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The bacterial ecological distribution in water and sediment of cage culture area in

Xianshangang Bay
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Abstract ; Bacterial population and community structures were studied in cage culture environment in Xiangshangang Bay in
January and October (2006 ) , and the results were compared with those in cage’s adjacent non-cultured environment in
Xiangshangang Bay. Bacteria quantitative distribution presented a series of characters in water and sediment: Higher
bacterial number was observed in Oct. than that in Jan. ,and the horizontal distribution of bacterial number displayed that
Cage culture area > Reference site near cage > Reference site near bayhead > Reference site near baymouth. The number of
heterotrophic bacteria and vibrios in cage culture water ranged from 1.0 x10° —7.2 x 10’ CFU/L and 1.6 x10° —1.3 x
10° CFU/L, respectively. The number of heterotrophic bacteria and vibrios in cage culture sediment ranged from 5.9 x 10°
—6.1x10° CFU/g and 8.0 x 10" —7.4 x 10* CFU/g, respectively. 89 strains of heterotrophic bacteria isolated from the
cage culture water mainly belonged to 12 genera. Acinetobacter, Pseudomonas and Vibrio were the dominant genera. 136
strains of heterotrophic bacteria isolated from the cage culture sediment mainly belonged to 10 genera. Pseudomonas,
Vibrio, Bacillus and Acinetobacter were the dominant genera. Because of long-term drainage of abundant nutrients and
organic matters, microbial diversity reduced in cage culture area and reference site near cage, some functional microbes
became dominating bacterial colonies. This study demonstrated that the characters of bacterial quantitive distribution and

community structures were closely related to self-pollution status of cage culture, and the effects to bacterial community
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induced by cage culture have spreaded to its adjacent area.

Key Words: bacteria; water; sediment; cage culture area; Xiangshangang Bay
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ZoBell 7K 2216E V-4 , 7E-F- AR L FENLPRECER 7% , B8P0 B8 20—30 BRI R . 0B B AR 264K 2—3 IR, %
RIS R SIS SRR TRV ,15% B (FEKE) B 0,4 CIHRFE. FrE BRIEEE Oliver B EEME L ERER
(ERMERGELEETH) P RENEREEER,
1.4 HLFEF M E

TR AR B URR TR AL R T BT 7 B B IR QIR MRS ) Y ke L B R BT
1.5 Bogubr

MR (H ) 2 ARYE Shannon-Weiner 80 AXIHE, B H = - X P, xInPi, Hrp Pi g5 i JR R 7E
BEVE R AT B 5 IR Pielou BB AR E R BVE IS BEISEL B E = H /InS, Horp S A #E¥E P
PR A AR R . SRR BT LUR WA SRR X A B VR (0 AR MERRE . ] Statistic XF HRAL B T-F0
B BOHE AT 0 AL Z2 T ISR AR B IR 2 R &R 757 22 53 T (Factorial ANOVA) , i 3& /K- P &5 0. 05, F|H
PRIMER 5 1) Bray-Curtis AH {D14 2R 28065 40 BRI 2540 2617 2047 o
2 BRESH
2.1 HMEBESH
2.1.1 KIRANERES

KR EE A A RA LS R NE 2 s, 1 10 A MFEFREE X Cage i v 5 740 B AN B B0 73 7 7
1.0 x10°—7.2 x 10" CFU/L 2 |a] (E#1{E (2.7 x 107 2.8 x10*) CFU/L) fi1.6 x10°—1.3 x 10° CFU/L 2 [d]
(FH(5.0 x10° £3.9 x10%) CFU/L) . 53 EHE WA OB o, A M A R K F 70 E K&
STWLER KILAREE(RLD) , AESHMAAERHEEZFEE, FRAEMINESEHMFAERERX >
MIFESMIUX B IX. > A T BRIX > 9 DX BRI R . ARBEFTEREE, 210 AET1LA
BHIFHE(FR 2) -

®1 FRBRAGRFAHLELER

Table 1 Comparison of heterotrophic bacterial number in different sea area

#§ X Sea areas % & Bacterial number/ ( CFU/L) ik References
82 Mt} P #7758 [X. Cage culture area in studied sea 1.0 x10°—7.2 x 107

FHHFIR P48 F5 75 X, Cage culture area in Zhoushan 1.51 x10°—1.56 x 10’ [15]
WYL Zhejiang Islands 2.0 x10*—8.4 x10° [16]
K10 Changjiang Estuary 1.1x10°—1.5 x10° [17]

HUE Yellow sea 3.2 x10*—4.1 x10° [18]

2.1.2 ViIRYHEEES

M FEFEF X Cage W5 FFMBE A TE 5.9 x 10°—6. 1 x 10° CFU/g Z[a], SE¥ME R (9.6 x 10* £2.0 x
10°) CFU/g, SSRUNME FENMAETIBWERZ , HBEV B Ik >, HoAp ik 7 Cage Fil Control 141 B 4B T
BB ERK ,20—21em 2 HH EH: F{KTF Control 21 Control 3[FIRERZ MR &, FHRMEE S HEA
JIMIFEFREAIX > IFESMUXT B IX > BT R IX > 5 O xR, HEXE > ®E10 Al >1 BB Hah
¥, PIFEIX Cage VTR BB A1E 8.0 x 10'—7.4 x 10* CFU/g 2z [a], SFHME K (1.6 x 10* £2.5 x 10*)
CFU/g, i E B EZ R BE , ¥ /7 Cage fx & . Control 1 F1 Control 2 H YK i ¥ [ Control 3 FAK, EEH 4
i b, AT E S E Y R IR E K THZ MIFE, A Cage 357 20em DL IRAETAERUS] 10° B
B, RTHEXNER. EV4HA5FFAEEL, B2 10 AGET 1| ABMrES. HUTERY) R840 5 AT
PR RO AT b 6L B 8] FSR AR R IR B T 2 53 T s SR 3R 2.6
2.2 HEEYESHEAETFRAHEES T

AR F A anE 4.8 5. KIEE SRS B MAIRE X R, T8 O X A &K, KIBMERE
S EENTEES DIBRYE IR &R0 AR M SR X > MAESMUST R IX > STt RIX > T
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Fig. 2 Distribution of bacteria abundance in water
R2 FEIWER
Table 2 The results of analysis of variance
JKAk Water Ui Sediment
; FHl3 [} HLBL S LA [}
i L I ﬁ] ﬁ?%ﬁﬂlil. ] <t i FAE L ﬁ?%ﬁﬂlil. W
norganic Heterotrophic o Organic Redox Heterotrophic o
Temperature Phosphate . . Vibrios . . Vibrios
nitrogen bacteria matter potential bacteria
S Fy;=3T1.16, F; ,=134.76, Fy 5, =15.79, Fj 1,=340.35, Fy ;,=164.83, F; 5=765.10, Fy ;5=670.41, F; 5 =161.89, F; ;4 =293.56,
i1y
SIS peoor P<0.01 P <0.01 P <0.01 P <0.01 P <0.01 P<0.01 P <0.01 P <0.01
— Fy3=634920, F) 5,=1036.8, F, 5, =0.18, F, 5, =6800.15,F, 5, =157.55, F, s =177.14, F, 45=11.39, F, 4=274.41, F, ;4=391.01,
FSEOIE T pco.01 P <0.01  P=0.66 P <0.01 P<0.01 P <0.01 P<0.01 P<0.01 P <0.01
YK Layers Fy 3 =21.55, F, =500, F, =586, F, =87.07, F =92.36, F,3=764.63, F| ;5=1913.22,F; ,4=180.05, F, 43=69.92,
= P<0.01 0.01<P<0.050.01 <P<0.05 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
A HAEH] Interactions
WR-BY  F33=356.26, Fy 5,=46.96, Fy3=T.68, F33,=315.45, F;3,=59.50, F;4;=24.97, Fj4=31.23, F;,=141.722,F; 5=52.51,
Sites-Time P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
Y- F33,=21.82, F;3=6.90, F;3;=14.08, F;3=35.63, F;;=30.88, Fg,;3=43.14, Fg,5=90.78, Fq 45=158.55, Fy 43=255.82,
Sites-Layers P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01
BR-FY Fip=42.24, F, =056, F =532, F, 5=90.45, F 5,=19.61, F,.;4=9.59, F,4=17.97, F,,4=170.11, F, ,=71.36,
Layers-Seasons P <0. 01 P =0.46 0.01<P<0.05 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

) ‘L_ +‘-___/,
s EU\F3,32=36.63, Fy3p=453, F;3=5.39, Fy5=32.62, Fy3=25.08, Fg,=23.81, Fg,q=45.67, Fg.5=138.61, Fy 4=60.25,

Sites-Seasons-
Layers P<0.01 P<0.01 P <0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01 P<0.01

15 DV BRI, WA FRAE T ShAR AT AR Al P A 2 R A S B8 X R e A LR B R M E R A, DT AL
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EJFE R AL AR F T MFEFRFE X < AR SMIIRT B IX < ST TR B IX < SV Cx BR X, B ML & B R ke
i RS R B o i AT

KPR SEIR A RO SRR LR TOHL R AR A SC R B 0. 63277 0. 163 F110. 4717 HNE 5 B4R
#Hh TCHLR AR B MR R 5108 0.63277 .0.273 F10. 361" s PR3+ 40 B AR A EUCR 58 HLR 1AH K
RPN 0.526 F10.638"" (% P <0.05,  «P<0.01), HHESAMEFAEMEA —ERTMERE,
HAHRYEA B3 (IR r = - 0.053 305 r = -0.060;P>0.05) .
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Fig. 3 Distribution of bacteria abundance in sediment columns

2.3 RIFHERE G
2.3.1 KIKRFRUMERIELE

M7k 2 R AP R B (T o L A 84% —93% ) , ¥ 2= FGBHPE B LU B AR X 441K . A 3R FE X 43
BINER 89 Bk, AR T 12 AN&E , o R 3h#T i J& (Acinetobacter ) & 5 Ml T & ( Pseudomonas ) IR J& ( Vibrio ) %
HRBEIR . WIFESMURT BB e 80 #k, IHJE T 11 ANE , o AR sh#F BB (Acinetobacter) {5 5.} 5 J&
( Pseudomonas) IR & (Vibrio) NI HHE R . BTN A BEAME 64 ¥, HE T 11 NE, Kb R ehiTE
J& (Acinetobacter) S R H P& o IEVE O R4 BB 81 ¥k, IHJE F 10 N&E , K BEHL B /& ( Moraxella) |

A BT iR (Acinetobacter ) R HNETH & ( Pseudomonas) S MR KB MIHHELRE , MAEIRHE X ZH Ak
BmAik, ARG R AR 3,
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Fig. 4 Distribution of physical-chemical factors in water columns
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Table 3 Bacterial flora of sampling site water in January and October

SKFE 5 Sample Site

&%
Genus

2

Control 3

1 H Jun.

Control 2

1 A Jun.

Control 1

1 H Jun.

Cage

1 A Jun.

10 A Oct. 10 A Oct. 10 A Oct.

10 H Oct.

KHME G

a2z

BARZEHIAT )R Clostridium

HBERE)E Staphylococcus
£

ZEAUFTE B Bacillus
HARITH B Corynebacterium

KM G-

a2z

0

1

RPN B Pseudomonas
YN 8 Vibrio

14

HAFE B Flavobacterium

11 13 12 10 10

13

ABIFFH B Acinetobacter

1538 # R Enterobacteriaceae 353 &

TR B Alacligenes
K ICHTFHiJB Photobacterium

£3} Total

BRI B Moraxella
H ’

SN B Aeromonas

43

38

3

3

31

42

38

47

42

2.01
0.91

1.82 1.89 1.97 1.99 1.95 1.96
0.82 0.86 0.87 0.89 0.89

0.83

1.91
0.83
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Fig. 5 Distribution of physical-chemical factors in sediment columns

2.3.2 YIRYIRIFFH TR ST

MIFEFRIE X - B 40T 136 %, JH/R T 11 AN, R B T & ( Pseudomonas) (IRE & ( Vibrio) \ZF AT
J& (Bacillus ) BT & (Acinetobacter) & R ARH & . PIFESMUIXT B A /- B 40 110 Bk, HE T 11 &, 2
TP & (Bacillus ) #EIRFFH & ( Corynebacterium) BB & ( Pseudomonas) A ST H J& (Acinetobacter) \Ji
& (Vibrio) S N R HHR . AT TN B /- B 40T 109 #%, 58 T 16 N& , ZF A B ( Bacillus ) R
B )& ( Corynebacterium) R HJfI & ( Pseudomonas) AT J& (Acinetobacter) Z5 L HHE & . LTS O X} R &
W B AR 95 #k, IHIB T 18 N& , Horh ZF AT B ( Bacillus ) EEARFF B8 & ( Corynebacterium ) %5 R RFHH R o

FFRME BB B LR 4, MAEFRIE XA B8 2R i . FRFETE 3 X TR Wy 4 T B % T B 3
—SEM
2.3.3 HEBESHRED T

RE AR RVIMIAE XA E B % AR, BAFE X Z R Kk 1 A MAEX Cage FIXS B S
Control 1 BEY&LEMBIABITE R , Control 3 H —5 (& 6) ;10 H 4%} & & Control 1 F Control 2 —5, M X
Cage H—2. IR ERFE SR REERNE 7, MAHIX. Cage Xt IR Control 12—, 5 Control 3
ARIMERAR . TEBAFR BT 3 AT BE R e 257 58 X NI A ORI A R AR, TG 285 9 L DX R o 52 SR A 1 3 T4
AN ECAH R S5 A0 5 R AE X Z TR AR LA o
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Table 4 Bacterial flora of sampling site sediment in January and October
R4 SKHE 5 Sample Site
Genus Cage Control 1 Control 2 Control 3
1 HJun. 10 H Oct. 1 H Jun. 10 H Oct. 1 H Jun. 10 H Oct. 1 H Jun. 10 A Oct.
B2 R G
ZFHFFE B Bacillus 16 17 15 16 16 15 13 12
RFFH#)E Corynebacterium 1 1 8 9 7 8 12 11
JINERE @ Microccus 0 2 0 1 2 2 0 3
HBERE)E Staphylococcus 0 0 0 0 0 0 0 1
FHFHE B Lactobacillus 1 0 1 0 2 0 4 3
PR B Streptococcus 0 0 0 0 1 1 2 0
BARZFEARAFE)E Clostridium 4 6 0 1 1 0 0 1
Eh/KERE R Salinicoccus 0 0 0 0 0 0 1 1
B2 R G-
B ¥ )8 Pseudomonas 18 15 11 10 8 6 4 5
JRE & Vibrio 13 18 6 9 2 2 3 4
WY )8 Xanthomonas 0 0 0 0 0 1 1 0
HAFE B Flavobacterium 3 5 1 3 4 4 3 0
RN )@ Acinetobacter 9 6 9 8 9 8 1 2
BT R Enterobacteriaceae HIFB4Y & 0 1 0 1 0 1 1 1
JREHF B Flexibacter 0 0 0 0 2 3 0 1
FERAT B B Alacligenes 0 0 0 0 0 2 2 0
S MM B Aeromonas 0 0 1 0 1 0 0 2
BLPI B Moraxella 0 0 0 0 0 0 1 0
RICHFH )@ Photobacterium 0 0 0 0 1 0 0 0
S it Total 65 71 52 58 56 53 48 47
H' 1.74 1.84 1.76 1.87 2.14 2.12 2.13 2.17
E 0.83 0.84 0.84 0.85 0.83 0.86 0.83 0.84
80 75
%‘ 85 |- ? 80—
=S =
£ E 85f
»n 90 |- n
g g 90 -
0 aE |
T . o 5 = Ty o - a
g £ S g S £ g £
s g S g 8 g
1 H January 10 October

E6 HXIMKERFFAEFEBEUAENELXSTE

Fig. 6 Similarity of community of heterotrophic bacteria among different stations in water

3 Wit E4ie

3.1 MK RHAR TR R AR AES R SR ELEESAER A LR B E, AERRR IR EK
Forfi B, B EHBEMAEIX Cage Wiz, 3 X IR AH, Control 2 {3 F 5P F KRS He fE 1 e 22 F1
ZNKE SN MBR AT BT, A EHE LT Control 1,3X5 Control 1 5 A8 F7 51 IX e lft 3% P 4 F7 7
&SR 5K, Control 3 R FRESIRIH X f ik 3 2 AT S M B/ p vl 7, R F B RACE S THMEH .
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Fig. 7 Similarity of community of heterotrophic bacteria among different stations in sediment

YA 5 GORME LL , AR IX. Cage 1RSI R A Control 1) 57 3% 4 T B 5 R e 25 ) S Ak L1 3R 78 P A
IS K A AR B2 S FARE , 7 TRV 5 K VL D S B K A o™ % RS Control 3R SR 4N SR S5 7
VL S RAE S RAE . VIR B BCE A R AR SRR AR D, SR R (Bt Y BAE AR IX. Cage ¥fifii. W] UL, PIAS

2%, Chelossi ™ /3 HARMISE I o # AL IR AN /KT 43 7 22 5 0 B 22 R IR 5 IR SR AL R /T 4, 3R £
B A= LA B ORESE S MR ) TR % A\ 3 FI R AL IX B RSB W S8 IR o 8 4, S T 2 R ) 5

3.2 PRI R B F T AR RN 5K IR AL R B AR R R T /K IR 4 R 215 22 (L
ZRER . X SHAMFEAELR B o (BRI P, KRS 40 4 1 T B AR S, DB 7E R
/IS ) RUBE 7K IR AN 2 5 W 80 2 o 2 B 7K A Y B R

3.3 PAREIREIE S BUK S Frth & B AN A M B R, I B R AT E K AR S AR R AR
JEZ= R X AMUSBEHF R . ARAALR BAR AR ISR DA 5 E SR, R R R EIE A 0 A B35
HSE, P E BT R YR L S E RN 01 BA —EOREE XA MR, kK
{2 NP S B3R Y IR - BRI, 7 5 B O (0 S 3R T i AR5 v NP YR BE AR e o 25, AT 27K e e
B AR K. Fik, ERRIFHES KETHR 5B ICY 2 N EESN FEOMNT P AR RN 2, IR
HEYIR G IR X R AR R B R KR E N EE R

3.4 MIFEFRIH S EINAS X R ARSI A HUR & B LA A R RS . AR LR & &0 5 Lot

A0 20 (5264 s B b, KRR RAF R RS EYHAEENRSBEEENERE . RERRH
P SEUEL 4355 2 AR L B DU & B SC I E AT S 407, 25 R R 2 A E BEEM XX R, BEE
AT B 5 A LB A SR AL B OB IR , SN B A KA 5, Verzulli™ ST A YRS 40 B A ORI HLIR M B 25 )
Hi3 , Albertelli “* 4R B T A EHE S AR S BEEEMEXR, B, VIRYIA VLR K 55T S
JEG TR T 4 i e S PR B A ) IR RS R B AR S REVE P A K . YR R IR 3R X AL S R 6
FART A (R 2) , F RETEBE 3 Al FA, Wu 2557 BF 53t (B 7 0 A8 IS SR DT R R Lo vt R K B
2—5 £, Song % SR TTA B AL FURZS 7T LA A0 B 407 , e I 7E BAL 2 BB R SRS T
BEJZ, HAMRERS) . AYORZE R TR AR R AL S SR A X X R BARA B3 (A — 2
FREEMIF1AHE . McLatchey™ BF5Y 3 B A AL IR JE 4% 12 S M A AR B MR 0 FBMUAE D AR BN 3 K
TR HFRAE , SO X SRR W 1 BREFRBE 57, A A T IR BB A7 . 1R FEREE , B HUR R
JiE, PR AR JH,S A CH, 48 EY R, S AR AR R AR, PR R A MR W B T e B
TR TR0 R 2 35 B A 7 o T 2 S R

3.5 AHUREESHMINE KRS, WEREEPRY WRMEREEZ — B Lk 44 FRRIE AT PN
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WA R EFEATA A, BRZ NG BA R R B8 AR, — BRI Z B A DURTS 4, IR SRR X
S HUR AT HEIE I o AR R IR th 3R 100% , Ho o A 377 X IR B A80 R 4 R E— V30 19
K, I BALFUURRY 10em [TRZREGIIATAIE] 10° BREWE R, WAESRER, NEHRSEIRS R
ERBFEEMRKR, LHAYREINE SR AN EZEMAR . La Rosa W50 R I EE S 5HHL
JR & BE VAR AR I SRIBORE S A BURME MR ™™ o B TR b i — ARk =57
AR PFBORT , I K B BR S R FRPAY BR SE M EERE Y Fil, EARSREE
H PR FRAELIX., T 2 R 0 M T P 55 AR BO T R A 25 A, TS K= o i R 2

3.6 IAEFRERIE Bhx PIRE X K S i T A0 B RV S5 AR LR o R IR AR DX A0 A AR T IR AR
SRS AN 2SR B AR, P B R IR 5 5 2Rk SR A A A . R T R
FRAH X A A v KR B R B SRR R A VUR SN AR B E A K o XK RIS R IERR BEFUE TR &
T AR P A R RAR RS B, BEE TR BB T, Sl M ol T8 IR W R S5 AR A7 2R 1F UL, AR 1
SHINT o ER MK A BT YRR B A M S R SR o XUTRR A VR 2t R B B R 4
AR P A M R AT P 30 R 28 AR AR ABURR™ , B LR P 3 BOUCR ) 40 T 9 4 1 K A PR
AT RPN A MR R R BB 2 , e K B TR R M E R AR . TR B
YRR LSRR RARER, W T IR AEY BRI e, NILEMAE IR A B e BT, &
B2 HE IR A BRI SR AR A B RV BE TS R ORI AR R R A B A R 454, M@ RR IR
ARSI ELER.

Bt XU/ME, b2, T IS, B, 1 PSR R B AL S BP0k R ST BT RXHESCE /R4 T Bh, 45 1t
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