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HRIZE5NRDEBBNFEERFEFIARNNLHAR

IEH, £ &

amxE, R #,

B

. KK =SB fb e SRS LT KiE  116023;
2. ILT AWK R FEBE AL T KGE  116023)

WE: KiE13.8~20.0°CT,A£ZR S0 L sy R AN HFETEA(1.420.6) g hiF R Y
3 93 JE (Strongvlocentrotus intermedius)11 A, 31 &% 2 # % (Laminaria japonica) . H 4 5 & #
R A (3.420.6) g i 15 8 % (Apostichopus japonicus) 0CA #0) . 3(B 41) ,5(C 4)F1 10 (D
M) RFE HA2.4£1.7) g oY I = AT (Ruditapes philippinarum )6 />, HE H K 3 35 J& AR &
¥ F0 8 4 (Ulva lactuca) , B EABEE ARG R S, TTdWEAREA . FRSEBHEHRERER
REHFP>0.05),ERFAFE N EEKFESCGR BFEH T LK 4(P<0.05,B.CARD4A
HEfE By SGR 45t B %8 9.12%.7. 24 % F0 10.06%, &R 4 A £ 7 F B #(P>0.05); B %
Ha JE B 1A R R BT, 28~T7.70) 4 5| B3 1K F 297 (9. 12) (P<<0. 05) 4 20. 2%4.,15. 5% # 18.0%.
BRASHEEITHEAEN.B.C R D A #8648 & B 4 7 bt BB 4 PR 1% 31.520.26.8% 0
16.0% (B RF4AFZRFEEH (P> 0.05), HEffRSHMETRFLA N 11:3, BhFME
EKRATER. RN AR RN KA E U E W E (Nitzschia sp. ) F1 90 7 % (Cocconeis
sp. ) A £ . > B A H# (Navicula sp.) . RIHEEER P T KK . EPA+DHA 4 Ef n-3/n-6
Hf 8 ¥ AT EHFA(P<0.09), BRAAFELLBERTA ERES.

KW KR LEEEFA S FREBTFRA

FRESES. S962.92

AT RFSEK 7 R FE b 2 4 T S i BE G T A R
W, AL 285 LS A R S —
1717 R FH A= 0 1) A4 ) ) A 25 5 B S B AT
KRR AR Z 2 U E S B DO R
WY ' R R AR 2 X RS R
NK. SR EHES G N TH 8RR
FH AR FRAUR AR, {H E iR 2 it Ik 7
FH 25 2R FHMGE I A UF AL TR L TFDRLAS I S M 5 7
1. SRR S R . 5 LA T b A A7 L
JOT R A R S SE L A B AN U B o A AR
R R BT, B A S S )
HRET B SRAE DL  AR SR AR L LTS B it
e R A WL B A A I 22 B A

WHFSBHE. 2007-07-18

XHRFRIRES: A

X AR R U R R F T 8 R DA A, SOEER
T FRFHHE K AHE TS X A 15 e R — R T
EEFE . FATTF 2005 45 5- 10 A 98947
T AN [R] %5 B WF 38 ) 3% 35 0 ( Strongylocentrotus
intermedius) 5 )i #ll Z: (Apostichopus japonicus
Selenka) #AH IR 75 1150, & BLAE KK 5% iR
FEaFIREAE Y 45 5 A K (SGR) F i 2 L B 3%
1o » K BTRRE » 3 B BE N B9 5L K 446. 4 g,
{AAERIBERE BT « 5 40 2 19385 L% B8 4 iR R WL
HE 5 7K A Yk P TR AR T SR R P A L
WA AT R . k. R ATF 2006 4F 4 H
13 HZE 7 F 27 H T AR & B0 RS S50
MIAEHE E W3 A7 (Ruditapes philippinarum ) iR F7

HBHTHE . 08 % H (Code ICA4 - CT = 2001 — 10025) : 41 554 1R FL2 28 4 e BhIT1 H (20022153)
EEMA: EWHFF (1950 — ), B, LT REA M+, #5d2 WH K FRUE R RS, Tel: 0411 — 81759532; E-mail;

Jjgwang1950(« 163, com
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AORCR 35 T 0 0 2 058 RO R e ik
DU 27 TR 35 v i Az K 0T 58 B of 7K TR 14 5 Wi
VIR Sl B IR S I AR S,

1 bbkE

1.1 #H#

S FH R 98 T 28 9 IR R AR o IR D) 1A B R
(1.4%0.6) g. {54l Z (FRFHZ) K FR (3.4 £
0.6) g, 435l B K K52 A PR 6 Al
KWK = A R 7] s FEFR UG AT (R ARG
) K B AL T 48 K% 7 IR A R, R iR
(12.4+£1.7) g, LA N 45 em X 31 em X
30 em WEFRYBRLKAR . 5258 K b uE i) 2B A ik
RS H ARIEK
1.2 Ak

SR ARFER LRRMH2HETF.3
KA ATEE R RISA SR AR (A 2 Finidg iR
SRR SR - 0 TR IR PR 0 % BE 34k A
11 A4~ s R SR 4 rh o 2 R % B 4 3(B 41D,
5(C Z40),10(D 4D A4~ IR FR IR AT 6 4~ 4 4 4
W, FKRBAI—H 20 cm X 30 cm §9 Y8 K} %
gt . SERRTFURRT. SRS A — g I &
e PR P A LT R R

SEHG W A] L K R 13.8~20.0 °C, £hFF 32 ~
34, WKIRIH.BOEIAEE. 24 h LR IFMEA
ORFFAE 5. 23~T7. 0 mg- ™', & 45 IR 48R 2
R H R R A R T . AR R A A
TP T 10 min. FREE, LA 0 —%0
B K — K 29 R SRR 2/3, oK B i
B R H S8 200 H i 4R 80 « 7% [F SR IR %K
PRI W 32 e A (R RS SR} KA o o 3% 3% I G ik
WL R 2 — RS . oK PR Bl AL A 28 (Ulva
pertusa) ., F2EFR B K% N A0, BE S
FERALFRT . MAAMNEEN N 2.5g L7,

IR ik e 5 R W PO ARERRSEN 3. 5 mge L1,
Fri&Emek 0. 35 mge L7 (B — 8N 3. 5 mgeL!
R T E Vi Ml Vi % HEKT MG
RS 245 2 000 1x,

M 2 I3 B S $UT FH YRR R S A R T
s 7K ) S B A R (DO) . B H HUiEbR
RO R AR AE Y A% . &L Ry 0. 001 g A HLF
KA IR AG AR S, IR IR T
BB RO R e B R i R 2 A 2

B9 SRR . SCIREE TR M B 2H BN LB
FIELA: B R AR 2 00 AR o RN D R 5

FERERAE 75 C P L= T I 2 0K 4 5 i
43 LR SE kR X 6. 25) R AR (A
STk R AR S48 b e (550 CH5 h 2
(L0 R 1 CRELRR I K 23 RS 1 & k.

F IRy Folich 2 H BUIEFE 3h 9 14 3 (4 B
BT+ 22 7K it TR A Ak B S P AOA £ 5 (GC-9A
RO ST I — b5 B A R & B . HE R
PR AR AR R B = (s B30 P g A 4
B A (2) A IR A () R E A K
#(SGR, %+d ") = (LaW, — LnW,) X 100% /¢, H:
oW WA FIAAR T . ¢ W IEFEREL.
1.3 HiiEabE

SIS RS Y 8 £ bR 2 R OR B &
SPSS 11. 0 et A4 47 AH PR 58 Ty 2243097
FH Duncan [C 2 L85 LA 21 18] 4 {R ) 22
SEEH, L P <0.01 HEREBE,P <0.05
REFBE.

2 4R

2.1 ARZEETER. R SMGFHERIR
EE

B Ao AP ey A K AR E R 77d
(4] % 22 W, BRI SR 65 06 IE A BT 3R 34 0
100%, ZEFARREF(P>0.05), {HiRFF4H %1
A SGR 41 i 3 & T IR 4 (P<<0. 05) (£ 1).B,
CH D 45 L35 40 & 9.12%., 7. 24 % Ml
10. 06 % - {H 45 1R F7 4 6] 25 5+ A 2 3 (P=>0. 05) .

AN TR SE UG B B o B3 AR % 00 M A A < e
AR 2), [ 29 d. IR 37 FEA 35 pd g IE AR K 3
e, SGR H #4855, B 21 4 ¥ R A= K 28 JE iR 18
FH B 3% 51 d, IRFR IR I A 1 208,
18 , SGR {H [ 1R 7 41 g AR i) A6 1 3 B mig ph T
PAFRLE BRI 2 2% BE O 1G n g G s e 3R 77 d.
SGR i B A - 1R 75 o A% A K R 35 B T 3 55
21, H BAIC PI4LiEAR A9 SGR 3 8 T IR 4
MR (P <<0. 05) , {HA&A S50 [A] L TR IR 41 W] 25 57
ANEFEP=>0.05),

REEE TR A ERFRER B.C #l
D 41 il Z iy 8 & 4 i Sk 3.796 g, 2.396 g Fil
0. 790 g. A=< 39 J3E i HL T 3 4% 58 10 18 i g 41K (3%
3. it R, B R C Al S iR 5w
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i 32 4

F D2 (P<0.05),{H B 1 C 28] 2 574 i & (P>
0.05). TRIF4LHIS SR A 100% .,
AL 211 SGR T % BE 3
It 2 # AR (R 3) ARASF IR BEASH] . 6 H
1 HAi. B Al C HMl 2/ SGR B & & F D 4
(P<<0.05) B3, % 7 A 27 H/KR% 20. 0 CH,
AN[) 5% FE )36 23 (1) SGR 25 5348 i 3% (P=0. 05) ,
AT AR PR ER BRI, G

AF 0 A 5 hE 3 W 4R ((12.97 £ 2.57) g~
(6.10£5.19) g, %€ 7= 3 & #r 84 I (e & 1A
75060 s AN FE IR 26 52 AN B 3 (P=>0. 05) . $44F
A A K AR 5K IR AAE Y % UIHG. 5 A 10
H AT JEAE T 08 A7 AR A5l (RS R s T
90%:%2 6 A 1 H.,BE&E KRT & . S5 75T 5 5
msE 7 A 27 B BEARAEET & SRR
ARSI SET RN .

F1 BEMEFRAXTEBEHERMAFER

Tab, 1

Growth and survival rate of sea urchin in polyculture and monoculture

mean+SD, n=4

FERH 2 EiR FefE (em) TRk () FrEk kB id ~ D BATE AP
culture pattern group shell length body weight SGR survival rate
LIPS
" A 2.86+0.02 7.53+1.29 1. 06® 100
monoculture
B 3.06+£0.00 9,14 %0, 56 1. 16b 100
s c 2,99+0.05 8.45+0. 56 1. 14" 100
R
polyeulture D 3.03£0.05 8.64+0, 46 1. 17" 100
B 3.03%£0.03 8.74%0.36 1.16+0. 02 100
average

PEs I bRAT AN IR Bk R L) 22 5 1 35 (P<<0. 05) . T[]

Notes: Means in the same column followed by different letters are significantly different (P<Z0. 05).

et sequentia

®2 FRAEEMBREFMEFRAXATIEBBEHER

Tab. 2 Growth of sea urchin in polyculture and monoculture at different densities mean+SD. n=4

i FE K E (D E2iWiE 2R 51 FefE(em) PR () PR (Med ~ )
period culture pattern group shell length body weight SGR
LI A 2,17£0.04 3.36%0.16 1. 69
monoculture
2,170, 04 3.46+0,22 1.69
29 ) C 2,18%0. 04 3.36%0, 23 1.1
e D 2.15+0.13 3.29+0.33 1.72
polyeulture
¥ A 2.17+0,02 8.37+£0.08 1.70+0, 02
average
(558
I A 2.60+0. 14 5.58+0, 80 0. 98
monoculture
B 2.69+0.05 5.59+0, 54 1. 05
51 e C 2,620, 06 5.72+0.53 1. 07
D 2,610, 04 5.73+0.53 1.09
polyculture "
N 2.64£0.05 0.580. 13 1070, 02
average
e
: A 2.8640,2 7.53+1.29 0. 50°
monoculture
3.06%0.09 9.14£0, 56 0, 72b
77 R C 2.99+0.05 8.45%10.52 0. 69"
¥
D 3.03£0.05 8.64£0. 46 0. 65¢
polyeulture i
T N 3.03+0.03 8.74%0, 36 0.69£0.03

average




5 11 EABE A RS 5 U S AU AE TR A IR AR AR W 2B 5 743

®3 EBFRARTRSHEREMFEERE

Tab,3 Growth and SGR of sea cucumber in polyculture at various stocking densities mean®SD.n=4
HiW K CC) (A Ifikk (2) body weight R M-d - 1) SGR
date temperature B G D B C D
05-10 13.8 5. 06+ 0, 63 4,32+0, 27 3.56+0, 76" 0.52¢ 0. 35% 0. 22b
06-01 17. 8 6.1611. 14° 5. 08 £ (), 52¢ 3.89£0.470 0, 36 0.31 0.19
07-27 20,0 7.20%1, 68 5. 800, 89%b 4, 19+, 65" 0. 25 0. 21 0.12

e RITTPRAT ARG B R 4 ) 22 e B 2 (P<<0. 05)

Notes; Means with dilferent superscript letters are significantly different (P<20. 05)

2.2 REMEK

SIS W], A 2B SGR EH 2 5 B (934 i ifii
HmCE 1), SR v, A AR A R T
D2 A 4 16.1%:C.B 4 A 26 SGR 435
Fb A #H\ 11.7% F111.9%,

w ——4(0)

£ 25

":}%‘!’ &

E%Z.U

::_515

b 1.0

# 0.5
ot*- = — oo Lo — oo Lo
[ ] = — =t [ ) [ =] o pa—
L b b b b B & b
= o= = = = = = =

HIY date

1 AR S e 4 2R R A R
Fig. 1 SGR of Ulwa in various

treatments at different times

AR E AR KR S KR VIR, KR
11. 5 C o A7 25 (45 78 A2 A AR e 5 B AR K
T A A A R AR KR T 2 18.8 °C
WF AZETT AR B 2. W1 A 2R SGR &R I8 i
6.0 1.
2.3 HEH/KFEREEMAERKPHIARTR
BEAR

P2 BE AR RIS o Bl 45K 5 o ] 9 9% i
WAy 200 2 09 2 20 AR R B IR AR 0K
PR IR 2R KRR D B R . BRIt E  HE
KR RE SN A7 25 R S UK IR 2 R & R I
RIFAUK R R R & B (BRI B /. 2
S8RV BEAR 10 AR L TR AR AYHE KRk LA 2R
. A GTHES. B_HERARE P>
0.05,

TR T 7K % 8 e e A 2, K TP iR R

B B W {IK T B VAR IR, 0 20 B R A 10 A
W RS . RESEA IR S RS T A
2 AR AR . RS R R B K
Jei I ] B 4E RS, i 3 A A 2600 21 Y 7 R L
Wi R
2.4 BFMREFMHEHKEFHBRERKL
LR E

FH A 758 (149 1E 8 165 7K 5% 37 0 A 1k 3 A28
JE#E ( Nitzschia sp. ) = JE 3 (Cocconeis sp. ) K
T ) FHE 3 (Navicula sp. ) (BE 2); 3
GHLHE HH 7K 5% 3% 0% IR G A 98 U] LA B O 98 > 28 T
J AR A BE . B K B 7R A R A R
e, FHIE WA B 3 S TR R K, R B
PO B I 7 TR % 3 5 VR R 3t K %) O O 9 B
WS Biti T 2 1Y) i 3% %5 R 084 i I o, (HL 22 S AN B
% (P>0.05),

W YiJE#E Cocconeis sp.

SIS Navicula sp.
60 r D3EE# Nitzschia sp.

=
=

T
|

— ]
= =
T

AT B 7 R P 4 Ee /%
percentage
a

O 1
E &

kK& @ Q) Q D
BF Y,\h Q}- oS O

&

N FE IR IR RE S A [ s B 4

different experiment
¥ 2 FHAFRGH Y 1E W KR SRS HE K
KE R G e
Fig. 2 Marine benthic diatoms cultured in natural

seawater and effluent from experimental tanks
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FEFR A R B MRS L b 2 RO A 32 22
AR T 3 > B IE 3 (] 3) . BT 3 A it
I BV Z 3 =l G e 35 1 0 B e o o 32
SHRUCN S > 22> A R 2R AR
F(P>0.05),

W UE# Cocconeis sp.
F}IEEE Navicula sp.

7 B . o A . .
i; 0 O32JE#E Nirzschia sp.
- 60 — =
i _
o 50 F e
40
o
BS30
5§
= 20 r
=
10
ﬂz 0 1 L 1 L 1
e .
; o )
K‘%&o

SO

S MRS AR S 4L
different experiment
Bl 3 BRI A [RS8 i 8ot b 6 e ik i
Fig.3 Marine benthic diatoms in different

experimental tanks after being fed

2.5 RAHPLREREESEMLGTEE. RS
1 48 R R 32 M)

AHE P R B g By BR 8- Ao Ll Al fe e & A
AIRE IR RN 26 2 . B A 1 A iR 1 AR . EPA + DHA
F i .n—3/n—6 WA KT 4 0l 2 Y
1.3.2.7 1 3. 0 45 VEAE Y n — 6 R 51 BGIT AR TE
TR LI JRR TR 14 5 et 5 DR e 8 » 0 I i 3 1)
1.7,5.0 fl 1. 745 4.

F4 BHEMERAIEIFEBAR (S 2EHBRSEN)
Tab, 4 Fatty acid composition of the kelp and benthic

diatoms ( percentage in total fatty acid) %

GHifG fatty acid i kelp fE# benthic diatoms
14:0 8.59 9.05
Cl4:1 1. 87 1. 41
C15:1 1. 01 -

C16:0 25,17 20, 47
C16:1 5.02 21.93
C17:0 = 2.05
C17:1 = 4.94
C18:0 e 1. 08
C18:1 15. 98 3. 45
Cl18:2n—-6 7.36 1. 47
C18:3n-6 4, 36 0. 89
C18:3n—3 1. 90 1,09
C18:4n—-3 5.19 2.4
C20:2n—-6 = 1. 28
C20:4n—-6 10. 08 5.75
C20:5n—3 6. 56 15. 48
C20:3n—-6 s 3.76
C22:6n—3 & 2. 14
SR SFA 33.75 32,65
USRI MUFA 23. 88 31.73
EPA+DHA 6. 56 17. 62
n—3/n—6 0. 63 1.91

xt i Re IR 50 R VA JIEL A4 i i ok

FEHM SRS FEM TGS HEEA L. 1S
WA 3 AN A EASREERS T
BFEYL (P <0. 05) ; % N HE4f 5 40, 534
TG I3 25 5% s 1940 10 i BE (R TR (P <
0.05) (F5). {RFFLMG ARSI & =38 T
PR L FLI A0 2005 R 3 I R < {F ) 2
WHENEA 3 M5 A, BEE T HRFRHP <
0.05); 4 10 0, 5 IR T 8.5 25 57 (P>

RS BEMASHELAR

Tab, 5 Approximate composition in sea urchin (SU)and sea cucumber (SC) mean=+SD.n=4
PR R34 polyculture
ﬁi‘.ﬂ”} ) monoculture B C D
cumpnsttmn
i i SU Tl SU #112 SC fiEa SU 2 SC i SU il 2 sC
BLEF 54 740,850  50.75+1.40 52.5+0.00  57.60+0.84% 47.35£2.95  51.57+0,82c 49.53+0.26
crude protein
iR
cﬁ&ﬂ:”ffﬂ 17.67+0.50°  22.19+0.90  9.06+0.26  22.05%0.99° 7.88+0.91  20.63%0.12" 8 56+0.84
LiES 21.98+1, 50 12.23+£1. 39 5.57TX1.26 14,81 +£1, 63 10, 76 £ 5, 46 22,66+0.71  9.53+0,69

carbohydrate

|
K5y 5.57+0. 74

crude ash

5.83%0, 22 32,87%+1.43

5.54%0,27 34.01%1.6 5. 14%0.04 32.38%£1.79
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0.05) . HEAHPE R rposs 2 & S LS I 2 f A
AR AR Y I A B ik 2 S AN i 3 (P=>0. 05) ,

VA IR B e T TR 4 2L I i R
RANGS R E A (R 6). SR IEIA A
i n—6 RYINGNIRR & e IR R4, H5iR
FRALMEARRY n— 6 RIUNRIIRR & it 22 7% 3 (P<<
0.05) . JEIFFALIER A B W IR . 16 A i iR kL B
A AR i o0 — 9 RANIEHIRR . EPA + DHA
SHAM n—-3/n-6 WWEHKTHIRA, H 585
ZH AR A9 T JFR R & &t EPA + DHA & #t.n— 3/
n—6 Ml 25 5 i 3 (P<<0.05) ., 2 B 3% 40 Y
1.4.1.4 71 2.3 4%, IRFRA PRI S9N E4 3
ANEF L IEIRE EPA+DHA 8 fin—-3/n—6 &
(A5 o 5 ) 2 9 1 R AT 5 AN, A AT I R L B
A FIIE VTR A n— 9 ZRAIGIHRR & ik fe i s | 2
W R A 5 A S RRIER A A .

F® 6 BIFIE GNP HIAE AR AR

Tab. 6 The fatty acid constituents in total lipids from sea

urchin in polyculture and monoculture %
I 15 A R4 polyculture

fatty acid monoculture B C D
C14:0 9,05 10,15 12. 62 9.55
Cl4:1 - 0.32 0. 84 =
C16:0 8.30 16. 06 16. 71 9, 42
C16:1 1:561 3.58 4,08 1. 86
C17:1 0. 43 0,33 — 0, 42
C18:0 1. 60 2,13 2.19 2,06
C18:1 3.18 3.85 4,41 4, 20
Cl18:2n—-6 1. 40 1.22 1.32 1. 28
C18:3n—6 0.93 1. 36 1. 34 1.33
C18:3n—-3 1. 01» 1. 38" 1. 360 1. 41%
Cl18:4n—-3 3.91 5. 43 5.69 5. 66
C20:0 = 0.27 = =
C20:1 6. 70 8.55 8. 69 9,67
C20:2 8. 58 8. 30 5,49 4,98
C20:2n—6 3. 74 = 1,89 2,14
C20:3n—-9 = = 0.95 0. 68
C20:3n—-6 0.99 215 1. 24 1. 30
C20:4n—6 9,43 13. 04 12. 68 12,97
C20:3n—3 0,98 1. 50 1.27 1.41
C20:4n—-3 1. 83 2,06 1.82 2.05
C20:5n-3 7.97" 11. 610 10, 38¢ 11.17¢
C22:1n 2.75 3.04 2,92 3.90
C22:2 = 0. 90 0.70 0,79
C22:3n—-6 12, 10 - = -
C22:'4n—-6 2,53 = = 0, 32
C22:6n—3 T (. 69 = =

HFBENAE SFA  18.95 28. 60 31. 52 21. 02
HURIF MUFA 14,57 19, 66 20, 94 20. 06

n—6 31, 12 17. 778 18. 46° 19. 33t
n—9 s > 0,95 0,68
EPA+ DHA 7.97 12. 30" 10. 38¢ 11.17¢

n—-3/n-6 0. 51" 1. 28" L 11° 1, 12¢

sl A Fm o HR B EREERIEA
FICRELR -2k ol 5 3 0% 194 Jonn i A5 BT RARAEG e
BRENEERE 3 AR iR R HE R A B (P>
0.05) (K 5); % BN B48 5 /40, il S 2 K
A5 BT (R A2 W) 22 5 R B 3 (P=>0. 05) .

il 2 P RE e i 7 R A 4L AR5 35 0 0 3 B
JEA KGR T . Ol HLE TR AT 0 28 35 i 43
Wi o 575 A6 [R) RS KA Hh i) 3% 3 Sk AH I RILAK 1) o) =
QAER)  AFFMR 2 RS, Hn—6
ZYII5NiRR . EPA + DHA &8 M n—-3/n—-6 Ik
EHRTFIRFEN, BS5RAAMSBM n-3/n-6
LAl 22 5 i % (P<<0. 05) ; IR 75 41 il 2 T I 52 Fl
B U P R A R K TSR (P <
0.05), A aRMA NS 1.2 f1 1.1 f5. RF
LR BB N R 3 NI AN AR R i
15 5 B B O BEAR 10 AN ST TR & AR

R7T RSKERIERHERAYEMN
(&5 B BERERRY Y0)
Tab, 7 The fatty acid compesition in body walls from sea

cucumber (percentage in total fatty acid) %
g s PRI i Fr4l polyculture

fatty acid monoculture B #f C# D#H
C14:0 1. 58 1. 25 0. 98 1. 04
C16:0 7.54 9, 56 8. 52 8. 80
C16:1 7.85 10. 46 9.70 9.12
C17:0 = 0. 55 0. 96 0. 49
C17:1 2.18 1. 43 1. 50 1. 29
C18:0 4, 61 4,13 3.92 4.05
C18:1 8. 41 11. 87 12. 42 11. 49
C18:2n—-6 2,008 2,.17% 2, 3gke 2, 53b
Cl18:3n—6 1. 18 1. 06 0.97 0. 99
C20:0 1. 65 1. 30 1.23 1.35
C20:1 7. 44 8. 22 7.56 7. 60
C20:2n—6 1. 156 2,06 1,98 2,08
C20:4n—6 13. 48 13. 55 12. 97 13. 98
€20:5n-3 10, 43 7.02b 7.03" 8. 34
C20:3n—6 1. 32 = b= b
C22:0 1. 55 0. 67 B O 1 | 1.13
C22:1n 4, 34 3.98 3.79 3.56
(C22:4n—-6 10. 54 5, 82 5,93 6. 01
C22:5n—6 1. 04 0. 60 1. 08 1. 00
C22:5n—-3 0, 80 = = =
C22:6n—-3 6. 42 5. 29 5. 58 5. 46
L REA RS SFA 16,93 17. 46 16.71 16. 87
WO MUFA 30, 220 35. 960 34,98% 33, 06
n—6 30. 70 25,25 25, 31 26. 60
EPA+ DHA 16. 85 12, 30 12. 61 13. 80
n-3/n-6 0. 58+ 0. 49" 0, 50k 0, b2*
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2.6 AEZmEMFAEANTEENERZE

A6 b R % 0 IR A DR R B (7. 28~
7. 70) B EL T ERFE9. 12) (P<<0. 05) 43 51| Lk 7
ZH1I 20. 2%4.,15. 6 %K1 18. 0%, iRFENT, 4 %
MRS 3 B TR R EURAR (7. 28) . #FHHHIZS
PR RAE N 2% B B4R 3.5 A1 10 SR 1
IR £ e 2R 8040 S RIG 23. 6% .18, 3% Fil 19. 5%
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Tab. 8 Feed conversion ratio (FCR) of sea urchin

in monoculture and polyculture
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Fig. 4 Nutrient cycle in the aquatic organisms

polycultivated in the experiment

[l N A2 FH K Y 8 S A A= i 28 (biofilter) B
A A0 e S R K AR R B SR SRR K
RIS YIRS 2 NPT T RZ PR (i 4
e« (ELELAT FRB A B B o AR M 42 4 FR 51 1T 2 HE 4
AEAEVE . ARSEEG P, A B E A KR REIR SR
)23 14 0 T 84 0« i 2 TR T AR R
18 I TFURIE RS AUYE L) 455 ARV E S B i T
KK, ARSE R A AR R A KRR 2.5, 5
XIEF A5 (25 5L (SGR 2 12, 28% «d™ 1) #H2E7R
%, FFEGEHE 7K K5 27 20 B i 2 A e X — A
JE T30 0 A tho T A i R At 28 55 K A 3h 4
(a1 255) AR —F BUAE PriE 4 .

ARSI e JEA TR A A 00 1A T L% I B
ToRBHH N . SEH NN XK R K g
U AR IR & B, B A BT JFARBESE
AETE R G JE A T A A1 45 RO 8 1 1 DLk
AeAEfFMA K, FEIRIR A LT & R A9 Ui
b A R PR R A R R VA ML JE A IS
Y —EA R Z ., FTLL 7RSS Fi 25
WS IR IR IR IS o DR AR AESE .

ARSI R WY R 2 0 0% B B 3 e AR K
S B R 3 AN, 002 A AR AR R B



5 AR A (I U MR A (IR R 747

i£(6.97), 2253 B (P<<0.05), ASLE ., jiZ
AR EAERFSHEEMMB TR y=
- 0.00262* + 0. 0139z + 0. 322, R? = 0. 8471, R
W% AR i S 00 T AR O % B M A 2.7 Aok
121. 1 g-m %, ol HAE K Rim. SGA03 K
R AR, T LA B4 11 N E + 3 43
SR IR LB

7 24 Hh 3 AR S50 R G I AS R BT P A g 36
(i SE QI 58 2 AL B B B AR R W BE (bl
FRUUTES) b2 Cngs hnd 550 AR i ) A
Y7 LA bR . M52 038 vh RS M S AT
W T o BT LA A P ep R i S DR S I A
V. oL E AR 7E 2 R B A 28 ok
Py SRR P R R IR & 8 S 0K Y IR 3R
PR 7K H% 77 B0 i 35 8 I B D0 B LAY U8 14 T X P
ISk v T A A0 P4 e R T AR R
ok > S A f HE I B R ERBE A5 e
3.2 BFEMFHEEVEFESHIEIM

PO VY R R A R R 5 28 Y Y I A
FE AR C18:2n — 6, T KM% C18:3n— 3 FIfEA:
PUMSER C20:4n—6 SR, AR, iR
FRAMERY EPA + DHA & 5 RS 1 #0105 /2 &
B R T IR . i R 25 S 4 3 22 i P T g
553 R BT A O R G . ARS8 PR R I BR
TR A A B I R . W AR
e T2 1) 2H RS2 B e 5 . Cook 262 4
A 5 4 AN [ DX AU R A % P KRR A £ £0 HL T
7 DR (1 SRR AL L LR 107 R 4H AN [] 4 Ay e
e R R 14 2L A 5 1 P 2 TR0 AR XA ¥ A K.

AL v 0 S AR b () B LR A T
& AL FIAE I R (UFA) 13 #4583, 01%, Hirp
ZAMFINR IR 8 Fh. & 49. 4620, W FIIE IR 6
o i 16,9920, 5 4GS AR IEAH Lb , 1 A
REMRR RN S B & REM 55 . AL 58 W SR 41 53
e L 1 RO 23 2 B s TR PHE DT A
ek EPA & DHA & & H/K F i1 45
S JEC R AT RE 00 2 04 3% B A BT AN RS (]
fir k.

S 23 -
[1] Shapiro J. Biomanipulation: the next phase-making it
stable [ J]. Hydrobiologia, 1990, 200/201, 13— 27.

[2] Gophen M. Biomanipulation; retrospective and

future development [ ] ]. Hydrobiologia. 1990,
200/201, 1-11,

(3] Fimg, B P HS A T b W% 35 7 SR K i 28
LI, MRk, 2005,29(9) . 80 — 82,

(4] WWHF. T F.AEK BE GSEHAEY IR
LR ML b T S AR L 2004 . 88 — 89.

(5] FZRFE ARAKE. 3 35 56 01 2 4 2 00 LI A5 1k
AR R A LT A B oK™= R4, 1999, 6(3):
109 —110.

[6] Ahlgren M . Consumption and assimilation of
salmon net pen fouling debris by the red sea
cucumber Parastichopus call fornicus: implication
for polyculture [J]. ] World Aquac Soc. 1998.29:
133 =139:

(7] %3z AR IR, M UF 51 SR FEE AL .
7K™ .2002.6:42 — 43,

[8] Kang K H. Kwon | Y. Kim Y M. A beneficial
coculture: charm abalone Haliotis discus Hannai
and sea cucumber Stichopus japonicus [ ] ]
Aquaculture. 2003,216. 87— 93.

(9] FHlE, B 9. 160 5 01 ok DU B 35 b IR 9%
WS HWFEL) . S5 &l . 2004,21, (3):11-13.

[10] EHF. 8 &8 X6 AREEMIFHRDE
IR 5 5 2R IR B RF 2 L) 1. R A ™ 2 B 2 4L
2007,22(2) . 102 - 108.

(117 skmmSe. el 2ebr K fadeh B fik s il B AR L M), B3
rp E Ak K2 R . 200245 — 79,

[12] B i 2807 %2, iR 1 L i G ek e b S AR Ak iy
WL . 7K r=Rhaf 2005, 24(10) :40 — 41.

[13] Crab R, Avnimelech Y. Defoirdt T, et al. Nitrogen
removal techniques in aquaculture for a sustainable
production, [J]. Aquaculture, 2007, 270; 1- 14,

[14] Dybas L. Fankboner P V, Holothurian survival
strategies: Mechanisms for the maintenance of a
bacteriostatic environment in the coelomic cavity of
the sea cucumber [J]. Aquaculture Research.2002,
33:112-116.

[15] Neori A, Shpigel M, Ben-Ezra D. A sustainable
integrated system for culture of fish, seaweed and
abalone [ ]]. Aquaculture, 2000, 186: 279 — 291.

[16]] XUFHSE W0 UMK, I BE R B0 JL AP R 38 it 3 2 1<
A NH,-N W i 5% (1], M5 4448, 2001, 23
(2): 109 -117.

[17] Z=PHE HWH B 5 T 5 B4 i 2 ke
FEIRIAT 0 53 W7 [ ], R 7K 7= 2 B 2 42+ 2008, 21
(3):278 —282.

(18] fytaatr, 7575 0. WA o) 2 (A RE B 3 1kl iy 4



748 7 S ¢ 32 4%

S R R 4 b7 L. K= B2, 2006, 25(6) [20] CooK E ], Bellm V, Black K D. Fatty acid
281 — 283. compositions of gonadal material and diets of the sea

[19] Fmith,pE *.6 42,55 425800 50 55 A urchin ( Psamumechinu  smilliaris ) trophic and
i — e 25 1 A B S T I 4 R 6 A e LT )L A nutritional implications [ ] ]. Exp Mar Biol Ecol,
IR P B 2R, 2006,21(3) - 2565 — 258, 2000, 2.261 - 274,

Primary results of polyculture of juvenile sea cucumber
(Apostichopus japonicus Selenka) with juvenile sea urchin
(Strongylocentrotus intermedius ) and manila clam
(Ruditapes philippinarum)

WANG Ji-giao'. CHENG Xin', GAO Zhi-ying', CHI Wei', WANG Nian-bin*
(1. Life Science and Technique Institute . Dalian Fisheries University, Dalian 116023, China;

2. Liaoning Ocean and Fisheries Science Research Institute s Dalian 116023, China)

Abstract: In a polyculture system, sea urchin ( Strongylocentrotus intermedius ) juveniles weighing
(1.4%0.6) g were stocked into 16 plastic tanks of each 45 em X 31 em X 30 em at a rate of 11
individuals per tank and polycultured with juvenile sea cucumber (Apostichopus japonicus Selenka)
averaging (3.4+0.6) g in body weight at a rate of 0 (Group A), 3 (Group B), 5 (Group C) and 10
individuals (Group D) .and manila clam (Rudita pes philippenarum) averaging (12.4+1.7) g in body
weight at a rate of 6 individuals per tank at water temperature of 13. 8 —20. 0 °C for 77 days. The sea
urchin were ad libtum fed kelp (Laminaria japonica) and the sea cucumber fed marine benthic
diatoms cultured by the effluents from the tanks. Survival rates of the sea cucumber and the sea
urchin were all found to be almost 100% , no significant differences (P=>0. 05). However, there were
significantly 9. 12%. 7. 24% and 10. 06% higher in specific growth rate (SGR) of the sea urchin in
Group B. Group C and Group D than that in Group A (P <C0.05), respectively. There was
significantly lower feed conversion ratio(FCR)of the sea urchin in the polycultured tanks than that in
the monocultured tanks (P<Z0.05), 20.2%,15.5% and 18.0% lower in Group B, Group C and
Group D than that in Group A. respectively. The optimal ratio of sea urchin to sea cucumber was
11:3, with the optimal stocking density of 64 121.1 g+*m ® sea cucumber. Poor growth and high
mortality were observed in manila clam in the polyculture system and in sea lettuce Ulva lactuca
cultivated by the tank effluents. Nitzschia sp. and Cocconeis sp. were predominantly found in the
benthic algae cultivated by the effluents from the tanks. The sea urchin in the polycultured tanks had
significantly higher gonadal C18:3n—3 and EPA + DHA levels and n—3/n— 6 ratio than those in the
monocultured group had. In the polyculture water, ammonia-N levels were registered low and
constant. whereas high dissolved oxygen levels were observed in the polyculture system.

Key words: Strongvlocentrotus intermedius; Apostichopus japonicus Selenka; Ruditapes

philip penarum ; polyculture



