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ABSTRACT
	A study on the feeding habits of the Black-banded trevally, Seriolinanigrofasciata, collected off the southwest coast of India, examined the stomach contents of 627 specimens from August 2017 to May 2018. The analysis showed that their diet consists mainly of teleost fishes, which were the most significant food item, as reflected by an Index of Relative Importance (IRI) of 49.73. Cephalopods were the next most prevalent prey, with an IRI of 44.54, while crustaceans such as shrimp and crabs were found small quantities, with an IRI of 5.73. The contents found in the stomachs confirm that S. nigrofasciata is a carnivorous species. Feeding activity was observed to be highest before gonadal maturation and after spawning, but decreased when the majority of individuals were fully mature. 
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1. INTRODUCTION
Feeding is one of the most crucial aspects of a fish's everyday life. They devote a considerable portion of their time to foraging for food[1]. Different fish consume different types of food items.  The dietary habits of several fish vary from month to month, reflecting variations in biological composition of their food that occur at various times of year. Biological activities of fish, such as growth, condition, shoaling behaviour, migration, and the fishery, are affected and influenced by spatial and seasonal fluctuations in the abundance of the organisms that make up a species' food. Research suggests a connection between the availability of a preferred food source and the behaviour of specific fish species, as well as the availability and abundance of that species' fishery [2,3]. Therefore, it is crucial to study fish feed throughout the year to improve one's knowledge of the biology and fisheries of the species. Quality as well as quantity of food taken directly impact fish development, whereas maturation and survival are regulated indirectly[4]. 
The type of food consumed and the feeding habits of fish can be determined through gut content analysis, a standard practice [5]. Analysis of feeding dynamics is a crucial aspect in fisheries biology and the management of fish stocks [6]. 
Blackbanded trevally, Seriolinanigrofasciata, belonging to the single genus Seriolina and the family Carangidae, comes under the order Perciformes, popularly known as Neyyimeenu in Karnataka.  It is a non-schooling fish that occurs at a depth of 20-150m [7]. Commonly found in offshore reefs over the continental shelf on rocky bottom [8]. This fish was caught in trawl net, multiday gillnet, outboard gillnet and hook and bar [9,10]. The food and feeding habits of S. nigrofasciata were derelict in Indian or other water bodies. To address this research gap, this paper elucidates food and feeding behaviors of S. nigrofasciata off the coast of Karnataka state in the Arabian Sea during the 2017-2018 fishing season.

2. MATERIALS AND METHODS
Total 627 individuals of S. nigrofasciata, in different size groups ranging from 15 to 63.5 cm, have been gatheredeach fortnight by a multi-stage stratified random sampling method from Mangaluru fishing harbour during period from August 2017 to May 2018. Samples have been taken throughout the study period to understand seasonal differences in dietary habits better. However, samples were not available during the annual trawl restriction period in Karnataka, which occurred in June and July. After gathering the necessary information on total length and weight, fish have been dissected to remove intestines for further analysis. The stomachs were weighed to nearest 0.1g; then stomachs of each specimen have been cut open to record degree of fullness of stomachs. Stomach condition has been classified based on the amount of ingested prey items retained in the digestive tract (i) full, (ii) 3/4 full, (iii) 1/2 full, (iv) 1/4 full, (v) little (containing traces of food) and (vi) empty. Fishes with a full stomach, 3/4 full and 1/2 full have beenmeasured as ‘actively feeding’. Similarly, the stomach was considered ‘poorly fed’ with only 1/4 full and little content. 


2.1 Index of Relative Importance (IRI)
Gut content was cleaned into a petri dish, and organisms contained in the gut were identified up to either species or generic level. The food composition of S. nigrofasciatahas been studied by tabulating %occurrence of each food item based on the size of the fish. S. nigrofasciata is a carnivore; IRI method[11]has been used because it is appropriate for carnivorous fish. Following equation has been utilized to calculate index.
IRIi = (%Ni +%Wi) %Oi
Where Ni is the percentage of the number of food items, Wi and Oi represent %of weight and %occurrence indices of each food item, respectively, and I is index.

2.2 Food Preference Index (FP)
To quantify prey selection patterns, stomach contents were analyzed using a frequency of occurrence method adapted from Chrisfi et al. (2007) [12] to examine the content of stomach and assess food preference index:
FP= (number of stomachs with a specific food item/ number of non-empty stomachs) ×100
Resulting index values enabled classification of prey items into 3 trophic significance categories:
If FP >50%, the species is a main diet item                         
If 50%> FP >10%, species is a minor diet item
If FP < 10, the species is negligible in the diet

2.3 Gastro-Somatic Index (GaSI) 
GaSIhas been estimated from the following formula suggested by Desai (1970)[13]
GaSI= Weight of gut / Total weight of fish X 100.

2.4 Vacuity Index(VI)
VI or stomach emptiness index, evaluates amount of a fish's appetite for food. The Vacuum Index (VI) has been computed following methodological framework established by Euzen (1987) [14]: 
VI = (Number of empty stomachs/ Total number of stomachs examined) X 100
The Vacuum Index (VI) values were interpreted based on the classification criteria established by Euzen (1987) [14], as outlined in the following conditions.
If, 0≤VI<20, fish is Edacious
20≤VI<40, fish is Relatively edacious
40≤VI<60, fish is Moderate feeder
60≤VI<80, the fish is comparatively abstemious
80≤VI<100, fish is abstemious

3. RESULTS AND DISCUSSION
Carangids are fast-swimming carnivorous predators that actively chase their prey. Based on dietary habits, Randall (1967) [15] classified the carangid family into two groups: fish-eaters and plankton-feeders. Species such as Atule, Decapterus, and Selar fall into the plankton-feeding category. Gosline and Brock (1960)[16] described these fish as "voracious plankton feeders" that consume small fish and crustaceans during the daytime. According to Shiota (1986)[17], Decapterustabl feeds on copepods, mysid crustaceans, and small fishes within the water column, whereas horse mackerel feed on hyperiid amphipods, crab larvae (Megalopa), and fish larvae.

3.1 Analyzing the stomach contents and how much food they eat in different seasons
During the study, 627 S. nigrofasciata stomachs were looked at. 40.97% of these had food in them, while 59.01% were empty. Feeding activity changed a lot with the seasons. Highest percentage of full stomachs has been in April (68.43%), and the lowest was in December (14.84%). On the other hand, December had the emptieststomachs (85.16%), which was also the time when the fish were spawning. April had the fewest empty stomachs (31.57%) (Table 1). This means that animals eat less when they are breeding and more after they have spawned.
According to research by Davis and Warren (1965)[18], Cottus perplexus eats more in the summer than in the winter. According to Shilta et al. (2018)[19], feeding activity fluctuates, peaking before and after the spawning season. Research indicates that fish feeding intensity closely corresponds with spawning times [20,21,4] and is negatively connected with the percentage of empty stomachs [22, 23]. Increased feeding activity before and after the breeding season has been observed in several studies on different fish species [24, 25].



3.2 Index of Relative Importance (IRI)
IRI of S. nigrofasciatareveals that fish is the main dietary element of S. nigrofasciataand canbe observed throughout the year.Average annual composition of all fishes had an IRI value of 49.73. IRI values for fishes have been highest during September (86.73) and the lowest in October (19.98). Nemipterusspp. has been dominant food item observed in stomach of S. nigrofasciata, with IRI value that varying from 58.23 (February) to 2.68 (November) with mean IRI of 27.69. 2nd dominant fish food item was D. russelliwith an annual IRI value of 12.99 and a monthly IRI value varied among 1.21 (December) and 34.06 (January). Other fish prey was Saurida spp. with mean IRI value of 2.45, Platycephalus spp. With IRI values between 0.37 (January) and4.7 (December) followed by Alectesspp.(IRI = 1.6),Rastrelligerkanagurta(IRI = 2.44),Leiognathusspp.(IRI = 0.92), Trachinocephalusmyops(IRI = 0.14),and Lactariuslactarius(IRI = 0.09). Cephalopods, primarily squids and cuttlefishes, constituted 2nd most crucial prey category withan average IRI of 44.54.Highest IRI value has been demonstrated in October (78.18) and the minimum in May (14.79). IRI values for squids and cuttlefishes were 37.22 and 7.32, respectively.Crustaceans such as shrimps and crabs were less frequently consumed, with a combined IRI of 5.73; shrimp IRI was 5.039 and crab IRI was 0.687, showing the highest crustacean intake in August (37.03) and the least in May (1.84) (Table 2).
Despite the variety of prey, S. nigrofasciata showed clear preferences: among fish, Nemipterus and Decapterus species were favored, among cephalopods, squids of the genus Loligo were most consumed, and among crustaceans, prawns were preferred. The absence of sand, detritus, and benthic organisms in stomach contents indicates that this species does not typically feed along the sea floor. 
Shilta et al. (2018)[19] highlight crabs as the dominant prey inIRIin Acanthopagrusberda's diet, followed by barnacles, oysters, and Modiolus spp., with seasonal and size-based variations.
The findings of Panikkar, et al (2013)[26] in Mastacembelus armatus in Karapuzha Reservoir shows that primarily feeds on fish parts (53.52% IRI), small forage fishes (35.85% IRI), and prawns (8.52% IRI), with plant matter being insignificant due to the absence of gill rakers, as supported by Serajuddin and Mustafa (1994)[27].


3.3 Food Preference Index (FP)
The Food Preference Index (FPI) further confirms that fish are the main food item that has an FP index of 80.67 percent (i.e.,>50 percent) and is considered a main diet item in all seasons. Squid and shrimp, with FPI of 19.88% and 14.52%respectively, are minor foods, whereas crab and cuttlefish, with FP<10, are considered random foods (Table 3).The current study on the dietary composition of Seriolinanigrofasciata shows that this species is carnivorous, primarily consuming teleost fishes and molluscs, with occasional ingestion of crustaceans such as crabs and shrimps. This finding aligns with Randall (1995)[28], who also reported that S. nigrofasciata feeds on demersal fishes, cephalopods, and prawns. Similarly, Jadhav &Mohilic (2013)[29] noted that Megalaspiscordyla prefers fish, cephalopods, crustaceans as its main food sources. Comparatively, Caranxignobilis, another carangid species, predominantly feeds on juvenile sardines, anchovies, various other finfishes, prawns, crabs, and amphipods[30].

3.4 Food in Relation to the Size
Length-group-wise analysis of food composition revealed that teleost fishes were the most preferred prey across all size groups of Seriolinanigrofasciata. The highest consumption of teleosts was observed in the 60–65 cm length group, followed by 45–60 cm group. Lowest intake has been recorded in 40–45 cm and 35–40 cm groups. Cephalopods have beenavailable indiets of nearly all size groups except the 50–55 cm and 60–65 cm groups. Their highest occurrence was found in the 30–45 cm size range, while the lowest was in the 25–30 cm and 55–60 cm groups. Crustaceans appeared only in certain size categories, specifically 20–30 cm and 35–50 cm, with the greatest occurrence in the 45–50 cm group and the least in the 20–25 cm group (Fig 1). Multiple factors may influence the diversity and availability of prey, such as the abundance and habitat of prey species, the age of the fish, the energy content and size of the prey, and seasonal changes in food composition [31,32,20, 33]. Notably, digested matter was the most dominant in all the size groupswhich, can be attributed to the delay in landing catches from multiday fishing vessels and the faster digestion rates associated with higher tropical water temperatures. 



3.5 Feeding intensity 
Month-wise feeding intensity is provided in Table 4. The percentage of empty and full stomachs is a key indicator for evaluating feeding intensity in fish.Observations showed that high feeding intensity has been determined during the month of April with 68.43% followed by May (65.00%) and August (52.37%). Poor feeding was observed in the month of December (66.65%) followed by November (57.13%) and September (52.19%). A very high percentage of the empty stomach was observed in January (40.00%) followed by April (26.31%) and November (21.45%). Rest of the months showed a decrease in empty stomach.Typically, major carangid species exhibit reduced feeding intensity during their breeding season, with mature individuals 
having a higher proportion of empty stomachs compared to those that are immature, developing, or spent, which tend to feed more actively. These findings are consistent with prior investigations[34,35,36,37,38]. There is no clear pattern linking feeding intensity to fish size. However, the types of available food vary between habitats, differences in diet and feeding behavior may occur across different geographic regions. Frequent observation of empty stomachs might be explained by rapid digestion rate in carnivorous fish, which is facilitated by strong gastric juices[39].
	Percentage occurrence of stomach in various degree of fullness with respect to size groups of fish is presented in Fig. 2. It shows that percentage of actively fed fishes were highest in the size groups 60-65 cm (100%) followed by 55-60 cm (49.99%) and 30-35 cm (44.44%). Poor feeding was observed in the size groups 35-40 cm (72.23%), 50-55 cm (66.66%), and 45-50 cm (63.63%). The empty stomach was recorded at the highest percentage only in the lower size groups, 15-20 cm (41.66%), followed by 20-25 cm (27.27%), 25-30 cm (13.79%), and then decreased gradually as the size group increased. Feeding intensity was higher in medium and large-sized fish (30–65 cm) compared to smaller individuals (15–30 cm), as smaller fish tend to feed at a slower rate. Additionally, larger, reproductively mature fish reduce their feeding during the spawning season, but resume active feeding after spawning.

3.6 Gastro-Somatic Index
Observation on feeding intensity has been according to Gastro-Somatic index (GaSI) and VI taken every month, and outcomes were summarized in Table 5. Highest GaSI value has been recorded in April (4.30), while the lowest was in December (2.07). Season-wise, the maximum value of GaSI was found in summer (3.49 ±0.42) and its minimum in winter (2.15 ±0.13). This seasonal variation aligns with Rengarajan's (1971)[40] observation that feeding activity decreases during spawning and increases after spawning. The variation in GaSI recorded in this study is closely linked to gonadal maturation. The annual vacuity index was 33.51 ±6.25, indicating that Seriolinanigrofasciata was relatively edacious. December, which corresponds to the spawning period for S. nigrofasciata, showed the highest vacuity index.VI was higher in winter (53.30 ±5.52) and lower in the summer (18.49 ±6.18).  This may be attributed to the enlarged gonads occupying more abdominal space, thereby compressing the stomach, reducing feeding activity, and making food intake more difficult [41, 4].

Conclusion
According to a study on Seriolinanigrofasciata in Karapuzha Reservoir, it is a carnivore that eats mostly teleost fish (49.73% IRI), cephalopods (44.54% IRI), and crustaceans (5.73% IRI), with Nemipterus species and squids of the genus Loligo being the preferred prey. By seasonal and reproductive cycles, feeding intensity peaks in April (68.43% full stomachs) and decreases during the spawning season in December (85.16% empty stomachs). Crustaceans and cephalopods differ in size, but teleosts predominate in all size groups, especially in the 60–65 cm range. Summer feeding activity is higher (3.49) than winter feeding activity (2.15), according to the Gastro-Somatic Index (GaSI), which is influenced by gonadal maturation. These results emphasize the species' importance as a predator and the need for more study to help manage fisheries sustainably and clarify its trophic relationships in the ecosystem.
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	Table 1- Season and feeding activity of S. nigrofasciata (based on percentage of fullness and emptiness)

	Months
	Number of fishes examined
	Total length (cm)
	Total weight (g)
	% of fullness*
	% of emptiness*

	Aug.17
	61
	30.9 ±13.3
	573.5 ±502.5
	52.37
	47.6

	Sep.
	62
	27.5 ±9.5
	347 ±253
	30.42
	69.58

	Oct.
	72
	34 ±11.5
	610 ±470
	40
	60

	Nov.
	64
	36.2 ±15.2
	888.5 ±786.5
	21.42
	78.58

	Dec.
	61
	32.5 ±13.5
	637.5 ±562.5
	14.84
	85.16

	Jan.18
	60
	28.15 ±12.85
	607.5 ±542.5
	35
	65

	Feb.
	62
	37.1 ±16.1
	1,079 ±959
	37.5
	62.5

	Mar.
	61
	27.65 ±12.35
	534 ±464
	44.81
	55.19

	Apr.
	61
	44.25 ±19.25
	1,594.5 ±1,423.5
	68.43
	31.57

	May
	63
	32.65 ±11.35
	545 ±435
	65
	35

	Average
	
	
	
	40.97
	59.018

	* Fullness includes full, ¾ full and ½ full stomachs. Emptiness includes ¼ full and empty stomachs



	Table 2 - Index of relative importance (IRI) of different food items in S. nigrofasciata	
	

	Fin fishes
	Jan
	Feb
	Mar
	Apr
	May
	Aug
	Sept
	Oct
	Nov
	Dec
	Annual

	Decapterus russelli
	34.06
	4.72
	17.3
	15.07
	12.61
	7.61
	14.73
	11.15
	11.45
	1.21
	12.99

	Nemipterus spp
	19.04
	58.23
	11.59
	18.98
	58.12
	4.35
	57.76
	3.85
	2.68
	42.26
	27.69

	Platycephalus spp
	0.37
	-
	3.18
	0
	2.05
	3.28
	0.58
	0
	0
	4.7
	1.42

	Saurida spp
	0.19
	0
	0.73
	0
	2.69
	0
	11.29
	4.98
	0
	4.65
	2.45

	Trachino cephalusmyops
	0
	0
	0
	0
	0
	0.85
	0.53
	0
	0
	0
	0.14

	Leiognathusspp
	0.25
	2.81
	0
	0
	0
	0
	0
	0
	3.1
	3
	0.92

	Rostrelliger kanagurta
	0.28
	3.13
	0
	15.46
	0
	5.57
	0
	0
	0
	0
	2.44

	Alectesspp
	0
	0
	0.67
	0
	6.59
	0
	1.83
	0
	6.92
	0
	1.6

	Lactariuslactarius
	0
	0
	0
	0
	0
	0.87
	0
	0
	0
	0
	0.09

	Fishes total
	54.19
	68.89
	33.47
	49.51
	82.06
	22.53
	86.73
	19.98
	24.15
	55.82
	49.73

	Molluscs

	Squid
	41.35
	18.21
	42.43
	50.49
	14.79
	37.93
	13.27
	78.18
	31.34
	44.18
	37.22

	Cuttlefish
	4.46
	10.61
	11.16
	0
	0
	2.5
	0
	0
	44.51
	0
	7.32

	Molluscs total
	45.81
	28.83
	53.58
	50.49
	14.79
	40.43
	13.27
	78.18
	75.85
	44.18
	44.54

	Crustaceans

	Shrimp
	0
	2.29
	7.92
	0
	3.15
	37.03
	0
	0
	0
	0
	5.039

	Crab
	0
	0
	5.03
	0
	0
	0
	0
	1.84
	0
	0
	0.687

	Crustaceans total
	0
	2.29
	12.94
	0
	3.15
	37.03
	0
	1.84
	0
	0
	5.73



	Table 3 - The average Food preference Index (FPI)) examined in S. nigrofasciata from August 2017-January-2018

	Prey
	Monsoon FPI
	Winter FPI
	Summer FPI
	Annual FPI (%)

	Fish
	82.05
	46.06
	69.73
	80.67

	Squid
	25.29
	24.63
	14.79
	19.88

	Cuttlefish
	3.57
	4.99
	3.8
	3.79

	Shrimp
	39.28
	-
	7.98
	14.52

	Crab
	-
	1.26
	2.02
	1.01



	Table 4 - Percentage occurrence of stomach of S. nigrofasciata in various degrees of fullness

	Months
	No.of fish examined
	Full
	¾ full
	½ full
	¼ full
	Little
	Empty

	Aug.17
	61
	-
	9.52
	42.85
	33.32
	9.52
	4.76

	Sep.
	62
	8.69
	8.69
	13.04
	43.47
	8.72
	17.39

	Oct.
	72
	10.00
	15.00
	15.00
	35.00
	15.00
	10.00

	Nov.
	64
	7.14
	14.28
	-
	21.42
	35.71
	21.45

	Dec.
	61
	-
	3.70
	11.14
	29.62
	37.03
	18.51

	Jan.18
	60
	5.00
	15.00
	15.00
	-
	25.00
	40.00

	Feb.
	62
	12.50
	12.50
	12.50
	25.00
	25.00
	12.50

	Mar.
	61
	13.79
	6.89
	24.13
	31.03
	17.24
	6.92

	Apr.
	61
	31.57
	21.08
	15.78
	5.26
	-
	26.31

	May
	63
	15.00
	10.00
	40.00
	30.00
	5.00
	-



	Table 5 - The average Gastro-somatic Index and Vacuity index examined in S. nigrofasciata

	Months
	Aug.17
	Sep.
	Oct.
	Nov.
	Dec.
	Jan.18
	Feb.
	Mar.
	Apr.
	May

	Season
	Monsoon
	Winter
	Summer

	GaSI
	3.35 ± 0.23
	2.15 ± 0.13
	3.49 ± 0.42

	
	3.70
	3.45
	2.91
	2.10
	2.07
	2.09
	2.34
	2.86
	4.30
	3.28

	VI
	21.80 ± 3.45
	53.30 ± 5.52
	18.49 ± 6.18

	
	14.28
	26.11
	25.00
	57.16
	65
	55.54
	37.50
	24.16
	26.31
	5.00

	*(Empty & little are considered as EMPTY Stomach)
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Fig.1 – Percentage occurrence of food items in different size group of S. nigrofasciata





Fig. 2 - Percentage occurrence of feeding intensity in different size groups of S. nigrofasciata
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