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ABSTRACT

The diet composition of Engraulis japonicus were studied using 1,087 specimens

collected by set net fisheries and boat seine fisheries in the coastal waters of Tongyeong, Korea.
The size of the specimens ranged from 1.9 to 14.7 cm in fork length. E. japonicus was fed mainly on
Copepods, which constituted 50.4% of IRI, followed by Euphausiids, which constituted 47.3% of
IRI. Graphical analysis of the diet composition showed that E. japonicus was specialist predator. The
result of analysis in ontogenetic changes significantly exhibited among size classes (<8.0cm, 8.0~10.0
cm, 10.0~12.0 cm, >12.0 cm). The proportion of Euphausiids increased, as body size of E. japonicus
increased whereas the consumption of Copepods decreased. In the Spring, Autumn and Winter, the
diet was dominated by Copepods. In the Summer, the diet was dominated by Euphausiids.
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A& (Clupeiformes) BT} (Engraulidae)ol] £3l= EX]
(Engraulis japonicus)= A%t d7A 2% FARE, et
3 d FE5IlE LT SAEE Gl B2 EEx3Th(Yasue
et al.,2010). A= JFAEL] F8T Holdoz Ad7A
S (Im and Ok, 1977; Cha et al., 2008), X oJEA A€ AF
YA L2 o]§E= 583 ojFolth(Kim and Lo, 2001). o]
F EX Y A BT 2 B E 9lste] 2022WRE TAC (Total
Allowable Catch) A=9] A gL s A= oY, 22
vatol| A ] 9] o] 2gF2 20119 o] F A &EH R faste F

A2 29 24 ) (AR, A=t (AR, 4713 (AFY),

Ao (dshaA), A (), A2 (), M2 ()
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A& Ho]il Ith(KOSIS, 2022).

WA)e] A @F FINE AAAY ATE olRe o
o|g/d Bt ot} o] 77 AAsh= AEACNA B eyt
o] FAE Fofst= d ojA Fa3 Aotk (Cha er al.,
1997). B3] SfR9l2 WS Ao] thjn], S450] wet o F
3= WX 3159 (Scomber japonicus), A (Scomberomorus
niphonius) 5 12| 4474 o1& HoldozH Fagt Ao
Q= o]Fo|th(Huh et al., 2006; Cha et al., 2008; Yoon et al.,
2009). Weba] 7+ FFEA N ARG, w2 EAFE Hol=
WA A4 ATE WA AU AED ol 7z
T o ii7] o5 ofsha}] $Is) WL Syslolof sl
Ato|tk(Jeong et al., 2022).

BRG] A O] W Y AE AHEH, FeA =
Mitani (1988), Tianxiang (2003), Yasue et al. (2010) 5] &J3t
Q7} S gict FHIAE B9, 2%, ool Al Kim er al.
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(2013)0f] o3t A7t = o, AR]of7] 8] BAE hFe
2 o452} Ao A Yoo and Jeong (2016), Kim et al. (2017)°]
o3t A7t A= AT T A 3 dAqs = AA| 07
9 FXE L E o|RojFom, H ogFfo] =2 T
AAshs BAWE tFeR 3 A+ §lth(Cha er al., 2008;
Jung, 2008).

wheby oW 7o) BHe et £ detld A
B9 PSR AL B F wolug 2 ﬁ*—l?ﬂ'“:h 27)2
¥ e 24, AR JUeE

24 WBLE shefste] W)
A9 AR A7 AT ok A% WE A5S 9Ist et

4 A2 AT G

ERTRT

ojt dAo A AREE HA|E 20209 492 A 2Jgt 2019 4
A7E 20229 19704 S|t 59 AQtollA BRIl gt
HEAYo P2 ojgd AAE i FAsHATH U3 AEE
WA 2 AR eRbstgen, ZF A= 7 olAl = 0.1

m, FF 0001 g E97HA S48, SR A= HE
ZZ3}9] 10% formalin solution®] 1138} Th.

AN-8=2 siF&nE offol|lA 7Hs3t & (Species) +E7t
A st on, 53 HolBEL MAFE AU, 55
F= 0.001 g E7HA SAsATE Hol &S AAE AAol
3l T A1 o]gste] ZF HolPEe| gt E@VE(%F),
ANAGH] (%N), EZFH] (% W)S Ve $ich(Hyslop, 1980).

%F = Ai/N X 100
90N = Ni/Notar X 100

%W =W:/Wiora X 100

A71A, Are SIH-E-=0lA s HoldEo] Td EX 9 AiA
0|1, N2 ol g A4’k X9 F 7H21]T Nigk Wiz ol o
o= MAT 5%, Nowt Wi A HolBE A1

o g3l

Hol &2 A5 Q=24 (Index of relative importance,
IR Pinkas et al. (1971)9] A& o|-§5to] tha o] 18131
o}.

IRI= (%N + % W) X %F

ol WEem iste] AriEREASH] (BIRDZ LER
o},

%IRI=IRI;/2SIRI X 100

i=1

H 2|9 Hol]Z Q= (Dominant or rare), 441 (Niche width),

x| fUgE =9 341

A4 4] A2k (Specialist or generalist)< Amundsen et al. (1996)
9] =3 & (Graphical method)& ©]-838to] UeITtH =
A EANE(%F)°] Hste] EF Y| YELH = (Prey-
specific abundance)E UEM R oH, EFHO|YESH == o
2] 412 olg3jo] Ta}%e.

P,-=(ZSi)x 100

ti

q7|A, Pr= EXHE, S AWEE
oA HolBE 9] G5, S HolBE iE AAE B4 9
HEE oA AA o= s5Folth

2712, AEE Yol E WIS oty 3 BX Az
£ 71olAA 20em ZHE 2.2 47)9] 27|74 (<8.0cm, n="70;
8.0~100cm, n=41; 10.0~12.0cm, n=57; >212.0cm, n=73)
I 4719] AE (3~59: A4, n=52; 6~8Y: 1A, n=82; 9~11
Y A, n=44; 12~29: 5A, n=63)2 Yo HolYE =4
2 B,

ol 4% i¢ S0l

1. MERZ

olH Aol ARgE HX 9 F /A= 1087THAZ, 710l
A%} (Fork length, FL)2 1.9~14.7cm®] HYE Rt

2. QLIEBE =d

ol¥ Aol AMGE B3] 1087704 F FECQ AR = 84670
AR, 77.8%2 FEES YeFSITE HolE AdAlgH

X 24170
Ao A-8ES 24T 23 (Table 1), BA9 = Ho Y=
55.6%9] EANIE, 47.6%%] NAIGH], 0.5% 2] S5FHIE HE
o] 50.4%2] AFLE=A5H]E B9 27 (Copepoda) H

o, a7tF A= SeHEHES (Corycaeus sp.), =
45 Alstact. 22t
F ooz Fa3% HolPELS 18.3%Y EFRIE, 44.4%9 A
A4l 93.0% 2 F5FHE U] 47.3%9 S 2EA
$H|E 2ol UhlchEAYo| R (Euphausiacea) Hth 1 &]of o}F
(Pisces), 3|55 (Ostracoda), T2+ (Amphipoda) 5= 4413}
Fout Z47F 14% olste] AhFLE=AFHE Hol T g 3
At

3.4

1z

X2

—=

r

W9 AR} HARSS BAY ArHFig. 1), 22457

A
55.6%2] Z@UEL 88.9%9] ERoHESHES XA|5}o]
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Table 1. Composition of the stomach contents of Engraulis japonicus by percentage frequency of occurrence (%F), number (%N), wet weight

(% W) and index of relative importance (%IRI)

Prey organism Y F %N YDoW IRI Y0IRI
Amphipoda 54 13 0.1 71 0.1
Caprellidae 0.8 0.1 +
Gammaridae 12 0.2 +
Hyperiidae 04 + +
Themisto sp. 12 0.2 +
Unidentified Amphipoda 1.7 0.7 +
Brachyura 2.5 0.8 + 2.1 +
Cladocera 0.8 0.2 + 0.2 +
Copepoda 55.6 47.6 0.5 2,674.5 504
Calanoida 4.1 0.5 +
Calanus sp. 54 139 0.1
Candacia bipinata 2.1 0.5 0.1
Corycaeus sp. 129 15.7 0.1
Oncaea sp. 0.8 0.1 +
Pontellidae 04 + +
Unidentified Copepodite 19.1 8.8 0.1
Unidentified Copepoda 20.3 79 0.1
Decapoda 25 03 + 09 +
Decapoda larvae - zoea 25 03 +
Euphausiacea 183 444 93.0 2,508.4 473
Euphausia spp. 18.3 444 93.0
Macrura 12 0.1 0.6 0.9 +
Tanaidacea 0.8 0.1 + 0.1 +
Bivalvia 21 0.3 + 0.6 +
Ostracoda 11.6 29 + 33.6 0.6
Pisces 104 12 5.7 71.7 14
Eggs 3.7 0.8 + 29 0.1
Total 100.0 100.0 5,303.0 100.0

+: less than 0.1%

Off

2FE 0 2% ARo] AT ST ol HER ehytt 31
g 1 o) HolgRe Iz M $19} ofgiEe] EWste]
a1 Hlol4E Bl Fa3kA) g Hol B Yehyrh net
N EAL 2458 22 QA5 FL 4AES ARE 44

=
E351% (Specialist feeder) 2.2 LEFIT}

r

4

4. 2712 HOWE KA 8

fliin

A7) HolBE 24 WHIFE 43 A (Fig. 2), 847
= <8.0cm I7]|27} 8.0~10.0 cm 7] FoA L-ZTt HolAY
Bolglen, unlttZAol R 10.0~12.0 cm 7|2 >12.0
cm A7) oA ST HolBEo|th 87479 S aEA
$HlE <8.0cm A7) ZoA 97.0%F AA|5ke] 7MY Egho,
8.0~10.0 cm 7oA 84.0%% A8, 10.0~12.0 cm,

>12.0cm 272N A ZH2E 18.9%9} 19.5%S }A|8ke] v 2A]
2 3k Hof Al vt Iaske A Eoth Wit
ZAo| 7o) AQF A=A HlE <8.0cm Z7]FNA 04%S
A8k 71 Worod| 8.0~10.0 cm 27|24 6.0% = 7}t
3FAL, 10.0~12.0 cm, >12.0 cm 27|29 22 80.2%9+
74.6%5 A5t H| 0w A 22 71E Hol st wat S8t
= A%E 2otk

5 71 ZE Ho|d=E =9 #

on

ARE Hole 24 WIE 243 A (Fig. 3), A=
87771 952%9] AFREAFHE B s ol dHt
th2 Aol 7o AFLEAFH7L 90.6%=2 AA F7HIA,

AT 0292 AT FANE 24F) FaEA

M
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Fig. 1. (A) Graphical representation of feeding pattern of Engraulis japonicus collected in the coastal water of Tongyeong (Am, Amphipoda;
Bi, Bivalvia; Br, Brachyura; Cl, Cladocera; Co, Copepoda; De, Decapoda; Eg, Eggs; Eu, Euphausiacea; Ma, Macrura; Os, Ostracoda; Pi, Pisces;
Ta, Tanaidacea), (B) Explanatory diagram for interpretation of niche-width contribution (axis i, within-phenotypic component (WPC) or be-
tween-phenotypic component (BPC)) of the study population, feeding strategy (axis ii), and prey importance (axis iii).
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Fig. 2. Ontogenetic changes in diet composition of Engraulis japoni-
cus collected in the coastal water of Tongyeong based on the %IRI.

ZeH)71 683% = Z7let.om, o]57t 28.9%S Bl A% 71
£ e 2ok SACE 4R} 81.7%9) AL EAS
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l

S 27, 34, A0 S8 Holgo|glon, dulriaA
oI5 ShAlel S8t HolyBolgitt.
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Fig. 3. Seasonal changes in diet composition of Engraulis japonicus
collected in the coastal water of Tongyeong based on the %IRI.

He| gostd 270 9 i) wet g 2es 2
ATh(Kim et al., 2013). B9, A%, o5 A 3% Kim et al.
(2013)9] AtollA FFell AAlshe BA= 66.7%) =& 35
2 2 W, Ak, ool AAshs A= 42 6.3%, 1.7%
o] FEES Btk wEbA 59 AXse BATL £ 35
S 2 AL o EEE 24 o] wfiEel Ao et
Hrh(Kim er al., 2013). E3F A% Ao Hgto] o £ 35
Eo] Yelt=d), ol Kim er al. (2013)2] AFo)A RJHE @
27} AELE o]gate] AYEAUL, Kim et al. (2017)9] AT
oA RN80 HIEZ Y H v, ol Aol & FA%
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< ol &3t 7] Wzl BA7E AFE7] A BAT <k
oA HF= et Hol 4] glo] HHEEY 2317 o]
7] JE 2 FEES ¥l AR ABETh(Yoo and Jeong,
2016).

ol AN WA F oS AR Lehgh A
3y AFoM=E a7t7e 2779 FA82 A% (Notochord
length) 2.4 cm ©]3}Q1 B2 ko] U A&+ (Standard length) 3.7
cm ©]3l HX] X|oje] F Ho|AE0| 21 (Yoo and Jeong,
2016), EX] oj9] 71 Fa3 HolYER B 1 Eth(Kim
et al., 2013). 877+ HA| TEEHIE A=FY 0% 2
A, 27|17} A3l 2-5/0] A7) iZel FF5Eol HoiA
= AR|o] L o (Coilia nasus), 3] (Clupea pallasii)’E H|
3 59 FdDAl AXZE FEo] A8 §olsttt (Huh
and Kwak, 1997, Lee et al., 1999; Baeck et al.,2011; Choi et al.,
2015; Seo et al., 2018). TetA] BX= FESHIE FH-ol
A 7V SRS, 27178 A4, a9 egow HA HAE
T Sle 8ARE FE AT Aor wodd. a7F Fol
M FEdEWES, =dES o4 R7E = el A%4

t= Ao 2 B1EEY (Kim ef al., 2013), AEE
2 WS 225 24 WA= A4H0E 28597 e
| 22 85 Ued Ao ugdtt 87F 58 &
oY &2 iAol FE UBhyith dHltt 2y ol7
= AH|EA] (Benthosema pterotum), SYRAEA 2 X] (Acropoma
Jjaponicum) & 2% Foj7o] Ho|PEEA Fad #ut opz}
(Jo et al., 2022; Jin et al., 2023), oFtol| EZ 02 A3}y, 5
7l AFo 2 Pt ot AZlolsE 3l S EA
9] o x| ool Fadt J3hS Ftrh(Liu and Sun, 2010; Kim
et al., 2018). T3 ot 20| 7= QZRE HET 28 F
EZHIEL A5 Aoz 4¥A Yth(Kim et al., 2010).
oj¥l A-tollA duithAolRE A% Al HREE 7Hol
A 10.0 cm ol AR LH, BA = AUA| e %017
Y3 Uit Ao| R E Aeizoz MAH Aoz woEc A
3P Aol A7 F HAR A5eE Ho|WELS wfH] {4
(Cirriped larvae)22 UE} o] 31}l zpo]E EFTH(Kim
et al., 2013). o]2J3k Zpo]7} it 22 A dAtollA 24, 7
4, 119 P& AABHHAL, o] 5 7¥€ AH7IZE T W] &
Aol 7P skl A Ao Blg] ol AtollA= vid A
& AAlste] Zol7t ek A, /HAIES] 2712 Aho|= et
Aoz BAETH(Kim et al., 2013).

o] 72| MA| oA generalist predator= ¢ ThFg |
o7} YU-&-EollA LA M, specialist predatori= F-
4] Z-& 7}7Ith (Pianka, 1988). o|H AFoA EdRIE o
@ SHTYESAE B AT AL AARE F2 AY
8l specialist feeder2 YeEHHTH 5ol A8k EX|&

o) ; : 722 = A }\]——O‘l_oﬂ 0111 _
Engl aulls encr aleOluS.‘J_:_ .9_—1 = TE ]j = AAR— (PIOU,

|o
fu
i
7

2

fo

3
hi

nevez and Champalbert, 2000), B 2| T}of| £31= g0+ Wl
Aol 7ot 8RS F= AAstY 247 BAH o7 9
OYERA FA83% YA = A= AFHT}(Baeck et al.,
2011).

X 9] F7|7of| wE HolBE 24 WIE A% A, 7t
FolAE 10.0 cmE 7|E8to] 2ZHRoA itk go| 72
HolMgto] WA ojFfe= 44T "t o & HolBE
= AAReEH oA A&E Eole ALE UFA o
(Gerking, 1994), B8] E3F 445 o & SFIAES 42
ato] A4gteta B 31 = Qi ch(Mitani, 1988). B3 Hol WS &
3 55 W HolFAS 3ujste] gt A7lTto] FEF 5 U
o], 4% E A& FEst] dizol o & HolBES AHA
o2 HA5k= Ao R AFHTH(Stoner and Livingston, 1984;
Islam and Tanaka, 2009).

BRG] Ad T HolBE 24 HIE A% 2, &4,
A, A= 27477 AU, sHA o= dHith2A
o|F7t skt Falgtel AAlst= HX|= 3~1097t A7)
Zr Abdstu, gl E ZHOIAPY 12.0 cm Bl A=
2 4~7900|, 7FEelAR 12.0em o3l HAHES 2 8~109
of Akghe] Fojgttta B 1 E It (Moon et al., 2022). o|H &
Toll A Aol rtehE A o] 7o) 4] Hlgo] 3 A 27]
T AR A7)0 whE Zolof| o Uit Ao FSEH, H|
nA =A| Aol Frojsl= 27129 A7t oV BES =
o]7] fl&f ekl RE AHA oz A% 2tz Ao
T} (Kim and Choi, 1988). Kim er al. (2013)2] AF|A% 514
of ez 2717k o & wpfH] fA8S AAsH =T, Ak
7] o]M9] BA= AAlsh= &7 oA 7Hedt & HoldES
AAlste] oUA] BagS wole ALs F5HY J7y At
B 9] gt ol e o] sl wtetstr] QA BA7t A
Alste el ¥ Edsks EFAEY 3 24 HiF
7HEQl At Bas Ao gaEn

o OF
pf -

offl Ate]] AREE EX &= Fel FF AtelA Axg A
A ol8sto] AUt 7hge] AFHAE 1.9~147cm=
et XY £ HolBEL 504%2 HHFLEAFHE
Uehd 8773tk 8247 oo s Fa3 Ho|BELS 47.3%
9] AFRLE=AFHIE el del Aol 7ot 829 A
AAes =3 e s Uetd An, 93 SRS
2 yehgth 229 43 HolE 24 WIS dokd 2
(<8.0cm, 8.0~10.0cm, 10.0~12.0cm, >12.0 cm) A&
2} delth 2ol 7Y o= UMk, 874R9 SR 7
2:381ch A 9] AEE Yol BE 24 HIE ol A

P

BN
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o] =2 20234 YA AlYe s Yirled T

O] 219 ot +3H A9 (20180384, FAPIEZAHEA).
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