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13T AERBERICE . NS 50K4RR
FEESE BT O — LA OCHRIE , nyu!"SE R
B S AaRIRFENES, AR EECE B
R A A DL S E R, Yo'
N, Ok B IR SR 0 2R D2 0 A HLBURL 2 i =
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ISR T ER SR SR AR5 AR
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S8 2R FH U 3K A 2R AT 20 6 R O il 7R A (1D 1-a)
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Fig. 1 The general situation of experiment

(a) the experimental cages; (b) the experimental enclosures; (¢) the sampling frame
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V5 [ 188 7R )7 il

15 BEESHH

BE K FHSPSS 16.048 i1 4k 4 HEAT I & 7
2545741 (One-Way ANOVA), i 4 Ge 1H(E i FH~F
PHEFREZE TN, P<0.05 N EA B2,

2 4R

21 FHEKERR

SIS H PR B EIA A ER, iR
I 2t KR A 14 °C,  SEERZ5 SR /KIR M 18 °C,
ST 3 1] e 5 K R R 25.91 °C, R E 4129.45~33.03
(E12), pHIEAS LV Fl A 8.34~8.66, Wil & &
AL TE N 5.93~13.09 mg/L(/%13).

22 AEEFRFEIEACKR

23099 dFRAH G, TR IR AL AR 2 21 68 R Ty
il (R K AR F IR A BEERGED, REA
WIERIOA1H, HPHHMERRN1.07 g/d, FF
EERKENA.06%/d, TEFRFEBIE, 8H ZHl, &
YR 11 21 86 2R i i X A b v Y 1 R
AR ER K (P<0.05), SAHMWZ KBTS,
S, B R IIAE90% LA I

23 RSEKKA

23480 dFRFH G, IRFRAIRISAE KR E
FUTHIFRHE SRR (P<0.05)(K4), HAF
EERRTA TR RE S THRFHES). %

B L)% salinity A— L ¥ temperature
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Fig. 2 The variations of salinity and temperature
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Fig.3 The variations of pH and dissolved oxygen
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Tab.1 The growth of T. rubripes

TRFE4 HL R4

H i experimental group control group
date K /mm 1BH/g A fmm /g

length weight length weight
5-25 41.39+£7.17 1.94+0.61 - -
6-09 51.78+5.93 5.36+1.61" 57.75+4.89 5.59+1.36"
6-24 78.79+5.85 17.98+4.13° 80.59+£5.57 19.31+4.39°
7-07 97.1£7.30 33.41+8.39° 96.234+7.29 32.3848.69°
7-24 127.04+£10.97 63.43+16.55" 126.67+10.61 63.32+10.51¢
8-06 140.5+9.77 101.17+£33.43° 143.1+10.21 111.86+34.74
8-25 154.46+7.57 101.58+19.83° 154.46+7.56 101.58+10.83°
9-01 147.30£8.18 108.20+28.14 145.30+£7.24 106.84+19.49°"

W AR RO AR R AR B W) 25 52 R (B35 (P>0.05), - A

Notes: means with the same superscript are not significantly different (P>0.05), -. means no dection
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AR FRACR A R AL B 20 ) 22 57 (8 25 (P<0.05): R 220 by bt 2%,
G|
Fig. 4 The growth of experimental group and
control group in A. japonicus

Means with the different superscript are significantly different (P<0.05);

error bars represent SD, the same below

T 724 experimental group a
= O #7241 control group
S 12
-
KO 8t b
-]
0
7-05 7-25 9-01
H 9] date

5 BF. BRNSHEEKRERLER
Fig. 5 The SGR of experimental group and

control group in A. japonicus
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32 ABERFHEKER

ARRWFIEERW, &3 A LA, KM
& 2168 7 Jy ol 44 T 3K ]300 g 24, 9O VLA,
B 5 7R B A, T 41 858 AR 7 il i sl AR
E NGRS . BRI, TR 3R AL 41 6 AR Ty fili
550 R 2 21 6 AR il A K R S TR R I
KRR 220, T WTR 57 il 2 X 21 6 7R 5 fili A= R
T RCES R T A ) 37 A A X 3 R Y 2R T )
25 5% IF R AE 40 68 AR 5 il A K G AR oA P R R
XA RE S SR . Kacim KA G, 8A
LG, BEE R PE R AR, 2068 7R J5 i A= <
ER RIS, BN, RKA KRB
P, XHLABRITMEEREL LA L, LR
GEOI, 2T E AR 5 i1 H O AN 1.07 g/d,
FRE A KR N4.06 %/d, W T 51 PSR A pFSE
25398 %/d, & T EZEEPRIIFIEEE R 1.83 %/d,
X 3 I YR IR A 2 I oA X 4T 468 AR O fi A K i
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ZH A H YA FHHEMERGY B ¢ X0 ) 2t 5 i) e (8 AE
FRER L PRBE IR B R RRE(E W] RF AL R R TS AR T
WEFE, PEAN TR 2 325 R G0 AR A R B S
R T RIS AR A ) A BN o TR B IhE
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Growth of sea cucumbers Apostichopus japonicus cultivated with tiger puffer
Takifugu rubripes in an integrated multi-trophic aquaculture experiment

TENG Weiming ', WANG Qingzhi ", ZHOU Zunchun', CHI Jinkun®, ZHANG Ming ',
LIU Xiangfeng ', LIU Siyu', ZHANG Gang’

(1. Liaoning Ocean and Fisheries Science Research Institute, Liaoning Open Lab of Applied Marine Biology, Dalian 116023, China;
2. College of Animal Husbandry and Veterinary Medicine, Jinzhou Medical University, Jinzhou 121007, China;
3. Donggang Fishery Technology Extension Station, Dandong 118300, China)

Abstract: In a 100 days field trial we examined the growth of sea cucumbers Apostichopus japonicus in bottom
culture underneath net pens of tiger puffer Takifugu rubripes at an experimental integrated multi-trophic
aquaculture (IMTA) site. We tested the effects of multi-culture on growth in two experimental species. We also
compared growth of experimental animals cultured directly with control single species. There was no significant
difference in fish growth between polyculture and control group, the average weight of daily weight gain (Md-wg)
of T. rubripes was 1.07 g/d and the specific growth rate (SGR) was 4.06%/d in polyculture group. The Md-wg of
A. japonicus was (0.11£0.04) g/d and the SGR was (0.67+0.2)%/d in polyculture group. In control single group,
the Md-wg of A. japonicus was (0.04+0.02) g/d and the SGR is (0.35+0.19)%/d. Sea cucumbers suspended directly
below the tiger puffer net pens grew significantly faster than control individuals. This study demonstrated that 4.
Japonicus is well suited to utilize the heavy fraction of waste from the tiger puffer while providing an additional
valuable harvestable product.
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