




Reproductive Biology of Scombrids Occurring Along the Indian Coast: A Brief Review

ABSTRACT
The present article reviews the reproductive biology of scombrids inhabiting Indian waters, a family comprising 54 species across 15 genera including commercially significant mackerels, bonitos and tunas. Scombrids are a vital pelagic resource, contributing approximately 13.21% to India's total marine fish landings. Reproductive studies indicate wide inter-specific and regional variability in life history traits. Size at first maturity (Lm) ranges from 16.65-25.9 cm in the Indian mackerel to 79.9-81.3 cm in yellowfin tuna, with larger seerfishes like S. commerson maturing between 62.5 and 80.0 cm. Sex ratios vary from near parity to significant sex biased dominance depending on the species and size class. Fecundity estimates are high, ranging from approximately 13,800 ova in R. kanagurta to over 2.5 million ova in S. commerson and E. affinis, reflecting their high reproductive potential. Spawning seasons are prolonged and often bimodal; while many species spawn year round, peak activity is frequently associated with the pre-monsoon and monsoon periods (January-April and June-October). GSI and ova diameter frequency analyses suggest that most scombrids are asynchronous, multiple spawners. The review highlights the need for standardized methodologies and further research on the impacts of climate change to formulate adaptive management strategies for the sustainable exploitation of these resources.
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INTRODUCTION
The family Scombridae encompasses a diverse group of marine fishes commonly known as mackerels, bonitos and tunas (Mahapatra et al. 2020). Scombrids are considered as one of the most popular foods and are distributed in coastal and oceanic waters throughout the tropical, subtropical and temperate waters (Juan-Jorda et al. 2011). A total of 54 species belonging to 15 genera are described by Nelson (1994). Mackerels and tunas support important commercial and recreational fishery as well as a substantial artisanal fishery throughout the tropical and temperate regions of the world (Pillai, 2002). The principal fishing methods employed are purse seining, ring seining, long lining, drift netting, hooks and line, pole and line fishing with live baits and trolling. The artisanal fisheries deploy a wide variety of gears including bag gill nets, drift nets, beach seines, hooks and line and hand lines. Scombrids are economically important pelagic resources in India and their demand in the domestic and an export market is on the increase (Pillai 2002).  In recent years there has been a significant increase in the production of the scombrids contributing to about 13.21 % of the total marine fish landings of India (Anon, 2022). They are having good demand in the domestic market and recently larger species are also exported in frozen form. The fishery is supported by several commercially important species such as Rastrelliger kanagurta R. brachysoma, R. faughni, Scomberomorus guttatus, S. commerson, S. lineolatus Acanthocybium solandri, Euthynnus affinis, Auxis rochei, A. thazard, Katsuwonus pelamis, Thunnus tonggol, T. albacares (Pillai, 2002; Anon, 2022). Studies on reproductive biology can potentially enhance our knowledge of important biological characteristics that will help us suggest appropriate management interventions resulting in sustainable exploitation of scombrids in our country.  Further, there is a scope for undertaking biological studies on other commercial species of scombrids occurring in the Indian waters.
Studies on reproductive biology of scombrids from Indian coast have been reported by different authors including Radhakrishnan (1962), Rao (1967), Luther (1973), Yohannan and Abdurahiman (1998), Rohit and Gupta (2004), Sivadas et al. (2006), Abdussamad (2010), Ganga et al. (2010), Hulkoti et al. (2013), Das et al. (2016), Ghosh et al. (2016), Bhendarkar et al. (2013; 2018), Shahina and Shivakumar (2023), for R. kanagurta; Devaraj (1987), Mahesh et al. (2017), Anulekshmi et al. (2018) for S. guttatus; Devaraj (1983), Mahesh et al. (2019) for S. commerson; Devaraj (1986) for S. lineolatus; Ghosh et al. (2012), Deepti and Sujatha (2012), Abdussamad et al. (2013), Mudumala et al. (2018), Azeez et al. (2024), Prince et al. (2025) for Auxis thazard;, Jasmine et al. (2013), Rohit et al. (2014), Surya et al. (2023) for Auxis rochei; Siraimeetan (1985), Rohit et al. (2012), Deepti and Sujatha (2012), Nissar et al. (2015), Mudumala et al. (2018)  for Euthynnus affinis; Deepti and  Sujatha et al. (2011), Kumar and Ghosh (2022) for Thunnus albacares; Yohannan et al. (1993), Koya et al. (2012) for Katsuwonus pelamis; Abdussamad et al. (2012), Mohammed Koya et al. (2018),  Mudumala et al. (2018) for Thunnus tonggol; Joshi et al. (2012) for Gymnosarda unicolor, etc. The present review on the reproductive biology of scombrids in Indian waters provides critical insights into species-specific reproductive traits such as spawning seasonality, fecundity patterns, size at first maturity and spawning strategies, which can support the formulation of targeted fishery enhancement and adaptive management strategies aimed at ensuring sustainable exploitation and stock conservation.
Size at first maturity 
The sizes at first maturity have been reported in Rastrelliger kanagurta, Scomberomorus guttatus, S. commerson, S. lineolatus, Euthynnus affinis, Auxis rochei, A. thazard, Katsuwonus pelamis, Thunnus tonggol, T. albacares and Gymnosarda unicolor by different authors (Table 1).  In Rastrelliger kanagurta, multiple studies from the Indian coast reveal notable differences in Lm between sexes and locations. Hulkoti et al. (2013) reported sex-specific variation in size at first maturity along the Mangalore coast with females attained maturity at 21 cm and 20.5 cm for males, whereas Abdussamad et al. (2010) recorded lower maturity sizes of 18.4 cm for males and 18.8 cm for females along the Tuticorin coast. Ghosh et al. (2016) observed that the species attains first maturity at lengths ranging from 18.32 to 18.86 cm along the North East Coast of India. In contrast, Luther (1973) reported comparatively higher maturity sizes of 25-25.9 cm from the Andaman Islands. Bhendarkar et al. (2013) documented the size at first maturity as 19.8 cm from the Ratnagiri coast, while Shahina and Shivakumar (2023) reported smaller sizes from the Uttara Kannada coast with males maturing at 16.65 cm and females at 17.85 cm.
For Scomberomorus guttatus, Anulekshmi et al. (2018) reported the size at first maturity as 41 cm from the North Eastern Arabian Sea, whereas Mahesh et al. (2017) observed maturity at 38.9 cm along the Andhra Pradesh coast. Earlier, Devaraj (1987) reported maturity at about 400 mm from the Gulf of Mannar and Palk Bay. In Scomberomorus commerson, Mahesh et al. (2012) recorded the size at first maturity as 62.5 cm along the Andhra Pradesh coast, while Devaraj (1983) reported a wider range of 70.1-80.0 cm for populations from the Indian Peninsula. The size at first maturity for Scomberomorus lineolatus was reported as 70 cm from the Gulf of Mannar and Palk Bay by Devaraj (1986).
Among the smaller tunas, Euthynnus affinis attains first maturity at 37.7 cm in Indian waters as reported by Rohit et al. (2012), whereas Nisar et al. (2010) documented sex-specific maturity sizes from the Arabian Sea, with males maturing at 60 cm and females at 55 cm. In Auxis rochei, Surya et al. (2023) reported the size at first maturity as 25.8 cm from the South West Coast of India, while Muthiah (1985) observed a broader maturity range of 20-32 cm along the Mangalore coast. Jasmine et al. (2013) reported maturity at 23.6 cm for the species in Indian waters. For Auxis thazard, the size at first maturity has been reported as 31.9 cm by Azeez et al. (2024) and 32.83 cm by Ghosh et al. (2012) from Indian waters. Larger scombrids exhibit higher sizes at first maturity. Katsuwonus pelamis was reported to attain maturity at lengths of 40-45 cm in Minicoy waters (Raju, 1964). Abdussamad et al. (2012) documented the size at first maturity of Thunnus tonggol as 51.1 cm along the Indian coast. In Thunnus albacares, Kumar and Ghosh (2022) reported sex-specific maturity sizes from the western Bay of Bengal, with females maturing at 79.91 cm and males at 81.32 cm. The size at first maturity of Gymnosarda unicolor was reported as 69 cm from the Indian coast by Joshi et al. (2012).
	Table 1. Size at first maturity in different scombrid species


	Species
	Locality
	Lm (cm)
	Author(s)

	Rastrelliger kanagurta

	Mangalore
	Male- 20.5
Female- 21.0
	Hulkoti et al. (2013)

	
	Tuticorin 
	Male- 18.4   
Female- 18.8 
	Abdussamad et al. (2010)

	
	North East 
	18.32-18.86 
	Ghosh et al. (2016)

	
	Andaman Islands
	25-25.9 
	Luther (1973)

	
	Ratnagiri 
	19.8 
	Bhendarkar et al. (2013)

	
	Uttara Kannada, Karnataka
	Male-16.65 
Female-17.85 
	Shahina and Shivakumar (2023)

	Scomberomorus guttatus
	North Eastern Arabian Sea
	41 
	Anulekshmi et al. (2018)

	
	Andhra Pradesh
	38.9 
	Mahesh et al. (2017)

	
	Gulf of Mannar and Palk Bay
	400 
	Devaraj (1987)

	Scomberomorus commerson
	Andhra Pradesh
	62.5 
	Mahesh et al. (2012)

	
	Indian Peninsula
	70.1-80 
	Devaraj (1983)

	Scomberomorus lineolatus
	Gulf of Mannar and Palk Bay
	70 
	Devaraj (1986)

	Euthynnus affinis
	Indian waters
	37.7 
	Rohit et al. (2012)

	
	Arabian sea
	Male-60 
Female-55 
	Nisar et al. (2010)

	Auxis rochei
	South West 
	25.8 
	Surya et al. (2023)

	
	Mangalore 
	20-32 
	Muthiah (1985)

	
	Indian waters
	23.6 
	Jasmine et al. (2013)

	Auxis thazard
	Indian waters
	31.9 
	Azeez et al. (2024)

	
	Indian waters
	32.83 
	Ghosh et al. (2012)

	Katsuwonus pelamis
	Minicoy waters
	40-45 
	Raju (1964)

	Thunnus tonggol
	Indian coast
	51.1 
	Abdussamad et al. (2012)

	Thunnus albacares
	Western Bay of Bengal
	Females -79.91  
Males -81.32 
	Kumar and Ghosh (2022)

	Gymnosarda unicolor
	Indian coast
	69 
	Joshi et al. (2012)



Sex ratio
Sex ratio provides basic information required for reproduction and stock size assessment. In Rastrelliger kanagurta, sex ratios ranged from Near-equal to male-biased proportions, with Hulkoti et al. (2013) reporting a ratio of 1:0.93, while Ghosh et al. (2016) observed regional variation with male dominance in the Southern region (1:1.65) and near equal proportions in the Northern region (1:1.04). Seasonal equality (1:1) during certain months was also documented by Sivadas et al. (2006), Luther (1973) and Bhandarkar et al. (2013), indicating temporal shifts in sex dominance. In Scomberomorus guttatus, contrasting patterns were observed with female dominance (0.76:1) reported by Anulekshmi et al. (2018), while Mahesh et al. (2017) recorded a male biased ratio of 1:1.87, highlighting interannual or regional variability. A moderately female biased sex ratio was reported for Scomberomorus commerson (1:1.33) along the Indian coast (Mahesh et al., 2018). In Euthynnus affinis, sex ratio varied with size class, where smaller individuals were male dominated, whereas larger size groups showed increased female representation (Nissar, 2010). Overall sex ratios for this species ranged from near parity (1:1.05; Muthiah, 1985) to pronounced female dominance (1:1.7; Mudumala et al., 2018).
Studies on Auxis thazard indicated sex ratios close to unity with slight male bias reported from different regions of the Indian coast (Prince et al., 2025; Muthiah, 1985; Mudumala et al., 2018), while Auxis rochei exhibited an almost equal sex ratio (1:1.02) (Muthiah, 1985). In Thunnus tonggol, sex ratio estimates varied from equality (1:1; Aboussand et al., 2012) to female-biased proportions (1:2.1 and 1:1.3) as reported by Koya et al. (2018) and Mudumala et al. (2018), respectively.
Fecundity
Several species of scombrids have undergone fecundity studies (Table 2). In Rastrelliger kanagurta, fecundity estimates differed markedly among regions, ranging from 86,744-94,376 ova off Mangalore (Hulkoti et al., 2013) and 68,500 ova along the Tuticorin coast (Abdussamad et al., 2010) to 1,08,266 ova off the Ratnagiri (Bhandarkar et al., 2013). Considerable variation was further reported from the North East coast, where fecundity ranged from 13,800 to 2,52,000 ova (Ghosh et al., 2016), while values between 12,180 and 2,13,658 eggs were recorded from the Uttara Kannada coast, Karnataka (Shahina and Shivakumar, 2023). According to Anulekshmi et al. (2018), Scomberomorus guttatus from the North Eastern Arabian Sea exhibited fecundity values ranging from 1,09,000 to 4,27,300 ova, whereas Mahesh et al. (2018) reported a fecundity of 1,95,388 ova from the Andhra Pradesh coast. A fecundity of 2,56,187 ova was documented for Scomberomorus commerson along Andhra Pradesh (Mahesh et al., 2012). In contrast, fecundity in Scomberomorus lineolatus was expressed relative to body length, with 65,998 ova per 10 mm body length reported from the Gulf of Mannar and Palk Bay (Devaraj, 1986).
Table 2 Fecundity in respect of scombridae along the Indian coast
	Species
	Locality
	Fecundity
	Author(s)

	Rastrelliger kanagurta

	Mangalore
	86,744 - 94,376
	Hulkoti et al. (2013)

	
	Tuticorin 
	68,500 
	Abdussamad et al. (2010)

	
	North East 
	13,800 - 2,52,000 
	Ghosh et al. (2016)

	
	Ratnagiri 
	1,08,266 
	Bhendarkar et al. (2013)

	
	Uttara Kannada, Karnataka
	12,180 - 2,13658 
	Shahina and Shivakumar (2023)

	Scomberomorus guttatus
	North Eastern Arabian Sea
	1,09,000 - 4,27,300
	Anulekshmi et al. (2018)

	
	Andhra Pradesh
	1,95,388 
	Mahesh et al. (2018)

	Scomberomorus commerson
	Andhra Pradesh
	256187 
	Mahesh et al. (2012)

	Scomberomorus lineolatus
	Gulf of Mannar and Palk Bay
	65,998 per 10 mm body length 
	Devaraj (1986)

	Euthynnus affinis
	Indian waters
	3,08,150 
	Rohit et al. (2012)

	
	Arabian sea
	790000-2500000 
	Nisar et al. (2010)

	
	North Western coastal waters of India
	2,15,759-15,63,721 
	Mudumala et al. (2018)

	Auxis rochei
	South West 
	84,562 - 1,33,698 
	Surya et al. (2023)

	
	Indian waters
	12,03,258 
	Rohit et al. (2014)

	Auxis thazard
	Indian waters
	2,26,538- 5,68,333 
	Azeez et al. (2024)

	
	Indian waters
	8,07,986 
	Ghosh et al. (2012)

	
	Chennai 
	2,73,823 to 10,86,302
	Prince et al. (2025)

	
	North Western coastal waters of India
	89,400-15,99,528
	Mudumala et al. 2018

	Katsuwonus pelamis
	Indian waters
	3, 00,718 per kg body weight
	Koya et al., 2012

	Thunnus tonggol
	Indian coast
	132,840 
	Abdussamad et al., (2012)

	
	North Western coastal waters of India
	1,43,230 - 22,30,000 
	Mudumala et al. (2018)

	Thunnus albacares
	Western Bay of Bengal
	28.98 ova per gram body weight
	Kumar and Ghosh (2022)



Wide variability in fecundity has also been observed in Euthynnus affinis. Rohit et al. (2012) estimated fecundity at 3,08,150 eggs in Indian waters, while substantially higher values ranging from 7,90,000 to 25,00,000 ova were reported from the Arabian Sea (Nisar et al., 2010). In the North Western coastal waters of India, fecundity ranged from 2,15,759 to 15,63,721 ova (Mudumala et al., 2018). In Auxis rochei, fecundity varied from 84,562 to 1,33,698 ova along the South West Coast (Surya et al., 2023), with a higher estimate of 12,03,258 ova reported from Indian waters. Fecundity in Auxis thazard showed substantial regional variation, with estimates ranging from 2,26,538 to 5,68,333 ova in Indian waters (Azeez et al., 2024), 8,07,986 ova reported by Ghosh et al. (2012) and 2,73,823-10,86,302 eggs along the Chennai coast (Prince et al., 2025). Mudumala et al. (2018) recorded fecundity values of 89,400-15,99,528 ova from the North Western coastal waters of India. In Katsuwonus pelamis, fecundity was estimated at 3,00,718 ova per kg body weight in Indian waters (Koya et al., 2012). For Thunnus tonggol, fecundity values of 1,32,840 eggs were reported along the Indian coast (Abdussamad et al., 2012), while a wider range of 1,43,230-22,30,000 ova was documented from the North Western coast of India (Mudumala et al., 2018). In Thunnus albacares, fecundity was estimated at 28.98 ova per gram body weight in the western Bay of Bengal (Kumar and Ghosh, 2022).
GSI and maturity studies
Based on GSI and maturity studies, several workers have reported the spawning of important scombrid species along the coast of India (Table 3). In Rastrelliger kanagurta, spawning activity has been reported during June-November with peak spawning in July-August off Mangalore (Hulkoti et al., 2013), July-October and February-April along the North East coast (Ghosh et al., 2016) and October-July with a peak during January-April off the Tuticorin coast (Abdussamad et al., 2010). Shorter spawning periods were documented from the Andaman Islands during October-November (Luther, 1973) and from the Ratnagiri coast during April (Bhandarkar et al., 2013), while monsoon associated spawning was observed off Uttara Kannada, Karnataka (Shahina and Shivakumar, 2023). Detailed maturity stage analysis from Cochin indicated progressive gonadal development from December to May with peak maturity during March-May and rare occurrence of spawning stages (Noble, 1974). Spawning from April to July was reported from the Malabar Coast, Calicut (Yohannan and Abdurahiman, 1998).
In Scomberomorus guttatus, spawning occurred from March-October with peak during May-June in the North Eastern Arabian Sea (Anulekshmi et al., 2018), from November -April along the Andhra Pradesh coast (Mahesh et al., 2017) and from January to August in the Gulf of Mannar and Palk Bay (Devaraj, 1987). Scomberomorus commerson exhibited spawning from September -March along Andhra Pradesh (Mahesh et al., 2012) and from January-September across the Indian Peninsula (Devaraj, 1983) while S. lineolatus spawned from January -May with a peak during March in the Gulf of Mannar and Palk Bay (Devaraj, 1986).

Table 3 Spawning season in scombridae based on maturity and GSI studies along the Indian coast
	Species
	Locality
	Spawning season
	Author(s)

	Rastrelliger kanagurta
	Mangalore
	June - November 
Peak: July to August 
	Hulkoti et al. (2013)

	
	North East 
	July - October and February - April
	Ghosh et al. (2016)

	
	Tuticorin
	October -July
Peak: January-April
	Abdussamad et al. (2010)

	
	Andaman Islands
	October- November
	Luther (1973)

	
	Ratnagiri 
	April
	Bhendarkar et al. (2013)

	
	Uttara Kannada, Karnataka
	monsoon season
	Shahina and Shivakumar (2023)

	
	Cochin
	May-November predominantly immature (Stage I); December-March dominance of Stage II (>66%) with appearance of Stage III; March-May peak maturity with Stage IV up to 76%; spawning stages (V-VI) rare, with occasional spent/recovering fish in June–July and October
	Noble (1974)

	
	Malabar area, Calicut
	April - July
	Yohannan and Abdurahiman (1998)

	Scomberomorus guttatus
	North Eastern Arabian Sea
	March – October
Peak: May-June
	Anulekshmi et al. (2018)

	
	Andhra Pradesh
	November-April
	Mahesh et al. (2017)

	
	Gulf of Mannar and Palk Bay
	January- August
	Devaraj (1987)

	Scomberomorus commerson
	Andhra Pradesh
	September- March
	Mahesh et al. (2012)

	
	Indian Peninsula
	January- September
	Devaraj (1983)

	Scomberomorus lineolatus
	Gulf of Mannar and Palk Bay
	January – May
Peak-March
	Devaraj (1986)

	Euthynnus affinis
	Indian waters
	July-August and November-January
	Rohit et al.  (2012)

	
	Arabian sea
	December-March
	Nisar et al. (2010)

	Auxis rochei
	South West 
	April, May and June
	Surya et al. (2023)

	
	Mangalore 
	September-December
	Muthiah (1985)

	
	Indian waters
	July-September
	Rohit et al.(2014)

	Auxis thazard
	Indian waters
	January- March
	Azeez et al. (2024)

	
	Indian waters
	Year round except December 
Peak: February and again July-October
	Ghosh et al. (2012)

	Thunnus tonggol
	Indian coast
	October-November
	Abdussamad et al. (2012)

	
	North Eastern Arabian Sea, Gujarat
	Summer months starting from May
	Koya et al. (2018)

	Thunnus albacares
	Western Bay of Bengal
	October – November and March – April
	Kumar and Ghosh (2022)



For Euthynnus affinis, spawning was recorded during July-August and November-January in Indian waters (Rohit et al., 2012) and during December-March in the Arabian Sea (Nisar et al., 2010). In Auxis rochei, spawning occurred during April-June along the South West Coast (Surya et al., 2023), September-December off Mangalore (Muthiah, 1985) and July-September in Indian waters. Auxis thazard exhibited spawning during January-March in Indian waters (Azeez et al., 2024), with gravid and ripe females reported throughout the year except December and peaks during February and July-October (Ghosh et al., 2012). Spawning in Thunnus tonggol was observed during October-November along the Indian coast (Abdussamad et al., 2012) and during summer months beginning in May in the North Eastern Arabian Sea off Gujarat (Koya et al., 2018), while Thunnus albacares spawned during October-November and March-April in the Western Bay of Bengal (Kumar and Ghosh, 2022).
Ova diameter studies
Few studies on ova diameter for various scombrid species have been carried out so far from Indian waters. These are discussed as given below. In Rastrelliger kanagurta, Yohannan and Abdurahiman (1998) reported the presence of six batches of ova in the mature ovary at a time, with the first batch ripening over a short period, indicating asynchronous ovarian development. Earlier observations by Radhakrishnan (1962) showed bimodal distribution of ova diameter, with immature ova ranging from 0.017 to 0.170 mm and maturing ova ranging from 0.255 to 0.272 mm. Further refinement of ovarian categorization was provided by Bhandarkar et al. (2013), who classified ova into four developmental stages i.e immature (0.017-0.170 mm), maturing (0.255-0.272 mm), mature (0.323-0.612 mm) and ripe (0.62-0.75 mm).
In Scomberomorus guttatus, Anulekshmi et al. (2018) reported that maturing ova measured between 0.33 and 1.10 mm in diameter, while mature or ripe ova ranged from 0.97 to 1.52 mm. Similarly, Mahesh et al. (2017) observed that mature ovaries contained both maturing ova (0.41-0.70 mm) and matured ova (0.71-0.90 mm). For Scomberomorus commerson, Mahesh et al. (2018) documented the coexistence of maturing ova measuring 0.7-0.9 mm and mature ova ranging from 0.9 to 1.4 mm in diameter within mature ovaries. Ova diameter in Euthynnus affinis showed considerable variation among studies, with values ranging from 0.34 to 0.61 mm as reported by Nissar (2010), whereas much smaller ova measuring 0.008-0.028 mm were recorded by Mudumala et al. (2018). In Thunnus tonggol, maturing ova were observed to range between 0.039 and 0.068 mm (Mudumala et al., 2018). For Auxis thazard, ova diameter ranged from 0.008 to 0.024 mm (Mudumala et al., 2018). In Thunnus albacares, Kumar and Ghosh (2022) reported an ova diameter of 0.68 mm.
Future directions and research gaps
Despite considerable research on scombrid reproduction in Indian waters, key gaps remain. Most studies have primarily centered around a few commercially significant species such as Rastrelliger kanagurta, Scomberomorus guttatus, S. commerson, S. lineolatus, Euthynnus affinis, Auxis rochei, A. thazard, Katsuwonus pelamis, Thunnus tonggol, T. albacares, Gymnosarda unicolour (Pillai, 2022; Anon, 2022), while other ecologically and economically important species like R. brachysoma, R. faughni and Acanthocybium solandri remain underexplored. Much of the data is outdated, with limited recent updates, raising concerns about its current relevance given ongoing ecological changes. Additionally, inconsistencies in methodologies used for fecundity estimation, GSI analysis and ova diameter measurements (Tandon, 1962; Jadhav and Mohite, 2014; Rajesh et al., 2018) hinder accurate inter-species and regional comparisons. Furthermore, only a few studies have correlated reproductive patterns with environmental parameters such as temperature, photoperiod and food availability and the impact of climate change especially shifting seasonal patterns and ocean temperatures on spawning phenology is yet to be addressed. Regional reproductive variations are noted but comparative studies are scarce. 
Although reproductive biology data exist, their application in formulating region-specific fishery regulations remains limited. Future research should thus focus on lesser-studied species, apply standardized reproductive assessment methods, integrate environmental data and address climate change impacts, while also translating findings into adaptive fishery management strategies for sustainable exploitation.
[bookmark: _GoBack]COMPETING INTERESTS DISCLAIMER:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.


REFERNCES
Abdussamad, E. M., Koya, K. P., Ghosh, S., Rohit, P., Joshi, K. K., Manojkumar, B. & Bineesh, K. K. (2012). Fishery, biology and population characteristics of longtail tuna, Thunnus tonggol (Bleeker, 1851) caught along the Indian coast. Indian Journal of Fisheries, 59(2), 7-16.
Abdussamad, E. M., Pillai, N. G. K., Mohamad Kasim, H., & Mohamed, O. M. M. J. (2010). Fishery, biology and population characteristics of the Indian mackerel, Rastrelliger kanagurta (Cuvier) exploited along the Tuticorin coast. Indian Journal of Fisheries, 57(1), 17-21.
Abdussamad, E. M., Koya, K. P., Rohith, P., & Kuriakaose, S. (2013). Neritic tuna fishery along the Indian coast and biology and population characteristics of longtail and frigate tuna. IOTC–WPNT03, 1, 2-8.
Anon (2022).  Handbook on Fisheries statistics  Ministry of Agriculture (Department of Agriculture and Co-operation, Fisheries Division), New Delhi, Government of India, 153.
Anulekshmi, C., Sarang, J. D., Kamble, S. D., Akhilesh, K. V., Deshmukh, V. D., & Singh, V. V. (2018). Biological aspects of spotted seerfish Scomberomorus guttatus (Bloch & Schneider, 1801) (Scombridae) from north-eastern Arabian Sea. Indian Journal of Fisheries, 65. https://doi.org/10.21077/ijf.2018.65.2.65436-05
B, P. Prince., S, Santhoshkumar., P, Pavinkumar., C, L. Crispin., A, J. Chembian., C, Sudhan., & R.G, Sasikumar. (2025). Biological Parameters and Population Structure of Frigate Tuna (Auxis thazard) along Chennai coast, Southeast India. Thalassas: An International Journal of Marine Sciences, 41(3), 139. https://doi.org/10.1007/s41208-025-00897-1
Das, I., Hazra, S., Bhattacharya, S. B., Das, S., & Giri, S. (2016). A study on seasonal change in feeding habit, health status and reproductive biology of Indian Mackerel (Rastrelliger kanagurta, Cuvier) in coastal water of West Bengal. 45.
Deepti, V. I., & Sujatha, K. (2012). Fishery and some aspects of reproductive biology of two coastal species of tuna, Auxis thazard (Lacepede, 1800) and Euthynnus affinis (Cantor, 1849) off north Andhra Pradesh, India. Indian Journal of Fisheries, 59(4), 67-76.
 Devaraj, M. (1983). Maturity, spawning and fecundity of the king seer, Scomberomorus commerson (Lacepede), in the seas around the Indian peninsula. Indian Journal of Fisheries, 30(2), 203-230.
Devaraj, M. (1986). Maturity, spawning and fecundity of the streaked seer, Scomberomorus lineolatus (Cuvier & Valenciennes), in the Gulf of Mannar and Palk Bay. Indian Journal of Fisheries, 33(3), 293-319.
Devaraj, M. (1987). Maturity, spawning and fecundity of the spotted seer, Scomberomorus guttatus, in the Gulf of Mannar and Palk Bay. Indian Journal of Fisheries, 34(1), 48-77.
Ghosh, S., Rao, M. V., Mahesh, V. U., Satish Kumar, M., & Rohit, P. (2016). Fishery, reproductive biology and stock status of the Indian mackerel Rastrelliger kanagurta (Cuvier, 1817), landed along the north-east coast of India. Indian Journal of Fisheries, 63(2), 33-41.
Ghosh, S., Sivadas, M., Abdussamad, E. M., Rohit, P., Koya, K. P., Joshi, K. K. & Sebastine, M. (2012). Fishery, population dynamics and stock structure of frigate tuna Auxis thazard (Lacepede, 1800) exploited from Indian waters. Indian Journal of Fisheries, 59(2), 95-100.
Hulkoti, S. H., Shivaprakash, S. M., Anjanayappa, H. N., Somashekara, S. R., Benakappa, S., Naik, A. K., & Kumar, J. (2013). Breeding biology of Indian mackerel, Rastrelliger kanagurta (cuvier) from Mangalore Region. Environment and Ecology, 31(2A), 683-688.
Jasmine, S., Rohit, P., Abdussamad, E. M., Koya, K. P., Joshi, K. K., Kemparaju, S. & Sebastine, M. (2013). Biology and fishery of the bullet tuna, Auxis rochei (Risso, 1810) in Indian waters. Indian Journal of Fisheries, 60(2), 13-20.
Joshi, K. K., Abdussamad, E. M., Koya, K. P., Sivadas, M., Kuriakose, S., Prakasan, D. & Bineesh, K. K. (2012). Fishery, biology and dynamics of dogtooth tuna, Gymnosarda unicolor (Rüppell, 1838) exploited from Indian seas. Indian Journal of Fisheries, 59(2), 75-79.
Juan-Jordá MJ., Mosqueira I., Cooper A B., Freire J, and Dulvy NK. (2011). Global population trajectories of tunas and their relatives.  Proceedings of the National Academy of Sciences 108(51); 20650-20655.
Koya, K. P., Joshi, K. K., Abdussamad, E. M., Rohit, P., Sivadas, M., Kuriakose, S. & Sebastine, M. (2012). Fishery, biology and stock structure of skipjack tuna, Katsuwonus pelamis (Linnaeus, 1758) exploited from Indian waters. Indian Journal of Fisheries, 59(2), 39-47.
Kumar, M. S., & Ghosh, S. (2022). Reproductive Dynamics of Yellowfin Tuna, Thunnus albacares (Bonnaterre 1788) Exploited from Western Bay of Bengal. Thalassas: An International Journal of Marine Sciences, 38(2), 1003–1012. https://doi.org/10.1007/s41208-022-00429-1
Luther, G. (1973). Observations on the Biology and Fishery of the Indian Mackerel Rastreluger Kanagurta (Cuvier) From Andaman Islands. Indian Journal of Fisheries, 20(2), 425-447.
Mahapatra, S AR., Dwivedy, PES., and SAS, AK. (2020). Character-based identification system of scombrids from Indian waters for authentication and conservation purposes Mitochondrial DNA Part B, 5(3): 3221-3224.
Mohammed Koya, K., Rohit, P., Abdussamad, E. M., Abdul Azeez, P., Vase, V. K., & Bharatiya, S. (2018). Reproductive biology, diet and feeding pattern of longtail tuna Thunnus tonggol (Bleeker, 1851) in the north-eastern Arabian Sea off Gujarat, India. Indian Journal of Fisheries, 65. https://doi.org/10.21077/ijf.2018.65.2.78457-02
Mohite, S., & Kulkarni, G. N. (1817). 87 PUBLICATIONS 109 CITATIONS SEE PROFILE.
Mudumala, V. K., Farejiya, M. K., Mali, K. S., Siva, A., Sanadi, R. B., & Sawant, P. A. (2018). Reproductive Biology of Three Neritic Tunas (Family: Scombridae) Inhabiting the North-Western Coastal Waters off. 6(1).
Nelson, J.S. (1994). Fishes of the world, 3d edition, New York: JohnWiley & Sons.
Nissar, K. S., Rashid, F., Phadke, G. G., & Desai, A. Y. (2010). Reproductive biology of little tuna (Euthynnus affinis) in the Arabian sea. Reproductive biology, 2010.
Noble, A. (1974). Fishery and biology of the Mackerel, Rastrelliger kanagvrta (cuvier) at Cochin. Journal of the Marine Biological Association of India, 16(3), 816-829.
P. Abdul Azeez, E. M. Abdussamad, K. M. Rajesh, C. Anulekshmi, Ajay D. Nakhawa, S. Surya, Koya, K. M., Shubhadeep Ghosh, H. M. Manas, & Prathibha Rohit. (2024). Fishery, biology and population characteristics of frigate tuna Auxis thazard (Lacepede, 1800) from Indian waters: Stock dynamics of Auxis thazard. Indian Journal of Fisheries, 71(1). https://doi.org/10.21077/ijf.2024.71.1.131132-08
Pillai NGK., Menon NG., Pillai P, and Ganga U (Eds). (2002). Management of Scombroid Fisheries.  Central Marine Fisheries Research Institute, Kochi.  
Radhakrishnan, N. (1962). Observations on the maturity and spawning of Indian mackerel, Rastrelliger kanagurta (Cuvier) at Karwar. Indian Journal of Fisheries, 9(2), 512-524.
Rao, V. R. (1967). Spawning behaviour and fecundity of the Indian mackerel, Rastrelliger kanagurta (Cuvier), at Mangalore. Indian Journal of Fisheries, 14(1&2), 171-186.
Rohit, P. R. A. T. H. I. B. H. A., Jasmine, S., & Abdussamad, E. M. (2014). Distribution and fishery of the bullet tuna Auxis rochei (Risso, 1810) along the Indian Coast. IOTC-2014-WPNT04-31, 31, 13.
Rohit, P., & Gupta, C. A. (2004). Fishery, biology and stock of the Indian mackerel Rastrelliger kanagurta off Mangalore-Malpe in Karnataka, India. Journal of the Marine Biological Association of India, 46(2), 185-191.
Rohit, P., Chellappan, A., Abdussamad, E. M., Joshi, K. K., Koya, K. P., Sivadas, M. & Beni, N. (2012). Fishery and bionomics of the little tuna, Euthynnus affinis (Cantor, 1849) exploited from Indian waters. Indian Journal of Fisheries, 59(3), 37-46.
S, S., & H, S. (2023). Reproductive life of the Indian Mackerel Rastrelliger kanagurta (Cuvier 1817) in Uttara Kannada coast, Karnataka, West coast of India. International Journal of Fisheries and Aquatic Studies, 11(3), 58–63. https://doi.org/10.22271/fish.2023.v11.i3a.2811
Silas, E. G. (1985). Tuna fishery of the Exclusive Economic Zone of India. CMFRI bulletin, 36, 1-216.
Sivadas, M., Nair, P. N., Balasubramanian, K. K., & Bhaskaran, M. M. (2006). Length weight relationship, relative condition, size at first maturity and sex ratio of Indian mackerel Rastrelliger kanagurta from Calicut. Journal of the Marine Biological Association of India, 48(2), 274-277.
Surya, S., Abdussamad, E. M., Pratibha, R., Ponni, J. M., Kingsly, J. H., Jasmine, S. & Anil, M. K. (2023). An insight into the fishery, biology and population dynamics of Auxis rochei (Risso, 1810) along the south-west coast of India: Stock dynamics of Auxis rochei. Indian Journal of Fisheries, 70(3).
Uma Mahesh, V., Ghosh, S., Sreeramulu, K., Rao, M. V., & Satish Kumar, M. (2018). Fishery, biology and stock structure of the King seer, Scomberomorus commerson off Andhra Pradesh. Journal of the Marine Biological Association of India, 60(2), 18-23.
Uma Mahesh, V., Ghosh, S., Sreeramulu, K., Rao, M. V., & Satish Kumar, M. (2017). Fishery, biology and stock assessment of spotted seer, Scomberomorus guttatus (Bloch & schneider) off Andhra Pradesh. Journal of the Marine Biological Association of India, 59(1), 67-72.
Yohannan, T. M., & Abdurahiman, U. C. (1998). Maturation and spawning of Indian mackerel. Indian Journal of Fisheries, 45(4), 399-406.
Yohannan, T. M., Pillai, P. P., & Koya, K. P. (1993). Fishery, biology and stock assessment of skipjack tuna in Indian Seas.




