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ABSTRACT 
 

The Subarnarekha river, known as the "Golden river" of the Chotanagpur 

Plateau in Jharkhand (India), is adversely impacted by industrial effluents and 

anthropogenic activities, threatening its aquatic biodiversity. This study assessed 

the seasonal variations in physicochemical properties and their influence on the 

growth, survival and biomass of Indian white prawn (Fenneropenaeus indicus) 

at two sites in East Singhbhum, i.e. site I (Mango, Jamshedpur) and site II 

(Galudih, Ghatshila) from July 2019 to June 2022. The water quality related 

physiochemical parameters (temperature, pH, dissolved oxygen, and salinity) 

were monitored seasonally, and their correlations with prawn survival rate, 

mean body weight, length, and biomass production were analysed using 

Pearson’s correlation coefficient and regression analysis. The results revealed 

notable seasonal fluctuations in physicochemical parameters, particularly 

water temperature and salinity, which exhibited strong positive correlations 

with prawn growth metrics. Site II consistently exhibited higher mean body 

weight, survival rate, and biomass production compared to site I, with optimal 

growth observed during spring season. Water temperature exhibited a strong 

positive correlation with growth metrics, while salinity also played a crucial 

role, particularly influencing survival and biomass. The findings highlight that 

physicochemical parameters, especially temperature and salinity, significantly 

impact the growth and productivity of F. indicus in Subarnarekha river. These 

findings underscore the importance of regular water quality monitoring for 

sustaining aquaculture practices in riverine ecosystems impacted by pollution. 

Effective management of pollution sources is essential to conserve the river’s 

health and support the livelihoods dependent on its aquatic resources.  
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INTRODUCTION 
 
 

The Subarnarekha river, often referred to as "golden river" of the Chotanagpur plateau in Jharkhand 

(India), traverses many Indian states, including Jharkhand, West Bengal, and Orissa, before merging 

into the Bay of Bengal. This river passes through the areas rich in ores, attracting numerous 

industries. Consequently, the discharge from industrial effluents, pollutants, and domestic wastes 

significantly impacts the aquatic fauna and environment. The river water quality is on decline due to 

the continuous release of untreated sewage, industrial waste, and other anthropogenic activities, 

including urbanization (Banerjee et al., 2015). This degradation profoundly affects the environment, 

disrupting ecosystems and leading to a decrease in species diversity and abundance (Alam et al., 2013). 

In Jharkhand, pisciculture is prevalent, providing livelihood to local people. Despite Jharkhand 

contributing around 2% to the freshwater prawn production, prawns including the Indian white 



Paulomi Dutta et al. 174 

prawn (Fenneropenaeus indicus) are a dominant species in aquatic habitat (Dutta and Lal, 2021). 

However, water pollution has substantially decreased prawn production by affecting water quality 

parameters like temperature, pH, dissolved oxygen, and salinity. The monitoring of water quality is 

essential as water sources are increasingly threatened by pollution (Ahmad et al., 2010; Amadi, 2011). 

Several studies across India have examined aquaculture potential and environmental stressors in 

coastal and estuarine systems (Salunke et al., 2020), limited data exist on seasonal water quality 

variation and its correlation with prawn growth in an industrially impacted inland river ecosystem 

like Subarnarekha. Therefore, this study was aimed to assess the seasonal variations in 

physicochemical parameters of water in Subarnarekha river and analyse their impact on the survival 

rate and biomass production of F. indicus in Jharkhand, India. This study is innovative in integrating 

the seasonal water quality monitoring with growth performance metrics of a commercially important 

prawn species, thereby providing baseline data critical for sustainable aquaculture planning in 

riverine environments under pollution stress. 
 

 

 

MATERIALS AND METHODS 
 

 

Study area 

The experiment was conducted seasonally from July 2019 to June 2022 at two freshwater sites along 

the Subarnarekha river in East Singhbhum, Jharkhand (India). For the purpose of seasonal analysis 

during the study period (July 2019 to June 2022), the seasons were categorized as follows: Monsoon 

(July to September), Autumn (October to November), Winter (December to February), and Spring 

(March to May). The two specific sites selected were Mango, Jamshedpur (site I) and Galudih, 

Ghatshila (site II) (Fig. 1). The Mango site, where the Subarnarekha river flows over a long distance 

from Ranchi to East Singhbhum, is a rain-fed river located at latitude 22.81760° N and longitude 

86.20861° E. The Galudih site, situated on the river's banks in Ghatshila region, is positioned at 

latitude 22.64356° N and longitude 86.40535° E.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Experimental samples and spot reading 

The specimens of F. indicus (Fig. 2) were 

collected early in the morning at both the 

sites with the assistance of local fishermen 

using drag nets and cast nets measuring 2 m 

in length with a mesh size of 35 mesh cm-1 

(Fig. 3). To ensure consistency and minimize 

sampling bias, fishermen were instructed to 

use the same type of net (drag or cast net), in 
 

 

Fig. 1: llustrative map showing the study sites along 

the Subarnarekha river in East Singhbhum 

district, Jharkhand (India). The marked locations 

represent sampling points selected for seasonal 

water quality analysis and biomass assessment of 

Fenneropenaeus indicus during the study period 

(July 2019 to June 2022) 

 

 

Fig. 2: Photograph of Fenneropenaeus 

indicus specimen collected from the 

study sites along the Subarnarekha 

river in East Singhbhum district, 

Jharkhand (India) 
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Fig. 3: Schematic diagram of fishing gears [drag net (A) and cast net (B)] used for the collection of 

Indian white prawn at the study sites along the Subarnarekha river  
 

the same fishing area, and for the same time duration during each sampling event at all study sites 

throughout the study period. Live specimens were collected, and their total length measured on spot 

using calipers or rulers. Mean body weight (MBW) of live and wet prawns was measured by using 

electronic precision scales (± 0.0 g) by measuring the length and weight of live and wet prawns. 

MBW was calculated by dividing the total weight of prawns by the number of prawns. Growth 

performance, specifically the survival rate of F. indicus, was calculated using the following formula 

adapted from Brown (1957), Hopkins (1992), Zonnveld and Fadholi (1991) and Karim (2007): 
 

Survival rate (%) =   

 

This formula calculates the percentage of prawns that survived from the initial stocking to the end of 

the sampling period in each season. Subsequently, biomass production was determined by 

multiplying the survival rate (%) with the mean body weight (g) of the surviving prawns, providing 

a quantitative measure of total prawn biomass yield per season. 

The collection, on-site measurement or spot reading, and subsequent calculation were 

performed seasonally across four distinct seasons (i.e. monsoon, autumn, winter, and spring) each 

year. This seasonal sampling was carried out consistently over a three-year period (July 2019 to 

June 2022) for each parameter at each study site. The data were then averaged across the 

corresponding seasons over the three years to comprehend the seasonal trends and variations. 
 

Physicochemical analysis 

The water samples were collected using glass bottles and transported to the laboratory for further 

titration, performed seasonally. Water temperature was measured with a standard thermometer 

ranging from 0°C to 110°C, and pH was determined by using a digital pH meter. Dissolved oxygen 

was measured by using Winkler’s method (APHA, 2012), and salinity by titration method using the 

Mohr-Knudsen procedure (Knudsen, 1901). 
 

Statistical analysis 

To ascertain the relationship between water quality factors and the mean body weight, length, 

survival rate, and biomass output of Indian white prawn at two distinct sites, average values of 

physicochemical seasonal data of 3 years gathered between July 2019 to June 2022 were utilized. 

The relationship between physicochemical parameters and the mean body weight, length, survival 

rate, and biomass production of F. indicus was analyzed by using the Karl Pearson correlation 

coefficient method (Pearson, 1907). Regression analysis was used to identify any significant effect 

on the values. Microsoft Excel was used for all statistical analyses, including the production of 

graphs and computation of mean, standard deviation (±), and standard error.  
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RESULTS AND DISCUSSION 
 

 

Seasonal variation in physicochemical parameters 

Monitoring and analysis of physicochemical parameters are essential for evaluating the ecological 

health and productivity of aquatic ecosystems (Foley et al., 2015; Bhateria and Jain, 2016; Pouso et 

al., 2018). In this study, seasonal assessments of water temperature, pH, dissolved oxygen, and 

salinity were conducted from July 2019 to June 2022 at two sites along the Subarnarekha river, i.e. 

site I (Mango, Jamshedpur) and site II (Galudih, Ghatshila). Substantial seasonal variation was 

observed in water temperature, dissolved oxygen, and salinity, while pH remained relatively stable 

(Fig. 4). At site I, water temperature varied from 17.8 ± 0.37° (winter) to 29.8 ± 0.52°C (spring); 

dissolved oxygen ranged from 4.16 ± 0.20 (monsoon) to 7.1 ± 0.72 mg L⁻¹ (spring), and salinity 

ranged from 0.076 ± 0.01 (autumn) to 0.71 ± 0.63 ppt (spring). Site II showed similar patterns with 

water temperature ranging from 18.2 ± 0.26° (winter) to 28.8 ± 0.75°C (spring), dissolved oxygen 

from 4.23 ± 0.11 (monsoon) to 7.5 ± 0.45 mg L⁻¹ (winter), and salinity from 0.063 ± 0.025 

(monsoon) to 0.74 ± 0.54 ppt (spring). 
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Fig. 4: Seasonal variation in physicochemical properties at site I (Mango) (A) and site II (Galudih, 

Ghatshila) (B) of Subarnarekha river from 2019 to 2022. The data represent the average 

seasonal values (monsoon, autumn, winter, and spring) over 3-years period.  
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The water temperature significantly affected the dissolved oxygen levels at both the sites, a 

pattern consistent with the known physiological responses of aquatic organisms to thermal 

fluctuations (Manush et al., 2004; Blaber, 2008). pH remained within a narrow neutral range (7.06-

7.80), supporting biological stability, as previously noted by Welch (1952). Seasonal fluctuations in 

salinity reflected typical hydrological dynamics, with increase in parameter from winter to summer, 

aligning with the trends reported by Ghosh et al. (2011). Notably, the site I exhibited relatively lower 

dissolved oxygen and salinity levels, likely due to the anthropogenic activities, including industrial 

effluent discharge, which promote aquatic weed growth (e.g., Eichhornia, Hydrilla) that impede the 

oxygen availability through excessive respiration and decomposition (Ravindra and Kaushik, 2003). 
 

Growth performance and biomass production of F. indicus 

Growth performance metrics (i.e. mean body weight, length, survival rate, and biomass production) 

of F. indicus demonstrated pronounced seasonal variation at both sites (Fig. 5). At site I, mean body 

weight ranged from 2.3 ± 0.72 (winter) to 3.46 ± 0.80 g (spring), while length ranged from 6.66 ± 

0.57 (autumn) to 13.16 ± 1.89 cm (spring). The survival rate varied from 50.62 ± 12.11 (winter) to 

78.78 ± 10.82% (spring), and biomass production from 120.44±61.54 (winter) to 278.91 ± 106.1 kg 

m-2 (spring). At site II, superior growth performance was recorded: mean body weight ranged from 

2.5 ± 0.01 (winter) to 3.96 ± 0.98 g (spring), length from 9.03±1.05 (winter) to 15.3 ± 0.57 cm 

(spring), survival rate from 52.18 ± 7.80 to 87.04 ± 6.68%, and biomass production from 130.46 ± 

19.51 to 349.66 ± 116.07 kg m-2. Growth patterns reflected seasonal environmental conditions, with  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 5: Seasonal changes in mean body weight, length, survival rate, and biomass production 

of Fenneropenaeus indicus at site I (Mango, Jamshedpur) (A) and site II (Galudih, Ghatshila) 

(B) of Subarnarekha river from 2019 to 2022. The data represent the average seasonal 

values (monsoon, autumn, winter, and spring) over a three-years period.  
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optimal value of metrics observed during spring and lowest values in winter. These results 

corroborate with earlier studies showing that warmer temperatures promote higher metabolic 

efficiency and growth in crustaceans (Montagna, 2011; Crisp et al., 2017). Site II consistently 

outperformed site I, suggesting better water quality and lower industrial stress at Galudih, as also 

inferred from higher dissolved oxygen and salinity levels. 
 

Correlation between physicochemical parameters and growth metrics of F. indicus 

Statistical analysis using Karl Pearson’s correlation coefficient (Table 1) revealed a strong and 

significant positive correlation between water temperature and mean body weight at both site I (r = 

0.97) and site II (r = 0.99). Temperature also correlated positively with length (r = 0.98) at site II, 

and moderately with survival and biomass at both sites. These findings affirm the central role of 

temperature in shrimp physiology, including oxygen consumption and food assimilation (Niu and 

O’Hara, 2003; Sharma and Subba, 2005). 

The pH showed a generally positive but non-significant correlation with all growth parameters. 

Despite its stability, its indirect influence on aquatic life processes cannot be overlooked, as 

demonstrated in studies involving Macrobrachium villosimanus (Rashed-un-Nabi et al., 2011; 

Duque et al., 2020). 

Dissolved oxygen exhibited weak or negative correlations with body weight and length but a 

positive (though non-significant) association with survival and biomass. Its role in respiration and 

energy metabolism underscores the importance of maintaining optimal oxygen levels, as oxygen 

depletion can inhibit shrimp growth (Yang et al., 2008; Dutta and Lal, 2021). 

Salinity emerged as another key driver, with significant positive correlations with survival and 

biomass at site I (r = 0.9), and a positive correlation with body weight and length at both sites. These 

findings align with literature reporting salinity tolerance and adaptability in euryhaline species such 

as Penaeus and Macrobrachium (Kumlu and Jones, 1995; Romano and Zeng, 2006). 
 

Table 1: Karl Pearson correlation coefficients between physicochemical parameters and the 

mean body weight (g), length (cm), survival rate (%), and biomass production (kg m-2) 

of Penaeus indicus from 2019 to 2022 
Parameters Water temperature pH Dissolved oxygen Salinity  

 Site I Site II Site I Site II Site I Site II Site I Site II 

Mean body 

weight  

 

0.976* 

 

0.998* 

 

0.707 

 

0.717 

 

-0.259 

 

-0.398 

 

0.588 

 

0.602 

Length 0.278 0.980* 0.313 0.547 0.779 -0.321 0.933 0.637 

Survival 

rate 

 

0.633 

 

0.765 

 

0.693 

 

0.739 

 

0.583 

 

0.262 

 

0.995* 

 

0.964* 

Biomass 

production 

 

0.806 

 

0.885 

 

0.745 

 

0.757 

 

0.344 

 

0.057 

 

0.945* 

 

0.896 

*Correlation is significant at the 0.05 level (2-tailed). 
 

Environmental impacts and management implications 

The observed discrepancies between the two sites point toward anthropogenic influence, particularly 

at site I. Higher pollution levels, likely from industrial discharge in Mango site, resulted in poorer 

water quality and lower shrimp growth performance. These outcomes are consistent with previous 

studies linking nutrient enrichment and industrial effluents to reduced dissolved oxygen and 

ecological stress in aquatic fauna (Kenworthy et al., 2016; Nelson et al., 2019; Duque et al., 2022). 

To mitigate these effects, it is essential to adopt eco-friendly industrial practices, implement effluent 

treatment technologies, and enforce regulations to safeguard aquatic ecosystems. Sustainable 

aquaculture development in riverine systems like Subarnarekha hinges on maintaining optimal 

physicochemical conditions that support aquatic biodiversity and productivity. 
 

Conclusion: The present study highlighted the critical influence of seasonal variations in physico-

chemical parameters (particularly water temperature, salinity, dissolved oxygen, and pH) on the 



Biomass production of Indian white prawn and water quality profiling     179 

growth, survival, and biomass production of Fenneropenaeus indicus at two sites along the 

Subarnarekha river. The key limnological parameters, particularly dissolved oxygen and salinity, 

play a crucial role in proper nourishment and overall development of F. indicus. This study provided 

a comparative assessment of water quality between the two sites, revealing a stronger correlation 

between water quality parameters and the growth metrics of F. indicus. The Mango Jamshedpur site, 

being more industrialized, exhibited higher pollution due to industrial effluents, which negatively 

impacted the local aquatic fauna. In contrast, Galudih Ghatshila site showed better water quality and 

consequently healthier prawn development. Site-specific differences, especially those related to 

industrial pollution at site I, further emphasize the need for targeted environmental management 

strategies. Sustaining optimal water quality is essential not only for enhancing aquaculture 

productivity but also for preserving the ecological health of freshwater systems. Future efforts 

should focus on continuous water quality monitoring, pollution control, and the promotion of 

sustainable aquaculture practices to ensure the long-term viability of aquatic resources. 
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