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Fig. 1 Sampling stations in Haizhou Bay

120.0°E

1.2 FRFEIEFRIR

b AKHR | R AR ER o S8l CTD 1 if
{¢(Maestro®, IEEK RBRYFULGIRIL . EFRERME 4
H 8hE FE 300 M1 (QuAAtro, fE[E SEAL)MNE, &
f4 5 % 80 95 A R £ (NO3-N, pmol/L) . V. fif§ FR £
(NO>-N, pmol/L). ##h(NH;-N, umol/L). IAAASHHL
%(DON, pmol/L), BEFREh(PO; -P, pmol/L), VAMFASA
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EF IR ARG TR, ARARAE S IR Y T 7 K
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AR5 HE 45 0 A7 v AR i v I 1) 3 B
1.5 16S rRNA i@ E R 5
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W ABEAEYRHA R AR SEM . 78 97% AL
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R 5 2 B A R AN 28 DL 307 40 SR8 2R AT 0 e i
B, LIRSS 07 A0 T VR AL B
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5355 A 717 B B2 IR 2 (Spearman) A PR 4B o fif
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stinum) " FR 5 B (Heterosigma akashiwo) V'OF
B 135 (Pyramimonas sp.) (3 1),
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Fig. 2 Distribution of chlorophyll a (ug/L) in the surface
water of Haizhou Bay on November 12, 2020
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Tab. 1 Dominant phytoplankton species at stations Al
and A2
Al A2
=i 9.20x10* 3.60x10°
IR 5 S 3.76x10° 1.24x10°
FE H 1.22x10° 2.14x10°

2.2 REBKFHMASHEEBBBLEMN

16S rRNA & 7 4L 45 5 626 366 554 50T
g, FL3845 1009 4~ OTUs, & AFEELE 6.37~7.98(1
3)o RAMWIN AL A2 S A 2 FEVERS RO AR T
FAbAR TR & A= wli o, 7 T DU FRGE X C2 i f
PRAG R = o

9_

Al A2 A3 Bl B3 Cl C2 C3
i
P 3 TN T 2% bl 3 2 2 T A I U 20 A A AR i
Fig. 3 Shannon index of bacterioplankton collected from the
surface water at different stations in Haizhou Bay
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Tab. 2 Number of species at different levels in the bac-
terioplankton samples collected from the surface
water at different stations in Haizhou Bay

b A ! H B J& it
Al 18 31 93 163 272 288
A2 16 31 91 162 270 290

A3 20 36 103 183 290 305
B1 21 35 103 183 309 338
B3 23 38 109 199 353 382
C1 21 36 106 198 348 383

C2 25 51 132 225 373 400
C3 22 35 106 191 325 346

S 8 e Vi B SR K v, U A R O S B T
RO4N TR | 128 F5 28 FE W 1] (Proteobacteria) . LT 1]
(Bacteroidetes) . #{Zk | ] (Actinobacteria) . JEEBER ]
(Firmicutes) . # 4 [J(Cyanobacteria), SAR406 Z&# |
PR ] (Verrucomicrobia) . BRFT [ ] (Acidobacteria)
8514 ] (Chloroflexi) | Patescibacteria, H:H, ZEFE ]
TEA UL R T AT (18] 4a). C2 BHOZHYLIE T
AEXS F-PEIRAR, (BPEGURAT ] BRAT R ] B AR = B B
Hahn o AL A2 7 AT T IAR X = B A AR,
JERERE [ 1TE B3 whi A B AL

PP b, X FERER R S y-ZR I T A9 (Gam-
maproteobacteria), o-“FJE i 4X(Alphaproteobacteria) |
AT TR 4 (Bacteroidia) . P21 4X(Acidimicrobiia) . 12
T 4A(Clostridia) . Ji(ZE 49 (Actinobacteria) . 2 fiFT
4 (Bacilli) . F=% 0G4 H 40 (Oxyphotobacteria) , 8-25 T
T# 24 (Deltaproteobacteria). Al., A2 ulif=& G405 AUAH
Xit 2 B U AR T A 17, B3 L C1. C2 i fi iR TN
FHXT=F B2 45 v (KD 4b).o

H K- (& 4c), A2 35467 B9 R SR B H (Pseudo-
monadales) ¥ FH X 3= B8 B I8 5 - HAG 7, R 19.8%,
MZ 7 ) SAR11 ., SARS6 B (1) AH X =F B2 N 441K .
JEIKF L (E 4d), A2 i L3R I A ST &
(Acinetobacter) Fll 4: ¥5 ¥T 1 J& (Chryseobacterium), 8
X BE 43R 13.3% . 15.0%.
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Fig. 4 Bacterial community structure in the surface water of Haizhou Bay on November 12, 2020

» uncultured_bacterium_{
bacterium_WHC4-9

= HIMBI1
= Candidatus Actinomarina
= Clade la

23 RAPFRITHELER

S LR A RS R o (B 5), s i
S 3 2K IR %% B AR Ak FEL A 500~6 100 CFU/L,
BT DL FRFE X C2 whih o % g, ik 3
6 100 CFU/L. T A1, A3 SSfiRESS, AKAExT
Al A3 i SRR AT T4
24 REHKFPBE. BE. ThRIS>A

o

TS B A4S I IR B an 2k 3 . A
M H, KR ZKEEER S 15.7~17.7C,
KR 16.8°C, EREEAGTEE R 26.9~29.5, F-i4Eh
JiE 28.6, A TERURBIMIAIREE . R

A PR (DON)Z JH A M i R T F Y 2 2
JEAS, WeEASLIEE N 6.74~44.63 pmol/L . -3 {37 Y
WA TCHLE(DIN)LARSIR R 0 32, W B AR b3 FE ol
8.89~15.66 pmol/L, [ A2 slifvish, FAxubfifilifizth
W RE LT 10 pmol/L o VAl R 3 vk 15 8 16 Tk i A

VT, He AR L 43518 0.79~1.88 pumol/L, 0.56~
1.34 pmol/L . & A AR A2 50745 T 25 R Mk 4T
ARAE . ma s 7 AR RR SR . VRS AR Eh vk B e ma, bl
S B R R VR A

7000
6000
5000F
40001

3000

PR E/(CFU-L™

2000

1000

0

A2 Bl B3 Cl C2 c3
hifi

Bl5 2020 4F 11 H 12 F g 22 K v 0 50 3
Fig. 5 Vibrio density in the surface water of Haizhou Bay
on November 12, 2020

Marine Sciences / Vol. 47, No. 3 /2023 35



it

Fz3 2020F 11 B 12 HENEREBKKEERFIER

Tab.3 Surface water environmental factors in Haizhou Bay on November 12, 2020

) H@ART/CLE

A Al A2 A3 Bl B3 Cl C2 C3

HERE/(C) 15.7 15.9 16.8 16.6 17.6 16.8 17.1 17.7
R 26.94 27.19 29.55 28.77 29.44 28.76 28.89 29.43

42 a/(pg/L) 14.0 14.6 2.4 7.5 2.5 2.8 33 23
MR L /(umol/L) 12.04 8.89 15.66 13.48 13.14 12.33 13.66 11.62
AR £ /(umol/L) 1.40 0.79 1.88 1.38 1.33 1.15 1.34 1.22
B Eh /(umol/L) 0.81 0.58 0.75 0.66 0.69 1.31 1.34 0.56
DON/(pumol/L) 11.81 6.74 44.63 43.38 39.14 17.37 35.54 26.88
R L /(umol/L) 0.21 0.15 0.43 0.22 0.28 0.25 0.23 0.27
DOP/(umol/L) 0.27 0.20 0.17 0.24 0.19 0.19 0.21 0.18
fERRER/(umol/L) 10.44 10.78 13.53 12.82 10.72 8.46 10.04 9.64

T VR A VI B IR B L VA R ST AL (DOP) R
AR, VR B2 AR AR S L 43 9 0.15~0.43 pmol/L,
0.17~0.27 umol/L, A2 i {vi Al R £ e B e (1 . g 1)
Sl 7 A TR ER VR B A s, T P AN 437 ) DOP ¥k JiE
BT o FERRER R B2 AR ALy 8.46~13.53 pmol/L, 14
T BT 198 AR A0 i o7 ok 2 6 e 1K
25 REBRFRLFHDELERZE T

A8 K M SAT

Spearman AHICHESMT B R 4), EATH H S04
K a WHIEAE, 5L BRR R B TG
TR A Py e 3 i mT REA T BFTF TR H A 255

3 it

VAR N S ) R L R e
SR S N U T 7 A e 2
B i M A B 28 2 0 13188 J2 8 7K O 4473

FER15.8°C, B 27, THLRWEN, vTHgdR
TR AR B IR AR TS . R AETRIIY AL A2 3
BIA T 5850 S DU SRIR G FRAr X, vk ) A ) 0 25 5]
X7 e gl i A KRN L 11 H S b 7E4)
BB, X il R h 09 W WO AL RE T 55, AT RE A o 1
WA T B TR R AT I B

Ny o RN e O R (B i Y i E S TE I
PR ER AL 4G (Harmful Algae Event Data-
base, HAEDAT)AYIC sk i n, — M FH s 7E G [ |
PUEr. mEAE. Al TEE. A SESEE KL Kt
ARl TEFRIE, =it B R e AR | A i o,
R EEETE 5 Ay, ZRABKIRZTE 18CLL L,
B 27U R S PO I 2 W 3 M B Ui
FEP A 7, — i D R K g P VS 3 2 v
A PLFAFD, ABIZ IR A ik = 5t PP 8 0 ] 2 i 1Y)
k. S EHBEAS ARG ENTR, HE

F4 BARFHBAESIHERFR Spearman 1HEMHEER

Tab.4 Spearman's rank correlation coefficients between the dominant bacteria at the order level and environmental factors

WA H AR LN E| SARS6 clade SARI1 clade R H

R —0.667 —-0.857"" -0.071 0.190 —0.143
4t & a 0.8817" 0.595 —-0.262 —-0.667 0.452
hE -0.881"" —-0.571 0.024 0.524 -0.571
BEIR L —-0.952"" -0.595 0.143 0.643 —-0.619
SN —0.143 ~0.190 —-0.214 ~0.190 0.095
QIR TR —-0.357 0.286 0.571 0.619 -0.619
THER —-0.524 -0.143 —-0.024 0.238 -0.476
RN 0.000 0.452 0.024 0.190 -0.452
DOP 0.690 0.452 0.119 —0.429 0.167

DON ~0.619 ~0.143 0.190 0.476 -0.714"
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Abstract: Haizhou Bay is an area of the South Yellow Sea with frequent harmful algal blooms. To study the rela-
tionship between bacterioplankton and the red tide and environmental factors, a voyage survey was carried out
during a red tide in Haizhou Bay in November 2020. Bacterioplankton and phytoplankton samples were collected
from eight stations. Environmental factors, including temperature, salinity, chlorophyll a, and concentrations of
nitrogen, phosphorus, and silicon were collected. The causative species of the red tide and bacterial community
structure were analyzed. The results showed that the causative species of the red tide were Prorocentrum triestinum,
Heterosigma akashiwo, and Pyramimonas sp. Water temperature and salinity were low when the red tide occurred.
Salinity was related to the distribution of H. akashiwo. 16S rRNA high-throughput sequencing was used to analyze
the bacterial community. The diversity of the bacterioplankton at the red tide stations was slightly lower than that at
the other stations. The dominant bacteria at the red tide stations were significantly different from those at the other
stations, including Pseudomonadales, Rhodobacterales, and Flavobacteriales. The bacterial communities were dif-
ferent at the red tide stations. Different stations may have been in different stages of the red tide bloom, so they had
different effects on the bacterial community. Correlation analysis showed that Flavobacteriales was positively cor-

related with chlorophyll a, indicating a relationship between Flavobacteriales and the occurrence of red tide.
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