



Length - Weight Relationship and Condition factor of fishes collected from Chembarampakkam Lake, Tamilnadu, India

ABSTRACT

The current study aims to report length-weight relationships and condition factors of Oreochromis mossambicus, Osteobrama cotio, Systomus sarana, and Pseudotroplus maculatus collected in random from Chembarampakkam Lake, Tamil Nadu. Differences in total length and total weight recorded maximum of 35.5 cm and 1100 gm in Oreochromis mossambicus, and minimum 6.5 cm in Pseudotroplus maculatus, 3.5 gm in Osteobrama cotio. LWR parameter “b” highted with positive allometric growth patterns in Oreochromis 
mossambicus, Osteobrama cotio, and Pseudotroplus maculatus and negative allometric in Systomus sarana. Fulton's and relative condition factor results represented greater than 1 in Oreochromis mossambicus, Osteobrama cotio, and Pseudotroplus maculatus and Systomus sarana ranged to 0.85 - 0.99. LWR parametes exhibited unique ranges in fishes studied correlates based on shape & size of fishes, development pattern, etc. It is expected that the findings of this study will enhance assessments of fish populations in Chembarampakkam lake.
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INTRODUCTION
Tamil Nadu has a wide range of freshwater resources (3.08 lakh ha) in the form of streams, rivers, canals (7400 km), big reservoirs (52000 ha), large and small irrigation tanks (98000 ha), small lakes and rural fishing demonstration tanks (158000 ha), and cold-water lakes and reservoirs (Mogalekar and Canciyal, (2018). Tamil Nadu is endowed with 39,202 lakes, which are managed by the Public Works Department as well as local entities such as corporations, municipalities, panchayat unions, and other departments. Red Hills, Poondi, and Chembarampakkam lakes are the main sources of drinking water for the Chennai metropolitan area (Neelakanda, 2007). Lakes are important freshwater ecosystems that provide humans with a multitude of resources and benefits. Fish are vital to a country's economic prosperity because they are inextricably linked to the social standing of local fishermen. One example is Chembarampakkam, a big lake on the outskirts of Chennai (Daniels and Rajagopal, 2004). 

Ragheb (2023) described the length-weight relationship (LWR) as one of the basic units of biological information for estimating the weight corresponding to a given length (Bagenal and Tesch, 1978); it provides information on fish growth patterns (Jisr et al., 2018; Mehanna and Farouk, 2021); and it aids information on fish population dynamics and stock condition (Singh et al., 2021). Furthermore, it facilitates population comparisons both locally and across regions (Asadi et al., 2017). Condition factor (K) is a crucial biological metric that indicates whether a particular water body is suitable for fish growth and acts as a gauge of the average size of fish species (Alam et al., 2014). Understanding the life cycle of fish species and managing them effectively are two benefits of studying the condition factor, which also helps to maintain ecological balance (Lizama and Ambrosio, 2002; Imam et al., 2010). Through its variations, the condition factor (K) provides information about the physiological state of the fish in relation to its overall health (Lal et al., 2016). They provide information on environmental quality and suitability (Guidelli et al., 2011, Ragheb, 2023), and as indices, they reflect an interaction between biotic and abiotic factors in fish physiological conditions (Blackwell et al., 2000, Ragheb, 2023). Thus, the current study investigated the length-weight relationships and condition factor (Fulton’s condition factor and the relative weight condition factor) of freshwater fishes collected from Chembarampakkam lake, Tamil Nadu, to evaluate fish stock fluctuations and trends in order to facilitate fisheries management, the stock assessment process which entails obtaining estimates of fishery production.
MATERIALS AND METHODS
Study area & sampling:
Chembarampakkam lake covers a geographical area of 15 km² (latitude and longitude are 13.011580 N and 80.06060 E, respectively), around 25 km from Chennai, Tamil Nadu, India (Barath, 2019). Fish samples were taken from Chembarampakkam lake's local fishermen at the landing site on a monthly basis between October 2023 and January 2024 from the commercial catching area between 7.00 and 10:00 a.m. Four fish specimens, Oreochromis mossambicus, Osteobrama cotio, Systomus sarana, and Pseudotroplus maculatus were chosen at random, and their lengths were measured using a standard ruler that was verified against a Vernier calliper. The length measurements were recorded as total length (TL) in cm from the mouth to the end of the caudal fin, to the nearest 0.1 cm and weight was measured using a digital balance with an accuracy of 0.01 gm (Singh et al., 2021) and fishes were preserved in 10% formalin, brought to the laboratory for further analysis.
Length-Weight Relationships (LWRs): 

The length-weight relationship was estimated by using the power equation W = aLb (Le Cren, 1951). Where ‘W’ is the body weight of fish in grams, ‘L’ is the total length of fish in centimetres, and ‘a’ and ‘b’ are constants, where a = constant (intercept) and b = the length exponent (slope of the regression line). Furthermore, the relationship was expressed in the logarithmic form. The linear regression equation Log Tw = log a + b log TL was used to estimate the regression parameters "a" and "b" of the length-weight relations by performing logarithmic calculations on the weight and length data, respectively (Singh et al., 2021). The correlation coefficient and regression line are calculated using log data for the fish species' length and weight. The equation was generated for the combined sample, and the scatter diagram was used to determine the linear relationship between the logarithms of length and weight (Pal et al., 2014).
Condition Factor: 

Fulton’s condition factor (Fulton, 1911), (kc), or the coefficient of condition factor, was estimated as kc = 100*W/L³, where W = the total weight of the fish and L = total length. Here, “K” is the condition factor, and the factor 100 is used to bring K close to unity (Fulton, 1904).  The condition factor is used to measure the degree of well-being of the fish in their habitat. 

Relative weight condition factor: The formula for calculating the relative weight condition factor (kn) (Le Cren, 1951) is kn = W / aLb, where "a" and "b" are the exponential forms of the intercept and slope, respectively, of the logarithmic length-weight equation. Relative weight condition factor is to determine the developmental condition of fish when kn is larger than or equal to 1 is in good, while it is in inadequate growth condition when kn is less than 1 (Ragheb, 2023). 
Data analysis: The data were statistically analysed using Microsoft Excel and IBM Corporation's Statistical Package for Social Sciences (SPSS) version 20.0 (2011).
RESULTS AND DISCUSSION
Randomly collected fishes, Oreochromis mossambicus, Osteobrama cotio, Systomus sarana, and Pseudotroplus maculatus from Chembarampakkam lake of total 135 fish samples - sample size, minimum and maximum total length and total weight, length-weight parameters ("a" and "b"), and coefficient of determination (r²) are presented in Table 1. 

The length-weight relationships results exhibited differences in minimum and maximum values of total length (6.5 - 35.5 cm) and total weight (5.1 - 1100 gm) ranged in Oreochromis mossambicus, Osteobrama cotio, Systomus sarana, and Pseudotroplus maculatus. Studies conducted by various researchers on total length and weight were different from the current results of fishes of Chembarampakkam Lake. Length-weight of Oreochromis mossambicus recorded 10 to 26 cm – 19.8 to 295 gm (Achakzai et al., 2013); 13.1-19.8 cm & 44.28-174.42 gm (Dutta, 2022); 6.1-26 cm and 4-241 gm (Pathak et al., 2022); 7.8 to 23.3 cm and 15.2 to 174 gm (Mani et al., 2023). The study investigated in sub-adult Systomus sarana and adult Systomus sarana, ranged 5.1 to 6.9cm; 7.1 to 10.3 cm in length and 5.72 to 9.38gm; 8.41 to 15.68 grams in weight (Das et al., 2015), total length 7.4-22 cm and total weight 2-162 gm (Pathak et al. 2022). Osteobrama cotio (TL& TW) ranged 5.5 to 10.5 cm  and 1.47 to 14.09 gm (Verma et al., 2018), and Pseudetroplus maculatus ranged from 4.2 to 9.4 cm and 2 to 16.68 gm (Dutta, 2022). LWR study of white bream, Blicca bjoerkna, with length (13.2 to 27.8 cm) and weight (22.8 to 259 gm) ranged from Lake Ladik, Turkey (Yılmaz et al., 2012). Hamalosmanoglu (2003) reported Vimba vimba and white bream (Blicca bjoerkna) growth features of those living in Sapanca Lake ranged in length from 9.6 to 49.2 cm and in weight from 11 to 2690 gm. The cyprinid fishes' standard lengths in the littoral zone of Lake Balaton ranged from 3.8 to 32.9 cm (Specziar et al., 1997).  Differences in fish length and weight distributions can be attributed to sampling technique and timing, length measured, population density, and the ecological parameters of the lakes being studied (Yılmaz et al., 2012).

	Fish species
	Sample Size (n)
	 Total length (cm)
	Total Weight (gm)
	Parameter of the Relationships

	
	
	Max
	Min
	Max
	Min
	a
	b
	r
	r2

	Oreochromis mossambicus
	42
	35.5
	22
	1100
	56.4
	0.000141
	4.353 P
	0.839
	0.6688

	
	
	
	
	
	
	
	
	
	

	Osteobrama cotio
	28
	11.5
	8.2
	18.3
	3.5
	0.001263
	3.792 P
	0.679
	0.6212

	
	
	
	
	
	
	
	
	
	

	Systomus sarana
	10
	14
	12.3
	35.1
	22.6
	0.0917
	2.201 N
	0.788
	0.6071

	
	
	
	
	
	
	
	
	
	

	Pseudotroplus maculatus
	55
	10.3
	6.5
	21.4
	5.1
	0.005863
	3.495 P
	0.684
	0.4758

	
	
	
	
	
	
	
	
	
	

	Table: 1 - Descriptive statistics and estimated parameters of length-weight relationships (n, sample size; Min, minimum; max, maximum; a, the intercept of the relationship; b, the slope of the relationship; r, coefficient of correlation.; r2 - coefficient of determination, P - positive, N - negative allometric).


The equation W = aLb is used to determine LWR, the exponent "b" represents allometry coefficient, which indicates the fish's growth pattern. Of the four random fishes collected Oreochromis mossambicus, Osteobrama cotio, and Pseudotroplus maculatus found positively allometric growth pattern while Systomus sarana exhibited negative allometric (table 1). The "b" values in LWR are employed for predicting fish species' growth patterns (Fafioye and Ayodele, 2018). The "b" value can vary between 2 and 4 (Bagenal and Tesch, 1978; Yılmaz et al., 2012) and the most common values vary between 2.5 to 3.5 (Froese, 2006; Chandra et al., 2023). When b < 3.0, fish develop a negative allometric condition, indicating they get thinner as they grow larger, but when b > 3.0, they gain weight, suggesting optimal growth conditions and positive allometric development, and when b = 3, isometric growth, indicates fish lives on good environmental condition (Majiand and Tudu, 2025; Achakzai et al., 2013; Chandra et al., 2023).  

The regression coefficient (b) value of Mystus bleekeri (3.38) was higher than three indicates that the weight of the Mystus bleekeri increased slightly more than the cube of its length; Mystus tengara (2.51), Ailia coila (1.93), Aspidoparia jaya (2.62), and Cabdio morar (2.63) lower than three indicates that these species increased more in length than in weight as they grew (Chandra et al., 2023). In various stages of Clarius magur, the impact of food availability and other factors on positive allometric growth was investigated (Bura Gohain and Goswamim, 2013), and positive allometric growth may be linked to improved feeding efficiency (Deka and Bura Gohain, 2015). Das et al. (2015) observed a negative allometric growth pattern in Puntius sophore and Systomus sarana might be attributed to insufficient feeding rates or unsuitable environmental or seasonal conditions for fish growth. Negative allometric growth in Mystus tengara, possibly caused by poor nutrition, environmental circumstances, or mating season (Kalita et al., 2016).  Food scarcity and poor environmental circumstances are the key causes of fish's negative allometric growth (Chandra et al., 2023). 
Positive and negative growth patterns in same species Diplodus vulgaris and Boops boops were reported, but in different environmental conditions (Ragheb and Akel, 2022; El Samman et al., 2022; and Ragheb, 2023).

 The "b" may deviate from the "ideal value" of 3, which signifies isometric development, due to specific environmental conditions or the status of the fish themselves (Majiand and Tudu, 2025).  It is noted that spotting a fish with a b value of 3 in its natural habitat may be exceptional (Achakzai et al., 2013). The "b" value is more sensitive than the "a" value, and it can vary seasonally, even daily, and across habitats (Bagenal and Tesch, 1978; Chandra et al., 2023). The length-weight data were converted into logarithmic forms to estimate regression parameters for Oreochromis mossambicus, Osteobrama cotio, Systomus sarana, and Pseudotroplus maculatus. A scatter plot was used to depict the length-weight data, which indicated a linear correlation (Figure 1-4). The outcome was comparable to the study's L-W data of Amblypharyngodon mola, with a linear relationship between log length and weight, indicating a linear relationship from the scatter diagram, and the quality of the linear regressions was assessed using the determination coefficient (r²) (Pal et al., 2014).  Based on the coefficient of determination (r²) of current results, significant & non-significant (p < 0.001) values ranged between 0.4758 and 0.6688 might be due to change in the length of the fish studied (Chandra et al., 2023).  Oreochromis mossambicus found with a significant correlation coefficient between total length and total weight compared to other fishes indicates it is a fast-growing fish (Usman et al., 2025).

Chandra et al., (2023) stated length weight relationship parameters are influenced by a number of factors like habitat, seasonal changes, fitness, degree of stomach fullness, feeding nature, sample size, gonad developmental stages, sex, sampling and preservation techniques. Depending on food availability, water quality, and biological, temporal, and sampling parameters (Mehanna and Farouk, 2021), species growth trends might alter between populations of the same species or within the same population over time (Ragheb, 2023).
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Figure: 1- 4: LWR - Lograthamic form Regression equation of fishes collected from Chembarampakkam Lake.

The Fulton condition factor and Relative condition factor (kn) for Systomus sarana was less than one, but for Oreochromis mossambicus, Osteobrama cotio, and Pseudotroplus maculatus, it was greater than one, as shown in figure 5. The current findings are supported by research on commercially accessible fish species in Oyan Lake, Nigeria, where the K-value for C. zillii, B. nurse, and O. niloticus was larger than one (>1), while the K-value for C. nigrodigitatus was less than one (Fafioye and Ayodele, 2018). A study conducted on the fish Chrysichthys nigrodigitatus from Epe Lagoon, Nigeria, obtained positive allometric growth (Fafioye and Oluajo, 2005), similar to the condition factor of two species of Trichogaster from Nitai Beel in the Kamrup District of Assam, India, which proved positive allometric growth, which may be attributed to higher feeding proficiency, food availability, and other associated factors that influence positive allometric growth in different fishes (Kalita et al., 2016), supporting the current results.

Relative condition factor (kn) of results noted ranged 1.07, 1.03 and 0.99 suggesting that fish dwell in good environmental condition. Majiand and Tudu (2025) noted Kn values ranging from 0.95 to 1.01 for the nine tested species, as healthy, supporting our results. The relative condition factor remains largely constant between lighter and larger fish, providing unambiguous information on the fish's health and well-being (Ragheb, 2023). When Kn is 1, the fish is regarded to be in good developing condition, and according to a recent study, fish length varies seasonally due to positive weight fluctuations (Majiand and Tudu, 2025).

 The condition factor is used as an indication of fish welfare, demonstrated by physiological variations; it is hypothesised that a higher condition factor value correlates with improved wellbeing of a fish (Abobi and Ekau (2013) & Fafioye and Ayodele (2018)), and fish living in a healthy environment have a K-value larger than one (Nehemia et al., 2012). Furthermore, size, composition, seasonal sampling, and a restricted number of specimens all have an impact on fish K values (Ahirwal et al., 2023).  The condition factor may differ amongst fish species throughout different environments (Faradonbeh et al., 2015). A condition factor of ≥1 signifies optimal feeding and environmental conditions (Ujjania et al., 2012) and is also used to measure growth and feeding intensity (Seher and Suleyman, 2012; Faradonbeh et al., 2015).
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CONCLUSION
The study's findings acknowledge previous investigations highlighting how biotic and abiotic variables interact in determining fish physiological traits. Current findings on length-weight relationships and condition factor results will be beneficial in fisheries management and fish population dynamics. This study offers baseline information on the appropriateness and environmental quality of Chembarampakkam Lake where duration and sample size were constrained. It is anticipated that the outcomes of this study will improve evaluations of fish species populations.
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