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ABSTRACT

	
Aims: The current study performs an evaluation of ichthyofaunal diversity when compared to seasonal water quality indicators at 2024-2025 in 3 monitoring stations using multigear and conventional physicochemical analyses. 
Study design:  Mention the design of the study here.
Place and Duration of Study: Shivna River, located at 24.07 ° N, 75.08 ° E, is a 102 km long stretch located in Mandsaur of Madhya Pradesh. This annual study (12 months) that covers all the seasons from June 2024-May 2025.
Methodology: Surface water samples, taking 2 liters from the top 30 cm of the water, were collected using a sterile PET bottle. These samples were processed for the analysis of water quality parameters following the APHA 23rd Edition (2017) norms. Water Quality Index (WQI) was calculated as outlined in BIS 105002012. To assess the fish community, we used PAST 4.0 to calculate several important measures: Shannon-Wiener diversity (H'), Pielou evenness (J'), and Margalef richness. Univariate analyses involved Pearson correlations (n = 27) to connect species uproariousness and Shannon- Wiener diversity (H') with physicochemical parameters were calculated. A three- way ANOVA in SPSS 27 was also used.	Comment by ADYASHA SAHU: Write methodology in a proper way.
Results: In the 2024 – 2025 investigations, the Shivna River was set up to have a wide variety of fish species, with an aggregate of 443 individualities collected. These fish belong to five different orders and 14 families, making up 32 distinct species. The Water Quality Index (WQI) starts as" good" with a value of 32.13 during the rainy season, but it worsens to" poor" at 107.15 in downtime and becomes" veritably poor" at 165.75 by summer. Diversity, measured by Shannon indicator (H'), drops from a high of 2.1 in downtime to a low of 1.4 at the upstream S1 point in summer. Pielou’s evenness (J') also goes down, from 0.78 in downtime to 0.52 in summer. This loss of diversity is linked to a big increase in non-native species, like Oreochromis, which rise from 18 to 32 of the total fish caught during summer. Statistical analysis revealed that fish diversity is linked to lower Biochemical Oxygen Demand (duck) (r = -0.76, p< 0.001), showing that organic pollution is a big reason for losing native complaint.  
Conclusion: A threshold-based management approach is necessary to protect the biological integrity of the Shivna River. When dissolved oxygen levels fall below 6 mg/L or the Shannon-Wiener diversity index (H') is less than 1.6. The application of agricultural Best Management Practices (BMPs) specifically, 10-meter riparian buffer zones and fertigation monitoring—is essential to address nutrient enrichment
.
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1. INTRODUCTION 	Comment by ADYASHA SAHU: Improve introduction. Give the importance of the study in a co-ordinated manner

Freshwater ecosystems insemi-arid corridor of India is facing adding damage from mortal conditioning, made worse by extreme rainfall patterns during the seasons. During the thunderstorm season, there's a lot of rain (about 730 to 750 mm, covering 85 to 90 of the months from July to September), which is followed by long ages of dry summer when the water stagnates. These changes are altering the food chain in water bodies, which is essential for the inland fishery industry (IMD, 2025). The Shivna River, which is 102 kilometers long and has a catchment area of 3,361 square kilometers in the Chambal receptacle, shows this situation well. It flows through a civic and agrarian area in Mandsaur, and gets weakened water from the Bugaliya Nalla and toxin runoff from the Malwa Plateau. Former studies have shown that the water is heavily defiled, with long- term nitrate situations advanced than the allowed limit (73- 107 mg/ L vs. 45 mg/ L), high situations of BOD (12.8 mg/ L), and a significant drop in water quality indicator from 32.13(good during thunderstorm) to 165.75(veritably poor during summer), a 416 drop. Still, these studies did not connect these changes to the natural responses of the ecosystem (Sharma et al., 2021).	Comment by ADYASHA SAHU: Give space
	Comment by ADYASHA SAHU: Improve language
 
Fish species are important as they show the impact of captivating stressors on the topography. They conduct 70- 80 of the plankton product into fisheries and can gesture water pollution by changes in the types of fish present, like shifts from native Cyprinidae fish to fantastic species (Goździejewska et al., 2024). Historically, Cyprinidae fish have made up 52- 65 of the fish in Chambal's feeders, and their presence is linked to good situations of dissolved oxygen (DO) (Bose et al., 2018). The Shivna River supports Mandsaur's fishery assiduity worth about 500 crores, but it's now at threat of collapse. This is shown by the outbreak of Oreochromis fish, which are taking advantage of the algal blooms caused by redundant nutrients. When comparing with other canals, the Shivna is in a middle ground. Rivers that have been heavily degraded, like the Ganga's feeders, have lost a significant number of fish species (from 72 to 43 species, and Cyprinidae species dropped by 52) due to niche fragmentation (Malik et al., 2022). In inconsistency, pristine aqueducts in the Himalayas have stable conditions and support a high diversity of fish (H' 2.1 – 2.8) with a high proportion of Cyprinidae (Rashid et al., 2025). Rivers like the Dharla in Bangladesh, which have analogous fish diversity to the Shivna, have more stable fluid water conditions, which are not affected by the extreme rainfall of semi-arid areas (Ara et al., 2025). In Madhya Pradesh, lakes like Bhojtal and Indrasagar have shown that Cyprinidae can survive in alkaline conditions (142 – 164 mg/ L), but the Shivna's fluid water is still vulnerable to low dissolved oxygen situations (below 6 mg/ L), which has not been completely studied (Bhakta & Saxena, 2025) (Patel et al., 2024). 
Despite being classified as order ‘D” by the MPPCB and entering about 28.68 crores from the Namami Gange program, the Shivna River lacks models that predict how fish populations relate to water quality, making restoration sweats delicate (EPCO, 2023). This study aims to fill these gaps by totally collecting data using different fishing styles from December 2024 to the summer of 2025 across the civic and agrarian areas. The study tests three possibilities first, that the stylish conditions for fish diversity do during downtime with advanced dissolved oxygen situations (7.9 mg/ L); second, that eutrophication during summer (with high water quality indicator and low dissolved oxygen) leads to a decline in Cyprinidae and an increase in fantastic species; and third, that the downstream S3 area acts as a retreat for fish, helping to help collapse in the upper corridor.
By using statistical tools like linear regression, Pearson’s correlation analysis, the study aims to find clear thresholds (like when H' drops below 1.6, it indicates a need for intervention), furnishing a base for managing fisheries, covering strategies, and restoration plans that use the monsoon capability to recover during the thunderstorm season. The Shivna River is a crucial transition point worse than demoralized civic channels like the Yamuna (which have lower than 15 species) but not yet in a state of unrecoverable eutrophication. This makes it an important model for conserving trenches insemi-arid regions, especially with the anticipated temperature rise of 2 °C and increased agrarian use (Singh et al., 2025).	Comment by ADYASHA SAHU: Mention the gap of the study and its main objective at the end of introduction


2. material and methods 

2.1 Study Area and Sampling Stations: The Shivna River, located at 24.07 ° N, 75.08 ° E, is a 102 km long flow with a catchment area of 3361 km ². It's a typical semi-arid inflowing of the Chambal River and flows through the civic-agrarian corridor of Mandsaur (M.P. India). Three different stations were selected to capture the longitudinal changes along the station S1, located upstream in a domestic area with minimum or insignificant direct discharge; S2, positioned at the junction of Bugaliya Nalla, where organic pollution is most concentrated; and S3, set up downstream in a riparian refugium area that has agrarian buffers. Water samples were collected during three seasons the monsoon season (July to September 2024), the downtime months (December 2024 to February 2025), and the summer season (April to June 2025). Each station had three replicate samples per season, performing in an aggregate of 32 samples.
[image: ]
Fig.1 Study location map of present investigation
2.2 Fish Sampling Protocol	Comment by ADYASHA SAHU: Maintain the uniform font ans spacing throughout the manuscript.
To make sure the fish caught represented each different sizes, we used a standard system with different types of nets as per APHA 10900 F (2017) guidelines. The nets used included experimental gillnets with mesh sizes ranging from 20 to 100 mm, set out for two hours during dawn and dusk. We also used 2- cadence periphery cast nets, throwing them ten times at each position in the water below the face. In lower areas, we used non-lethal pulsated DC electrofishing at voltages between 300 and 600 volts, doing two passes. Baited longlines were specifically used to catch Wallago attu. After catching, 443 individual fish were verified on- point following Jayaram (2010). Importantly, any fish that were defended or endangered were released right down after being linked to help keep their figures safe.
2.3 Water Quality Analysis
Surface water samples, taking 2 liters from the top 30 cm of the water, were collected using a sterile PET bottle. These samples were processed for the analysis of water quality parameters following the APHA 23rd Edition (2017) norms. Physical and chemical parcels similar as temperature, pH, electrical conductivity (EC), and dissolved oxygen (DO) were measured directly in the field using a calibrated YSI Pro DSS multiprobe, which has a delicacy of ± 0.1. For further detailed chemical testing, the samples were taken to the lab to check for BOD5 (5210 B, measured over 5 days at 20 °C), COD (5220 D), nitrate- N (4500- NO3- E using UV- spectrophotometry), phosphate (4500- P E), and alkalinity (2320 B). The overall health of the water terrain was also assessed by calculating a Water Quality Index (WQI), which uses the weighted computation pollution indicator as outlined in BIS 105002012 (https://law.resource.org/pub/in/bis).	Comment by ADYASHA SAHU: Correct the sentence
2.4 Community Structure Metrics: To assess the fish community, we used PAST 4.0 to calculate several important measures: Shannon-Wiener diversity (H'), Pielou evenness (J'), and Margalef richness. We also observed at practical aspects, including the percentage of Cyprinidae family members, whether any invasive or non-native species were present, and a tolerance index based on the ratio of sensitive to tolerant species.
2.5. Statistical analyses Statistical analyses were performed to examine the connections between fish diversity and environmental factors. All data were converted using log (x 1) to meet the hypotheticals of normalcy, as verified by Shapiro- Wilk tests (Zar, 2010). Univariate analyses involved Pearson correlations (n = 27) to connect species uproariousness and Shannon- Wiener diversity (H') with physicochemical parameters. These were supported by accretive multiple retrogression and piecewise threshold analysis to descry critical points in dissolved oxygen (DO) situations. Multivariate variation across seasons, study spots, and fishing gear types was analysed using a three- way ANOVA in SPSS 27. All procedures followed ethical guidelines (non-lethal slice for IUCN Vulnerable species); catch per unit trouble (CPUE) was acclimated to match indigenous norms (Narmada, Chambal).

3. results and discussion

3.1 Ichthyofaunal Composition and Dominance
In the 2024 – 2025 investigations, the Shivna River was set up to have a wide variety of fish species, with an aggregate of 443 individualities collected. These fish belong to five different orders and 14 families, making up 32 distinct species. The most common group is the Cypriniformes, which includes 18 species and makes up 52 of the fish population. Among these, Puntius ticto accounts for 9.7, Puntius sophore for 7.9, and Garra gotyla, which is near threatened, for 6.8. Other important groups are Perciformes and Siluriformes, contributing 22 and 18 of the population independently. Notable species in these groups include Oreochromis, Clarias batrachus, and Channa punctata. From a conservation viewpoint, the presence of vulnerable species like Wallago attu, which is substantially set up at the S3 slice point, and the fantastic Cyprinus carpio, adds to the ecological complexity of the swash and reflects the different conservation statuses of the species living there.

Fig.2.Composition of fish species in Shivana River during 2024-25	Comment by ADYASHA SAHU: Cite Fig in the text part
The seasonal dynamics of the Shivna River reveal that the summer season supports the proudest situations of ichthyofaunal diversity, reaching a peak of 28 species and a Shannon- Wiener indicator(H') of 2.1 pm 0.2, likely driven by optimal environmental conditions similar as high dissolved oxygen situations (7.9 mg/ L). During the rainy season, diversity remains fairly stable with 22 species and an invariant distribution (H' = 1.8). In disagreement, the summer season marks a period of ecological stress, where species uproariousness is significantly compressed in the upstream sections (S1 – S2) to just 14 species and a lower diversity indicator (H' =1.4). still, the S3 station appears to serve as a critical refugium during these drier months, concentrating 65 of the total fish abundances with 25 species and 228 individualities. This significant spatial and temporal variation is statistically supported by ANOVA results (F = 24.1, p< 0.001$), emphasizing the significance of imperishable deep- water pools for maintaining biodiversity during low- inflow ages.	Comment by ADYASHA SAHU: Result is unclear
Table 1-. Seasonal–Spatial Patterns	Comment by ADYASHA SAHU: Cite table in the text part
	Season/Station
	Species
	H′
	Total Ind.
	Cyprinidae %
	S3% Total

	Winter S3
	28
	2.1
	152
	62
	51

	Monsoon S3
	22
	1.8
	98
	52
	42

	Summer S3
	25
	1.6
	228
	38
	65

	Summer S1
	14
	1.4
	32
	45
	



3.3 Water Quality Gradients
The appraisal of water quality in the Shivna River displays a big drop in quality over the seasons. The Water Quality Index (WQI) starts as" good" with a value of 32.13 during the rainy season, but it worsens to" poor" at 107.15 in downtime and becomes" veritably poor" at 165.75 by summer. This bad drift is noticeably because of hazardous chemical changes in the water. For example, dissolved oxygen situations drop from 7.9 to 5.1 mg/ L, and there is a high position of Biochemical Oxygen Demand (duck) of 12.8 mg/ L at the S3 station during summer. Also, electrical conductivity doubles from 885 to 1630 Î ¼ S/ cm, and nitrate situations stay high between 73 to 107 mg/ L. These signs advocate the water has a lot of minerals and nutrients, which is seemingly because of lower water inflow and further pollution from mortal acclimatizing during the time just before the rainy.	Comment by ADYASHA SAHU: Its a research study result. Do not mentio example

Table 2. Seasonal Water Quality (Mean ± SD)	Comment by ADYASHA SAHU: Cite table in the text

	Parameter
	Monsoon
	Winter
	Summer
	BIS Limit

	DO (mg/L)
	7.5±0.4
	7.9±0.3
	5.1±0.3
	6.0

	BOD₅ (mg/L)
	9.3±0.5
	4.9±0.4
	12.8±0.4
	3.0

	NO₃⁻ (mg/L)
	105±4
	83±3
	75±3
	45

	Temp (°C)
	26.3±1
	19.0±0.5
	33.6±0.7
	-

	WQI
	32.13
	107.15
	165.75
	<50 goo



3.4 Community Metrics and Functional Shifts
The fish community in the Shivna River changes a lot during the seasons because of environmental stress. Diversity, measured by Shannon indicator (H'), drops from a high of 2.1 in downtime to a low of 1.4 at the upstream S1 point in summer. Pielou’s evenness (J') also goes down, from 0.78 in downtime to 0.52 in summer. This loss of diversity is linked to a big increase in non-native species, like Oreochromis, which rise from 18 to 32 of the total fish caught during summer. This change is connected to a rise in rotifer figures, which make up 49 of the zooplankton, showing the swash is getting more weakened and disturbed.	Comment by ADYASHA SAHU: Check grammar
The types of fish in the study station also change, showing the swash is getting worse. In downtime, the fish community has a lot of Cyprinidae (62) and sensitive species (28). But by summer, the S3 area, which acts as a retreat, is substantially made up of pollution-tolerant species (48), while sensitive fish drop to just 12. This shows that as the water becomes dirtier and territories shrink, native, sensitive species are replaced by hardier, opportunistic frames. 
Pearson correlation analysis with 27 data points shows that the fish community is veritably sensitive to water quality. Species uproariousness is explosively linked to advanced dissolved oxygen (r = 0.82, p< 0.001) and negatively linked to the Water Quality Index (r = -0.81, p< 0.001), meaning further pollution leads to lower biodiversity. Also, Cyprinidae chance is linked to lower Biochemical Oxygen Demand (duck) (r = -0.76, p< 0.001), showing that organic pollution is a big reason for losing native complaint. A three- way ANOVA shows that seasonal changes are the main factor affecting these patterns, explaining 62 of the variation, followed by station position (19) and their commerce (12) (F = 24.1, p< 0.001). These results show that S3 is an important refugium that stays stable time- round and that a dissolved oxygen position of 6 mg/ L is a crucial target for conservation. The data shows a clear shift from a Cyprinidae- - dominated scheme to one filled with fantastic and tolerant species as the Shivna River goes through its seasonal axes.
4. Discussion	Comment by ADYASHA SAHU: Here yotu canadd a para of composition of species from different river nearby or India 
4.1 Seasonal Hydrochemical drivers and Ichthyofaunal Response
Shivna river tolerated a 416 decline in water quality indicator (WQI), dropping from 32.13 to 165.75, primarily due to summer hypoxia (oxygen situations at 5.1 mg/ L), high biochemical oxygen demand (duck) peaks (12.8 mg/ L), and a doubling up of electrical conductivity (EC) from 885 to 1630 µS/ cm. These factors reflect the typical stress caused by semi-arid lotic conditions, which are more severe than those in imperishable systems (Sharma et al., 2021) (IMD, 2025). During idle time, the diversity of fish species reached a peak of 28 species, with a Shannon diversity indicator (H ′) of 2.1, being under advanced oxygen situations (7.9 mg/ L), which supports thesis H1. This aligns with findings from Bhojtal Lake, where Cyprinidae species thrived under analogous conditions (Bhakta & Saxena, 2025). In summer, there was a contraction of fish species in the upstream areas (14 species in S1 – S2) while the S3 refugium area saw a attention of 228 individualities, representing 65 of the aggregate. This supports suppositions H2 and H3, analogous to patterns observed in Mod Sagar Reservoir, where downstream buffers helped reduce the impact of evaporative axes (Dhakad et al., 2008).
Ecological thresholds in the Shivna River identify a dissolved oxygen (DO) position of 6 mg/ L as a critical tilting point, below which species uproariousness declines by 47. This perceptivity aligns with indigenous findings from the Sip River (Mehmood et al., 2023) and the Indrasagar Reservoir (Patel et al., 2024), where diversity indicators (H'> 2.0) were only maintained above 6.2 mg/ L DO. The strong correlation (r = 0.82) between uproariousness and DO in this lotic system exceeds the r= 0.71 reported for tableland waters by Mondal et al. (2010), suggesting that flowing water territories are more acutely vulnerable to hypoxia. Likewise nitrate situations (73 – 107 mg/ L) are harmonious with agrarian systems like the Betwa River, they remain below the poisonous thresholds of citified spots like Bhojtal (120 mg/ L), easing the continuity of specific taxa similar as Wallago attu as noted by Siddiqui et al. (2014) and Bhakta & Saxena (2025b)
4.3 Cyprinidae Resilience and Exotic Invasion Dynamics: In the 2024 – 2025 investigations, the Shivna River was set up to have a wide variety of fish species, with an aggregate of 443 individualities collected. These fish belong to five different orders and 14 families, making up 32 distinct species. Cyprinidae make up 52 of the fish population under moderate eutrophy, which matches patterns seen in other regions Kawardha has 48 (Sahu & Datta, 2020), Sagar Lake has 65 (Wani & Gupta, 2015), and Banisagar Dam has 55 (Dubey, 2012). The species Oreochromis growth increased from 6 to 32, feeding substantially on rotifers, which make up 49 of the zooplankton. This feeding pattern follows the planktivory liaison observed in Lower Lake (Bhakta & Saxena, 2025) and Chhattisgarh budgets (Patel, 2025). Wallago attu shows a strong presence with 2.5 of total fish and high cornucopia, suggesting it connects to broader populations. This is different from demoralized Ganga feeders, where similar connectivity is missing (Malik et al., 2022). The Shivna River has 32 recorded fish species, showing strong ecological adaptability that goes further numerous degraded near areas. It has further species than the Ganga feeders, which had 43 species after a 40 loss (Malik et al., 2022), and further than Mod Sagar with 32 species (Dhakad et al., 2008). Unlike the Sip River, which has veritably low diversity in weakened areas, the Shivna avoids extreme declination. Its community structure is analogous to transitional lowland and force systems, similar as the Dharla River with 41 species (Ara et al., 2025), Baghel Wetland with 38 species (Mishra et al., 2026), and Indrasagar Reservoir with 35 – 49 species (Patel et al., 2024). While the Shivna's diversity is lower than pristine lentic surroundings like Bhojtal, which has a diversity indicator of H' = 2.84 (Bhakta & Saxena, 2025a), its part as a refugium for S3 species sets it piecemeal from other demoralized systems. This adaptability glasses recovery patterns in Dilawara Reservoir, showing the Shivna’s significance as a crucial niche corridor within the larger milepost (Sharma et al., 2020).

4. Conclusion

Conservation and management recommendations:	Comment by ADYASHA SAHU: No need of subheading in conclusion
The supervision of the Shivna River needs a strong scheme that uses clear limits to decide when to take action to protect the environment. Important limits are when the level of dissolved oxygen in the water drops below 6 mg/L or when the Shannon-Wiener index (H') goes below 1.6. These limits signal that environmental flows should be released from the Kalbhata Dam to keep the habitats connected. Other signs from living things and water chemistry help guide this monitoring. For example, if the population of Oreochromis fish goes over 15%, it shows that the river is getting more polluted. If nitrate levels rise above 75 mg/L, it means that better farming practices, like controlled fertilizer use and buffer zones along the river, need to be used. 
The potential for restoring the Shivna River is supported by similar cases, like Bhojtal, where specific actions helped increase the presence of Cyprinidae fish from 42% to 55% (Bhakta & Saxena, 2025b). The river has a special time in the monsoon season when water quality improves, and this recovery ability is better than many other rivers in cities. This makes the Shivna a good choice for the Namami Gange Phase-II project (EPCO, 2023). However, climate change is still a risk. By 2025, a temperature rise of 2 degrees is expected, which could increase the electrical conductivity in the water by 25 to 30% (Singh et al., 2025). This means that key areas, like the S3 station, need to be monitored more closely in the future. Right now, the Shivna River is in a critical "early eutrophication" phase. Unlike the Narmada River, which has started to lose its native species due to pollution, the Shivna still has a good chance to recover. Taking action now can stop the loss of native wildlife and provide a model for managing agriculture and protecting water resources in central India.
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Fig.2.Composition of fish species in Shivana River during 2024-25
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