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Identification of trophic relationships between marine algae and the copepod

Calanus sinicus in a fatty acid approach
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1 Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China
2 Graduate University, Chinese Academy of Sciences, Betjing 100049, China
3 Jiaozhou Bay Ecosystem Research Station, Qingdao 266071, China

Abstract; The concept of fatty acid trophic marker is based on the fact that the fatty acids of primary producers may be
transferred conservatively to, and can be identified in, primary consumers. Recently, fatty acid markers have been widely
used to trace or confirm predator-prey relationships so as to illustrate the key trophic linkages in the marine ecosystem. To
verify the validity of fatty acid as markers in the trophic relationships between marine algae and the copepod Calanus
sinicus, feeding experiment was carried out with this dominant herbivorous copepod from Jiaozhou Bay. During the
experiment, Prorocentrum micans and Skeletonema costatum were offered as diets, and starvation was preceded as control.
The fatty acid compositions of both the algae and the copepods before and after the experiment were analyzed. Over all, P.
micans and S. costatum exhibited different fatty acid patterns. P. micans was characteristic of 18:4w3 and 22:6w3,
indicating a typical feature of dinoflagellate. S. costatum was characterized by high amounts of 16:1w7 and 20:5w3,
suggesting a systematic status in Bacillariophyceae. Additional, P. micans was found to be much more abundant in the
content of total fatty acid than S. costatum. The fatty acid composition of C. sinicus was significantly different from the two
algae. Firstly, C. sinicus was rich in both 20:50w3 and 22:6w3, while only one of them was found in large amount in P.
micans and S. costatum. Secondly, 20:1 and 22:1 were identified in C. sinicus, demonstrating an herbivorous feeding of
this copepod. Although the incorporation and turnover rates of dietary fatty acids were different from each other, the feeding

experiment could still provide clear evidence for the potential of specific fatty acids as trophic markers. Polyunsaturated fatty
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acids which cannot be synthesized by copepods decreased obviously during the starvation experiment, while structural fatty
acids with more conservative chemical properties were consumed in a lesser degree. It could be inferred that in the process
of starvation, fatty acids related to the process of energy metabolism were consumed first. 18:4w3, 22:6w3, 18:4w3/
16:1w7, X18/216 and 22:6w3/20:5w3 increased in different degrees at the end of the feeding experiment when C.

sinicus was offered with P. micans. However, 22:6w3 was widely accepted as an important structural fatty acid, the stable
chemical properties of which made it unsuitable as a marker to indicate the ingestion of dinoflagellate. When the copepod
was fed with S. costatum , only 22:6w3 and 16:10w7/18:4®3 increased at the end of the experiment. Considering the special
properties and the low content of 22:6w3 in S. costatum, the increase of 22:6w3 might not be a result of the ingestion of
this alga. Based on overall considerations of the variations of these fatty acid markers and the Pearson correlation analysis,
we deemed that 18:4w3, 18:4w3/16:1w7 and X, 18/ X 16 were useful markers to reflect the ingestion of P. micans by C.

sinicus , and only 16:1w7/18:4®3 could be used as marker for the ingestion of S. costatum.

Key Words: Calanus sinicus; Prorocentrum micans; Skeletonema costatum ; fatty acid; trophic marker
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WA ZAB M B 28 3 AR BB Wl A £ 35 WO 1 G B A o> o 59— T, — 64 12 RE R
H B P sl B A LR oA A 9 i BRI 28 e R B 1 JE S A R B 2 R ) 2ok AR R Y
B . FEX PSR o, — BB R R R 45 H) A T 1 L MR AR S BT TR B 22 0 skt
B Z G52 AT AR B AERIC Y BRI, o] DA s B RE 7 B R B i e i A5 i e

1971 4F Lee™! %5 A FH il B 4% 3 ( Skeletonema costatum ) %5 ¥ VF {50 3 18] M2 3 55 ¥7 /K % ( Calanus
helgolandicus) , & IR T /K AR 23 Wi AR R POR R BRI R o G5 R o BRI 5 235 45 BT A1 ) i I R 540t TE
ST FARR I RRAE bR e A & R AR P EET  EA, B BRI DG TE AE WE  R ( F 5E AE
TROUR I L 28 % Je B 56F g 0 R AR 00 2T DL AR 7 0 b 2 B FH R I R A AR e P AE S R )
BEO RN BN PN G TV AR IR R (M S R AR v AR X VR R AR R B
Pyt D R — et 2 1l R 2 B 3R A (B R RO o OG0 IR T £ A B A% 3ok 1 0 5 AL ok %
&lis] AT TE B 5 B 1R DA B 8 ) K BB 12F 7K 2% ( Schmackeria poplesia) &k B SEmt T, A T K BR 1R K 28 X
P SEATAE IR R AL SR T K= FR B VEDRHE 3% (14 A BE AT T G 05 1R DAV 90 0 3 1oLV 0 S 0 1
KA ib i

HAEPTIK % ( Calanus sinicus ) & " ERL IR A 25 R G080 1122058 ( China-GLOBEC) BE 5 1Y KAEFp 2 —
EEPEIEEEFEESRETRE 2 XCEZMWIEM . 20 4l 60 AR, BRIk 2 M S X A7 K & 1B
DR EFEIEAT TIRA MBI BEJFILTAR v R N A 25 2 AR B B AR A7 S RN 2 43 A5 55y T
XA K BT T RGEMHRR AT SEARR X i A K B I 5T B R A B AL LER Y R AR
LA AR, AR TP AT K E R A B AR R 2 (R SRR b A AR EREE rh AR T K 2 TR
AR o ok A A A L0 BT, X T F AR IR BT AT K S A B B O — B = i
53 BT B o ARG i IR DL S5 th A8 9T K 3, 43 B HAR N R D 0 AN TRl Gt e 17 o #0268 R IR
X —EWbR S WEFE P AR POK S AR T AT . 38 5 o3 B BRI R DA ARIGHE 1) 17 3 sl ) A% dek el R v 1 3
AR, R F AR TR A 53 v ] T v v £ 0 0 FR A AR AR LSRR
1 SEFHE
L1 BRI

S K IR W 55 =K K St WIS Yo )n &5 38 wm HYTH43 I 0. 45um HYIR & 21 4E )%
MBS 0g . BRI sh I i KO 20t 6 40 (R B AR IIVS o S2 96 T AR R Ay T 1 )52 B 988 ( Prorocentrum micans )
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(ESD:30mm) #1157 Bl B 4% i ( Skeletonema costatum) (ESD:10. 1pum) . B3840 . F IR 18—22°C | L li b
(L: D) M 12h: 12h, PIRPEESAILL €72 BE R b5 5% 2060 B0E K, B Ap i s B2y 200—500mLL 3 9 28 55 2400
r/min .0 Smin YRS A MTIIE , BEM 208 R T8 48h JEFREE , BRI 3 FATHE

1.2 VR ShPIAE S IR A 3R A0

ARSI BT F i AB T K 25 ( Calanus sinicus) 522008 43 H T35 556653k (36°04'N;120°29'E ) il i1 7 B i
WK T BIPEE AR M i 28 AL A 500 wm ) K75 . SRR KIS N I B Ui sh W 5 2% 2 ORIR AR, JF T /)N
BN B0 At IR PRI B | 3% U 1 rp AR 7 /K 3 e A ( HLAA e L i B IR L JE T LA 45 i s BB )
BT Bt iR K TR AR

SRS B E T S S (PM) P AR (SC) AN SRS, ALK (S) B5 35 RT IR, RR4 3 NS, A
FIZ 200 HAALIMAR , HRPE BT RAE S X KR IR B HIAE (5.5 £0.5)C . BBEE &M TR,

225 48h W UIMLFNHEZS J5 , HUZY 60 ANV A E VR R APk S BRI R TS 5tfl . PM KR 410 SC
RS o BN AR VR S R0 P i 2k . B 2d B 1 WA, T AR W L 2B RBE T IR iR sh A,
Tl g 0 e P AR AE R AE 1. OpgC/mL (VETPEIFH 3 8. 6 x 1074 /mL; Al B 4535 3.3 x 10* N4 /mL) ,
2d 4 1 RIK  BEFRAFEE 24d, 45 8,16 24 KI5 WA T 2 IZY 50 AR AU E
1.3 feiim it

] PEAE ) RV S AL G TR C19:0 BRIVR HH R VE A AR ,0. 01% BHT H AR b8 AL, #
et AP b IR (2:1) 4R B AS S A 1mL 0. 5mol/L KOH HEEIA T T 80°C /K s Ak 2h, FEAIIA
1mL13% BF, ! B W AE 80°C /KA T I BRAL SN Th, BRI HIBR 2 IE O b 2 BUS AL e, HI s — U H e
FIECLEdd R Merck 23wl A = (152l BF, HBSA W I DT R BRAE \BHT 428 Sigma 23 EJ A7,

fifi 1 Agilent 7890 A TS AH A 1A o BTl a2 A T R P 4L RS AN 75 2, ELAR I Gt S5 AR T

B4 (53545 4 DB-FFAP(30m x0.25mm x 0. 25pum) ;

PR FR B R 220°C 5

A6 I 5 L3 Ry 280°C

FEIR AR THE 150°C (1min) B TEe (33min) .

2 BR
2.1 FRIEAEYIAG TR ZH B

VR D AT R B AR PR IR I RR AL AR AN 3% 1 7 . Y i R R v e 2R S T B Y B R D R 1
TR (69.72 £3.54) pe/mg F1(23.93 £0.47) pg/mg, 7 & B & 5 TR & (P <0.005) . V77 H B 3
FGIRRA 5 F1:16:0,18:403 . 18:5w3 .20:3w6 . 22:6w3 , i B IHER Y 90. 5% , Il 2538 1Y = 5 1 R
£ 5 F.14:0 16:0 16:1w7 16:3w4 20:5w3 , 55 MR IIFRIY 77.17% .

ARG IR (unsaturated fatty acid, UFA ) ZEMVE 5 S A B 25 s SRR R b 430 5 21 T 81, 12%
73.69% Wi & BEHT/HEE(P<0.05), A& A AAE IR ( monounsaturated fatty acid,
MUFA ) & 28 TR 3 (P <0.05) , &35 12.47% F1 2. 84% , 1 2 AN A 15 R A T 1 JL g
bR 78.29% AEH B AT H ORI T 61.22%

T IR B 3 F w6 BT IR 1) & i B i T Hh B 2538 (P < 0. 05) o TR Y o3 B w6 AR IR Y
T 68.64% F19.61% , AN E F& TN R 40. 83% F12.09%

2.2 HPAEFTK FENR I FR AL AR

PR 5 A 30 ZFIRITIR , Zhn 2 F LR PIFIF Y, 3R 2 h FAL(FAi S SE 56 T b B g o
FEPTIK B NRIITRTT S8, ) AT LAE 1, rh AT /K 2 1 B 107 PR 2E LA PR W R R AE - (1)20:503 Fil 22:6003 5
W, R E] 25. 67 % F124. 43% i EfE pe sk B o R R R H i — B A s s (2) SRR R
R (MUFA) 15 805, a5 3 18.98% . Hirp 20:1 H122:1 SEPRAAE Y h A 1Y
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R1 EFERENDHEFRENRAR %

Table 1 Fatty acid composition of P. micans and S. costatum/ %

JIg TR TR I T E AR IR TRV I AR RITER TRV I e Hh B AR
Fatty acide P. micans S. costatum  Fatty acide P. micans S. costatum  Fatty acide P. micans S. costatum
14:0 0.83 £0.05 14.60 £1.13  15:0i 1.23 £0.64 2.46 £1.25 15:0ai — 0.09 £0.16
15:0 — 0.72 £0.18 16:0 15.28 £0.22 7.48 £3.27  16:109 — 0.32+0.10
16:1w7 0.35+0.07 7.72£3.23  16:1w5 0.62 +£0.03 0.83+£0.12 17:0i 0.39 £0.02 0.64 £0.31
16:2w4 0.05 +£0.08 1.47 £0.09 17:0 0.08 £0.07 - 16:3w4 - 16.84 £2.22
16:4w3 - 1.34£0.26 18:0 0.52 £0.06 0.31 £0.01 18:1w9 0.76 £0.01 1.43 £0.48
18:1w7 1.10 £0.07 2.17 £0.80 18:2w6 0.46 £0.02 1.73£0.08  18:3w3 2.00 +£0.01 0.53 +£0.12
18:4w3 18.88 £0.27 5.65+2.19 18:5w3 26.51 £0.63 - 20:0 0.54 £0.04 —
20:3w6 9.15+£0.30 — 20:4 w6 — 0.36 £0.07 20:4w3 — 0.57 £0.08
20:5w3 0.59 £0.04 30.53 £3.24 22:6w3 20.66 £0.16 2.20+£0.28 USI 81.12 +£0.97 73.69 £2.77
SFA 18.88 £0.97 26.31 £2.77 MUFA 2.84 £0.17 12.47 +4.42  PUFA 78.29 +1.14 61.22 £7.18
Y w3 68.64 £0.94 40.83 £5.08 Y w6 9.61 £0.32 2.09 £0.14

USE: AMELFIE 40 SEA AR RIS IR s MUFA - SRR RARIR TR ; PUFA : 22 A BRI IR

2.3 RIRIIR ST spAEHT K & SR TR 2 Ak b IR
RIFERH LT, rh e K & ARSI & e 10 A5 Ak } o THRAK

BERBIBR(E 1), EIURRIFT ik ame 822 [

BRMTRATE S g it B IR A0 T F RS H . PM 2% 3 |

18 I TR R IR & BB TSROl B %

(P<0.005), BE% 90 34T, BARITRG & WL B Eg 10 f

Fe. SCORIM 8d AT KRB IR M BRI T 5E |

B FFRAIT , St — A T R R 55 16 K RIS S

24 FHt SIS W A B TS a2l o i, 5 0L— : - -

PURIEFRAR L, PM SCEZH7E 8d  16d . 24d I BIE DT R ik Time/d

HRIETYVRSZIGA (P <0.05) . SC LK 511k
SCIG L )RR TR & e AE L IR i AR rh 22 AN SR AR T

1 REFKRBELEERSEGETRERRRENTH
Fig. 1 Total fatty acid of C. sinicus fed on different diets

=, PM IG5 SC SCE LA e, A& A9 S s I R S AL ;S IR 4, PM L Y P B
EAE 8d 24d B E R EHTHEAR(P <0.05),16d B} —
BFRERNA L,

2.3.1 YUHEEFR T rh AP K S AR IR 1722 1k

2 40 T HAEPORBEAEAFIE RS T &R & e AR R Ol . BT IR s ) i B 7 R 240 BUAR &2
Z% X FOUREEFRIRAT R OGS MR W R A 55 35 A b i 5 A8 Ak, 6 T H MR 0 P A SE 36 21 HOC T JLFp e
TERR MR 22 A IE L

DUBRESE IR AT I TP A K 245 IR TIR T PRI B 7E 50% —100% Z ], & B/ T 70% MIRR DR A 15:01
15:0ai .16:1w5 .17:0 .18:1w9 . 18:1w7 20:1w9 20:1w7 22:109 22:603 , HHA 3 FhaF kg Hile .6 Fh A
FIRIGTR (MUFA) . ZAFIIR TR (PUFA) H HA 22:603 TEVURIRES HFiEFERS D, HAR W Z AR A R 15 R
FEPUR I AR 2
2.3.2 PR K S AR TR X T S Y 98 1 e

TE A WL TAR VR I R B i | R AT K SRR N R AR AR Y 160107 F1 20:503 BAZAL T R REA S, T AE H ¥
A 18:4w3 IIE /LS HM 1.02% EFHF 12.23% ,22:6w3 FTHAY IR BEAIRT 4 /N (K 2PM 525640 ) . 7EA 1L
TEOLT , B4l SRR g 15 R 1 A8 AL A JE DAAS HH IE R 1 4538 , 33X s g Jo R =2 B] %) B A A A s R 10 R 915
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BRT 2 IR T PM S 3 R AR HY SRR DT R LU (E AR B IR B b AR B, TR 3 R
ICHRAL T A R FE A BT

®2 AREERMERTHRETKEZEHBRAEREL %
Table 2 Fatty acid compositions of C. sinicus fed on different diets/ %
HRT RIS ETTIE  PUNAGH DR IR
-8d -16d -24d -8d -16d -24d
PM-8d PM-16d PM-24d SC-8d SC-16d SC-24d

BEWiRR  BRWIRRESE  VLHk-8d Uk 16d ligk-24d
Fatty acid ~ FAi-0d S-8d S-16d S-24d

14:0 3.21£0.00 2.54+0.51 2.13+0.46 3.12+0.76 2.82+0.20 2.04+0.13 2.17+0.12 3.43+0.86 3.37+0.53 2.21+0.23
15:0i 0.20+0.01 0.24+0.02 0.08+0.13 0.30+0.04 0.19+0.01 0.27+0.03 0.31+0.00 0.24+0.02 0.26+0.01 0.27 +0.00
15:0ai  0.14+0.01 0.05+0.09 - 0.26+0.03 0.10+0.00 0.08+0.07 0.13+0.01 0.15+0.02 0.18 +0.02 0.22+0.02
15:0 0.43+0.00 0.40+0.05 0.44+0.01 0.47+0.04 0.30+0.03 0.26+0.01 0.25+0.02 0.46+0.04 0.46+0.01 0.42 +0.00
16:0  14.92+0.51 16.1+2.37 16.00+1.41 13.71+0.50 14.11+0.37 15.66+1.31 14.17+0.30 15.86+2.00 16.42+1.12 18.04+1.34
16:1w9  0.18+0.00 0.18+0.16 0.09+0.16 0.10+0.18 0.19+0.00 0.19+0.01 0.22+0.02 0.10+0.09 0.07 +0. 12 -
16:1w7  7.63+0.35 5.69+1.78 4.39+0.95 7.16+1.12 7.41+0.22 5.08+0.61 5.46+0.68 7.38+0.45 7.24+1.12 5.00 +0. 66
16:105  0.29+0.02 0.29+0.03 0.27+0.24 0.40+0.08 0.34+0.01 0.39+0.01 0.39+0.01 0.35+0.01 0.44 +0.00 0.40 +0.01
17:0i 0.09+0.01  0.04 +0.07 — 0.07+0.12  0.05+0.04 0.09+0.03 0.08+0.00 0.16+0.03 0.20+0.02 0.29 +0.02
16:2204  2.03+0.01 1.74+0.40 1.28+0.30 1.94+0.05 1.91+0.07 1.39+0.25 1.61+0.14 1.84+0.27 1.79+0.27 1.25+0.17
17:0 0.32+0.02 0.47+0.08 0.67+0.12 0.56+0.05 0.24+0.00 0.24+0.02 0.23+0.02 0.38+0.05 0.43+0.06 0.57 £0.07
16304  1.22+0.13 0.60+0.19 0.52+0.10 0.42+0.21 0.90+0.03 0.63+0.14 0.51+0.14 1.05+0.13 0.77 +0.23 0.67 +0.26
16:4w3  0.65+0.13  0.89x1.37 — - 0.46+0.06 0.12+0.11 0.04+0.07 0.27+0.13  0.09 +0.15 0.09 +0.16
18:0 1.94+0.04 3.90+1.96 3.76+0.53 2.32+1.63 1.70+0.02 1.99+0.19 1.63+0.05 2.10+0.32 2.40+0.29 2.66+0.22
18:1w9  2.13+0.11 2.38+0.37 2.59+0.14 2.67+0.06 2.38+0.03 2.16+0.07 2.23+0.21 2.18+0.20 2.13+0.13 1.92 +0.09
18:1w7 1.44+0.16 1.63+0.27 2.14+0.21 2.10+0.34 1.38+0.02 1.50+0.03 1.51+0.01 1.68+0.15 1.87+0.14 2.13+0.26
1826 0.72+0.01 0.64+0.11 0.63+0.11 0.73+0.04 0.87+0.11 0.73+0.04 0.82+0.07 1.16+0.42 0.67 +0.02 0.55+0.03
18:2e4  0.37+0.07 0.29+0.02 0.20+0.18 0.26+0.06 0.30+0.09 0.17+0.02 0.18+0.02 0.31+0.31 0.33+0.07 0.26 +0.03
18:3w3  0.35+0.03 0.33+0.03 0.11+0.19 0.29+0.26 0.67+0.01 0.81+0.07 0.81+0.05 0.32+0.07 0.35+0.02 0.26 +0.02
18403  1.03+0.02 0.45+0.21 0.53+0.13 0.47+0.47 7.35+0.87 12.86+2.22 12.23+1.27 0.92+0.30 0.68+0.24 0.38 +£0.08
20:0 0.94+0.07 0.61+0.28 0.10+0.17 0.47+0.18 0.70+0.48 0.60+0.29 1.06+0.04 0.58+0.08 0.61+0.24 0.29 +0.25
20:109  2.97+0.87 2.97+0.93 2.68+0.99 3.26+0.48 3.34+0.16 2.73+0.34 3.58+0.18 3.17+1.24 2.69+0.68 2.00+0.81
20:1w7  0.21+0.01  0.24+0.03 0.34+0.09 0.27+0.03 0.22+0.03 0.18+0.05 0.23+0.02 0.26+0.11 0.21 0.04 0.13+0.12
20226  0.21+0.02 0.17+0.17  0.09 0. 16 - 0.19+0.01 0.23+0.01 0.25+0.01 0.18+0.02 0.16+0.14 0.13 +0.11
20:406  0.65+0.04 0.66+0.20 0.34+0.29 0.65+0.09 0.60+0.04 0.43+0.07 0.47+0.04 0.62+0.14 0.54+0.02 0.38 £0.01
20:4m3  0.98+0.00 0.72+0.13 0.64+0.07 0.78+0.25 2.69+0.33 4.90+0.86 5.37+0.52 0.87+0.10 0.74+0.07 0.41 +0.35
20:5w3  25.67+1.72 22.16+2.78 18.69£2.18 20.54+1.53 21.01 +1.65 13.87+3.64 13.27+1.23 25.29+2.61 24.61 +1.04 22.10+1.16
2:1wll  3.50+0.77 2.78+0.86 2.87+0.89 3.04+0.93 3.59+0.34 2.79+0.72 3.10+0.28 3.37+0.99 2.75=+0.77 2.11+0.91
22:109  0.63+0.04 0.61+£0.25 0.69+0.07 0.70+0.10 0.67+0.08 0.54+0.08 0.63+0.05 0.56+0.20 0.47+0.11 0.44 +0.12
24:0 0.52+0.13  0.22+0.38 - - - — - 0.15+0.25 — -
22:6mw3 24.43+0.88 29.98+7.25 37.71+4.91 32.94+1.22 23.32+0.17 27.07+1.56 27.06+1.01 24.61+2.68 27.08+3.76  34.44+3.00
FAL S AR P K SRR S S PM L SC 2Pl AR U P il B AR T e K SRR & i

B4 7 Bl EE A BE MR FRIC HEAT Pearson AHCHEMT (F3) . 18:4w3 Hl 18:4w3/16:1w7 , 218/ X 16 WFHIE
K, 18:4w3/16:1w7 X 18/ X 16 DHA/EPA B IEAHI, RALAEFED 16:107 ,20:503 35 FAEH HE AR
IEFEAER I I A OC R
3.3.3  rhAEPTK S AR TR H - A A e

FERC IR Py B 2k B m , TR AR T K R N B RR IR G DL N B 2% . RAEFEBEN) 16:107 F120:503 IHE
Wb TR RS B L PM SCIR A T RN, 18:403 IGAAL T T REREH 22:6w3 ) FF+ T iE 10%
(1 2SC S2804) o 2 v SC SEgm A RAEREBEAI AR IR LUAH R A 16:107/18:4w3 40T EFHAYEH,20:503/
22:6w3, X 16/ Y18 W2 V22 N R EH,
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g. 2 Variations of selected fatty acid markers of C. sinicus fed on different diets

PM Ay MR i Y S S 62 5 SC o B bl 2R M S R

Fi

&

K3 EFERREFRTHREHFKZ/LMHEZRHERIRICH Pearson HXEN T

Table 3 Pearson correlation analysis of fatty acid markers of C. sinicus fed on P. micans

PM 16:1 w7 18:4m3 20:503 22:603 18:4w3/16:10w7 22:6w3/20:5w3 >18/%216
16:1w7 1

18:4w3 -0.909 1

20:503 0.954" -0.982" 1

22:6w3 -0.946 0.743 -0.843 1

18:4w3/16:1w7 -0.968 " 0.984 " -0.989" 0.842 1

22:603/20:5w3 -0.982" 0.924 -0.978" 0.935 0.964 1

218/%16 -0.924 0.997 ** -0.993 " 0.778 0.987" 0.947 1

# FRTE 0. 05 BYKF EREMZE (BUR) 5 * = FRTE0.01 BKF L BEHK (W)

6] PM SCEG 4L, QK 7 RIS RRBR ICHEAT Pearson AHICTEMT (2 4) o A BRI RRARIC 2 8] A FH G 5C
AT WA, 161107 20:503 18403 Fl 20:5w3/22:6w3 Z Al HA UKL R, 16:107/18:403 W15
22:6w3 HATRUFIIEMIRK R,

F4 PPHEEREFTHREEKRZNLMHEZREHERIRICH Pearson X ED

Table 4 Pearson correlation analysis of fatty acid markers of C. sinicus fed on S. costatum

SC 16:1w7 18:403 20:503 22:603 16:107/18:40w3  20:5w3/22:6w3 216/ 318
16:1w7 1

18:43 0.918 1

20:5w3 0.987* 0.969 * 1

22:6w3 -0.985" -0.961" -0.997 ** 1

16:107/18:4w3 -0.899 -0.997 ** -0.957" 0.954* 1

20:5w3/22:6w3 0.972" 0.981"° 0.996 ** -0.997 ** -0.975" 1

216/ %18 0.477 0.564 0.512 —-0.440 -0.514 0.478 1

* FRANAE0.05 WK R EAME (BUR) 5 * * FR/RFE0.01 FZKFE AR (BUR)
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3 WitE&%R
3.1 PRhRCEE A T R 2

ST UEPE SR AR T R (BT I 20 2 50—60 AEARIF Ul AR Z A HRGE ™ o 1 PR A4 17T 10 iR 107 R
L0 AT B S RRAE 2 DRI RT LUKE B 0 2 FH T B 28 Ak o JE 52 20 o 5O 8 i TR R 4420 vk
KM AT S AR R A AR A A AN IR AR 9 Hh i SR 9 1) E AR R A 161018403 \18:5w3
20:3w6 ,22:603 , HIH FREEA EZRNITRA 14:0 .16:0 16107 \16:304 20:503 , 3543 BRI 25 1Y T 35
PVRRRERIRESE T TRRAE > FEARIRIRG FR A 0F T 106 D P O 1) G A T 5 o Wb 2 v P D i 4, R AE DR
Jii it PUFA w3 Fl o6 BRIGER ) A& it i 3 T P 4ol RO, SR 3 1 i 1 S P S R 5 L o
W 2SR I Z IR IR B TR BT, XS AR R ¥ D HHY 3 v B S B A DR
3.2 HEPTKENRINIRZH K

HARPT K 28 BB DT R 2 URAT B A RFAE . 1558, HARIN 200503 \22:603 1Y & S #RH R, & b SRS
R i 1) 50% LA b, AR LT IRINIR ,20:503 22:6w3 FEA MR AU E S 5 — L R iR gL 2, 22:603
WES S SEH IR SR fT, A IR A AR EE MR . AR E R
R 1Y 53— B SRR RS2 BN RTIR TR (MUFA ) B3 B R0 20:1 A122:1 5 2 1 SRR &% 1Y 7%
DA b, 2001 12201 Sl B MR R RREMERR I IR | h e 2 RiE 1 AT iR Ak 1821 12011 j@ad
BRI A3 B 2001 1 22: 1% AT DL R AR AR YT K 28 1 S A TR 7 TR S . AR Rk R
BARICHY 16:107 F1 18:4w3" 14351 B 1 SRR Y 8% 1 1% , LW AR (4 V7 Ui A 22 f o, 1
AL R EhRI) 15:0 F117:0 5 SARITERIY 1. 2% 2247, X S BG 7 IR3E 5 W\ ol S F 2R 5 b 4 TR 9 A 1 B
WFER' 0 WUREAR Rt , FR AR K S M F 1238 B E 5—50pwm 2 P95 T I 1 40 T 38 5 RLARAE Tpm LA,
PRI AT K % B ShER B B A R S SR AR AN Y, 15 R0 17 B AG AR D R T BE 3220k [ T ILRE I DL R h AR 7k
FHIE , 5350, 24:0 NEITRR Y H B000 56 rh A Pk S4B T REVRAR A 50 . NS IR IR 1Y & ok R
20:1 +22:1,16: 17 B A0, Ul B A /K 2 DU B R LB B RE B O 32, 15:0,17:0 A1 24:0 Y& 4K
1%, BB R AR K S B A A D B AR AR 5T, ] LA AR K S — M AR R AR R
3.3 rpARPTK R TR RS AS ) AR ) Wi 1

MBI HTIR B AZ I DU, SRR rh AP K ST 8d S B TR AOVR A . BEE SEER A EAT
BB R O RS AR MR H B T MR35 Graeve' ™ &8 A 38 AL 1TV B (Amphidinium carterae) |
P RE ( Thalassiosira antarctica) 5537 WP IK & ( Calanus finmarchicus ) 5458 2SS 15 25 S J2ARLLAY .
T2 PR Ay B0 1 B SR B 7 2 i OB IR B T RO A ROIR I T , I I 2R X A
Yo 2 /D FIG i 7 R WM BE 0 AR B

NS i T RRAE VARG SR IS 1Y & B AR DU R b i S T AR 2 IR Se TR sh ) F B A 6 Tl RE
M ZARUFAE IR, H 22:603 J&ABI 5N, 1 Fh 5 B2 1) 22 A0 R G 17 R 5 200 A e 40 A2 2 —Fh 2544 i
WiRR . i L 22:6 003 ZEVR £ W HE AL 3 B b LA A o I RSP o BRI 7R VR T 3h 4 32 R0 LR Bt B
SE STHAEHAMARITR . 17 22:6w3 & fE A PRFF AT E A REAERF A WA AT RE . 3N JLRI A
TR I Lk, A8 I A P AR X /0 35— T T P R A P g 3k S8 B AN A 1 O T 2 2 0 B 1 6 A 45 ) 1 432
5y — 7 T D)2 v R TR A T Ui sh i LA 1 o 2 A £ TS S B AR R I R 0 A T DT 7 — 5
JE E XX AR MR AT T A4S

WFFE BRI A rh AR K SR Y 180403 SN AR EL K T 22:603 , 1 16:107 ,20:503 NI
TP A R 1) RAT , TR 700 sh i et AN [) s 0 e P W S RN AR BE A 25 52 . X5 Graeve ™ 26 A
HRTYE 3 (Amphidinium carterae) 3538 LT 7K & ( Calanus hyperboreus ) FALIR¥T 7K 2 ( Calanus glacialis ) 1%
HZERAML, 22:603 BYF i AR — 2 AN, (H AL A 18:403 (18:403/16: 107 ,22:6w3/20:503
218/ 1630 WA ek . 2585 45 15 W B b 0 B 22 A 35 A1 Pearson AH OGP 20 M B9 25 SR 182403
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18:4w3/16: 107 . 218/ X 16 BERLAFMFE /8 Hh A4 /K S XHIE vE SR S B & . VR M5 A G D5 R 1Y) 22:6w3 H
FHARSF X A A B &, DRSS A A dwic,

P mE v B 2 A R AR K SR LR IR I R AR IC A AS TR T8 A B A, XA 25 B Al AR S P 2 vh SC
S 25 BRI R BRI 1 A8 AL A TX Pearson AHICHE /3BT 1 25 SR8 & LIAR HH nTSE I 4536 . PR G T B0 I b 23
M SEREERINLA 16 76 P Rl 2l b 3 o R v TG 05 19 0 45 1 s 1 266 ot e R e PRI Ay, (LR AR P 72
FEENTYURIE SR, BRI R AR R | rh AT K AR B 25 e M B8 1, L AT RE X v Ul 1 2%
(B B ISR /D 3k — 7 T AT RE S PR A o B 2R R A (10, Tpm ) BTV I H 388 (30pum ) /N, — 35 BRARER
AbTF AR K & 5—50pm A F B EE B 2 Y (E R RIS B T AT Ak R T RE T B I 2 0 %%
J1, X FECT IR SR SRR BAR L 5 — T 1 W AT RS R R A Y P A e B W R
FEBAR(UN(23.93 £0.47) pg/mg) , BT B0 (69. 72 £3.54) pg/mg, KL, B 4297 K %
AT — BB 0 R B SR8, SEBRARAR A B R AT REATIAS A2 LA & FLRR AR A 75 oK . AERXAE L,
VTR A B IR IR S THFE M 22:603 i T HAR SRR R AR R R 4 b 5 o S i 34
T o FLL,22:603 H 3 L& R AR R R LIIE IR Sh 0T 22:6w3 MURR R, 456 & Na iRm0 1) A8 1k #a 3
F1 Pearson AHEMES T IIZE K F L 16: 107 20:5w3 20:5w3/22:603 . X 16/ X 18 WA fE i i Hr 487 7K 3 X vp
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3.4 %ip

SR RN, e V3 i P 38 ) RN S (TP 45 38 ) AR DT PR ZE W34 A 4% B I AR AR i B 1 1
PRI RG] B 28 AT A 25 A 2R v AT o S R R IR A S A5 Wb i i 5 AN TR DRI £ W % 2o ol AR 2 4L
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