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Length–weight relationship and relative condition factor of the minor carp Labeo gonius (Hamilton, 1822) from the Burhi Gandak River, Bihar, India
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	The present study evaluated the length–weight relationship (LWR) and relative condition factor (Kn) of minor carp Labeo gonius (Hamilton, 1822) from the Burhi Gandak River, Bihar, India, to assess its growth pattern and physiological condition. A total of 120 specimens were collected monthly from August 2022 to July 2023. The LWR was estimated using the cube law (W = aLᵇ). Males exhibited negative allometric growth (b = 2.4604; R² = 0.9704), whereas females showed positive allometric growth (b = 3.1808; R² = 0.962), possibly due to reproductive development. The mean Kn values were 1.0083 for males and 1.0168 for females, indicating good physiological condition and favourable environmental conditions. The distribution of Kn across size classes suggested stable ecological parameters with minor variations linked to reproductive cycles. The findings provide baseline biometric data useful for fisheries management and conservation of this species in the Burhi Gandak River.
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1. Introduction
Labeo gonius (Hamilton, 1822), commonly known as Kuria labeo, is an ecologically and economically important minor carp belonging to the family Cyprinidae. The species is widely distributed across river systems of India, Bangladesh, Nepal, Myanmar and Pakistan, with substantial populations in the Ganga and Brahmaputra basins. Due to its adaptability to diverse environmental conditions and compatibility with polyculture systems, L. gonius is considered suitable for aquaculture and integrated farming practices. In the Indo-Gangetic plains, particularly in Bihar, this species contributes significantly to inland fisheries production and rural nutritional security (Sarkar et al., 2012).
Length–weight relationship (LWR) analysis is a fundamental tool in fisheries science for evaluating growth patterns, stock structure and biomass estimation (Ricker, 1958; Froese, 2006). The LWR describes the mathematical association between fish length and weight and reflects species-specific morphological and ecological adaptations. The growth exponent (b) indicates whether growth is isometric (b = 3) or allometric (b ≠ 3), providing insight into energy allocation strategies (Ricker, 1975; Shingleton, 2010). Variability in LWR parameters is influenced by environmental conditions, feeding intensity, seasonal changes and reproductive status (Le Cren, 1951).
Recent studies have highlighted significant spatial and temporal variation in LWR parameters of freshwater fishes under changing environmental conditions (Li et al., 2023; Kumar et al., 2021). Comparative analyses of Labeo gonius across multiple Indian river systems have demonstrated habitat-dependent differences in growth coefficients, emphasizing the importance of region-specific biometric assessment (Das et al., 2025). Similar patterns of growth variability have been reported in other cyprinid species inhabiting tropical river ecosystems (Naeem et al., 2017; Dubey et al., 2012). Moreover, recent assessments from South Asian river basins indicate that anthropogenic disturbances and hydrological alterations can significantly modify growth parameters and body condition indices (Islam et al., 2020; Rahman et al., 2022).
The relative condition factor (Kn), derived from the LWR equation, serves as a sensitive indicator of physiological well-being and habitat suitability (Le Cren, 1951). Kn evaluates deviations of observed weight from expected weight and reflects nutritional status, reproductive maturity and environmental stress. Contemporary studies on Indian riverine fishes have successfully applied condition factor analysis to assess ecological stability and habitat quality (Chandran et al., 2022; Singh et al., 2023). Stable Kn values close to unity generally indicate favorable environmental conditions, whereas deviations may signal ecological imbalance or reproductive stress (Oyebola et al., 2022).
Despite its ecological and economic significance, natural populations of L. gonius are increasingly exposed to anthropogenic pressures. Overfishing, sand mining, habitat fragmentation due to dams and barrages and water pollution from agricultural and industrial sources have altered riverine ecosystems in the Indo-Gangetic basin (Sarkar et al., 2012). Climate variability further influences growth, recruitment and reproductive cycles of freshwater fishes (IPCC, 2023). Such environmental stressors may lead to measurable changes in growth coefficients and condition factors, necessitating periodic biometric evaluation.
Although LWR and condition factor studies have been conducted for several major and minor carps in Indian rivers, limited recent data are available for L. gonius from the Burhi Gandak River. This important tributary of the Ganga River in North Bihar supports diverse ichthyofauna but is progressively affected by pollution, encroachment and habitat modification (Chandran et al., 2022). The lack of updated growth and condition data restricts comprehensive assessment of species resilience in this river system.
Therefore, the present study aimed to evaluate the length–weight relationship and relative condition factor of Labeo gonius from the Burhi Gandak River, Bihar, India. The findings provide updated baseline biometric information essential for stock monitoring, ecological assessment and sustainable fisheries management in the Indo-Gangetic river basin.
2. Materials and Methods
2.1 Sampling Area
The present study was conducted at multiple sampling locations along the Burhi Gandak River in North Bihar, India, particularly in the districts of Motihari, Muzaffarpur and Samastipur. These sites were selected based on accessibility, availability of water throughout the year and regular fish landing activity. The Burhi Gandak River is an important tributary of the Ganga River and supports diverse freshwater fish fauna.
Sampling was carried out monthly for a period of 12 months, from August 2022 to July 2023, to account for seasonal variations in growth and condition.
[image: ]Figure 1. Map of sampling stations in the Burhi Gandak River
2.2 Sample Collection, Biometric Measurements & preservation 
The study estimates length-weight relationships (LWRs) and relative condition factor (Kn) of an indigenous minor carp fish, Labeo gonius belonging to the family Cyprinidae from the Burhi Gandak River. A total of 120 specimens of Labeo gonius were collected using traditional fishing gears such as cast nets, drag nets and gillnets. Immediately after capture, specimens were transported to the laboratory for biometric analysis.
Total length (TL) was measured to the nearest 0.1 cm using a graduated measuring board. Body weight (W) was recorded to the nearest 0.01 g using a digital electronic balance. Sex of the specimens was determined by examining the gonads after dissection.
After measurements, specimens were preserved in 5% formalin solution for further laboratory reference. Fish were not starved prior to weighing; therefore, minor variation in weight due to stomach content may have occurred.
2.3 Length-weight relationship
Froese (2006) the length-weight relationship of Labeo gonius was estimated by using cube law given by Le Cren (1951)
W = a Lb
where, W and L are weight (g) and length (cm) of the fish, a and b were estimated by linear regression equation based on natural logarithm: 
Log W = Log a + b Log L
Where, W is the weight of the fish in grams (g), L is the total length of fish in millimetres (mm), ‘a’ and ‘b’ are intercept and slope of regression line respectively. The t-test was employed to test for possible significant differences in ‘b’ value from cube or isometric value of 3. Because of specific environmental factors or the condition of the fish themselves, b can vary from the "ideal value" of 3 that denotes an isometric growth when this formula is used to sampled fish (Ricker, 1958). Growth is negatively allometric and fish get slimmer as they get longer when b is less than 3. When b is higher than 3.0, fish gain weight, indicating positive allometric growth and ideal growth conditions.
Additionally, the length-weight relationship intercept (a), slope (b) and coefficient of determination (r2) were calculated along with their 95% confidence intervals. The growth rates of length and weight are equal when the co-efficient of allometry (b) equals 3 (Ricker 1975); length increases more than predicted weight in hypo-allometry or negative allometry growth and less than predicted weight in hyper-allometry or positive allometry growth (Shingleton, 2010). A Student’s t-test was applied to examine whether the estimated b value significantly differed from the isometric value of 3 (H₀: b = 3). Statistical significance was tested at the 5% level (p < 0.05). Ninety-five percent confidence intervals (95% CI) were also calculated for the regression parameters.
2.4 Relative Condition Factor (Kn)
The growth and well-being status of the fish species was assessed using the relative condition factor (Kn). The formula Kn = Wo / Wc was used to calculate it, where Wo is the observed weight and Wc is the calculated weight that was derived from the length–weight relationship (Le Cren, 1951). If a fish Kn value is greater than 1, it is in good growth condition if it is less than 1, it is in a poorer state condition compared to an average individual of the same length. The same data set used for the length–weight relationship was used in the present study to estimate Kn values monthly for males and females separately. It should be noted that fish stomach would not empty before weighing is significant since it may have a slightly effect on the recorded weights.
3. Results and Discussion
3.1 Length-Weight Relationship of Male and Female Labeo gonius
The length–weight relationship (LWR) of male Labeo gonius from the Burhi Gandak River was expressed as: 
W= 0.0613L2.4604      ,                  R2 = 0.9715
where W is the body weight (g) and L is the total length (cm). The regression analysis demonstrated a strong positive correlation between length and weight, as indicated by the high coefficient of determination (R² = 0.9704). The estimated slope value (b = 2.4604) was significantly lower than the theoretical isometric value of 3 (p < 0.05), indicating negative allometric growth in males. This suggests that male individuals increased proportionally more in length than in weight during the study period.
Similar findings of negative allometric growth in L. gonius have been reported from other river systems. Dubey et al. (2012) observed a b value of 2.11 in L. gonius, also indicating negative allometry. A comparable growth pattern was documented by Naeem et al. (2012a) in wild populations from Pakistan. In contrast, Naeem et al. (2012b) reported a higher b value of 2.92 for Labeo bata from Head Panjnad, Pakistan, which was closer to isometric growth.
Variations in the growth coefficient (b) may be attributed to differences in ecological conditions, food availability, reproductive status, and habitat characteristics. The high R² value confirms that a substantial proportion of weight variation was explained by length in the present study. According to Froese (2006), b values for most fish species typically range between 2.5 and 3.5; thus, the observed value falls within the acceptable biological range. Overall, the growth pattern of male L. gonius in the Burhi Gandak River reflects species-specific and habitat-related adaptations.








Fig 2: Length-weight relationship in male Labeo gonius








Fig 3: Length-weight relationship in female Labeo gonius
The length–weight relationship (LWR) of female Labeo gonius from the Burhi Gandak River was expressed as:
W=0.0071L3.1808         ,            R2=0.962
where W is the body weight (g) and L is the total length (cm). The regression analysis showed a strong correlation between length and weight, with a high coefficient of determination (R² = 0.962). The estimated slope value (b = 3.1808) was significantly higher than the theoretical isometric value of 3 (p < 0.05), indicating positive allometric growth in females. This suggests that female individuals gained proportionally more weight relative to length.
Positive allometric growth in female fishes is often associated with reproductive development, as gonadal maturation contributes substantially to body weight during breeding seasons. Similar findings have been reported in Labeo gonius from other river systems. Naeem et al. (2017) recorded a b value of 3.29, indicating positive allometry, while Dars et al. (2010) reported a b value of 3.46 from Keenjhar Lake, Pakistan. These variations in growth patterns may be influenced by environmental conditions, food availability, and reproductive cycles.
The high R² value obtained in the present study confirms that body weight variation was largely explained by length in female specimens. According to Froese (2006), b values between 2.5 and 3.5 are considered biologically normal for most fish species, and the observed value falls within this acceptable range. Overall, the positive allometric growth pattern observed in female Labeo gonius reflects favourable habitat conditions and reproductive investment within the Burhi Gandak River ecosystem.
3.2 Relative Condition Factor (Kn)
The relative condition factor (Kn) was calculated to evaluate the physiological condition and habitat suitability for Labeo gonius in the Burhi Gandak River.

Fig 4: Relative condition factor (Kn) vs. total length for male Labeo gonius

The mean Kn value for male L. gonius was 1.0083, with values ranging from 0.7422 to 1.3718. The mean value slightly above unity indicates that the observed body weights were very close to the expected weights derived from the length–weight relationship, suggesting satisfactory physiological condition during the study period. Most individuals were distributed around the reference line (Kn = 1.0), indicating balanced growth across size classes. Greater variability was observed in smaller length groups, where both lower (Kn < 0.8) and higher (Kn > 1.3) values occurred. This variation likely reflects size-related physiological differences rather than persistent environmental stress. Overall, the Kn distribution suggests stable environmental conditions supporting normal growth of male individuals.


      Fig 5: Relative condition factor (Kn) vs. total length for female Labeo gonius
The mean relative condition factor (Kn) for the 65 females Labeo gonius was 1.0168, with values ranging from 0.7435 to 1.3581. A mean value slightly above unity indicates that observed body weights were marginally higher than those predicted by the length–weight relationship (W = 0.0077L³·¹⁴⁴⁶), reflecting favorable physiological condition during the sampling period. The exponent value (b = 3.1446) further supports positive allometric growth, suggesting that females gained proportionally more weight with increasing length. Similar associations between positive allometry and elevated condition factor in female cyprinids have been documented by Froese (2006) and Tesch (1971), who noted that reproductive investment often elevates body mass relative to length.
The distribution of Kn values around the reference level (Kn = 1.0) across size classes suggests stable somatic growth and relatively balanced environmental conditions. However, moderate individual variation was observed. Lower Kn values in some individuals may reflect post-spawning physiological stress or temporary depletion of energy reserves, whereas higher values likely correspond to pre-spawning gonadal development and energy accumulation. Seasonal fluctuations in condition factor associated with reproductive cycles have been widely reported in riverine fishes (Le Cren, 1951; Biswas, 1993). Similar variability in L. gonius populations has been observed in the Brahmaputra and Ganga river systems (Chowdhary & Shahid, 2018; Das et al., 2025a).
When both sexes were considered collectively, Kn values remained consistently close to unity, indicating normal growth and acceptable physiological status of the overall population. Mean Kn values at or slightly above 1.0 suggest that observed body weights closely matched those predicted by the species-specific length–weight relationship. According to Froese et al. (2011), condition factors near unity typically indicate stable ecological conditions and adequate food availability. Comparable findings have been reported from the Indus River and other South Asian river systems, where mean Kn values ranging between 1.02 and 1.16 were interpreted as indicators of favourable habitat quality (Naeem et al., 2017).
Environmental factors such as water quality, trophic status, habitat structure, and food resource availability significantly influence condition factor dynamics (Blackwell et al., 2000). The relatively stable Kn values observed in the present study suggest that the Burhi Gandak River provides suitable ecological conditions for growth and reproductive functioning of L. gonius. Similar growth and condition patterns have been documented in other Gangetic tributaries where moderate nutrient availability and seasonal hydrological variability support healthy fish populations (Gupta & Banerjee, 2019; Sarkar et al., 2013).
Overall, the present findings indicate ecological stability and balanced growth dynamics in the study area. Maintenance of Kn values near unity supports the potential for sustainable fisheries management and resource conservation in the Burhi Gandak River, aligning with riverine ecosystem health indicators reported for major Indian river systems.
Conclusion
This study evaluated the length–weight relationship and relative condition factor (Kn) of Labeo gonius from the Burhi Gandak River, Bihar, to assess growth dynamics and physiological status of the population. The results revealed clear sex-specific growth patterns, with males exhibiting negative allometric growth and females showing positive allometric growth. The high coefficients of determination confirmed a strong relationship between length and weight in both sexes. Mean Kn values for males and females were close to unity, indicating favourable physiological condition and suggesting that the observed body weights closely matched predicted values derived from species-specific growth equations. Slightly higher Kn values in females likely reflect reproductive investment and gonadal development. Overall, the distribution of condition factor values across size classes indicates stable environmental conditions and balanced somatic growth within the river system. The findings provide baseline biological parameters essential for stock assessment, habitat evaluation, and long-term monitoring. The sensitivity of growth and condition indices to environmental variability supports the use of L. gonius as a bioindicator species in floodplain river ecosystems. These results contribute to the scientific foundation for sustainable fisheries management and conservation planning in the Burhi Gandak River and other Indo-Gangetic tributaries.
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16.2	31.9	19.8	24.5	13.1	13.5	13.6	11.2	26.7	13.1	20	24	14.8	29.7	20.7	14.3	19.3	25.8	23.8	22.4	27.8	31.2	22.7	26.3	31.2	17.600000000000001	18.399999999999999	23.7	28.5	30.3	28.4	26.8	30.8	24.4	21.2	23.8	28.7	21.4	23.4	16.399999999999999	13.8	17.899999999999999	24.6	28.4	21	29	31.8	27.2	31.2	21.5	21.9	18.7	12.9	22.9	21.4	31	24.7	26.6	27.8	29.8	21.8	30	28.7	31	22.7	55	384.7	85.4	192.4	26	28	29.6	18.600000000000001	264.7	26.4	98.7	185.8	38.200000000000003	329.5	84.2	29.7	92.7	210.5	158.9	132	256.7	373.1	148.69999999999999	240.6	367.4	52	64.8	198.7	278.5	355.4	315.7	260.39999999999998	378.4	231.5	104.8	210.6	342.1	115.4	203.5	48	29.4	80.7	246.8	348.6	120	358.4	390.5	286.39999999999998	385.4	97.6	102	92.6	27	150.4	105	378.4	240.8	301.5	321.5	347.6	105	360	334.2	385.4	105.4	Length (cm)


Weight (g)
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