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[bookmark: abstract]Abstract
[bookmark: fnref1]The present study investigates the length–weight relationship (LWR) of Sillago sihama, commonly known as silver whiting, collected from the Mangaluru coast between December 2024 and July 2025. The study involved 295 Sillago sihama specimens measuring from 13.4 to 27 cm total length (TL), with 215 males and 80 females included. For males, the length-weight equation was W=0.0298L2.5177, while for females, it was W=0.0118L2.8549. The relative condition factor (Kn) ranged from 0.996–1.004 in males and 0.985–1.063 in females. Analysis of 295 specimens (73% males, 27% females) revealed negative allometric growth for both sexes. Length–weight relationships are critical for estimating stock biomass, understanding population dynamics, and managing fisheries resources sustainably. The results confirm the progressive slenderization of the species with growth and provide a robust reference for future ecological and management assessments.
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1. [bookmark: introduction]Introduction
Fisheries play an important part in ensuring food security, nutrition, and the economic and social welfare of coastal communities. Preserving their long-term viability is not only essential for the environment but also carries significant social, economic, and political implications (Gul et al., 2024). Aquatic food systems are highly diverse and offer a variety of environmental, economic, and social benefits. Their importance is gaining greater recognition globally and locally for their role in supporting nutritious diets and conserving aquatic ecosystems. In 2022, marine environment accounted for 62% (115 million tonnes) of the total fish production, with marine capture fisheries accounting for 69% and marine culture at 31%. Whereas, 38 % of the total fish production (70 million tons) came from inland waters with inland capture fisheries accounting for 16 % and aquaculture for 84 % (FAO, 2024).
The Sillaginidae family, known as ladyfish, sand whiting, or sand borer, is typically found in shallow coastal waters with sandy bottoms or in the estuarine regions of rivers across the Indo-West Pacific (McKay, 1992; Johnson, 1993; Nelson, 2016). Sillago sihama (Forsskal, 1775), commonly referred to as silver whiting or sand whiting, is a small, benthic, euryhaline teleost fish belonging to the family Sillaginidae and order Perciformes. It is distributed extensively across the Indo-West Pacific, including the Red Sea, Persian Gulf, Bay of Bengal, Arabian Sea, and northern Australia. It is an ecologically valuable species that lives in estuaries and nearshore habitats, where it contributes to trophic dynamics as both a predator and prey (Zacharia and Kizhakudan, 2012). The species is recognized for its elongated, slender body and silvery coloration, which assists in camouflage in sandy or muddy substrates (McKay, 1992; Froese & Pauly, 2023). In India, S. sihama is commonly found along both the east and west coasts and plays a vital role in the coastal fisheries of states such as Karnataka, especially along the Mangaluru coast. Its euryhalinity, fast growth and seed abundance make it an ideal species for brackishwater aquaculture (Ramamurthy and Dhulkhed, 1975; Bal and Rao, 1984; Jayasankar, 1991). Indian sand whiting, or Sillago sihama, lives throughout India's southwest coast in sandy beaches, estuaries, and shallow coastal waters. In the Mangaluru region, it supports small-scale fishing with beach seines and gill nets. This bottom-dwelling species holds significant ecological and economic importance in estuarine systems such as the Netravathi and Mulki estuaries, where intensifying fishing pressure has been documented (Jayasankar, 1991). This study aimed to examine the length–weight relationship and relative condition factor of Sillago sihama along the Mangaluru coast. The vernacular name of Sillago sihama in Karnataka is "Kane” (FishBase). It is a highly valued food fish in coastal Karnataka, with year-round demand and market prices reaching up to ₹800–900 per kilogram, the demand peaks during the southwest monsoon season, as sea fishing activities are halted in coastal areas due to rough weather conditions and an official fishing ban (Vinod, 2008). S. sihama supports small-scale and artisanal fishing along the Indian coast, especially in Karnataka, where it is prized for its delicate flesh and high demand in local markets (Jayabalan and Alikunhi, 1990). 
In fisheries science, the length–weight relationship (LWR) is an essential instrument for evaluating growth patterns, stock status, and biomass assessment (Pauly, 1984). The LWR shows whether growth is isometric or allometric, which shows how organisms adapt to their environment and how the environment affects them (Froese, 2006). The relative condition factor (Kn) is closely associated with this, as it assesses the health of fish populations by comparing actual weights to anticipated values obtained from length-weight relationship equations (Le Cren, 1951). Condition factors are extensively utilized to deduce habitat quality, food accessibility, and reproductive condition, thereby providing a comprehensive assessment of population health (Bagenal and Tesch, 1978).
Studies on S. sihama across Indian waters have highlighted variability in growth and condition influenced by regional ecological factors, fishing pressure, and seasonal cycles (Raje and Vivekanandan, 2008). Along the Mangaluru coast, a region characterised by estuarine influx, monsoonal dynamics, and diverse artisanal fisheries, such investigations are particularly relevant. The coastal ecosystem here is subject to anthropogenic pressures, including urbanisation, industrial discharge, and intensive fishing, which may affect the biological performance of resident fish populations. Assessing the LWR and relative condition factor of S. sihama in this context provides critical baseline data for resource management, conservation, and sustainable fisheries development (FAO, 2020).
2. [bookmark: materials_and_methods]Materials and Methods
2.1 Collection of Specimens
[bookmark: fnref1_2]From December 2024 to July 2025, 295 specimens were procured from the Mangaluru fish landing centre. Sample composition included 215 males (13.4–24.7 cm TL) and 80 females (14.4–27 cm TL). Fish samples were brought to the FRM lab for recording morphometric measurements and other related aspects. The fish were weighed precisely using a digital scale that measured to the nearest hundredth of a gram, while their length was taken from the snout tip to the end of the tail fin with a measuring board accurate to 1 mm.
2.2 Length-Weight Relationship
The length-weight relationship was evaluated independently for both sexes using the power equation established by Le-Cren (1951), and substantial differences in the slopes of the regression lines between males and females were discovered. 
W = aLb
 Or expressed in the linear equation as Log W = Log a + Log L 
Where, 
W is the fish's total weight in grams, L is its total length in cm, a is the intercept, and b is the regression coefficient. 
The covariance analysis was performed in accordance with Snedecor and Cochran (1967) to identify variation in 'b' values between sexes at the 1% and 5% significance levels. To evaluate the "b" value against "3," Student's t-test was utilised to ascertain any significant divergence. The t-statistics used are given by:
 t = |b − 3| / Sb, 
where: Sb= standard error of “b” and t has (n-2) degrees of freedom. 
2.3 Relative Condition Factor
The relative condition factor (Kn) was calculated following Le Cren (1951) as: 
Kn = Wo / Wc, 
Where,
Wo = observed weight; Wc = calculated weight. The average Kn values were computed monthly for both sexes.
3. [bookmark: results]Results
3.1 Length-weight relationship
Sillago sihama of 295 samples with total lengths ranging from 13.4 to 27 cm and body weights ranging from 21 to 152 g were collected for the length-weight relationship (LWR) investigation. The associations were assessed independently for males and females. The equations for males and females were determined to be Log W = −1.525 + 2.5177 Log L and -1.928+2.8549 Log L, respectively. Log W = -1.7595 + 2.7069 Log L was the reported combined equation.  The value of the regression coefficient R2, b and a are given in Table 1. Scatter plots depicting the length-weight relationship were created separately for male, female, and pooled samples, as illustrated in Fig. 1.
3.2 Relative condition factor
To evaluate changes in the health and condition of the fish over the course of several months, the relative condition factor (Kn) monthly mean values were examined. Fig. 2 provides the average Kn value for every month, separate for males and females. In the instance of a male, March had the lowest Kn value (0.996), while April had the highest (1.004). In the instance of a female, February had the lowest Kn value (0.985), while June had the highest (1.063). Fig. 3 shows the mean values of the relative condition factor (Kn) for Sillago sihama in various size groups. In females, the length groups of 19–21 cm and 17–19 cm had the lowest Kn values, whereas the size group of 25–27 cm had the highest Kn. Males in the 21–23 cm group had the lowest Kn, while those in the group of 13–15 cm had the highest Kn. 
[bookmark: discussion]4. Discussion
4.1 Length-Weight Relationship (LWR)
The length-weight relationship has been thoroughly investigated in freshwater and marine fishes around the world due to its significance. Within the same species, this relationship may vary between sexes and between populations. The strong relationship between body length and weight is further supported by the fact that fish growth is usually measured by increases in both. The two primary functions of length-weight studies in practice are to help identify deviations from predicted weight at a given length and to offer a mathematical model for estimating weight from length (or vice versa). A fish’s condition, reproductive status, developmental stage, and general level of environmental adaptation can all be inferred from such variations.
[bookmark: fnref1_7]In the present study, the b-values (slopes) of 2.5177 and 2.8549 for males and females, respectively, are significantly below the ideal isometric value of 3, indicating negative allometric growth where fish become lighter relative to their length as they grow larger. This pattern is common in many sillaginids and demersal marine fishes, reflecting a growth strategy where the shape of the body becomes more elongated rather than volumetrically proportional with size (Khan et al., 2015; Mazumder et al., 2016). Biologically, negative allometric growth in S. sihama indicates a progressive slenderness with age and size, a trait adaptive for benthic, demersal lifestyles involving episodic burying in sediments and swift movements in coastal waters. This morphological adaptation enhances swimming efficiency and predator avoidance but limits disproportionate weight gain that could compromise these functions (Mazumder et al., 2016).The b-value of 2.7069 for pooled data aligns with values reported in earlier work on S. sihama from different Indian coastal waters, where b-values generally range between 2.5 to 2.9, further demonstrating similar growth dynamics across geographic locations in the Indo-Pacific (Jayasankar, 1991a; Rao and Sivani, 1996; Sawant et al., 2017). This supports the idea that local environmental factors, such as food availability, habitat conditions, and reproductive cycles, influence condition and growth rates but maintain an overall negatively allometric pattern. Negative allometric growth in S. sihama suggests a progressive elongation with increasing length, typical of benthic demersal species. Seasonal and size-dependent variations in the relative condition factor (Kn) were observed, generally peaking in larger females, likely due to reproductive investment. The pooled LWR is consistent across Indo-Pacific populations and offers reliable baseline data for biomass estimation and stock management. 
[bookmark: fnref1_8]Previous research in Indian and regional waters reports b-values between 2.5 and 3.0 for S. sihama. Environmental factors, food availability, reproductive activity, and sampling period can affect these parameters. The current study’s LWR reflects robust agreement with historical findings, supporting its utility for ongoing assessment efforts.
4.2 Relative condition factor
The Relative Condition Factor (Kn) is widely employed to evaluate the health status and well-being of fish populations, as it integrates weight, length, and overall physiological condition. Values near or above 1 typically indicate fish in good nutritional and environmental state, whereas values below 1 may signal stress, poor nutrition, or environmental challenges (Le Cren, 1951).
[bookmark: conclusion]In the present study, males of Sillago sihama exhibited Kn values close to 1 throughout the months, with minimal variation ranging from 0.996 to 1.004 and a weighted average of 1.00025, suggesting stable body condition across seasons. Females showed slightly higher variation, with Kn values ranging from 0.985 in February to 1.063 in June, and an average of 1.009625. The elevated values in females during the pre-monsoon and monsoon months (May and June) may correspond to increased gonadal development and energy reserves accumulation for spawning, which is consistent with observations on reproductive biology of Sillago sihama by Shamsan and Ansari (2010) and Jayasankar (1991). Mirzaei et al. (2013) working on S. sihama in the Persian Gulf documented that relative condition factor peaks occurred during pre-spawning months, reflecting physiological readiness. In the present study in most length groups, females exhibit higher Kn values than males, indicating better physiological condition or greater energy reserves in females, particularly in larger size classes. Notably, Kn values for males trend lower in the intermediate size groups (17–23 cm), while females show a marked increase in Kn at larger lengths (21–27 cm), suggesting enhanced condition during gonadal development or spawning, consistent with greater reproductive investment.
5. Conclusion
[bookmark: fnref1_9]The present investigation confirms that Sillago sihama along the Mangaluru coast exhibits negative allometric growth. Regular monitoring of LWR and condition indices is recommended for sustainable fisheries management and for understanding ecological responses to environmental changes. These findings provide baseline data for stock assessment and ecosystem-based fisheries management along the Karnataka coast.
[bookmark: _Hlk198031404][bookmark: references]Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript. 



7. References
1. Bagenal, T.B. and Tesch, F.W. (1978) Age and growth. In: Bagenal, T.B. (ed.) Methods for assessment of fish production in fresh waters. Oxford: Blackwell Scientific Publications, pp. 101–136.
2. FAO (2020) The State of World Fisheries and Aquaculture 2020: Sustainability in action. Rome: Food and Agriculture Organization of the United Nations.
3. FAO 2024. The State of World Fisheries and Aquaculture 2024 – Blue Transformation in action. Rome.
4. FishBase. Sillago sihama (Forsskål, 1775) summary. https://fishbase.se/summary/4544
5. Froese, R. (2006) ‘Cube law, condition factor and weight–length relationships: history, meta-analysis and recommendations’, Journal of Applied Ichthyology, 22(4), pp. 241–253.
6. Gul, S., Bhat, B. A., & Sheikh, F. A. 2024. Enhancing Global Food Security through Sustainable Fisheries and Aquaculture: A Review. Asian J. Agric. Ext. Econ. Sociol., 42(10), 60-70. 
7. Jayabalan, N. and Alikunhi, K.H. (1990) ‘Length–weight relationship and relative condition factor of Sillago sihama (Forsskål) from the Mangalore coast’, Indian Journal of Fisheries, 37(3), pp. 215–219.
8. Jayasankar, P. 1991. Length-weight relationship and relative condition factor in Sillago sihama (Forsskal) from Mandapam Region. Indian J. Mar. Sci., 38: 183–186.
9. Johnson, G.D. 1993. Percomorph phylogeny: progress and problems. Bull. Mar. Sci., 52(1): 3–28.
10. Khan, M.A., Riaz, S. and Yousuf, K., 2015. Size distribution and length weight relationship in commercially important fish Sillago sihama (Forsskal, 1775) (Family: Sillaginidae) from Karachi Coast, Pakistan. Int. J. Biol. Res, 3(2):113-117.
11. Le Cren, C.D. 1951. Length–weight relationship and seasonal cycle in gonad weights and condition in perch (Perca fluviatilis). J. Anim. Ecol., 20:201–209.
12. Mahadevan, G., Gosavi, S.M. & Murugesan, P. Length-weight Relationships and Condition Factor of Five Marine Finfish Species from Parangipettai (Tamil Nadu) and Mumbai (Maharashtra) Coast of India. Thalassas 36, 375–385 (2020)
13. Mazumder, D., Rajalakshmi, S. and Ghosh, K. 2016. Growth patterns and condition of Sillago sihama along the Indo-Pacific coasts. Mar. Biol. Res., 12(3): 245–254.
14. McKay, R.J. 1992. FAO species catalogue, Vol. 14: Sillaginid Fishes of the World (Family Sillaginidae). FAO Fisheries Synopsis.,125(14). FAO, Rome: 1–87.
15. Mirzaei, M.R., Valinasab, T., Yasin, Z. and Tan Shau Hwai, A., 2013. Reproduction characteristics and length-weight relationships of the sand whiting (Sillago sihama) in the south coastal of Iran (Persian Gulf and Oman Sea). Annals of Biological Research, 4(5), pp.269–278.
16. Nelson, J.S., Grande, T.C. and Wilson, M.V.H. 2016. Fishes of the World. 5th ed. John Wiley and Sons.
17. Pauly, D. (1984) Fish population dynamics in tropical waters: a manual for use with programmable calculators. ICLARM Studies and Reviews 8. Manila: International Center for Living Aquatic Resources Management.
18. Raje, S.G. and Vivekanandan, E. (2008) ‘Stock assessment of Sillago sihama along the Indian coast’, Journal of the Marine Biological Association of India, 50(2), pp. 145–152.
19. Rao, K.V. and Sivani, B. 1996. Length-weight relationships of marine fishes caught off the Visakhapatnam coast. Ind. J. Mar. Sci., 25(3): 249–251.
20. Sawant, R., Singh, R.K. and Singh, S. 2017. Length-weight relationship of Sillago sihama from Mumbai coast. Ind. J. Fish., 64(3): 75–80.
21. Shamsan, E.F. and Ansari, Z.A. 2010. Study of age and growth of Sillago sihama from Zuari estuary, Goa. Ind. J. Mar. Sci., 39(1), 68–73.
22. Snedecor, G. W. and Cochran, W.G. 1967. Statistical Methods 6th edition. The lowa State University Press, Ames, Iowa, United States.
23. Vinod, B.H. 2008. Species characterization and some aspects of reproductive biology of Sillago sihama (Forskal). Ph.D. Thesis, Karnataka Veterinary, Animal and Fisheries Sciences University, Bidar.
24. Zacharia, P.U. and Kizhakudan, J.K. (2012) ‘Fishery and biology of Sillago sihama (Forsskål) along the north-west coast of India’, Indian Journal of Fisheries, 59(2), pp. 7–13.

	Table 1. LWR parameters of Sillago sihama 

	 
	N
	Length range TL (cm)
	Weight range (g)
	LWR parameters

	
	
	
	
	a
	b
	R2

	Male
	215
	13.7-24.7
	21-102
	0.029
	2.517
	0.9404

	Female
	80
	14.4-27
	25-152
	0.011
	2.854
	0.95

	Pooled
	295
	13.7-27
	21-152
	0.017
	2.706
	0.9355

	N=number of samples, a=intercept, b=slope, R2= regression coefficient



Fig. 1 Length-weight relationship of Sillago sihama (a) Male (b) Female (c) Pooled


Fig. 1 Length-weight relationship of Sillago sihama (a) Male (b) Female (c) Pooled





(b)
Logof weight	
1.2041199826559248	1.2944662261615929	1.167317334748176	1.2855573090077739	1.1903316981702914	1.2148438480476977	1.2121876044039579	1.2201080880400552	1.2810333672477277	1.2355284469075489	1.2201080880400552	1.1958996524092338	1.2041199826559248	1.2201080880400552	1.2355284469075489	1.209515014542631	1.1760912590556813	1.1931245983544616	1.2304489213782739	1.2304489213782739	1.3242824552976926	1.2810333672477277	1.2810333672477277	1.287801729930226	1.2900346113625181	1.2900346113625181	1.2329961103921538	1.2855573090077739	1.3117538610557542	1.3483048630481607	1.3283796034387378	1.2855573090077739	1.2944662261615929	1.2833012287035497	1.414973347970818	1.4132997640812519	1.3673559210260189	1.2900346113625181	1.3598354823398879	1.3344537511509309	1.3117538610557542	1.3180633349627615	1.3404441148401183	1.2988530764097066	1.3053513694466237	1.3304137733491908	1.2810333672477277	1.3579348470004537	1.4132997640812519	1.3483048630481607	1.3384564936046048	1.3765769570565121	1.4297522800024081	1.3636119798921444	1.3783979009481377	1.4166405073382811	1.1643528557844371	1.3979400086720377	1.3673559210260189	1.3856062735983121	1.4313637641589874	1.3598354823398879	1.3424226808222062	1.3579348470004537	1.4183012913197455	1.2810333672477277	1.354108439147401	1.3138672203691535	1.3010299956639813	1.2810333672477277	1.2810333672477277	1.2695129442179163	1.3242824552976926	1.3961993470957363	1.287801729930226	1.2041199826559248	1.2741578492636798	1.2922560713564761	1.2479732663618066	1.1583624920952498	1.505149978319906	1.7853298350107671	1.4623979978989561	1.7634279935629373	1.4771212547196624	1.568201724066995	1.5440680443502757	1.5797835966168101	1.7708520116421442	1.6334684555795864	1.5910646070264991	1.5185139398778875	1.5440680443502757	1.5563025007672873	1.5910646070264991	1.5563025007672873	1.4471580313422192	1.5185139398778875	1.6334684555795864	1.6020599913279623	1.8195439355418688	1.6989700043360187	1.7075701760979363	1.6901960800285136	1.6901960800285136	1.6901960800285136	1.6127838567197355	1.7403626894942439	1.7708520116421442	1.9084850188786497	1.8976270912904414	1.6812412373755872	1.6901960800285136	1.6627578316815741	2.1271047983648077	2.1139433523068369	2.012837224705172	1.6434526764861874	1.9444826721501687	1.8633228601204559	1.7923916894982539	1.7781512503836436	1.8388490907372552	1.7075701760979363	1.6720978579357175	1.8195439355418688	1.6989700043360187	1.9867717342662448	2.173186268412274	1.9493900066449128	2.0043213737826426	2	2.1818435879447726	1.9867717342662448	2.0170333392987803	2.1335389083702174	1.3979400086720377	2.0899051114393981	2.0211892990699383	2.0043213737826426	2.1818435879447726	2.1072099696478683	1.9395192526186185	1.9493900066449128	2.0934216851622351	1.7160033436347992	1.968482948553935	1.8450980400142569	1.7781512503836436	1.7781512503836436	1.6989700043360187	1.6434526764861874	1.8864907251724818	2.0681858617461617	1.7481880270062005	1.5185139398778875	1.6627578316815741	1.6901960800285136	1.6127838567197355	1.4313637641589874	Log length(cm)

Log weight (g)


(c)
Logof weight	
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Fig.2 Monthly variation in mean relative condition factor (Kn) of male and female of Sillago sihama
Male	Dec.24	Jan.25	Feb.	Mar.	Apr.	May	Jun.	Jul.	0.999	0.997	1.002	0.996	1.004	1.0009999999999999	1.0029999999999999	1	Female	Dec.24	Jan.25	Feb.	Mar.	Apr.	May	Jun.	Jul.	1.0029999999999999	1.0009999999999999	0.98499999999999999	0.99399999999999999	0.996	1.032	1.0629999999999999	1.0029999999999999	Months

Mean relative condition factor(Kn)



Fig. 3 Mean value of relative condition factor (Kn) at different size group of Sillago sihama
MALE	13-15	15-17	17-19	19-21	21-23	23-25	25-27	1.0548999999999999	1.0370999999999999	0.96479999999999999	0.98609999999999998	0.94499999999999995	1.02	0	FEMALE	13-15	15-17	17-19	19-21	21-23	23-25	25-27	1.0893999999999999	1.0804	1.0114000000000001	0.97860000000000003	1.1288	1.1268	1.1508	Length Group (cm)

Relative condition factor (Kn)



y = 2.5177x - 1.5261
R² = 0.9404
Log of weight	(a)
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Log weight (g)





