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Table 1 ~ Physicochemical parameters during Skeletonema costatum and Akashiwo sanguine -bloom
Samples T Sal pH SC/AS TALG BACT Chla NO; - NH, + NO, - DO SRP N/P SP SRSi COD
Al -1 31.0 26 7.97 207.0 236.4 4.60 x10" 51.90 0.194 0.009 0.029 4.66 0.032 7.25 19.0 0.841 2.04
Al2 30.8 28 7.89 154.9 184. 1 4.11 x10'" 23.32  0.355 ND 0.030 4.57 0.026 14.8 15.5 0.948 2.95
Al13 30.5 25 7.84 170.3 189.5 9.96 x10'' 52.97 0.117 0.018 0.013 7.68 0.010 14.8 13.8 0.57 1. 89
Al4 31.0 28 7.86 50.70  58.05 3.11 x10'" 31.18 0.163 0.013 0.010 8.18 0.019 9.79 10.2  0.508 2.28
Al5 31.0 30 7.82 9.900 37.35 2.86 x10'" 21.30 0.255 0.078 0.026 6.17 0.027 13.3 10. 1 1.023 1.38
Al-6 30.5 28 7.84 3.500 8.960 8.70 x10' 21.97 0.212 0.046 0.020 6.35 0.015 18.5 9.80 0.636 1.35
H24 30.8 28 8.00 95.70 118.4  2.20x10' 44.54 0.266 0.013 0.030 6.08 0.040 7.73 20.0 0.875 3.21
H22 30.5 29 7.93 27.00 43.25 1.12x10' 55.80 0.218 0.016 0.018 4.24 0.017 14.8 14.5 0.660 2.44
H23 30.8 22 7.91 106.2 123.3  4.11x10'"26.36 0.146 0.020 0.015 7.66 0.006 30.2 14.0 0.551 1.50
H24 30.5 30 7.90 56.88 71.40 3.73x10'' 24.03 0.181 0.017 0.016 7.87 0.007 30.6 10.8 0.646 1.60
H25 31.5 29 7.87 45.00 61.80 2.36x10" 21.93 0.111 0.047 0.014 6.93 0.013 13.2 8.40 0.490 1.37
H26 30.0 27 7.82 0.990  28.38 1.36 x 10" 18.13 0.204 0.052 0.016 6.58 0.022 12.4 570 0.645 1.18
A24  29.0 30 7.85 ND ND 9.96 x10'°20.34 0.099 0.028 0.008 ND 0.006 22.5 27.8 0.150 0.68
A22 29.0 30 7.86 4.800 12.80 8.70 x10'' 21.36 0.077 0.023 0.007 ND 0.005 21.4 19.4  0.380 0.60
A23 28.8 32 7.77 5.880 12. 04 1.02x10'221.85 0.056 0.019 0.006 6.43 0.006 13.5 14.4 0.325 0.76
A24  29.0 30 7.81 17.350 11.85 3.48 x10'1 22.36 0.144 0.028 0.009 6.33 0.009 20.1 11.0 0.472 0.83
A25 29.0 30 7.88 1.500 8.400 2.86x10' 19.32 0.201 0.022 0.008 6.12 0.007 33.0 16.0  0.256 0.66
A26 30.0 30 7.85 2.600 9.800 6.22x10'"22.97 0.200 0.019 0.012 6.99 0.005 46.2 12.4  0.417 0.98
T: temperature, °C ; Sal: salinity, % ; SC/AS: concentration of Skeletonema costatum and Akashiwo sanguine; TALG: total alge concentration; BACT:

bacterial concentration, cells/mL; CHLa: chlorophyll a, ug/L; SP: suspended particle, mg/L; NO*~ :

nitrogen, mg/L; NO~ :

nitrite nitrogen, mg/L; NH** : ammonia

nitrate nitrogen, mg/L; SRP: soluble reactive phosphorus, mg/L; SRSi: soluble reactive silicate; N:P: ratio of total inorganic

nitrogen and SRP; DO: dissolved oxygen, mg/L; COD: chemical oxygen demand, (mg/L) ; ND: not detected
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Fig.1 Denaturing gradient gel electrophoresis profiles of 16S rRNA-V3 fragments obtained from bloom sites A1, H2 and non-

bloom site A2. Number 5 represents attached bacteria. Number 0. 22 represents free-iving bacteria. Dayl - 3: beginning and

maintenance of the bloom (8.1, 8.2 and 8.4) ; Day4 —5: decline of the bloom (8.5 and 8.7) ; Day6: post-bloom (8.11). M

self-made marker.
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Fig. 2 The Shannon-Weaver diversity index of attached
bacteria (A) and freediving bacteria (B) changed during

these days.
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Flavobacteria 43 5l (5 55.6% <37% ~7.4% . %5 H 3%
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Ui W AT B AR T e .

F1, Gammaproteobacteria



1274 Yi Li et al. /Acta Microbiologica Sinica (2012) 52 (10)

A
@) Band 19

Band 18
94\ Alteromonas stellaepolaris LMG 21861 (AJ295715)

Alteromonas tagae BCRC 17571 (DQ836765)

Band 12

Pseudoalteromonas spongiae UST010723-006 (AY769918)
Pseudoalteromonas ruthenica KMM300 (AF316891)
Band 14

98 Oleibacter marinus 201 (AB435649.1)
Marinobacter lutaoensis (AF288157)

Band 9

Pseudomonas mohnii IpA-2T (AM293567)

Band 8

Pseudomonas vranovensis CCM 7279 (AY970951)
Band 3

22
50 Band 6
94 Band 7

y-proteobacteria

Wohlfahrtiimonas chitiniclastica S5 (AM397063)

26| Candidatus Pelagibacter ubique HTCC1062 (CP000084)
100+— Band10
| Band 17
96 | Sphingosinicella sp. YC7378 (FJ442859)
Band 2

99 Band 13
88 Sphingobium sp. DS20 (EU675846)

P

95|— Band 24
32 Shimia sp. SW-6 (F1976449)
93 Band 21
o5 Pseudomonas mohnii IpA-2T (AM293567)
41 Band 15
88 Sediminimonas qiaohouensis YIM B024 (EU878003)

98 E Band 20
Hydrogenophaga sp. TR7-01 (AB166886)

Actibacter sediminis 1C2129 (EF670651)

s7 Band 16

75

a-proteobacteria

B-proteobacteria

Flavobacteria
Band 22

Salinimicrobium xinjiangense BH206 (EF520007)

0.05 68 Winogradskyella echinorum KMM 6211 (EU727254)

B3 S&fI AL(A),H2(B),A2(C) # & DGGE 1B 57 16S rRNA 2 & # 1L 7 5 4
Fig.3  Neighbor—oining tree showing the phylogenic relationship of 16S rRNA gene sequences of excised DNA fragments from DGGE profile Al
(A), H2 (B) and A2 (C) ; Numbers in bracket represent the sequences accession number in Gene Bank. The number at each branch points is

the percentage supported by bootstrap. Bar, 0. 05 sequence divergence.

| I3 wf G A8 A W ouh iz AL, 27) EHBLAE S pom Y8R AL BE /S R A R UKCE T B

Wohlfahrtiimonas (band 6) = FEAE 0. 22 wm J& 5 kb #1
J5 R R DK E IS 10 W I A A U AN
F AL #, Shimia (band 24) 53 HHLAE 5 wm 38 5 4b
TSR i PR VK TE 5 A2 B A0 T R T AR . X
—HLB A BLAE 5 A R Wl A H2, 7R IR W) b A
H2 ¥j DGGE 1,  Pseudoalteromonas~ Actibacter-
Sediminimonas Nautella (band 3.4.23.24) = B 7F
0.22 pm & JBE 4b # J5 W Uk E I B A

(Alcanivorax)  Trabulsiella Tateyamaria (band 710+

W] 3 28 2%l 70 ) A5 T 125 20 1 AT B B A TR R o AT A
o
2.4 FPUHHAERFLEUHMESHRE TRYH
B3 iz 43> #7 (CCA)

W I AL N 4y A (CCA) Sk 4k 578 7R 0 A= 1
T T BRI LA 7 B A0 R R A TR R A S . AE SR
PR R IR R AN TR 3R 35T A5 AR AN [R] B BoOle 3 4%
S0 A S 68 4R TR IR TR A A0 AR K 52
(|5 4)



AR R TR 201 1 AR o Ul i 4% A I 21 S I O TR 30T 1) A BB v 45 R AR AL /U 24 4R (2012) 52 (10) 1275

(B) band26
band27
721 Tateyamaria omphalii MKT107 (AB193438)

Tateyamaria sp. KS9-11 (FJ889554)
band6

92

95 a-proteobacteria

band23

—’ band12
991 typhomonas oceanitis SCH-89 (AF082797)

band15
99 [ Uncultured marine microorganism clone HOT157_25m6 (JN166101)
69 | band5
29 band8

100 | band14
| Synechococcus rubescens SAG 3.81 (AF317076)

19 70 band4

80 band18
o Fl i
45[_'? Actibacter sediminis JC2129 (EF670651) avobacteria
5]

Salinimicrobium xinjiangense BH206 (EF520007)

78

42

Cyanobacteria

| |: band17

97 L— Oleibacter marinus 201 (AB435649)
86 lj band21
Salinisphaera hydrothermalis EPR70 (EU740416)
100 | band2
47 | band3
Pseudoalteromonas mariniglutinosa KMM 3635 (AJ507251)
Marinobacter lutacensis (AF288157)
100 | bandll
Pseudomonas vranovensis CCM 7279 (AY970951)

31

12

93 band13 .
4[ . y-proteobacteria
Pseudoalteromonas spongiae UST010723-006 (AY769918)

16 T band7
71 Alcanivorax hongdengensis A-11-3 (EU438901)

Trabulsiella odontotermitis Eant 3-9 (DQ453129)
86 | band25
band9

band10
100 Pantoea vagans TMG 24199 (EF688012)
0.05 band29
97
7 band30
Escherichia vulneris ATCC 33821 (AF530476)




1276

Yi Li et al. /Acta Microbiologica Sinica (2012) 52 (10)

(©) 99 Band 4
56 P
66

seudomonas taiwanensis strain BCRC 17751 (EU103629)

44 | — Marinobacter lutacensis (AF288157)

Band 6
2 79 I Haliea salexigens strain 3X/A02/235 (AY576769)

22

Band 9
48

80
Band 14

64

0.05

65

MR 1 AT, IR R AR B2 4 RIT AR B % R
TFUR N B, 5 W T 46 T 3B 36 4 R AE b A W OB 4
o AR I3 K B 5% 2 4 3 B LA B 1 BRI
T (T 3R B A 1R 26« YA 1R &k - o M 9 7R 28 - i 3k
qI R P R R R/ LE A0 pH; T Salinity . NO,
NO,.SRP.NH, .BACT.TALG.N/P.pH) H 1T #it 78! %
R AT e B 1 -3 RARE ARl kAR S e FEB B, 5F 4
-5 RAEIW BB B 58 6d AR MM T M
Kl 4 — A hal LU Y 78 2% 11T 46 B BL pH L BACT .,
N/P O 4l B B R 25 8 5% AR O 2R W B34 4 pH

B TR ST T o W AR K R AE A
55 I8 KT [) B S5 B A A D B0 B 6 R Al 2 R A AR
o 7545 4 -5 K, NO,.NO,.Salinity . SRP. T %} 75 ¥
T T B B B 40 B B R 4 R A AR OK 2 e, T RE
B IR R T REIE BT R B (0 B AT X S B 4
PRI A RE A R S o E B 4B i AN B A R
W TT 4B Bt 5% NO, NO,SRP. pH. TALG %% 3£ 4% [A]
TR Ko 7875 W W5 T2F Bt NH, « Salinity . N/P
X VI 2 A VR E A AEOK o T SR U, TR O AR T R
b FEAN AR B B S 40 T TR R A5 R A OGP R IR BR
S5 R AN [ I HL 3 B 40 B 55 0 2 A0 R 2 A [ R R

Band 15
Trabulsiella odontotermitis strain Eant 3-9 (DQ453129)
99 1 Band 7
25 Band 5
17 Band 16

96 [ Band 11
Rhodovulum iodosum (Y15011)

89 — Band 13
100 | Shimia sp. SW-6 (F1976449)
100 | Band 17
| Batneola alkaliphila strain CM41_14b (EU008564)

9 Band 3

Robiginitalea sp. ZH09 (F1872534)

Salinimicrobium xinjiangense strain BH206 (EF520007)
Actibacter sediminis strain JC2129 (EF670651)
Winogradskyella echinorum strain KMM 6211 (EU727254)
Band 12

Band 1

y-proteobacteria

o-proteobacteria

} Sphingobacteria

Flavobacteria

B D7 10 S W AN T 22 S AR

R 4 - C v, ARt A7 H2 1) 35 B 41 B 1 B A
75 T 46 F 3 T B B AR 52 #1) TALG.T.NH, . SRP ]
R S 75 JF 46 B B ik 2 ) N/P pH. NO, NO; 1] 5%
Wi, 3X W] e R AR T A6 B B IR R R 7S AL X ol T
KR EERARRNKR 84 K, A2 3
Salinity 1 BACT [ 5% W, 3% A7 H2 ) 3 b 40 3 5 B
S5 RLE AR W T JF AR B B2 B RE RS AR K i S
HAB PRI Z ARG A Ko EE 4 - D, FRul 10 T 46
B BT Vi 25 2 VRT AT A 45 R S R R IR PR IR T B
B 4 VAT 1 B A A [ 55 4 R LT A 2 B BE R 1) 5%
W, 654 T B B 52 3 TONH, < Salinity {#45 K 19 5410

¥ AW A AL R H2 1) 4 BB S R S B
PR 7 1R 9% 008 L m] R I AE A% ) T 46 B B 4 T D R
FELE A2 3] pH N/P B SE AR K o A2 A IR AR i it 75
o, i AL A S I pH IR, KRR K
pH Fl 78 A2 1178 9% #h 2 51 R ARl (¥ 4 F . FE %
T T B B AN VR R RE 45 74 52 Salinity < T ) 52 W 5L
K Crump BC 25 ™ (1) 5F 50 45 St 28 W1 &6 1 BR 40 1
(1 VTR 25 A8 A A AT B D) G 2R o SR S E B A R R
5 0 AT TR TR 4 R AH DG B BRI IR AN A I Y 2R



FALAE IR 2011 S5 rh U B A BRI 21 0 - SR S0 ) 4N R VR S A AR K. /R A AR (2012) 52 (10)

1277

W BE A IR A7 DX

0.8 : Day60

a4 Day5n ;
Salinity NH4

Day20 |

Daylg
-0.8

BACT

Dayé o

Daylo SRP

B4 PEEHSHERFOARNESH

Fig.4 Canonical correspondence analysis (CCA) of bacterial community and environmental factors. environmental factors

and attached bacteria in bloom sites Al (A) ; environmental factors and freediving bacteria in bloom sites Al (B) ;

environmental factors and attached bacteria in bloom sites H2 (C) ; environmental factors and freediving bacteria in bloom

sites H2 (D). Day (1 -6) represents the process of red tide.

2.5 FPMEHIRPHEEHEHBOERS DR
(PCA)

5 7% ) A2 1R R A R R RS T AR
9w AN F] S JATT R T S A AR A AR A o R
¢ B R 0 AR W L A A 2R AT 32 e 2 A
(PCA) AT Aff 5 % 715 ol A o 22 4 T 1) O Bt 1T e (1
5,6) .

8 75 W) A5 R TR TR U G R AN W AR AR
o AE R A AS TR | B 4 v A R O B A AN TR
B 5 dr %) K JT 48 i (Day 1), Actibacter ( band
4) . 16). W & W O
(Hydrogenophaga, band 20) X} 41 B Bf % 7 1R K 15
W BT B - Alfreider A 25 Y (B 5% DL

Salinimicrobium ( band

K 5 RS R (9 4 )R T Hydrogenophaga g ;
Hofle MG %57 4 % BL{E & & 9= 46 1031 K 1
Hydrogenophaga J& 41 W ) K &= fF 76 X W 1 W
Hydrogenophaga J& I 3 28 52 [7) IN A7 5 1), 5 7% ¥ 1
RAEAT R R o AL AR WE B B 7 N (Day 2,3) 5
54 N8 % J& (Sphingobium, band 13) , i B M & )&
(Pseudomonas, band 21) J& 548 W 1 . 1R £ i 57
HXF Sphingobium Je& B 41 B A7 3 #3E  TA K % & 41 T
X 57 T SRS G W) A A A TS A R B O 7 I
COD S5 A HLV5 B W) 4 £ vl fig J& 5 5 Sphingobium
JeE AN R IR B RE R IR B RRE AR 2 AT
A Pseudomonas J& i) 41 1 5 3t B8 % 2 [A) #% 0%
B LB BB 5 8 1K R T i X Pseudomonas J& 4



Yi Li et al. /Acta Microbiologica Sinica (2012) 52 (10)

1278
1.5 .
! Dayé
band 9 | [a}
: band 15
band 22
band 8
#
Ve
/ bandbl 9,d
Dayl  band 4 / and |
] ‘-.\\ ,/ /’ﬁnﬂ 1)2
S ' -
~~hand 20\ y /
,,,,,, band 5 e 10 = /bmz
band 14
Day5
S~ band 23
bt 13 . band 24
an band 10
band 17 band 18
bcmd 25
-1.5
-1.5 1.5

BlS F#ufLAlZELl-6d NARBEEMEUMNE
%8 il
Fig. 5 Principal component analysis ( PCA) of dynamics of

bacterial community during the six days in bloom site Al.

1.5

Day2
=]
band 5
i ’bmrd 18
band 23 band 8 band 3
™\ Day 1 i F band 1
band 20 el
band 13 //
\_\ ‘
T / / // band 11
H -
band 1
bl e " éﬁ‘?}dﬁ
- M 6

band 29— 7
band 28751 s // :
z’andE Da /

Da\.()\J / \ Femd 19

band 30 / | \
( / / ; band 7 Day4
/ ! o
7/ L Whand 17
band 10 i band 12

band 25

| band 22
-5 i
-5 20

El6 FEBMfIH27EL-6d NAEHELEMTUNE
B9 53 #
Fig. 6 Principal component analysis (PCA) of dynamics of

bacterial community during six days in bloom site H2.

WA K 5% W o 75 S5 W) JF 40 W 3B B B (Day 4)
Pseudomonas (band 8) « Pseudoalteromonas (band 12)
HRKEWBE. BT Pseudoalteromonas J& 41 # 1) 7%
EAE B2 pseudoalteromonas B 41 14 %t & 22 i
AR IO T X AR W T AR T A b
J IR o o R 0 B B BE (Day 5,6) 5 Oleibacter (band
14) . Sediminimonas (band 15) . Shimia (band 24) &%
P . Teramoto M BS g XK B Oleibacter & Xt i

VEIR I TP 22 30 07 K A AR A B A T o ) A i
TR I R T I T 9 4 B T Oleibacter 1 2k A6 35 B
AR M.

W AREi b A H2 (04 S 2E AT T W gy 4 A, ok 43
A AE S i) AR IR v b A H2 40 T B R S A AR A
([ 6). 7 & 6 i, Jf ¥l W JT 4R I (Day 1),
Sediminimonas (band 23) X} 4 & B4 1 &5 #4017 5 22 3¢
Wi o 7F 7% W) & ™ & B (Day 2, 3) , Actibacter (band
18) g A % 1 BE - 75 7% W JTF 46 W iR i) (Day 4)
Alcanivorax (band 7) « Nautella (band 24) . Tateyamaria
(band 26) % 41 14 14 #f 25 ¥ W AR K. Wu YH 456
7% 57 I\ H Aleanivorax J& R0 W A HLYS 44, 16 77
T AR TR v AT RE B IR ) I T AR A AR O AR A
1F 7% ) 4 38 J5 (Day 5,6) , Pseudoalteromonas (band
2) e A KRR W RE, 12 2 Pseudoalteromonas Jg
20 T IR R BEAE R S AR B AT IR OR R &R

HR A 75 3 A A1 R H2 6 40 W 1R BE R 9 o
Hrml g AE I W) AR

Pseudomonas

F F, Pseudoalteromonas
Alteromonas - Hydrogenophaga
Actibacter Oletbacter <5 J& 4l T/ 7 1 Ff A2 4k o ke 7 22
ME M o AE AR IT 4 B B Hydrogenophaga Jig 4 15 1
KB B, Pseudomonas 1 Pseudoalteromonas J& 41 Bl
FER WA R s R A, XS E AN
FATIRAF 1 7% BERE AT % 480 A1 % W T2 B BE R
e R R

2011 4 8 AR A1 v T i A O A I 21 e R
TR 1 2 R AL SR I AR 5 i TG S
T EE o BIFSE RR W AN R TR A A B A Al A T AT
FAEPE AR AL, 41 B 2 A T B A R T 1 1
Tt #8000, O B A TE T B AR e AE SR T 4R i By
B T (10 1R AR 25 K 52 31 pHW NP RS2 W AR K AE AR
TRV T B R RV R 52 R R 1 R
B K. £ 4 W L A, Pseudoalteromonas-
Pseudomonas~ Wohlfahrtitmonas« Actibacter « Oleibacter
JER A A R TR R A R A AE
IR I 4R B B, Hydrogenophaga J& 41 W1 52 O% Bl b 7
Pseudomonas 1 Pseudoalteromonas J& 41 & £F 7% ] 4
HEI B AT+ BB AL . Shimia. Alcanivorax
Trabulsiella  Tateyamaria J& {5 75 ¥ & A5 X 3 1) 8 bR

Hydrogenophaga %



AR TR 2011 4R o ) i 4% R I A1 0 I 95 R ) 200 ) 40 A O 4

B R AR A R 2R R (2012) 52 (10) 1279

A AL TG A A7, Wohlfahrtiimonas Actibacter
Pseudoalteromonas Sediminimonas « Nautella J& & Jif 55
I T PR S R TR B B A R U A R R A IR R L
A7 D 5 78 A% AR o R AN AR AL

A B BRI O R D) A1 AT DA S
A BT DU A AR I TR

T

F VRN TN A 8 P B M v B A A R
YEF o SR 2580 1) R AE AT R 1 43 A 6, I Ok AR L B
FI29 53 4% 2 IR AT VF 2 000 B 49 A 22 8E 28
R A FIAR v

Z 2 3LHR

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(91

Wl VF RN, SRR, )& 5, JRok. DI
G S R ST N L%H’]),\/% S (I
(Marine Forecasts) , 2004, 21 (4) : 93-99.

MR, WA, B, THmW, ERER, ek
VAR ) 5 DS L RN A R IR AR RS GRS R
A% (Acta Ecologica Sinica) , 2002, 22 (12) : 2063~
2670.

VEBRAE, el . A 1 W 0 R W R A R R BT iR
i, & 7k (Journal of Oceanography In Taiwan
Strait) , 2005, 7(27) : 143450.

IR aaE N, RS, RFY, M. BN G
WE & B EXRER T MXR WFES WA
(Oceanologia Et Limnologia Sinica) , 2001, (3): 311-
318.

W, BEE, FHhl, THEE KRILO &
BRI AN EREER T —E R RR. RS
W (Oceanologia Et Limnologia Sinica) , 1994, 25
(2) : 1794184.

WO, AR, M, BN, HuEeE. B OMER
V1T U B % TR O ) A AR A B 5 R B R T I
FKHR. HEAR# (Ecological Science) , 2007, 26 (1) :
50-54.

JAAL, TAZR. A F AR SLE e = BN
B 36 X %K. B R 4% & (Chinese Journal of Nature) ,
2007, 29(2) : 72497.

Matsubara T,
Shimasaki Y,

Yamasaki Y,
Honjo T.

Shikata T,
Effects of

Nagasoe S,
Oshima Y,

temperature, salinity, and irradiance on the growth of the

dinoflagellate  Akashiwo  sanguinea. Journal  of

Experimental Marine Biology and Ecology, 2007, 342

(2) : 226-230.

Wy e, ABEEAE. G YT HLYE — R 20 R R

FEW 2 M. g VR R % 3 B (Advances in Marine

[10]

[11]

[12]

[13]

[14]

[15]

(6]

[17]

(18]

[19]

[20]

21]

[22]

Science) , 2009, 27 (4) : 516-522.

T R AL JE T Sl 1 0 I 35 AR ) 3R U T 5 K 3
KRG &0 . FiEKF” (Journal of Fujian Fisheries) ,
2009, 9(3) : 62-66.

MR 42 7%, e FEE R W 37 660k 1Y S F L IR A
Bit. K77 2240 (Journal of Fisheries of China) , 2000,
24(2) : 151455.

HE, sk AR ma, /AN, VR U AE A i
TR0 R T R B A 5t 5. AR B2 K 7= (Journal of Fujian
Fisheries) , 2002, 12(4) : 32-37.

jflUiBu IR VR W A AR AR o R e A

. KA AR (Acta Hydrobiologica Sinica) , 2003,
27(3) 1291295,
Wi/Nai, R, AN, MR, mE, TR K

RV FET 0 T HORHY 1 RR 7™ 35 5 5 Br 40 1 2 #E 1k 2
fr. 35 R
Science) , 2009, 30 (1) : 259267.

Jarviea HP, Whittonb BA, Neal C.
British

( Chinese Journal of Environmental

Nitrogen and

phosphorus in east coast rivers: speciation,
sources and biological significance. Science of The Total
Environment, 1998, 210211: 79409.

JESEHE, WSO H, WA, SRR R 2 9O0E N E i
Kot g E a & . AT A3 (Analytical
Instrumentation) , 2004 (3) : 2426.
Bell RT, Ahlgren GM, Ahlgren I. Estimating production
bacterioplankton via incorporation of
thymidine. Applied
Microbiology, 1983, 45(6) : 17094721.

Tian Y, Liu HJ, Zheng TL, Kwon KK, Kim SJ, Yan

of heterotrophic

tritiated and  Environmental

CL. PAHs contamination and bacterial communities in
mangrove surface sediments of the Jiulong river estuary,
China. Marine Pollution Bulletin, 2008, 57 (6 - 12) :
7074915.

FERVE, BHE, EEA, EEH, A6, HEH, K
i, A *}Wﬁfrw@ﬂm% [ 3¢ JEE 38 b AT R R T
LERII . BE M 2 3R (Acta Microbiologica Sinica) ,
2010, 50 (1) : 6775.

PR, JH 2L, AR5 B, BT, & KCERTL 1 B
(Rl SN ) I 7 I SR e i S W 1
2001, 21(10) : 1634-1641.

Ecologica Sinica) ,

E/J‘ﬂj WRR, B, KRR EFAMRES
ZAFZ MOk R MR B R % (Marine

Environmental Science) , 2002, 21 (4) : 63-69.

WrtE ST, el o i 3 v I B 4% I O A 4R H Ui

K pH Rl N AZ 4k (g m N. K AR A 2 R (Acta

Hydrobiologica Sinica) , 2004, 28 (6) : 635-639.



1280

Yi Li et al. /Acta Microbiologica Sinica (2012) 52 (10)

[23]

[24]

[25]

6]

27]

28]

[29]

(30]

B31]

[32]

Hansen PJ. Effect of high pH on the growth and survival

of marine phytoplankton: implications for species
succession. Aquatic microbial ecology, 2002, 28 (3):
279-288.

R, LTME. MG RN 2k IR R T
Az Ak A. BR85S 4 5 B ¥ (Environmental Pollution
& Control) , 2008, 30(8) : 92-94.

RAHE, PV, Bros v, BRI, AN A SUWE Lo rh D
HABAEKE R 0. i WE 8 R (Transactions
of Oceanology and Limnology) » 2002 (2) : 39-44.
Riemann L, Winding A. Community dynamics of free—
living and particle-associated bacterial assemblages during
a freshwater phytoplankton bloom. Microbial Ecology,
2001, 42(3) : 274285.

Fandino LB, Riemann L, Steward GF, Long RA, Azam
F. Variations in bacterial community structure during a
dinoflagellate bloom analyzed by DGGE and 16S rDNA
sequencing. Aquatic microbial ecology, 2001, 23 (2) :
119430.

Gonz dalez J M,

Covert

Simé6 R, Massana R,
Pedros-Alio C,

IS,
Casamayor EO, Moran MA. Bacterial

Community structure associated with a
dimethylsulfoniopropionate -producing North Atlantic algal
bloom. Applied and Environmental Microbiology, 2000,
66 (10) : 4237-4246.

Imai I, Fujimaru D, Nishigaki T, Kurosaki M, Sugita H.
Algicidal bacteria isolated from the surface of seaweeds
from the coast of Osaka Bay in the Seto Inland Sea,
Japan. African Journal of Marine Science, 2006, 28 (2) :
319-323.

Du ZJ, Wang J, Yang LJ, Chen GJ. ldentification of a
marine agarolytic bacterium Agarivorans albus QM38 and
cloning and sequencing its beta-agarase genes. Acta
Oceanologica Sinica, 2011, 30(1) : 118-124.

Morris RM, Rappé MS, Connon SA, Vergin KL, Siebold
WA, Carlson CA, Giovannoni SJ. SARI1 clade
dominates ocean surface bacterioplankton communities.
Nature, 2002, 420:806-810.

Lovejoy C, Bowman JP, Hallegraeff GM. Algicidal effects
( Class

of a novel marine Pseudoalteromonas isolate

Proteobacteria, Gamma Subdivision) on harmful algal

bloom species of the Genera Chattonella, Gymnodinium,

33]

(34]

35]

[36]

37]

(38]

(39]

[40]

and Heterosigma. Applied  and Environmental
Microbiology, 1988, 64 (8) : 2806-2813.
Crump BC, Hopkinson CS, Sogin ML,

Microbial

Hobbie JE.

biogeography along an estuarine salinity
gradient: combined influences of bacterial growth and
residence time. Applied and Environmental Microbiology,
2004, 20(3) : 1494-505.

Alfreider A, Vogt C, Hoffmann D, Babel W. Diversity of
ribulose-, 5-bisphosphate carboxylase/oxygenase large—
subunit  genes  from  groundwater and  aquifer
microorganisms. Microbial Ecology, 2003, 45: 317-328.
Hofle MG, Haas H, Dominik K. Seasonal dynamics of
bacterioplankton community structure in a eutrophic lake
by 5S rRNA analysis.
Environmental Microbiology, 1999, 65(7) : 3164-3174.

Cunliffe M, MA. Effect of

Applied and

as determined
Kertesz Sphingobium

yanoikuyae Bl inoculation on bacterial community
dynamics and polycyclic aromatic hydrocarbon degradation
in  aged and freshly PAH-contaminated soils.
Environmental Pollution, 2006, 144 (1) : 228-237.

Wang XL, Gong LY, Liang SK, Han XR, Zhu CJ, Li
YB. Algicidal

activity of rhamnolipid biosurfactants

produced by Pseudomonas aeruginosa. Harmful Algae,
2005, 4(2) : 433-443.
Teramoto M, Ohuchi

M, Hatmanti A, Darmayati Y,

Widyastuti Y, Harayama S, Fukunaga Y. Oleibacter
marinus gen. nov., sp. nov., a bacterium that degrades
petroleum aliphatic hydrocarbons in a tropical marine
environment. [nternational Journal of Systematic and
Evolutionary Microbiology, 2011, 61(2) : 375-380.

Wu YH, Lai QL, Zhou ZW, Qiao N, Liu CL, Shao ZZ.
Alcanivorax hongdengensis sp. nov. , an alkane-degrading
bacterium isolated from surface seawater of the straits of
Malacca and Singapore, producing a lipopeptide as its
International Journal of Systematic and
Evolutionary Microbiology, 2009, 59 (6) : 1474-1479.
ARG, Bk, e, i, B ke,
Wz, fehat, =%, SN, AR, BE. HEf
AR E I ) RE T B R BLE WEAT. TR B R
4R (Natural Science Journal of Xiamen University) ,
2011, 50(2) : 445-454.

biosurfactant.



AR R TR 201 1 AR o Ul i 4% A I 21 S I O TR 30T 1) A BB v 45 R AR AL /U 24 4R (2012) 52 (10) 1281

Dynamics of bacterial community during the bloom caused
by Skeletonema costatum and Akashiwo sanguinea in

Xiamen sea area
Yi Li'?, Caiyun Yangm, Dong Li’, Yun Tian', Tianling Zhengl’z*

'Key Lab of the Ministry of Education for Coastal and Wetland Ecosystems, School of Life Sciences, Xiamen University,
Xiamen 361005, China
*State Key Lab for Marine Environmental Sciences, Xiamen University, Xiamen 361005, China

*College of Chemical Engineering, Huaqiao University, Xiamen 361021, China

Abstract: [Objective] To investigate the dynamics of bacterial community in Xiamen sea during the bloom mainly caused
by Skeletonema costatum and Akashiwo sanguine in August 2011. [Methods] Bacterial community structures of samples
from two bloom sites and one non-bloom site were evaluated by PCR-DGGE (Denaturing gradient gel electrophoresis,
DGGE) . The genetic diversity of bacterial community was analyzed based on the DGGE fingerprint. The correlation
between bacterial community and environmental parameters was studied by Canoco. [Results] The bacterial community
was largely related to pH and N/P during the start-up stage of the bloom; while in the demise stage, it was mostly
correlated to salinity and temperature. According to the results of sequence analysis of DGGE dominant bands,
Gammaproteobacteria accounted for 47.7% during the bloom and Pseudoalteromonas, Pseudomonas, Alteromonas,
Hydrogenophaga, Actibacter and Oleibacter were dominant genus in bacterial community. The Shannon-Weaver diversity
index showed that the diversity of bacterial community in bloom site increased firstly and then decreased during this bloom.
Hydrogenophaga was dominant in the start-up stage of bloom, while Pseudomonas and Pseudoalteromonas were dominant in
the demise stage of bloom. The diversity of attached bacteria and freediving bacteria in bloom sites reached maximum in
the same day (the concentration of algae was high) , both of them changed greatly during the bloom while the environment
factors which correlated with the two communities were different. [Conclusion] It is the first report about dynamics of
bacterial community during the bloom caused by several algae together. This work is helpful to understand the dynamics of
bacterial community during the bloom, and provides a theoretical basis for bloom’s control in the future.
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