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WE: AZNABTHATERES G LR EMTERALE, 2T 2RSS RBAFMHL
BTRBEAEEFRBEMUIRA RSO E L, METNTEESNEERES AR MR, &
RET, BRABLSAUABKERBRANE R EM, AR gk B 25 foal B8 28 R
EHFAS, BaTARMESR AT EERE . RFRES T LK EEH B KT 4+
AR w4 E, ThE R RAAmMAYEE N (7.71£1.33) mgkg, AL FExr4a
REW 13, BAEESAXNTEKREFEEAALHEMIER, HPRFATITEK R
K & H(0.69+0.13) %/d, T2 1h T 2 5 241(0.45£0.06) %/d; B I 2 3 EF K E R K 72.5%+
22.9%, BET T A 55.0%+17.5%. ERFZAN, HEL LN BESNEFERAETY
W, AR BERAEBEERFAR MBI F N E RS RGP A E R TR
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TURY A WL . 0T DL BB T A W e T A
KLYy, FRE SRR BEEERS A O
B RE R HA K AR LS RS Aok, SR
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FHEMGAEIS CLL L RR A IR A A o R
AR, 7E R B 18~38 I PR BT IS R h
100%, FfFI B AR HERE NP,

RS A )RR R LA AT )iz
ZEUTANEL, AR AT LAAE S X MR SR GE PR 48 5
FMLARI . HE BT AR A ¥ £ RS 5 X IR
HAFIRIF I RIE . ASCIEE R T A £ 22
HEATXPURFRAE A R AR, HFEE AT
X RS 5 LY XTER(Litopenaeus vannamei)
PR IR RO IEAT TS, LA R 38w X BF %
Bl PR (0 AL S A T 2 0 16 57 Bl 4 — s 1 R
A

1Rk

1.1 SEIGHR
AT F 2011458 H AE H [EBf 27 Bt KOV TR

AW E LR AT
IRBS B0 R 125 A A B 30 T B

SEOS TR K M TP FE LR LAGE Y FR B, B SR R AN
[ BT R, FEM TR, RS ET Snkk
PG B 45 PR RS 38— A fid A FH TR
FRLLS, SEIG SR R (37.74+5.60) g.

YRR 3T 8F
TEACG T FR4 A5 T2, B 77 WA AN (] 72
R, TRBORT EREC S RN AR E SRR A BR
ol 454 %, HBEW9.3 %, K4310.6 %),
B IR A G P A T L RS S — B AR T
RIS, SLI0 IR P 4K 4(9.97+0.63) cm,
SE- A48 R (6.37+1.26) g

FRIEIR i 5K FIFAZERR0.5 m’
UG B B A AR A T AR OGS 5 . Al A R AETE, AR
ERIR0.5 m’, MRS cm/EifFT
(IS e T . W 3fad 2 mmf), B AT A
ML &5 122 0.56%+0.07%, Kifd7r £ L i 2 0] 1%
EIEEZ BT, SRR AR E TN, A
A7 3 55 29 3/4 TR R LA 2 T4k

S 55 FH g 7K DN S 0 il i 3 T S R, RS
pmd PR AT IR S T S . S ) K OK R Ry
28.5~30.3 C, #hFE #28.7~32.7, pH=8.1~8.3, fi§
R R (NOs-N) AR K, IV Al iR £ (NO,-N) 4 0.61~
0.83 pmol/L, 4 & (NH4-N)45.00~5.43 pmol/L.

W S92 vl B 20 X SR B 0,

12 EWAHZE

SRRt AHFERIR S5 5 BRI O B
AL P VR IR AR SR AT 40, (AR 3R i
253k W HRYIUSRIE AT UR40 R, TR IR AN R4
WA TR, LI T20114E8 7 12 H JF 44, #19)]
SHESH, Hit24 do SLRIFRIEHH R BHAHK
WEE X MR PEOR 1R, g Uk 3 M o 2 Ay %o W A 5 o 1Y)
1.5%; SCHG I A 25 A0 4 H 43K 1/4, B4 RBIE
oK —W; FESRWIAR . 55 12K RIS 24K B X4 45
A S RS TR AT W, A it SR SR 38 AR 4 K 22 i
BT LI IAMEFLE R R, B H AR
TETE ML, KB BRFET - AMA

SIS R G XTER | WS 0 BUE R K
B, PR E K A (SGR; %/d)FR /R XTHF | 211
HERAB L

SGR=100x(LnY,—LnY,)/t (1)
o, Yo A EURE A FR A A e T () Bl K (em); YR
FEFHAE YR AT TR () B MK (em); CAAE KRBT IFN(d).

BRER IR I A S, B ER
53k S, FREJE 405 120 LEDEHED (RS
0.5 cm/EXTRZHGTERY)), WHITHE SRR Y)Y
BESFEIER. &K HNAA TS, D
WD AN RS T, ARSI REE3 d, SR
J& T H 8:00118: 00 F oL W v s £ 55 3k 1 2
IZEAE, /DT, BRI EMEERE T2
AHL, XFHAR2 AR BT T A IR, IR AR TR
AR, 60 CHET JEI e HIHLY) & it . B
WA AR AR, SRR R .

ML 2 W HEE RS HOS AR B 5 8,
L5 AR A R 1 2 TC T A ST AR v A TS AL
Yy, Rk, FZEAE op 0 SR R T R B
AHEERP, B EARIT:

IR=DRxIM;/IMg )

DR=D/(Wxt) (3)

A IR B AR [g/(gd)); DR AHEHER[g/(g-d)];

IM S 2 rh TEHLY 5 1 (%); IMs ¥ b THLY)

(%), D WEMETE(Q); W NEBESRE@) t N
SERGRFLLI E] (d)

FIEE R G, HiES R, BOLEE BN &
Y, Rk A2 p sk 25 BB VR DA S dh 4y,
BET 5 R AR e AT P & i e, AR
WigSaiE . BN SR PR & R TR R MR
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O, AR AR T
AE=100x(F—E)/[(1-E)xF] 4)

A, AE RS XU R A HL P R R (%), F

ST N S WA PR S &%), E RN

YA P & (%)
R, 5 HE it TET T2 32 52 50 /Y R

B — 5 B 1 2 5 X IR LR 24 s AT IR
W, HEMESEEE . SCGREE 3 LES PR, K5
5 A W G S0 T R B K B RO, R
i fin 55 A ZE DAHERR S o Bl R P IR B2 h
Jei, I B HE /N M ST K, 0 I A
KB TRt WS XA | HEM S04 1S
HEL, HBR3H= A, AT

OR=(Co—C(Vj=V.)/(Wxt) (%)

AR=(C—Co)(Vi-Va)/(Wx1) (6)
X, OR NI R [mg O./(geh)]; AR MHEI R
[WM/(geh)]; Co A 52 36 25 5T Bif Xof HE 201 135 fif% AL (mg
O,/L) X B F5 RV B (wmol/L); C, Ay 52 50 45 o A 512
AR F (mg Oy/L)EE FRERRIE (umol/L); V;
RINFRIRASFAL); Vo LI AEYARF(L); W R
55 LR IR (g); t o SE I RS I I] (h) .

HIRE TN E KBS FE KR (C)
BB pH. ##4(DO; mg/L), FIHZSH0KmR
DEAX (Y ST 6920) B ; /K SRR E(NOs-N,
pmol/L) . WAl FREE (NO,-N, pmol/L) . 2 A (NH,-N,
pumol/L) A K i R EL (PO,-P, nmol/L)H il i 2%
VR W IR A O 924

I 2 5 H A T B I TR W i e
(8%, mg/ke)d P B UTEWI60 CHET R, A
TRACTED 2 A ML (OM, %) 7 o

13 SHitoih

K FISPSS  13.0% A4 %) 2% 52 16 B4 A7 48 11
o3, FITIER R J5 2253 BT (One-way ANOVA) LY
A2 [ 2ELAN [ A 500 ) 7 25 5 ) P O 6 L [ 38
AN IR 2 B TRl 9 22 5 o Horb | 0 e BUi Y 228 Oy
MR IE 5% e 3 5 AT e it 0 B, T #E 285 2 A A7
7NN R IR B, P<0.058mEUR AA B #5225

2 4%
21 IERETF
IKINE BV ASHE S 06 1 8] 4% 2 K IR A5 4k

6 [k 27.6~31.2 °C, #hJF 4 28.8~32.1, pHN
7.9~8.3, VMl SUHR R M AT A MRS o R
FE R 25 2 500 (A1 3 0 i 25 5%

BAUKME R IE LS EFRERRE
HI il 25 BT ] A2 K T A 2 1 0 (P<0.05),  fE 5L 2
IR R B B i (B . S50 T 06 I VR 77 4 /K AR AR i
TR £R (NO5-N) i Fig Wk i (PO4-P) ¥4 i T X B4,
Horp, PRI IR IR IE A ERE EES
(P<0.05), B 2 1R £h v i AT 76 52 36 45 o B A7 A Sk
& 22 5 (P<0.05); 55 5% i & rf & 2 i R £
(NO,-N) e i 22 5+ 5K I8 3% (P>0.05); TR IR & A

(NH,-N)¥R [ Y945 F X BE 2H (P<0.05) .
SURRYIRRASIE DI R A HLT (OM) S

B Ak 1 (S™) ¥ ik 359 i B[] B9 4 4K i dg 3 4
(P<0.05), H.[7] B HORE ik o B2 A AL S5 i fk 4
W RE W TR 3R 41.(P<0.05), Hirp, SZEGZE iR
TR VTR Y B AL YD e R (7.7141.33) mg/kg, 1Y
IS TR EE R 173, HEMTE 12 KB
B X BEZH KO, 2 BIR 3R 1 2 ml LU s B0 ) &
SRR 0 A LR 2)

F1 FBEEFHREHMERERAITL
Tab. 1 Variations of the nutrient structures among treatments at different sampling time

85 index 2151 group 12d 24d
NOsN/(umolL) %} #& control 5.92+0.51b" 8.46+0.73
1RF% co-culture 12.90+0.41" 13.65+1.928
X} ## control 0.70£0.11° 2.49+0.42° 10.69£0.46°
NO,-N/(umol/L) . ‘
1RF% co-culture 0.70+0.11* 3.10£0.17° 10.45+0.63°
NH, N/(umolL) ‘ %t A8 control 5.2140.22° 18.99£1.20b* 34.82+4.88¢*
1RFE co-culture 5.21+0.22* 16.29+0.58" 24.58+2.99¢
POP/(umollL) ‘ %} 1 control 0.51+0.03" 1.31+0.15° 1.5440.11%
1R 7% co-culture 0.51+0.03* 1.33+0.05° 2.00£0.13¢

T RAPRAR IR ESE . AR TR R R AR R RO 1] 22 5 3, 3R R WA R B ] 22 S 2 . AR SRR Rl

Notes: All values are presented as means+SD. Different superscript letters indicate significant differences among sampling times within

each treatment, * represents significant differences between the data of the two treatments at each sampling time.The same as the following.
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*2 BETRYFREHERER N
Tab. 2 Variations of the sediment characteristics among treatments at different sampling time
H84% index %5 group 0d 12d 24d
%t control 0.56+0.07° 0.89+0.02" 1.15+0.03°
OM /% YE A B C
R % co-culture 0.56+0.07 0.71+0.03 1.02+0.02
S*/(me/kg) X} control 0° 10.001.74 20.03+2.29%"
m; N
e 1E3% co-culture 0* 3.62+0.73° 7.711.33¢

22 HK5%HFF

S 3o A5 P B X MR K R KR
(0.45+0.06) %/d, 1RFFH4(0.69+0.13) %/d, BT
21 A KA 0B I 25 0 T X B2 (P<0.05) o X BEZH X
A H A o 1 KR R (1.27£0.29) %/d, 1R IR N
(1.52+0.20) Y%o/d([&l 1), T % 2H A 5 35 < 1 Ol 22w

PEF XTI, (HF 225 A 83 (P>0.05),
i: [ *if B4 control
“ 0B co-culture
o2 4f
2B o2t
b g 1.0+
M & ggl
me
5 06f
£ 2 o4l
02}
0

A4 body length {4t body weight

Bl R KHEHE
* FORE 5L (P<0.05),
Fig.1 Growth performance of
the cultured shrimp
* represents significant differences (P<0.05).

S 56 235 BB TR 57 A1 X R 9 BT R R 72.5%+22.9%,
B 2 T X R4 55.0%+17.5%(P<0.05)

FARTRA RS 1 RS R 100%, ik
Jo R E HE K R (0.2540.14) %/d.
23 BERS5RL

+ S X UL Y B BB R R (0.07+0.05)
g/(g-d), M4 T (2.55+1.77) g/(ind-d); ZHFSXS
TURR) b A BILJBT 1Y [F] 46 2 8 36.36%+13.79%, H:
HI A N & WA HLJSE & 0] 35 3.40%+0.29%, H2 ik
S BT TR YA BT & 345 -
2.4 FREIR SHE

SR AR %4 (0.369+0.039) mg O, /(geh), 1M
TS IR AV 2 (0.014+0.002) mg O, /(geh)(F 3).
XTI 5 SR BRI S A, WE AR
(9 HE W2 B (12.790+0.445) il (14.416+0.195)
uM/(gh); 346, TS HE /D A R AR
FRHIRER, 73 A HAHRIRUE Y 0.35 %F1 2.83 %.
X BT 58 2 5 1 HE T 232 07 (0.025+40.012) pM/(g-h),
HERBSM 2522,

®3 NSESHFRSHEER

Tab. 3 Respiration and excretion rates of the shrimp and sea cucumber

F51 group uazn&z/[mg 0,/(gh)] HEMER/[uM/(g-h)]  excretion rate
respiration rate NH4-N NO,-N NO;-N PO,4-P
PR shrimp 0.369+0.039 12.790+0.445 - - 0.025+0.012
% sea cucumber 0.014+0.002 14.416+0.195 0.052+0.003 0.421+0.031 0.011+0.003

3 g

T2 1T AT 3 8 R 1) 4 B4 T R VK 3R B
TE R AR B BRI ZEAE, NI R G v i G
Yo i, IR AT DLE A 1R HI OAR ) A T AR )
ez, ORATGA S5 2 FEPE AR E B SR T AR
B WAL 4D = 8 A N = I I E [ P R
HEXMHZ | 202 (Parastichopus californicus)
D) % 4 H§ 2 (Stichopus mollis)Z %} U1 24 73 5l $1 5 1y

B AORBAT T RFFETS 10 12 23 2L A R 1
2 1T R UR IR B PR P A SR, T H Al
KSR D . £ RS R HA RS
PO ER PSR, AT bR X i m
ST LW RPNV HAT R A2 O B
P2 BIGE g FERE R R T X A
(AT R AN 3, RER AR ST 4 Th ek it
2 (0 245 N B T B, A8 HON T T R A AR
AR IE .
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AR AR FY], FEXIFRIE RS TIRE £
R AT DA N MR SR G K AR 5 SR Eh A5, T
AR FEAR DU i A AL FaR Ak ) & ik, TR IR
Vg 20 X R AR K 5 A0 A B AR
31 KEEFHLEN

ARG IR IR A KR B R S TR
4, TR TR R A2 ) SR AR R A
W, IR . SRR, Bk, ek
R HE R E SRR W 2, JiAh, IES iR E
W 85 36 B 2 XHOURR ) = A AL s R, o fid i
TR 8 FRER K A R [ 2526361

X W 35 2ok b S SRR T A T
()FRBEA AR (2)5% 155 208 4 A ph HE IS
G al AL, XTS5 S EE WA R A A,
DRI, S 6 e 8 v T 9 4 A ) 1) K A S £ 2
AU AR TR R R, SRR S A
Y T RE S AT ST BRXTHR 77 A5 3R TE . 2508, I
Hrp R LU SR Py i KB A7 e,
AR SV P S B8 S TR 5 7K S 1T ) A
T 2 R ARk, DRI R SR 0 S T DR )
KA AR REC . S 5 & AR R T & e,
AT ARG RN A E T A R IR
32 MARMIFE

AR, ERES IR E ]
1£(0.070.05) g/(g-d), XM =T Chel i 5T 45
Ro BRSSP OAEEEENEN, H

THALE & A LSS 5 ] BRI B 345 2 22,

X5 B TR AE IR A2 A, R R
1 2 % UL LY R A HILTE ) TR] k2R AT 35 36.36%
13.79%, 1R 3% 2t ol B B FEAR TR Y b A L
YRGB &R, FIRGRTESEN, ERFS
A LAAE A sl TR IR 858 1 R 2 m AR
33 AKE5FEE

X WRFRBE K A 1) T LR B AR R SR L
SR 8 DA A AT AR A, — oA iy iR 4k
XX R G BE EAE R, B IR ORI T A A
fis MRk, o a0 i A 5 04 B X A Y 5
i f5e R0 AR5 4% 21 7K A r R Y Bt s
Vi) P A2 A T 4P 28 8 im, - JH o X R e 2 )
TR, FIHX IR K 706 i R
e EE R, Foh, TURY hE LR A Y i &
P AR Z A 2 %R IR R G VLR P R R

R B T A LIRS, A48 7K b 0 Bt IR AR A TR
TE R, T 2 2 BE S48 1 AR F OB R
ALY, TR IRA VTR ai b & B AR
ABFFRRH, R E RS LAY ILR S
H N B AL P vk B, Xk i 0 IR A A ) 1 R
1o B ARG R A B S

AT IR SR £ RS G E T 1K100%, H:
AR B TS VSRR SIP 5
Gb, PEIESEEG ZE R BN, RS IRERCRIAR,
IR AT ERFE R I 1/26; AT, £ REES0EA
AR5 A TG ACRE 0 Rk, e S PR e e g
G R B SR, O PO S X KR A
AU RE ] A

S 30k
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Co-culture of sea cucumber Holothuria leucospilota with the Pacific
white shrimp Litopenaeus vannamei

YU Zong-he', HU Chao-qun'", QI Zhan-hui %, JIANG Hai-ying', REN Chun-hua', LUO Peng'

(1. South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China;
2. South China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510300, China)

Abstract: An experimental study of co-culture of sea cucumber Holothuria leucospilota with the Pacific
white shrimp Litopenaeus vannamei was carried out in the laboratory. Results indicated that nutrient
structure of the culture system was influenced significantly by the sea cucumber: the phosphate and nitrate
concentrations were enhanced more obviously in the co-culture system than the monoculture system, and
by contrast, the ammonium concentration was kept low in the co-culture system. The organic and sulfide
contents of the sediment were reduced in the co-culture system, the sulfide content in the co-culture system
was (7.71+1.33) mg/kg, accounting for only about one-third of the value of the monoculture system.
Co-culture of sea cucumbers had positive effect on the growth and survival of shrimps, the specific growth
rate of the shrimps in the co-culture system was (0.69+0.13) %/d, which was significantly higher than that
of the monoculture system[(0.4540.06) %/d]; the survival rate of the shrimps in the co-culture system was
72.5%=+22.9%, which was significantly higher than that of the monoculture system 55.0%+17.5%. In the
co-culture system, the shrimps had no negative effect on the sea cucumbers, and the sea cucumbers could
ingest and assimilate the sediment in the culture system efficiently (with an assimilation efficiency of
36.36%+13.79% for organic matter in ingested sediment). Co-culture of sea cucumber H. leucospilota in
the shrimp culture system has both environmental and economic benefits. This co-culture method could
contribute to the sustainable development of aquaculture in China.
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