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Abstract: The diet study included specimens of Caranx crysos caught by seiners in the 

East Atlantic Ocean. A total of 579 stomachs were examined. 501 stomachs were against 

78 full. Which corresponds to the vacuity equal to 86.53%. The index of vacuity varied 

during the year. The highest values of this index were observed in April, June and July are 

100%. The lowest was recorded in January with 16.67%. The vacuity recorded in males 

(59.08%) is greater than that of females (40.52%) (𝑋² = 17.33, p <0.05). Indeed, the index 

of vacuity varied in individuals at different sexual stages. Stage VI individuals have zero, 

while stage III have the highest vacuity at 93.1%. Analysis of the 78 full stomachs revealed 

that C. crysos diet consisted of teleost, gastropods, cephalopods, crustaceans, annelids and 

phytoplankton. On the basis of the indices of relative importance (IRI), teleost constitute 

the preferential preys of C. crysos with % IRI = 59.33. The gastropods are their secondary 

prey (% IRI = 38.16). Cephalopods (% IRI = 0.26), crustaceans (% IRI = 2.23), annelids 

(% IRI = 0.003) and phytoplankton (% IRI = 0.014) are occasional prey items. The diet of 

males identical to that of females. However, the diet of C. crysos varies according to the 

sexual stage of the individuals. C. crysos is classified as a piscivore. 
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INTRODUCTION 

Blue runner Caranx crysos (Mitchill, 1815) is widely distributed in the pelagic zone of all the tropical 

oceans. Caranx crysos is a species found in the Atlantic Ocean, particularly along the African coast, 

from Senegal to Angola1. This specie is founding from Brazil to Canada, including the Gulf of Mexico 

and the Caribbean in the western Atlantic, and from Angola to Great Britain, in the east Atlantic, 

including the Mediterranean2. On the Mediterranean side, landings have become increasingly important 

and regular 3. However, on industrial scale, Caranx crysos is caught under FADs in addition with target 

tunas (yellowfin, skipjack and bigeye tuna) and other species (billfish, turtle, ballistae etc.) by a purse 

seine fishery operating in the East Atlantic Ocean. Thus the species was considering as bycatch in 

fisheries of purse seiner tuna4. And they are most often discarded or retained on board purse seiners for 

commercial value due to the existence of a local market5. Several studies have been conducted on its 

breeding biology in the Gulf of Mexico by Goodwin and Johnson 6 and in the Mediterranean by                 

Sley et al,3. His diet is also studied by Keenan and Benfield 7 in the Gulf of Mexico and by Sley et al 8 

in the Gulf of Gabès. However, very little data exists on this species at the level of East Atlantic Ocean. 

The purpose of the present study was to investigate the trophic behaviour of C. crysos caught by purse 

seiner fishery under artificial floating objects (drifting Fish Aggregating Devices, FADs). And 

examined its variability according to sex, size of first maturity and stage of sexual maturity. 

MATERIELS AND METHODS 

Sampling: Our study area comprises Eastern Atlantic latitude 1°N and 21°N, longitude 0°W and 22°W 

(Figure 1). Its hydroclimatic conditions directly influence the availability of fishery resources due to 

the formation and recirculation of deep water. The injection of surface water into the deeper layers is 

responsible of the high oxygen content of the Atlantic Ocean. It also intricately linked with high surface 

salinity and the surface sea temperature 9-10. 

 

Figure 1: Fishing zone of tuna purse seine used for sampling in the Atlantic Ocean (.) 
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Sample of C. crysos came from directly on the tropical tuna purse seine fisheries operating from January 

to December 2016. The specimen were collected by the observer program. Fish are recovered from 

observers and are taken to the laboratory. A total 579 specimens were examined, ranging in size 20-45 

cm fork length (LF) and 320-1499.5 g wet body weight. Each specimen, the Fork length was measured 

to the nearest centimeter, the weight was measured with a digital balance to the nearest 0.1 g, sex and 

maturity gonad stage were recorded. The stomachs contents were also recorded. 

Fish gonads and stomach content analysis: The identification of the different stages of gonad 

development have been recorded using the classification system of Fontana 11. The stomach contents 

were removed and the macroscopic food items were directly determined. Digested contents were 

observed under binocular microscopic or undigested to the otoliths. The different prey identified to the 

lowest possible taxonomic level using an identification key by FAO identification sheets for fishery 

needs 12 and 13. The number of the prey in each stomach was recorded to determine the feeding pattern 

of C. crysos. Each prey item was weighed the nearest 0.01g.  

Study of food item and diet: No single method of analysis of stomach contents completely describes 

the diet of a predator 14. Several indices were used to quantify the importance of different prey item in 

diet of Caranx crysos. In the present study, the following formulae of these indices were used:  

𝑉𝑎𝑐𝑢𝑖𝑡𝑦 𝑖𝑛𝑑𝑒𝑥(%𝑉𝐼) =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑚𝑝𝑡𝑦 𝑠𝑡𝑜𝑚𝑎𝑐ℎ

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑒𝑥𝑎𝑚𝑖𝑛𝑒𝑑 𝑠𝑡𝑜𝑚𝑎𝑐ℎ𝑠
× 100                                                     [1]15 

𝐹𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦 𝑜𝑓 𝑜𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 (%𝐹) =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑡𝑜𝑚𝑎𝑐ℎ𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑎 𝑓𝑜𝑜𝑑 𝑖𝑡𝑒𝑚 𝑖

𝑡ℎ𝑒 𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑓𝑢𝑙𝑙 𝑠𝑡𝑜𝑚𝑎𝑐ℎ𝑠
× 100                    [2]16. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑛𝑢𝑚𝑒𝑟𝑖𝑐𝑎𝑙 𝑎𝑏𝑢𝑛𝑑𝑎𝑛𝑐𝑒(%𝑁) =
𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑟𝑒𝑦 𝑖𝑡𝑒𝑚

𝑡𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑙𝑙 𝑝𝑟𝑒𝑦 𝑖𝑛 𝑎𝑙𝑙 𝑠𝑡𝑜𝑚𝑎𝑐ℎ𝑠
× 100    [3]14. 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑏𝑖𝑜𝑚𝑎𝑠𝑠(%𝑊) =
𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑒𝑎𝑐ℎ 𝑝𝑟𝑒𝑦 𝑖𝑡𝑒𝑚

𝑡𝑜𝑡𝑎𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑠𝑡𝑜𝑚𝑎𝑐ℎ 𝑐𝑜𝑛𝑡𝑒𝑛𝑡𝑠
× 100                                         [4] 17. 

The diet determined using the index of relative importance (IRI) of . Pinkas et al.18. This index 

combines the occurrence (F), numerical (N) and weight (W) percentages.  

𝐼𝑅𝐼 = %𝐹 × (%𝑁 + %𝑊)                                                                                                                [5] 

The index was expressed in percentage as follows: 

%𝐼𝑅𝐼 =
𝐼𝑅𝐼

∑ 𝐼𝑅𝐼
× 100                                                                                                                           [6] 

Prey species were sorted in decreasing order according to IRI and the cumulative %IRI was calculated 

and recorded for the major prey taxa 14 and determine relationship between different maturity stage and 

diet profile of individual. The index value of each item is expressed as a percentage of the sum of all 

the indices. The food is then ordered in descending order according to the value of the percentage 

obtained. In this order, the index percentages of the first foods are summed up to 50% or more, these 

items are referred to as preferential foods; this calculation is continued until 75% or more, these items 

are secondary foods; the other items on the list are accidental foods. 

Statistical analyses:  The 𝑋²-test was employed to compare the vacuity index (% IV) and the percentage 

IRI index by sex (p<0.05). The %IRI by sexual stage was used to compare the diet between themselves. 

The analyses of diet was performed on the XLSTAT software. 
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RESULTS AND DISCUSION 

Feeding intensity: Of the 579 examined stomachs, 501 were empty (86.53%) and 78 (13.47%) 

containing food. The vacuity index varied with monthly, thus the highest values were observed in April, 

June and July (100%). The lowest was recorded in January (16.67%) (Figure 2a). The mean vacuity 

index for the male (59.08%) was significantly higher than the female (40.52%) (𝑋²= 17.33, p<0.05). 

The monthly variation of the vacuity index shows that the specimen at different maturity stages feed 

less and less for both sex. However, stage VI sexual maturity is the exception where only one individual 

has been observed with a stomach containing food. Thus, the vacuity index obtained for the stage I, II, 

IV and V was 86.88; 87.5; 81.88 and 78.72% respectively. The highest coefficient was recorded in stage 

III sexually mature individuals at 93.1% (Figure 2b).  

These results are similar to those obtained by 8 in their study of the same species in the Gulf of Gabès 

in the Mediterranean. This high vacuity rate would probably be due to the stress created on the fish 

during their capture. Thus, regurgitation of prey contained in their stomach may have occurred, as is 

the case with most carangids 19. In addition, the physiological state of the fish could also influence the 

food activity. Thus, the study of the reproduction of C. crysos has shown that the laying period, which 

takes place from February to March, July and October, is also the period when the emptiness coefficient 

reaches its maximum. In fact, the increase in gonad weight can compress the digestive tract, reduce the 

bolus and cause the fish to feed less 20. 

 

 

Figure 2a: Monthly variation of the vacuity index 
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Figure 2b: Variation of the vacuity index by maturity stage 

General profile of the diet: Table 1 shows the general composition of the diet in numerical percentage 

(% N), in percentage of weight (% P), percentage of occurrence (% F) and relative importance index 

(% IRI). Analysis of the 78 stomachs containing prey. Prey families were divided mainly into teleost 

with ten species, the group of gastropods with three species, cephalopod: one specie, the crustaceans: 

one specie and finally the annelids and phytoplankton. The teleost were most important prey in terms 

of weight (73.78%) and frequency of occurrence (79.49%); the gastropod were most numerous group 

(80.93%).  

At the family level, Cavolinida (Cavolinia tridentata) were most important prey numerous (52.33%) 

and frequency of occurrence (42.31%). According to the percent of % IRI, the main prey were the 

teleost (% IRI = 59.33), the gastropod constituted the secondary prey (% IRI = 38.16). The crustaceans 

(% IRI = 2.23), cephalopods (% IRI = 0.26), phytoplankton (% IRI = 0.014) and annelids (% IRI = 

0.003) were found occasionally. Spearman's correlation test showed that the diet of males is similar to 

that of females. Teleost are the most ingested prey by both sex (males is % IRI = 61.8 and females is % 

IRI = 56.63). Gastropods are their secondary prey (Figure 3).  

Overall, few prey species were consumed indicating that C. crysos is a specialized species. Teleost were 

the most consumed prey although numerically snails were the most abundant group of prey. The general 

profile of his diet indicates that this species is a piscivore. These results corroborate those of                       

Sley et al.8. These authors noted that C. crysos feeds on small pelagic fish composed mainly of 

Engraulidae. However, our results differ from those obtained by Keenan and Benfield 7 in the northern 

Gulf of Mexico. These authors indicated that C. crysos is a zooplanktivore. Because his diet is composed 

of larvae of Decapods and Stomatopods, Amphipods of Hyperidae, larvae and juveniles of fish. This 

observed difference implies that the diet of C. crysos is a function of its distribution area, but also of 

the availability of food in its environment. The study of the diet according to the sexes showed no 

difference between prey ingested by males and females. 
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Table 1: Prey found in the stomach of Caranx crysos caught by the purse seine tuna in the Atlantic 

Ocean 

PREY % F % N % P % IRI 

TELEOST 79.49 11.97 73.78 59.33 

Argentina silus 

Pagellus bellottii natalensis 

synagrops bellus 

Helicolenus dactylopterus 

Climacoporus navalis 

vinciguerria nimbaria 

selene dorsalis 

bolinichthy photothorax 

Diaphus mollis 

Decapterus macarellus 

Fragment of fish 

1.28 

1.28 

6.41 

1.28 

1.28 

35.9 

2.56 

1.28 

3.85 

2.56 

64.1 

0.22 

0.22 

1.77 

0.22 

0.22 

6.65 

1.11 

0.22 

0.89 

0.44 

11.09 

0.11 

0.11 

1.1 

0.33 

0.11 

5.53 

0.3 

0.16 

0.57 

0.33 

65.13 

0.005 

0.005 

0.2 

0.008 

0.005 

4.85 

0.04 

0.005 

0.06 

0.02 

54.13 

CRUSTACEANS 25.64 5.76 2.09 2.23 

Penaeus spp 25.64 5.76 2.09 2.23 

GASTEROPOD 42.31 80.93 18.6 38.16 

Cavolinia tridentata 

Cavolinia gibbosa 

Fragment of cavolinida 

Planorbella campanulata 

42.31 

25.64 

7.69 

5.13 

52.33 

26.83 

1.33 

1.77 

8.27 

5.49 

3.01 

1.83 

28.4 

9.18 

0.37 

0.2 

CEPHALOPODA 3.85 0.67 5.48 0.26 

Teuthida spp 3.85 0.67 5.48 0.26 

ANNELIDS 1.28 0.22 0.005 0.003 

PHYTOPLANKTON 2.56 0.44 0.055 0.014 

TOTAL 

TELEOST 

CRUSTACEANS 

GASTEROPOD 

CEPHALOPODA 

ANNELIDS 

PHYTOPLANKTON 

 

79.49 

25.64 

42.31 

3.85 

1.28 

2.56 

 

11.97 

5.76 

80.93 

0.67 

0.22 

0.44 

 

73.78 

2.09 

18.6 

5.48 

0.005 

0.055 

 

59.33 

2.23 

38.16 

0.26 

0.003 

0.014 
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Figure 3: diet composition of Caranx crysos among sex based on the percentage index of relative 

importance values 

 

Diet variation according to the sexual stages: The diet of specimens at different stages of maturity is 

very varied (Figure 4). However, teleost and gastropods are the staple food of these specimens. 

Quantitative analysis of the diet of C. crysos showed that in mature stage I, II, and VI, the teleost was 

the most ingested (% IRI = 83.47, 87.8, 100 respectively). Gastropods appear in the background for 

stages I (% IRI = 15.96) and stage II (% IRI = 9.92). 

 

 
 

Figure 4: Diet composition of Caranx crysos among maturity stage based on the percentage index of 

relative importance values. 
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The food group consisting of crustaceans and cephalopods are prey occasionally consumed specimen 

of stage II (% IRI = 2.28) and stage I (% IRI = 0.55). No secondary or occasional prey was observed in 

stage VI. In contrast, in individuals of stages III, IV and V, gastropods are the preferred prey (% IRI = 

56.78, 84.06 and 67.15). Teleost are consumed secondarily (% IRI = 43.22, 13.23 and 30.57). The 

crustacean (% IRI = 1.72), annelids (% IRI = 0.1) and phytoplankton (% IRI = 0.45) food groups are 

occasionally consumed by stage V individuals. IV consume occasionally cephalopods (% IRI = 1.09) 

and crustaceans (% IRI = 1.62). No occasional prey has been recorded in stage III. However, the study 

of stomach contents of C. crysos showed a significant difference between preys ingested by individuals 

at different sexual stages. This variation in diet could be explained by the fact that these individuals 

make choices for prey that can provide the maximum energy for the performance of migration, growth 

and reproduction functions. Indeed, Sánchez21 and Ouattara et al. 22 have pointed out that fish dietary 

preference is influenced by several factors such as accessibility, abundance and energy content in the 

feed, that their opportunistic nature to consume only preferentially the most abundant prey in the 

environment. Moreover, the laying period of C. crysos would have been March, August and November. 

At these times it was found that the fish fed very little as can be deduced from the number of empty 

stomachs 90.21, 73 and 96.41% respectively March, August and November. Our results corroborate 

those of 8 in the Mediterranean in the Gulf of Gabès. These authors showed that the greatest food 

intensity of this species coincided with its spawning period. These results indicate that the fish would 

need energy during its egg-laying period with a probable selectivity of prey items. Indeed, Barreiros 23 

noted that during the breeding season, females develop the protective ability against potential predators 

and feed only with readily catchable prey. 

CONCLUSION 

Study analyzed the stomach contents of C. crysos captured by purse seiners under FADs. The analysis 

revealed that the diet of this species is composed of teleost, gastropods, cephalopods, crustaceans, 

annelids and phytoplankton. The species is considered piscivorous because of its diet, which is 

dominated by teleost. The gastropods are its secondary prey. Cephalopods, crustaceans, annelids and 

phytoplankton are ingested incidentally. The diet of males is identical to that of females. However, 

ingestion of enumerated prey differs according to the sexual stages. 
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