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WERABERENBRABESRERY PR BREYHEN B T ERER By — P EF KX (Calanus sinicus) —fE
( Engraulis japonicus)” 47 T EEIIZRAR, U T REERAE X DHET ERERE. Eid 76 d BIRRIE, X RESM
BT 14 HEERSENERLSIT. SRR, E3NMERBRPPEFTKEZEE T4 RENEA LB TER, EAMUE/NRE
YRR IESYHES, KIBEHES THRERNSE, MR EERE SEMN/DIREMN 6.10% R 2] 24.16% . {E
HEEYNEESFAREEENNREANHT SR EERTERTH 27.06% . PETKBZNEERETARSNRER
B B AAE R (r =0. 606,p <0.05 ), HoHt 7 R B EEMR AR A RS, MIELTEERMMEREH BRIR, BAaNat
BB BB R R iE AR A K E R, R ERE ORI BETA iRk, N5 & REREXE A 5P EUKEEEEE
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Transfer of amino acids in the food chain of key species anchovy ( Engraulis

Japonicus) of the Yellow Sea and East China Sea food web

CAI De-Ling"?, LIU Hai-Zhen'*”, SONG Xiao-Hong"*?, XU Xiao-Qin"*, DU De-Wen'?

1 First Institute of Oceanography, State Oceanic Administration, Qingdao 266061, China

2 Key Laboratory of Marine Sedimentology & Environmental Geology, State Oceanic Administration, Qingdao 266061, China

3 College of Enwironmental Science and Engineering, Ocean University of China, Qingdao 266003, China

4 Department of Chemistry and the Key Laboratory of Analytical Science of the MOE, College of Chemistry and Chemical Engineering, Xiamen University,
Xiamen 361005, China

Acta Ecologica Sinica 2008 ,28(2) .0829 ~ 083.

Abstract; Live baits Calanus sinicus were used to make an indoor experimental study on the intermediate and lower levels
“phytoplankton — Calanus sinicus — anchovy ( Engraulis japonicus)” in key species food chain of the Yellow Sea and East
China Sea food web so as to know the transfer process of amino acids in the food chain. After making a cultural experiment
for 76 days, the quantitative analysis of contents of 14 amino acids in the collected samples was made. It is shown from the

analysis results that the copepod Calanus sinicus forms an intermediate key link, that is, the copepod not only transforms the
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vegetable protein of chlorella into animal protein of copepod and greatly raises the lysine content, but also raises the total
amino acid content from 6. 10% of chlorella to 24.16% of copepod. As an important bait of commercial fish in this food
web, anchovy ( Engraulis japonicus) further raises the total amino acid content of copepod to 27.06% of anchovy. There is
a significant correlation between relative amino acid compositions of Calanus sinicus and chlorella (r =0.606, p <0.05) ,
among them, the correlation between the percent contents of 7 essential amino acids of Calanus sinicus and chlorella was
relatively poor, and that between the percent contents of 7 non-essential amino acids is relatively strong. The percent
contents of amino acid of anchovy Engraulis japonicus changed with the change in baits when food of anchovy changed from
synthetic bait to live Calanus sinicus. The amino acid contents of anchovy egesta are dependent mainly on metabolic process

of anchovy.

Key Words: amino acid; food chain; Yellow Sea and East China Sea ecosystem
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TIXHERAESRENREAMZIENHEAER T H, YN EYERXR BRMSI SHRXR EFRE
SR AFMINEE, EEREHEEYN Y, 824 (Engraulis japonicus) B THE ZEFBR (TR AL
), EAML B BFRFEER, W HERIE 40 e E e, HAEEX A RHEM B iEREL H
PR — R R T AL T A R TR R AR A R & — RS REA R, EEK 973 WH
‘R EBESRESDH¥ E5EYRBPTHENH PR LG, BHERHFEY—P LT KE ( Caanus
sinicus ) —fi i ( Engraulis japonicus ) — 5 15 Ty 8% ( Scomberomorus niphonius) ” F 58P BLH) & ¥188/ W AT B
B £, Wil AR EEE TSR B AR R SR AN KR . “ERFEE”E GLOBEC ER
BRI RI— N EERRNED . A ERRAS MR DA HABA HRMR G, EUNEERK
Bl %R ASERANMNEEREERENE . EERERERANSHAEMAEEEREES RS
HEER . Jin B B SHEMX £ B A Hydroides elegans 41 VRZE T . Fantle %5 137 FH Bk S EL R A1 5
PRBO R [ B X KPS P W5 ( Callinectes sapidus) S RIBHR IR MR BEEMAE T IR . RERFAMER
SEATHEESYRNERZRNER, BE0H AR 8N [E2E LM inA K, Schmidt B EHA,
e Wy R O R MR BRI T RETFHE 0N NP EF B AR" ., ER%E BiikREMANELES
PP Y P R R RS ' TR R R EBERAE . BYBERREEAE
BREEGEHAYBENEAZREA, RERBEHNHEYMERRISIRNRESRERIRAE ™ K HSIRZILR
RpEY R, EEREEMEFESREEFRESBETPHERZYRE D, Bib, MREEREREEY
BT T ERBRDRE—PEEKE—RA"THEESE EEDT THEREEYMCEMNEAN
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1.1 FAZHEERELR

T ERMER B AR S M SR e B, R At 4 K & ( Calanus sinicus) SRR LSRR A,
T4 K EN 2 AALET K/NRERSE , ORI — R BN T ERBRKER D . LRAER
WK B SER ST . SER AR KEVIRR MY, /PNEREEI B EXK =I5 fr i B 2,
7 1.5 M B K P AR RS EF R F KM, NREFHRERMNPBUELEZAER, Rl
IBFEL 450 CHKYHL A Whatman GF/F JERA4EURIE 1, hAEE /K ZEMERMNDEERPHE, 2 AT
PR BBkl , BA 2 4 2 m’ BRIt P P S IR A A/ NRRBE AT 3 SR B, K IR AR IFE 16 ~20°C, 52
Bl I8 K IR ERAR, T IMPRIFTE 16°C, KGR EA R, MEREER TR, PEEKERAE
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TR TR, SCI0 AT 16 AR T i BB K= RF 5 FraME st BB, RS EMREaSal 2 A A
TABRMASR TRENAE K9 ~10 cm, RAAWKAE REINEAKE 0. 15 m’ S IR A
POV K T A 1A 5 LA PO K R 89 DO NH, -N . pH FIEE B S 84R-5 A RK T B2 3 0, 2 2d BTIFHE
Ja R TS O AE R R K BN, G KRB 2 K, B EE . XFERMR T —Ma&“ /NRE—
AP K E—RA"3 MERERELEF R, AZERRALRPES dRE | FEARS, TR
BREEKEAEE, LRPEIHTRAKERD, YOhE 2 d IRE—R. RARSIREMKI2E,
R BERIARIE, ARG 1T URAE 2 450 CHIKSeid B9 Whatman GF/F B 48 |, FTRER/DEREE . Y
KE REJIAMALEESHREIESRHE TRERATERRI . X—LRFI 76 d,
1.2 FESaT

FLEN R ETRE) E B /TR IO itk (LC) BB I TT R I &AL BR B sharX 17,20 {ih4g 90 4E LA
%k, & T SAEER(CGC-MS) WE SRR AR E "™, HILEM L, 5FA % HE B LI
ABE— 800 5 PR AL BR OB R R B 41 AR ( GC-C-IRMS) , X — 7 s 8 3 T i iy & B AR A ™™ o

BT AL s o T RS E N e SR RA RS 8, B AR R e 2 R E R
SR EN IR BER RS SRR, EASR 2 InT  BH 3 mol/L FERRIET
FEVAW, T EZFERPMA 25 Wl ZBER . 72 EL R & SR R L BRYS W, IIA 2 ml 3 mol/L
EERIE TBREW 3 N E7E 110 CHEE TR TERL 1 b, RV BB AR B8 T A
25 CHEZE TR THRE, WA 0.5 ml ZEHHE(CH,CL) ,RAEHELZET. TREMHERZTHEF A
CH,CL A1 =% ZBRAT (TFAA) £ 0.25 ml, 3 O /57€ 110 CHHBR TR PB4 10 min, RNEEREFRHBZEE
o FIFZHME, BERMYASTRER KL CH,CLA TFAA; RS RN =¥ T 0.5 ml CH,CLH/5HBA
MREME A 4 CRITKF PR

e R BRI € RAE Agilent 6890N S8 {55 S973N i (VB HL(GC-MS) L#47H, RA
HP5-MS 234 (30 m x 0.32 mm x 0.2 pm ), SAHEERELAW T SUERE 250 C;EHLR
¥ 280 C 3 (A FHEAR YR 50 C, LA 20 C/min F+E 220 C, LA 10 C/min FHF+E 280 CH{F4F 3 min,
WEEF AT R, HHEE 1 pl, JTSAME B TR EE 1200 V, B FIRERE 230 C; UkIT
BB 150 C ; £49# (SCAN) T ETEFE N 33 ~600 mau, £41 40K mAE N SEH#H KN BB TR A%
BB, HFREENENSREN, IRBEHENRNERERAS & BOHENTRERZETE 3% ~9% ZIHl,
1.3 B

FORE T 16 4% /NERIERES: 7 A PEE KERES S N A BRER 1 AN RIREEFERS 27 4~ 2
WTHARRTFHERRARNSE(UHESTEANRENESSR). £1HIHTZEAEHEYHESH
43 VA K SEI FHR IR SRR A A BB RE B Y 14 FREERR S BT 391
2 ZR5
2.1 FEMEYESHSNERBRITER

SEEREN, /NRBEHEERA S BRI, (XN 6. 10% , HHRE P EEKBREERTERIBRS
F24.16% (£ 1), MEM - AP TRERRERNEE CEERRIER—HRET 27.06% , T HFT
R HRE Y R BER S BN 6.75% . H IR, EE 4T TR SRR EIRA R AN A B
HHEERSE, SRR, XA ERRTERE 48.12%,
2.2 SREMEYE SRR SR

PMHEARABEFMEMRZEEEARNANTE: —RHEEERAN; ~RHEERMELR, k1
i FEFTER 14 HERRTAE 7 HRLFERR(HER.FER ZEAR. FRAR . EEARENER
AR 7 FEL T ERR (AR HER L8R8 JEER  KL8R BERNSER)

INRBEHEERS BAEMNK, HOFERRPURERAFGERN S ERFEE, MBARMEIRNY
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FEEGEFLFEERT , RAERNTARN S8R, MBRERMZ IR S EMGE D . 5IHM HE
R, TN AR BA B KSR/ NREN EERS B, UASRER, A 2R HER . KLE
R AERAZERE SRR, MR S TURIEE RS UM R AR A BN E NS Rk
B BT EER T ENHEF VAR > RLAR > HAK > WEAR., XEERILBHN, £ FFHY
h ERKEERAEBEA ER B0, BRI B dil A s R, W BB S A REHE —ER R R,

F1 XEHRVESEIRARENNEERBSSE(%)
Table 1 Amino acid percent contents of constituents of key species food chain and synthesized bait

HEBWAA MR PEEAE  ARER  BEER P
Type of amino acid Chlorella Calanus sinicus Synthetic bait Flesh of anchovy Feces
DEEER TRE R Thr 0.43 1.19 2.20 1.26 0.37
Essential amino acid HRBR Val 0.63 2.03 2.23 1.85 0.71
HER Leu 0.85 2.31 4.55 2.60 0.47
REEER le 0.29 0.99 1.18 1.06 0.23
EE R Met 0.16 0.39 2.03 0.56 0.04
AR ER Phe 0.45 1.32 3.16 1.53 0.24
&R Lys 0.13 2.87 5.79 6.19 0.13
471 Total 2.94 11.1 21.14 15.05 2.19
FELETER HER Ala 0.44 1.57 2.84 1.57 0.52
Non-Essential amino acid  H4&# Gly 0.33 1.66 2.71 1.37 0.92
2B Ser 0.31 0.99 2.27 1.11 0.41
&R Pro 0.45 1.49 3.80 1.76 0.57
RALAEER Asp 0.75 2.87 6.53 3.35 0.73
E&R Tyr 0.17 1.44 2.16 1.17 0.63
BER Glu 0.71 3.03 6.67 1.70 0.78
471 Total 3.16 13.05 26.98 12.03 4.56
14 Fh EAT Sum total 6.10 24.16 48.12 27.06 6.75

FETKENIERSESHRFREAEAR > REAR HAR > AR > BER(NE 1), X5iEM
s IR R R BRI E B REA B MNNEER T BT AR AR > RAEM > RER >
RER > AR > HEAR.

P KENIER SRS/ MREG BRI, EOFEERT, UBARMZEARANZ,
MERRD; FLFHREMR 2 EEFRE, LEFEARNRL AR, L ARMBEARK, 2 FHLE— 1 HEK
ZARPETKREVERTEWE R T/NRE, HH TV IRAE - H USRI /NRE S ER I s
B LS SRR —— PR K RN RER S B P EZ R, SR EARE 2 FZMKIER
BEBMEZE 445, BRKE 14 HEERSER WEBERIEMXME, FXRH r=0.606(p <0.05), X5E
Mo =W AR O AR R L R AR B SRR YA RIFO X ERE B, AT,
A K EA/NREEZ AL FEEMR RAFFE BB EA O F R R r =0. 443, ER BB AR S B =
5 AR T BEEBRNAG B B & BIEA KM, X R % r =0.856(p <0.05) o HERM MENMBRHTEH
PR KEEREYETESE A LR THEXERNER, EAUE RPN Y& QRO siPi
WEE R, WE, FEERERER T3 . NEEREBKRE,2 HEFHEMUME,EE 4 MEERT SR
REEELLBEAR B H @By, TRE S FU L, ARG ENERN A AERERNEN, X
RENEN AR EZE R YR RE A PR S — R QR , g™ M+ 5B aRa BT seM
PR AR P AR R X Gk Z S TR S S YR B SR R M R AR X,

M1 A R A A R LHEIERT , LRMEARN AR T ERR , 0 HE22 6. 19% 12.60% ,
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T2 AR A R WA 09, 0 0. 56% o e 55
BEMH, KRBT BRI, 0 3.35% , FARMR
BEMAR A 1.70% & RRATH 2 F I LK
E—F, RL AR AR, SHIRNE, HEH
KEXRERNAEREO AR, KL AR AR
FERREIUR N, 2 B, AR AR TR
), RRAEA AT LR 2T, B 1 FR TRENA T
AERARISRA AL, | TRLRI AR R
RIS 1 G AR R AE T IR, 2 Fperimenal e
SRR RAR S R FL 48. 2% , EXWITIRE, R E1 RelREERSRREcER FKEL
REEPREREETETRE (RERT RN 5y 1 Variations in amino acid content of anchovy muscle vith
24.16%) o Bl 1 SHIGRPEEIRAIEN -0.0633, B ooperimental ine
BRI B EIERR A RS T2 TR, 3%
BN R AL AR B IR

HERARUE R LR R2 A RI6 55 2 HORF APR— A RPN A K R AR A R
HEATHORE S RAIAERE 2 oo BRE£5 ) R2 S5 2 DR 2 I B AR (r =0.726 ,p <0.01) WA SERR
R 5 A RN B SRR THR T, 2 76d HIE B4k R 5, SR TR ELE RI6
Rt SR K R BT B2 VA T BHWERARR, HXFH r =0.692(p <0.01) s THE S A4 R
PSR A 2 UAHE RT3, AR RO r =0. 357, St — SR SR A B M AR &
HEBHLI, B AR ASCRTFIER) 29 2600 BARRRAIFI & BN LR, AT AR K BRI
S T AN RRRE R —E W2, AT TSR %, SRR B3 1A TR
Bis A S STRETIA %, WP T AR AEDURRS T M A RS TR T M EIA SRS R
MERREHEN. RERALMEI T EEED, M UFAERTTE, B0 R H5 5 A RN G
AR A EAI%HE HIERE r =0.803(p <0.05) ; T#REL RIG FE RS FT K F T AR A B2
HEMERR, XY =0.662, L5 SR TP BALY:, AHXFBEY - =0. 171, R T HFK
SR SR AR 7, B8 21 P 5 2 IR AT K 3 2 R R B A7 ARt
HISERECr BTSN 0.740 ~0.859, SR il 6,00 MM APRHIO ACHUE K TR A A IR, F AP
KB R R Rt OB, ) IR E IR R AR T B0 208 T e ™

®2 TREMSREZ ASERSBHEXAY r

Table 2 Correlation coefficients between amino acid contents of different baits and anchovy

|95
%
1

|78
S
T

(o)
w

. .
.
L. 0
. M * <
.
.

y= -0.0633x +27.218
R?=0.2243

N3
(=3
T

B AL R AR (%)
T

Amino acid content of anchovy muscle

(]

(R EES A AR Pk E

Type of bait Synthetic bait Calanus sinicus

BERMA 14 FHEER WEEER JEAFEERER 14 FHEER WEEER JEAFEERER
Type of 14 types of Essential Non-essential 14 types of Essential Non-essential
amino acid amino acid amino acid amino acid amino acid amino acid amino acid
ﬁﬁ R2 £ & & &
Anchovy R2 0.726 0.803 0.740 0.580 0.449 0.772
ﬁﬁ R16 & £ &
Anchovy R16 0.357 0.171 0.768 0.692 0.662 0.859

#* % FEp<0.01 KFETRBEHRK, + ZEp<0.05 KFETFTEEMAE =+ % The correlation is significant to a 0. 01 significant level, # The

correlation is significant to a 0. 05 significant level

2.3 fRdE FHASHI R AR LR
TIRPENE T RASHIMYEEZ ANEERTEXR, ERENRAXEETS LHEIERSTE
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REESERMTER, MEARAIBMAR S 2R, XSRE6AFMTPHEARNZARTERA LENE
2257, ULIIAR A BRI AR b X R R A R R R LB, XA IR B T R LB, SPSS TR 4R
xR e s AR R P EER T BN PES R B EI RS BN FIEZ HIFRA HBRIMEX
P, FR AR r SO0 0.399, Horp 7 Fulb 75 [EEBRHIA X REUNE R, 09 0.529,7 FhIE T R MBI R EZE,
HA0.221, @R&FIFROEN—hEEKkESRa M EIENRARERS B2 Hd AR EHE M,
SR FERTERMXREr 7 0.508, K 7 Ml T KERAIM R RECY 0.496,7 FIF LT AERKHE X
ARH0O9 0.590, XA IETHRIER S B ERhRARNFIHRNAEEELRRE, S HEEKER
HIRFHIMLRI, SANTHAERTERXADK,
3 4ig

(D) FERBFMRERYEED , PAETKEEERRGETRE R LB THRXREER, BREAYE AL
NEYIEE, ORIRERE T AR & E8MEARNRE, AN P REYEE AR P BRER
WA REEEEN, REN YN AERIGER KRBT,

(2) R R R HR R R FER & B RN, A SRR HEAER T BN ERR, BEARE—HE,
TR PR AER S BESNENNAR PR RIER S B EHBHPMH,

G RERFRBASRETRAGH AMRRKXEAR, ENIERFTHRNBHREYHNIERTE
ERPORT HHHRNG R, SRAFFRIEN PR RER S MRS, S HAINARPHEERS
BXAERIK,
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