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Effect of Gracilaria lemanei formis on the growth of sea cucumber

Apostichopus japonicus and the environment
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ABSTRACT Polyculture of sea cucumber Apostichopus japonicus and Gracilaria lemane-
i formis was conducted in land-based enclosures at orthogonal design during May~ July, 2010.
A. japonicus was cultured at densities of 15,20,25 ind/m* without feed,and G. lemanei formis

was cultured at densities of 0,180,360 g/m”. The growth and survival of A. japonicus and G.
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lemanei formis were compared for different treatments and the changes of environmental nutri-
ent were also detected. The results showed that the final average weight (W{f) , daily weight
gain (Mdwg) and Specific Growth Rate (SGR) of A. japonicus were significantly affected by
the density of A. japonicus . Wi, Mdwg and SGR of A. japonicus were not significantly affect-
ed by the density of G. lemanei formis. The highest Wi, Mdwg and SGR of A. japonicus were
obtained when the density of A. japonicus and G. lemanei formis were 15 ind/m”and 360 g/m®
respectively. The highest yield of G. lemanei formis was acquired when the density of A. ja-
ponicus and G. lemanei formis were 25 ind/m” and 360 g/m’ respectively. The highest SGR of
G. lemanei formis was obtained when the density of A. japonicus and G. lemanei formis were
25 ind/m”and 180 g/m?” respectively. The analysis of water quality showed that the content of
total nitrogen and total phosphorus in mud declined most sharply when the density of A. ja-
ponicus was 15 ind/m*. In summary, polyculture of A. japonicus and G. lemanei formis could
improve water quality and increase the SGR of A. japonicus.
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Table 1  Stocking of Apostichopus japonicus and Gracilaria lemanei formis in different treatments

W6 B 97 % B Initial stocking density W) 4 AL 3% % B Initial stocking density
4L 2 Je 5k 4531 ES P
Treatment A. japonicus G. lemaneiformis Treatment A. japonicus G. lemanei formis

( ind/m?) (g/m?) ( ind/m?) (g/m?)

1 15 0 6 20 360

2 15 180 7 25 0

3 15 360 8 25 180

4 20 0 9 25 360

5 20 180

1.4 SHHE

1.4.1 MEFH ik

H R0 48 5 < AL 3R B2 VA A (DO Al pHL A FHZK BT 2288043 17 3 48 (Y STI556) il 7 o WL isf i) > 4 K |
F- 8+ 30~9 : 00,
L4 101 JKBTAS D45 b

ZA(NH,-N) A4 R £ (NO,-ND (iR 5 (NO,-N) (B g £h (PO, -P) (iR £ (SiO,-SD (M4 R . AT
S S R FH R IR R AR AR AT A R O B I R F 28 & R A O FE VR L S R R B B A SR R A I
T T2 6 7 e 000 SR FH T T i 19 - 98 6 0 R TR R 5 o U SR P B O L B 3R R I SR B A O B
B S W A N RN [ [ 5 b o v v W ALY ) (GB17378. 7-1998)
L4102 JR AR U 48 B

BACTND CEBE(TP) , 76 S50 TF 4 A 25 Bl . B8 CTP) & & a2 R Aspila #2:(1976) , BA (TND 7%
0 S R A R B AR AT . SEIR TR R M A RS L 8 3 BT R U S 0. 01 @) X6 il 2 i) 1A i i A 0 4t

il 211 -2 H R E R (Mdwe) 4R LR A8

Mdwg(g/d ) =W —=Wi)/t, b . Wi JPGERN SR E W RS g5 i 2P ¥k, ¢ i
L} [a] (days) ,

2 17 7E A K 3 (Specific Growth Rate) LT 7 #1145

SGR(%/d)=100 « (InWf—1nWi) /¢

T 53 i 5 5 A K3 (Specific Growth Rate) HJLAF J7 #1455«

SGR(%/d)= 100+ (In W, —InW,)/ T
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Ze3d 82 d FEHH J5 I S35 H 1 H R (Mdwg) R E A4 K R (SGR) %2 I 2 % FE (52 T 18 3% (£ 2, Two-Way
ANOVA, P<C0.05) , 5% b W 3£ 25 B 52 AN i 3 (32 2, Two-Way ANOVA, P >0.05), 5§ 5 5 40 3% 2 [
THBBEA R E (F 2, Two-Way ANOVA, P =>0.05), BHMFKHEE K 0 g/m? i, A [6 5l 2% 2 [
SGR £ R A% fil S5 K 20.25 ind/m’ B} Mdwg(P=0.035)2% 5 i %, | 2% iF 2 15,25 ind/m” I F1%5
JE 15,20 ind/m® i Mdwg 22 5 A 5 35 R % B 180 g/m* B | 2% B2 R 15 5 25 ind/m” iy Mdwg(P
=0.033) .SGR(P=0. 024) 22 5% %  fil % # J} 20 5 25 ind/m’ B} Mdwg & SGR 22 5 I 2, 3l 2 55 Ji H
15,20 ind/m* B} Mdwg .SGR 2Z 2R 5 & WML % B N 360 g/m? I}, Jil| 2% & & 15,25 ind/m’ B} Mdwg(P=
0.003) \SGR(P=0.002) 2 5 B & . Z%F K 20 5 25 ind/m’ Bt Mdwg(P=0.017) .SGR(P=0.01) % % &
FLHZEE N 15,20 ind/m’ Bf Mdwg SGR #5748 i % (3% 2.0One-Way ANOVA) ., ZiGKFH . URIZ%E R 15
ind/m’ JESEE R 360 g/m” fill S F-1 H # H R (Mdwg) e 4 KR (SGR) e i, il S 4 K e i
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Table 2 Growth and survival of A. japonicus

PR =5y
20 5 Weight of A. japonicus () SECRER Y FEEAE KR 171 2
Treatment W1 Initial S5 {i Final Mdwg(g/d) SGR(% /d) Survival rate( %)
1 8.01+0.01 18.0841. 20 0.1240.01¢ 0.99+0. 08" 100
2 8.0140.01 18.63+0. 69 0.1340.01% 1.03+0. 04% 100
3 8.01+0.02 21.04+2,19* 0.16+0.03° 1.0840. 26° 100
4 8.01+0.02 18. 624 1. 29 0.1320.02¢ 1.0340. 09 100
5 8.0240.01 17.47+0. 37% 0.1240.01% 0.9540. 03 100
6 8.01+0.01 18. 6342, 49 0.1340.03 1.0240.16% 100
7 8.0040.02 15.124+1. 56" 0.0940. 02 0.7740.13b 100
8 8.01£0.02 13.68+2. 12¢ 0.07+0.03¢ 0.64+0.18¢ 100
9 8.01+0.01 13.0741. 43¢ 0.06+0.02¢ 0.59+0.13¢ 100

HH 2% 3 A B As R [ 3fi 298 JE 2Z [] e 25052 19 77 i 25 9 AN 18 3% (3R 3, Two-Way ANOVA L, P =0.05), LUl
SR 25 ind/m” B g 00 S8 7 R e s AN [R) e 20 SR % R 22 (E) e 20 SR Y R i 25 R 3 (R 3, Two-Way
ANOVA , P >>0.05) , LA e 2536 % BE hy 360 g/ m® B A0 3¢ 77 it de e . LA 229 B 25 ind/m® R 2503 %% i R
360 g/m’ B IR A3 ™= it et o AN (R 298 B 22 B e 20052 1 4 o 2B KR 22 ORI 35 (38 3, Two-Way ANOVA,
P 0. 05), AR 2% 4 25 ind/m” B e 200 50 e A KR B 8 s AN R 20050 2% B 2 8] e AR ) R AR KR 22 7
A3 (GR 3, Two-Way ANOVA,P>>0.05), LIRS FE Ry 180 g/m” B e S i A K b i . LA 2%
JE 25 ind/m® RS E S 180 g/ m” I e 25 5 4 i A KR B o

2.2 KEREEL

2.2.1 KAk AR T LA

M T AT LUE .5 A 28 H~7 A 7 HEMAA S 152 % B2 i 2% (K 1, Two-Way ANOVA, P<<
0. 05) 4 VB % T 200 25 S 56 21 Lb AN TR 37 i 200 53 592 500 2 7 ik S 7 b o TR B0 5 J3E h 180 g/ m” B ¥ Ml AL & 1 IR T
SRR N 360 g/m’ IR E ors5 A 28 H~7 H 7 HIAME S R 225 E AR % (& 1. Two Way
ANOVA,P>0.05),
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Table 3  Growth and survival rate of G. lemanei formis

W Frestmens 52K 4 5 o 1 B K
Initial density (g/m?) Final density(g/m?) SGR (% /d)

1
2 180. 0045, 00 294.914+27.61 1.0240. 20
3 360.00+5. 00 645.00+61. 28 1.2140. 20

4
5 180. 00£6. 00 304.54+106.05 1.0140.70
6 360.00+4, 00 552. 04145, 67 0.89+0.18

7
8 180. 0045. 00 356.39+15.71 1.4240.92
9 360.00+6. 00 652. 04+ 30. 66 1.2440.10

2.2.2 KHBPRESZHER 3:
2 B 3L 4 iR TR A (NH,-ND T S5 1)
R R (NOL-ND R R 35 (NOL-N) 925 f #a % . 4 mﬁg |
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BIZ N 15 ind/m® (WA B SRR /A ]
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ANOVA.P>0.05), TEfH Rk o 1k 52 0 5 4 1 1 Hibare
i A 2 3 (K 3, Two-Way ANOVA,P>0.05),[& 6 A 1) 5 Bk 1 O 2 % R 25 5 R B 3 (P20, 05)

H 8 H 7T‘ﬂ 6 H 28 H &I" [/‘J\ ﬁlj?%%”@iﬂy 15 ind/m2 E/‘J Data with the same superscript are not significantly different(P=>0. 05)
SR AT AR R R & R R ROUAAL Sl
Fig. 1 The variation of dissolved oxygen in the enclosures
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5H 19 H~6 A 28 H&ANLEH Z M uiRth & &2 5% A B % (B 5,0neWay ANOVA), 7 H 7 H i f5 5
B 2H W R A 1 Ak SR L Bl R R 2 0 2 S 1 3 (&15 L Two-Way ANOVA , P<C0. 05) , LU 2 2% 2 Wy
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E( - 0.015 = g a

®E 0010} 5 0010 :
z 2o :

X g =3 :
g 00057 SZ 0005 g
< -5 = a
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H 3 Date F 1 Date
A AR ) 5B 1 B8 3278 A B 28 S/ AN i 3 (P>0. 05) T A A TR) 5 Bk 1) B8 2R 7 A B 25 55 R |8 35 (P=>0. 05)
Data with the same superscript are not significantly different(P=>0. 05) Data with the same superscript are not significantly different(P>0. 05)
Bl 2 KRR S = AR B3 K A i e 7 = g AR Ak

Fig.2 The variation of ammonium concentration in the enclosures Fig. 3 The variation of nitrite concentration in the enclosures
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Fig.4  The variation of nitrate concentration in the enclosures Fig.5 The variation of phosphate concentration in the enclosures

20 ind/m’ () S50 2 W R h O i ey s BRI R 1 A7 e SR FE S A i 2 (] 5, Two-Way Two-Way ANOVA,
P<C0.05) , AR %5 B 360 g/m” ) S 6 2H Wl R &h 1 &
Mo E2H S EEmALE (B 6, Two-Way ANOVA,P>0.05),85 7 19 HAI 6 A 28 HAk, LU
il 2% BE R 15 ind/m” (9 552 50 21 R TR 46 & & e e s RE PR 3L & B 2 AR % B 2 K B35 (8] 6, Two-Way ANO-
VA,P>0.05),Fx 6 A 8 HAN 6 A 28 HAM, IRFZ L5250 41 b AR TR F7 I8 40 3% 58 50 41 RE TR 5k 241K
MER R a 52 B S 0 5 R AN B3 (B 7, Two-Way ANOVA,P>0.05),B 5 H 19 HAI7
A7 HANARFE RIS H AR IR IR AR LI H M R a S .

0.7 7
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—_ 0.6 ~g 6
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o & s 5t
E E 0.5 3 g d
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%8 03 XE s
Ha W S
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H # Date H# Date
PR AH R 7 Bk A B R A H. 25 R R 3 (P>0. 05) A AH ] 5B 0 B8 3678 AH B 26 5 A8 | 3 (P>0. 05)
Data with the same superscript are not Data with the same superscript are not
significantly different(P>>0. 05) significantly different(P>>0. 05)
B 6 KR RERR ER 1Y AR b Bl 7 KRR E a FEMAEL
Fig. 6 The variation of dissolved silicate in the enclosures Fig. 7 The variation of Chl-a concentration in the enclosures

2.2.4 ¥R P EE(TN) B8 (TP) 480 T4

S R A2 S 8% R N B (& 8, Two-Way ANOVA,P>>0.05), LB Z% B4 15 ind/m” i 52
50 20 S G o AR R e A 5 R R o R R B2 R S B S e AN [ 3 (8] 8, Two-Way ANOVA, P>>0.05), L i 4
SRR FE SN 360 g/ m® S 56 2 B AL AR e e K.

SRR B % A B3 (B 9, Two-Way ANOVA, P>0. 05), Uil 2% 5 k15 ind/m? i} 52
05 21 Sl o AR R e A s R R BRI A2 RN JE R AR B (B 9, Two-Way ANOVA, P>>0.05) IR &
I S0 A R P i R /N TR TR IR e 20 R S e 4 R R A R
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AN 1 2 3 %t o AR 2 B 1 7 SORTRD 2845 38 (2009) M AR AT S5 K ¥ 7= B 1) %85 8 Sy 3% 31 26 W) 1 0 A % 2 o
K ARARHETE G R IE M IR AN Z (5. 042, 0 ) FEAFHAAAT e dd % 8 14, 1 ind/m” , AT f il %
JE o 22. 3 ind/m” . 24 0] 285 AL 5 e I EEDRL 45 AT RE R R 2 A K A BRI A K . Slater (1872) BF5E s % B . 4l
SAE R E TR 2 Z BB R . AL AEA LSO T RS8N 15,20 ind/m” B 0S4 KRB 5
Z AL (2009) B A8 25 AR —FG RIS % R 25 ind/m’ B S A4 KoK B I 25 R AR KRR B IR TR S %
9 15 ind/m® I 20 ind/m? iF R 2 9 58 G A2 R 2 A IS AT R J2 52 B DR BR M0 . S5 86 LRG58 3 L 4
SR S B 7 B K PR TR IR TR Y i T AE S BUR HEROR B B A

0.0401 HsH 0.035¢ sH8H
~ = 0035 8518 _ | @
S5 o030l 07ATH b gg %0 a7H7H "
- ab abbc o E 0.025F
g & 0.025f be ab g & Ab
=~ B a ab ab = 0.020f ab aab
8 0.020f&ab a o B ab
o 2 a [4ab 2 0.015} ab a
5 0015 ® 2 a
:E(;Z 0.010} gijé 0.010F
=E 0.005) BE 0.005}
0 i . : A L 0
1 2 3 4 5 6 7 8 9 1 2 3 4 S 6 7 8
#i 2 Pattern #53X Pattern
T A7 AR [ 5 B (14 B8 208 A 2% 57 R 3 (P>>0. 05) P A7 AH [R5 B (18 B 3R A 25 57 R i 3 (P=>0. 05)
Data with the same superscript are not significantly different(P>>0. 05) Data with the same superscript are not significantly different( P>>0. 05)
B8 JRET BA S RNk B9 JRTe T Sk S Rk
Fig. 8 The variation of total nitrogen Fig. 9 The variation of total phosphorus
concentration in the sediment concentration in the sediment

X 7K 7% 45 (1996 ) R T DX 3 £ RS A S 36 AR 45 2 1 07 i WF 9 T R AR E 00 2 19 B IR JF A W AR EEAE 25
~85,86~160 1 160 g DL b3l 2 iy SR I FH IR 73 1 0 24.1,22.9 A1 21. 8 °C L1 25 g LLF M 2 A/ =i T
AR 7R BRG], 1 IS E 52. 800,2 IS8 39. 700,2~3 IS 45.500,3 ¥ LA LI E
30. 4%, SELHGITIREE IR ZHUAE Ky 8. 00. 3 g, SLEG LS AU I S foe i P IRy 21, 0442, 19 g A AFAE E IR
MO0 . T3 Ah A5 SE 0 e e vt S S ARG 4 R 2 (93 Sl 1 B0 L O OR e BRI HR . A R 8 B R ML HLAE — 2 T &
IS4 3R 2 300 2 A K 08 B 2 G A ol e ) 00 )2 0 S 06 45 2R ™ A R B R T

P AR (20060 & BL L B IN R ASR A TR I7 22 B8 SR B BROUR I T o 49 K A AR AR 8 R SO Y A
TR L B R AR T 2300~2800, B R BEAE (2009) BF AN R R L e A0SR K A e e U B TR
R R BRI E] 83. TV M 70. 400, IR R VBB T- R | TR AR R G . WP S% BN 15 ind/m* i,
TR 7 JE 2050 S 38 4R 2 A ROIR BTG T B0 57 S 06 21 0 2 10 AR ROR B

Je S AR A 11~22 "CL N TR B Al fE 5~30 "CHR A K 78 2~5 A A& i . il i
250~800 f5C BEFESE 20065 ZHFEEF  1993), ARBFH e HRAE K RE ARG PR E A KRN
L1300t fr g AR KR 14200 S d R — 2R 9280 T 5 A 19 HIFIR W14 /KR 17.18 CL 2 6 H 4
HoK i E A F] 22 °C L S sgh dimd s A Kk i 30 °C L S ad Fe oA D 5 - B o T e A IR ARAE R Y. IO E
SOIRG A e 05 04 A ROIR B0 3 R 9 BT A K A i L 20T SR T e B G A W S LR e 20T S 32 v i B R I Y B2 T
ARRIE . WER AR K ARG 2 S EORRTIBURR H AR KR A AR TS ER, ZRER
RV ARG 21 PR T ol RN L A DN ) €0 3K B R e A B B A B OB AL OR TR R AE KRB R 2 A5 1k
(RKMESE  2006) . Peggy 4 (1993) TN . A J 8 37 8 ¥k J3E B iy I o R R 8 28 4k 1 5 40 0 3% 5 A0 S 37 2h vk )i
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BRI TR U AR AE T 38 05 . SIS IR LR DR AR L JE AL T 52 4 25 B 0 B R SR W ORCR AN T
SEMR T e BSREX h IHE 5R A BRI 18 S AMOR A L S BOT 2 SR A RN ER . —ROKR L R B —E
IR UL » 1T D P 7R 0 P 2 AN AT SR T AL 19 78 R i o L AR A 7 e e R G A R R T R T S O P A e L
BRI 4 M oK S5 A 32 BAR B0 2 RS S 06 A 19 foe LR T 5% 4 Rt > e

S 36 300 ) 7 it 8 P e JRE A5 A G 0 el ool 0 2 A e SR ) A B x5 A N R R I L T 2SR T RE 2 1 A
A EE 2 B AR 2 R REAR S R AR (ELTE T U 5 R 5 ) S 45 2R A T

3.2 ZEBRHFEINRERFHII

il 2 X VT AR ) 1 45 AR W A s AT DA S TR A AILAR B 0 o i - DT B Ak Sk T R AR R
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TR 3% o 20 30 50 56 21 L R TR 97 T 20058 S 560 21 VA S & B o 3 BB BE (2007) ) e 400 3 ol 3% 37 B8 IX IR B ATF 98 %
W A 2 DX 00V il e FE T 0 i TR B R IX

HA I HEAE (2003) BIFSE 2 B JE 2005 Ak 10 38 A (IR A R b B i, S I L & AN S0 A K IR 38 SR 3 & 40
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H 7 AT 0. 01 mg/L, £ B Mg K — 2K AR, BT LR 20050 X 78 75 46 0 WO/ O R B B . JR 20 SR A
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A 100~150 g I 2R 4% I8 — BEAY A 7 W AR O 75 1 9R A8 1~ 2 4F 1R 5 SR SR Bl P L R 2 MRS B 5 A% T
oI SR I T3 )y S BB AS E BE SR I IR AL . IR AR 1 AR /N IURS B3 2 57 5 G B R R A
A BE L LAJA AT L JE I AROR 2 000 4 L e W JE AR B

U T AR S8 It P [ o 22 i K S 5 8+ 5 B0 A B B R AR A A A 7 v T AR R K TR B B K AR R AR
WAl 22 /45 HAAC B0 2 IEAR S 6 T 04 B4 fie AR 0 5 4 8 MOt 32 9 4
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