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Fig.1 The optimal culture structure of shellfish-fish-algae
and its ecological environment bioremediation
system ( Star markers were several sampling

points in the demonstrative sea area)
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Fig.2 The facility schematic diagram of

shellfish culture and pearl cultivation
1. pile column, 2. main rope, 3. shellfish cage, 4. anchor, 5.

mooring rope, 6. hoist cable.
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Fig.3 The facility schematic diagram of

floating rope cage
1. main cable, 2. big foam float, 3. small foam float, 4. anchor,

5. net cage, 6. mooring rope.
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Fig.4 The facility schematic diagram of

macro-algae cultivation

1. main cable, 2. float, 3. seeding rope, 4. anchor.
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Tab.1 The water quality condition of the demonstrative sea area and its adjacent sea area(2008)

ity T IX. H #/» month
index sea area 3 4 5 6 7
JKIR(T) TRIG X 23.0 26.2 29.4 30.0 32.4
water temperature H 208 v X 23.1 26.3 29.5 30.1 32.4
hEE TR X 31.5 31.0 30.0 30.0 29.5
salinity W4T 1 X 30.0 29.0 29.0 28.5 28.0
FEHARE (cm) TR X 120.3 +1.5P 136.0 +0.6" 160.3 +0.9° 164.7 +0. 3" 170.3 +0. 3’
transparency bt 4896 X 110.7 £0. 7€ 203.3 +1.7M 121.7 £0.9° 151.3 £1.3F 172.0 1.2’
HMA (mg/L) N RS 0.671 £0.002%  0.845=0.032*8  1.893 +0.0885F%  2.147 +0.004"  1.452 £0. 005
N itk <08V [X. 1.662 +0.045°F  1.783 +0.000PEF  1.654 £0.017P°F  2.260 +0.068H  4.204 +0.208M
s (mg/L) RS 0.052 0. 004" 0.126 £0.009*5¢  0.678 0. 055" 1.047 0. 048" 1.496 +0.039"
TP L 408 9 X 0.342 +0.023° 0.137 £0.0074BC  0.081 £0.004"®  0.483 £0.014" 0.688 0. 007"
E77Y) (mg/L) TRTEIEEIX 27.33 +0.63" 26.48 +0. 88" 24.18 1. 041 20.19 0. 52" 14.56 +0. 59PE
suspended matter  FiE4f IR X 15.42 +0. 72 19.14 0. 41F 26.72 +1.19" 18.61 0. 36" 21.95 +1. 234
LT WX A 3 month
index sea area 3 9 10 11 12
KIE(T) ZRTLHF X 32.7 31.2 28.1 20.2 17.2
water temperature HE 48 7 [X. 32.7 31.2 28.4 20.3 17.2
i TRV IX 29.4 29.0 28.0 27.0 26.5
salinity it 417 X 27.5 27.0 26.5 26.0 26.0
BEHABE (em) RIS 181.0 +0. 6% 191.7 +1.5% 159.7 +0.99 181.0 0. 6% 203.0 £1.5M
transparency AP X 102.3 +1.5° 101.3 0. 78 81.7+1.74 161.7 +1. 7% 166.7 £1.7"
M4 (mg/L) IRIETEIX 2.446 +0.025"  2.897 +0.081% 2.571 £0.080"¢ 2,113 +0.080"H"  1.398 +0.105°P
TN ik 181X 2.818 £0.061°%  3.273 +0.008" 2.076 £0.031FH 1,095 +0.0315¢  0.942 +0.487*
B (mg/L) TRTE IR IX 1.541 +0. 034’ 1.752 £0.083% 1.418 0. 027" 0.819 +0.038¢ 0.534 +0. 054
TP LA X 0.227 +0. 005 0.384 +0. 006" 0.201 +0.009¢ 0.185 +0.009¢ 0.169 0. 0135¢
EIEY (mg/L) TR L X 13.43 £0.28PE 12,63 +0.625P  11.95 +0.465¢ 10.84 +0. 598 7.24 £0.334
suspended matter  E4f I X 27.14 +1.16' 26.68 +0. 56 22.08 +1.40°H 12.82 £0.63%P  11.47 £0.495¢

TE /R8I X model sea; MEARIFIX. adjacent sea area, AR 3 LISV IIME. FAFTEERAT LA AR FERRE S BF (P <
0.05),
Notes; The data in the table were the average value of three sample points. Different letters were marked in the top right corner of the same row

data indicated significant differences( P <0.05).
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J}%T*HI—JO 71N YR VR DX R B e P R A P A
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0.081) mg/L FI(1.752 £0.083) mg/L. filit4p
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AR PR AR, R R BE 7 H Ay, B
WA/ B (4. 204 £0.208) mg/L F1(0. 688 =

0.007) mg/L.
2.2 FHEY

N TR IX 5 Lk &0 1 X W AR ) A P i P A
53900 3.79 mg/L 1. 77 mg/ L, i sl HE -
PUEA 2.99 mg/L.1.56 mg/L(3E 2) , /R{LiE
DX PRI AE ) T B T AR X, B PR 3R T 2541
MW R ) A W ) B ) 22 7 S0 3 5 PR B0
WA 3 A e m AR R A hERE,

R2 REIBXSHAREXFHEEMIKI(2008)

Tab.2 The state of plankton in the demonstrative sea area and its adjacent sea area(2008)

A Y ( mg/ L) phytoplankton

#0731 ( mg/L) zooplankton

A 6y month 787U X model sea 4R [X. adjacent sea area JNIJE X model sea 4R [X. adjacent sea area
3 1.24 +0.065C 0.06 £0.014 1.37 £0.04° 1.42 +0.07"E
4 1.42 0. 055 0.11 £0.024 1.65 +0. 06" 0.15 £0.0148
5 1.67 £0.06° 0.49 £0.104 2.41 £0.08¢ 0.38 £0.048
6 2.36 +0.04° 0.53 0. 04" 2.82 +0.07" 0.29 +0.03"B
7 3.01 0.1 1.12 £0.06"% 3.12 0. 04! 0.05+0.01*
8 4.11 £0.13° 1.63 +£0.03° 3.49 +0.14’ 3.01 £0.13"

5.77 £0.08" 3.67 £0.13"C 3.67 =0.08’ 1.09 £0.03°
10 7.03 +£0.46' 3.73 £0.09%¢ 4.51 +£0.19" 4.01 £0.10%
11 7.74 £0.37° 3.92 0. 03¢ 4.78 £0.18M 4.03 £0.09%
12 3.58 +0.21F 2.43 +0.08P 2.05+0.06" 1.16 0. 04<P

T PR 3 DR R [RISVEE A B b A A 7 REROR 225 B35 (P <0.05)

Notes; The data in the table were the average value of three sample points. Different letters were marked in the top right corner of the same

column data indicated significant differences( P <0.05).

TE 10 > H B 7 58 1 N 73S 308 DR S8l i A=
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Y B AR 4] 2 R R A A, IR EAS
SRS
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WH RIS, % S R B DL e ik 8 6 ~
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DLSEIEEER N, DA R s e g, Dl 5e 3% 1
UG BEEY A VUK 72 A 7, e 22 A K HE % R
FE2 R, B AR T A A% 2R BE DUAE S
73.9% ,H A RFILATE 3N 87. 4% , B IR IWAF
TGN 84.6% ; HIR DR N 49.9% , Hop K
TR RN 72.6% , BHRW BTN 68.7%
F2009 41 A 12 H R, HIRZ 2k 33. 5 kg,

Hr L2k 4.6 kg, LR LF 13.7% . 3K)=
JELRE K 300 ~600 wm, 45472 pm( % 3) .

sEREK F 2009 41 A 13 HHfiH;, =
O X A S AR SR X AL A P fef £ 21 365 kg, L
TR ES 10 285 kg, JISUHT#H 7 000 kg, I firi
4080 kg, HEREL, INIBERES TR 1.6, )11 5L
TR UK EE£0 4. 0 2RV ol vk fl 4.5, AR,
TR, OWRERE2 74.3% | )| SCE R 64. 2% 2R
Wyl 61.7% . AR N L 4,

EEAK F 2009 4 3 H 14 HIkIR, =
TR X LA 7 R AR 3 091, 3 ke, Horp A5
593.8 kg, BB 2 497.5 kg, RAEIHIEAEKIFNL
W5,

2.4 BEEFAME

TE 10 A~ F 00 52 55 10 PN 7 0 7 IX 426 52 K BHLA
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MJ, ik A 6E 404 533. 33 M, ik A e
388 045. 4 MJ (3% 6) . /R XOGREF] K
0.20% GG RE VR ALAE N 8.35% , KAER B
BAL B K 36. 05% , M BE R AL SR N
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34.58% , i e EERIAE R 2. 703 1 MI/kg, R e EEEEARE K 2.891 9 MI/kg.

®3 DRHEBIFESHFHRAR

Tab.3 The effects of shellfish culture and pearl cultivation of Pinctada martensii

EE7VIEN (URIASE7S (SRS

methods of pearl cultivation optimized of pearl cultivation traditional pearl cultivation
RFEWIT715 2 (% ) recuperation survival rate 87.4(78.4 ~92.3) 69.61*) /86. 8113
RFE 4] 88 #% % (% ) recuperation remained nucleus rate 72.6(61.1~81.3) 54. 711 /45, 0115
H R WIZE1E % (% ) cultivation survival rate 84.6(73.6 ~93.8) 82. 71141 /71, 9115]
Bk B3 4% 2 (% ) pearl cultivated remained nucleus rate 68.7(64.8 ~78.5) 39,0013
J{F# (% ) pearl formation rate 82 8ol
BRJZJEEF (wm) thickness of pearl layer 472(300 ~600) 100 ~120L1!

D 5 AR S 2 B BRZ R @ RFR IS R = RIS D8 & Bk DS RG B BRI IE & = B BRIAETE
TR RFIAEE DUEG O RFR B AR = IR — ORI /IR IR WA DURR s & BRI B A = JPBRORL B T DU G @) Bk =
Wk BEY T BR UL, RISF 24 R Do g

Notes: (D The data in the brackets were the survival rate, the remained nucleus rate, and the pearl layer thickness range of Pinctada martensii
respectively; (2 The survival rate of the recuperation = the survival number of shellfish during the recuperation/the total number of pearl
shellfish; The survival rate of pearl cultivation = the survival number of shellfish during the pearl cultivation/the survival number of shellfish
during the recuperation; (3) The remained nucleus rate of the recuperation = ( the number of nucleus-insertion-the number of nucleus-removal ) /
the survival number of shellfish during the recuperation; the remained nucleus rate of pearl cultivation = the number of open-pearls/the number of
open-shellfishes; (@) The pearl formation rate = the total number of harvested pearls/ the total number of pearl shellfish, that was an average
number of harvested pearls of each shellfish.

®4 TRBRNEFEELNFEEKER(2008)

Tab.4 The stocking and growth conditions of cage-cultured fish in the demonstrative sea area(2008)

H &Y date
FhZE species I H item
3H6 H 6 H12 H 9H12 H 12 H15 H
{£ K (cm) length 3~6 20 ~15 22 ~28 30 ~35
GRIE e ss i H (g) weight 8~15 250 ~350 400 ~ 600 550 ~ 750
Trachinotus ovatus 46 FE ¥ (&) number in each cage 5 000 2 510 2 140 1870
M #f %% (/) the number of each cage 4 6 7 8
4% (cm) length 4-~5 16 ~22 25 ~32 33 ~37
M {KTE (g) weight 6~12 120 ~150 350 ~ 400 450 ~ 600
Litanies sebae 444 B (B ) number in each cage 5 000 2 200 1 870 1 620
M4 %% (/1) the number of each cage 4 6 7 8
&4 (cm) length 5-~6 20 ~26 30 ~42 32 ~45
UV R H (g) weight 10 ~13 300 ~ 350 420 ~700 450 ~750
Lates calcarifer 4544 B4 (&) number in each cage 3 333 2 100 1 560 1555
A% () the number of the cage 3 3 4 4

RS TREEBRERBEAMERERBRMWRSE

Tab.5 The growth condition and harvest yield of macro-algae in the demonstrative sea area

i H SF-Y#% 5 (cm) average height ¢ & (kg ) fresh weight
item 2008-10 2008-11 2008-12 2009-01 2009-02 2009-03 2009-03
qém%- 5.73+4.03 11.78 £6.54 22.10+8.94 26.40 +£9.25 31.68+7.79 38.7 +12.53 593.8
Sargassum fusiforme
0y FE . . . Y
6.5x1.67 14.50 £2.63  26.50 £4.95 33.12+7.36 42.97 £11.70 56.65 +£43.21 2 497.5

Sargassum
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Tab.6 The energy of input and output materials in the demonstrative sea area
5K %JJ'ﬁE. (MJ/kg) %ﬁﬁ. (MJ/kg) FEARE(M) BHIBAE(MI) i RE(MY)
item initial energy terminal energy input energy gross output net output
value value energy energy
YN EEESR Trachinotus ovatus 22.63 23.24 3 920.55 166 623.21 162 702.7
JI S i Litanies sebae 23.47 24.61 3 769.03 126 842.4 123 073. 4
Ryt Lates calcarifer 22.72 23.21 1833.55 66 202.53 64 368.98
L (G EREE DU Pinctada martensii 0.76 0.82 6 001.25 7 952.36 1951.11
WG Sargassum fusiforme 12.16 13.24 285.67 7 157.48 6 871.81
LR ¥ Sargassum 12.43 13.86 677.91 29 755.35 29 077.44
DRI BE#21R K feed of Trachinotus ovatus 14.9 14.9 245 194.. 40 - -
VKEE SR fa k) feed of ice fresh mixed fish 22.95 22.95 803 716.89 - -
TRIERE )9 A 77 )7 primary productivity - - 56 805.40 - -
&1t total - - 1122 204. 65 404 533.33 388 045. 44
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Fig.5 The schematic diagram of material cycle of ecosystem in the demonstrative sea area
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The technology research on optimal culture structure and
ecological environment bioremediation of Liusha Bay

SHEN Yu-chun, CHEN Wen-xia, ZHU Chun-hua, YE Ning, XIE En-yi,
LIANG Fei-long, DU Xiao-dong, WU Zao-he *

(Key Laboratory of Aquaculture in South China Sea for Aquatic Economic Animal,

Guangdong Ocean University , Zhanjiang 524025 , China)

Abstract; An optimal culture structure of shellfish-fish-algae and its ecological environment bioremediation
system were established and studied in the paper. The experimental study was carried out in a semi-enclosed
sea area of 33.3 hm’ by net fence. The system includes three different functions culture areas:the shellfish
and pearl culture area,the fish net cage culture area and the macro-algae culture area. The interculture of
fish, shellfish and macro algae and pearl rearing were implemented in the demonstrative sea area. After 10
months of optimal structure culture and ecological environment bioremediation control ,the water quality and
biological environment of the demonstrative sea area were obviously improved. The transparency of the
demonstrative sea area was significantly higher than its adjacent sea area( P <0. 05) , while the suspended
substance content was significantly lower than its adjacent sea area( P <0. 05) ; The concentration of total
nitrogen and total phosphorus in the demonstrative sea area was increased with the cultural period of time, the
high peak was in September,then it was decreased with the further cultural period of time; The biomass of
plankton in the demonstrative sea area was increased with the cultural period of time,and significantly higher
than its adjacent sea area( P <0.05). The marine aquaculture organisms in the demonstrative sea area grew
well , the output of fishes, macro-algae and pearls respectively reached 21 365 kg,3 091.3 kg and 33. 5 kg.
The survival rate of pearl oyster ( Pinctada martensii) reached 73.9% , the remained nucleus ratio of pearl
oyster reached 49.9% ,the percentage of high grade pearl was 13. 7% ,and the pearl layer thickness was 472
pm on average. It can be concluded that the quality of pearl was significantly improved. The photosynthetic
energy efficiency reached 0. 20% in the demonstrative sea area, the total energy conversion efficiency was
34.58% ,the total energy consumption per unit of net yield was 2.891 9 MJ/kg.

Key words: culture structure; ecological environment; bioremediation; Liusha Bay
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