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Dietary Analysis of Sardinella maderensis (Lowe, 1938) in the Marine Waters off the Latakia Coast (Syria), Eastern Mediterranean: A Two-Year Seasonal Study   


ABSTRACT:
 
	Dietary studies play a vital role in understanding the balance of marine ecosystems and sustainable fishery practices. This research examines the feeding habits of Sardinella maderensis, a commercially important Clupeidae species, in the marine waters off Latakia, eastern Mediterranean.
1,200 specimens were collected using gillnets and chinchilla nets, following local fishing practices, between October 20, 2021, and September 14, 2023. The sampled individuals displayed a standard-length range of 9.32–23.18 cm (mean 14.67±4.2 cm) and a weight range of 12.41–116.1 g (mean 44.28±28.37 g), with a maximum body height averaging 3.49±1.26 cm.
Dietary analysis indicated that S.maderensis is a planktivorous species, feeding on 15 planktonic species categorized into seven major groups: Crustaceans ranked first, with a relative importance of 46.95%, a frequency of 45.67%, and a total of 7832.50 points. This group included various types, such as copepods (e.g., Calanoidea and Cyclopidae) and malacostracans, including Euphausiacea, Mysidacea, and Decapoda (Penaeus and Crab megalopae). Detritus ranked second, with a relative importance of 19.60%, a frequency of 17.77%, and 2243.50 points. Phytoplankton followed, ranking third with a relative importance of 15.23%, a frequency of 13.55%, and 4158.88 points. Fish ranked fourth, with a relative importance of 8.95%, a frequency of 12.75%, and 2513 points. This group consisted of three species: Anguilliformes, Ophidion rochei, Trachurus trachurus, and partially digested fish remains. Polychaete worms showed a low contribution, with a relative importance of 0.75%, a frequency of 2.18%, and 255 points. Foraminifera contributed 0.32%, with a frequency of 1.02% and 71 points. Mollusks, represented by a single Octopoda individual, had the lowest contribution, with a relative importance of 0.01%, a frequency of 0.15%, and 20 points. These findings provide essential ecological data on S.maderensis feeding behavior, contributing to improved fisheries management and marine conservation efforts in the coastal waters of Latakia..
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1. INTRODUCTION 
The biological study of fish, particularly their feeding habits, plays a crucial role in understanding marine ecosystems. Fish feeding behavior varies widely among herbivorous, carnivorous, and omnivorous species, and these patterns are strongly influenced by seasonal environmental factors such as temperature, food availability, and reproductive cycles. Seasonal changes in feeding intensity affect growth, physiological condition, reproductive efficiency, and migration behavior (Lalli & Parsons, 1997; Wootton, 2012). Despite the ecological and economic importance of understanding the feeding dynamics of marine species, there is a lack of research addressing the seasonal variation in the feeding habits of commercially important fish species in Syrian coastal waters. In particular, no comprehensive study has yet investigated the seasonal influences on the feeding behavior of Sardinella maderensis, a key species supporting local fisheries. Therefore, this study aims to: (1) analyze the seasonal variations in the diet of Sardinella maderensis; (2) assess how these variations influence growth and reproductive performance; and (3) evaluate the implications of these findings for sustainable fisheries management in the region. These outcomes will contribute to improved ecological understanding of S. maderensis and support the development of management strategies aligned with ecosystem-based fisheries approaches (Pikitch et al., 2004). Sardinella maderensis is a common marine species, characterized by its wide distribution and economic and ecological importance (Amednah et al., 2018). It is extensively exploited in both traditional and industrial fisheries, making it a vital food source for many coastal countries (Adnewale, 2023). Furthermore, S. maderensis plays a key role in the marine food web, acting as a link between plankton and larger predators (Diatta et al., 2016).
Studying its diet is crucial for understanding its ecological behavior and identifying the factors influencing its abundance and distribution (Baali et al., 2020). Understanding this species' diet also helps assess the health of the marine ecosystem it inhabits, as dietary changes may reflect environmental disturbances or climate shifts (Chukwu & Orlu, 2024). Nutritional studies are also essential for developing sustainable fish stock management plans and for assessing the impacts of human exploitation and environmental pressures on sardine fisheries (El-sayed et al., 2023). Understanding dietary components also contributes to predicting future changes that may occur in this species as a result of environmental or climatic changes (Tossavi et al., 2025).

2. material and methods:	
From October 2021 to September 2023, fish samples were collected monthly using local fishing gear (gillnets and chinchilla nets) in the Ras Al-Basit area along the Syrian coast. The fish were transferred directly to the laboratory, where their length and weight were measured according to established methods (e.g., Pravdin, 1966), and species were identified using the appropriate taxonomic keys.
The stomach contents were examined using a light microscope and magnifying lens, and the samples were preserved in 7% formalin. The food items were classified based on specific taxonomic keys (e.g., Gosner, 1971; Borutskii, 1974). Partial food items, such as crustacean eyes, were counted when possible.
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Fig. 1. Sampling site, Ras Al-Basit, Latakia, Syria.
2.1 Analysis Methods
Two methods were used to analyze the gut contents: frequency and point methods (Hyslop, 1980). Points were assigned based on the degree of fullness of the digestive tract, ranging from 0 for an empty tract to 50 when filled. The relative percentage of each food item was calculated based on the points awarded.

2.1.1 The Condition Factor was used to measure the efficiency of feeding, calculated using the formula: (Pravdin, 1966)0
K=)            W( is the total weight and) ℓ( is the standard length of the fish.

2.1.2 Food Frequency and Hunger Index :The frequency of food occurrence was calculated using the formula): (Pravdin, 1966)
Food Frequency=

2.1.3 The Vacuum Coefficient: (hunger index) was calculated using the formula: 
[bookmark: _Hlk188506660]Vacuum Coefficient=

2.1.4 The Feeding Activity: was calculated using the formula: (Gordon, 1977)
Feeding Activity=

2.1.5 Relative Importance Index (IRI%) was calculated for each food item using the formula: (Stergiou, 1988)
IRI%= (O×P%/ΣP% ×ΣO%) ×100
O% is the frequency of occurrence and 
P% is the point method percentage.

3. results and discussion
3.1 Seasonal Changes in Stomach Vacuity Index and Feeding Activity:
The study was conducted on 1200 individuals with Sardinella maderensis, of whom 380 individuals had empty stomachs, representing 31.67%. The highest rate of empty intestines was recorded during winter, with the stomach vacuity index reaching 39.67%, coinciding with the lowest feeding activity value of 60.33%. Conversely, the highest feeding activity was observed in summer, gaining 77.33%, which may be attributed to the decreased activity during winter due to lower temperatures and a reduced availability of plankton and nutrients.
The stomach vacuity index gradually decreased to its lowest value in summer (22.67%), which coincided with the highest feeding activity (77.33%). (Tables 1 and 2).

[bookmark: _Hlk189810708]Table 1. Stomach Vacuity Index and Feeding Activity Seasonally in S.maderensis during the 2021-2023 Study:
	Season
	Number of Fish
	Full Stomach
	Empty Stomach
	Number of Recorded Points
	Feeding Activity (%)
	Stomach Vacuity Index (%)

	Autumn
	300
	195
	105
	3735
	65
	35

	Winter
	300
	181
	119
	2585
	60.33
	39.67

	Spring
	300
	212
	88
	3475
	70.67
	29.33

	Summer
	300
	232
	68
	5470
	77.33
	22.67


Table 2. Stomach Vacuity Index and Feeding Activity Monthly in S.maderensis during the Study Period:
	Month

	Number
	Empty (%)
	Trace
	¼ (%)	
	½ (%)	
	¾ (%)	
	Full (%)	
	Overfilled (%)	
	Number of Recorded Points
	Stomach Vacuity Index (%)
	Feeding Activity (%)
	

	Oct-21
	50
	24
	13
	4
	6
	13
	0
	0
	600
	48
	52
	

	Nov-21
	50
	17
	8
	13
	4
	4
	2
	2
	550
	34
	66
	

	Dec-21
	50
	17
	5
	13
	9
	5
	1
	0
	555
	34
	66
	

	Jan-22
	50
	32
	2
	7
	6
	3
	0
	0
	290
	64
	36
	

	Feb-22
	50
	23
	10
	8
	5
	0
	0
	0
	230
	46
	54
	

	Mar-22
	50
	19
	4
	6
	8
	3
	0
	0
	330
	38
	62
	

	Apr-22
	50
	14
	3
	7
	16
	8
	1
	0
	685
	28
	72
	

	May-22
	50
	16
	4
	5
	11
	13
	1
	0
	720
	32
	68
	

	Jun-22
	50
	17
	10
	12
	5
	5
	1
	0
	430
	34
	66
	

	Jul-22
	50
	19
	2
	5
	5
	7
	2
	0
	900
	38
	62
	

	Aug-22
	50
	14
	12
	14
	8
	2
	0
	0
	420
	28
	72
	

	Sep-22
	50
	22
	13
	4
	11
	0
	0
	0
	325
	44
	56
	

	Oct-22
	50
	18
	13
	4
	6
	9
	0
	0
	465
	36
	64
	

	Nov-22
	50
	16
	2
	8
	6
	9
	5
	3
	830
	32
	68
	

	Dec-22
	50
	14
	15
	6
	5
	10
	0
	0
	535
	28
	72
	

	Jan-23
	50
	19
	9
	4
	6
	10
	0
	0
	520
	38
	62
	

	Feb-23
	50
	14
	16
	7
	8
	5
	0
	0
	455
	28
	72
	

	Mar-23
	50
	21
	6
	8
	8
	7
	0
	0
	480
	24
	76
	

	Apr-23
	50
	15
	6
	12
	10
	7
	0
	0
	560
	30
	70
	

	May-23
	50
	12
	10
	6
	9
	5
	5
	2
	700
	24
	76
	

	Jun-23
	50
	9
	11
	3
	9
	7
	10
	1
	940
	18
	82
	

	Jul-23
	50
	2
	1
	1
	8
	7
	15
	16
	1805
	4
	96
	

	Aug-23
	50
	7
	5
	10
	11
	6
	9
	2
	975
	14
	86
	

	Sep-23
	50
	8
	9
	5
	5
	13
	6
	2
	965
	16
	84
	

	Average
	50
	16.21
	7.88
	7.17
	7.71
	6.58
	2.42
	1.17
	636.04
	31.67
	68.33
	



3.2. Food Composition and Prey Classification of S.maderensis:
The dietary components found in the intestines of S.maderensis during the study period were diverse. They fell into seven main groups: phytoplankton, crustaceans, fish, polychaete worms, detritus, mollusks, and foraminifera. The results indicated variability in the relative importance of these food groups based on the Index of Relative Importance (IRI%), frequency of occurrence, and quantity (points).
Crustaceans ranked first, with a relative importance of 46.95%, a frequency of 45.67%, and a total of 7832.50 points. This group included various types, such as copepods (e.g., Calanoidea and Cyclopidae) and malacostracans, including Euphausiacea, Mysidacea, Decapoda (Penaeus and Crab megalopae).
Detritus ranked second, with a relative importance of 19.60%, a frequency of 17.77%, and 2243.50 points. Phytoplankton followed, ranking third with a relative importance of 15.23%, a frequency of 13.55%, and 4158.88 points.
Fish ranked fourth, with a relative importance of 8.95%, a frequency of 12.75%, and 2513 points. This group consisted of three species: Anguilliformes, Ophidion rochei, Trachurus trachurus, and partially digested fish remains.
Polychaete worms showed a low contribution, with a relative importance of 0.75%, a frequency of 2.18%, and 255 points. Foraminifera contributed 0.32%, with a frequency of 1.02% and 71 points. Mollusks, represented by a single Octopoda individual, had the lowest contribution, with a relative importance of 0.01%, a frequency of 0.15%, and 20 points.

3.3. Comparison with Previous Studies:
Comparison of these findings with studies conducted in different regions revealed similarities in the primary diet of S.maderensis. A study in Morocco (Baali et al., 2020) found that crustaceans, particularly copepods, were the main food source, along with detritus. Similarly, Gushchin & Corten (2015) reported that crustaceans, phytoplankton, and detritus are the primary components in Mauritanian waters. In the Adriatic Sea, crustaceans, especially Decapoda and Mysidacea larvae, dominated the diet (Hure & Mustac, 2020). In Senegal, Diouf (1996) found crustaceans and fish to be the main dietary components. Recent studies in Nigeria indicate that small crustaceans, particularly copepods, are the most abundant food source in the stomach of this species, in addition to diatoms of the genus Melosira, which constitute an important part of its diet (Chukwu & Orlu, 2024). West African studies confirm that S. maderensis exhibits moderate dietary selectivity related to the availability of plankton, especially copepods and microplankton, highlighting the sensitivity of this species' diet to environmental and climatic changes (Diatta et al., 2016).


[bookmark: _Hlk189813038][bookmark: _Hlk215128264][bookmark: OLE_LINK1]Fig. 2. The Relative importance of nutrients in the diet of S.maderensis.

[bookmark: _Hlk189813186]Table 3. Relative importance, frequency, and points scored for groups of nutrients in S.maderensis diet:
	groups of nutrients
	frequency %
	Points
	[bookmark: _Hlk189813249]Relative importance IRI%

	Crustaceans
	45.67
	7832.50
	46.95

	Calanoidea
	7.36
	1944.02
	8.48

	Crab megalopae
	7.57
	1432
	8.18

	Penaeus
	6.85
	1206
	7.43

	Mysidacea
	7.50
	1373
	7.39

	Euphausia
	5.54
	1051
	6.33

	Amphipoda
	4.08
	2232.37
	3.96

	Isopoda
	3.50
	555
	2.58

	Cyclopidae.
	2.33
	1684.61
	2.51

	Zoea
	0.95
	98
	0.09

	Detritus
	17.77
	2243.50
	19.60

	Phytoplankton
	13.55
	4158.88
	15.23

	Fish
	12.75
	2513
	8.95

	Ophidion rochei
	5.17
	985
	4.63

	Anguilliformes 
	3.86
	860
	2.86

	Trachurus trachurus
	2.33
	495
	1.26

	fish Pisces
	1.38
	173
	0.20

	Digested food 
	6.92
	891.50
	8.19

	Annelida
	2.18
	255
	0.75

	[bookmark: _Hlk174570845]Foraminifera
	1.02
	683.84
	0.32

	Octopoda 
	0.15
	20
	0.01




3.4. Seasonal Variations in Dietary Components:
No qualitative differences in dietary components were observed across the four seasons, but quantitative variations were significant (Figure 2). In autumn, phytoplankton was the primary component (35%), followed by crustaceans (14%), detritus (29%), and fish (1%). In winter, phytoplankton constituted 32%, detritus 30%, crustaceans 6%, and fish 1%. In spring, detritus dominated at 45%, followed by crustaceans (15%), fish (37%), and phytoplankton (2%). In summer, crustaceans were the dominant component (52%), followed by detritus (19%), and fish (8%), while polychaete worms, mollusks, and foraminifera each contributed 1%.


[bookmark: _Hlk172844501]
Fig. 3. Seasonal changes in food components in S.maderensis fish according to the repetition method.
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Fig. 4. Samples of prey found inside the stomach of Sardinella maderensis during the research period:
[bookmark: _Hlk174058094]A: Zoea     , B: Calanoidea,   D: Penaeus  C: Cyclopidae   , E: Euphausiacea   , F: Amphipoda, G: Mysidacea     , H: Crab Megalope, I: Isopoda, J: Foraminifera, L&K: Phytoplankton   , M: Annelida, N:  trachurus trachurus, O: fish remains, P: Ophidion rochei    , Q: fish larvae, R: Anguilliformes.

4. Conclusion
S.maderensis is a planktivorous species with a diverse diet that feeds on 15 planktonic species categorized into seven major groups: Crustaceans ranked first, with a relative importance of 46.95%, a frequency of 45.67%, . This group included various types, such as copepods (e.g., Calanoidea and Cyclopidae) and malacostracans, including Euphausiacea, Mysidacea, and Decapoda (Penaeus and Crab megalopae). Detritus ranked second, with a relative importance of 19.60%, Phytoplankton followed, ranking third with a relative importance of 15.23%. Fish ranked fourth, with a relative importance of 8.95%. This group consisted of three species: Anguilliformes, Ophidion rochei, Trachurus trachurus, and partially digested fish remains. Polychaete worms showed a low contribution, with a relative importance of 0.75%. Foraminifera contributed 0.32%. Mollusks, represented by a single Octopoda individual, had the lowest contribution, with a relative importance of 0.01%. Crustaceans emerged as the primary dietary component, underscoring their key role in the feeding ecology of this species.
These findings highlight the significance of dietary studies in understanding marine food web dynamics. They also provide valuable insights for sustainable fisheries management and the conservation of aquatic biodiversity. However, further research is needed to examine how environmental changes influence dietary patterns, ensuring effective long-term species management
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Autumn	





Detritus	Phytoplankton	Digested food 	Crustaceans	Fish	Foraminifera	25.53846153846154	31.076923076923077	12	26.153846153846153	3.6923076923076925	1.5384615384615385	

Winter	







Detritus	Phytoplankton	Digested food 	Crustaceans	Fish	Foraminifera	Annelida	20.503597122302157	20.503597122302157	19.784172661870503	34.532374100719423	2.1582733812949639	1.4388489208633093	1.079136690647482	

Spring	




Detritus	Phytoplankton	كيموس	Crustaceans	Fish	Annelida	24.275362318840578	1.8115942028985508	0.36231884057971014	51.449275362318843	20.289855072463769	1.8115942028985508	

Summer	





Detritus	Phytoplankton	Crustaceans	Fish	mollusks	Foraminifera	Annelida	7.4898785425101213	4.6558704453441297	61.53846153846154	20.445344129554655	0.40485829959514169	1.214574898785425	4.2510121457489882	

IRI%	Detritus	Phytoplankton	Calanoidea	Digested food 	Crab megalope	Penaeus	Mysidacea	Euphausia	Ophidion rochei	Amphipoda	Anguilliformes 	Isopoda	 Cyclopidae.	Trachurus trachurus	Annelida	Foraminifera	 fish Pisces	Zoea	Ooctopoda 	19.60408266223304	15.23084128201679	8.4828709900472727	8.1873740313112116	8.1763455000245138	7.432356853518491	7.3946416980725314	6.3250437408756257	4.6312984920479838	3.9579632314656794	2.8592794483712263	2.5785086802363635	2.5065039934970441	1.2566522248436571	0.74895299917786007	0.31901886569464888	0.20394180170574083	9.0766917198672387E-2	1.3556587661634773E-2	
Relative Importance
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