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Abstract : Dietary lipid biomarkers (fatty acids, fatty alcohols, and sterols) in adult specimens were
analyzed to compare and understand the feeding ecology of the euphausiid, Euphausia pacifica, from three
geographically and environmentally diverse Korean waters (Yellow Sea, East China Sea, and East Sea).
Total lipid content of E. pacifica from Korean waters was about 10% dry weight (DW) with a dominance of
phospholipids (>46.9% of total lipid content), which are known as membrane components. A saturated fatty
acid, C16:0, a monounsaturated fatty acid, C18:1(n-9), and two polyunsaturated fatty acids, C20:5(n-3) and
22:6(n-3), were most abundant (>60% of total fatty acids) in the fatty acid composition. Some of the fatty
acids showed slight differences among regions although no significant compositional changes of fatty acids
were detected between these regions. Phytol, originating from the side chain of chlorophyll and indicative
of active feeding on phytoplankton, was detected all samples. Trace amounts of various fatty alcohols were
also detected in E. pacifica. Specifically, krill from the Yellow Sea showed relatively high amounts of long-
chain monounsaturated fatty alcohols (i.e. 20:1 and 22:1), generally found in herbivorous copepods. Three
different kinds of sterols were detected in E. pacifica. The most dominant of these sterols was cholest-5-en-
3pB-ol (cholesterol). The lipid compositions and ratios of fatty acid trophic markers are indicative of
herbivory in E. pacifica from the Yellow Sea and East Sea (mainly feeding on dinoflagellates and diatoms,
respectively). The lipid compositions and ratios of fatty acid trophic markers are indicative of carnivory or
omnivory in E. pacifica from the East China Sea, mainly feeding on microzooplankton such as protozoa. In
conclusion, lipid biomarkers provide useful information about krill feeding type. However, further analyses
and experiments (i.e. gut content analysis, in situ grazing experiment, etc.) are needed to better understand
the feeding ecology of E. pacifica in various marine environments.
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w2 A o) F(°18} ‘AL ’)Ss, Euphausia pacifica=
gk 2l s 3belke SRS §2 afjHol A A4
star qlow, sl e AA DA EEF1E)
oF A ZAA} Abol & Adshs A TS sk A
o2 ¢#A Jth(Mauchline and Fisher 1969; Mauchline
1980). FalloX = A5 Eddte sEETIAE T 9LT
S RE 7P B2 AAES AA S oA o [(EA,
Aol )5 HIET FREAAIe] F8 ol o R o|f
3 Jth(Huang 1986; Zhu and Iverson 1990).

dubH oz 342 o] Meld S zh= 2 atol A,
A-, M2 873 271 B 4 SO met 259 44
e virte Aoz d#EA At (Mauchline 1980;
Gurney et al. 2001). AR 2, FY3Ne] Euphausia superba
= T A AES Flste] A 9 A4 49
utg} S A E/d(Stretch et al. 1988; Daly 1990), s ==
== (Hopkins et al. 1993; Huntley et al. 1994), 7] 2|
& (Kawaguchi et al. 1986) & TF3E E572] HoldS
o] &3taL Utk St H5 A& AbA E pacificas
AEEFIE o] dojus Al7lolle 24T 74
SHA 2R, 1 9] Aldoll= A% sEEHIES st
= Ao 2 HIEI th(Nakagawa et al. 2003). ©]4H
Ao HA = A2 7] Holgzt Ao wet |
slslz] el 259 HAE olafiste AL al FAYEA
Wellxe] oy 555 detet=t] vl F83sith

AF7HA A FEA A sESHAES] 4 s
B7ysl7] S8l SlE= AT AP A AES B
214791 A ol @Wo] ARg-E|o] $hth(Hopkins 1985;
Hopkins and Torres 1989). ©]&{t 2521 4] Aol
MEWH, ASEHIAE W A7|0] 28L& AEE5HA
ES T8 oo g o] &apA|T, 1 9]9] AHdl= &%
TEEFAEE RS O T/ HolE HAee
A0 2 e THMauchline and Fisher 1969; Endo 1981;
Ohman 1984; Nakagawa et al. 2001, 2003). gt=+ Z3j|o]|
A E. pacifica®] g2l &3+ A= calyptopis 23]
o] 2lell 3t Zlo] MFEA W& 4 A Safol
A calyptopis 8-> F= FAFY 7] AdE e
A5 Ad2ehe A2 YEATHSuh et al. 1991). ZL&{u,
ol gk AR WS FallA Ado] F=E ofwdt Yol
£ AAstsleA Bgs] getstrlddls ofegel Ut ¢
WEE A0l I F=ge Hole oA F-e A7F
ylell ¢bd8] Aste= v gasiAu 43Pt o
ol AIZE fidel HEH JeBE AR FAY 9 W
BEo] A7IZF Ft A Holo thsE/dolvt Iy

S 7Kt ®7)dE oJEHtHBoyd et al. 1984; Sano et

al. 2003). ==oF, ddd A4 A9 W¥ye Fde] HA A
BRERE obe} Ho] A Eol el Sl tidk A
ARk Q191 73 2l <

Y

2] YRS AL e Y
Ago)7el ok Az selAe] AAMENE hEFIT)
T B 5= gtk (Boyd et al. 1984).

F2ol ol gk S Heketr] el Asisrd Faw
HE 83k A7t Bol M HL JYTHGraeve et al.
1994a, 1994b; Falk-Petersen et al. 2000; Stiibing and Hagen
2003). =L & A o]52 x(lipid biomarker)S &3k
Ate T2 AWl FHE A A T 222 A
o] oL Ho|ZHERE 7|t A AES St o
A 717F FHRE -3 9) Aol A3 F8 HHolds
etsh= Zlo] 7hssith. o|FAl Hol AR &E-E=
ZHF AR AHoA 222 o] oel g tEE3)
A *-2H(polyunsaturated fatty acids; PUFA)o] U= X HE]
o] 9t} dlE E9f, 18:4(n-3) (stearidonic acid; SDA),
16:4(n-1), 16:1(n-7)3 20:5(n-3) (eicosapentaenoic acid;
EPAYS FZ7Fol 531, 22:6(n-3) (docosahexaenoid
acid; DHA)YZ SFA R/ $443t= AWAE Aottt
(Veefkind 2003; Dalsgaard et al. 2003; Falk-Petersen et
al. 2000). &3, 18:1(n-9)ye FAFEANA &34 YeR}
= AitolH, 18:1(n-7)2 &2F AR 9L 3=
A 9AE 16:1(n-7)2] AFE A% (chain-elongation) 2 2 5-E]
eIl ol5e] vl sEEHIEY] HANHE
2, 24 e S AXeke AREE EEE
T}H(Hagen et al. 2007; Schmidt et al. 2006). ©]¢} o] &
3 AWAE B1E o] &3k A2 Ae] FHL g sEo] Al
Al 237, A2, tiAL, Fstab ol ojw gk Blo]ef U
& F2 AFAEAE AAE F712 rk(Brett et al.
2009). oA AR FAE T8l Aozl 58 A4
= 54 AR vle g A= A EE FHE
U= Ta3 ARE AT 5 Arh(Sargent and Whittle
1981; Dunstan et al. 1992; Cripps et al. 1999). ]} Bl&
of, AW BE AEA] IdF s 4 84=A,
A SR phospholipids, glycosylglycerides)=} H]
=73 AWl acylglycerols, sterols, free fatty acids, wax,
steryl esters) 0.2 WOl ATk SR I} 2EHELS M X
ukS A G FQ AR o7 M| Euke] LX) 7)F =
83 9GS gt BISAEAY 5, EopdEEAIES o
Abghsoll 83t AR E mEL A AlFet] g &
8 AT AL JEOE A BE TEZHIAEA 2
™ (Gurr et al. 2002), &= AT G A=
Z22 FEEEAEY T8 A AT FEE dEA
(Lee et al. 2006).

olu] =& o] AY2|(Clark 1984; Pond et al. 1995; Virtue
et al. 1996)7 oA A ™7 E(Quetin and Ross

T I
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1991; Hagen et al. 1996; Falk-Petersen et al. 1999) -l
A AEe] Tl #e B2 A7 s E o] AR,
Ao TS B85 g e AH ] XA A
T2 o Al=® vp7f gith mEbA, 2 AFlM = g
289 E. pacifica®] A &HF 9 Ao #3712 F1
£ AFeta, A 4 Aws Tl e Zalle] E

pacifica®] AAAEE olal3laal g
2. AR 2 By

a8 ANge 3 2l S, FFHEE FallolA
20087 200999 64FH 109 Atelo] A HAT
(Table 1). A A= Aol &4 2 HYS 2] 9
st A2 WEIL(-40°C)ol A A7bA] Bastdt
AAAR R Al EE 4] doll A=A aFAIz]
, SIF-&A v (Olympus SZ40)S A1&31 E. pacifica
ARES EFate] A2 AE|uiezkR] o] 24 74
mm)y& SH &, 4~570A FEle70el &7 F
w2 A —%%ﬂ"ﬂﬂr aE]aL A S S 2
AT A 4 5, dol-AFge] &
12 (D) (2))E ol&ste] st E. pacifica®l
b7k AN g ZEfolA AP E AR T
£ o83t AT F5F(wet weight; mg WW)S
staz, 5 JHAIE 60°CoA s BF AZRAIA
F(dry weight; mg DW)S Z783te] 3l th(Fig. 1).
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Table 1. Sampling data of Euphausia pacifica collected
from three regions in Korean waters

WW = 1.184e*1 7T (42=0.83) (1)
DW =0.219WW — 0.398 (+*=0.98) ®)
AR S 9% J:é frel 87l SRR AlF s

A2 (combustion)A1 71 & & f-7]-8-vll (Dichloromethane:
Methanol (CHCL: MeOH)—l D2 2w AAd 5 F

HlE A 8E 8710 ¥l 9 #7187 (CH,CL,:MeOH
=1:D)E H7Iste] ¢F 1087t bathsonifications}] /\]fj'.i
FE AWe F53519th(Bligh and Dyer 1959). 3
A Hke &3t #7181 (CH,CL,:MeOH = 2:1)01] THA] %811
/\]ZJ ,_,%—’ X]H class% X] =13 ?—/\-] k] =] O] x] tﬂ-}\]- El_l_ﬂ_%
2 2EHE A0 AREEAT 8 AW classe FEE
R Hpe] A edak(eF 1-2 ul)S chromarod(Mitsubishi Kagaku
Iatron)ol] Bojz=dl & &3t #7187 (CH,CL,:MeOH =
1:1)ZE 53 (focusing)dle] H]=4 -71-8-1 (Hexane:Dietyl
ether:Formic acid = 85:15:0.2)2 A% classE 2|3}
latroscan Mark-V TLC-FID (Thin-Layer Chromatography
with IATRON LABORA-
TORIES, INC.)& 24 54ckJu et al. 1997). o]Ebﬂ B
ZE AW classe FPHOE o] & 7hse 8 AW

Flame-Ionization Detector;

class standard (Phospholipid= 1, 2-Dipalmitoyl-rac-glycero
-3-phosphocholine hydrate; Sigma-Aldrich Co., Cholesterol
2 cholesterol; Sigma-Aldrich Co., Free Fatty Acid= n-
Nonadecanoic acid; 57335352 S AL, ER]old 2]
M E-& Glyceryl trioleate; Sigma-Aldrich Co.)2} H] w5}
44, Atk & A S AEFshE A class
o] oz A=Ed.

A2k, G 9 AEHE ZAS UA 2EE A4

e, =Tk o]
2 10% pryridine®. 2 THE0]

(=)}
Dry weight (mg)

Date Region o] A F2 0.5N KOH/MeOHE YT, 3057+ 70°CE
Avg.5,2000  Yellow Sea (350N, 124730F) et &, 33l0] AH EF £7]8v) (HexaneDiethyl
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Fig. 1. Relationships (A) between wet weight (WW) and total length (mm) and (B) between dry weight (DW) and WW

in Euphausia pacifica sampled from Korean waters
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Z1 bis(trimethylsilyl)trifluoro-acetamide(BSTFA; Sigma-
Aldrich Co.)E #7I8ke] 7FE3F & trimethylsilyl(TMS)
o] ~H| 235}8}e] gas chromatography-flame ionization
detector(GC-FID; Agilent 7890A)% ], &t}
AR GdHET 2HEo] FEREI P2 G At

EA
S AH7kstel KOHE AN F, &9

, 718w
(Hexane: Diethyl ether = 9:1)& ©]§3l] FEH oM,
29 AR BFy/MeOHE A WAk dEo| 2H 2

ol

(fatty acid methyl ester)® =3l GC-FIDZ £z, &
Ao 2 AAdEE AFHeR siketr] flaEl
internal standard(¥=&3} ZHEl= Cholestane, A%
2kl = n-Nonadecanoic acid)Z zHze] Alg&ulc}h H7)s}
o I BT A A 4R, 2HES] e, i
Aol ZB-5MS column(Z°] 60 m, 274 0.32 mm, W+
Fg¥ 25 T/ 0.25 um; Phenomenex)S AFE-31HS
o, A8d xR0 FE A8 FYTE 250°C, column
QEL 50~120°C7HA]  10°C/AE2.2, 120~300°C7HA &=
/o2 22 ST ols 7He AFGOml/
e AREeRem, 7t AW/dEe] peake internal
standard®} H]wate] G sty it o] HA A Fstd 7t
Ak, d3e 9 2EES B A & e A
ZF(mg DM)S. 2 ro] F Fgo = Yepict. 2k A
AE-o] JAEA-S gas chromatography-mass spectrometry
detector(GC-MSD; Agilent 6870 GC-Agilent 5973 MSD)
Z 70 eVellA LAF A7 50~700 amu 2] WollA A5
Aom, 71 9 ZAE(column, &=, ©1%F7 7H=)ye Ak
AN FYsHl AR s A T B8t Ak
] double bond $1#]= FHH SR o] § 7Fst A At
standard (FAME, unsaturated kit; Sigma-Aldrich Co.) &
+ FAMEZS fatty acid picolinyl ester2 Z3ste] GC-
MSDZ #<15= Destaillats and Angers (2002)2] -2
A&kt

gk, A Aol e Ao AR FEFe] ZfolE
dolr 7] 93] SPSS(version 12.0) softwareZ ©]-& 3}
Kruskal-Wallis testS 3J 3}

3. 23 ¢ &9

AL dF 2 AL class 74

gafjollA A-E 2 A AL TS AFFe]
9.76%(97.6 Ig/mgDW), EE-5= 8.76%(87.6 pg/mgDW),
Z35)= 9.33%(93.3 ug/mgDW)EA A4 sllo] e} A
A greFe] FEigk Afole YERA e th(Kruskal-
Wallis test, p>0.05, Fig. 2). o] A5 A3jol] mp=w, o
2 QoA Q Sl Ao MA = E. pacifica Z8A €] & AA
W sheRo. ZAZ3Fo] 5.1~11.6%(Kusumoto et al. 2004), &

ﬂ]ﬂﬂ] Free fatty acid
B Unidentified

E‘ Cholesterol
Wax ester

16 B Phospholipid
D Triacylglycerol

rrrersansnmnssenreons)

222222222222222227)

Total lipid content (% of dry weight)

East China Sea East Sea

Yellow Sea

Sampling locations

Fig. 2. The relative abundance (%) of total lipid content
in Euphausia pacifica sampled from Korean
waters. Bars represent standard error of E. paci-
fica in each region. The total lipid contents are
not significantly different among regions (Kruskal-
Wallis test, p>0.05)

SEIE ] Ao} Aol A A8h= E. pacifica= 7
TEFY 5~20%= & Aot FARSHA YERTH(Ju et al.
2009). 23y, G0l XA sl= I (Euphausia superba,
E. crystallorophias, Thysanoessa macrura)ye &3o= &
ARG ko] AFH 10% olst= Aasion 9%
Fol HHA A ghko] M3 F7ksl] AlAbete] =A%
of HUB(HATH 30~50%)S LEFHTHHagen 1988;
Hagen and Kattner 1998; Kattner and Hagen 1998; Ju et
al. 2009). dWrH o2 A& xFsh= 9% ol A
ks AEe 3 34 27 72, Y, Yolve
)l A8st7] sl Aol Age S5k A= =
& AR ghS 7RItk (Falk-Petersen et al. 2000). o &
S, G E superba= H o] $H70] 4] k& A
=3 Ft Aol AE AYE 2HlehL HEEEEE
Ay 217191 23 Fet ek A4 SES Fall A
FHE ATA S A AT &, oS5 A B4
she Aoz dEA Jth(Quetin et al. 1994). $HH 3
ARl 22l §EAES zbe= E carystallorophiase  E.
superba®ll 13l & © B2 XS FH35l = 9F
= 98l ARl YAl AR s dE § Z2Eol Ak

O

32
=
i
2
M
i
1o
ox
N
o
:-_l,
o,

2, Thysanoessa inermis, T. raschii, Meganyctiphanes
norvegica= B4 F AW o] AFTH 10~30%=
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o] Fofl vlal] T =2 RS KoM oF3F
ALH AA A5 & 20~60%= S7Hsk= A %
1 ¢ tH(Falk-Petersen 1981). o|¢l= €3], 5-5elH 4 3
QoM 2UF E pacifica®t Thysanoessa spinifera= 7
=d T oa 57}0P~ AT FE ok 20%)
2R A AFFe] °F 10% B2 thh whe A
e %11 3R THJu et al. 2009). E-SEfE %S
AFo = Qlal Holo] Fgo] &Esir o2
o) ol NS FYe A% NS L wWE
J7S H2lth(Smiles and Pearcy 1971; Brinton 1976).
_‘13114_ o] T =& Holo &g ukro] thi gttt E
pacifica®] 735-+= Ho|7} FHS 7990 F=
F0]X|:=(Feinberg and Peterson 2003) WFH, T spinifera
= 23] Algto] F=E o] Qo] AHt gheko] oF Ak
o] 10% FEE Wk oL}, Holrt T35 AgHdlle &
AFEH i AE F25t A5 x| AW g
AT} olAH F 2t AHoME F A
o] zto|7}t Yttt ol Folxl S0 &2 R
W2, AEsE] 918 7F A A AL e Al
2 AU et al. 2009). 3], AR $e] ws}
7F Al S &l ] ade SEEjEge] Adol vl
2~3HH F X]“L S 7}11‘# 74]7‘401] e 2 gk

mlo _VE

_13 et

2re] o]

“J class A& ?-"4 S ”—lﬂi‘ﬂ f!'-‘j’] A ]Ho«] 45% )%
o] Alarute] QAR AAARZ FAE ] glon, 1t}

T o 1l
T AANY EgordIYAE, AR, Fd s

HE, G20l 2E2 w0 eton], A4 99 ¥s
e Aol 2 HolAE AhlthFig. 2). & AT F

ARl L QoA Q. sl Hsei el M Ashk= E.
pacifcaq]ﬂ_‘i AR B = ox|Fo| 7P & © 7] Ask= A
o2 By ow, Bjr ol X2sk= Meganyctiphanes
norvegica =3, F P FFE Ft 1A A FE=
S AFete Aoz d#HTH(Cuzin-Roudy and
Buchholz 1999; Albessard et al. 2001). F=gF, 583 2]
E. pacifica®t T. spinifera= W SA2Y SU o] HA
A class T °F 60% ool JIAARE P AATH
(Ju et al. 2006). o]} o] QXA 7|Fo] T2 /ﬂ]im
o] F8 FAHLEEA Ax W, oS EEl F

gto] AdelA gkou, E. pacificas I3HeE 2 ia‘
=2 953 AAS AT duAdeEAE AXE S &
43 & = ZAe=E H3kal 9l th(Hagen et al. 1996;
Albessard et al 2001; Mayzaud et al. 2003). ©] £]l=,
S3 ZE F E superbas ETOMEIFTAEEL, E
crystallovophias®} Thysanoessa macrura 18] 3L E-=3] <]
T inermiss 2425 2+ F2 AAALOE &83)= A
© 2 e th(Falk-Petersen et al. 2000; Hagen and

'oN J&

Kattner 1998; Kusumoto et al. 2004; Ju et al. 2009). ©]<}
7ol Ak U] AP ogx AeAe] A, WA F
AEI DT AAE T Qlom, A4 S At
o uhet che Felel A Ak Aoz S
(Sargent et al. 1989; Lee et al. 2006).

Y9 AW class B RS 7} 3|A w}g} ok7})
o] AJo]7} vpEhstt}. B4, Eslu age
Hste] i ke o] A we Pl feld
WAL AT o AT Ao HEw, AR
% 7170] AoAxAY B 7 FA] %% 73% 2l
Qo] e gashe W fAge 9

B9t} Kolakowska (1988)d] w}i%, 3°coﬂ A1 727
ot Ryd G& 3, E superba®l A 74 A
F AAAE o 20% A% AAE Rl W, A
e 6% AE7F F718FA Y. 3 Kusumoto et al.
(2004) JA] ¥ QB:-EE Aet AdoA AA A F=&
SRl wre e1x) A" zro] UERESS B vty
t}. o]a]s} _p]—x%__il:} { =3 H 5’.‘3’01]/\1 Ahq]zq o7 zZo
FrElAARe] AES sl 7ke] &7, Aele] Zfelo|A 7]
A=A K= /\LL A7 & Er’“ AR ] Alg B
0 A 531, A8 e A 2l 2

= 239,

o:
m (o3
o[N
_\d
ol
F{F
o X,

AL o

>

A A dZ2E 9 2HE 7 BE Y S

Skt 23| A M ASh= E. pacificas B4 YA 1424
ME 71 opekst 23EA W4k (Saturated  fatty  acids;
SAFA), T E ¥ 31X ¥ H Monounsaturated fatty acids;
MUFA), THEX3}A] ‘%}/‘P(polyunsaturated fatty  acids;
PUFA)S 3131 fFAFSE X 4dS H A TH(Table 2).
SRR, F3l €] E. pacifi ca°ﬂ*1‘“ s A E25E 719
she Zo® yHEHe thEESIAIARe] S RH(38+
6.7%)°] Bl sl Hol| Blsl thi =4 et Feliet 5%
=39] E. pacificalX= QA0 E nAE 7|dom &
A7 77 AAY BaAkEe] 7F S FEjo] A4t
(branched and odd chain fatty acids)®] &3l vl i
Ao =7 JebsTh A 43 i F SAFA 16:0,
MUFA 18:1(n-9), PUFA 20:5(n-3)%} 22:6(n-3y= 24| %
WAl 60-64%E AHAIshH 7S A sHAl UERstT o
A2 o] AAE 248 9 Hdu| = a7kl gk
2ol & Kol = SkAIRE, Aape] At AR = Y
o wa} 2po]S B TH(Table 2).

GLAEZSAP T, FE He=SHIEMNA 7=
Aoz I A4t 16:1(n-7)3 18:1(n-7) (Sargent et
al. 1987; Falk-Petersen et al. 2000y 553 2] 7)Ao
A 7P Gl e O UK (S 3%), SHARERERE F2
7198k Aoz delRl 22:6(n-3) (Graeve et al. 1994b;
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Table 2. The relative abundance (% of total fatty acids;
mean with standard deviation) of fatty acids in
Euphausia pacifica sampled from Korean waters

Yellow East China East
Fatty acids Sea Sea Sea

(n=2) (n=2) (n=2)
n-Saturates
14:00 6.5+0.7 6.3+£0.7 6.6+£0.9
16:00 25.0+8.7 22.4+14  20.7£1.6
18:00 2.2+0.7 2.340.5 2.1+0.2
20:00 0.1+0.0 0.1+0.0 0.2+0.0
22:00 0.1+0.0 0.1+0.0 0.1+0.0
Total % SAFA 33.9+10.5 31.2494  29.8+8.7
Monounsaturates
16:1(n-9) 0.2+0.0 0.2+0.0 0.1+£0.0
16:1(n-7) 5.0£1.4 3.540.2  10.3+0.7
16:1(n-5) 0.6+0.3 0.6+0.0 0.2+0.0
18:1(n-9) 12.8+1.3 14.9+0.5 8.7+1.2
18:1(n-7) 8.0+£2.6 3.1+0.3 5.9+0.4
20:1(n-9) 0.6+0.0 0.8+0.3 0.3+0.0
22:1(n-9) 0.9+0.2 1.0+0.5 0.5+0.1
24:1(n-9) 0.2+0.0 0.1+0.1 0.2+0.0
Total % MUFA 28.4+4.7 24.4+5.0 26.3+4.3
Polyunsaturates
16:3+ 0.2+0.1 0.1+£0.0 0.7+0.1
16:2+ 0.8+0.3 0.5+0.1 0.9+0.0
18:2(n-6) 4.0£2.4 6.8£1.5 1.6+0.0
20:4+ 1.3+£0.5 1.8+0.0 3.2+0.2
20:5(n-3) 11.6+£5.7 13.1£2.0  19.1+0.1
20:3+ 0.1+0.0 0.1+£0.0 0.3+0.1
20:2+ 0.4+0.1 0.4+0.1 0.3+0.0
22:6(n-3) 10.6+8.7 13.5£0.6  11.9+0.5
Total % PUFA 28.9+4.6 36.3+5.7  38.0+6.7
Branched & odd-chain
15:0i 0.3+0.0 0.4+0.0 0.2+0.0
15:0a 0.1+0.0 0.1+£0.0 0.1+£0.0
15:0n 0.9+0.2 0.8+0.0 0.6+0.0
16:0a 0.5+0.1 0.3+0.1 0.5+0.0
17:0a 0.4+0.1 0.3+0.0 0.3+0.0
17:1+ 0.5+0.1 0.4+0.0 0.4+0.0
17:0n 0.6+0.1 0.7+0.1 0.4+0.1
18:0a 5.4+0.7 5.1+£0.1 3.4+0.6
Total % BrFA 8.8+1.8 8.1+1.7 6.0£1.1
Total FA (ug/mg DM) 48.0+9.4 472+1.6  57.7+11.0

Falk-Petersen et al. 20002 =4 YERH(13.5+0.6%) <}
HRZRE XFshk= vAZF7E A A 5= 2
o] 30 Ho|Yo|H Aoz 4 4 ot =3 4
Z7F 7190l eicosanoid®] A4t 2HF FHo| =

20:5(n-3) (Nichols et al. 1993y o] A 7}
A=A YERtTH(19.1£0.1%). 3, SARAE £ e
EZ2FA Z¥se Aoz 4zl At 18:2(n-6)
(Dalsgaard et al. 2003)2 3l H]3l F5=3ll<}t sl
A vl E=2 kS JERNTH>4%) (Table 2).
FHoll= SEEFIAES] A4 F4& T4 Hsl
E4 ALt Ho) 3242} B 7F ARS-E| AL JATHEl-Sabaawi
et al. 2009). = =, 18:1(n-7)/18:1(n-9) H| &S &=
B A4 §9(%4 <0124 T 22)S 1E5E)
$38 &&= 3 ATH(Cripps et al. 1999; Falk-Petersen et
al. 2000; Dalsgaard et al. 2003). 18:1(n-7)2 F=F=F
B 7193 16:1(n-7)2] AFEAF 2 RE AHEH Aol
18:1(n-9)= &%, 53] FAsEI AT ENA E3sA
Uelgde Aato g deEx 9l th(Falk-Petersen et al.
2000; Broglio et al. 2003). ¥ 2] )l -55= ) -5
ol =™ 18:1(n-7)/18:1(n-9)H] & zHz} 0.62, 0.21,
0.68% LIER} gh= Zaljo] Y A thiat 224 e
A2 Qe Z2te Ao R YEoy, sF=ae] Ao
2 7 el vlsf diiF o FA (e &) 4
H zh= Z102 Uelhti(Table 3). dWHEoz E
pacificac A EEFIAE WEYA] 252 Hold oA
AEZHIAES THHA A2BHA T, Ald ] Wt o}
FAEL] o] Fashs A7ldE FE 87
£ H|E3 &Y FEZIHIES 42 dtH(Nakagawa et
al. 2001). T3, SF=1dl= GAPIoZHE fdsE= o
Fgo] JUPo g Qlal w2 dxPAE Y A EZYIE
YA g ol A9, FApte] AFgHoNA HAAFE
o A 3 A EZHaE A Fol
£ ATHGong et al. 2003;
Chen et al. 2004). |3 A TN A=EHFIAE
AA TS JeE 4240 555 A ZHo A 5=
A <1 ugl(EHd 035 ug/H) ez A Jebgoy, 2%
SEIEH ol R)E HelR e T dAE
E(Levinsen et al. 1999)2 =2 o] &3l E3],
>20 ume] 74 AESHRY THIY FUEZFIL &
Aate] EdsHATH(E=3FA T 2008). ©] A=K
B, AH A S5 aEe dapre] E5og
nAAE e HE AHRR] YATES XS v
TEZYIAES F HolYo = o] &3 o7 A

O

o= =0 ’%
wEba], A A FEHEe] AL e F ool A
ol Hlal] A (Ee 54 AAFHE 7 d- A
o8 F4HT

gl qfRFol T A 16:1(n-7), 20:5(n-3),
16PUFAS}H SRR FHg 22:6(n-3), 18:2(n-6),
18PUFAS] 7|9 5422 Q3l], o]E2] A4 H&2

=
44 FEEYAEY Hlo] ATEGEFMLLTE

f
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Table 3. Trophic and dietary fatty acid markers in Euphausia pacifica sampled from Korean waters

Marker Source Yellow Sea  East China Sea East Sea
18:1(n-7)/18:1(n-9) Herbivory (or omnivory)/carnivory 0.62 0.21 0.68
20:5(n-3)/22:6(n-3) (EPA/DHA)  Diatoms/dinoflagellates 1.09 0.98 1.6
16PUFA/18PUFA? Diatoms/flagellates 0.24 0.08 1.05
D/F® Diatoms/flagellates 1.21 0.85 23

#16PUFA includes all PUFA containing 16 carbon atoms, and 18PUFA includes all PUFA containing 18 carbon atoms.
D refers to the sum of all diatom markers [16:1(n-7) + 20:5(n-3) and 16PUFA], whereas F refers to the sum of all flagellate

markers [22:6(n-3), 18:2(n-6), 18PUFA].

Aol=d 85 8= Atk(Sargent and Whittle
1981; Sargent et al. 1987; Nichols et al. 1993; Phleger et
al. 2002). 18:1(n-7)/18:1(n-9) H] &2 A =R E F4=
H|wA %2 Agro] 7}3l shej|of Za) Ige] fRF/AER
Z5F H]E(20:5(n-3)/22:6(n-3)) ZH 1.099} 1.602.2 1}
ERiTE o] At vlgol] mE 53] Y A el
P2 Fafol] Hla] HRXFE HdHHoR o 5o
AFe Aoz yepgth AA, 2 A7 53t 389
AN ELra %‘:E%E <1 pug/1e1™, Skeletonema
costatum, Chaetoceros compressus, Thalassiosira gravida,
Paralia sulcata 59 7257t 835t &9tk 9=
Z-a FES AX2F xS URT WAE K= E
pacifica 7Y (calyptopis®} furcilia TA)3= 22| (Yoon
et al. 2000; Liu and Sun 2010), E. pacifica 23A|2] HZ
Z5 dig A5 d3e 49 *giﬁr 37E Sl
frAo] M3 et HolAQl
Aegidow HF3 442 %“r% 5‘ T ME}(GP%??H FAT
<] 2010). _—,_;;qur Ho|FZF o] AREH EX XA v g2

A2 S Ao wel Wd 5= 7] wiEel] ek A
2 FEE olslialr] g dH =R ARgsh7]ole oF
%2 o7t g slri(Stibing and Hagen 2003; El-
Sabaawai et al. 2009).

Table 4= SH=F 23l 2] E. pacificadl X HEH
I 2HE 7S UERd Aot At 74 Oﬂ H] 3}
o-p- SEehA R B B RS mRlel s Bekal, 15
o] 71¢do] wi%- = o] UL turnover time®] AoIA
7IZHE & - A9 HolFAds FHsk=tl &8ttt
k= 23 ALY, E. pacificadl X AEE S2E T
1.1~1.6 uyg/mg DM=E UEh} sfjol] e} xjo]5 HolA]
= ¥UTH(Table 4). 53] Fefo] Ad2 ¢3S A& F
224 @713 29 A A Hl i o AE| 22 1A

e T8 AEo® dHA Ade 22:13 20:10] -5t
sl =l, ol B89 E. pacifica’t 2218 8.7+
(&, Calanus sinicus) =8t 152] Holo 2 S-831%-&
7Fs3S AAFSEAL A th(Sargent and Henderson 1986;
Kattner and Hagen 1995).

FH R E4-aolM Fefshe phytold] A& &2

o

NEK

Table 4. The relative abundance (%) of alcohols and
sterols in Euphausia pacifica sampled from
Korean waters

Yellow East East
Compounds Sea  China Sea Sea
n=2) @©=2) (n=2)
n-alcohols
14:00 1.5£0.5 5.4+1.2 7.4+0.5
15:00 0.7+0.2  0.9+0.1 2.1£0.4
16:00 17.1£2.2 33.4+£74 62.68+0.4
17:00 3.1+1.3  1.5+£0.3 3.0+£0.4
18:00 3.7£0.2  4.3+0.4 5.9+0.5
18:1* 3.8+0.1 - -
20:00 0.7+0.3 21.9+2.4 -
20:1%* 28.8£1.1 - 5.7+0.6
22:00 - 31.1£6.5 -
22:1%* 40.7£2.8  1.6+0.3  13.3£1.1
Total n-alcohols 1.6+0.8 1.2+0.4 1.1£0.2
(wm/mg DM)
Phytol (um/mg DM) 0.2+0.1 0 0.1+£0.0
Sterols
cholesta-5, 22-dien-38-0l  0.3+0.0 ~ 2.0+0.1 0.7+0.2
cholest-5-en-33-ol 99.4£0.3 97.4+03  98.7+0.2
(cholesterol)
5a-cholestan-33-ol 0.4+0.1  0.6+0.3 0.6+0.0
Total sterols 6.1£1.9  7.2+0.1 6.3£2.4
(uwm/mg DM)
*All isomers included.
0] (#7144

€ E. pacifica®] A eI Add€E 9
&, AEEHIAE 5)E AFES AAEL At
(Table 4). YWHA 02 ZHEL FTEEHIENA ofF
) 2R EE ] <0.1%)5re] AR THAckman 1989). ©15
mEke] 2EH B2 tlite] FE2HE(>90%)°01, 1 <]
of ol mlFe] B R AEIHAE 7] SHEEC]
AZE7 = gk *fﬂl*Eﬂi~ AR FEoNAM THEE
7}74 T 2B ¢ ﬁﬂ%iMi(Goad 1981), §4&=
S Ho|2HE 47 Fu2HES TEFUAY, 24
& 259 HolHgl tEe] AEo] ofF mge] 4

ol

.|_4

l> i
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o
2 AFoN Fell-s5=38l-531 E. pacifical = F
ZHEo] 72} 6.1, 7.29} 6.2 ug/mg DMO.Z o5 m]ait
o] AZEHUAL, HEH 359 ZEHE F cholest-5-en-3p-
ol (cholesterol)] >97%°. & 7} $-Hale= Ad 2 4
AE5=o 548 YEPATH(Table 4).
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