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A total of 838 samples were monthly collected between February 2017 and January 

2018 in Busan fish markets, Korea. These samples were caught using a commercial 

bottom trawl net in  Korea (Fig. 1). All samples were collected 

randomly and brought in thermos cool boxes to the laboratory. 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

Fig.1. Sampling area of Zeus faber in the coastal waters of Korea. 

 

 



 

 

 

        

 

The length-weight relationship was described by the equation:   
where BW is body weight, TL is the total length, b is the growth exponent or length-

weight factor and a is a constant. 

 

 

 

 

 

 



 

 

 

The vertebra of 380 females and 123 males were taken for age and growth studies. 

Vertebrae of Z. faber were excised from the only 7th of each fish. Prior to 

examination, each collected vertebra was cleaned with a 4% solution of potassium 

hydroxide and a 70% solution of ethanol, and then dried at 40  for 10 hours.  

The growth rings of each vertebra were counted twice by the same reader using a 

stereoscopic microscope (magnification of 10×) (Carl Zeiss Discovery v.8) with an 

interval of two months. If both readings were in agreement, counts were accepted 

only. If the first and second readings were different, vertebrae were recounted. If it 

agrees with one of the previous counts, the final counts were accepted. A p
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The monthly occurrence percentages of development stages in female were 

recorded. The gonad somatic index (GSI) was calculated for each sex as follows:  
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Stomachs were opened and determined as either present or absent. Prey items in 

the stomachs were determined to the lowest taxonomic level possible. Biomass and 

length of all prey items were measured with an electronic balance to the nearest 

0.01 g and the nearest mm.  

Feeding habits were determined by using the index (Hyslop 1980; Amundsen et al. 

1996): (1) the frequency of occurrence (%F) (2) the numerical percentage (%N) (3) 

the weight percentage (%W) and (4) the index of relative importance (IRI). Indices 

were calculated for each stomach as follows:  

(1)  

(2)  

(3)  

(4)  

 is the number of fish with prey  (th) in their stomach, N, the total number of 

fish with stomach contents, , the number of prey  (th), , the total 

number of prey items, the mass of prey  (th) and , the total mass of 

prey items. IRI was converted into a percentage and expressed as %IRI. 

To find the differences in the empty rate among the size classes, season and sex 

were examined using a chi-square test. 
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To assess feeding activity, the emptiness index was calculated as the number of 

empty stomachs out of the total number of stomachs. Niche breadth analysis was 

conducted using the Shannon-Wiener diversity index ( ) (Colwell and Futuyma 

1971), 

 

Where  is the proportion of individuals belonging to i th species. s is the total 

number of different prey categories consumed by predatora. The value of  

increases with species diversity. 

 The degree of food niche overlap between seasons was calculated using the 

) (Schoener 1970),  

, 

where  and are the proportions of prey i (based on the biomass) found in 

the diet of groups x and y. Value of  range from 0 (no overlap) to 1 (complete 
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significant overlap (Wallace 1981).  

To evaluate the effects of sex, size class and season on feeding intensity, feeding 

intensity index (FI) was calculated by the following formulae: 

 

 

To investigate variation of diet according to size group,  divided into 

four size classes: 24-30 cm, 31-35 cm, 36-40 cm, and 41-47 cm. Seasonal variation 

of diet also was investigated for four seasons: spring (March-May), summer (June-

August), autumn (September-November) and winter (December-February).  

 

 

 

 

 

 

 

 

 

 



15 

 

 

 

 

 

 

 



16

 

 

 

 

coastal waters of Korea. 
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The slope in 

the relationship between TL and BW was significantly different between the sexes 

(ANCOVA F = 82.14, P <0.001).  
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Relationship between total length (TL) and body weight (BW) for (a) female 

and (b) male of Zeus faber in the coastal waters of Korea. 
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Relationship between total length (TL) and vertebra radius (VR) of Zeus 

faber in the coastal waters of Korea. 
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Fig. 7. Relationship between ring radius and Zeus faber in the coastal 

waters of Korea. 
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Fig. 8. Monthly change of marginal increment (MI) for Zeus faber in the coastal 

waters of Korea. 
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The von Bertalanffy growth function for (a) female and (b) male of Zeus 

faber in the coastal waters of Korea. 
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of Korea. 
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Korea. 
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Relationship between total length and fecundity on Zeus faber (n=57) 

Korea. 
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numerical percentage %IRI, percentage index of relative 

importance  

Prey items %F %N %W %IRI 

     

Pisces    82.3 
Acropoma japonicum 4.0 1.7 3.6 1.0 
Argentina kagoshimae  1.0 0.3 0.3 0.0 
Coelorinchus multispinulosus 0.5 0.2 0.3 0.0 
Chelidoperca hirundinacea 0.5 0.2 0.5 0.0 
Cleisthenes pinetorum 1.0 0.3 2.9 0.2 
Cololabis saira 1.0 2.8 1.7 0.2 
Decapterus muroadsi 0.5 0.3 0.9 0.0 
Doederleinia berycoides 2.0 0.6 1.6 0.2 
Engraulis japonicus 10.9 7.6 6.0 7.2 
Glyptocephalus stelleri  5.0 3.0 14.5 4.2 
Larimichthys polyactis 2.5 0.9 4.7 0.7 
Lepidotrigla guentheri 0.5 0.2 0.2 0.0 
Malakichthys wakiyae 1.0 0.3 0.2 0.0 
Pagrus major 1.0 0.5 1.0 0.1 
Pennahia argentata 1.5 0.5 2.5 0.2 
Psenopsis anomala 1.5 0.5 3.5 0.3 
Scomber japonicus 0.5 0.2 1.6 0.0 
Trachurus japonicus 8.5 2.8 10.4 5.4 
Trichiurus japonicus 18.9 7.3 23.9 28.6 
Unidentified fish 28.4 9.5 15.0 33.8 

     

Crustacean    17.5 
Plesionika izumiae 0.5 2.0 0.1 0.1 
Pandalus eous 6.0 57.5 2.4 17.4 
Unidentified shrimp 0.5 0.2 0.0 0.0 

     

Cephalopoda    0.3 
Todarodes pacificus 2.0 0.6 2.2 0.3 

Sepiola birostrata 0.5 0.2 0.0 0.0 



48 

 

ercentage index of relative importance  

Prey items Spring Summer Autumn Winter 

     

Pisces 100.0 61.7 71.0 100.0 
Acropoma japonicum 0.0 0.1 0.0 21.5 

Argentina kagoshimae  0.1 0.0 0.1 0.0 

Coelorinchus multispinulosus 0.1 0.0 0.0 0.0 

Chelidoperca hirundinacea 0.0 0.0 0.0 0.4 

Cleisthenes pinetorum 1.2 0.0 0.0 0.0 

Cololabis saira 0.0 3.0 0.0 0.0 

Decapterus muroadsi 0.0 0.0 0.2 0.0 

Doederleinia berycoides 0.6 0.2 0.0 0.3 

Engraulis japonicus 0.3 0.9 36.8 0.0 

Glyptocephalus stelleri  5.1 1.4 0.2 11.9 

Larimichthys polyactis 0.0 0.6 3.0 0.0 

Lepidotrigla guentheri 0.0 0.0 0.1 0.0 

Malakichthys wakiyae 0.0 0.3 0.0 0.0 

Pagrus major 0.0 0.4 0.0 0.3 

Pennahia argentata 0.0 0.0 1.8 0.0 

Psenopsis anomala 0.0 0.0 1.2 0.5 

Scomber japonicus 0.0 0.0 0.4 0.0 

Trachurus japonicus 1.7 6.9 0.7 16.8 

Trichiurus lepturus 34.9 31.3 16.2 9.2 

Unidentified fish 56.0 16.5 10.3 39.1 
 

    

Crustacean 0.0 32.8 29.0 0.0 

Plesionika izumiae 0.0 0.4 0.0 0.0 

Pandalus eous 0.0 32.4 29.0 0.0 

Unidentified shrimp 0.0 0.0 0.0 0.0 
 

Cephalopoda 0.0 5.4 0.0 0.0 

Todarodes pacificus 0.0 5.4 0.0 0.0 

Sepiola birostrata 0.0 0.0 0.0 0.0 
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E. japonicus was an important prey in the 24 30 

cm and 31 35 cm size classes, but the occurrence of E. japonicus from the 36-40 cm group 

was greatly reduced. In the large fish (>38 cm), the proportion of Glyptocephalus stelleri 

increased markedly. There is no significant difference in the size of the prey items 

( E. japonicus, G. stelleri according to the 

TL  There was a significant difference (  

in the proportions of prey categories consumed by the four size classes (Table 7). Among 

prey items, G. stelleri varied the most highly between size classes , 

followed by  and .
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.

Among the prey categories, the most variables were Acropoma 

japonicum  and G. stelleri  as demonstrated by the 

seasonal changes in these prey items. Among seasons, the most variable was winter 

. The post hoc contingency table analysis revealed that statistical significance was 

maintained after eliminating this source of variability from the analyses (Table 10). 
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The occurrence of empty stomachs among females (69.8%) was lower than that among 

males (81.59%) . There was a significant difference in the empty rate between 

males and females ( . The v  

index (FI) differed between females (8.16) and male (7.82), indicating that females were 

more active predators than males. 
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