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Food Resource of Sardine Sardinops melanostictus on the Southern
Coast of Korea in Summer and Autumn Revealed by Stable Isotope and
Stomach Content Analyses

Jong Hyeok Park, Hyun Ji Kim, Jae Mook Jeong, Jeong-Hoon Lee and Donghoon Shin*

Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Republic of Korea

This study, analyzed the stomach contents, stable isotope signatures (6'°C and 8"°N) in muscle tissue, and potential
food sources (particulate organic matter, Zostera marina, epiphytes, and zooplankton) of Sardinops melanostictus in
the southern coast of Korea to evaluate its dietary changes across seasons (summer and autumn 2022). The diet of S.
melanostictus predominantly comprised organic detritus (99%) regardless of the season. The isotope results showed
that S. melanostictus had mean 3"°C and 6"°N values of -17.7+0.4%o and 10.6+0.5%o, respectively and seasonal varia-
tions were observed (t-test, P=0.010, P=0.002). However, the isotopic mixing model showed that particulate organic
matter was a major nutritional source for S. melanostictus in summer and autumn (88.7% and 90.2%, respectively).
Based on the stomach contents and stable isotope signatures, these results may help improve the understanding of S.

melanostictus and establish the management measures for their conservation.
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AJEl Al(coastal ecosystem)E A3 Y= 8 F
', ot AAA] o] F, o7 AAE W35 oA
FE Fol AABES PAS SYsHT] UAH GFL
Z£41 QITHIPCC, 2007; Kim et al., 2007; Bunce et al., 2010;
Perry etal., 2011; Cinner et al., 2012; Lu and Lee, 2014). -2
Uk 9mAk 2ojaf ol Lot el Ald, E5wahel
Eo)2 AAshe dlolon TR e RiE BAF duptis:
o FF= ool A s Ao Ak, ST EHr E 24
90 50| A wo} Thorat wo| o] FRsl Bt
(Kang et al., 2002; Kim and Pang, 2005). 3} o|32o]| A]4]5}
£ AREYAE FEEUAE olf 5 PR 24 W

of (&

= AP o] FEig MRS Hof FEri(Moon et al., 2022;
Shin et al., 2022a). o] 25 e} A W= ao] Holw d of
A 580 Je o] FRH O RE 24U WEOR A
g 7HsAd o] ETH(Kang et al., 2002; Ju and Kim, 2013). 4%
Fo]=2(small pelagic fish)of| <3l A o]2|(Sardinops mela-
nostictus)= 7 1 =(Clupeiformes) % o]2HClupeidae)ol <
Sh= o F & oJudAl(filter feedingy 53l 2 EFAES
Ho| o2 o] 83t H(Kim, 1983; Wada and Jacobson, 1998;
Watanabe and Saito, 1998; Sarr et al., 2021). TE3F AF9] 41| 2}
A off, £, 2579 2 ofv]X] FFUOE o[ § B o}
Uek, Q7oA St whal Bl Adakael 2w
3} Bgo] AH ORE vj$ 5k 4414 o] cHOhizumi
et al., 2000; Shimose et al., 2012). Aoj2]= -2yele] 53
ehdsl], A& A s, 553l sol Edsh, B527] s
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of )k ol sHpHl el ufet 1okl Rat el kRO R Ll
dl, A9I7HI e AZIRHAR], 1-se)e] Haksto] Alehr]
$8718 ZhA uh, 2ertele 49 SR B8t A

FH 9oz A A Iok(Kim et al., 1994; Watanabe, 1996;
Kim et al., 2005). =gt =182 Z{ o] 7A], 2| o] 242 22-24 cm
greoln], ARy} 42 s © Aol wet Afo] & Hoj
A9E 1A 14-15 emE AlFFC. 2 AZE 1 em A= AJsh= Ao
2 B EQck(Sarr et al., 2021). 22744 9] L-2luket Aol
oJBlgf o] & A E W, 19861 9]l 194,000 ton7HA] 7131 E
o] 22 19809 T7HA] 532 WSS 150,000 ton W9 =
03] L}z 1991 9] 43,000 ton O &2 =+7}3} o] 3 &2 0 &2
sk AL, 2022 o= AMTFYTES] S717F ol gl St
& o]ojA]= @Ato] UERITHKOSIS, 2021).

A AAA & Aoje] o] et A5 A HH, A=k HE,
AFHEA, A T e A ETE] At AGA L
2 B 1E¢%lem(Kawasaki and Kumagai, 1984; Matsuyama
et al., 1991; Watanabe and Saito, 1998; Fukami et al., 1999;
Morimoto, 2003; Chiba et al., 2008; Yoo et al., 2010; Yama-
moto and Katayama, 2012; Hirai et al., 2017), = Ujo| A= A
of 2] o] A Folut ARG}t A4, Whepdoll TH A=
Y=l o), Holxk E= A 7F o B A E=Ao]|
3t A= Tk (Park and Kim, 1981; Kim and Kim, 1984;
Kim et al., 1994; Kim, 1998).

SFAE A ] Hold-& st e AATAE
ketalr] flste] IUl-8= £ (Hopkins, 1985; Buckland et
al., 20177 A313LA ] 7|¥9l QP94 HA Hhwo] 2
2 28w o] 2ti(Fry and Sherr, 1989; Post et al., 2007; Kang
etal., 2009; Park et al., 2018). U&= 412 L AX 7} A 4]
e ol lEs A Shld 4= IR, &R 717 A ARE o]
AEs Bk 202 24t uheh 237 xeyE ¢
o], Mol & A7|7F A2 A, FEA ¢l £ o] & YEhhA|
= A= A ARt A4 Addke gofslet] ofgsol Sl
CH(Feigenbaum, 1991). §HH, H] 4] X|Lof] Bo|g) ol -tof &
|HIAL = A E YA A4S A7 A 2R e
o|AES ] g ¥ 4= Jlth(Minagawa and Wada,
1984; Park et al., 2022).

QP B e TAR} Hlo] S A ) That
L AXEA Bol o] ot Ak HEN UL 24
HI(35CS} §°N)7E ZAIZFe] QP 91l Hghell Whadgick
E4e B2 A2 o §oks Blo|o] 7|oln g ke 4 9)
tH(DeNiro and Epstein, 1977). E3F A Q] oF-59 €4 =
32 AdAIEEo] 717t Eet REGE Axto]7] wze] o]&0]
AABEL Sl Blolehd HEE sA e 4= QU ck(Fry and Sherr,
1989). YHtA o & M54 HIghE BAl5H= 45, |l

O 2B A} 5= Aol of] AT Ehav= 1.0%00 i, e

£ o853 §PNFE2 GUAHAE Ateh=t] o]-8-Eth(De-
Niro and Epstein, 1977; Fry and Sherr, 1989).

@] ol A SN A Holgolut A= A AAE A
2 9Pl SIEE AT QPYESINL BA TS W o
Lol= A7t S7KskAL Q& FAlo|th(Cresson et al., 2014;
Knickle and Rose, 2014). 2 ol A = 7= HH-S Agla)o]
AFg3 A7 kSl WaiE 3 glout mln|g 4 4olchPark
etal., 2018; Shin et al., 2022b).
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Mz W A

= A7 20224 79} 109 Selukel el (A F9) it
(S, A=) 524 5-15 m AololA] £AHE ALASHACHFig:
1). 282} F=1 Aol 2l(S. melanostictus) A &= A<
o 270 A Agstel JA(O] 160 m, 30 m, 215
150 m) of -2} EAE o &5te] F4k9l2 A5ttt

2Aelolel Bojo) 423} AR AaS sualy] e =
sfepeAbel vhehee] slepg s Aulas] BA e BEL 4
F(http://www.khoa.go.kr/oceangrid/khoa/koofs.do)E ©]-&35}
sict.

ZAbsl| 2ol 4] )=o) 219] F-6-914-67] (suspended par-
ticulate organic matter, POM), 7™ 2|'&(Zostera marina), 7|
He|d o £21H epiphyte} FEZw =21 875 (cope-
pods), B2} (amphipods) S A 3Jaleich. el 2leke. §9]

= F(water column) U]&] POM2 4] | m FE9] 13
=20 LE A<esto] 200 ume| Yo 2 S-S a0l A
717t 2 JAEEE AATE $, 450°Coll A 4417 F< B 1A
HIRE GF/F E A|(2)7 47 mm, 3= 0.7 um) S ©0]-&-5}0] 32
HoF3Ath. POM: &2 72810 A AI7HA] HAlA oo 1
el i}, 7o) 2H(Z. marina)e SCUBA diving& 3 23]
&0 A5H9a, GA Ew] 218 ephiphytet= U w4
SUHER F F200ums| FHOR 27|72 YR LS
A 5 A RS W Basch

SEEEEE A2 RN8O HIE(Y 80 cm, "5 330 um)
of LAl E H25to] 4145 2 knots SEE f A5 A5
FZ27HA AAIAS stglon, JHT AR WakEksto]
HHALR |53 AxelS skt
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Fig. 1. Map of the sampling area in the southern coast of Korea. A, Field circle indicates the sampling site; B, Collected for potential food
sources (particulate organic matter, Zostera marina, epiphyte, zooplankton, and sardine Sardinops melanostictus).

gole] A= 2 A 9] 7hol Al & (fork length, FL)¥F A5
(body weight)< 2+2} 0.1 cm, 0.01 g S7HA] SA31% ). &
4 g A T YA E4E IR AolE] Alee AR
el 58S AEste] F2A% § ¥ 3 homogenized)
g ZHAZIA] EA AT o) Haskie:. fulEE 24=
Asll S E Jolg] MAl= A it 22t 7 lEE 24
7] 10% 54 2] Bastglch
Jgs 24

gole] z A9 9 Fa2 s & n| % (LEICA L2; Leica
Microsystems, Wetzlar, Germany)<- ©]-8-5}¢o] sfj5-71¢<} &
AE o]-gsto] AR F, Hol¥ES TFHEE BRIt &
At Ho|AE-L 753 W F(species) =7H] 57439
o, 2317} X E|o] BF7t of & A LHETH A9 @A
THAAE f75kSAT I8l A WAaE e ol e A
U 24 2-(ME204TE/00; Mettler Toledo, Greifensee, Swit-
zerland)& o]-8-5t0] ZFS 0.0001 g7HA] 245k Q&
= A Ao 7 ol B EY FANIE(%F)2t FEHI(%W)

2 B0 oFf A5 o]-8-3to] 7ol
%F=A/Nx100

%W=w/w,_ x100

total

A71A A= IHEE 5 dlfd HolEo] WiE Aofeld
A G=olH, N Hol|S HAIRE Fofe] ] F 7hAl4=, W= 3l
o wloyEe] Fo, W o AR wo] Zfol},

Ho A &9 &9 A 43(ranking index, RI)}+= Hobson (1974)
of A1g Agsto] LERTkA91 A4 R g R SHatstel
A (%RDE LER QLT

=%F X% W

%RI=RI/ Y, RIi X100

1

o] o] QiU 8Eoll A T E U HoHES BafH o] 9l
7 st s o] Hekel Al Aol dEd] "ol
WAl (%oN)= 2ol E A Retoll A Al st

P QIR 24
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ZAH ol Yol POM, Z. marina, epiphyte= tin diske]l, 55
A2l Holgel FEEFAER] 277 (copepods)e} T2
(amphipods) A]|ZE+ w43 homogenized)3t <, 0.5-1.0 mg
< tin capsuleo] W11 FE33TE HEE A2 daid7]
(CNSOH elemental analyzer; EA Isolink, Bremen, Germany)
ol Felate] LL10206°C)A A4:417]3, HHFSAL 2
42 91 fE/ARE AREH)S At dnz o
M= CO,% N, 7kl tjsto] Qg elele Aekaap]
(continuous-flow isotope ratio mass spectrometer, CF-IRMS;
DELTA V PLUS, Bremen, Germany)E ©|-8-5}0] gh4 9 2
4 QHAE S BAE A B

ARo| U5} FEro] AL PHEN UL Mg T
I} 7+o. Aof| o]s)| A #2752 (International standard mate-
rial)ol] Thgh A =0] HIgE M91E H2&(%0)= LEFH O] delta
OUEEEEEE

R
8X (%0)=[(—5 ) 1] x 10°
Rstandard
0J7]4] X BC & BN, RE BC/PC EE BN/“N B & o
ERdCE.
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Dee Belemnite)o|w, 24 P59 #EE22 air N &2
A EE Ve AE5Hh M el Hgke dasle
A FE2=4 <] sucrose (C, H,,0, ; NIST, Gaithersburg, MD,
USA)2} ammonium sulfate ([NH,],SO,; NIST)E ©]-8-5}]
203] o)t MHEAF A dojzl FhEoll HiEh FEdA=
313C=0.11%0, 8"N+=0.15%0 ©|3= YEF AT}

INEER S

nE BXA 25 SPSS software (version 23.0; IBM, Ar-
monk, NJ, USA)E ©]8-35}9] normality®} homogeneity 77
= AATsEATE FA 9 o] €4(POM, Z. marina, epiphyte)¥| &=
E53E(copepodse} amphipods), A o12] 2] §Ce} §°NZEE]
Afole} A4 Afo|2 Bels}y] 9] CHHSFEAS PRIMER
version 6 + PRIMER add-on (PRIMER-e, Auckland, New
Zealand)2} PERMANOVA +add-on module& AMg-5}o] H-4]
SFATE. Aol gof gl 9 o] 7] o]-&-2 SIAR mixing model (the
SIAR on R package as Bayesian approach)2 Al-8-5}o] AH=5}
S cH(Phillips, 2001; Parnell et al., 2013).

202241 743 10 B9 Ate] ¥ w423 9 ¥
W& BRI AiK(Table 1), 22 74 23.5C, 10€0]
20.3°C2 79€0] 3.2°C § &9kom, JH-2 32.4(10¥)-33.2(7
o) psu IR, 740l 104 B3} 0.8 psu T Wote Axka o
2 2APH ) o af JEL A H gl ¢1gke] Al u}
E W3 Uestd], ol 718 22 sl ool =8 A+ 4
1}o] g S/ fFASHA LrEbsth(Park et al., 2017).

AUE= =4

ihs

A7 B AFE F 1207474 2] Hojg] FoA FEoR
et 7= 257041 2 B85S 20.8%31Th Fole] A=
FL #91= 12.0-15.7 cm 931, A% M= 18.2-41.2 g& v}
el F3 ool A2715ke] A= StHNFRDI, 2013). A&
ByxE AuE, ofSo= 12.0-15.2 cm, 18.9-37.0 go| 311,
7FSo = 13.2-15.7 cm, 18.2-41.2 g9] #9|E2 ® ¢Jrh(Fig. 2).

ol Zoll A H 60714 5 5531 7HA= 12704 2 20.0%2] &
EES Uehiqdeh HolE AAleh 4870419] SIU8-ES 24

Table 1. The environmental factors (water temperature and salin-
ity) at the surface layers in the southern coast of Korea during sum-
mer and autumn, 2022

Month Water temperature (°C) Salinity (psu)
July 235 33.2
October 20.3 324

(A) 100
L Summer
g N=60
60 | AVG.=13.4
g 40
> 20
c O 1 1 1 1 1 1 1 1 1 1 1
@
>
g 100
L 80 + Autumn
N=60
60 | AVG.=14.7
40 |
M ol |
0 1 1 1 1 1 1 1 1 1 1 1
0 10 20
Fork length (cm)
(B) 50
40 |} BW=0.0058FL3%'% b
R’ =0.9652 o o0 ¢
3 .y
e 30 f °
2
[}
=
Z 20 |
o
fos]
10 ¢
0 1 1 1
10 12 14 16 18

Fork length (cm)

Fig. 2. Size frequency distribution (A) and the relationship be-
tween the fork length (FL, cm) and the body weight (BW, g) (B) of
sardine Sardinops melanostictus collected at the sampling area in
summer and autumn, 2022.

gt Aat, o 59 7P F s Hol a2 FdNIE 100%, F5F
H] 99.9%5 o] £=9x]5=H] 99.9%5 LERH AAR7]E(or-
ganic matter)°] 1THTable 2). 71 ¢]of] W2+ 3-AY(Cirripedia
cyprii), 8215 (Copepods)’} &3+ oL 2+ 0.1% v|qke)
A g E Hol 71 o2 ul- A gdeh 7ol AR E 60704
% 558 JMAIE 137AAIZ 21.7%9] 355 UERHSITh
o] AAIgH 477041 9] EES B4 A 7Y T &
Q3o E3 TN T 100%, Z5H] 99.9%S Hof =9
A|4=H] 99.9%E LrebdH A7 ] (organic matter)©] it T
ZFR e Ed5t9 o 0.1% mlRke] &=9A4=8]1E YRSl
ZAZFAAE F A 2R A7 ] E(organic matter) 2] 5
U] (%W)7} 99.9% = FHol| Yo & LElt o, uhzkE 94
(Cirripedia cyprii), 2ZFF(Copepods)7} o1&l 212} 0.1% 1]
ko) vl &2 vebom, 7ol whztR T 0.1% nvhe & vt
Efgitt Jojel= AP AR SFIE A4 o] FEH F=2 Ho
Ho| S5 ot YA o R oy W F Holgl=AEd &
FAES ol AL, 4% Holge sE8d EHIAES F
2 AR Aol FrARE AXHE e TH(Kim, 1983).



S et flui8E 24 7 o83k dal ¢t A of 2l (Sardinops melanostictus)©] 0| ¢ 57}

Ataf ol A A% Aoje] JAH ol UE(POM, Am 2|,
epiphyte, 7}, 27H7)2] §C 2 5N ZH-2 217}, -18.9%00]]
A -9.9%o, 6.5%0°1 4 11.7%02] H 1S 715 =1l PERMANO-
VA 24 A3k, 5 Aol A ZHAH o S5 7t f-ol gk Afo| & 2.ql
oh(Zzt, pseudo-F, ,=317.27, P=0.003; pseudo-F, ,= 727.48,
P=0.003). POM2] §"Cgl-2 o153} 7 ZH2F -18.9— -19.1%o,
-19.4= -19.5%0%] 1AL, A TH(Z. marina)®] §°CEL
-10.1— -10.5%o, -9.9— -10.5%02] ¥ $]53.2.1, epiphyte®] §°C
ZHS -11.5— -11.9%o, -12.2— -12.4%02] WS Uehdd),
FEETIAE(HAR, 249 §UCERE A5 T At
21.4— -21.0%o, -20.1— -19.9%02] M 1S YEeRQI). §5NZ
2 POME] A%, o] 23} 712 72t 6.5-7.2%o, 7.8~7.9%02]
A, A Ee] §5NZEE 6.8%0, 6.2—6.3%02] W %o,
epiphyte®] §'NZE-S 7.5-7.8%o, 5.5-5.6%02] H9|E LERH 9]
th FEEHAE(TEAR, 845)9 8UN# o5 7Rl
7+7}F9.8-10.3%o, 10.5-11.7%02] H2]S LFEFY S th Table 3).

B Ao A 7" POMO] 712 gt ¢IQtof| A Bl 3
FAEZLAE 7Y F71E] 7H = EerE ] s
2 W gkt o fAreE AR 7 e, ol e Ak R4

571 %o T

oj=fgt

NEE

=, 48y

[e)
fr71Ee] 8 4 favhs ZE & Yepdth(Fry and Sherr,
1989; Kang et al., 2008; Park et al., 2020, Shin et al., 2022a).

2 oS Aol A Bar

2000; Kang et al., 2009). =3t 2+ 7|

(Fry and Sherr, 1989).

232 71
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718 BFURTHE AR EYAE /)90

FAE 7199 POME 42, pCO,, F¥4A &
FEO EAT T2 met IS we Ao
¢l c}(Cifuentes et al., 1988; Rolff,
Aul

ol 9150 S5
Ak gk EAH O FOIFF Aol 2 Bk, WAzio]
£0] 57k, S )1 AR the] H91e] wret by E 9l v
2o) Aol 7k e 4= Qlebe o] o] w ek & A|stoich

7900 20714, 1020} 307171] Hoje] wha 9 Az by
S9I9a gk vlme A, AHgE Folak ol S molct

(71—71—

17

ttest, P=0.010, P=0.002). Aozl §°Cxr2 7€l

-17.9£0.5%0, 1089 -17.6+0.3%0 WHE Hof, Ho|¥9]

81C gel {9 el Zot=]

L Ao 3lo

— A==

15}3ic.

PR ANA SPCER Rt 7= 71U EEE A,

R el B B s

Al =

25 o

= T

> = Zyo
27 5)=

&oto] 2nAF FE9
o] & Bk et (Fry and Sherr, 1989). &2 &

T AT 7o) AT ATk §AT Ao, Holelo) v
Aglo] H ATelx A 7|24 B R Atz 3

Table 2. Composition of the stomach contents of sardine Sardinops melanostictus by frequency of occurrence ( %F), wet weight (% W), and

ranking index (%RI) collected in the Southern coast of Korea during summer and autumn 2022

) Summer Autumn
Prey organisms ; ) ; ; p )
%F %W %RI %F %W %RI
Cirripedia 271 + + 19.1 + +
Cyprid larvae 271 + 191 +
Copepods 6.3 + +
Calanus sinicus 6.3 +
Organic matters 100.0 99.9 99.9 100.0 99.9 99.9
Total 100.0 100.0 100.0 100.0

+, Less than 0.1%.

Table 3. 5"*C and 6"°N values of potential food sources (POM, Zostera marina and epiphyte), zooplankton (amphipods and copepods), and
sardine Sardinops melanostictus collected in summer and autumn 2022 in the southern coast of Korea

Summer Autumn
Sample o"*C o"°N 0"C 0N
n Mean SD Mean SD n Mean SD Mean SD
. Particulate organic matter (POM) 2 -19.0 0.1 6.9 0.4 2 -194 041 7.9 0.0
Potentialfood - seagrass Zostera marina 2 -103 03 68 00 2 -102 04 62 0.1
Epiphyte 2 -117 03 77 02 2 -123 02 55 0.1
Amphipods 1 -214 - 10.3 - 1 -117 - 77 -
Zooplankton
Copepods 2 -212 03 99 02 2 -200 0.1 1.6 0.1
Consumer Sardinops melanostictus 20 -179 05 10.3 0.5 30 -176 03 10.7 04
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SM= ° U
13 13
12 Su mmer @ Sardinops melanosticius 12 Autumn
) ¥ POM T
® V¥ Epiphyte o 9
11 4 V¥ Seagrass 11 +
'] .’” [0 Copepods D *
[0 Amphipod:
_:8_10. @ A mphipods _:8;10-
R | ® = i
= 9 = 9
w I
o 8 A o 8
e v
7 % - 7
5 - 6 1 2l
w
5 r T T T T T T 5 T T T T T T T
24 22 20 -18 -16 14 12 10 -8 -24 22 20 -18 -16 14 12 -10 -8
13 13
5 °C ©loo) 0 "C ©hoo)

Fig. 3. Dual isotope plots of §'*C and "N values of the potential food sources (POM, seagrass, epiphyte), zooplankton (amphipods and

copepods), and sardine Sardinops melanostictus in the Southern coast of Korea during summer and autumn 2022. Values are presented as

mean §"°C and 8N (%o = 1 SD). POM, Particulate organic matter.

Amphipods |1 —

Copepods.

Seagrass. l

Sources

Epiphyte.

POM

Summer

Autumn
Amphipods

Copepods
Seagrass
Epiphyte

-
-

-
1

POM

-

0.00 025 050

Proportion

Fig. 4. Relative contributions (95% credibility interval) of the potential food sources (POM, seagrass and epiphyte), zooplankton (am-
phipods and copepods) to sardine Sardinops melanostictus resulted from Bayesian mixing model using SIAR software. POM, Particulate

organic matter.

), Aojg] 9] §5NZES of 2o 10.4+0.5%o (9.1-11.6%o),
710l 10.7+0.4%o0 (10.2-11.6%0) 0.2, 2=} ES 4|9
gh ok Aol g Ee] 7H = R =2 £2E UERL
THFig. 3). "N k= A4 ¢l FFHAE Hetll= AAA=
FADATE =2 HolWES Wol A5 aHA T8
9] 8PN F2 Z715h= A2 YEFHTHCresson et al., 2014).

FLo| w}2 Aoja]2] §8C & 35N g vlmdt Ay}, §°CH
S 79I 109 T AREA7F e A] Etth(ZH, ttest,
P=0.138, P=0.688). HFHol, §°N7k2] 7%, 7¥oll= Al
A7F glelot, 108 F-o3t Afol& Bk, test,
P=0.156, P=0.035).

SIAR mixing modelZ 0|&%t H0| 7[|0i&

Aolg]of 5t Ho|UH(POM, A e, epiphyte, THZt,

8247 FA7IAES H7I8H] fiste] e Hea vk
7|4k & SIAR mixing model-S AFg-3to] AT} AF&513iTh
of=e] 49, Holz|o] 74 2 ©o] 9 POM (89%) 0.2 1}
EFr S ™, amphipods (4%), copepods (4%), Z. marina (1%),
epiphyte (1%) =22 e 752 4%, POM (90%),
epiphyte (5%), Z. marina (2%), amphipods (1%), copepods
(1%) 0.2 Lepth(Fig. 4). o= 5 A8 B Hoje o] o
o] o 2x POMS] 7|7} 89-90%= T2 wHo|o| v
obF= A Uehut=d, o] Aik= fluidE B4 Ayket ¢
Blpiis

a2 ER 453} 7k S-Euet =
T A EEYaE /] 9e] e 7] 2e 2ujojglo g of
= A7kE Bojrdltt.
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terjo] . 2jo] Lo 2 B A=l %

oL
2
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model 4 Aito| e F Ad B5F B/{A 7]¥9] 57159

7197} &2 A o= Flsk G
2 ATE B9l T B4V S A ol A
o] eS| H4Es L ollvA 3w & Tetoletl &
TA QL e SIS SOl 8= 24 7%
o o = w2 AR Y A E dAE AR
5 & A= it A4sk=
golzl o] A4 e gl wo] BA S vrele A A= 7 Aol
et A Aafehs A AR ol2fet =] A4
A A= SR A ol A w22 A<} YA W A
£ gofshr] figt S a3t 2w otk whebd & A E = V1%
o} 52 sfofed wete] whE f-2|ut s EA B
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2 d9e 2023 SEpAREh AR ALY
(R2023001)9] A] ¢ Wro} =3l ALt}

References

Buckland A, Baker R, Loneragan N and Sheaves M. 2017.
Standardising fish stomach content analysis: The impor-
tance of prey condition. Fish Res 196, 126-140. https://doi.
org/10.1016/j fishres.2017.08.003.

Bunce M, Rosendo S and Brown K. 2010. Perceptions of cli-
mate change, multiple stressors and livelihoods on mar-
ginal African coasts. Environmen Dev Sustain 12, 407-440.
https://doi.org/10.1007/s10668-009-9203-6.

Chiba S, Aita M, Tadokoro K, Saino T, Sugisaki H and Nakata
K. 2008. From climate regime shifts to lower-trophic level
phe-nology: Synthesis of recent progress in retrospective
studies of the western North Pacific. Prog Oceanogr 77, 112-
126. https://doi.org/10.1016/j.pocean.2008.03.004.

Cifuentes LA, Sharp JH and Fogel ML. 1988. Stable carbon and
nitrogen isotope biogeochemistry in the Delaware estuary.
Limnol Oceanogr 33, 1102-1115. https://doi.org/10.4319/
10.1988.33.5.1102.

Cinner JE, McClanahan TR, Graham NAJ, Daw TM, Maina J,
Stead SM, Wamukota A, Brown K and Bodin O. 2012. Vul-

5l Aot % o] 2] (Sardinops melanostictus) 2] Bo] ¥ H7} 405

nerability of coastal communities to key impacts of climate
change on coral reef fisheries. Glob Environ Change 22, 12-
20. https://doi.org/10.1016/j.gloenvcha.2011.09.018.

Cresson P, Ruitton S, Ourgaud M and Harmelin-Vivien M. 2014.
Contrasting perception of fish trophic level from stomach
content and stable isotope analyses: A mediterranean artifi-
cial reef experience. J Exp Mar Biol Ecol 452, 54-62. https://
doi.org/10.1016/j.jembe.2013.11.014.

DeNiro MJ and Epstein S. 1977. Mechanism of carbon isotope
fractionation associated with lipid synthesis. Science 197,
261-263. https://doi.org/10.1126/science.327543.

Feigenbaum DL. 1991. Food and feeding behaviour. In: The Bi-
ology of Terrestrial Molluscs. Barker GM, ed. Oxford Uni-
versity Press, Oxford, U.K., 259-288.

Fry B and Sherr EB. 1989. §"*C Measurements as indicators of
carbon flow in marine and freshwater ecosystems. In: Stable
Isotopes in Ecological Research. Rundel PW, Ehleringer JR,
Nagy KA, eds. Ecological Studies. vol 68. Springer, New
York, NY, U.S.A. https://doi.org/10.1007/978-1-4612-3498-
2 12

Fukami K, Watanabe A, Fujita S, Yamaoka K and Nishijima T.
1999. Predation on naked protozoan microzooplankton by
fish larvae. Mar Ecol Prog Ser 185, 285-291.

Hirai J, Hidaka K, Nagai S and Ichikawa T. 2017. Molecular-
based diet analysis of the early post larvae of Japanese
sardine Sardinops melanostictus and Pacific round herring
Etrumeus teres. Mar Ecol Prog Ser 564, 99-113. https://doi.
org/10.3354/meps12008.

Hobson ES. 1974. Feeding relationships of teleostrean fishes on
coral reefs in Kona, Hawaii. Fish Bull 72, 915-1031.

Hopkins TL. 1985. Food web of an Antarctic midwater eco-
system. Mar Biol 89, 197-212. https://doi.org/10.1007/
BF00392890.

IPCC (Intergovernmental Panel on Climate Change). 2007.
IPCC the Fourth Assessment Report of the Intergovernmen-
tal Panel on Climate Change. http://www.ipcc.ch/report/ar4/
syt/ on May 30, 2023.

Ju SJ and Kim SJ. 2013. Assessment of the impact of climate
change on marine ecosystem in the South Sea of Korea
II. Ocean Polar Res 35, 123-125. https://doi.org/10.4217/
OPR.2013.35.2.123.

Kang CK, Choy EJ, Hur YB and Myeong JI. 2009. Isotopic
evidence of particle size-dependent food partitioning in
cocultured sea squirt Halocynthia roretzi and Pacific oys-
ter Crassostrea gigas. Aquat Biol 6, 289-302. https://doi.
org/10.3354/ab00126.

Kang CK, Choy EJ, Son YS, Lee JY, Kim JY, Kim YD and Lee
KS. 2008. Food web structure of a restored macroalgal bed
in the eastern Korean peninsula determined by C and N sta-
ble isotope analyses. Mar Biol 153, 1181-1198. https://doi.
org/10.1007/s00227-007-0890-y.

KangYS,KimJY, Kim HG and Park JH. 2002. Long-term chang-



426 MEE - PEA - 4

es in zooplankton and its relationship with squid, 7odarodes
pacificus, catch in Japan/East Sea. Fish Oceanogr 11, 337-
346. https://doi.org/10.1046/.1365-2419.2002.00211 x.

Kawasaki T and Kumagai A. 1984. Food habits of the far East-
ern sardine and their implications in the fluctuation pattern
of the sardine stock. Bull Jpn Soc Fis 50, 1657-1663.

Kim IS, Choi Y, Lee CL, Lee YJ, Kim BJ and Kim JH. 2005.
[llustrated Book of Korean Fishes. Kyo-Hak Publishing Co.,
Seoul, Korea, 98-102.

Kim JY. 1998. Annual variation of biomass and distribution area
of Pacific sardine, Sardinops melanostictus off Korea. Bull
Nat Fish Res Dev Inst 54, 27-36.

Kim JY, Kim JI and Choi GH. 1994. Comparisons of egg dis-
tribution and mortality rate between anchovy and sardine
during spring in the Southern Waters of Korea. Bull Korean
Fish Soc 27, 299-305.

Kim SA, Zhang CI, Kim JY, Oh JH, Kang SK and Lee JB. 2007.
Climate variability and its effects on major fisheries in Ko-
rea. Ocean Sci J 42, 179-192.

Kim SH and Pang IC. 2005. Distribution and characteristic of
transport mechanism of eggs and larvae of anchovy, En-
graulis japonica, in the Southwestern Sea of Korea in July
and November, 2001. Fish Aquatic Sci 38, 331-341. https://
doi.org/10.5657/kfas.2005.38.5.331.

Kim YM. 1983. The ecological characteristics and fishing con-
ditions of sardine, Sardinops melanostictus. J Kor Soc Fish
Tech 16, 54-57.

Kim YM and Kim JY. 1984. Stock assessment of Pacific sar-
dine, Sardinops melanosticta (Temminck et Schlegel), in the
Korean waters. Bull Fish Res Dev Agency 33, 35-47.

Knickle DC and Rose GA. 2014. Dietary niche partitioning in
sympatric gadid species in coastal Newfoundland: Evidence
from stomachs and C-N isotopes. Environ Biol Fish Fish 97,
343-355. https://doi.org/10.1007/s10641-013-0156-0.

KOSIS (Korean Statistical Information Service). 2021. Survey
of Fishing Production Trends. Retrieved from https://kosis.
kr/index/index.do on May 10, 2023.

Lu HJ and Lee HL. 2014. Changes in the fish species composi-
tion in the coastal zones of the Kuroshio current and China
Coastal current during periods of climate change: Observa-
tions from the set-net fishery (1993-2011). Fish Res 155,
103-113. https://doi.org/10.1016/j fishres.2014.02.032.

Matsuyama M, Adachi S, Nagahama Y, Kitajima C and Matsu-
ura S. 1991. Annual reproductive cycle of the captive female
Japanese sardine Sardinops melanostictus: Relationship to
ovarian development and serum levels of gonadal steroid
hormones. Mar Biol 108, 21-29. https://doi.org/10.1007/
BF01313467.

Minagawa M and Wada E. 1984. Stepwise enrichment of 3'°N
along food chain: further evidence and the relation between
ON and animal age. Geochim Cosmochim Acta 48, 1135-
1140.

Moon SY, Lee MH, Jung KM, Kim HY and Jung JH. 2022.
Spatial and temporal distribution and characteristics of zoo-
plankton communities in the Southern Coast of Korea from
spring to summer period. Korean J Fish Aquatic Sci 55, 154-
170. https://doi.org/10.5657/KFAS.2022.0154.

Morimoto H. 2003. Age and growth of Japanese sardine
Sardinops melanostictus in Tosa Bay, south-western Japan
during a period of declining stock size. Fish Sci 69, 745-754.
https://doi.org/10.1046/j.1444-2906.2003.00682 x.

NFRDI (National Fisheries Research & Development Institute).
2013. Ecology and Fishing Ground of Fisheries Resources
in Korean Waters. Yemoonsa Publication Co., Paju, Korea,
228-235.

Ohizumi H, Kuramochi T, Amano M and Miyazaki N. 2000.
Prey switching of Dall's porpoise Phocoenoides dalli with
population decline of Japanese pilchard Sardinops mela-
nostictus around Hokkaido, Japan. Mar Ecol Prog Ser 200,
265-275.

Park HJ, Park TH, Lee C and Kang C. 2018. Ontogenetic shifts
in diet and trophic position of walleye pollock, Theragra
chalcogramma, in the western East Sea (Japan Sea) revealed
by stable isotope and stomach content analyses. Fish Res
204, 297-304. https://doi.org/10.1016/j fishres.2018.03.006.

Park JM, Lee CI, Jung HG, Lee CL and Park HJ. 2022. Winter
food resource partitioning between sympatric Gadus mac-
rocephalus and G. chalcogrammus in the Northern Coast of
East Sea, South Korea inferred from stomach contents and
stable isotopes analyses. Korean J Ichthyol 34, 102-112.

Park MO, Lee YW, Ahn JB, Kim SS and Lee SM. 2017. Spa-
tiotemporal distribution characteristics of temperature and
salinity in the coastal area of Korea in 2015. J Korean Soc
Mar Environ Energy 20, 226-239. https://doi.org/10.7846/
JKOSMEE.2017.20.4.226.

Park TH, Lee CI, Kang CK, Kwak JH, Lee SH and Park HJ.
2020. Seasonal variation in food web structure and fish com-
munity composition in the East/Japan Sea. Estuaries Coast
43, 615-629. https://doi.org/10.1007/512237-019-00530-4.

Park YC and Kim JY. 1981. A study on the age and growth of
sardine, Sardinops melanosticta (TEMMINCK et SCHLE-
GEL) in the Korean waters. Bull Fish Res Dev Agency 27,
71-79.

Parnell AC, Phillips DL, Bearhop S, Semmens BX, Ward EJ,
Moore JW, Jackson AL, Grey J, Kelly DJ and Inger R. 2013.
Bayesian stable isotope mixing models. Environmetrics 24,
387-399. https://doi.org/10.1002/env.2221.

Perry RI, Ommer RE, Barange M, Jentoft S, Neis B and Su-
maila UR. 2011. Marine social-ecological responses to
environmental change and the impacts of globalization.
Fish Fish 12, 427-450. https://doi.org/10.1111/.1467-
2979.2010.00402.x.

Phillips DL. 2001. Mixing models in analyses of diet using mul-
tiple stable isotopes: A critique. Oecologia 127, 166-170.



Post DM, Layman CA, Arrington DA, Takimoto G, Quattrochi
J and Montaiia CG. 2007. Getting to the fat of the matter:
Models, methods and assumptions for dealing with lipids in
stable isotope analyses. Oecologia 152, 179-189. https://doi.
org/10.1007/s00442-006-0630-x.

Rolff C. 2000. Seasonal variation in 813C and 615N of size-
fractionated plankton at a coastal station in the northern
Baltic proper. Mar Ecol Prog Ser 203, 47-65. https://doi.
org/10.3354/meps203047.

Sarr O, Kindong R and Tian S. 2021. Knowledge on the biologi-
cal and fisheries aspects of the Japanese sardine, Sardinops
melanostictus (Schlegel, 1846). ] Mar Sci Eng 9, 1403.
https://doi.org/10.3390/jmse9121403.

Shimose T, Watanabe H, Tanabe T and Kubodera T. 2012. Onto-
genetic diet shift of age-0 year Pacific bluefin tuna Thunnus
orientalis. J Fish Biol 82, 263-276. https://doi.org/10.1111/
3-1095-8649.2012.03483 x.

Shin DH, Park HT, Lee CI, Jeong JM, Lee SJ, Kang SY and
Park HJ. 2022. Trophic ecology of largehead hairtail Trichi-
urus japonicus in the South Sea of Korea revealed by stable
isotope and stomach content analyses. Front Mar Sci 9,
1322. https://doi.org/10.3389/fimars.2022.910436.

Shin DH, Park TH, Lee CI, Hwang KS, Kim DN, Lee SJ, Kang
SY and Park HJ. 2022. Characterization of trophic structure
of fish assemblages in the east and south seas of Korea based
on C and N stable isotope ratios. Water 14, 58. https://doi.
org/10.3390/w14010058.

Wada T and Jacobson LD. 1998. Regimes and stock-recruitment
relationships in Japanese sardine (Sardinops melanostictus),
1951-1995. Can J Fish Aquat Sci 55, 2455-2463. https://doi.
org/10.1139/198-135.

Watanabe Y and Saito H. 1998. Feeding and growth of
early juvenile Japanese sardines in the Pacific waters
off central Japan. J Fish Biol 52, 519-533. https://doi.
org/10.1111/1.1095-8649.1998.t602014 x.

Watanabe Y, Zenitani H and Kimura R. 1996. Offshore expan-
sion of spawning of the Japanese sardine, Sardinops mela-
nostictus, and its implication for egg and larval survival. Can
J Fish Aquat Sci 53, 55-61. https://doi.org/10.1139/195-153.

Yamamoto M and Katayama S. 2012. Interspecific comparisons
of feeding habit between Japanese anchovy Engraulis ja-
ponicus and Japanese sardine Sardinops melanostictus in
eastern Hiuchi-nada, central Seto Inland Sea, Japan, in 1995.
Bull Jpn Soc Fish Oceanogr 76, 66-76.

Yoo S, An YR, Bae S, Choi S, Ishizaka J, Kang YS, Kim ZG,
Lee C, Lee JB, Li R, Park J, Wang Z, Wen Q, Yang EJ, Yeh
SW, Yeon I, Yoon WD, Zhang CI, Zhang X and Zhu M.
2010. Status and trends in the Yellow Sea and East China
Sea region. In: Marine Ecosystems of the North Pacific
Ocean, 2003-2008. No. 4. McKinnell SM and Dagg MJ,
eds. PICES Special Publication, Saanich Road, Canada,
360-393.

3| 419+ A o 2)(Sardinops melanostictus) ] B o] H7}

427



