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IR KABIFEFBED, AIHC AWM TESR
RATAL R A RR T B AR AL R A KRR L
1, SR ROV A o o TR B M K e RE 3
M RN E R EEET THEHR, Y
B P Ik O vk R T K SR F R, A oV C
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AL £ 1 RH R SR SRR B X e B % R AR S R BTR TE
PIER R, BRI T MRS
REMEN T HAFEEARBER, ML, RHR
AR AT (812 C) ROkl VIl s 35 FE MR
BAE IR S A R () o (E X AR R BRI 2R A0 F
AV oV C H, DLUBEB TR EE, W XA
B 7E b3 IR B e AR AR S T B BE BT

1 WEFEE

11 EBHH

FENTRFH A FHHRA R GHE, BRE
Yo HFIE B % FRE 37 U o 35 18 8 AP 2R 26 A9 o B 3 T,
L FHAEREANAVE, B4 EE R TE
BB, B AR R ( Neathes japonica ) T H B
T,
1.2 EEAE

FHLBIFRAWLE, ALGHE PR SE
AENES TR BH3/1EE, MR 14
LEVKESA BNMKESER ORE, 8X#EB 2
W, RS PR RL S B A, TR R EEmIE 20 d,
[l FR 20 36 AR 4 AR T [R) SR A B BE, 53 3 WRIBLEE, IR R
£ 0] G SRy i P R S T

SRIF RARAE. CENNERE 70C THT
G, B HEEHE 5~ 10 mg, HATEAMA, BAE
S 850C M Ay PR, BRI 4R CO,
HSK, ERESRETRE - 50C HREEN -
196C AR B E I, i Co, ¥E, S5 bk
S BEARESRE P, ECo, BREMAT -
50C, ASE, # - FS5HMATRRANESRE
M3, CO, BEMEE TIRESAN ST -
196 CAHHRELS. AEETHRAEESN CO, K
£, 2 MAT - 251 B & BB {ME H 53¢,
1.3 BEREH < TR b st A

MR4ET FIER AT LU E S 37 C EARIR 2 &
B A VR IR o E PR A K B T RR L2

Ra:(gi:jg::g::g:) % 100 (1)

A, R, — BA T RHR BRI LU %) 5

UC, RRAER(XBEHYE)H sVCE
(%)387C, - MEEHHP §VC (%) eV C. - &
K 65C {E(%);65C, = BRARIFIMEH s1C, -
$¥Cer; 61C, - LWL BT B T B AR AW oY C
B %) s

8B C o B I 18 ( correction factor), HE N AL
ARHEFEMETRIFRE, % Cer=8"C, - 8C,0

81%C, fEH TR,

SUC, X W) - (87C, ¥ W,
51."03:( f f)W( ) (2)

W, §1°C, - SRET R LW AFERY 01°C
(%) ;813C, — FHE WA IR KK 6V C H(%); W,
- ERERNRIFARE(g); W, - EREHHIFE
Hig); W, - SRBETHROEER(g).

2 HR

2.1 s“CfE

ERLHTHERAERERRE L. TAE
KT WHERESEE sPCENE2, HE2 T
DES, TRERN, B YE ASHETRGR
183 ATRAFN oVC EH BN FERERM 6TC
H. FEFHENIEZEMNEREE(F=
8.28, P<0.05), EHALRIFH sPCEZEHEME
WBE. VEHAHNBESHN sPCHSUER sVC
5 B ZE 1. 64% T 1. 30%, M1 Ad & fl b 2 B 51
CHEHSMARMMNMHEE 3. 38%., LRI sVCEH
AL B AT B 1ER 61°C 1E A% /N T RS

® 1 ZAFRREERFIRITANEKTORR

Tahle 1 The growth weight and food consumption of the indoor experimental shrimp fed different food  {Mean + SD)
FHE W/ B NRBE W/ (¢ BH NEAR/ (B
%fugf Initial weight Final weight Food consumption {i}*ﬁzﬁ ?
€] |}
BEw, TEW, BE w.. TE w, VETE W, BEAHEN Wy
il 0.96 0.23  2.91:0.06 0.69%0.02 2.13£0.02 - 3.01+0.07
N. japonica
.
Heuﬁﬂ. 0.96 0.23 1.98+¢.11 0.48+0.04 - 1.37x0.01 2.10x0.16
Formulated diet
A
ﬁnﬁ*‘{' 0.96 0.23 2.36£0.13 0.57+£0.02 0.84+0.02 0.8240.02 2.50£0.08
Mixed diet
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Table 2 The stable isotopic carbon ratio of the indoor experiment shrimp and the diets

(Means* SD) %o

ey L1 BE LAk wEA Bl A A A i
Sam nl initial N . Formulated Feeding Feeding Feeding
e shrimp . japomica diet N . japonica formulated diet mixed diet
8¢ -13.62 - 18.92 -21.19 -17.28+£0.02°  -17.81£0.07° —17.62£0.03"

T R R, 3 FR RIS A R R A R
Sipy sUCHRE 3, METALEK, 6°C HE
e MRS ARK. QM P C HABIMHE
4.05% M 0. 04%, PSS 83EH s¥CH
SRR 3. 51% 1 0. 60%, KEFE & FH 83K

SBCHAT I 3. 14% F1 1. 57%. /NEFS IR
S13C AR, 1 B 78 28 b oty B R 1T LA B L B R R i
o, B AR, XHEFA) S C S E G R 6 C A
FHHL, M543 57°C AWK,

%3 RWNERCBF. ESERNEHEN s c K

Table 3 The stable isotopie carbon ratic of the shrimp, diets and manure in enclosure set in pond %o
/g
B LAty vl b: 1
Seragle AMFD.06£0.01)  PAF(4.2720.42)  KAR(9.56£1.04) g n T Manare
Small shrimp Middle shrimp Big shdmp
8 -17.14 -17.68 —18.65 -21.19 - 17.08

2.2 FREUERXERIRE KA TR
2.2.1 EEARMDENEATRIEFEKHAR
M E A KR OR & R A ) R SR R aF S5

TERE U C HSH, TRBIFANTMEYREEH
2R B EB AR, TURETFRY PC, B
(DRA)AHBERRGREFRSEHESFER
B TR AR I R H e R R

(1) B—RASHR

W, =0.96 g,8C; = —13.62%, W;=1.98 g,
8BC,= ~17.81%, W,=1.02 g, 8°C, =
-21.19%,

RA@R, B,

= 17.81% X 1.98=( ~13.62% X 0.96) +
(8C, x1.02)18.:61C, = —21.76%;

EPCer=8C, - 87C, = (- 21.76%) —
(=21.19%) = —0.57%,

(2) BERVVEMEST)

W,=0.96 g, 87C;= —13.62%, W;=2.36 g,
SRC,= —17.62%, W,=1.4 g,85C, = —18.92%.

A, BP.

~17.62% X2.36=( —13.62% X 0.96} +
(6"°C, x1.4)18:8PC, = - 20.36% ;3

3BC, =8C, — 6PCop = —20.36% —
(—0.57%) = = 19.79%

—19.79% + 18.92% _
R = (5] 19%, + 18, 92%, ) < 100=138.33%

2.2.2 E&EENENERIFEKHER DF
A 2 FARF 813C 1H A E K 2 B, b 58 B PR AR A9
RERETHHFERNRG, ®ePCHEKRRKNA X,
SUC EHAM - X), TR BT RR,

X(3BCx) + (1 - X)(EPCp) = (8"Cr - 1)(3)

EH. BRIFCMR B 818C= - 17.14%, BBE
AR 81°C= — 21, 19%, TBFEHI LI T 3E 0 Bt K SR
ResEH (BER sPC HSBENWHERD K sV C=
- 17.08%, RA(3) &, &

X{-17.08) +{1-X)(-21.19)=(-17.14 -
1), X =0.761 '

I, T E R X RAFRTHFER
HIERELE 4,

B4 N, TRRGHRNBIFAERIF, 72
MRS R RN (FE 1), AR R ExiFE
KBTI RRE R 38.33%, AT R TRILAL, MhE
BN, BTS2 B 0 K SRR R 3 AR A
6 B4 T R o Xo A 194 A K T R A O

3 g

3.1 EAARIENRE R TR
AR, WEMREAANESRBHERL
BUF, 2 ERRRBESHENERLT(R D,
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PENIERE 61.67% REUWRRBUE, WAL
MO ERAMA LT 38.33%, Z—HRRMTE

ook O R R

£ 4 TRERRIRARTh B E KR ERE
Table 4 Contribution rates of different carbon resources to the growth of P. chinensis %

TRIFH
Group of shrimp

LISk

Shrimp size

Formulated diet

Hic-& o i
N. japenica

Bt

Chicken excrement

ERBSHRA
Indoor fed mixed diets 0.96120.012
0.06+0.01(/ Small)
4.27£0.42( ¥ Midium)

§.56 £ 1.04{ K Large)

B Enclosure

38.33 61.67 -

23.9 - 76.1
37.4 - 62.6
61.6 - 38.4

IR BRI R F YRR EA A TRBHIE
A EAHR A KR EN AR, —EZEMLL
PEARMFERFRTRBEHRANEN. 5K
&, WS E PR DR A TR AEE N LA
BYURCER) MRS, SREN, X
R, AR ERH 5T AR ARk, doike
FEXTEFALE 61.6% HERREXRET ALHRBRMA
EREER ., EHEOIFMMERET, KAHE
T7%EERBERBETRAETY . Nunes! 38
IR, MEXTIF AR R TR 24,91 % K ITF
TAIBRYESEE, WS XREHHTEHR
HBIAT . 75, 09% ,  Hhi# 9% 58 69 3 85 ( Notemigonus
crysoleucas), EATRBERESENMERE T, XAE
B HAE KB TRGED 40% ~83% 14, MAPR
SGEA R TBRREETUE S, RRERELE
Frrh I P R EREA,

M3 F AR A RE, FHEAMH
MR R A =R (76 1% ) BB AT A
THEMIEAFEH(23.9%), X—ER 5P EMIF
MR E R EEE DR AR B RANEARARFS
B, MW KERSE T RREREY, KR
BixtuF SRR AR AN XA MR, SIFNEaRD
WAL R T HE 38, Mo P TR AR AR SR A Y
A, XEHARARER SRR, AT
R M-E PR A R R E B,

3.2 MEERMEA

MEEASEEFEELUT 3 #EEKLE
FERATAFfR s 38— XFIF, AR (R - B
Y- FWHHY - G- RIELTHEIY (R
W YR PRE )X HF, FEFEA X R AT L R AR
A3 MEEAERTEER, BEWFERK B
BRENERZHE/D, BERRPRERNRINIK

WEEREY, EXFREAGH, B—R20FHAR
KRB, HTHHEHFEERERHEY, mEX
KREBBLUBRATHBEMEA RS THS, F
B %78 A R A 6 P G £ 15} Bk L B9 T R L ) 7 4
K. BBHERIF oV C R KA L A3 th ik
TE—&.

EREW KAaBESED EER-MEEE
MPREaRE KD RRNERN L, AILMTFH
# R EE N M HKEK B RR R EY B &
AFHEEY. FAHsCC M, MEATILEAR P
K h Gy RAERTMMPIRRYA, Akt
KW R 40% ~60% KETHHA PR, A
THBEEAMERENFEEERNBLN 7
T3 b R AU AR LA ZE B B OB L PR
ERUSEIFRFENREEFENEAHE X8
R 5UC RN S ELS R R AE R, BRI IG {ER
AT ER(>38%), BRIEEHEINEE, BRI
R M AR AR ERESRP RE
JENsI B BBE, 15 152 083 m ™ 2(48.2 mg/m?),
EREAR 1 MA, KERRAUREREN 1/27,
O —EERERRKT, X SRR R
30 =h B D ROE R R Bk,

FEERS, FEERELEF FTATREBHES
AR AP E TR KRR EERA A
61.6%, Fofth & Ff & 12 80 T AR & 4 0 R 0T 8 B 1Y,
XALE B K 3 P A LR R ] 74, i R
I IR SR M LT & B TR L EHE 4
THREE., BRI P ENFEAREESR
MBRF R TR AR, Jy IR 5 3R Bk A B B # B B A
PR Mok A4 B0 W 4B K I8 0 75 g, 24
MEEEAETFNEEMRAAERRESEHS
ThEERY BT,
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Stable isotopic (§'3C) evaluation of the relative
contribution of natural and artificial feed to Penaeus chinensis

ZHANG Shuc!, DONG Shuang-lin?, WANG Fang®
{1.Key Laboratory of Maricultural Ecology of Ministry of Agriculture, Dalian Fisheries University, Dalian 116023, China;
2. Aguaculture Research Laboratory, Ocean University of Qingdac, Qingdao 266003, China)

Abstract: Stable carbon isotope ratios {§'3C) were used to estimated the relative contributions of natural food
and formulated diet to growth of Chinese shrimp (Penaeus chinensis ) cultured in enclosures set in pond and in-
door aquarium. The results show that the 813C values of shrimp are affected by food with different 87°C values.
When the experimental shrimp, body weight (0.961 £0.012)g, were fed with food of polychaete worm and
formulated diet mixed in equal quantity in the aguariurn for 20 d, 38.33% of the carbon growth energy in the
shrimp came from the fomulated diet and the remainder (61.67% ) was attributed to polychaete worm ( Neathes
Japowicus). The artificial feed only contributed 23. 9% of growth energy in the initial growth stage, body
weight {0.06 £0.01)g, and 61.6% in the harvest stage, body weight {9.56+1.04}g, cultured in enclosures
in pond.

Key words: Penaeus chinensis; carbon stable isotope; artificial feed; natural feed; contribution rate
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