Vol. 31(1):121-131 Ocean and Polar Research March 2009

B e Fol A I (Pleuromamma sp.)3 35 (Neocalanus plumchrus)
8752 X%} = 2 A A4S 5 AR v

ot 2 - FMZ> - ol &>

i sl el R g e R iR
(426-791) 7371%= KA 23S A13E 1271
R AT SR EADATT
(425-600) 7H71% FAA] QEARQ-A=T ARATE 29

The Physiological and Ecological Comparisons between Warm
(Pleuromamma sp.) and Cold Water Copepod Species
(Neocalanus plumchrus) in the Northwestern Pacific

Ocean Using Lipid Contents and Compositions

Ah-Ra Ko'?, Se-Jong Ju”, and Chang-Rae Lee’

"Department of Environmental Marine Sciences Division of Science and Technology
Hanyang University, Ansan 426-791, Korea
’Marine Living Resource Research Department, KORDI
Ansan PO Box 29, Seoul 425-600, Korea

Abstract : In an effort to better understand the physiological and ecological differences between warm and
cold water copepod species in Korean waters using lipid contents and compositions, two species of
copepods (Pleuromamma sp. as a warm water species and Neocalanus plumchrus as a cold water species)
were collected from the Northwest Pacific and East Sea/Sea of Japan, respectively. The cold water species
showed two fold higher lipid contents than the warm water species (11% vs. 5% of dry weight). Wax esters,
known as one of the major storage lipid classes, were found to be the dominant lipid class (accounting for
64% of total lipids) in the cold water species, whereas, in the warm water species, phospholipids, which are
known as membrane components, were the dominant lipid class (accounting for 43% of total lipids),with a
trace amount of the storage lipids as a form of triacylglycerols (<1% of total lipids). With regard to the fatty
acid compositions, saturated fatty acids (SAFA), especially 16:0 (about 30% of total fatty acids), were most
abundant in the warm water species, whereas the polyunsaturated fatty acids (PUFA), particularly
eicosapentaenoic acid (EPA : 20:5(n-3)) (=16% of total fatty acids), were most abundant in the cold water
species. Among the neutral fraction of lipids, phytol, originating from the side chain of chlorophyll and
indicative of active feeding on phytoplankton, was detected only in the warm water species. Significant
quantities of fatty alcohols were detected in cold water species, particularly long-chain monounsaturated
fatty alcohols (i.e. 20:1(n-9) and 22:1(n-11)), which are well known to abound in cold water herbivorous
copepods. However, only trace amounts of short-chain fatty alcohols were detected in the warm water
species. Twelve different kinds of sterols were detected in these copepod species, with cholest-5-en-33-ol
(cholesterol) and cholesta-5, 24-dien-33-ol (desmosterol) dominating in cold and warm water species,
respectively. In addition, for the warm water species (Pleuromamma sp.), we assessed the latitudinal
gradients of lipid contents and compositions using samples from three different latitudinal regions
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(Philippine EEZ, Japan EEZ, and the East China Sea). Although no latitudinal gradients of lipid contents
were detected, the lipid compositions, particularly dietary fatty acid markers, varied significantly with the
latitude. The findings of this study confirm that the distribution of lipid contents and compositions in
copepods may not only indicate their nutritional condition and diet history, but may also provide insights
into their living strategies under different environmental conditions (i.e., water temperature, food

availability).
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TEEFAEL dFY = o] (food web) WollA 7]
AR R E I EAARE R E dEEl] = 24
Q1 o & (Sargent 1976; Sargent and Henderson 1986;
Benson and Lee 1975; Bougis 1976) %3} ofujg}, 330l
A AEZHAE oJsl] 2B 7] 59 olisleAaE
iAo g Adajr AAshks T3 A4S Skl 9
THEowler and Knauer 1986). =3t BEZ3 %9 #7]
ol A2 HE(Roemmich and McGowan 1995)3}
F AEFe] 2ol EX H3l(Beaugrand et al. 2002)
T AxE Tl At2dst] tig $AE HHeR
I = e 715 ¥3t ANARLE o] §H L Ut FE
SFELEG] 70% o2 AAISIAL = 827 (Wimpenny
1966; Raymont 1983)= 1970 AthHE 2o 3}skale] 9]
A AFEHJL, ol T 84RFE TS B &=
FHAE TEO| AL ol&sto AR E FH, A%st
SLdem, a2 g g o] o]59] ABARS) A28
Z79] ueg} & =olE Hole ZoF v tH(Littlepage
1964; Lee et al. 1970; lkeda 1974).

A e AEAe] A AsehE A8 AR
A, AEEo] A7e A HolgFo] W& Al7]of <y
A2 o]g-%|H, 32| (predation), 5% ©]'& (vertical migration)
ol a3t UAE FHslsert =3k AE e 9
UM A} eE3lE-S oF 17~18 kl/g)l HEt] E&
oA &-&(2F 39 kl/g) 7HAH, Mzt $2& 8=},
ASHA|, FEHEAEA F83 AT she R &
214 Arh(Lee et al. 2006). ¥+ opg}, A WHS LA G
AAtolv ZHEE FollA B4 ARER] A X3}
ALk Ty HolE SN 52 7] Wil A
EfA] Wellxfe] Hol AAE olaliste Aol Bol &&
F 32 SIth(Bottino 1974; Virtue et al. 1993; Cripps et al.
1999; Cripps and Atkinson 2000).

T2 A classZ2 = Ez]oM 2] Al E(triacylglycerols),
22 o 2H| 2 (wax esters), 21212 (phospholipids)s} tho]
oA FE A E ol 2 (diacylglycerol ether) 5°] AT}, ©]
% BN ES T2 AdEE AW g A
ARl FEIEXN, ALl BRE FEEFHIAECNA A=A,

= g

=AM E(glycerol)ell 371¢] AHAte] Eolfe +2E 7
A|5L ek 2|3l L9 Aol Ak A 24
EEHAEE g A EHEY JHE APGS A
(Lee et al. 2006). 1A AL M x-S A= T84
SO =2 M AR 7RG lew, o]l Bt
= Al Fx8) 7]l Fas &S ) AR
SolslE 9=l AMAsHe A (krill)y> IAE
Z2] 3391 phosphatidylcholine #7 Ao g %% 5}
= A2 dEA Srh(Hagen et al. 1996; Alvessard and
Mayzaud 2003; Mayzaud et al. 2003). 22| 3L Tlo]olal &
A E dElEs FA] 2 2djsidd] MXete FEET
=AM 7R EAEE AP FeiEA 2)SF (pteropod)
o Fo AH AWer HIEHI Uri(Kattner et al.
1998). o] ¢} ZFo] A2 oA Ao A=A 2
7, W2 T S wFs BAE 7RIS 7] o,
FH 5] Ao T 9 A WstE 14, Hlasste] s
F A AEA=HE T, Blo] Ae) 2 A, 4
e ola)|gl=d] &85 3L Ark(Sargent et al. 1989; Lee
et al. 2006; Budge et al. 2008).

FEEHIE AW FF 9 749 FeAdE ES
3L, ke FHEE X3 BA YA S
ZHe] A gk 2 ol ok At g Rk A
Z o] tH(Hiroaki and Yuichi 2000). 28] 22 E oA
= e FHE A (Fl B HEl)elA S sk thaEE <l
LR A T H A EAE FUETEES 4
), 283l F2A L A EER] Pleuromamma sp.2] A
A= HE L - FA sl o] &9 A& A
LS A o= olafataL, s A Al A oA A
g2 A 9] o E(Sargent 1976; Sargent and Henderson
1986) wtetstaral st
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A5 A3} F8](Sample collection and preparation)

A 87FR1 Pleuromamma sp= 20079 92 30
H 108 164714 g=ral A -¢l 27258 ol 83t
of PE]¥ EEZ a9l st.23, st.199} 27|vhel <32l
st.33, T =8lQl st.26014 ANF = ATHFig. 1). 82HF Al
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Fig. 1. Sampling stations of the warm water copepod
species (Pleuromamma sp.) in the northwestern
Pacific Ocean.

2E BIYEBongo Net; YME Y+ 60cm, H&
200 um)E o|-&-3te] 4lo] 212 e EEZoF 27|uke}
e A= 4 9F 200~300 m FE(wire out : 500 m,
AN S, AR F4o] W FFadolAe
100 m We] FZella A=At

W Wl 87 Abele] A, AEE HlaLs}]
flall 20061 4¥ F&l 2FEA M (EHH 37°00, 7
131°29)1X W¥4d 824791 Neocalanus plumchrusE:
AR AF e AEE AHe] &4 9] 95k
ZA L W3 (-70°C) HAstqch APz enkE
AlFEe ARoA s A $, EAEEY AR =
Pleuromamma sp.(Pleuromamma abdominalis, P. gracilis ;
+, AANE, &3l ABolX = Neocalanus plumchrus (C4
stage)E JHHU|ES ARSI B/ 3, 40~5071 A%
Robx ol Bastict. 1e]a A EF S4o F
83 AFFE A 977 AR dolg 543 F,
Pleuromamma sp.(Bennett and Hopkins 1989), Neocalanus
plumchrus(Liu and Hopcroft 2006)2] Zo]-7AZare] ¥4
212 o] g3l FAakelA o™, N, plumchrusS] C4 stage®]
AEES Miller(1993)2 31813t}

b
o
e
g
&,
Mz
s

= Lipid extraction and analysis)
AR e 98 RE fegrle EF 47180

(Dichloromethane: Methanol(CH,CL,:MeOH)=1:1)Z %
WA & EHE 9t F AIRE 8710 ¥al £
7)4 ) (CH,CLy:MeOH = 1:1)2 d7}8ko] F 1057+ bath
sonificationsto] A|EZHE A2 FE8IUTH 2t
SHTE H7kstd &9 #FH]E°] CH,CL:MeOH:
H)O=1:1:0.8°] =% 3 5 2 S50 s,
Aol F Fo g Feud AE 23etaL e ollE S
A At 2L APHALE KZTE 22]5L THA] AlA S
okt &3t 77189 (CH,CLy:MeOH = 4:1)2 7138 &
ol TS AASt AT ole} e AAE 2-38 W
sto] FE2E AE ¢hds] #e], FZ3THBligh and
Dyer 1959). ©|%7] &9 ANFZH4 9] F7]18v= 2
a7kEE A3 AA" F, & 77189 (CHLCLy:
MeOH = 2:1)°ll TA] &3iAIA AW classet A -4 73
Q1 Ak} 2HE 240 ARSE AT

2 A classe latroscan Mark-V TLC-FID(Thin-
Layer Chromatography with Flame-lonization Detector;
IATRON LABORATORIES, INC)E A%, A4 FA 5
AHJu et al. 1997). F=% AHe] HFFEF 12 uhs
chromarod(Mitsubishi Kagaku latron)ol] Bojtgl & &
3 #7181 (CH,CLy:MeOH = 1:1)& &3 (focusing)d}
o] H]=4 §7]-8vll(Hexane:Dietyl ether:Formic acid =
85:15:0.2)2 AW classE 2], FASITE. oA #
Z® A classe APEHeE +9 7153 Fo A
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; 573 3H33- 452 8] AL, Triacylglycerol
7} Wax ester= 22} Glyceryl trioleate®} Palmitoleic acid
stearyl ester; Sigma-Aldrich Co.)¢} H]wale] AA, &
sttt Z AW g AZFsE A classe] GO E

AEE A,

ik, E3& 9 2EHE B4

FAAYA G SAANHLE IS, ZHE) AR B
A fdll 9A FE2E ALY dAFHFS HWolA NEE
A&zl &7 0.5N KOH/MeOHE 237, 3057 70°C
2 713 & 339 AA &3 4718l (Hexane:Diethyl

ether=9:1)= FAAYE 2], F=3ITh o|FA F=49
AR 10% pyridine® 2 THE0] 31 bis(trimethylsilyl)
trifluoro-acetamide(BSTFA ; Sigma-Aldrich Co.)E 7}
slo] 71dek 5, FAAS trimethylsilyl(TMS) ol 2~H| 2
3}5}e] gas chromatography - flame ionization detector
(GC-FID; Agilent 7890A)Z 2], 413l th APt
Z3e ARG SR FEEHIL He &0 ¢

i O

AHe Hrtstel KOHE AR ¥, &7 #7187
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(Hexane:Diethyl ether = 9:1)& ©]83lo] F==H, =%
A HPAES- BF3/MeOHE ol ~E| 2 3IA1A A bat wjdof 2~
HZ (fatty acid methyl ester)Z -F+%=3l% GC-FIDZ 2],
AU ZF ARAAEL AFH R SAksr] Qe
internal standard(%/3 A *}oll = Cholestane, =73 Aol =
n-Nonadecanoic acid)E Ztzte] Algwfc}t H7hste] &)
A EHA T SAAGAEAh T SR (E RS, 2H
£)9] #g|, E4dl= HP-5 column(Z°] 60m, 7
0.32 mm, W Z¥E F 57 0.25 um; Agilent Tech.)
S AMEEeH, FH8E 2EXAOR AEFYTE
250°C, column QXL 50~120°C7}A] 10°C/E, 120~
300°C7FA = 4°C/R 0.2 =2 adlslgth o|BA TAE
FAEFGOmlAE)yS Ao, ZF X Ad RSl peake
internal standard®} W] st A 3l vt zF A AR
o] ¥ AL gas chromatography-mass spectrometry
detector(GC-MSD; Agilent 6870 GC-Agilent 5973 MSD)
2 70eVolA A} A7 50-700 amu B WA £ E]
o, 7 2 ZAE(column, 2=, o]FF 7F2) AT
AN} LA AAsIATE AR T =ask Ak
] double bond 1A= FHH LR o] &7Fsd APt
standard(FAME, unsaturated kit; Sigma-Aldrich Co.) &=
FAMEZ: fatty acid picolinyl ester2 33} GC-MSZ
Zol 5l Destaillats and Angers(2002)9] WHH S Alg-3}
At

3. 47 4 B9

G ded .7e] F A 3 2 AW class
WA (Plewromamma sp. )2t 853 (Neocalanus plumchrus)
a7tRe] F A e WEEo] 457 ug/mg dry
weight(DW) (A532] 4.6%), Y] 107.5 ug/mg DW
(AFFe] 10.7%)=, Y752 A o] drge] A
Shepr e} oF 2ul) o] EQITH(Table 1). ]3] 3 W53}

Table 1. The relative abundance (%) of lipid classes in
the warm (Pleuromamma sp.) and cold water
copepod species (Neocalanus plumchrus)

Lipid class Pleuromamma sp. Neocalanus plumchrus

(n=3) (n=2)
Phospholipid 43.6 +10.1 17.1£59
Cholesterol 11.0£1.8 47+1.7
Free fatty acid 20.8+4.2 147+1.6
Triacylglycerol 245+4.1 ND
Wax ester ND 63.5+£9.2
Total
" /nf;aDW) 457 107.5

ND: not detected

T 7k A g Apole e AT AIEH AR
, ol M A (T, A2 HDe mE 8 7HR-o
AREA QL A §EFe] xfo]l& & 4 UT(Lee and Hirota
1973). TLC-FIDE ©| &3t 2], B415 AW class &
TS A EA, GeEe Al xvre A ske Q1A ol
T ALe] 43.6%, A7 ARl ERjobdZE|ME0] 24.5%
& A sIG o, g2 A2 AEEHA 2t} v
of WrFolae 9= wxdte FolA T2 W
£ g2 o 2H 27 E A 63.5%E 7P B %S 2}
23tFom, EoldFAES AEHA] RAUT(Lee et
al. 2006) (Table 1). & AN SHE 55 Pleuromamma
spol AW e FEHS sl AMAshe FAE
R} oF7k Yk uk 2 class 13- QIR o] 7 -
Aol A7 Ao = EgjopdFE|MEe] 7MY 4
st B A-rAzel fAekATE 53] Plewromamma
abdominalis®] 7%= 457k AW (¢ AT He
19%, 8 : A5 6%) 2tol 7}t F=5iste] ¢Hzlo] 4kttt A
21& 98 o B2 JdUAE Ao AAeiriar =t
<= 9tH(Lee and Hirota 1973). 2] 3L W5 N. plumchrus
o] A%, o] &9 A FFE HEjH o] ol (2
5°C olshell AAet= FAF v FYF(Neocalanus
plumchrus, N. cristatusS} N. flemingeri)l H]3}e] <F 30} o]
A girom, o]lE9] AW class AR S B A+E
S 7ol & A ZHE G A dFe >31%)F P+
315 th(Evanson et al. 2000; Hiroaki and Yuichi 2000). &
A ARl F 87hFe] A class S TR AT
Al fAbet o), A et Wded ole 2 2
7HA g1l Z191gkcar dhET) EF AtollA] AEH
270 AR A A ] =& Hlazs] X, Hiroaki
and Yuichi(2000)2} Lee and Hirota(1973)2] A-#ol|A] 13
HEFES 2 A7y A sigEn 9= o =%s B
gk oofugl, AAE o] OF 5°C o4 W aleoA A
AT} whepA] Fo] Aoz v g A28t
= 5YF N plumchrus®} Pleuromamma sp.7} o =&
2k geke wol Zog FZ3 4= QIri(Batten et al.
2003). =3 a7bFe] A S A 2 A AKife
history)ell w2} & 2fo]& Ho|B=R A 7]9] 2lo]d] 9
3k 7102 %= B 4= 9Jti(Hagen and Auel 2001; Lee et al.
2006). sFAHF o2k ZYekEFe] xlo]= Ohman(1996)°
oA A71E AEA A A, B, F i 5 e
FA oA WA = = FAFEE FEHE 71T = 9
o 53] 8775 #43%e e F 7 el A
=), A= Al AEA S AT FL ERE A
WA ZA712] 242 WE 71 (sorting-freeze)
olal, A= At W A Aol Ao
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W (freezing-sort)o]tt. o] F 3 F FAte] o= o
7o A 2AS & AT 8lE T F 27 Ao &
F AWe] Aol FRol 7o thE 71
Aupz e vk mEba] F2ke] e A
T AGEA Ao a7bRRRE Ao £AHS
A A o ik webA] e s AHEA S
715 AlEes AR Fol @ e A 8 EF3
o B 7] WE Hathd olejgh Ao &4 vt
SRS ALl UL ZloE i

o

TR WA 87w A ¢ ZHE A

dd 3 Jed 8RR §a9R 1424708 7R
3t E3pR|aHAk(Saturated fatty acids; SAFA), ©d &
3}x] ¥ H(Monounsaturated fatty acids; MUFA), 71 A}
23X W4 H(Polyunsaturated fatty acids; PUFA)S- $F
kAL AK(Table 2). & AL e Gt ¥rs
o] z¥z} 202 ug/mg DW, 70.7 ug/mg DWE & A% g+
FAH Yol o =4 JEhsTh drgells E31A
A aFel 7P sk e, 2 SelME 16:.00] F
AgAke] 37.8%= 7P BTh(Fig. 2). WrE At
Aote 2] ¥EFolA 7P S Ak 71 Ak
EXSAI 2F0 R, O FoME #HE2F 7ldelH
eicosanoid®] A4k, 243} #AHo] A= 20:5 (n-3)(EPA;
eicosapentaenoic acid)(Nichols et al. 1993)9} FHEZF
719181 22:6(n-3)(DHA; docosahexaenoid acid)(Graeve et
al. 1994, Falk-Petersen et al. 2000)°] 2+t 16.33} 10.8%
2 7P -8k YeEb T WSl N plumchruso A
+ 9 Bx3ALE FolA 20:1(-9)3 22:1(n-11)°] A
Hoz A UehtEd], ol 18:1(n-9)3 20:1(n-11)°]
A& (chain)A S 53] 20:1(n-9)3% 22:1(n-11)E A3
A= A7) WEQ Ao F o] AZIth(Sargent and Henderson
1986; Kattner and Hagen 1995). ©]&]3t W52 At
T4 H3X+= Evanson et al.(2000)2} El-Sabaawi et al.
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Table 2. The relative abundance (%) of total fatty acids
in the warm (Pleuromamma sp.) and cold water
copepod species (Neocalanus plumchrus)

Pleuromamma sp. Neocalanus plumchrus

Table 2. Continued

Fatty acids

Pleuromamma sp. Neocalanus plumchrus

Fatty acids (n=3) (n=2)
n-Saturates

14:0 40+29 16.1+3.6
16:0 30.8+5.9 13.6+2.3
18:0 7.3+4.1 0.9+0.1
20:0 0.6+£0.3 0.1+£0.0

22:0 03+£03 ND

24:0 0.2+0.1 ND
Total % SAFA 43.2 £+ 13.7 30.8 + 6.0

(n=3) (n=2)
Monounsaturates
16:1(n-9) 0.3+03 0.1+0.1
16:1(n-7) 4.8+2.7 3.3+0.1
16:1(n-5) 02+02 0.1£0.1
16:1(n-3) 0.3+0.0 0.5+0.1
18:1(n-9) 54+0.6 2.6+0.4
18:1(n-7) 33+0.8 0.7+0.1
18:1(n-5) 0.2+0.0 0.1£0.0
20:1(n-9) 0.9+0.2 22+03
20:1(n-7) 0.2+0.2 0.7+0.1
22:1(n-11) 0.3+0.2 6.1+52
22:1(n-9) 0.2+0.2 0.1£0.1
24:1(n-9) 3.7+£33 0.7+0.1
24:1(n-7) 04+0.6 0.0+0.0
Total % MUFA 20.2+9.3 18.2 £ 6.7
Polvunsaturates
16:2(n-4) 1.0+0.2 1.3+0.8
16:4(n-1) ND 2.8+0.8
18:2(n-6) 1.7+0.3 0.7+0.1
18:2(n-3) 04+0.2 02+0.1
18:3(n-3) 04+05 0.3£0.0
18:4(n-3) 0.1£0.0 0.1£0.0
20:2" 0.2+0.0 0.1 +0.1
20:3* 0.1+0.0 0.2+0.1
20:4(n-6) 1.0+ 0.4 2.0+0.0
20:4(n-3) 0.3+0.2 1.1+£0.0
20:5(n-3) 5.5+3.1 163+1.1
22:5(n-3) 1.2+0.7 02+0.0
22:6(n-3) 11.9+7.9 10.8+1.9
Total % PUFA 23.7+£13.3 36.1+5.0
Branched & odd-chain
15:0i 04+0.2 0.6+0.2
15:0a 0.2+0.1 0.2+0.0
15:0 2.6+0.9 0.7+0.2
16:0i 04+0.1 1.3£0.2
17:0i 0.3+0.1 0.2+0.0
17:0a 0.2+0.1 0.1+0.0
17:0 4.4+1.6 0.3+0.0
17:1° 0.4=+0.1 0.1+0.0
18:0i 0.5+0.5 0.1+0.0
18:0a 1.5+0.7 0.4+0.1
21:0 0.5+0.2 ND
Total % BrFA 11.4 + 4.7 3.9+0.8
(ﬂg’éagl FD%V) 2024106 707412

*The nomenclature of fatty acids: The first number identifies the
number of carbons; the second number, the number of double bonds;
and the last number, the position of the double bonds; Branched acids
are indicated by iso and anteiso.

ND: not detected, +: all isomers included.
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Fig. 2. The relative abundance (%) of grouped fatty
acids in the warm (Pleuromamma sp.) and cold
water copepod species (Neocalanus plumchrus).

(2009)] A Aot FAskTH

20708} 2270 ¢] ©AE TR ©d BSR4
4 8RS AAse AR Blo] FAAEL F8E
3L 9o (Sargent and Falk-Petersen 1981, 1988; Ju et
al. 2004), 18:1(n-7)/18:1(n-9) B &S ©] 83l FEZY
AEY] HAFH (A <0.1<24] B F2)H)E HEP)
% 3lth(Falk-Petersen et al. 1990, 2000; Graeve et al.
1997; Auel et al. 2002). ¥ A9 FrEd WrEES
18:1(n-7)/18:1(n-9) Hl&°] °F 0.6 3% 0322 UEht F
T B5F 22E9 Aog F4E 4 ti(Dalsgaard et al.
2003). 22} o] H]-&- Ho|7} F53k 7)1k, A28 o
e} W S 9lY) gl s dAgeE s
7] 919 A Fea7ldE ofF AYE Fo)7t Bas)
TH(Ederington et al. 1995; El-Sabaawi et al. 2009). ©]5t
o= DHA/EPA H|&2 PARZHO} #3279 HAAE
£ geotsl=d &857]% 3l (Graeve et al. 1994; Auel
et al. 2002). 5ol = WSolre d5Eolr AEH
A &2 16:4(n-1)7F HIFE AEAte] oF 2.8%) AEE3
t}. o] Ak BE 20:5(n-3) 5 A FERFAA A
P = AR, o] F TEA] AAHS B THA AL
Je 8AFE A2FE IFS P 2 HEEEEE
< 78 Holgo g &8st AR AAXITH(Morris et
al. 1985; Kattner and Brockmann 1990; Mayzaud et al.
1990; Pond et al. 1998). o]of| Wla| WFor= dnky
o= vgg]o} 7]Yo® U7l odd chain(Cis, Ci7, Cis,
C1)#} iso9} anteisoS X&)+ branched FENS] R|Hito]

T Bl Ao =4 HEEArHKaneda
1991; Budge and Parrish 1998). o] WFo] W49
Hlalo] =S Ashs ARERFE 259 Holdle s

=
o wol B8y UeS #5334 ek weby ¥ a7}

FE T 2A40IA%, F5 T HH84 4147 non-
selective feeder)®M LE5o] A2]sle= 70 238l
2h7be] BN S EASE 15 BFaES

Table 3. The relative abundance (%) of free and ester-
ified sterols in the warm (Pleuromamma sp.)
and cold water copepod species (Neocalanus

plumchrus)
Pleuromamma Neocalanus
Compound sp. Pplumchrus
=3 n=2)
n-alcohols
14:0 36 1.1
15:0 23 02
16:0 51.0 8.0
16:1° ND 7.0
17:0 22.0 1.0
17:1° ND 02
18:0 17.1 0.8
18:1° ND 62
182" ND 13
20:0 4.0 0.4
20:1" ND 33.0
21:0 ND 0.1
21:1" ND 0.2
22:0 ND 05
22:1" ND 38.9
24:1 ND 14
Total n-alcohols (ug/mg DW) 0.09+0.02 58.1+11.5

Phytol (t/mg DW) 0.002 + 0.001 ND

Sterols

24-norcholesta-5, 22-dien-33-ol 04+0.0 ND

27-nor-24 methylcholesta-5,22- 1.9+0.3 15.1+95

dien-3p-ol

cholesta-5, 22-dien-3(3-ol 29.8+1.1 ND

Sa-cholesta-22-en-3[3-ol or 0.5+0.2 ND

cholesta-7, 22-dien-3f3-ol

cholest-5-en-3(3-ol(cholesterol) 59.5+2.9 36.7+0.2

Sa-cholestan-3[3-ol 0.8+0.1 ND

cholesta-5, 24-dien-3[3-ol 41+1.1 43.1+9.8

(desmosterol)

24-methylcholesta-5, 24(28)- 09+0.1 3.0+0.1

dien-3p-ol

24-methylcholest-5-en-3(3-ol 0.8+£0.2 ND

24-ethylcholesta-5, 22-dien-33-ol 03+0.0 22402

24-methylcholesta-5, 7-dien-3(-ol 0.1£0.1 ND

[B-sitosterol 09+0.1 ND
Total sterols (ug/mg DW) 5.1 2.1

* 1 all isomers included. ; ND:not detected.
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59 F9 ooy F8Fl= Ao ATHE T (Frost
et al. 1983; Schnetzer and Steinberg 2002).

Table 39 YR AAH drgole= o5 v 4=
2(=0.1 yg/mg DW)sro] HAEE =, ol= AR A2
A FHA g A EHEE FR3Elal e HE 8
U AE2REY 93 B 955 da3Hd &
2o dASS TRkl e YA Ee AEEo] HHH
o] 9] &Sl S A2 oAAXIL o]} N =
W drgel vls) AiAoR B2 g &=
+(58.1 ug/mg DW)el HAE=om, =2 20:13} 22:19]
247} 33%, 39%E 7P skt o2 g W N
plumchruso| Xl o] ¢3& A& 2 A Xl
g2 qEHES FAste T8 Ao EA, I 7 #XE
= OE gl AMAsks FARSS N. cristatus®] 39k
zH AR|BEARE N. flemingerioh= ©F7He] 2ol 7F LpebsdTh
(Hiroaki and Yuichi 2000). ¥¥tdg oz 27 2wlol &fx
B EE A= T8 YIS AROE 140, 160,
18:1(n-9), 18:1(n-7), 20:1(n-9), 20:1(n-11), 22:1(n-11)5°]
A glom, o] FollA 14:05} 16:02 243 24
FEEEIAEANA Bol AEE 5 (Lee et al. 2006), =214
S7VFol= AFAE A B2 fARSHA 20719 227119
B2 717 GAdE¥s 438(20:1(n-9), 22:1(n-11) 5)
o] £HsA Yehte Ao g LA Jri(Sargent and
Henderson 1986; Kattner and Hagen 1995). ©]¢]| wg} %
Wb S FEke ER1d AAE WEEd N
plumchrus7t 22173 87 qehe AL AT + AU
oh oA WA 87HRel gk ol AE| 2] FHE A%
F A2 EPA, DHAS} 722 54 Akat 20, 22719
RS TH @l BEXSIAAR} YAES sk
wol] gi3te 2o YElKSargent and Henderson
1986; Graeve et al. 1994), o]&{gr 574 Aika} d=E
< o] &3sl] Holt AAE olalst=d A= S8
& Zolth(Sargent 1978; Falk-Petersen et al. 1987; Ju
et al. 2004).

HrEEd e AEE oollA == ] phytol (3,
7, 11, 15- tetramethyhexadec-2-en-oly& -3kl AL,

TS = phytole] AEEHA Fdrh 87HFOA
phytolo] A== A& 87HR7F AEEHAEC|Y o]%}
A HHE YA Be ol A8k 2T ES AF
Al71oll Akl AT AMLE AASE Ao E KL
=% THJu and Harvey 2004). 53] £ A FollA AlE AF
Al g AAEF0] AT oA AR 21:00-
02:00)0ll AF=SA7] wiol]l 9 AMS SERls)] o

WEEH WaEEe] SEHE A0 mEW, Uity o=
87H7e] ZHES F5F9 o 0.1%E AAsH=Y)
(Ackman 1989), & Arol|lA= oRTh AX o 22 4l

Hpgo] oF 5.1 ug/mg DW, W55l 2.1 ug/mg DWO]
Atk FEEoAE F 127K T/ ZEHEC] HEHAU
o, 2 FA cholest-5-en-3B-ol (FUZHE)| F &=
HZ9 59.5%= 7 43195, 2L tha 92+ cholesta-
5, 22-dien-3B-o0l°] °F 29.8%% Wt} U w] A ZF2
A=A SHEC] 872 FEo] M F8 FESl
cholesta-5, 24-dien-3p-ol(desmosterol)> & ~HE9| oF
4%Z B1A HATHGoad 1978; Barrett et al. 1995). ©]
o} g WrFolMe IR 22 o ZHE T
7t HEENOH, & 2EE A EEE desmosterol
o] 43.1%% & ZHE FolM 7P A8, I v
o2E FYUZHE] T SHES 36.7%E 2SI &
3] 24-methylcholesta-5, 24(28)-dien-3B-0l-> Thalassiosira,
Skeletonema®t 7+ #3257 &l FH-8l] 327 vHA=
&85, W4Fol|A 24-methylcholesta-5, 24(28)-dien-
3B-0l3} 24-ethylcholesta-5, 22-dien-3B-ol(stigmasterol)©]
Z¥z} 3.0 ug/mg DW, 2.2 ug/mg DWZ UER} #3275
gl Ao F=& 4 QJth(Volkman et al. 1998).

dege] = 2 g9 9 A bl

EAEE oA 1ol mEr Al 9] sl (Hel¥ EEZ,
L7} 2o, FF ) e 2R AP A 87R
Pleuromamma sp.2] A TS vlws)| & A3}, F A
steke Fa)vl EEZOIA 57.0 ug/mg DW, 27|k} 8l
olA 37.4 ug/mg DW, &5l 914 42.6 ug/mg DWEA]
A2 HE IR o)FslHA A FEe] = T
vl o] AEdS e YT AW S 23R
ugl ZFEE Aurd, oA 223 EEZet 555
NM= AR 25 T XA 71 A BESA
sbo] A8t AA WE, 97kt Faloll A= EsA AT 1
Fol 7P $HsIATHFig. 3). °l& 271Uk} ZalolA A

A8 Wrge) 4Ae] T ¥ 2Alslool rls) deot
3 2492 33 B 5 Ak T AP 2 26 Be)
W SAFA MUFA

g 37 mrura g eFa o)
=
o
E ] 7
! _
w
E 104 V ;
2 72% —

0

Philippine EEZ Japan EEZ East China Sea
Sampling locations

Fig. 3. The relative abundance (%) of grouped fatty

acids in the warm water copepod species (Pleu-
romamma sp.) collected from three different
regions.
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Fig. 4. The relative abundance (%) of fatty acids in the warm water copepod species (Pleuromamma sp.).

7} AE 3 AGAQ] x| BTk dE o] 55
M= F2F7F 7192 16:1(n-7)34 18:4(n-3) A4k
TAo] Dej¥l EEZ sl B}t AthHo® E=9kt} o]
= Tl A" 2HR7F B3 EEZ af<ellA
AR eAFET AjFoes o B FXFE 259
ol o= o] &&tal UFS AN ET 5 iR
7o #2714 71998k= DHA/EPAC] Bl & Zg+H
EEZ 3l 9olA 7F4 =3kt o]2f gt v &2] 2ol & &3
Q)9 BEZ d99] W 159 Ho|log un
ZHE FERFED O Bl o3l IS ¢ T Utk &
olgAE Q71U FaflollA A HrFols AL
2 B 4] fAFEY £F FEZIHIAE 7199
24:1(n-9) AMgAke] AEHAT ol o] Al M4 sl=
87M5= 4% dAFEoIY 4F FEEEIAES Hold
O & o] &3lal Y-S WHITTH(Fig. 4). ol T APAE
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7P AT oloks gl HEld EEZ s9ollM= 7
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8|5l BlA Z7]7F AR ZH])42(0.2~20 um) 2719] 9
ollo] A Th(E=al g 2008). 3HARF 27
oF Zafe] A Bolel A2 v B4 AE7F gl
o]x e7Iuke} el ] ARl thelA= Ml 1% =
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