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Abstract
The present investigation was conducted to assess the ichthyofaunal diversity of the Ghaghara River, a tributary of the Ganga River, at three sites in Ambedkar Nagar District, Uttar Pradesh: (Site I Ausan Pur 26°38'03.3"N 82°30'31.3"E); (Site II Kewtala 26°26'34.8"N 83°02'01.4"E); and (Site III Kamariya Ghat 26°24'03.8"N 83°04'31.8"E) from September 2025 to May 2026. A total of 39 fish species belonging to 16 families and 8 orders in the class Actinopterygii were recorded. Among the orders, Cypriniformes and Siluriformes were dominant, each contributing 11 species (28.21%), while the family Cyprinidae showed the highest representation (23.08%), followed by Bagridae with five species. Conservation status analysis revealed that 31 species (79.49%) belonged to the Least Concern category, seven species (17.95%) were categorised as Near Threatened, and one species (2.56%) was classified as Vulnerable. Seasonal variation in fish diversity was evident, with the highest species richness recorded during the monsoon season (38 species), followed by the post-monsoon (30 species) and pre-monsoon seasons (25 species). The Shannon–Wiener diversity index ranged from 2.89 to 3.43, while Simpson’s diversity index varied from 0.9269 to 0.9602, indicating a diverse and relatively stable fish community structure. Bray–Curtis similarity analysis revealed clear seasonal grouping of fish assemblages, with the highest similarity observed between December 2025 and January 2026 (90.27%). The low stress value (0.01) associated with the multidimensional scaling (MDS) plot indicated excellent ordination of the samples. Seasonal variations significantly influenced fish diversity, abundance, and community structure, with the monsoon season supporting the highest species richness and abundance due to favourable habitat and breeding conditions. The occurrence of Near Threatened and Vulnerable species highlights the conservation significance of the Ghaghara River ecosystem and emphasises the need for effective management strategies for the sustainable conservation of riverine fish biodiversity in eastern Uttar Pradesh.
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Introduction
Biodiversity plays a vital role in maintaining ecosystem stability and supporting economic and social development through processes such as nutrient cycling, decomposition, energy flow, and food web regulation (Cardinale et al., 2012). Fish diversity constitutes the largest component of vertebrate biodiversity, with freshwater fishes accounting for nearly half of the world's fish fauna. According to the July 2026 edition of Eschmeyer’s Catalog of Fishes, 19,307 of the 37,678 valid fish species are associated with freshwater habitats (Fricke et al., 2026).
India is recognised as one of the world's megadiverse countries, harbouring approximately 7–8% of global biodiversity (Ministry of Environment and Forests, 2014). National syntheses have documented at least 1,027 freshwater fish species and 3,523 fish species overall in India, underscoring the country’s high fish diversity (Gopi et al., 2017; Kosygin et al., 2024). Uttar Pradesh forms an important part of the Indo-Gangetic biodiversity region and supports rich aquatic resources through major river systems such as the Ganga, Yamuna, Gomti, and Ghaghara. Available databases and river-basin assessments document substantial fish diversity in these systems, while pollution, habitat degradation, overexploitation, invasive species, and hydrological alteration continue to threaten freshwater ecosystems (Pathak et al., 2019; Sarkar et al., 2012).
The Ghaghara River has a total length of 1,080 km. It originates in the Mapchachungo Glacier, located near Lake Manasarovar on the Tibetan Plateau at an elevation of approximately 4,800 m above mean sea level. Kumar et al. (2020) identified a total of 71 fish species representing 25 families and 49 genera; the catch composition showed that fishes of the family Cyprinidae accounted for 35% of the total, followed by Bagridae (10%) and Channidae (6%). According to the IUCN Red List (IUCN, 2026), two species were classified as Vulnerable (VU), five as Near Threatened (NT), and the golden mahseer (Tor putitora) was classified as Endangered (EN). 
Recent documentation from a Ganga-connected channel in Bihar recorded substantial fish richness alongside habitat degradation and pollution pressures, underscoring the value of site-specific surveys in the middle Gangetic region (Choudhary & Sagar, 2025). Riverine breeding habitats are also vulnerable to anthropogenic disturbance, and regular monitoring is important for conserving sensitive fishes (Tiwari et al., 2024).
Recent spatio-temporal assessments have shown that freshwater fish assemblages are closely associated with hydrological and physicochemical habitat conditions, supporting seasonal and multi-site monitoring approaches (Nimasow et al., 2025). River surveys in northeastern India have likewise documented the coexistence of cyprinid dominance and conservation-priority taxa, demonstrating the value of integrating diversity indices with conservation-status assessment (Kechu & Pankaj, 2025).
However, information on the seasonal structure and conservation status of fish assemblages along the Ghaghara River within Ambedkar Nagar District remains limited. In particular, integrated evidence combining species composition, diversity indices, seasonal similarity, and environmental associations is lacking for this river stretch.
Therefore, the present study was undertaken to assess fish diversity, community structure, and seasonal variation in ichthyofaunal assemblages of the Ghaghara River and to provide baseline information for conservation and sustainable fisheries management.
2. Materials and Methods
Fish sampling was carried out using different gears, including a gill net with a 44 mm mesh size, a drag net, and hook and line, to obtain a representative assemblage of riverine species. Specimens were collected directly from the Ghaghara River with the assistance of local fishers and from nearby fish landing and collection centres at each sampling site. Sampling was conducted fortnightly from September 2025 to May 2026 to account for seasonal variations in fish diversity and abundance. The study covered three designated sampling sites (Site 1, Site 2, and Site 3) along a 73 km stretch of the Ghaghara River in Ambedkar Nagar District, Uttar Pradesh (Table 1). The distance between Ausanpur and Kewtala was approximately 45 km, whereas the distance between Kewtala and Kamariya Ghat was approximately 28 km. Fish specimens were identified from fresh or preserved specimens following standard taxonomic keys and reference literature, including Day (1878), Talwar and Jhingran (1991), the FAO Species Identification Sheets (Fischer & Bianchi, 1984), the Integrated Taxonomic Information System (ITIS, 2026), and FishBase (Froese & Pauly, 2026). Identification was carried out to the species level.
Table 1: Description of Sampling Sites
	Sampling Location
	Latitude 
	Longitude 

	Site I Ausan Pur
	26°38'03.3"N
	82°30'31.3"E

	Site II Kewtala

	26°26'34.8"N
	83°02'01.4"E

	Site III Kamariya Ghat

	26°24'03.8"N
	83°04'31.8"E


Multivariate statistical analyses were performed to evaluate spatial and temporal variations in fish community structure. Species abundance data were square-root transformed prior to analysis to reduce the influence of highly abundant species (Bharti et al., 2025; Khan et al., 2005). Similarity in species composition among samples was assessed using the Bray–Curtis similarity coefficient (Bray & Curtis, 1957), followed by cluster analysis to identify patterns in community assemblages (Clarke et al., 2008). Non-metric multidimensional scaling (MDS) based on Bray–Curtis similarity matrices was employed to visualise relationships among samples. The goodness-of-fit of the ordination was evaluated using stress values, with lower stress values indicating a better representation of the similarity relationships among samples. Taxonomic distinctness analyses, including variation in taxonomic distinctness, were used to assess the taxonomic structure of fish assemblages. Funnel and ellipse plots were generated to examine deviations from expected taxonomic distributions and to evaluate variability among samples (Khan et al., 2005). All diversity and multivariate analyses were performed using the PRIMER-E software package (Version 6) (Clarke & Gorley, 2006; Clarke & Warwick, 2001). The computation of matrices of similarities for pairs of samples was based on the Bray–Curtis similarity measure.


The goodness-of-fit of the MDS was evaluated by calculating the stress value using the following formula.


Results and Discussion
During the present investigation, 39 fish species representing 16 families and 8 orders under the class Actinopterygii were documented from the Ghaghara River stretch in Ambedkar Nagar District. Among the recorded orders, Cypriniformes and Siluriformes constituted the major components of the ichthyofauna, each contributing 11 species (28.21%). Collectively, these two orders represented more than half of the total species richness recorded during the study. The family Cyprinidae dominated the assemblage with nine species (23.08%), followed by Bagridae with five species. The predominance of cyprinids is consistent with observations from many Indian river systems where members of this family contribute substantially to inland fisheries production. Marked temporal fluctuations in species abundance were observed throughout the sampling period, indicating the influence of seasonal environmental changes on fish distribution. In September 2025, Mystus vittatus represented the highest proportion of the catch (11.04%), followed by Puntius sophore (5.57%), Parambassis ranga (5.44%), Eutropiichthys vacha (5.19%), Mystus tengara (4.85%), and Heteropneustes fossilis (4.61%). The increased abundance of these species contributed to the elevated diversity values recorded during the monsoon season.
The Margalef richness index varied between 3.54 and 4.79 during the investigation, with the highest value recorded in September 2025, corresponding with the period of maximum fish abundance (Table 2). Seasonal comparisons revealed the greatest species richness during the monsoon season (38 species), followed by the post-monsoon (30 species) and pre-monsoon (25 species) periods (Table 3). Margalef's richness index followed a similar pattern, with values of 4.79, 4.28, and 3.58 recorded for monsoon, post-monsoon, and pre-monsoon seasons, respectively. The enhanced habitat connectivity, increased water volume, and favourable breeding conditions associated with monsoon flooding likely promoted higher diversity and recruitment. Comparable observations have been reported from the Ghaghara River by Kumar et al. (2020).
The K-dominance plots provided additional insights into community structure and species evenness. The curve corresponding to September 2025 occupied a lower position and extended further along the horizontal axis, indicating a more equitable distribution of individuals among species and lower dominance by a few taxa (Fig. 1). According to Clarke and Warwick (2001), such patterns are characteristic of highly diverse and stable communities. Seasonal K-dominance analysis further demonstrated that the monsoon period supported the highest abundance and diversity of fishes compared with subsequent seasons (Fig. 2). Similar seasonal trends were reported by Wanjari et al. (2025) and Das et al. (2024).
Cluster analysis based on Bray-Curtis similarity coefficients demonstrated pronounced temporal structuring of fish assemblages (Table 4 and Fig. 3). The highest similarity value (90.27%) was observed between December 2025 and January 2026, while April and May 2026 exhibited 90.17% similarity. Another highly similar pair comprised November and December 2025 with 89.44% similarity. In contrast, the lowest similarity (45.07%) was observed between October 2025 and April 2026, reflecting considerable seasonal shifts in community composition. Similar temporal patterns in riverine fish assemblages have previously been documented by Lakra et al. (2010) and Mondal and Bhat (2020). Seasonal comparisons revealed Bray-Curtis similarity values ranging from 49.50% to 55.90% (Table 5 and Fig. 4). The post-monsoon and pre-monsoon seasons shared the greatest resemblance in species composition (55.90%), whereas the monsoon and pre-monsoon seasons displayed the lowest similarity (49.50%). These findings indicate that hydrological variability and seasonal habitat changes exert strong influences on fish community organisation. Comparable observations have been reported from eastern Indian aquatic ecosystems by Lianthuamluaia et al. (2019) and Das et al. (2024).
Species-based clustering showed that Hypophthalmichthys molitrix and Labeo calbasu exhibited the highest similarity value (91.93%), suggesting comparable occurrence patterns within the study area (Fig. 5). Several additional species groups also displayed strong associations, whereas Channa marulius remained relatively isolated within the dendrogram, indicating differences in ecological requirements and habitat utilization. Similar interpretations have been provided by Clarke and Warwick (2001).
The multidimensional scaling ordination generated a stress value of 0.01, indicating excellent representation of the similarity relationships among samples and confirming the robustness of the clustering pattern (Fig. 6). Clarke (1993) suggested that stress values below 0.05 represent highly reliable ordinations with minimal risk of misinterpretation. Taxonomic distinctness analysis showed that all Lambda+ values were contained within the 95% confidence funnel, indicating no significant departure from the expected taxonomic structure of the fish assemblage (Fig. 7). 
Assessment of conservation status based on the IUCN Red List (IUCN, 2026) indicated that 31 species (79.49%) belonged to the Least Concern category, whereas seven species (17.95%) were classified as Near Threatened and one species (2.56%) as Vulnerable (Table 7). Although the fish assemblage was largely composed of widely distributed and stable species, the presence of conservation-priority taxa emphasises the ecological significance of the river ecosystem and highlights the necessity for effective conservation strategies.
Canonical Correspondence Analysis identified water quality variables as important determinants of fish distribution patterns (Fig. 8). Temperature, dissolved oxygen, and pH exerted the strongest influence on community structure, whereas total dissolved solids and alkalinity showed comparatively moderate effects. Electrical conductivity and ammonia contributed less to the observed variation in species distribution. The species Puntius sophore were positively associated with favourable environmental conditions characterized by suitable temperature, dissolved oxygen concentration, and pH. Other species, including Parambassis ranga, Xenentodon cancila, Mystus cavasius, and Sperata seenghala were associated with environmental gradients represented along the second canonical axis. In contrast, Eutropiichthys murius, Hypophthalmichthys molitrix, and Cirrhinus reba occupied relatively distinct positions within the ordination space, indicating different ecological preferences. The first canonical axis explained 99.80% of the total variation (p = 0.001), demonstrating that fish assemblage composition was strongly influenced by a dominant environmental gradient.
Normal probability plots showed that most physicochemical parameters closely approximated normal distributions, with correlation coefficients reaching 0.9795 (Fig. 8). Among the measured variables, pH exhibited the closest fit to normality, whereas ammonia displayed minor deviations. Overall, the results indicate that the aquatic environment remained relatively stable throughout the study period.
Table 2: Variation in different indices based on species abundance (Month wise)
	Months
	S
	N
	d
	J'
	H'(loge)
	1-Lambda'
	N1
	N2

	Sep.2025
	38
	2275.4
	4.787
	0.944
	3.433
	0.960
	30.957
	24.891

	Oct.2025
	29
	1089.32
	4.004
	0.916
	3.085
	0.945
	21.859
	17.834

	Nov. 2025
	28
	780.001
	4.054
	0.919
	3.064
	0.944
	21.411
	17.487

	Dec. 2025
	28
	775.51
	4.058
	0.927
	3.090
	0.948
	21.983
	18.632

	Jan. 2026
	28
	852.18
	4.001
	0.939
	3.128
	0.951
	22.830
	19.948

	Feb. 2026
	25
	772.65
	3.609
	0.896
	2.885
	0.927
	17.898
	13.456

	Mar. 2026
	25
	759.83
	3.618
	0.920
	2.962
	0.938
	19.338
	15.795

	Apr. 2026
	25
	882.165
	3.539
	0.919
	2.957
	0.935
	19.241
	15.232

	May. 2026
	25
	867.17
	3.548
	0.932
	2.999
	0.941
	20.069
	16.563



Table 3: Variation in different indices based on species abundance (season wise)
	Seasons
	S
	N
	d
	J'
	H'(log)
	1-Lambda'
	N1
	N2

	Monsoon
	38
	2275.4
	4.7866
	0.9436
	3.4326
	0.9602
	30.957
	24.891

	Post monsoon
	30
	874.2528
	4.2814
	0.9329
	3.1731
	0.9516
	23.882
	20.227

	Pre monsoon
	25
	820.4538
	3.5768
	0.9246
	2.9764
	0.9375
	19.618
	15.713




Fig.1: K-dominance curve for species biomass during the study period (Month wise) during the study period

Top of Form
Fig. 2: K-dominance curve for species biomass during the study period (Season wise) Bottom of Form
Table 4: Bray-Curtis similarity matrix between months during the study period
	Months
	Sep.
2025
	Oct.
2025
	Nov. 
2025
	Dec. 
2025
	Jan. 
2026
	Feb. 
2026
	Mar. 
2026
	Apr. 
2026
	May.
 2026

	Sep.
2025
	
	
	
	
	
	
	
	
	

	Oct.
2025
	61.95998
	
	
	
	
	
	
	
	

	Nov. 2025
	47.45695
	69.57831
	
	
	
	
	
	
	

	Dec. 2025
	48.25708
	69.67391
	89.44456
	
	
	
	
	
	

	Jan. 2026
	51.33746
	68.79423
	83.77355
	90.27149
	
	
	
	
	

	Feb. 2026
	45.90607
	47.34878
	53.52059
	56.281
	57.19614
	
	
	
	

	Mar. 2026
	46.40834
	45.38842
	53.5125
	56.1869
	56.39047
	81.30351
	
	
	

	Apr. 2026
	50.52197
	45.07425
	49.11266
	51.71858
	56.40965
	86.17108
	82.15604
	
	

	May. 2026
	50.51662
	47.26014
	51.74618
	54.44396
	56.88429
	87.32666
	88.19914
	90.16855
	




Fig. 3: Hierarchical clustering from Bray-Curtis similarity matrix with group average
 linking during the study period (month wise)



Fig.4: Hierarchical clustering from Bray-Curtis similarity matrix with group average linking during the study period (Season wise)

Fig. 5: Hierarchical clustering from Bray-Curtis similarity matrix with group average linking during the study period (Species wise)


Fig.6: Fitted 95% probability contours of average taxonomic distinctness (delta+) and variation in taxonomic distinctness (lambda+)

Fig.  7: Canonical Correspondence Analysis (CCA) of Fish Species and Environmental Variables
Axis 1 (horizontal axis) represents the primary environmental gradient influencing fish distribution, 
Axis 2 (vertical axis) represents the secondary gradient. Together, these axes explain the major variation in fish assemblage structure in relation to water quality parameters.
Table 5: Eigenvalue Analysis
	Axis
	Eigenvalue
	Variance Explained (%)

	1
	0.028746
	99.80

	2
	4.1614E-05
	0.1445

	3
	1.0119E-05
	0.0351

	4
	6.2594E-06
	0.0217

	5
	4.4484E-07
	0.0015

	6
	8.7683E-09
	0.00003

	7
	3.5693E-09
	0.00001

	8
	4.4797E-11
	0.0000002




Fig.8: Normal Probability Plots of the measured physico-chemical parameters

Conclusion
The investigation recorded 39 fish species representing 16 families and eight orders along the studied Ghaghara River stretch in Ambedkar Nagar District. Cypriniformes and Siluriformes were the dominant orders, and Cyprinidae contained the greatest number of species. Seasonal differences were evident across the sampling period. The monsoon season supported the highest species richness, abundance, and diversity, whereas lower values occurred during the post-monsoon and pre-monsoon periods. Diversity indices indicated a comparatively diverse fish assemblage, and Bray–Curtis analysis showed clear temporal structuring, including high similarity between some consecutive months. The low stress value obtained from multidimensional scaling supported the representation of monthly assemblage relationships. Water-quality variables, particularly temperature, dissolved oxygen, and pH, were associated with the observed distribution patterns. Most recorded species were classified as Least Concern; however, the presence of Near Threatened and Vulnerable taxa increases the conservation relevance of the river stretch. The study therefore provides baseline information for ecological monitoring, fish-biodiversity conservation, and the sustainable management of riverine fisheries in eastern Uttar Pradesh.
Limitations
The study covered three sites along a 73 km river stretch and a nine-month sampling period. Fish were obtained through direct river sampling and nearby landing centres, and variation in fishing effort or gear selectivity may have influenced species representation. Although site coordinates and principal gear types were provided, the detailed standardisation of sampling effort and physicochemical procedures was limited. Broader spatial coverage, year-round sampling, and fully standardised collection methods would improve the comparability and long-term interpretation of fish-diversity patterns.
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