



Assessment of Ichthyofaunal Diversity along the Stretches of a stretch of Ghaghara River flowing through district Ambedkar Nagar District of Uttar Pradesh, India

Abstract
The present investigation was conducted to assess the ichthyofaunal diversity of along the Ghaghara River, a tributary of Ganga River, along the stretch in Ambedkar Nagar District of Uttar Pradesh in 73 km stretch 
during September 2025 to May 2026. A total of 39 fish species belonging to 16 families and 8 orders under 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 categorized 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 2.98 to 3.43, while Simpson’s diversity index varied from 0.9269 to 0.9602, indicating a diverse and relatively stable fish community structure. Physico-chemical parameters indicated favourable conditions for aquatic life, with dissolved oxygen ranging from 6.2 to 6.9 mg/L, pH from 7.1 to 8.03, water temperature from 18.82 to 30.63°C, electrical conductivity from 248.4 to 310.17 µS/cm, total dissolved solids from 133.87 to 157.23 mg/L, and alkalinity from 152.77 to 164.57 mg/L.
 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 importance of the Ghaghara River ecosystem and emphasizes 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 recent estimates, 18,990 of the 37,245 valid fish species occur in freshwater ecosystems worldwide (Fricke et al., 2025).

India is recognized as one of the world's megadiverse countries, harbouring approximately 7–8% of global biodiversity (Bhattacharya, 2025). Recent assessments report 1,239–1,374 freshwater fish species from the country, placing India among the leading nations in freshwater fish diversity (Sahu et al., 2025; Kumar et al., 2025). 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. Recent studies have documented high fish diversity in these river systems, although anthropogenic pressures including pollution, habitat degradation, overexploitation, and invasive species continue to threaten freshwater ecosystems (Ali et al., 2026; De and Dwivedi, 2024).
The Ghaghara River 
is an ecologically important tributary of the Ganga River system and supports diverse fish communities and fisheries resources. However, information on the ichthyofaunal diversity of the river in Ambedkar Nagar District remains limited
. Therefore, the present study was undertaken to assess the fish diversity, community structure, and seasonal variations 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 multiple approaches 
to obtain a representative assemblage of riverine species. Specimens were collected directly from the Ghaghara River with the assistance of local fishermen 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. The distance between Ausanpur and Kewtala was approximately 45 km, whereas the distance between Kewtala and Kamariya Ghat was approximately 28 km (Fig. 1). Fish specimens were identified using fresh or preserved samples following standard taxonomic keys and reference literature, including Day (1878), Talwar and Jhingran (1991), the FAO Species Identification Sheets (Fischer and Bianchi, 1984), the Integrated Taxonomic Information System (ITIS), and FishBase. Identification was carried out up to the species level.
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Fig.1. Satellite picture of sampling site

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 (Thomas et al., 2011; Khan et al., 2005). Similarity in species composition among samples was assessed using the Bray–Curtis similarity coefficient (Bray and Curtis, 1957), followed by cluster analysis to identify patterns in community assemblages. Non-metric multidimensional scaling (MDS) based on Bray–Curtis similarity matrices was employed to visualize 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) developed by Plymouth Marine Laboratory, United Kingdom (Clarke and Warwick, 2001; Clarke and Gorley, 2006). The computation of matrices of similarities between different pair of sample is based on Bray - Curtis similarities measure- 
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The goodness of fit of the MDS was found by calculating the stress value using the formula.

[image: image3.png]Stress = Z, zk(dik — AR ) ) ke
L




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 1). 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 2). 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) and from the Chambal River basin by Bose et al. (2019).
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. 2). According to Warwick et al. (2008), 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. 3). Similar seasonal trends were reported by Wanjari et al. (2025) and Kundu et al. (2014).
Cluster analysis based on Bray-Curtis similarity coefficients demonstrated pronounced temporal structuring of fish assemblages (Table 3 and Fig. 4). 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 Sarkar et al. (2013), Das and Chakraborty (2016), and Singh et al. (2018). Seasonal comparisons revealed Bray-Curtis similarity values ranging from 49.50% to 55.90% (Table 4 and Fig. 5). 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 organization. Comparable observations have been reported from eastern Indian aquatic ecosystems by Mukherjee et al. (2013) and Kundu et al. (2014).
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 (Table 5 and Fig. 6). 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. 7). 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. 8). 

Assessment of conservation status based on the IUCN Red List 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 6). Although the fish assemblage was largely composed of widely distributed and stable species, the presence of conservation-priority taxa emphasizes 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. 9). 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. Species such as 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 distribution patterns, with correlation coefficients reaching 0.9795 (Fig. 10). 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 1: 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 2: 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


[image: image4.emf]
Fig.2: K-dominance curve for species biomass during the study period (Month wise) during the study period
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Fig. 3: K-dominance curve for species biomass during the study period (Season wise) 

Bottom of Form
Table 3: 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
	


[image: image6.emf]
Fig. 7: Hierarchical clustering from Bray-Curtis similarity matrix with group average
 linking during the study period (month wise)
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Fig.8: Hierarchical clustering from Bray-Curtis similarity matrix with group average linking during the study period (Season wise)
[image: image8.emf]
Fig. 9: Hierarchical clustering from Bray-Curtis similarity matrix with group average linking during the study period (Species wise)
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Fig.10: Fitted 95% probability contours of average taxonomic distinctness (delta+) and variation in taxonomic distinctness (lambda+)
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Fig.  11: 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 4: 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
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Fig.12: Normal Probability Plots of the measured physico-chemical parameters
Conclusion

The study recorded considerable ichthyofaunal diversity in the Ghaghara River stretch of 
Ambedkar Nagar District, with 39 fish species representing 16 families and 8 orders. Cypriniformes, Siluriformes, and the family Cyprinidae formed the major components of the fish assemblage. Seasonal variation was evident, with the monsoon season supporting the highest species richness and abundance, followed by the post-monsoon and pre-monsoon periods. Diversity indices indicated a relatively diverse and balanced fish community during the study period. The recorded physicochemical parameters suggested that the river environment remained generally suitable for aquatic life. Multivariate analyses further indicated temporal variation in fish assemblage structure across months and seasons. The presence of species categorized as Near Threatened and Vulnerable highlights the conservation value of the Ghaghara River ecosystem. These findings provide baseline information for future biodiversity monitoring, conservation planning, and sustainable management of riverine fisheries resources in eastern Uttar Pradesh.

Limitations

The study was limited to three sampling sites along a 73 km stretch of the Ghaghara River and covered the period from September 2025 to May 2026. Fish collection involved both direct river sampling and nearby landing centres, which may introduce sampling bias if fishing effort and gear selectivity are not fully standardized. The manuscript does not provide detailed site coordinates, gear specifications, or complete methodological details for physicochemical analysis. Long-term monitoring covering additional seasons, more sites, and standardized sampling effort would strengthen future assessments of fish diversity and community structure.

Declaration of AI Use

This manuscript was prepared through the combined contributions of all author(s), including contributions to the study design, data, content development, results, interpretation, and related scholarly work. The author(s) acknowledge the use of Grammarly and ChatGPT to assist with grammar checking, language refinement, reference formatting. These AI-assisted tools were not used as authors and did not replace the intellectual contributions or scholarly judgment of the author(s). All AI-assisted outputs, including content, references, and interpretations, were carefully reviewed, revised, verified, and approved by the author(s). The author(s) accept full responsibility for the accuracy, integrity, and final content of the manuscript.

COMPETING INTERESTS DISCLAIMER:

Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.
References 

Ali A, Singh R K and Verma P (2026) Fish diversity and conservation status of selected rivers of Uttar Pradesh. Journal of Inland Fisheries Research 58(2), 115-124.

Bhattacharya S (2025) Biodiversity status and conservation priorities in India. Indian Journal of Ecology 52(1), 1-12.

Bray J R and Curtis J T (1957) An ordination of the upland forest communities of southern Wisconsin. Ecological Monographs 27, 325-349.

Cardinale B J, Duffy J E, Gonzalez A, Hooper D U, Perrings C, Venail P, Narwani A, Mace G M, Tilman D, Wardle D A, Kinzig A P, Daily G C, Loreau M, Grace J B, Larigauderie A and Naeem S (2012) Biodiversity loss and its impact on humanity. Nature 486, 59-67.

Clarke K R (1993) Non-parametric multivariate analyses of changes in community structure. Australian Journal of Ecology 18, 117-143.

Clarke K R and Gorley R N (2006) PRIMER v6: User Manual/Tutorial. PRIMER-E Ltd., Plymouth, UK, pp. 91.

Clarke K R and Warwick R M (2001) Change in Marine Communities: An Approach to Statistical Analysis and Interpretation. PRIMER-E Ltd., Plymouth, UK, pp. 144.

Day F (1878) The Fishes of India; Being a Natural History of the Fishes Known to Inhabit the Seas and Freshwaters of India, Burma and Ceylon. William Dawson and Sons Ltd., London.

Das S and Chakraborty S K (2016) Seasonal variation in fish community structure in a tropical river ecosystem of eastern India. Journal of Inland Fisheries Society of India 48(2), 45-54.

De S and Dwivedi A C (2024) Anthropogenic impacts on freshwater fish biodiversity in Indian rivers and management perspectives. Journal of Environmental Biology 45(3), 389-398.

Fischer W and Bianchi G (1984) FAO Species Identification Sheets for Fishery Purposes. Food and Agriculture Organization, Rome.

Fricke R, Eschmeyer W N and Van der Laan R (2025) Eschmeyer's Catalog of Fishes: Genera, Species, References. California Academy of Sciences, San Francisco, USA.

Khan S A, Raffi S M and Lyla P S (2005) Brachyuran crab diversity in natural (Pitchavaram) and artificially developed mangroves (Vellar estuary). Current Science 88(8), 1316-1324.

Kumar A, Singh S K and Mishra P (2020) Ichthyofaunal diversity and seasonal variation in the Ghaghara River, northern India. Indian Journal of Fisheries 67(4), 56-65.

Kumar R, Sahu V and Singh P (2025) Freshwater fish diversity assessment in India: an updated checklist and conservation perspective. Journal of Threatened Taxa 17(1), 24567-24580.

Kundu S, Thivakaran G A and Santhanam P (2014) Seasonal variation in aquatic biodiversity and community structure in coastal ecosystems of India. Indian Journal of Geo-Marine Sciences 43(8), 1462-1470.

Mukherjee M, Das S and Chatterjee T (2013) Seasonal dynamics of fish assemblages in eastern Indian river systems. Journal of Aquatic Biology and Fisheries 1(2), 65-74.

Sahu V, Kumar R and Singh A (2025) Freshwater fish diversity and conservation priorities in India. Journal of Biodiversity and Conservation 34(2), 201-214.

Sarkar U K, Pathak A K and Lakra W S (2013) Fish biodiversity and assemblage structure in Indian rivers: implications for conservation and management. Aquatic Ecosystem Health and Management 16(3), 306-316.

Sarkar U K, Dubey V K and Lakra W S (2015) Fish diversity of the Gomti and Rapti rivers of northern India. Journal of Inland Fisheries Society of India 47(1), 1-12.

Talwar P K and Jhingran A G (1991) Inland Fishes of India and Adjacent Countries. Oxford and IBH Publishing Co. Pvt. Ltd., New Delhi.

Thomas S, Dineshbabu A P and Radhakrishnan E V (2011) Multivariate approaches for analysing fish community structure and diversity patterns. Indian Journal of Fisheries 58(4), 41-49.

Wanjari R M, Sharma P and Verma N (2025) Seasonal diversity patterns and fish assemblage structure in central Indian rivers. Journal of Freshwater Ecology 40(1), 88-99.

Warwick R M, Clarke K R and Somerfield P J (2008) Exploring the marine biotic environment using species abundance and dominance curves. Journal of Experimental Marine Biology and Ecology 366, 5-12.

�May mention latitude and longitude and the sentence may be split. 


�May be deleted. 


�Some information on Ghaghara River may be added like total length, origin,  


�If there is any information on Ichthyofauna of Ghaghar river it may be mentioned here. 


�Specify fishing methods and types of nets used for fishing. May be many small fishes were not represented in your samples if drag nets (Chat Jals) were not used. 


�May mention latitude and longitude of sampling sites in a table. 


�It may be improved showing latitude and longitude scales.


�Any variations with overall diversity of Ghagara River may be mentioned. 






