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ABSTRACT 

	This study investigates the feeding dynamics and trophic role of Chirocentrus dorab along the southern coast of Karnataka to support ecosystem-based fisheries management. A total of 381 specimens collected between October 2023 and September 2024 were examined using stomach content analysis, Index of Relative Importance (IRI), Quotient Index (QI), and multivariate statistical tools including MDS and SIMPER. Among the analysed specimens, 346 contained food, while 9.18% had empty stomachs, with juveniles showing a higher Empty Stomach Ratio (ESR) (11.35%) than adults (7.14%). ESR was lowest during post-monsoon (3.77%) and highest during monsoon (25.71%), whereas the Repletion Index (RI) peaked post-monsoon (0.0542) and was lowest in monsoon (0.0124). Teleosts were the dominant prey (%QI = 84.49; %IRI = 74.19), followed by crustaceans (%IRI = 21.05) and mollusks (%IRI = 4.88). The estimated trophic level was 4.2, with juveniles at 3.8 and adults at 4.25, indicating a clear ontogenetic dietary shift. The Omnivory Index (OI) was 0.33, higher in adults (0.39) than juveniles (0.15). Seasonal variation significantly influenced diet composition, with species richness highest in January (S = 8). MDS revealed distinct seasonal feeding patterns, and SIMPER analysis showed monsoon diets dominated by shrimps and mackerel, whereas post-monsoon and pre-monsoon diets were characterized by sardines and anchovies. Overall, the results highlight the strong dependence of juveniles on crustaceans and the dominance of pelagic teleosts in adult diets, providing essential inputs for marine ecosystem modelling and sustainable management of wolf-herring resources in the southeast Arabian Sea.
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1. INTRODUCTION 

Studying feeding habits of both commercial and non-commercial fish is important for considering inter and intraspecific interactions (Harmelin-Vivien et al., 1989; Karachle & Stergiou, 2014; Pauly, 2000). This knowledge enables an improved perspective on trophodynamics, as well as food web evaluation and ecological modeling (Tsagarakis et al., 2010; Nikolioudakis et al., 2012, 2014). In addition, it promotes the use of an integrative approach in regard to fisheries and other effective conservation and management measures (Stergiou, Karpouzi, 2002).

Within the tropical marine systems from the intertidal regions through to the deep- sea the associated diversity of species leads to overwhelmingly large and complex food webs which are the most heterogeneous of all biomes ranging from the subtropical through to temperate and at last polar regions. These ecosystems also have quite different interactions from other ecological systems (Larkin et al., 1984; Pauly, 1998; Souter & Linden, 2000) with a greater number and range of interactions. 

Trophic grouping based on the feeding habits, which can help to explore multiple data on predator-prey circumstances, is particularly useful in this respect (Bizzarro et al., 2023)https://dummy-citation.com/citation?d=%%3D%3D. While models fitting single species are still the most commonly used in the world for the management of globally important fisheries stocks, there is a growing consensus among fishery scientists and managers about the need to fit multispecies trophic interactions to facilitate the sustainable management of fisheries (Christensen & Pauly, 1997; Walters et al., 1997). 

Though, feeding studies were employed by some authors to investigate the diet of the finfishes of the Indian coasts but most of them are qualitative (Dhulked, 1962; Kagwade, 1964; Pati, 1978; Rao, 1980; Sivakami, 1995; Devaraj, 1998). Furthermore, the more complex interactions within the food web are not fully captured by the scant quantitative data that is currently available (Rossberg et al., 2006; Wootton et al., 2022)https://dummy-citation.com/citation?d=%. In the past, the researchers' approaches and statistical strategies frequently varied. 

The techniques used in the region's earlier dietary studies were known to produce notable differences in the descriptions of the predators' habitat composition (Biffi, 2017). These dietary studies' results were limited to the number of variables taken into account, and they defined diet composition by the quantity, weight, and volume, or frequency, of stomach contents (Buckland et al., 2017)https://dummy-citation.com/citation?d=%3D. 

The methods described by Pinkas et al. (1971) have been widely used to circumvent the limitations and errors that come with measuring diet switches or even the prey types' dominant importance. It is because this method allows comparisons of prey types across all classes of predators as well as within the predator species based on their body sizes (Michael et al., 1996; Abdurahiman et al., 2006, 2007; Ellis & Musick, 2006; Stergiou & Fourtouni, 2006). The Index of Relative Importance joins the accounts of the number and volume of the prey, as well as their frequency of occurrence to facilitate a multi-dimensional analysis of the relationship between the different stomach contents as food sources (Brown et al., 2012)
The complex data of food webs can be summarized into simplified models depicting a network of compartments interacting through trophic relationships. Clustering species into functional groups that play similar trophic roles is an important goal of food web modeling (Yodzis & Winemiller, 1999). Several methods have been suggested to aggregate taxa into trophic clusters, such as the idea of guilds, which are taxa using similar prey resources (González‐Salazar et al., 2014; Root, 1967)https://dummy-citation.com/citation?d=.
2. material and methods 

Specimens of Chirocentrus dorab were collected biweekly across the period from October 2023 to September 2024. Sampling activities utilized multiday trawl boats and gillnetters operating out of the Mangalore and Malpe fish landing centers along the Southeastern Arabian Sea (SEAS) in Karnataka (Fig. 1). Collection efforts were conducted throughout the year except during June and July, when a fishing ban on mechanized vessels was enforced. The collected fish were transported to the laboratories of the College of Fisheries, Mangalore, for further examination.
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Fig. 1: Map showing sampling location of Chirocentrus dorab collected from fish landing centre Malpe & Mangalore

The specimens were washed and prepared when they arrived at the lab. Each fish's weight was noted and its overall length was measured to the closest centimeter. Fish were dissected to identify their sex and reproductive maturity stages. Stomachs were carefully removed, preserved in 10% formalin, and stored for subsequent analysis. In order to assess ontogenetic dietary changes, the specimens were divided into juvenile and adult groups and their stomach contents were examined to identify dietary patterns.

The empty stomach ratio (ESR) was calculated as the proportion of specimens with empty stomachs relative to the total number examined. This was determined separately for juvenile and adult groups following the method outlined by Vinson and Angradi (2011) and Roberts & Britton (2018)https://dummy-citation.com/citation?d=%3D. The Repletion Index (RI) was determined using the formula described by Yan et al. (2012), which is the ratio of stomach content weight to gutted fish weight.

These data facilitated an analysis of prey number, volume, and frequency of occurrence, enabling a better understanding of the relationships among dietary components. The Index of Relative Importance (IRI) for each prey item was calculated using the formula proposed by Pinkas et al. (1971):

IRIi = (% Ni + % Wi) % Oi

Where Ni, Wi, and Oi represent the percentages of number, weight, and frequency of occurrence of prey i, respectively. In this study, the IRI calculation was modified to use percentage weight instead of percentage by volume, following the approach of Alonso et al. (2000) and Silveira et al., 2020.

To evaluate trophic niche breadth and dietary specialization, the Shannon-Wiener Index (H’) and Evenness Index (J’) were employed. Trophic niche breadth was computed using the Shannon-Wiener Index (H’) as described by Krebs (1989):

H’ = ∑ pi log pi

Where H’ represents the Shannon-Wiener measure of trophic niche breadth, and pi is the proportion of the IRI. A higher H’ value indicates feeding on a broader spectrum of prey items. This measure was standardized on a 0–1 scale using the Evenness Index (J’), expressed as:

J’ = H’ / log n

Together with published trophic level estimates for different prey groups, the trophic position of each fish was ascertained using quantitative gut content data, namely the percentage weight or volume of prey items (Odum and Heald, 1975; Sanchez‐Hernandez et al., 2019).  Trophic level, was calculated as follows:

Trophic level (TL) = ∑ (WiTi) + 1

Where Wi is the percentage weight contribution of the i-th prey item, and Ti is the trophic level of the i-th prey item. Trophic level data for prey groups were sourced from literature (Vivekanandan et al., 2009) and FISHBASE (Froese et al., 2000).

The omnivory index (OI), a dimensionless metric, was calculated to quantify variability in the trophic levels of a consumer’s prey groups:

OIi = ∑ [TLj – (TLi – 1)]2 × DCij

Where, DCij is the percentage of prey j in predator i's diet, TLj is the trophic level of prey j, and TLi is the trophic level of predator i.

To establish the level of specialization and to identify whether they are generalists or specialists (Krebs, 1989) in feeding, The Levins (1968) diet breadth index was computed for every species as follows: 



Where B = diet breadth; ‘pij’ = the proportion diet of predator ‘i’ that is made up of prey item ‘j’; ‘n’ = number of prey categories.

Seasonal dietary variations were analyzed by dividing the year into pre-monsoon (February–May), monsoon (June–September), and post-monsoon (October–January) periods, following the classification of Srinath et al. (2003).

Dietary data were processed using multivariate statistical methods in Primer-6 software (Clarke and Warwick, 2001). Multivariate techniques such as classification and ordination were employed based on the IRI of prey items for each predator. Classification through cluster analysis grouped predators into trophic guilds, while ordination using non-metric multidimensional scaling (MDS) depicted similarities and differences among predators. These techniques are robust and well-suited for marine ecological data (Clarke and Warwick, 1994).

SIMPER (similarity percentage) analysis was used to rank prey items based on their contribution to dietary similarities and differences, highlighting key prey groups responsible for trophic variations. Additional analyses and visualizations were carried out using Microsoft Excel.

3. results and discussion

3.1 Sample Structure

A total of 381 specimens of Chirocentrus dorab were analyzed, with 208 (54.6%) identified as males and 173 (45.4%) as females, yielding an overall sex ratio of 1.2:1 (male:female) (Fig. 2) 

Fig. 2: Monthly male-female ratio of Chirocentrus dorab from Mangalore and Malpe fish landing centre, Karnataka, India.

3.2 Diet Shifts

A total of 381 specimens of C. dorab were analyzed, with 346 individuals showing food content in their stomachs, while the remaining individuals had empty stomachs, resulting in an overall Empty Stomach Ratio (ESR) of 9.18%. Juveniles exhibited a higher ESR of 11.35% compared to adults, who had an ESR of 7.14% (Table 1). ESR peaked during the monsoon (25.71%), was moderately higher during the pre-monsoon (7.24%), and was lowest during the post-monsoon (3.77%).

Table 1: Repletion Index (RI) and Empty Stomach Ratio (ESR) for Chirocentrus dorab from Mangalore and Malpe Fish Landing Center in Karnataka, India, across various size groups and seasons.
	
	Overall
	Juvenile
	Adult
	Post monsoon
	Pre monsoon
	Monsoon

	RI
	0.032279
	0.031321
	0.032808
	0.054239
	0.018814
	0.012407

	ESR
	9.18%
	11.35%
	7.14%
	3.77
	7.24
	25.71



The Repletion Index (RI) was 0.0323 overall, slightly lower in juveniles (0.0313), and highest in adults (0.0328). The RI was lowest during the monsoon (0.0124), lowest during the pre-monsoon (0.0188), and highest during the post-monsoon (0.0542).

3.3 Prey Composition

The primary food item of C. dorab was teleosts (%QI = 84.49; %IRI = 74.19), followed by crustaceans (%QI = 10.84; %IRI = 21.05) and mollusks (%QI = 5.09; %IRI = 4.88), which served as secondary and accessory food items, respectively (Table 2). The teleosts comprised nine genera across nine families (Table 3), with key prey including sardines, anchovies, mackerel, barracuda, eel, and ribbonfish, primarily from pelagic groups. Mollusks were represented by cephalopods (Loligo spp. and Sepia spp.) from the Loliginidae and Sepiidae families. Among these, Loligo spp. was predominant (%IRI = 7.90), whereas Sepia spp. was negligible (%IRI = 0.24). Crustaceans were limited to shrimps of the Acetes genus (%IRI = 1.17) within the Sergestidae family.
Table 2: — Dietary composition of Chirocentrus dorab from Mangalore and Malpe fish landing center, Karnataka, India, based on the Index of Relative Importance (IRI) and Dietary coefficient (QI)
	Prey items
	IRI
	%IRI
	Prey Type
	QI
	%QI
	Prey Type

	Teleost
	6235.906
	74.19
	Preffered
	3183.133
	84.49347
	Dominant

	Crustacean
	1769.678
	21.05
	Accessory
	408.3483
	10.83924
	Secondary

	Molluscs
	410.6342
	4.88
	Accessory
	192.0026
	5.09654
	Accidental



Table 3: — Frequency of occurrence (F), number (N), weight (W), and index of relative importance (IRI) of the prey composition in the gut of Chirocentrus dorab from the Mangalore and Malpe fish landing centers in Karnataka, India.
	Preys

	%N
	%W
	%O
	IRI
	%IRI
	QI
	%QI

	Teleosts
	42.44
	75.00
	53.10
	6235.91
	74.19
	3183.13
	84.49

	Clupeidae
	
	
	
	
	
	
	

	Sardinella spp.
	15.65
	28.76
	17.26
	766.31
	20.57
	450.04
	32.39

	Engraulidae
	
	
	
	
	
	
	

	Stolephorus spp.
	15.12
	16.93
	19.03
	609.84
	16.37
	256.01
	18.43

	Scombridae
	
	
	
	
	
	
	

	R. kanagurta
	9.02
	16.64
	12.39
	317.95
	8.53
	150.11
	10.80

	Sphyraenidae
	
	
	
	
	
	
	

	Sphyraena spp.
	1.86
	8.71
	3.10
	32.72
	0.88
	16.17
	1.16

	Eel
	0.53
	1.68
	0.88
	1.96
	0.05
	0.89
	0.06

	Trachipteridae
	
	
	
	
	
	
	

	Trichiurus spp.
	0.27
	1.25
	0.44
	0.67
	0.02
	0.33
	0.02

	Crustacean
	45.89
	8.90
	32.30
	1769.68
	21.06
	408.35
	10.84

	Sergestidae
	
	
	
	
	
	
	

	Acetes spp.
	45.89
	8.90
	32.30
	1769.68
	47.50
	408.35
	29.39

	Molluscs
	11.67
	16.45
	14.60
	410.63
	4.89
	192.00
	5.10

	Sepiidae
	
	
	
	
	
	
	

	Sepia spp.
	7.16
	11.38
	9.29
	172.33
	4.63
	81.53
	5.87

	Loliginidae
	
	
	
	
	
	
	

	Loligo spp.
	4.51
	5.75
	5.31
	54.45
	1.46
	25.91
	1.86



3.4 Diet Breadth and Diversity Indices

Monthly diversity indices (Table 4) for C. dorab revealed temporal variations in species richness (S), total abundance (N), Shannon–Wiener diversity (H’), Pielou’s evenness (J’), dominance (d), and the modified Simpson’s diversity index (1–Λ’). Species richness peaked in January (S = 8) and was lowest in October and May (S = 5). In contrast, the total abundance was highest in December (N = 23.29) and lowest in October (N = 19.39), indicating that maximum diversity and maximum abundance did not coincide temporally. Shannon-Wiener diversity index (H’, loge) ranged from 1.4136 in October to 1.8324 in January, indicating moderate prey diversity, with higher values during the winter (December–February). Pielou’s evenness index (J’) was highest in March (J’ = 0.9498) and lowest in April (J’ = 0.8526), suggesting relatively uniform species distribution during certain pre-monsoon months. The Dominance index (d) was lowest in May (d = 1.3221) and highest in December (d = 1.9059), reflecting reduced and increased species dominance, respectively. Simpson’s diversity index (1-Λ’) remained consistently high, ranging from 0.7739 in October to 0.8522 in December. Temporal variations in diversity indices suggest seasonal and environmental influences on prey composition and availability in the southern coastal waters of Karnataka. Levin’s niche breadth index ranged from 0.30 to 0.61, reaching a maximum in September and a minimum in April, indicating moderate seasonal variation in dietary breadth.
Table 4: Diet breadth and Shannon Diversity Index of Chirocentrus dorab.
	Months
	S
	N
	d
	J'
	H'(loge)
	H'(log10)
	1- Λ’
	Bi

	OCT,23
	5
	19.39
	1.35
	0.88
	1.41
	0.61
	0.77
	0.59

	NOV
	6
	20.12
	1.67
	0.86
	1.53
	0.67
	0.79
	0.44

	DEC
	7
	23.29
	1.91
	0.93
	1.80
	0.78
	0.85
	0.46

	JAN,24
	8
	22.83
	2.24
	0.88
	1.83
	0.80
	0.85
	0.43

	FEB
	6
	21.69
	1.63
	0.93
	1.67
	0.72
	0.83
	0.56

	MAR
	6
	22.76
	1.60
	0.95
	1.70
	0.74
	0.84
	0.59

	APR
	6
	19.92
	1.67
	0.85
	1.53
	0.66
	0.79
	0.30

	MAY
	5
	20.60
	1.32
	0.94
	1.52
	0.66
	0.80
	0.44

	AUG
	6
	23.27
	1.59
	0.97
	1.74
	0.76
	0.85
	0.57

	SEP
	5
	20.67
	1.32
	0.94
	1.51
	0.66
	0.80
	0.61



3.5 Trophic Level and Omnivory Index

The mean trophic level of C. dorab (4.2) highlights its role as a higher trophic predator in the marine ecosystem. The average trophic level of juvenile specimens was 3.8, while that of adults was 4.25. Dorab wolf herring exhibits an ontogenetic dietary shift in which juveniles primarily consume lower trophic-level prey, such as small pelagic fishes, whereas adults feed on higher trophic-level species, including larger pelagic fishes and cephalopods (García-Rodríguez et al., 2021). This shift reflects increasing foraging efficiency and ecological influence with advancing maturity. The mean omnivory index (OI) was 0.33, indicating moderate omnivorous feeding behavior. Juveniles exhibited a lower OI (0.15), reflecting feeding across fewer trophic levels, whereas adults showed a higher OI (0.39), indicating a broader dietary spectrum.

3.6 Seasonal Variation in Feeding Patterns

Non-metric multidimensional scaling (nMDS) was performed using square-root transformed data and Bray–Curtis similarity to examine seasonal variation in stomach content composition. Seasonal clustering patterns highlighted distinct community structures across monsoon, post-monsoon, and pre-monsoon periods. The seasonal nMDS ordination (Fig. 3), yielded a stress value of 0.12, indicating a reliable two-dimensional representation of seasonal dietary variation.
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Fig.3: Multidimensional scaling (MDS) ordination seasonal diet composition based on similarity matrix for Chirocentrus dorab.
Post-monsoon samples (POM1–POM4) clustered tightly, reflecting a stable community structure likely influenced by favorable environmental conditions. Pre-monsoon samples (PRM1–PRM4) formed a distinct cluster, indicating seasonal shifts associated with rising temperatures and prey dynamics. Monsoon samples (MO1–MO2) were more dispersed, indicating greater variability in community composition, likely driven by freshwater influx and increased turbidity. Similarity contours (20%, 40%, 60%, and 80%) highlighted strong intra-seasonal homogeneity during post-monsoon and pre-monsoon periods, in contrast to the higher variability observed during monsoon. These findings are consistent with previous studies reporting that seasonal environmental changes significantly influence prey composition (Lovell et al., 2024).
MDS analysis further indicated a 60% similarity between adult diets during the post-monsoon and monsoon periods. Shrimps, sardines, and anchovies dominated post-monsoon and pre-monsoon diets, whereas monsoon diets were characterized by shrimps, mackerel, and anchovies. SIMPER analysis showed seasonal prey composition similarities and dissimilarities (Table 5). The average similarities within the pre-monsoon, monsoon, and post-monsoon seasons were 77.87%, 66.46%, and 81.71%, respectively. Dissimilarity between monsoon and post-monsoon averaged 29.35%, primarily driven by mackerel, squid, sardines, and shrimps. Anchovies contributed the highest dissimilarity between post-monsoon and pre-monsoon (24.62%), followed by mackerel and cuttlefish. Dissimilarity between the pre-monsoon and monsoon seasons was 32.28%, with cuttlefish contributing most due to its absence during the monsoon, followed by anchovies, squid, and shrimps. Shrimps, sardines, anchovies, and mackerel dominated intra-seasonal similarities, while cuttlefish and squid emerged as key seasonal differentiators. The higher dissimilarity observed during monsoon reflects increased community variability driven by changes in salinity, turbidity, and prey availability. 
Table 5: SIMPER Analysis of dissimilarity between seasons for Chirocentrus dorab prey composition.
	Group Post-Monsoon

	Average similarity: 81.71

	Species
	Av.Abund
	Av.Sim
	Contrib%
	Cum.%
	

	Acetes spp.
	6.64
	30.19
	36.95
	36.95
	

	Sardinella spp.
	4.88
	19.7
	24.11
	61.07
	

	Stolephorous spp.
	4.63
	19.02
	23.27
	84.34
	

	R. kanagurta
	1.64
	5.08
	6.22
	90.56
	

	

	Group Pre-Monsoon

	Average similarity: 77.87

	Species
	Av.Abund
	Av.Sim
	Contrib%
	Cum.%
	

	Acetes spp.
	6.88
	29.97
	38.49
	38.49
	

	Sardinella spp.
	4.08
	18.03
	23.15
	61.64
	

	Stolephorous spp.
	2.67
	12.15
	15.6
	77.25
	

	R. kanagurta
	3.24
	9.19
	11.8
	89.05
	

	Sepia spp.
	2.69
	7.28
	9.34
	98.39
	

	

	Group Monsoon

	Average similarity: 66.46

	Species
	Av.Abund
	Av.Sim
	Contrib%
	Cum.%
	

	Acetes spp.
	5.09
	18.14
	27.29
	27.29
	

	R. kanagurta
	4.19
	17.79
	26.76
	54.05
	

	Stolephorous spp.
	4.76
	15.25
	22.94
	76.99
	

	Sardinella spp.
	3.8
	9.88
	14.87
	91.86
	

	

	Groups POM  &  PRM

	Average dissimilarity = 24.62

	
	Group POM
	Group PRM
	       
	
	

	Species
	 Av.Abund
	 Av.Abund
	Av.Diss
	Contrib%
	Cum.%

	Stolephorous spp.
	4.63
	2.67
	4.69
	19.05
	19.05

	R. kanagurta
	1.64
	3.24
	4.62
	18.75
	37.8

	Sepia spp.
	1.5
	2.69
	4.15
	16.86
	54.66

	Loligo spp.
	0.28
	1.42
	3.25
	13.21
	67.87

	Sardinella spp.
	4.88
	4.08
	2.3
	9.34
	77.21

	Sphyraena spp.
	1.1
	0.27
	2.21
	8.97
	86.18

	Acetes spp.
	6.64
	6.88
	1.72
	6.99
	93.17

	

	Groups POM  &  MO

	Average dissimilarity = 29.35

	
	Group POM
	Group MO
	       
	
	

	Species
	 Av.Abund
	Av.Abund
	Av.Diss
	Contrib%
	Cum.%

	R. kanagurta
	1.64
	4.19
	5.91
	20.12
	20.12

	Loligo spp.
	0.28
	2.05
	4.62
	15.75
	35.87

	Sardinella spp.
	4.88
	3.8
	4.01
	13.66
	49.53

	Acetes spp.
	6.64
	5.09
	3.7
	12.61
	62.14

	Sepia spp.
	1.5
	0
	3.44
	11.72
	73.86

	Stolephorous spp.
	4.63
	4.76
	3.26
	11.11
	84.97

	Sphyraena spp.
	1.1
	2.08
	2.76
	9.39
	94.36

	

	Groups PRM  &  MO

	Average dissimilarity = 32.28

	
	Group PRM
	Group MO
	       
	
	

	Species
	 Av.Abund
	Av.Abund
	Av.Diss
	Contrib%
	 Cum.%

	Sepia spp.
	2.69
	0
	6.15
	19.05
	19.05

	Stolephorous spp.
	2.67
	4.76
	4.95
	15.32
	34.37

	Loligo spp.
	1.42
	2.05
	4.71
	14.59
	48.96

	Acetes spp.
	6.88
	5.09
	4.34
	13.44
	62.4

	R. kanagurta
	3.24
	4.19
	4.27
	13.24
	75.64

	Sphyraena spp.
	0.27
	2.08
	4.11
	12.75
	88.39

	Sardinella spp.
	4.08
	3.8
	3.75
	11.61
	100



3.7 Ontogenetic Variation in Feeding Pattern

The dietary composition of juvenile and adult Chirocentrus dorab was examined to assess ontogenetic differences in prey preference. The results revealed significant differences in feeding habits across developmental stages, with shrimps, sardines, and anchovies contributing most to both groups (Table 6). Juveniles were found to show a strong preference for shrimps, which constituted the predominant dietary component. Shrimps contributed 79.61% of the total dietary composition based on %IRI. Sardines and anchovies ranked second and third in importance, contributing 11.55% and 5.48% of %IRI, respectively. Other prey types, such as barracuda, eel, and hairtails, were absent from the juvenile diet, reflecting limited prey diversity at this stage. Adults displayed a more diverse diet, with notable shifts in prey preferences compared to juveniles. Sardines dominated the adult diet, contributing a %IRI of 29.64%. Anchovies ranked second, contributing 24.41% of %IRI, followed by shrimps (17.03%) and mackerel (13.80%). Adults also consumed higher proportions of cuttlefish (10.38%) and squid (1.92%), indicating increased prey diversity and a shift toward larger, energy-rich prey. Barracuda, eel, and hairtails were present in the adult diet but collectively contributed less than 3% of the total dietary composition.
Table 6: Prey composition in the gut of Chirocentrus dorab in terms of frequency of occurrence (F), number (N), weight (W) and index of relative importance (IRI) for different size classes from Mangalore and Malpe fish landing centre, Karnataka, India.
	Preys
	Juveniles
	Adults

	
	%N
	%W
	%O
	IRI
	%IRI
	%N
	%W
	%O
	IRI
	%IRI

	Stolephorous spp.
	7.64
	21.01
	12.50
	358.16
	5.48
	20.00
	15.85
	21.60
	5954.55
	24.41

	Sardinella spp.
	10.42
	33.51
	17.19
	754.92
	11.55
	19.13
	27.36
	17.28
	7232.12
	29.64

	R. kanagurta
	5.56
	7.88
	12.50
	167.92
	2.57
	11.30
	18.17
	12.35
	3366.20
	13.80

	Sphyraena spp.
	0.00
	0.00
	0.00
	0.00
	0.00
	3.04
	10.34
	4.32
	615.79
	2.52

	Eel
	0.00
	0.00
	0.00
	0.00
	0.00
	0.87
	3.50
	1.23
	58.80
	0.24

	Trichiurus spp.
	0.00
	0.00
	0.00
	0.00
	0.00
	0.43
	1.48
	0.62
	12.60
	0.05

	Acetes spp.
	72.92
	31.18
	50.00
	5204.98
	79.61
	29.57
	4.26
	25.31
	4154.94
	17.03

	Sepia spp.
	0.69
	1.39
	1.56
	3.25
	0.05
	10.00
	13.24
	12.35
	2533.20
	10.38

	Loligo spp.
	2.78
	5.03
	6.25
	48.80
	0.75
	5.65
	5.81
	4.94
	467.84
	1.92




A distinct ontogenetic dietary shift was evident in C. dorab. Juveniles predominantly consumed smaller, abundant prey like shrimps, which are likely easier to capture and digest (Sun et al., 2023). Conversely, adults relied more on larger, energy-dense prey, such as sardines, anchovies, mackerel, and cephalopods. The inclusion of cuttlefish and squid in the adult diet underscores the species’ capacity to exploit a broader prey range as it matures, thereby enhancing its trophic adaptability (Sánchez‐Hernández et al., 2019).
Juveniles 1 (J1) and 2 (J2) exhibited over 80% similarity in their stomach contents, forming a tightly connected cluster. This is consistent with high dietary similarity among these individuals, with shrimps identified as the predominant prey. Juveniles 3 (J3), and 4 (J4) formed one group, suggesting they might be slightly different in their diets from (J1 and J2). These differences may reflect localized environmental conditions or variations in prey availability. Adults 1 and 2 (A1–A2) clustered separately, exhibiting approximately 70% dietary similarity, primarily due to the consumption of sardines, anchovies, and mackerel. Adult 3 (A3) occupied an intermediate position between the A1–A2 cluster and the remaining adults (A4–A6), suggesting partial overlap in prey composition among these individuals. Adults 4 (A4) and 6 (A6) clustered together, indicating similar dietary composition. Adult 5 (A5) appeared more distinct from the other adults, suggesting greater dietary variation, possibly due to selective prey utilization or temporal fluctuations in prey availability. Juveniles (J1–J4) formed a distinct cluster compared to adults (A1–A6), indicating a significant ontogenetic dietary shift. Juveniles primarily fed on small prey, such as shrimps, whereas adults exhibited a more diversified diet that included sardines, anchovies, mackerel, and cephalopods (Fig. 4).
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Fig. 4: Dendrogram based on %IRI values of different size classes of Chirocentrus dorab using group average clustering
The non-metric multidimensional scaling (nMDS) plot (Fig. 5) visualizes dietary similarities among juvenile (J1–J4) and adult (A1–A6) C. dorab, based on Bray-Curtis similarity of square root-transformed stomach content data. The ontogenetic nMDS ordination produced a stress value of 0.03, indicating an excellent two-dimensional representation of dietary similarities among juvenile and adult size classes. Juveniles J1 and J2 clustered closely together, indicating very similar dietary proportions, predominantly composed of shrimps. In general, juveniles J3 and J4 also clustered closely; however, they were positioned separately from J1 and J2, suggesting variation in prey selection potentially influenced by localized environmental conditions or temporal differences in sampling. Juveniles (green triangles) clustered separately from adults, indicating clear ontogenetic differences in diet across life stages. Adults A1, A2, and A3 grouped closely together, suggesting substantial dietary overlap, consistent with findings reported by Xie et al. These individuals consumed similar prey types, particularly sardines and anchovies, likely reflecting shared feeding grounds or similar prey availability. Adults A4 and A6 formed a distinct sub-cluster, exhibiting differences in prey composition compared to A1–A3.
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Fig. 5: Multidimensional scaling (MDS) ordination ontogenic diet composition based on similarity matrix for Chirocentrus dorab.
Juveniles demonstrated higher intra-group similarity (60–80%) compared to adults, suggesting a more specialized diet during early life stages. Adult diets exhibited lower intra-group similarity (40–60%), indicating a broader and more diverse prey composition. Adults fed on multiple fish species, including sardines, anchovies, mackerel, and cephalopods. SIMPER analysis was performed to compare dietary composition between juvenile and adult C. dorab (Table 7) and to determine which species contributed most to dietary similarity and dissimilarity. Shrimps dominated juvenile diets, contributing 81.15% to within-group similarity according to SIMPER analysis, whereas their dietary importance based on %IRI was 79.61%. Anchovies and sardines contributed 6.69% and 4.95% to juvenile dietary similarity, respectively, resulting in a cumulative contribution of 92.79% when combined with other prey items. Adult C. dorab relied heavily on sardines and shrimps, reflecting developed feeding strategies adapted to prey availability and increased energetic demands. Adult dietary similarity was lowest when analyzed using cuttlefish and mackerel. The increased dietary diversity in adults demonstrates feeding at a higher trophic level through the consumption of larger prey. Sardines and shrimps were the greatest contributors to dietary differences between juveniles and adults, occurring in different proportions across the two groups. Both groups consumed fish prey; however, anchovies were present in different proportions. Cuttlefish and mackerel were absent or negligible in juveniles and prominent in adults. Barracuda, ribbonfish, and eel were recorded exclusively in adults.
Table 7: SIMPER Analysis of dissimilarity between different size classes for Chirocentrus dorab prey composition.
	Group Juvenile

	Average similarity: 67.09

	Species
	Av. Abund
	Av. Sim
	Contrib%
	Cum.%
	

	Acetes spp.
	8.8
	54.45
	81.15
	81.15
	

	Stolephorous spp.
	1.71
	4.49
	6.69
	87.84
	

	Sardinella spp.
	2.3
	3.32
	4.95
	92.79
	

	

	Group Adult

	Average similarity: 75.08

	Species
	Av.Abund
	Av.Sim
	Contrib%
	Cum.%
	

	Sardinella spp.
	4.76
	18.15
	24.17
	24.17
	

	Acetes spp.
	4.76
	17.94
	23.89
	48.06
	

	Stolephorous spp.
	4.43
	15.23
	20.28
	68.34
	

	R. kanagurta
	3.38
	11.23
	14.95
	83.3
	

	Sepia spp.
	2.98
	7.76
	10.33
	93.63
	

	

	Groups Juvenile  &  Adult

	Average dissimilarity = 46.88

	
	Group Juvenile
	Group Adult
	       
	
	

	Species
	    Av.Abund
	   Av.Abund
	Av.Diss
	Contrib%
	Cum.%

	Acetes spp.
	8.8
	4.76
	10.66
	22.73
	22.73

	Sardinella spp.
	2.3
	4.76
	7.95
	16.95
	39.68

	Stolephorous spp.
	1.71
	4.43
	7.66
	16.34
	56.02

	Sepia spp.
	0.18
	2.98
	7.2
	15.35
	71.37

	R. kanagurta
	1.61
	3.38
	6.18
	13.18
	84.56

	Sphyraena spp.
	0
	1.42
	3.58
	7.65
	92.2




4.DISCUSSION

The feeding habits of Chirocentridae have been studied in various regions(Saher et al., 2023), but this comprehensive investigation into the species' feeding behavior, including ontogenetic and seasonal variation, diet shifts, and diet breadth, represents one of the few comprehensive reports addressing ontogenetic and seasonal variation in the feeding ecology of this species. The feeding patterns of C. dorab indicate its predatory role in coastal ecosystems.
The total Empty Stomach Ratio (ESR) of 9.18% indicates consistent feeding activity. Juveniles exhibited a higher ESR (11.35%) than adults (7.14%), implying that juveniles may face greater challenges in securing prey compared to their adult counterparts. This observation aligns with the findings of Gomathy and Vivekanandan (2017), where larger individuals displayed fewer empty stomachs, suggesting superior predatory capabilities and an ability to capitalize on available prey more effectively. Seasonal variations in feeding intensity were also evident. The ESR was lowest during the post-monsoon (3.77%), and the high Repletion Index (RI = 0.0542) during this period suggests abundant prey availability, potentially linked to increased productivity following monsoonal nutrient input.

Across the study, the mean Repletion Index was 0.032. Although it exhibited greater variability than other measured parameters, its patterns appeared to reflect prey consumption dynamics rather than direct biotic or abiotic influences. Although traits such as size, type and availability of prey, times of predator activity, and habitat can all affect the amount of food a fish consumes, prey availability remains the most important factor influencing fish diets (Wootton, 1990). The extent of stomach repletion may also reflect trophic environmental conditions. The observed monsoon ESR peak (25.71%) aligns with patterns reported in other carnivorous fishes, where elevated ESR values are associated with a higher proportion of empty stomachs (Juanes & Conover, 1994; Rajesh et al., 2015, 2019, 2021). Such trends are associated with differences in food availability, type of fishing gear, fish size, time of harvest and spawning season (Assana et al., 2020)https://dummy-citation.com/citation?d=%3D%3D. Furthermore, the involuntary expulsion of food when fighting against trawl nets may also increase ESR (Lee, 1978; Mericas, 1981; Rajesh et al., 2019). This holds especially true along the Indian coastline, where multilayer trawlers account for the vast majority of dorab wolf herrings caught.

Differences in the prevalence of empty stomachs may reflect bioenergetic constraints, ephemeral prey availability, or habitat-related factors (Vinson & Angradi, 2011). The presence of both digested and undigested prey of the same species within individuals from the same haul suggests asynchronous feeding behavior within the population. Life-stage comparisons further revealed that adults had a higher RI (0.0328) and lower ESR (7.14%) than juveniles, reflecting greater efficiency in prey capture. Adults likely exploit a broader prey range or employ advanced foraging strategies for consistent energy intake (Pillai et al., 2003).

The diet breadth based on the study was highest in September (0.61) and lowest in April (0.30). In environments rich in resources, diet breadth is expected to narrow (Morin et al., 2021). In C. dorab, variations in diet breadth may be influenced by changes in prey availability, diversity, and interspecific competition (Seegert, 2014; Araujo et al., 1995). Moreover, lack of high diet breadth in some predators could instead be indicative of selective foraging behaviours and predator ability (Abdurahiman et al., 2010; Gauzens et al., 2024). Crowder and Cooper (1982) proposed that predators exhibit the narrowest diet breadth when food is abundant, due to increased capture rates. In tropical regions, complex fish assemblages, influenced by localized environmental disturbances, often contribute to shifts in diet breadth (Brandl et al., 2016; Lowe-McConnell, 1975; Siaw-Yang, 1988; Tsai et al., 2022).
The feeding habits of C. dorab highlight its specialization as a pelagic predator, with teleosts forming the most significant dietary component (%IRI = 74.19). Sardines (Sardinella spp.), anchovies (Stolephorus spp.), mackerel (Rastrelliger kanagurta), and ribbonfish (Trichiurus spp.) dominated the diet. Similar to other tropical pelagic predators, C. dorab exhibits an opportunistic and predominantly piscivorous feeding strategy, while also incorporating crustaceans and mollusks. This reliance on pelagic teleost prey is a characteristic trait of carnivorous fishes in Indian waters, emphasizing their dependence on nutrient-dense, abundant prey species (Abdussamad et al., 2011; Ghosh et al., 2021; Kumar et al., 2015). Crustaceans, primarily Acetes spp. (%IRI = 21.06), were significant contributors to the diet. Acetes spp. are well-recognized as a vital food source for predatory fish in Karnataka waters and the Northeastern Arabian Sea (Jaiswar & Chakraborty, 2005; Rohit et al., 2015; Vase et al., 2021). Mollusks, including cephalopods like Loligo spp. and Sepia spp. (%IRI = 4.89), served as secondary dietary components, further demonstrating the species’ opportunistic feeding behavior. Dietary variations may also reflect prey availability during juvenile stages and changing nutritional requirements with maturity (Vagha et al., 2021).

While cannibalism is not a frequent occurrence, it is a recognized phenomenon among pelagic predators, often arising due to factors such as resource competition or an abundance of prey (Rosenheim & Schreiber, 2022). Cannibalism in C. dorab has been documented in previous studies, further reflecting its voracious nature and opportunistic feeding strategy (Abdussamad et al., 2011; Varghese et al., 2014).

Changes in prey availability during periods of different consumer pressure were reflected in seasonal differences in diet. These variations were seen in the frequency and amount of items consumed. Fisheries reflect the local richness of potential resources and other food availability, ecological interactions and feeding strategies of fishes at every spot over time, which can involve complex competitive interactions and ultimately reduce competition for food  (Oueda et al., 2008; García-Rodríguez et al., 2021; Pelage et al., 2022). Lowered feeding frequency in the monsoon season can be ascribed to variations in temperature, spawning and reduction in prey abundance (Baloch et al., 2012). The drastic reduction of zooplankton biomass during the monsoon period has adverse effects on higher trophic-level consumers, in particular those directly dependent on zooplankton (Gal et al., 2016; Kim et al., 2000) zooplankton(Manickam et al., 2018; Simm et al., 2014). During monsoon months, there is a significant decline in the abundance of cuttlefish, which could be related to the detrimental effects of rainfall on fish environmental factors, such as SST and DO, indirectly affecting the abundance and availability of cephalopods (Han et al., 2022). Seasonal dietary shifts in other fish species also highlight the impact of changing food resource availability (Lloret‐Lloret et al., 2020; Mar-Silva et al., 2021; Vassilopoulou, 2006).
The study revealed an ontogenetic dietary shift in C. dorab, where juveniles consumed smaller prey like shrimps, while adults fed on larger, energy-rich prey, including sardines, anchovies, mackerel, and cephalopods. Adult dorab increasingly consumed cuttlefish and squid, indicating greater trophic ability with increasing maturity. Prey availability, predation risk, and competition are key drivers of ontogenetic dietary shifts (ODSs), with prey availability often acting as the primary underlying factor. Predation pressure and competition may also indirectly influence trophic ontogeny by altering habitat use and access to prey (Sanchez-Hernandez et al., 2019). Similar patterns in other carnivorous fishes, like the great barracuda, were associated with habitat shifts from inshore systems to offshore reefs (Blaber 1982; Torres-Chávez et al., 2018). Qasim (1972) noted that Indian marine fishes become increasingly carnivorous as they grow, a pattern observed in many species (Garrison & Link, 2000; Olson, 1996; Vivekanandan, 2001). Mature carnivorous fishes often become more ichthyophagous (Morinière et al., 2003).
4. Conclusion

Understanding the dietary habits of fish species is crucial for effective fishery management, as growth, reproduction, and survival are closely tied to their nutritional intake. This study represents the first comprehensive analysis of the feeding behavior of Chirocentrus dorab along the Karnataka coast. The predominance of sardines, scombrids, and engraulids in the adult diet underscores a preference for pelagic teleosts, whereas juveniles exhibit a marked preference for Acetes spp., clearly demonstrating ontogenetic dietary shifts. This transition from a crustacean-based diet in juveniles to teleosts and mollusks in adults reflects the species’ adaptive feeding strategies and trophic plasticity.

Widely distributed along the Indian coastline, C. dorab holds significant commercial value. Regional studies like this are essential for developing sustainable management strategies. By addressing key knowledge gaps, this research provides insights into the feeding ecology of C. dorab, aiding in the formulation of conservation measures that ensure its ecological and economic viability.

This study highlights shifts in feeding patterns across life stages and clarifies the trophic interactions of C. dorab within the ecosystem. Stomach content analysis, a standard practice in fishery science, has proven invaluable for understanding dietary preferences and feeding behaviors. These findings emphasize the importance of trophic ecology in sustainable fishery management and the role of C. dorab in maintaining marine ecosystem balance.
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