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Diet composition and trophic level of Trachurus japonicus were studied using 417 specimens collected by trawls, set nets
and purse seine fisheries from March 2019 to February 2020 in the South Sea of Korea. The size of T. Japonicus ranged
from 7.0 to 49.8 cm in total length. T. japonicus were a carnivore that fed mainly on euphausiids and pisces. In eddition,
T. japonicus fed on small quantities of cephalopods, crabs etc. T. japonicus showed ontogenetic changes in feeding habits.
The proportion of euphausiids decreased inversely proportional to body size whereas the consumption of pisces gradually
increased. As body size of T. japonicus increased the mean number of prey per stomach and the mean weight of prey
per stomach tended to increase, but the mean number of prey per stomach was not significantly different. As a result of
the feeding strategy analysis, T. japonicus were specialized feeders with pisces and euphausiids as their dominant prey.
The trophic level ranged between 3.57 £ 0.54 and 3.91 £ 0.65, and increased asymptotically with size of specimens. The
average trophic level of the T. japonicus was 3.79 = 0.61.
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B3235HKim et al., 2005; Fishbase, 2020).

Aol $eiutet utaol ] olsjakol of 18%S
AAats o AolIolH 26 R wol ojg)sle of
%0 & (Lee and Kim, 2011), S-2ufafol A vj$- Zaat
8 AR Aol Ao oA QIekKim et al,
2015). webA 21429 oz} AARS: Sla) el 4
A ] A9l Z3]-8-0]2lgR(Total allowable catch,
TAC) Al=9] tf i ofFom A= o] Stk FA1%9] of
YA RS B35l Z7Y0]e] HA7t ofdlef HiE 0|5
Qtolil Ay} H7Yo|i} o] Fr BEEE|o] H7Yo|o] AEsk
ofglgko o 4= giqie). SFRNt a15-0y(Scomber japonicus),
Z1780], AHoA2)(Sardinops melanosticus)2} o] xZo|L}
S5oIA TS Aof AAsh=
Sh= g Adgoidoll A 292 o] oj2E = ofFo
70| 2 A4 A Q) em(Lee and Kim, 2011), #17§o]x
olfo] = o]&leko] 1980 Aol Het 13,5170
Ak, 2 5A7E Hat 31,2762 UEhfo] A
i*ﬂi Hoke ujj, H7Yole] oj&lef Eot /K]—_/_\_é}.—!
Ao 2 FAHETHKOSIS, 2020; Fig. 1). 124 <1
—2“%‘: HE o] v 2 Zlo® UERth

Ao S A= A2k He] Hoeh= sl
74, oltolwe] e 5 tiakl ol ofs) Ak
YEEke SR ALeA Helsla 9] o] &
Q) Al TRl SlaAs o, el Ael
QAh AAom faElolor g}
(Cardinale and Modin, 1999; Engelhard and Heino,
2004; Kim et al., 2020). £35] AHAEfSIA Q] L 50
HE SUEE 24, doreiilel 2 A e wat
QA T Ak le) AbEakAle) Sk AeakAe)
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Zue olalstaL, Al A X919t Qe F Abagke] o
A Tobe ) AEA ZIE 441019 Pele) 1
2ol o gy| ujio] LKoo SaEioof dth

(Hyslop, 1980; Bax, 1998; Choi et al., 2014).
A7jo] Aefol et ARATE Abv s, wejo)A
+ AlAJ(Tanaka et al., 2006; Sassa et al., 2008; Jiang
et al., 2013), A} A} %}(Nakashima, 1982; Lu et al.,
2013), AT} A<(Yoda et al,, 2014) So0] 48 %|9) 71
o A= Al A(Huh and Cha, 1998; Lee et al., 2021),
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Fig. 1. Annual catch (mt) of carangidae fishes in the Korean
waters.

YUEE A (Kim et al, 2015), A5} A% Ann,
1973; Sohn, 1993; Lee et al., 2016), %<7} A12K(Cha
et al,, 2009) o] Z=alw|olch. BHAul Shjol|A] sl
740 A Ae o] T3t M= 28.0 cm 1|e] AR L
2 daresat Akl glpsk aEisl] alel 47
o192 Rt L) D*Ol**%ﬂ B e gt

=0 %i}?jlﬂrﬂ ot 4 o‘Otrﬂ](Huh et al 2008) O]E1
gF Hghs pabAle] M oI = QU] el

ATE B3k AXEE 13} A o3
Ak 449 )7t o] ol Aok ik,
A Sefufe} ol ZsH: A7l
o) - slolish el Sl 4 sl 41
gF BAlo =g AAl o] thal AR
P N R e
W AENA 719 SAbR Bhelot LS 1Rt Al <)

L AEEhd ARE Aasls A

Al
=

o
OE

EH
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5 edotol]l ARS-E H7Hol 2] A= 20191 3H 4L
2020 2€7HA] -Eluet HaflollAl tHFAY, A4S E

&, AXYI Qo o3 AAES Y Pste] At
3}9111}(Fig 2). TSt A HE WA R ASAlR &
Riet 5 2% 0.1 em, A5 0.01 g TH9P7HA] A SR

5

5
=4% A= 212 A=3F T 10% formalin solution
of Ao s)HEu| A (LEICA 12, LEICA, Wetzlar,
Germany) o}efol| A 7Hs3h wRwto] W& & A
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Fig. 2. A map showing the trench where Trachurus japonicus were
caught in the South Sea of Korea ().

BAa}ol), Hol YR 27]2 0.1 om T 27
shan, A4S Asst 5, AWARA S(Analytical
Balance ME204TE/00, Mettler Toledo, Greifensee,
Switzerland)S ©|-&3to] 5522 0.0001 g TF7HA|
SAskih R AL E Y] Al Aol A Al @l st
ek SIUEE B4 Auks ofeo] A& o] gste] 2
Hol ol gt FHRIE=(%F), A1 (%N), F-H]

(%)= LHER 2 Ek(Hyslop, 1980).

%E = A4; / N X100
%N = N; | N X100
YW = Wi | Wi X100
A7|A, Ar= SIHE & sl Hold=o] s A
7§o19] FhAg=olaL, N& HlolE Al AR A 7go]9] & 7|
A, NeF Wiz alfd Wl E=2] HAI49F S5, Nowt
Wi A Holg& WA|f Swfoltt
o]%, Wo|yEo] AlZQ & X]4=(Index of relative
importance, /R/)*= Pinkas et al. (1971)2] 4] o]|-&5}o]
el oH, A2 =AE e ghbsto] 4
e IR (%R LHER QT

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

3ol E85Hs TWOl(Trachurus japonicus)2| YLHES Z=Mat FATHHA|

el wE 7ol fiulEE 24 Hleks doti
7] S1ell w3y APt ol Ee] wekrh vk A%
S 7]HFS. 2 10.0 cm 7F2 37)9) A4 15(<20.0 cm,
n=175; 20.0-30.0 cm, n=186; >30.0 cm, n=56)°] A
Hol it 247 ol =S| et V]S A5
ok 3709 AgILEgte] HoldE et =7, Aol
w2 Hol Al 54 &4 flel AdmE hAE
o Ho|WE9 7)H|4>(Mean number of preys per
stomach, mN/ST)e} 7WAlS Hat HolgEe] S5
(Mean weight of preys per stomach, mW/ST)2] H A}

o] 5 A5}t

A

%) oo}, e

Aol AREEIE, Hlug BRI FASHE
Kruskal-Wallis test (SPSS version 20)& A&5}o] SHot
2he] Aol Hsaich

Z17§0]9] Ho|Z=Q &= (Dominant or rare), 434 Z(Niche
width), 444]%2F(Specialist or generalist)> Amundsen et
al. (1996)2] =&l 2*H(Graphical method)S -3 L}E}

ek, A S FRNIECe] djato] Suol
A9 = (Prey-specific abundance)s =413}3H0 22 4
LU, S8 o| A9 o] 49 th&e] Ale o

sfo] Lot
Py=(318/338,) <100

oJ7|A, Prz Hold i9] SO E 5k, S 9
5 2]

U= FollM Hold i9] T3, Sz Holde iE A4

7ol e] AEA A]9]2 Uit %oFeAl(Trophic
level)*= t}2-9] A © & JLA]= TrophLab (Pauly et al.,
2000)2 o]-&sto] 3719 AR 1E(<20.0 cm, n=175;
20.0-30.0 cm, n=186; >30.0 cm, n=56) % UFctA<} I
@ AUAE e,

G
TROPH, =1+ Y, CD,,TROPH,
j=1
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o] 7| X, TROPH:= i*§5-2] ¥, CDy= 9] $jol]
A Z388) jo H]E, G= HolEo] & 7)A|4, TROPH;
= HolAE jof JgFAeltt.

z ot
HEEE
o]l QATelA] ARG HAol F 41TAHA R, WA

(Total length)‘ﬂq«]i 7.0-49.8 cm&= UEF O™, 15.0-
20.0 em A|FLFo] AA A=) 35.5%F AFA| 5k
7 wol Edskoltk(Fig. 3).
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Fig. 3. Total length frequency of Trachurus japonicus collected
from March 2019 to February 2020 in the South Sea of Korea.

HUEE =d
o[l ¢1tof] ARE-El 7o) 41770 F F5<l
+ 1407fA1 = 33.6%9] 3555 HE I uE=
o] FHTt A7¥o] 27770A 9] ol WS A% At
(Table 1), e}l o) (Euphausiacea)”} %17§0]2]
% ool a 480%e] FANIE, 82.5%2] A5

=
o
ol 521 7

ﬁ
iy o

=

17.9%0] Zknl s AA|sto] 53.7%0) Alt)F w4
DL
OothgoR Fad wolARe o] (Pisces)i

60.6%2] ZFHIE, 6.2%2] MA5H] 58.5%2] FHH|=
5he] 43.7%2] AV B A ]2 AT, 11 2ol
= =% (Cephalopoda), 7|5 (Brachyura), A9
(Macrura), 27} (Copepoda), F-u}F(Cumacea), ©]
ul] 1| F(Bivalvia), &35 (Gastropoda), U|A|ZTtAE
(Microplastic) 50| Z&a5FA AW 212 1.6% ©]5}e] AF
YF LA S JH5] L oRe Ao A
8 Aom LEyT
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Table 1. Composition of the stomach contents of Trachurus
japonicus by frequency of occurrence, number, weight and index
of relative importance (IRI) collected from March 2019 to
February 2020 in the South Sea of Korea

Prey organism %ol %N LW IRI %lRI
Amphipoda 1.4 0.1 + 0.2 +

Gammaridae 1.1 0.1 +

Unidentified Amphipoda 0.4 + +
Brachyura 8.3 6.0 4.4 86.4 1.0
Copepoda 1.8 3.0 0.1 5.6 0.1
Cumacea 0.4 + + + +
Euphausiacea 48.0 825 17.9 4,820.5 53.7
Macrura 5.4 0.5 0.7 6.4 0.1

Leptochela sydniensis 1.1 0.2 0.1

Unidentified Macrura 4.3 0.3 0.6
Bivalvia 1.1 0.1 0.1 0.2 +
Cephalopoda 7.2 1.3 18.3 141.6 1.6

Euprymna sp. 1.4 0.4 54

Loligo sp. 3.6 0.6 8.7

Sepiola birostrata 1.8 0.4 4.1

Unidentified Cephalopoda 0.4 + 0.1
Gastropoda 1.1 0.1 + 0.1 +
Nematoda 1.4 0.1 + 0.2 +
Pisces 60.6 6.2 58.5 3,922.9 43.7

Acropoma japonicum 1.8 0.2 1.6

Bregmaceros japonicus 43 0.9 13.0

Engraulis japonicus 10.1 1.6 17.1

Myctophum nitidulum 1.8 0.1 1.2

Unidentified Pisces 44.4 3.4 25.7
Seaweeds 0.4 + + + +
Microplastics 0.4 + + + +

Total 100.0  100.0 8,984.1 100.0

+: less than 0.1%.

S0l E ?UE= =9 Hat

A7o] Aol wh SlulgE 24 Wk BAjE 2
ak(Fig. 4), 20.0 em W]YFe] AILE A kA
OlF7h 71.5%0) AR w1 S 25kl 714
a%k soj o glon], 11 theo R 27.6%0] AT
AEAGE A oA L 9ol 27, AR,
A7 B2 ATFREA 4] 06% of5hi 1 e

Z] oFQkt}. 20.0-30.0 cm A 152 At S = X 41|
= Ve Ao] R} 46.4% S AR|slo] 7hasi wh,
ol5is 458% Z7sls A ow Ut 1 2lo] £
=5, A5 o] ZHSYANE 5.1% olte] AvjFaw
A48 A A|alo] 1 ok WA 9keh 30.0 em o]

O] AL o 77t 54.6%2 M w2 AHS8EA]
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Fig. 4. Ontogenetic changes in composition of the stomach
contents by %IRI of Trachurus japonicus collected from March
2019 to February 2020 in the South Sea of Korea.
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Fig. 5. Ontogenetic change in size of prey organisms in stomachs
of Trachurus japonicus solid circle and vertical bar represent
mean and standard error, respectively.
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Fig. 6. Variation of mean number of preys per stomach (mN/ST)
and mean weight of prey per stomach (mW/ST) of Trachurus
japonicus among size classes from March 2019 to February 2020
in the South Sea of Korea.
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gtolioll Eeist= TA0l(Trachurus japonicus)2| {ILHIEE =Mt FA

5 Holow, okt o)z 45.3% A3 7
Ak 1 ﬂf’ﬂ M5, 825, Al Sol EdsISA]
A2 QA S=H] 0.1% o]8lR 1 oFS wkx] okof

Z7h0] 9] A= Ho| RS Hok 7|8 B
AvK(Fig. 5), 717 A2 20.0 em 1|TEe] A TLEO A=
Ho| A& Wk H7]7} 1.2+1.1 em, 20.0-30.0 cm |41
20] Wo|Eo] Hi 7)== 1.3+41.4 cm, 7FY 2 30.0
cm o4O ATIFol A= Hol gl Bt =77
1.541.6 cm® L}ER AJ7gto] whe) WolgEo] Bt
977} 27181 Aako] Holxul, EA|Z oz §o]s)
ztol7h YehbA] eFolrth(Kruskal-Wallis, X ?=2.545,
DF=2,384, P>0.05).

A7Yole) AgEd HoldA] EAS Yokt dxt
(Fig. 6), 774ol= “d7gste] wet Bt
(mN/ST)= 57 Vob=z A% HAANE
ot zfol7} YERGA] 9kQFth(Kruskal-Wallis, x?=4.3335,
Df=2,384, P>0.05). 3}A| 7t 33% O Y=2] S mW/ST)

& Aol whel Skshs ke Holow, SAA o R
203} z}o]7} L}b}ﬁl‘,}(Kmskal—Walhs, X?=9.398,
Df=2,384, P<0.05).
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SINESE

74o)e] Ho| Q% XAl E A RS Bk
PHEig 1), S S5 4ok Fof el S113E o
oF dHpetA ol 7E 22} 60.6%, 48.0%2] E 3Nt
73.0%, 63.2%2] EAHOEL A =S X}X]E}Oi =Q73}
wol R el ShAut 11 9o) sojgme Tujn
245 ool 425 shekitol] skl 194 Hoyn
L Fashx) ke wolEel Zow ekt ek
A7l offte} kiAo RE 2 HAlstal 744
A ol 4E FRIL Ho] F AAES T

A1 E5}(Specialist feeder) 0.2 LJEFTH

F[‘

ji2ad o_\lr

SATH

A7gole] e A 915 HEtU= ddEAE
A5k ATH(Fig. 8), 20.0 cm v WF] A F 150 A=
3.5740.54, 20.0-30.0 cm H|ALFoA+= 3.8540.62,
30.0 cm o)) Ao Al= 3.91+0.650. 2 A7t
of upe} JIHA} sots 20T el on], Hat
o oFthA| = 3.79+0.61% UERGITY,

i
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Fig. 7. (A) Graphical representation of feeding pattern of Trachurus japonicus from March 2019 to February 2020 in the South Sea
of Korea (Am, Amphipoda; Bi, Bivalvia; Br, Brachyura; Ce, Cephalopoda; Co, Copepoda; Cu, Cumacea; Eu, Euphausiacea; Ga,
Gastropoda; Ma, Macrura; Mi, Microplastics; Ne, Nematoda; Pi, Pisces; Se, Seaweeds), (B) Explanatory diagram for interpretation of
niche-width contribution (axis I, within-phenotypic component (WPC) or between-phenotypic component (BPC)) of the study population,
feeding strategy (axis ii), and prey importance (axis iii).

5.0 5_
Ealil
o olfEo] Aesh: o HolER 4uA ot
(Mauchline, 1980; Greene et al., 1988, Ko et al., 2020).
1 B2 0] Aol e s FAYERAl ol 22}7(Copepoda),
o2 Ao 7, A 2R3 (Decapoda larvae), 5--5-4
TH21 5 (Pelagic amphipoda) 51} 42 SEZHIAED}
30 — ~ — : — A9 AL ZARE Adshs v et U
A AL A QLo (Ati 1959; Kramer,
1969; Schaefer, 1980), 22Uz} Hallo] E3oh= 414

Holi=ol 31-50)(Scomber japonicus), Y A|(Scomberomorus

40

Troph

35

Size class (cm, TL)

Fig. 8. Relationship between trophic level (TROPH) and size
class.
niphonius), Wo|(Seriola quinqueradiata), THA)7)(Coryphaena

o & hippuris) 5-2) o150] WAE 2 AAeHs AOR B
o|H AlTLof| A H7Poe] Za wogEe Unjrlaly =] ¢ thi(Huh et al., 2006; Yoon et al., 2008; Jeong et al.,
o|5(Euphausiacea)?} ©](Pisces)= LIeEfs o, o] 2016; Jeong et al., 2017). E3F Hajria o] 7o} HA=

Zo|| A= H2|(Engarulis japonicus)7} 7} Q.31 Wol S-ejufet dAtelioll S-Sl AAlsks Aom dHA 9L
ot Wl o] 2 SjoFEl Al YoA o] oM, w2 Uik A Fdcte TR EF5E
T e A AR QATAIG] AR} AlEET AZ7HA] T2 o] o] TS sk Ale® dErl
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Aol S8 oA Bl sl eaﬂ 1
ZHS wQl thiclao|Rel WA w44l
© 2 A= TtHEndo, 1984; Kim and Pang, 2005; Kim
et al., 2018; Fishbase, 2020). Z7§o] Al Jefjof B35k
Mol 7} s15selol 4] el Huh and Cha
(1998)2] Q17, Li ¢ BT} Ajzeiglo] o] )
Tanaka et al. (2006)] AL, EA|Lsfol| A <=3 %l Sassa
et al. (2008)9] Ak, o> @ TR oA 3l
Kim et al. (2015)¢] ¢l5to]] wh=w Z7do]o] F= ulo]y
ol 8772 yeht olfl Aol ohE At yet
stk ok o]f= AdelatollA] 2.2-15.2 em At
ol frofuke e m A7t e o] ol ¢l5kof H]
o 3 Aol Ml Horem, foio] A9 Aol
ulsl) 219] Z717h A, Gt 2akseo] )z
lotsl7] wjiel EAslA)o] Akt RS SR A
A15F A6 5 AECH(Kim et al., 2015). SHA|YF 55

oA 7Feko] AL 4.6-25.0 cm@] A7Yo]= thAake.
3= Jiang et al. (2013) AP Ao A= 5= HolAY
of = LERREAL, Halloll Al A7t 6.0-28.0 cm2)
SIS, fH/\POE 4= ﬂ?‘fj Lee et al. (2021)2] ¢15Lo]| A
Zo| azbrel Yeprheao| R Uete
Sofges o 2 vo|2 Helal violo)
A= Ao e, ofela ol R
S Qle] )b AT, SRt 45t
oA o] Zvlstod vlmA A7]7)
offo} it o] R e AR Aew B

FtHKim et al., 2015).

eyl tsfiol ] E¥sks RS ol REE A
Aol uiet ool ATEE Aow eyt
(Huh et al., 2013; Jeong et al., 2015; Kim et al., 2017).
|4 ol o A o] H7o] wat AAatol| whal whapoka
Aol ok o] 2717k e woaelq ulwd] 7]
P ofste] o] ol vlojdsto] ofstojAi: A
o Upetr}. Wojzigo] Qofubis o] fiz o]}

i
>
Olv
SO r°1‘

=]

ol
=

I8 o i@ v _mo}‘:g
1o O ox =
,\umlooﬁ_&ml
tullirer o o
o_,>:m>i >~

O

Fﬂﬂdrér_tﬂrlr OB
oy

o

O

N

x|

A ek 852l 0 POl selo] g 5}
Z13e] e 5 ] 2 ol yEe A4 4 A ©
Asfols], 2 S7j9] Ao} 2o c17le) vol g
of ] Zpel] AMAIBH= 31 HEks 3 Mol 2 517]9) vy

22 A4HE o] x| mee Frhsteay )

5}7] wjitel Ao & sekE ci(Wainwright and Richard,

HAO|(Trachurus japonicus)l| L= XA} FUCHA

1995; Huh et al., 2007). 3}A|qF o]t SATLof|A] A 415
] Ho = o] Bt A7t STFSHA] g2 ol
&2421 o|A] TelE flstk,
F7dsk, -2l Atsfoll A
) ol it ol s ik A
o=z = tHEndo, 1984; Kim et al., 2018).
0.0-30.0 cm®] A1l A chofel Birate] o
oA A Alo] BzEE| Q=) o]# 3t 0] 20.0-30.0
em®| AHTLE] NATE e Al LEol Blsl 7
o, st Hel7t 7P wlal, ol =5k ook
st7] wtel Ao R ek
7] 7Ho],] xﬂxl—:/_.,_tﬂ mo]mu E g.% %
XABo| whe) o] Ya 7HxﬂT(mN/ST)% S7FHAl ¢
i o] S mW/STye: 57k 7
4 0124 % 3

Aol 5 o] Eet B

ol
o ol ol di:
1

=

St A ol rﬂ(Gerkmg, 1904), ol
of A7go] A olefet olf k] el et
Bt wjol e Fo] S/l e el Ao 4
= e AR SN e
# St oo nw
5 oA gl

7] el Ao whehe,
FHES] o 54

O] A&7 I (prey-specific
P e A A
o 4] ol5e] Mol B R, 414 E, 414 MRS BAlsl
g 5835 A5l QJth(Amundesen et al., 1996).
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