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Abstract @ Food web structures in the lower trophic levels of the seas around the Korean peninsula were investigated in August 2019 using stable
isotopes. There were variable ratios of the carbon (-26.18 ~ -20.61 %) and nitrogen stable (5.36 ~ 15.20 Y4) isotopes in the particulate organic matter
(POM). Most of the organisms ingested micro-POM as a major food source, but this varied spatially. The chaetognaths (3.40 £ 0.61) occupied the
highest trophic level. The isotope mixing model showed that the proportions (13 ~ 51 %) of some organisms (i.e., copepods and euphausiids) reflected

the relative contributions as major food sources for chaetognaths at each site.
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& I} (trophic cascades)”} AENAIS DA HIAA = A=A

= o] B(food web)& 7] 2 A 2HAkprimary producer)ell ]3] g Ol HIFF ARE Alershel A, <1914 atckel digh W

Al oA 7t 49l GG Al (high trophic leve)® Ags)i  AE FHALEA G Aue] wAd AEHH e E

B4e olulshn] S| e Al (marine ccosystemy® A sH= T WO T 7SS elshehs A WA o th(Frank
7] % 7]% o] CH(Krumins et al., 2013; Schiickel et al,, 2015). Tag+ ¢t al., 2005; Kortsch et al., 2015).

Sk = 8]9S 5 3f|(East Sea), 413l (West sea), ‘/LﬁH
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37°N F-Zel|A] of=7ddo] A= o] glo] 7] 2 A4 (primary
production)©] ol o]} o 2H 717} =& X o] tH(Choi et
al,, 2008; Yoon and Kim, 2009). A& =13 S50z ¢
ARl gk FHH A AR HoR FE el dAro] dom
AAAR R 7 A3 F& qFS F shvoln] A& A4t
do] 7 YERUE (Tang, 2003), 'E3ll= A8, 5539
e AAshe o it Fo] AE glops2 3
(rias coast)o]™] HFHORFE] F Y= FEAIL FF A
Q1 et AT H S Sl TP s Al o}
d Aot & TSt Ut FESF] Hol A Eo| -5}
(Choo and Kim, 1998; Kim and Pang, 2005).
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Fig 1. Map showing the sampling stations in the East Sea, West
Sea, South Sea and East China Sea.
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heFell wheh 1 ghe] 7h$1d 4 Ath(DeNiro and Epstein,
1977, Kim et al, 2013). WekA] 6°Ce] AT LE 717
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2.4 FAUCHA (Trophic Position, TP)

e Aol o e AR ARy A9E 2 4E
Aad ALY D40 E F8ate] AatE o, olgf Post
et al.(2000b) 21(3)S <183}

TP = [ (615N0rg - SISNbase) / f] + }\ (3)
g‘j o] 615N %}\'O]II] 615Nba§co]
Jx} r= 9 7(]_/\4 Al x}o] 615N

2] ZFe1 copepods(small)2]
A HEATE 23%

714 "Ny Bl 2 WA
base #k2 AT 7|24
= ety 2 04—?01]*1%

(McCutchan et al., 2003)% *}%é}ﬁi
FAA 25 ARG ZF G gl whet 2% 24,
2014 3mS A4, 304

(Dickman et al., 2008).
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(Stable Isotope Analysis in R; Pamell et al., 2010)5 A}-&-3}] 7|
2FE] 21, Chang et al.(2016)°] 2|3 4<% SIAR package
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Al 2AkE ZF e olshetA FAEAl A B chla
EE= Table 1o YERNATH ZARE 9] F2(T) %
AE(S) M= FaM(T=1.02~21.82T, S=32.72~34.35), A
(T=8.94~27.86C, S=31.82~32.66), F3N(T=13.86~28.90C,
$=30.92~33.79), 55 3(T=1570~29.45C, S=31.08~34.64)
o W& HAE Belom, Falo] H T2 TE AR
o e AsE yERth

|EF71A4ADIN) 2 SE77IDP)Y FE B F
3 (DIN=0.06 ~ 1.59 uM, DIP =0.02 ~ 1.59 uM), A] al|(DIN=0.71 ~
7.56 uM, DIP=0.04 ~7.32 uyM), ‘F3l(DIN=1.19 ~ 13.38 uM, DIP
=036~ 1.53 pM), % =3l (DIN = 0.96 ~ 12.90 uM, DIP =0.02 ~
0.97 V)2 ZH2} YER Y. A EEHIES] AAZFS 7S
T AE chle? T B9E A ZE dYGollA 1ug L'
o] mwko 2 vER wjg- 9 ARE Holil gtk YuHA
o= Y Jd5d & X35 F2° 4P wet
&3k 4= 2FF(thermocline)©] A F 2L o]
mixing) S Y&SHA FHA| gFol A FollA
THE FEAA AEEFAE 3
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Table 1. The water temperature (T), salinity (S), chlorophyll-a (chl-a) and nutrient (dissolved inorganic nitrogen; DIN, dissolved inorganic

phosphate; DIP) at sampling stations

Oceanographic Station Lat. Long. T S Chl-a DIN DIP
setting (‘N) (°E) (°0) - (ng L) (uM) (uM)
1.02-21.82  33.523435  0.04-1.02 0372081  0.03-1.48
105-05  37.55 12937 (550i56)  (34.05:0.15)  (0.35:037) (12.54+7.09) (0.89+0.51)
East Sea
1.18-7.07 32723434 0.04-080  0.06-21.59  0.02-1.59
209-07 - 35.61 130.01  (15070760)  (33.9040.51)  (0.27£0.26)  (7.16+8.09)  (0.49+0.57)
12.69-25.77  31.823222  0.22-1.46  086-732  0.86-7.32
307-05 3692 12542 (18771495)  (32.02£0.14)  (0.72£0.48)  (3.3142.42)  (3.312.42)
West Sea
8942786  32.02-32.66  0.12-0.65  0.71-756  0.04-0.53
309-09 3585 12459 (15581799)  (32.442025)  (026:021)  (3.09:3.10)  (0.20£0.23)
13.86-2890 14692748  0.13-1.12  1.19-1055  0.36-137
31407 3300 12590 (17005448)  (19.10:4.29)  (0.5040.35)  (5.16:4.73)  (0.84+0.40)
South Sea 14-69-27.48  31.5834.18  0.10-042  1.19-1338  0.53-1.53
400-14 3421 12840 (1970+429)  (333140.98)  (0.21£0.12)  (6.274539)  (1.08+038)
15.70-2839  31.9534.64 043070  1.56-12.90  0.05-0.52
35-13 3150 12450 51515453)  (34.0120.83)  (0.57+0.11)  (6.84£5.99)  (0.28+0.26)
East China Sea
2490-31.08  18.48-3289  0.07-033  096-12.70  0.02-0.97
3721 3150 12450 567905717)  (31.80£2.45)  (0.22+0.10)  (4.78:4.70)  (0.29:0.41)
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Table 2. Carbon (6"”C) and nitrogen (6"°N) stable isotope values and C/N ratios in the four different seas around the Korean peninsula

Oceanography Sample 3C (%) 3N (%) C/N
setting Avg. SD. Avg. SD. Avg. SD.
Total-POM -24.78 0.11 7.57 0.55 12.54 0.34
Micro-POM -21.76 0.22 5.37 0.93 5.57 0.13
Pico-POM -25.84 0.05 10.10 0.71 9.14 1.38
East Sea Copepods (large) -20.56 0.06 8.05 0.11 5.00 0.07
Copepods (small) -24.44 0.15 5.99 0.48 8.86 0.31
Amphipods -22.72 0.01 7.19 0.80 5.49 0.11
Euphausiids -21.41 1.13 7.19 0.52 4.50 0.16
Chactognaths -21.75 0.01 8.74 0.02 4.97 0.22
Total-POM -24.53 1.55 8.22 1.10 9.18 0.00
Micro-POM -20.69 0.19 6.25 0.38 5.96 0.02
Pico-POM -26.18 0.00 8.06 0.00 11.21 0.00
West Sea Copepods (large) -22.64 0.02 6.33 0.44 6.04 0.09
Copepods (small) -22.83 0.00 6.14 0.00 6.35 0.00
Amphipods -22.51 0.00 6.92 0.00 2.89 0.00
Chactognaths -22.96 0.07 7.59 1.02 6.86 0.05
Total-POM -25.29 0.13 15.20 2.40 11.07 0.37
Micro-POM -21.28 0.43 5.36 0.51 4.25 0.16
Pico-POM -26.57 0.00 9.92 0.00 10.49 0.00
South Sea Copepods (large) -19.86 0.36 7.72 0.11 2.68 0.07
Copepods (small) -21.19 0.07 5.73 0.13 5.41 0.13
Amphipods -20.35 0.15 8.48 0.26 5.96 0.34
Euphausiids -20.50 0.00 9.03 0.00 5.45 0.19
Chactognaths -19.14 0.15 9.77 0.25 4.89 0.08
Total-POM -25.45 0.00 10.30 0.00 9.16 0.35
Micro-POM -20.61 0.00 5.86 0.00 5.11 0.23
Pico-POM -26.34 0.00 10.32 0.00 8.62 0.00
East China Sea Copepods (large) -19.53 0.40 8.27 0.17 4.72 0.23
Amphipods -19.70 0.03 8.64 0.40 4.83 0.09
Euphausiids -20.67 0.17 6.04 0.41 4.17 0.10
Chactognaths -18.18 0.05 10.36 0.09 3.96 0.01

3.2 At /I[2Q AYSAAL H|

3, A3l Fall, sEele 271 wel EE poMe
§°C 2 8N H]E= Table 201 YFERRA T

32 @718 poM2] H+ §°C B total-POM (24.78 £ 0.11
%), micro-POM (-21.76 £ 0.22 %), pico-POM (-25.84 = 0.05 %)L
2 e 2™, micro-POME] §2C 3t thE Z7]12] POMel
vl oF 3~4%, FAL S B, 6PN H& 2F 2~8%
7P #hs vERT AE ', s Ee] 2718 PoM
o] §8Bce HA= A7 2618 ~-20.69 %o, -26.57 ~-21.28 %o,
2634 ~-20.61 %] ZA¥E HPor, §°N HE= M 625~
8.06 %o, B3l 5.36~15.20 %, TF=3l 5.86~10.32 %2 Az}
=K =

POM9| AT Y4 vl= Al 3304 2 dgshd 54

3} A3} wA ol o8] xpo]7} LFERU (Michener and

Kaufman(2007), ¥ <15 A7 A %E POM2] A 59 U4 H
= A7sle 2 poMe] A7]el whet §°C 2 §PN H] 7} A}o]
5 Btk 1Y 1= 6°CE 23 %o ~-18 Y%, F7371
A F71ES 28 % ~-25 %<l 7S UER=H(Meyers et al,
1997), 47 3192 total-POMZ} pico-POM2] §°C kel W9l =
26.57 %0 ~-24.53 %= S73719€] §°C gholl 7 Al drERRL
th ®Eg POM 7o mE A E LA #he Aol A&
ZFIAE F 243 Aol d+=d micro-POMO| o -7
TEFZ 74 F°9)J2™, nano-, picoplankton® 2 A F
fine POM(FPOM)®ll M]3l €hAghafo] xfo]= §5C gho] A4
o2 FE7A YEH(Sato et al., 2006), pico-POMo] 7HH g &
2T YA S Hol= A2 e ol B prymnseiophytes
7t 9194 el 7198 5 917] &) th(Rau et al., 1990).

§°N Hl&= Aol A thARRE B A i 2Hg
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Bi-plots of §"C and §“N values (mean=SD) of size-fractionated particle organic matter (POM) and biota samples (copepods,

amphipods, euphausiids and chaetognaths) at sampling stations in (a) East Sea, (b) West Sea, (c) South Sea and (d) East China
Sea (@; total-POM, O; micro-POM, W; pico-POM, 2 ; copepods (large), M; copepods (small), [J; amphipods, <>;

euphausiids, 4p; chaetognaths).

(fractionation) = 77l ¥o] A o= AL ghs Ve
ujl F-of] (Minagawa and Wada, 1984), T&4 7]&°] POMUY
Z3E o] Y& AT 6PN Fholl o

POC/chl-a ¥] Fto]l 200 o] o =2 & AnE w
POM Y] /g4 o] 71314 & (detrius)e] EA7F Atk A
S AJAFSF=Hl(Cifuentes et al., 1988), 471 3ol A FALE
POC/chl-a ¥ ZH2} 530(388.05 + 64.64), A1 3l(647.38 + 102.50),
B 3l(400.23 £ 115.10), 55 = 30(224.80 £ 43.42)° A 200 ©]d-2.
2 Yelhd pOM Ul 71185 EAE AAFST whEkA
POMY A8 AESHIE YAF v 58 771
A Eo] gF-EE AA st FAL §5Nel TS wH A

o2 A5 ok

St £ o BEAw §8C 2 85N H| = Table 2]
YER L Holw 2 S 9 74 e a9

5
Copepodsi= Y sEZZAE T8 T840
gkt EHAE 2F g9gd Fag
(Mauchline 1998). %3} pico-, micro size<]
718 A AN S dgdAEdE B W
A AR AEF B Hol R JFS

(Vargas et al. 2008).
32l AMA3H= copepods(large)e] 1 6%°Ci= -20.56 £0.06 %o
2 Uehgom, M= -22.64+0.02 %, = -19.86+0.36 %,

=
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e -19.53+040 %2 YEFHA O™, copepods(small)
3f -24.44+0.15 %o, A3 22.83 %o, H3H -21.19+0.07 %o 2] 4k
S eI Helde] §8CE &F 1% ol Aol & Hol=
o ¥ B adE ade & o T, G, 5F
3]0l A = micro-POM} copepods(large)Alololl 1~2 %, 2Fo] &
Bola glov} Mo A= copepods(large)9} copepods(small)
R micro-POM Bt} oF 2%, 7} & eI QT
copepods(small)> 289} 5ol A copepods(large)2} F-At
A oF 1%09] AFol& Kol gl weba e, Tl
29 2] copepods(large) 2} copepods(small)i= = ] Y2 2 micro-POM
= FE AT AAAY, Ao Ag AuH o R TR
s Hol7] wiol micro-POMe] o T Holgle] g3k
o8 WE Zom AT ey FaedAE
2 193} 2] copepods(small)@} micro-POM 7ol 2k 3 %,
Fol& Holil 9l o, pico-POMIH= oF 1% 2ol & Hol=
O 2 YERY micro-POM®] oFd =& pico-POMS Ho| Yo

o7 y_o]u:] copepods®] 7|8 A5 3= H ol

cl
cl

RSN
A

_1

L

532l copepods(large)9} copepods(small)i= 2F 4 %2
zhol g Holed o= AR thE Ag A Holgado] §°C vl
zolo] AEFS wF Ao 7 Welth Lim et al.(2015) o] o
24 ZaolM HYEIALZ 83 copepods A2 EA ]
8k AGE 53 copepods(small) pico-POMS
o} AX|3HS Hola gl o}, pico-POMS] §°N= 10.10 %02l
FAE 295 B picosized] A EZFIAE 9ol EAH
AE A FUIAAEEY] FFE wiAT F Yl AR B
etk
Amphipodst™ A EZHIE 4
A2 BHAY o5 o2
o} LS_ A EA AL A W7

Azste 2

ﬁ
mlo

fez]

3
O % HIE 3 9 tH(Thayer et al., 1984). 29 %F Amphipods<]
8BCE F381(22.72£0.01 %0), A3l (-22.51 %), F3H(-20.35+0.15
%) ET=M(-19.70+0.03 %)S] #S YrERWE A7PEE
POMO| B4 59U Amphipods®] ARoldl] micro-POMS
3, Fall, = AdNA 1% ool xfo]& Holal gl
T Holg oz A8 Zo& Mol total-POMI} pico-POM
& ok 2 7Y, ZolE Ho] Holglo e ddle] Aol
Ao g FAAY a8y Sa9 Fal e 743 copepods(small)
3 88CE 1~2% oW AolE H o micro-POMI} 37
amphipods®] HolQ oz 23 Ro 7 Fdt = T} A
3= totalPOMZ} pico-POM It 2~4%2] =Z}ol& Rl

A Holw & L ehA W A4 M FEE A &8
copepods(large/small) 7+ 2F 0.5 %, O]lH ZFo] & Holal
total-, pico-POM I} 7 T3t f7]fd & 2 copepods7} e
olgoR =gt oz Hlr)

Euphausiids+= 3 %F 2 Zaljoll A A uj 2] EF{tolm ol&
2 AR o] o] FolX = BTN FE 2 FAT o
271744 713 YA FEd Fa8d 9TS
(Marshall, 1979), F¥ A2 54 A=2Z3aE, 58 2%
A8 9 A48 ES T2 Aok A filter feeders

2 ZFFE tH(Suh and Choi, 1998). Euphausiids®] §°C+= 53l
(-21.41 %0), &F3l(-20.50 %0), &5 = 3M(-20.67 %)l wk= HEF
Wik,

Ohman(1984)= E. pacifica®l B oY o2 12579} copepods
5 o] g3t AjeA 7t Holgo gk He A A2atelE
B ow, Hold o =& copepodsell THal] EoHA
o] UEFSS A3 21, Park et al.(2011)&
pacifica AN 719} 4A 9] HolHAS Hlue A AT}
] micro-POM= 2+2} 83 %, 51 %5 A& sk A
o} %3 Kim et al(2010)°] Fal], A8, F=
paciﬁca-‘?] ;(]1301—}1\_} %@, e] = OH /\4}\1 § Trl}
A1 micro sizeQl 279 T&A A= AHAH20:5(n-3))
sl A =
AAM+v= F2F EE S AAEAA 7198t At
(182(n-6))°] 4% o]’d Webes Barskglch ol gk 4}
¥ vwsld st FE s 2718 poM 1+ 22t
03~4%° W& xfol& Holil 9lof vt A7]9] POM=
ol o R ALEgE Ao R Holm, ol A= micro-POM¥}
copepods(small)©] 1%, ©]12] x}o]& Mo euphausiids®] o]
Aoz 78IS Aoz IET)

r$L'
1=}
o
)4
3

19%S AATS AR aL, s e Al

Chaetognaths copepods, amphipods, euphausiids 5 T3t
TEEZAES T2 A4S X9 Holdow #-gs)

q ]ojof wolAAS AV EAARHA X o)E 42E
= 540] 3lv= Aoz BuEi Qlth(Zhang et al, 2005).
3 W chactognaths®] §°Ci= -22.96 ~-18.18
vl FoiA o FAR e B
~4%°] ZFol& Holil glof t}

H
3], Aal S50 A= chactognaths 2} copepods(large/small),
amphipods, euphausiids 7+ §Ci= 1~3 %2 H& HLE Ho
gt FEEFAES AAske AR Holn, XA
= copepods(large/small), amphipods, chactognaths A}o]ol] §%C
zko] 7F wulekAl Uebg AEZE Ho] AADATE FA =
Ao g FotE
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Fig. 3. Estimated trophic positions (TP) of biota (copepods, amphipods, euphausiids and chaetognaths) in (a) East
Sea, (b) West Sea, (c) South Sea and (d) East China Sea.

3.4 JYCHA B AFoM ] Jddd AES JUAA T 2d AR 1A
Ho| ol A theFst Hol g sk AES A2 ¥ H= copepods(small) & o] -&-3te] ALtEqlct 6°NE o] &3
de] 5o HIFA R Gl vrdE 7] wjiEe] o  FIAY] ARE &8I} %XUJ AR g
GAE AEA el ] A4 2 F5FES oldstar E= POME §UN 7 A UERE AS A9 AEY I9d
A 83 ouA 35S volshr| 9 AR gavn A7 vA delds dAH] ok OI% AR AR 2]
olvl U thFA I} ctAA S Hrbed o] &9 S tkPost, =S HAEWR ol theket 780 E4 Holdr] o

2002b) ol 6°N7F =4 S4E F Ach(Post, 2002b). ¥ A AT}
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M= 271 POMS] microPOME Al2lehd %o 5NZ
Bo|i ¢l on, microPOMS 7|EZto & Al4E A$ A=
i QIEATE FAaB 7] copepods(small)E AHE-3He] 7|

A ATk,

A" Gl AEE N WY T copepods(large)™=
6.33 ~8.27 %o, copepods(small) 5.99 ~6.14 %o, amphipods 6.92 ~
8.64 %o, euphausiids 6.04 ~9.03 %o, chaetognaths 8.74 ~ 10.36 %)=
eSO chactognaths®] §°N 714 &=& ZAE wH o

. [e]
A N A

o,

Ea

iic]

g
o] 545 Btk s wa g e e sl npzrbA
2 chaetognaths®] U TA 7} 4008 71 =& WA= e
wow, 8240 EAS 1Tl Copepods(large)2t amphipods
= ZHz} 31, 339 JUHAS B o euphausiidss 2.1 %
EAS B 2 A7AR sl AEve o
zto] & Bl Wb A o] A9 AELF JdFEATL
chactognaths & A €] 3taL 224 9] A4S Kol lo] <
A 2 Zol & Holx| gkt

)

(Table 2). tHd AEH FFEA= copepods(large)™= 2.1~3.1, Kim et al.(2019)2 A&l E pacifica®) HAEHS 4
amphipods 2.3 ~ 3.3, euphausiids 2.1 ~3.4, chaetognaths 2.6~4.02] 3+ Aztollq A&l Y4 Fako| o] Hold FFo] A%
W9 HATkFg 3). AEW JIAAE AEF A% B Hoz vehdou, oge] wo| Y Aol we ol
o) A= copepods(large) 2] % FTAI7F 292 F4 A (omnivorous) Y A whEl THES AAFEICH wElA A W A E
o] EA& ¥ 31, amphipodss(TP =2.5), euphausiids(TP =2.5)%F SH A= AL g3t Ho] 21 Ao Aty oz =
24, chactognaths(TP=32)% §44¢] 54 Rol: o &dto] B JFusrl 2 2o]& Rolq % oz
2 Ve wetE Y, F3l, A, Faloll 2 euphausiids= F249 54
A &ll+= copepods(large), amphipods®] & FeHAl= 242t 2.1, & HQl WHH FE oo 249 Hel FAS E(}"i
2302 e} %224, chactognaths 2.6 2 FH2]Aloll 7F7h T} Nakagawa et al. (2001) Y& &5 i<kl E pacifica
+ Aoz YElEttt galol A& copepods(large)2] o FetAl  Hol] FF AAuwisl upEl zpolr) v, %%%"ﬂ%
+ 292 3214, amphipods 325 §2AC 77k Aow2 oA AlVlolle FE FERFE A Sk W AEEEA
LEFSE ©. 1| euphausiids, chactognathst= ZHZ} 34, 3.8% 214 B ko] Hhste Al7|dlE 428 SEZHIES A5t
1.0
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Fig. 4. SIAR box-plots showing the proportional contributions of potential prey for chaetognaths at the sampling stations ((a) : East Sea;

(b) West Sea, (¢) South Sea, (d) East China Sea).
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A dEAL] AUAE 4 4 AR AR 9
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et al,, 2000). = Ao A chaetognaths] < Sl
oA 7HE =A el o, A e S48 EAS
H e th(Fig. 3). wfbA] SIAR 7|'HS &-83}9] chaetognaths®
ol 7| =g o3 th(Fig 4.

3 2 8ol A= chactognathse] ™ o] © 2 micro-POM,
copepods(large/small), amphipods, euphausiids® 174 5}5 0.1,
A9t TF e G oNA = micro-POM, copepods(large/small),
amphipods, micro-POM, copepods(large), amphipods, euphausiids=
A3 TE Total-POMI} pico-POM Bt E ¢ YAH| 7} ot
Al e HolY oz Yolwrt g A0 R o ifste] A L]
sttt salollA B2 chaetognaths®] o]l 7o
euphausiids 32 %, amphipods 23 %, copepods(small) 22 %, copepods
(large) 13 %, micro-POMS 9.9 %= YEI, euphausiids”} ™ o]
Ho g 71 wrt 7B & Ao =® yEryith
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