recorded the lowest (4.81 ± 0.22 mg/l). Pandey and Chandra (2015) also reported similar results in Bakhira Lake, with the DO levels ranged from (5.02 ± 0.2 to 6.20 ± 0.4 mg/l) with higher values in March, June, and July. Total Dissolved Solids (TDS) in Baghel wetland ranged from 247.17 mg/l to 272.17 mg/l, with the highest mean in January (272.17 ± 5.95 mg/) and the lowest in October (252.00 ± 7.57 mg/). Spatially, Site-3 had the highest average TDS (262.63 ± 15.02 mg/L), while Site-1 recorded the lowest (252.25 ± 9.15 mg/l). Joshi et al. (2021) reported that the total dissolved solids (TDS) in the Saraiyaman wetland of Bihar fluctuated seasonally with the values between 126 and 206 mg/L. Ammonia levels in Baghel wetland ranged from 0.22 ± 0.03 mg/ to 0.35 ± 0.03 mg/l, with the highest ammonia concentration in March and the lowest in September. Spatially Site-3 had the highest average ammonia (0.33 ± 0.05 mg/), while Site-2 had the lowest (0.25 ± 0.07 mg/l). Verma et al. (2015) during their study of Sur Sarovar (Keetham) Lake, Agra (Uttar Pradesh), reported ammonia concentrations ranged from 0.52 ± 0.03 mg/L to 0.64 ± 0.032 mg/L. Alkalinity in Baghel wetland ranged from 177.00 ± 4.09 mg/l to 207.67 ± 4.21 mg/l, indicating a moderate seasonal variation. The highest alkalinity was recorded in April and the lowest in December. Spatially, Site-3 had the highest average alkalinity (192.06 ± 9.58 mg/l), while Site-2 recorded the lowest (180.81 ± 8.71 mg/l). Bharti et al. (2025) conducted a study in Kasaraiya Dhar Wetland, Bihar, and reported the water alkalinity ranged from 196.47 to 265 ppm.
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Fig. 3: Spatio-temporal variation for different physico-chemical parameters in Baghel wetland. A. pH, B. Temperature (oC), C. Electrical Conductivity (dS/m), D. Salinity, E. Dissolved Oxygen, F. Total Dissolved Solids, G. Ammonia, H. Alkalinity.
Influence of water quality parameters on the fish diversity and composition
The influence of the physic-chemical parameters on fish community structure is shown in CCA biplot (Fig. 4). The analysis showed that Axis 1 had an eigen value of 0.013, explaining a substantial 82.13% of the total constrained variation, while Axis 2 accounted for 17.87% with an eigenvalue of 0.003. Together, these two axes explained 100% of the variation related to the environmental gradients, indicating a strong relationship between environmental factors and fish community structure. Among the environmental variables, Total Dissolved Solids (TDS) showed the strongest positive correlation with Axis 1 (1.00), suggesting that it was a dominant factor influencing the distribution of fish species across the different wetland sites. Similarly, temperature (-0.80) and dissolved oxygen (DO) (-0.77) showed strong negative correlations with Axis 1, indicating their significant but inverse contribution to species variation. In contrast, alkalinity (1.00) and pH (0.91) were highly correlated with Axis 2, reflecting their role in shaping fish community patterns along that environmental gradient. Salinity and electrical conductivity (EC) shared the same coordinates (0.35, -0.85), suggesting similar influence on species distribution. Ammonia also showed a moderate positive correlation with Axis 2 (0.88), potentially contributing to species segregation across sites. The fish species showed varied responses to these environmental gradients. For example, Amblypharyngodon mola was positioned positively along Axis 2 (2.29) and negatively on Axis 1 (-0.29), suggesting its preference for environments with higher alkalinity and pH. Anabas testudineus showed a strong positive correlation with Axis 1 (2.73) and a moderate value on Axis 2 (0.45), indicating its occurrence in areas with high TDS and slightly higher temperature. In contrast, species such as Trichogaster fasciata (-1.03, -0.35), Heteropneustes fossilis (-0.65, 0.90), and Mystus vittatus (-0.62, 0.49) showed negative scores along Axis 1, indicating a tendency to inhabit regions with relatively lower TDS and better dissolved oxygen conditions. Other species also showed diverse environmental preferences. For example, Puntius ticto (0.21, -1.34) and Channa striata (-0.42, 0.20) responded differently across the axes, indicating the complexity of their habitat associations. Chanda nama, occurring twice in the dataset, had constant scores (0.06, -0.73), showed a moderate relation with Axis 1 and a negative relation along Axis 2.
The spatial distribution of sampling sites further supported these findings. Site 3 was positively related with both axes (0.11, 0.08), indicating a slightly enriched environment in terms of both water quality and fish diversity. Site 1 (-0.17, 0.01) and Site 2 (0.06, -0.05) were located near the origin of the CCA plot, reflecting relatively average environmental conditions without extreme gradients. Similar findings were reported by Borah et al. (2024), who studied a seasonally open floodplain wetland at Alwara, Kaushambi District, Uttar Pradesh, India, explaining 90.23% of the variation in fish distribution. The authors showed that alkalinity, depth, temperature, and conductivity positively influenced the distribution of species such as Labeo rohita, Chitala chitala, and Wallago attu. In the present study, however, DO and pH were found to influence species such as Channa marulius, Anabas testudineus, and Clarias magur across different sites. These results supported the observation that species distribution has close association with site-specific water quality conditions. Comparable patterns of site-specific fish assemblages governed by dissolved oxygen, temperature, conductivity, and alkalinity have also been reported from the Sai River, Uttar Pradesh (Bihari et al., 2025). Similar associations between water quality parameters and fish assemblage composition have been reported from other floodplain wetlands experiencing anthropogenic pressure (Zhao et al., 2023). Seasonal variation in fish community structure in relation to environmental change observed in the present study is also consistent with recent findings from tropical wetlands (Kumar et al., 2024).
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Fig. 4: CCA Biplot showing interrelationship of fish species and environmental parameters in Baghel wetland
Conclusion
The present study provided baseline information on fish diversity and water quality, and their interrelationships in Baghel wetland. Undoubtedly, Baghel wetland is a unique ecosystem as far as its ecological importance is concerned. At present, both the fish diversity and water quality of Baghel wetland are in a degraded state due to disrupted stream connectivity, excessive growth of macrophytes, declining fish stocks, absence of brooders of commercially valuable species, scarcity of large-sized fishes, lack of seed stocking, increasing agricultural encroachment, and other anthropogenic pressures including pollution. Findings from this study emphasize the importance of protecting and conserving Baghel Wetland.  It also reflects the conservation needs of numerous other wetlands across the eastern Uttar Pradesh, thereby contributing towards achieving Sustainable Development Goals of wetlands under the Convention on Biological Diversity (CBD) in the state. 
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