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% T3 H B E R (Mdwg) FraE £ K % (SGR) % Il 5 % & /1 R % % & % "1 % (P<0.05), 1E % xf
B, RREE. RE%E A 750, 500, 250 g/m’ B, H A KM E; FAFE A 250 gim®, &
R % JE #1000, 1500 g/m® B, | 5 & KA xR A RIS % H 750 g/m®, BUR 3 % E 4 500 g/m®
M, BRI A KE(SCRYR A; M5 HE A 250 9/m°, BB FE K 1500 g/mP B, HREEEE
£ K E(SGR) /N 2) NH-N. NO;-N, NO3-N #n PO, -P & E Lt Z R A5 fn R R EWN T H
£ #(P<0.05), TR E#%, # A% E H 750, 500, 250 g/m® B, 241 NH,-N. NO,-N. NOs-N
1 POS-P 4 EAIMRE, H, HS5h 750 g/m® EBA 4 ERE; RS EE N 250 om®, REH
% £ 4 1000, 1500 g/m® B+, 523640 NH,-N. NO,-N. NOs-N #1 PO, -P 4 B st 51k, ST R4 &
Pr, RERFENANREARNSHAKAEFTREN T W, AR AREAEFNEREFEH
BRI, RFTRAET, RIS FE h 250 g/m®, BB % E % 1000, 1500 g/m® R 4 %
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505 IR ST 20 o AN S 8 ORI 2 MR 36 0 S 3
FERPEE, BT AR RS- A S IR R,
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o, TTRIZ-RERSG S RSP, F5KR—
SE IR B A 5] A 2 Bl e 0 TR ) 9 L e I SR A
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1 #RE5F=E
1.1 EEgit 55

W V-4 B 49 (16.740.95) g AMULIE R . AR
fEEH: A R ORI 2 R0 ) 2 55 B v A K P RS 1) B
REEARFEFRIE 1 m® KRR N . S8R5
124, AR 3INER, LB A BIEARK,
SzuSHAE], KRl 8.5-21.5°C. pH N 7.8-8.4., HhE N
28-31.2 4 =6.0 mg/L, LI AT INER 1 Fs .

AR E . fE 2014 4E 4 A 14 H-5 A 19 H 152
SR AE], A7 d W0 — YR SR PN R S A T i A R
PEHERIRE

JKJFEIE . 45 H 09:30-10:00. 16:00-16:30 &
K. SR WA pH, KRS EOT RS
(CEL/850)i % . % 7 d I — VR SIS0 A/ PN 7K 7K A
K HUCR R ER A A TE D E A (NH,-N), RIIZR S —
JHg 53 F6 ' HE VI A A R R AU (NO, -N), R faAE IR

*1 FRUEXSABR
Tab.1 Experimental groups

20 5] WA R SR % Initial stocking density (g/m®) 20 5] WA RS2 Initial stocking density (g/m®)
Treatment  Ji| 2 Sea cucumber FUB# S. thunbergii | Treatment | Sea cucumber SUE# S. thunbergii

1 750 0 7 500 1000

2 750 500 8 500 1500

3 750 1000 9 250 0

4 750 1500 10 250 500

5 500 0 11 250 1000

6 500 500 12 250 1500

JVE I S A R AR U (NO5-N) . MR R (PO, ~-P) 75 &1
FE R PR MR- 40 s s

1.2 ¥E#HEMNE

22 Hil 214 H 1 5 R (Mdwg) R S B4 K
2R (SGR)H B2 4 1 5 72 A= K % (SGRY) 3 FliAE K48
|22 H B B R . Mdwg(g/d)=(W=Wo)/T;

IS HHE A K . SGR(%/d)=100x(In WInWo)/T;

Bl T 19 4 B AR KR . SGR(%/d)=100x(In Wo—
INW)/T

K, Wo AWIIHHIZ -1k () W b g g
HOR 2P IR (g); W AR IR BB B & (9); Wo
RS A A BB B () 7R SR ] (d)

1.3 SFitah

BT 5 45 5 S B bR 2= (n=3), T
AT (ANOVA) FIl -4 55 47 G2 i W & o #r, LA

P<0.05 10y 2 5 B i 5 K-
2 ERE5SH

21 AREKREHEAIRSERKBZME

H#E 2 iAW, HS-RUBEA A FRMEEAT
AR BRI Z, H Mdwg Fil SGR 32112 35 1 Fl U 3
IR 3 (P<0.05), RUBHEE N 0, FISHER
750,500 g/m® i} Mdwg 1 SGR 22 A i (P> 0.05);
ISk 500 gim®, FUR M N 1500 g/m® i)
HIS N 250 g/m® ), B #6435 1000, 1500 g/m®
if, Mdwg Fl SGR 2:53 AN #(P>0.05); HIZ % E N
750 g/m*, FUR M4 0, 500, 1000, 1500 g/meiif,
Mdwg Fil SGR 22 5 it 3 (P<0.05) ; |2 % % 4 500 g/m®,
FUEBESE N 0, 500, 1000, 1500 g/m* s}, Mdwg Fi
SGR 2 5t i % (P<0.05); #lZ:% & 4 250 g/m®, BUE
BTN 0, 500 g/m® if, Mdwg Fl SGR 25 i %
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Tab.2 The growth of sea cucumbers in different experimental conditions

il S YR B &/ 2 Average weight A ¥yha /0 i A K % 17E 2%
Treatment WIHAE Initial(g) Z5{H Final(g) Mdwg (g/d) SGR (%l/d) Survival rate (%)
1 16.73+0.38 18.01+0.46° 0.036+0.002% 0.21+0.012° 100
2 16.46+0.79 19.25+1.13% 0.0840.01a" 0.446+0.032% 100
3 16.59+0.32 19.75+0.33% 0.092+0.003% 0.497+0.025% 100
4 16.57+0.86 20.25+1.07° 0.10540.006" 0.57440.003" 100
5 16.37+0.96 18.82+1.31° 0.07+0.01% 0.397+0.033? 100
6 17.19+1.09 21.29+1.75"¢ 0.11740.02° 0.609+0.057° 100
7 17.09+0.89 21.57+0.93% 0.128+0.001° 0.667+0.026" 100
8 17.16+1.08 22.59+1.81° 0.155+0.021° 0.793+0.049° 100
9 15.83+0.53 19.24+0.55% 0.098+0.001% 0.558+0.017° 100
10 16.69+1.33 21.74+1.31% 0.144+0.019° 0.758+0.119° 100
11 16.49+1.34 22.13+2.02° 0.161+0.021° 0.838+0.051° 100
12 16.83+1.09 22.81+1.85° 0.175+0.025° 0.866+0.087° 100

T RPEEE LR EZE (n = 3), KPRl —S s b AR ) 5 B3 35 1 25 57 (P<0.05)

Note: Data in the table as mean + standard deviation (n = 3), data with different letters in the same column are significantly

different (P<0.05)

(P<0.05), SEEFHE MR, HIBEE R 750, 500,
250 g/m®, FUBBEEE N OB, BB KM
il 25 5 ol 250 g/m®, BUR % 4 1000, 1500 g/m®
i, il S KA b, U RUR B X S A K
EEAEW BE N,

22 AREREENXNREEERPZIT

HE 3 LIAEH, ZEmBEA ARG RESE,
H SGR 37 Rl B2 %% B2 R 2 9% BE 5% ) i 3 (P<0.05)
RIS EEMFEMEAET, REHEMARK KL SGR ZH
R R 1 (P<0.05); MBI 250 gim®, KR
BN 1000, 1500 g/m® i, H SGR ZH AR FH
(P>0.05); HIZ% A, B % B A IR 15 0 T
FURBHEM A KA SGR 22 5 1. 3 (P<0.05), i 2
LR R AZ I S8 B S R B o, IS B
750 g/m®. BUR MBS 500 g/m B, F SGR &k
RIS %N 250 g/m®, FUR % K 1500 g/m® i,
H SGR fw/ly, UEHIHE T, 2% B A K/t
SR B Y 2R IR IR .35 (P<0.05), R REHIZ %L
KEf, HARMMEAASFERY R L, BB E
FEhZ, WA K

23 AEXHBEXFEKEERERENTL

231 REAKRKFRESZTEA 1. K2,
3 SIS SRR A NH,-N L NO,™-N 1 NOg-N
SRR, HKE 1-K 3 LA, NH N,

NO,-N FI NO3™-N 7 it 48 16 32 il 2 Fil B2 e 5 0 1t 1Y)
M)t 2% (P<0.05) . 2% & 750, 500, 250 g/m®,
SR % BN OB, 3255 4H NH,™-N .NO,™-N A1 NO;-N

*3 TRERBEXTREREKER
Tab.3 The growth of S. thunbergii under different
experimental conditions

A

LA

20 531) - ' ) ! HrEE KR
Treatment In't'(agl /gq%r)]sny Fm?é /(:s%sny SGR(%/d)
1
2 500 1905+77.62°  3.82+0.177°
3 1000 2387+27.32"°  2.487+0.033"
4 1500 2955+122.6°  1.937+0.119%
5
6 500 1604426.23®  3.33+0.047™
7 1000 2053+45.09°  2.055+0.063%
8 1500 2776+75.06°  1.759+0.077°
9
10 500 1103+45.09*°  2.257+0.114°
1 1000 1856455.30%  1.767+0.086°
12 1500 25051+52.68"  1.46620.06°

TE R BEE R E bR E2E (n = 3), Kb Al — 51 %L
i EARA R S RAUERAT 25 M 25 5 (P<0.05)

Note: Data in the table as mean + standard deviation (n= 3),
data with different letters in the same column are significantly
different (P<0.05)

Fr A A, o LU 200 750 g/m® SE A B
;s HABSIERZH NH,-N. NO,™-N il NOs-N &%
B2 3 R G I Y B2 A 45 I 5 (P<0.05), & Rl 1R
PRI, B IR TS R SR

500 g/m®. FURME ) 1500 g/m® HYSCmdl, 2
W RE R 250 gim® . BB S 1000, 1500 g/m® i,
SZEAH NH, =N, NO,-N 1 NOg =N & AR XA,

Ui W % B8 7K R85 DA A8 Ak A2 00 2 F0 LR i R A i Y
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Fig.4 The variation of PO, -P concentration in the water

232 FREAKIKT POS-P AEEA K 4 KK
B FRAK AT PO, P S A fbitas, PO, -P &
AR Ak 2 il 2 0 B 9 97 R 1 R TR 458 B 3 (P<0..05) .

HIZ % Jy 750, 500, 250 g/m®, BUBHZE K 0 1),
SR PO, -P A i AT B , Horh LU 22k 750 g/m?
SERAH A, B AS AT 0.125 mi/L; HiAth
SCHYA PO, -P i A7 BRI B A R A
(P<0.05), Bl MEEFHEMNIEZL, PO -P HEE
WAG; RSN 750, 500 g/m®, RUEMEE N
1500 g/m* 3264, BN 250 gim®, B
A 1000, 1500 g/m® 52864, PO, -P S AAxt 4k, H:
il B B ol 250 g/m?® | FRURS 62 5k 1000, 1500 g/m®
YA, PO, -P R fK, 156 i B8 E 5 A e 1 4
hn, HU PO, P RE SR, Bl PO, -P & HE A

Wik#AI% (P<0.05).,
3 iTig

3.1 RMESEREEEKER

ARMFFTEE R, J01 2 A0 U B A0 AR K SR A
PIFRFE I 2 5 R o 1 ER A9 8 B M 56 . i S 2 B
750, 500, 250 g/m®, RURMEE N 00, HS4K
FEX A S A g 22, Ho, BB R 750 g/m®,
FUBBEE N 0 B, WIS K2, HSGR i, i
B — 5 FRAE KR 2 (8] S AH R SR 25 T, i 2 3% 0
b, MR, T A %01 5 I S 5 B
25 ind/m? i}, HIBAE KRB 2, SGR B &L T HZ
WO 15, 20 ind/m? BT IS SGR, HFEE o,
Z: 1) SGRifi %5 & 1) T e b BEAIG, AR E] A AR K 22
S REGEREY, 2013), FFREE LRSS
AMEXTZS [N E W0 56 4, P B A K 25 57 bl 2%
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B T itk (Schram et al, 2006; Sanchez et al, 2010),
DL BB S AR 8 B AL Z A

IS N 500 g/m®. RUR M E N 1500 g/m? il
S %% 250 g/m® | F{UE 3% 4 500,1000,1500 g/m®
S A, HZ SGR 22 548 W% (P>0.05), Hidr,
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T A, HS SGR ks Ui BUR S BE 1Y K/
X 2 0 A R A R B R s, S R
750 g/m® . BB TS 500 g/m? i), FUEWE SGR %
K HIB RN 250 g/m®, U #1500 g/m’
BF, BUB#EE SGR fiw/h, UMM &M, M5
(R /I R B AR K S A R 3, e AT T RE A =
HENR SR, R RN E A EERY
i, AR T R R R R

32 ZERFXKEEFREAFHZM
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The Effects of Sargassum thunbergii on the Growth of Sea
Cucumbers and the Water Environment

WAMG Zhigang, HU Fanguang, GUO Pingping, WU Zhihong, SONG Xianli, SUN Fuxin®,

LI Meizhen, WANG Baoting, PANG Shaonan
(Marine Biology Institute of Shandong Province, Qingdao 266014)

Abstract To determine the appropriate farming capacity and the density of sea cucumbers and
Sargassum thunbergii in certain volume of water, we analyzed the growth of sea cucumbers and S.
thunbergii and the changes in the condition of the water from April to May, 2014. The results showed that
the mean daily weight gain rate (Mdwg) and the specific growth rate (SGR) of sea cucumbers and S.
thunbergii were significantly affected by their densities (P<0.05). In the absence of S. thunbergii, sea
cucumbers showed poor growth performance when the density was 750, 500 and 250 g/m®. The growth
was much improved when the sea cucumber density was 250 g/m®and the S. thunbergii density was 1000
g/m* and 1500 g/m? respectively. The highest SGR of S. thunbergii appeared when the densities of sea
cucumbers and S. thunbergii were 750 g/m® and 500 g/m® respectively, and the lowest SGR of S.
thunbergii appeared when the densities of sea cucumber and S. thunbergii were 250 g/m* and 1500 g/m?
respectively. The levels of NH,"-N, NO3 -N, NO, -N and PO, -P were significantly affected by the
density of sea cucumbers and S. thunbergii (P<0.05). The levels of NH;*-N, NOs-N, NO, -N and PO, -P
in the experimental group was relatively high when the sea cucumber densities were 750, 500 and 250
g/m®, and reached the highest when the density was 750 g/m®. The levels of NH4"-N, NO3 -N, NO, -N
and PO, -P in the experimental group were relatively low when the sea cucumber density was 250 g/m®
and the S. thunbergii density was 1000 g/m* and 1500 g/m®. In conclusion, the growth of sea cucumbers
was significantly affected by the density of S. thunbergii, and S. thunbergii had high absorption capacity
to the trophic factors in water. Under the experimental conditions, the appropriate density of sea
cucumbers should be 250 g/m?® and the density of S. thunbergii should be 1000 g/m® or 1500 g/m®.

Key words Sargassum thunbergii; Sea cucumber; Average daily gain rate; Specific growth rate
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