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Abstract
Auxis rochei is one of the coastal tunnies contributing substantially to the tuna landings in 
India, with an average (2014-2019) annual catch of 7210 t. Kerala stood first, with an annual 
average landing of 3176 t. The fishery comprised 14.5 - 39.6 cm fork length (FL) size groups 
with a mean length of 27.64 cm and a major mode of 26 cm FL. The Length-weight (L-W) 
relationship of pooled fishes was expressed as W= 0.000003 L3.22 (r2= 0.91). The size at first 
maturity was estimated at 25.8 cm FL when the fish was 1.5 years old. The number of eggs 
per spawning ranged from 84,562 to 1,33,698 and the ova diameter ranged between 0.1 
and 0.6 mm, indicating asynchronous oocyte development with multiple spawning. Higher 
gonadosomatic index (GSI) was recorded during April, May and June and coincided with 
the minimum gastrosomatic index (GaSI). The recruitment pattern was bimodal, with varied 
intensity ranging from 0.79-17.89%. Growth was allometric and the von Bertalanffy growth 
equation derived was Lt=43.5(1-e-0.8(t+0.0212)). The growth performance index (ɸ) was 3.18 and 
the longevity of the fish was estimated at 3.7 years. One-year-old plus fishes sustained the 
fishery (22 - 32 cm FL). Total mortality (Z), natural mortality (M) and fishing mortality (F) 
were estimated at 3.70, 1.40 and 2.30, respectively, with an exploitation rate (E) of 0.62 
and the exploitation ratio (U) of 0.60. Beverton and Holt yield per recruit (Y/R) and Biomass 
per recruit analysis indicated that the Emax was at 0.87, much higher than the present level 
of exploitation, reflecting the sustainable fishery along the coast. Standing stock biomass 
(SSB) was estimated at 7215.7 t, and the spawning stock biomass formed 55.5% of the SSB. 
Thompson and Bell analysis indicated the MSY as 8125 t, at F-factor, 2.6. The biological 
reference points FCURR/FMSY (0.4) and BCURR/BMSY (1.5) were at safe levels, signifying the scope 
for fishery enhancement.

Introduction
Tuna forms the largest, highly  specialised, 
commercially important group of fishes, 
distributed in temperate and tropical oceans 
of the world (Collette and Nauen, 1983). They 
are classified under the family Scombridae, 
consisting of 50 species and as a group ranks 
as the third largest product in the international 
seafood trade providing direct employment 
to about 200 million people (FAO, 2018). 
Moreover they contribute significantly to 

global nutrition accounting for 19% of the 
total human consumption of animal protein 
(Botsford et al., 1997). Tunnies maintain a 
body temperature several degrees above the 
surrounding water temperature and have high 
metabolic rates and exhibit distinctive growth 
patterns that set them apart from other fish 
species (Pillai and Ganga, 1985). They are fast 
swimmers capable of travelling more than  
48  km h-1 (Collette and Nauen, 1983), migratory, 
and they have relatively few natural predators 
in their habitat. In India, tuna fishing remains an 
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artisanal activity except for a brief phase of chartered and joint venture 
tuna fishing by longliners during the 1990s. Various artisanal sectors 
involving traditional low technology and low capital fishery practices 
contribute to the tuna fishery. However, tuna catches substantially 
improved during the post-nineties compared to the early eighties, mainly 
due to the motorisation of traditional crafts and the mainland fishers’ 
adoption of progressive and innovative fishing techniques. Fishery 
practices like coastal fishery, oceanic fishery, pole and line fishery,  
troll-line fishery and the gill net fishery have led to a targeted fishery of  
highly valued tunas (Ramachandran and Ramalingam, 2019). Tuna 
fisheries of India comprise four coastal tunas (Euthynnus affinis, Auxis rochei, 
Auxis thazard and Sarda orientalis), one energetic neritic tuna (Thunnus 
tonggol), three oceanic tunas (Thunnus albacares, Thunnus obesus 
and Katsuwonus pelamis) and one neritic/oceanic tuna (Gymnosarda 
unicolor). The coastal tuna fishery has played a prominent role in 
targeted fishing of the smaller tunas along the Indian mainland.  
A. rochei, also known as the bullet tuna, is the smallest of all the known 
tunas from Indian waters and is mainly distributed in tropical waters to 
depths of 50 m. The fishery of A. rochei has gained importance on a 
commercial level only in the south-west region of the Indian mainland 
(Jasmine et al., 2013). The exploitation of A. rochei along the Indian 
coast till the late eighties was minimal, but with the  popularisation 
of motorised crafts, A. rochei emerged as an important component 
of the commercial fishery (Gopakumar et al.,1994), especially along 
the south-west coast. The annual average landings of A. rochei  
(2010-2019), estimated at 4031.2 t, contributed about 4.46% to 
the annual average tuna landings along the Indian coast. The good 
domestic market preference for the fish among consumers in Kerala 
and Tamil Nadu has led to the targeted fishing of the species along the 
southern tip of Kerala and Tamil Nadu. Age determination, length at first 
maturity, gonado-somatic index and spawning period of bullet tuna were 
reported (Bok and Oray, 2001; Marcias et al., 2006; Valeiras et al., 2008; 
Kahraman et al., 2010). Investigations on the biology and population 
dynamics of A. rochei were reported from the East Java Sea (Lelono and 
Bintoro, 2019); Indian EEZ (Jasmine et al., 2013), Turkish Mediterranean 
waters (Kahraman et al., 2011) and Pacific water off Kochi, Japan (Niiya, 
2001). The fishery, distribution of spawners and the bionomics of the 
bullet tuna have been investigated by several researchers (Yoshida and 

Nakamura, 1965; Ishida, 1971; Yesaki and Arce, 1994; Sabates and 
Recasens, 2001; Oray and Karakulak, 2005; Oray et al., 2005). Studies on 
the biology and stock assessment of A. rochei from India are limited and 
include those of Silas (1969), Muthiah (1985), Gopakumar and Sarma 
(1989), James et al. (1993) and Jasmine et al. (2013). The present 
investigation focused on the fishery, biology and population dynamics 
of A. rochei landed along the Indian Coast during 2014-2019. 

Materials and methods

Length frequency data collected during 2014-2019 was used to estimate 
stock parameters. The database on the estimated landings and effort of 
bullet tuna was collected at fortnightly intervals from different landing 
centres of the Indian mainland following the stratified random sampling 
design (Srinath et al., 2005).The landing centres of sample collection 
are shown in Fig. 1. Since the fishery of A. rochei was reported majorly 
from the south-west coast of India, the study was more concentrated 
on the specified area. A. rochei (n=685), of which males (n=364), 
females (n=260) and inditerminates (ID) (n= 61) with fork lengths  
14.50 - 39.5 cm landed off  south-west coast of India from March 2017 
to February 2019 were used for the biological studies. Total length 
(TL), fork length (FL) and the total weight of the fish were recorded and 
examined to identify the sex and gonadal maturity. The gonadal maturity 
was assessed as per the ICES  maturation scale by Wood (1930) and 
Nancy et al. (2011). The length-weight relationship was estimated using 
the formula suggested by Le Cren (1951). Length at first maturity (Lm50) 
was assessed using the logistic curve (King, 1996) and fish with the 
third stage of maturity onwards were included in the Lm50 estimation. 
The ovaries were preserved in 5% neutral buffered formalin to estimate 
the fecundity. Small samples weighing 0.1-.5 g were taken from the 
anterior, posterior and middle portions of the preserved ovaries, to count 
the matured ova and the absolute fecundity and relative fecundity were 
estimated. 

Growth parameters viz, asymptotic length (L∞) and growth coefficient 
(K), were estimated using the ELEFAN I module of FiSAT software. The 
length frequency data for assessing growth and mortality parameters 
were taken from the hook and line fishing since, during the study period, 
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hook and line accounted for more than 50% of the total bullet tuna catch.  
The growth performance index φ was calculated from L∞ and K (Pauly 
and Munro, 1984). The probability of capture and size at first capture 
(Lc) were estimated as in Pauly (1984) and the age at zero length (t0) 
from Pauly’s empirical equation (Pauly, 1979). Natural mortality (M) was 
calculated by Pauly’s empirical formula (Pauly, 1980) and total mortality 
(Z) from the length converted catch curve (Pauly, 1983b). Longevity 
(tmax) was estimated as tmax = 3/K + t0 (Pauly, 1983a). Length-structured 
virtual population analysis (VPA) was used to obtain fishing mortalities 
per length class. The exploitation ratio (U) was estimated as U= F/Z (1-
e-Z) and the exploitation rate (E) was calculated as E=F/Z. The relative 
yield per recruit (Y/R) and biomass per recruit (B/R) at different levels of 
F were estimated using the Beverton and Holt model (Beverton and Holt, 
1957; Gayanilo et al., 1996). Length-based Thompson and Bell model 
combined with length-based cohort analysis and Virtual Population 
Analysis (VPA) was used to predict catches and stock sizes under given 
assumptions on future exploitation levels (Pauly, 1984).

Results and discussion
The estimated annual average tuna landing in India during 2007- 2019 
was 81146 t and peaked at 108712 t in 2019 (Fig. 2). The annual average 
estimated landings of A. rochei during 2007-19 was 5911 t, with a peak 
of 11304 t during 2017. The landings during 2012-2019 in different 
maritime states indicated that Kerala stood first (3176 t), followed by 
Goa (2262 t), Tamil Nadu (1005 t), Karnataka (646 t), Maharashtra (140 t) 
and Andhra Pradesh (3.5 t). The annual landings of A. rochei in India 

during 2012-20 are shown in Fig. 3 and the percentage contribution 
of maritime states to the annual average landing of A. rochei is shown 
in Fig. 4. Gear-wise landing of A. rochei (annual average) along the  
south-west coast of India is shown in Fig. 5. The exploitation 
was mainly by employing hooks and lines, gillnets and drift 
gillnet and occasionally from trawls and purse seines. Though  
A. rochei, a neritic tuna species is distributed all along the coast 
of India, distribution and landings were recorded mainly from the 
south-west coast of India (James and Pillai, 1993; James et al., 
1993; Gopakumar et al., 1994; Pillai and Gopakumar, 2003; Pillai  
et al., 2003; Gopakumar and Ajithkumar, 2005; Jasmine et al., 2013). 
Bullet tuna fetches a fair price in the domestic market of southern Kerala 
and is one of the most preferred tuna species in this region. A targeted 
fishery for bullet tuna exists in southern Kerala for almost 8 months a 
year. Due to its high preference, bullet tuna landed in other regions  were 
transported to southern Kerala. The comparatively low and affordable 
cost of bullet tuna compared to other tuna species was also responsible 
for the high demand in southern Kerala. There is a good local demand for 
this tuna species because some consumers attribute higher nutritional 
value to it. The crafts employed fishing exclusively for bullet tuna along 
the south-west coast are fibre boats with a length overall (LOA) ranging 
from 9.6-9.9 m and fitted with two engines of 9.9 and 25 HP. A few boats 
are fitted with two engines of 9.9 HP each. Generally, the crew  consists 
of three to four fishers. The fishing is just for a day, with the trip lasting 
,10-11 h and the fishing ground is approximately 24-25 nautical miles 
from the shore. Hooks and  lines, fixed  and drift gillnets, are the major 
gears used. Of these, the hooks and lines were the most common and 
popular gear used  to capture bullet tuna along the south-west coast of 
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India. The main line (length-10 m) with 17-20 branch lines (length- 50 cm 
each) fitted with an iron rod at the end of the mainline is used for hooking.  
A craft with a crew of 3-4 fishers keeps a set of 7-8 hooks and line 
baskets. Hook number 13, covered with a glittering artificial substance, 
was used as jigs to attract the  fish. The highly experienced fisher folk 
set one basket at a time and haul it as fast as possible. Around 10-12 
fishes are hooked in a single basket operation and 35-40 baskets 
are operated per boat trip. Every basket holds 20 numbers of hooks. 
A detailed sketch of hook and line operation of A. rochei along the  
south-west coast is shown in Fig. 6.

During the study period, the fishery comprised fishes with FL ranging 
from 14.5 to 39.6 cm. The length frequency distribution of A. rochei is 
given in Fig. 7. Fishes in the length range 22-32 cm dominated the catch 
and contributed about 78% of the catch. The major mode was 26 cm, 
and the average annual mean length was 27.64 cm. The mean length 
estimated for A. rochei during the years of study was 24.6 (2014), 29.8 
(2015), 26.4 (2016), 26.2 (2017), 28.1 (2018) and 27.9 cm FL (2019).  
The fishery of bullet tuna was sustained mainly by a length group of 
22-32 cm (1-2-year-old fishes) (Jasmine et al., 2013). The annual 
average mean length was estimated at 27.64 cm FL with a major mode 
at 26 cm. Jasmine et al. (2013) estimated a smaller mean length of  
25.3 cm FL and the mode at 24 cm in conformity with the present study. 

The relationship between FL (cm) and weight (g) for bullet tuna 
(unsexed) is shown in Fig. 8. The expressions for the L-W relationship 
for pooled fishes were: W = 0.000003 L3.22 (r2 = 0.91). The estimated 
L-W relationship of bullet tuna given by different authors from different 
regions is shown in Table 1. The present study confirmed a positive 
allometric growth of fish, indicating that, with the increase in size, there 
is a disparity in weight gain. The authors eluded some specimens, with 
regard to their size during spawning, in the current analysis of LWR. The 
‘a’ and ‘b’ values estimated in the present study agree with  Rodriguez- 
Roda (1966); Bok and Oray (2001); De la Serna et al. (2005); Machias 
et al. (2005); Macías et al. (2006); Palandri et al. (2008); Jasmine et al. 
(2013); Noegroho et al. (2013); Kantun et al. (2019); Tampubolon et al. 
(2016) and Mariasingarayan et al. (2020) indicating a positive allometric 
growth for bullet tuna from different regions, while Kahraman et al. 
(2011); Asrial et al. (2021a) presented a negative allometric growth.

The size at first maturity was estimated at 25.8 cm FL when the fish 
was 1.5 years old (Fig. 9). The Lm estimated (FL) was below the annual 
mean size of capture (27.64 cm), thus providing the fish at least one 
chance to breed in its lifetime. Lm50 of 23 cm FL has been reported by 
Jasmine et al. (2013) which conforms to the present results. Muthiah 
(1985) also estimated Lm at 23.8 cm for females and 24 cm for males, 
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and Amri et al. (2019) estimated Lm at 23.6 cm FL. However, a higher 
Lm of 27.16 cm FL (Tampubolon, 2016), 35 cm (Rodriques-Roda 1966),  
38 cm (Rodriguez-Roda, 1983), 35 cm FL (Macias et al., 2005), 31.11 cm 
(Asrial et al., 2021 a, b) have also been reported for the same. The 
fecundity of the fish ranged from 84,562 to 1,33,698 ova per spawning, 
and Silas (1969) has indicated the fecundity of A. rochei as 31,000 to 
1,03,000 with an average of 52,000 ova per spawning. According to 
Macias et al. (2005), the average fecundity of A. rochei reported was  
2 33,941 oocytes and the relative fecundity was 242 oocytes per g 

body mass. They concluded that bullet tuna have an indeterminate 
fecundity pattern. Relative fecundity of around 52 oocytes per g 
body mass has also been reported by Niiya (2001) and fecundity of 
52,570 - 1 62,777 eggs has also been recorded by Muthiah (1985).

The ova diameter studies of matured bullet tuna indicated that a 
cross-section of the matured gonadal tissue consists of oocytes with 
a size ranging between 0.1 and 0.6 mm (Fig. 10a). The percentage 
occurrences of immature, maturing and matured oocytes in the 
spawning capable gonads were also shown in Fig. 10b. Tampubolon  
et al. (2016) have indicated that the spawning frequency of these species 
can be estimated from the egg diameter. Analysis of the distribution of 
egg size indicated that Auxis sp. was a partial spawner and generally had 
large fecundity. The results of the current investigation also showed that 
A. rochei is a multiple spawner with asynchronous oocyte development, 
as indicated by Megalofonou et al. (2000), Niiya (2001) and Macías et al. 
(2005). Since variations in modal values in yolked oocytes were noted, 
these species can be suggested to have indeterminate fecundity, as  
indicated by Macías et al. (2005). Calicdan-Villarao et al. (2017) recorded 
insignificant (p>0.05) differences in the GSI values between males  
(2.8 yr-1) and females (3.23 yr-1) and for both the sexes mean GSI reached 
its peak during March. In their study, Kahraman et al. (2010) indicated 
a similar value for GSI for females (2.18) with a high value between 
May and September, indicating spawning from the Mediterranean 
waters. In the present investigation the maximum GSI was recorded 
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Table 1. Comparative L-W relationship of bullet tuna estimated by different authors
LWR of bullet tuna estimated from different regions
‘a’ value ‘b’ value Region Reference
0.00001005 3.129 Gibraltar Strait Rodriguez- Roda (1966)
0.0076 3.24 Turkish Medit. and the Aegean Sea Bok and Oray (2001)
0.002182 3.561 Spanish Mediterranean De la Serna et al. (2005)
1.61E-05 3.003 S.Western Spanish Mediterranean Macias et al. (2005)
0.00559 3.29 Western Mediterranean Macias et al. (2006)
0.0014 3.675 Ligurian Sea Palandri et al. ( 2009)
0.0542 2.685 Turkish Mediterranean Kahraman et al. (2011)
0.0076 3.243 Indian waters Jasmine et al. (2013)
0.0031 3.4439 Tuticorin coast, Bay of Bengal Mariasingarayan et al. (2020)
0.018 3,089 West Coasts Sumatera IFMA 572, Eastern Indian Ocean Noegroho et al. (2013)
0.0059 3.246 Makassar Strait, West Sulawesi, Indonesia Kantun et al. (2019)
6.3x10-6 3.2567 West Coast Sumatera, Eastern Indian Ocean Tampubolon et al. (2016)
0.000003 3.22 Present study -
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during April, May and June and spawning during June, July and August   
(Fig. 11). The unimodal recruitment pattern recorded for bullet tuna in 
the study (Fig. 12) depicted continuous spawning with varied intensity in 
recruitment (0.56-17.73%) and the peak recruitment from April (8.13%) 
to September (17.73%), implying that one cohort is produced in the year. 

The growth in bullet tuna was allometric and the von Bertalanffy growth 
equation was derived as Lt=43.5(1-e-0.8(t+0.0212)). Length at maximum 
possible yield (Lopt) was estimated at 27.1 cm. The length attained by 
the fish at different ages (von Bertalanffy Growth Function Plot) is given 
in Fig. 13. The growth performance index was estimated at 3.18, and 
the longevity at 3.7 years. The fishery was  sustained mainly by the 
one-year-old plus fishes (22 - 32 cm FL). The present study indicated a 
fast growth rate, attaining the L∞ (43.5 cm FL) and Tmax at  4 years. The 
values estimated were comparable to other studies (Grudstev, 1992;  
Bok and Oray, 2001; De la Serna et al., 2005; Valeiras et al., 2008; Jasmine 
et al., 2013; Kahraman et al., 2013). 

The total mortality (Z), natural mortality (M) and fishing mortality (F) were 
estimated at 3.70, 1.40 and 2.30, respectively (Fig. 14). The exploitation 
rate (E) was 0.62 and the exploitation ratio (U) at 0.60. The Beverton 
and Holt yield per recruit (Y/R) and Biomass per recruit analysis showed 
that the Emax was around 0.87, which is much higher than the level of 
exploitation estimated during the present study, reflecting that the fishery 
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Fig. 12. Annual recruitment pattern observed in A. rochei

along the coast is sustainable (Fig. 15). The highest fishing mortality of 
2.2 was observed in the length group of 30-32 cm (Fig. 16) and mortality 
among the smaller length groups was mainly due to natural reasons. 
The largest number of fish caught (14883818) was from the length 
group of 26-28 cm when the fishing mortality was 1.44. The F steadily 
increased for fish measuring 19 cm and above and  peaked when fishes 
attained an FL of 31 cm. After that, the F decreased and the mean F for 
the fully recruited groups (26-41 cm FL) was 1.55.

The annual average catch of A. rochei (2014-2019) along the  
south-west was 7210 t. The total yield and standing stock biomass (SSB) 
were estimated at 7392  and 7215.7 t, respectively. The spawning stock 
biomass formed 55.5% of the SSB. The Gulland equation estimated 
the MSY as 8297 t, and the Thompson and Bell analysis provided the 
MSY as 8125 t, at F-factor, 2.6 (Fig. 17). The FMSY was estimated as 
5.98. The biological reference points of A. rochei are given in Table 2. 
A higher estimated MSY against the average yield and a spawning 
stock biomass of more than 50%  indicated that the fishery for A. rochei 
along the south-west coast was healthy and a 2.6 times increase in 
the fishing effort from the present fishing rate would result in FMSY as in 
case of hooks and line operation. The maximum economic yield (MEY) 
obtained at an F-factor of 2 also shows that the current fishing efforts 
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for exploiting bullet tuna along the south-west coast does not create 
any chaos in the fishery of bullet tuna. The fishing rates (FCURR/FMSY) and 
biomass (BCURR/BMSY) were also within safe levels, signifying the  fishery’s 
enhancement scope.

Abdussamad et al. (2012) have also reported that A. rochei is  mainly 
harvested by the artisanal sector along the south-west coast of India. 
However, the Emax observed in the present study (Emax=0.897) is higher 
than that of the current, E (0.62), depicting the resource is exploited 
at sustainable levels. Sustainable fishing practice for this species is 
practised in the Labangka region (Asrial, 2020) and TanjungLuar Fishing 
Port, Indonesia (Asrial, 2021a). In India, the demand and supply of bullet 

tuna depend on the quantum of availability. When a vast quantity of fish 
is landed, especially during the monsoon season, about 70-80% of the 
tuna is sold to wholesalers and 20-30% is directly sold to consumers. 
The average price of bullet tuna ranged between ₹150 and 200 per kg 
and  at times, it fetched up to ₹ 250-300 per kg.  

A. rochei is an epipelagic fish that shows interannual fluctuations in 
landing along the south-west coast of India. In India, the targeted fishery 
for A. rochei was limited to Southern Kerala and the fishing practices 
employed for the exploitation of bullet tuna are sustainable and were 
designed and fabricated exclusively for the bullet tunas along the coast. 
The mean length estimated during the study period was much above the 
Lm50,  allowing the fish to sustain themselves. The biological reference 
points evaluated during the present study also reflected the sustainable 
nature of the exploitation of A. rochei along the south-west coast of 
India.
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Table 2. Biological reference points of A.  rochei
Biological Reference point Auxis rochei
Total Yield 7392 t
MSY 8125 t
Spawning stock Biomass (SSB %): 55%
Bcurr 8303 t
Bmsy 5518 t
Fcurr 2.3
Fmsy 5.98
Bcurr/Bmsy 1.5
Fcurr/Fmsy 0.4
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