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Fig. 1 Distribution of stations in the middle part of Xiangshan Bay
(L4: cage culture area, L5: macroalgae culture area)
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Tab. 1 Geographic coordinates of sampling stations in the
aquaculture area of middle Xiangshan Bay

sampling  east lon- north

station gitude latitude explanation
L1 121.5543  29.50077 .
shell fish culture
L2 121.6103  29.51433
blood clam culture
L3 121.6098  29.53095
oyster culture
L4 121.6144  29.54282
cage culture
L5 121.6263  29.54028
macro-algae culture
L6 121.6332  29.54307
waste water outlets
L7 121.6853  29.55852
macro-algae culture
L8 121.7565  29.54112 ) ..
fish culture in Xihugang
L9 121.7913  29.52065 .
bottom of Xihugang
L10 121.7954  29.53473 . .
middle east of Xihugang
, , 2~3 h
-80C
1.3
Tag DNA ( Mg)
fermentas) SanPrep DNA (
) pMDI18-T Vector(
TaKaRa) BMTOPI10 ( Biomed)
( Sigma 3-18k, )
(DNR Chemi BIS, )
(Bio-RAD, ) PCR
(eppendorf, )
14
141 DNA DNA
[10]
0. 8%
DNA, -20°C PCR
1.4.2 16S rRNA PCR

341F(5’-CCTACGGGAGGCAGCAG-3’)
534R(5’-ATTACCGCGG-CTGCTGG-3’), ,
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341F 5° GC DNA
95C 3 min; 94°C 1 min, 55°C (DIN) COD
1 min, 72°C 1 min, 30 ; 72°C 1.4.8
10 min PCR 1.2% CANOCO
, PCR for windows (Version 4.5) DGGE ,
,=20C ; (RDA),
143 (DGGE)
, 45%~70% 8% RDA , ,
, I1xTAE, 12 uL PCR ,
6 pl 2xLoading buffer , ,
56V, 60C, 14 h, Gel Green ,
DGGE , (13]
60 pL , 4C , )
PCR , ,—20°C
1.44 DGGE DGGE 2.1 DNA
, 4 5
( Shannon DNA, DNA ( 2 DNA
, H) [11] [12] 20 kb ,
(4] DNA
H= Z(n/N)lg( ni/N)
> i » N A M bp
Csas = 2LAp/(LaTLp)*x100%
> Cos A b : 10000
Lap A B » La 5360
A ,Lp B
1.4.5 DGGE PCR 2500
, PMDI18-T Vector s
1000
1.4.6 NCBI BLAST (http:
//www.ncbi.nlm.nih.gov/blast/)
, ClustalX1.83
(Multiple alignments), MEGA 3.1
(neighbour-joining-analysis)
1.4.7 2 DNA
(GB17378.4-2007), M: DNA marker; A: DNA

Fig. 2 Total DNA extracted from the sediments of culture area
in middle Xiangshan Bay
; - ; M: DNA marker, A: total DNA of samples
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2.2 16S rRNA PCR
(341F/534R)
DNA 1.2%
¢ 3), 200 bp ,
DGGE
bp
2000
1000
750
500
250
100
3 DNA PCR

M: DNA marker; A: 4

PCR
B:5 PCR , CK:

Fig. 3 Profile of agarose gel electrophoresis of PCR products
of the DNA samples from the sediments of culture area in mid-
dle Xiangshan Bay
M: DNA marker, A: PCR product of station 4,

B: PCR product of station 5, CK: negative control
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12~31 ,
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2010 3 5 125 1.39,
2009 2010 8 1.07  0.98
,2011 8 5 1.11,

2009.8 2010.3 2010.52010.8 2011.5 2011.8

4 DGGE

Fig.4 DGGE profiles of samples from cage culture area in
Xiangshan Bay
Numbers in the figure refer to the excised bands.
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Fig. 5 Shannon indexes of samples from cage culture area in
middle Xiangshan Bay
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F2 ZEPIBMAETEEX KRR PR EHAM 1.6
4 e 5 1.4 136 135 134 135
Tab. 2 Similarity index of bacterial communities in sedi- g 124 11 L4
ment samples from cage culture area in middle Xiangshan 2 1 ]
Bay § 0.8/
2009.8 20103 2010.5 2010.8 2011.5 2011.8 g 06.
20

2009.8 100 “ 04
20103 68.4 100 02/
2010.5 62.5 73.1 100

0
2009.8 2010.3 2010.5 2010.8 2011.5 2011.8
2010.8 41.4 30.3 32.6 100

20115 914 923 653 267 100 7 Shannon
20118 52.4 69.6 75 54.1 65.1 100 Fig. 7 Shannon indexes of samples from algae culture area in
middle Xiangshan Bay
2 o \ 5
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Tab. 3 Similarity index of bacterial communities of sediment
samples from algae culture area in middle Xiangshan Bay

e | 2009.8 20103 2010.5 2010.8 2011.5 2011.8
2009.8 100
20103 973 100
2010.5 75 38.8 100

2010.8  76.6 39.6 98.3 100
2011.5 783 40.4 96.6 98.2 100
2011.8  76.6 39.6 98.3 100 98.2 100

2010 3
40% 2010 5
, 96%
24
24.1
DGGE ,
6 DGGE GenBank , 39
Fig. 6 DGGE profiles of samples from a'lgae culture area in (3 ,
middle Xiangshan Bay
Numbers in the figure refer to the excised bands. 39 ’
20105 ’ (Proteobacteria) a- d- 7v-
C 7 ’ (Proteobacteria) (20 OTUs)
L11 - 1.14, 1.34 (Firmicutes) (2 OTUs) (Bacteroidetes)
2010 ® ) 2010 (1 OTUs) (Chloroflexi)(3 ~ OTUs)
S ) 2011 2011 (Actinobacteria)(5 OTUs)
> ; (Acidobacteria)(2 OTUs) (Verruco-
’ microbia)(1 OTUs), (Proteobac-
3 , teria) )
38%~100% 2009 8 2010 3 17

) 97.3%, ( 43.6%) DNA
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Fig. 8 Phylogenetic tree of bacteria in cage culture area in middle Xiangshan Bay based on the sequences of 16S rRNA gene on
DGGE bands
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Fig. 9 Phylogenetic tree of bacteria in algae culture area in middle Xiangshan Bay based on the sequences of 16S rRNA gene on
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Tab. 4 Physics-chemical character of the seawater in cage and algae culture areas in middle Xiangshan Bay
/(mg-L™! -
-1 -1 /(mg'L™") tme'L ) o /(mg'L™) -1
/(mg-L™") /(mg-L™) . ammonium /(mg-L™") . . /(mg-L™)
. ) - chemical oxygen - - . nitrate- nitrogen
active phosphate active silicate -nitrogen nitrite -nitrogen DIN
time demand
(year-
month)
cage algae cage algae cage algae cage algae cage algae cage algae cage algae
cult. cult. cult. cult. cult. cult. cult. cult. cult. cult. cult. cult. cult. cult.
area area area area arca area area area area area area arca arca arca
2009-8 0.063 0.062  1.89 1.31 0.90 0.71 0.02 0.019 0.030 0.027 1.43 1.13 1.48 1.18
2010-3 0.051 0.050 1.31 1.33 1.30 0.82 0.11 0.09 0.012 0.011 0.66 0.58 0.78 0.68
2010-5 0.03 0.03 1.05 1.12 1.38 1.26 0.05 0.06 0.016 0.021 0.73 0.73 0.80 0.82
2010-8 0.058 0.053 1.15 1.15 0.72 0.38 0.06 0.11 0.014 0.010 0.55 0.57 0.62 0.69
2011-5 0.038 0.056 0.68 0.72 1.58 1.56 0.04 0.06 0.019 0.015 0.57 0.68 0.65 0.80
2011-8 0.077 0.075 1.40 1.46 0.40 0.54 0.01  0.002 0.012 0.008 0.26 0.38 0.27 0.39
= i ° < 'DIN_ ©02009.8
- 2010.8 - ! o
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; . i
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1 |
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Fig. 10 Redundancy analysis about the bacterial community Fig. 11 Redundancy analysis about the bacterial community
structure in the sediment and environmental factors in the cage structure in the sediment and environmental factors in the algae

culture area of middle Xiangshan Bay
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Changes in the characteristics of the bacterial community structure
during habitat restoration of aquaculture sites in Xiangshan Bay

LI Qiufen', YOU Xiaojuan'?, ZHANG Yan', MAO Yuze', JIAO Haifeng’

1. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries
Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071, China;

2. College of Marine Life, Ocean University of China, Qingdao 266003, China;

3. Ocean and Fisheries Academy of Ningbo, Ningbo 315010, China

Abstract: Xianshan Bay (121°25'-122° 03'E, 29°05'-29°46'N) is located in the middle of Zhejiang province along
the coast, a long and narrow semi-closed bay with the water area of 1 445 km?”, and average water depth of 20 m.
In recent years, the scale of aquaculture became larger and larger, and with pollution from land-based source,
which made the environment in this bay increasingly deteriorate. During 2009—2011, we expanded the scale of
macro-algae culture near the cage area of middle Xiangshan Bay to try to restore the habitat around the areas of
cage culture. To assess the response, we measured the characteristics of the bacterial communities in the sediment
of cage and algae culture areas using PCR, denaturing gradient gel electrophoresis (DGGE), cloning, and se-
quencing. The bacterial communities in the sediment environment of the cage culture area consisted primarily of 7
phyla lineages of the domain bacteria. There was an increase in bacterial diversity during restoration and the
dominant bacterial group changed from Acinetobacter sp., Aminobacter aminovorans strain EE9, and Pseudomo-
nas sp. to the uncultured actinobacterium clone HAHS13.051, Haliea sp. DSW4-37, and Ochrobactrum sp.. The
bacterial community in the algal culture area consisted primarily of 5 phyla lineages of the domain bacteria and the
structure remained relatively stable. RDA analysis revealed that ammonia and COD are the primary factors influ-
encing the variation in bacterial community structure. The improving trend in bacterial communities was consis-
tent with improvements in chemical indices. Our results demonstrate that the use of macroalgae to restore the
habitat of cage culture areas was effective, and suggest that bacterial community structure can be used as an index
to evaluate the effectiveness of habitat restoration.

Key words: Xiangshan Bay; cage culture area; algae culture area; habitat restoration; bacterial community;
PCR-DGGE



