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Fig. 1 The location of sampling stations
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Fig. 2 The Noctiluca scintillans bloom in the western waters

of Weizhou Island
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E=15 ™8 5 E A
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HEITS F#AE - B PCR Y34 (BN . 9735 ITS 5149

E x10°, (1)

J¥ %1 4+ 18SnoctiF ( 5-GTCGTAACAAGGTTTCCGTA-
GGTG-3") Hl 28SnoctiR( 5-GAATGATCCTTCCGCAG-
GTT-3) 21, PCR I 4514 : 94°C HiZE ¥k 5 min; X
J& 95°C A5 155, 56°C 1B K 30's, 72°C ZE{H 80 s, 35 4~
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B A v e R RIS 5 (Maximum Likelihood, ML) ¥4 # 7%
e R G R E W IFEIET p-distance 5 I 158 7 471 7] 5t
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Fidelity PCR Master Mix with GC Buffer Fl13# JH5 |4 341F
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TEA KT EGiH S REARR RS A . 8] Qiime
B A4 (Version1.7.0) 11 8 Observed-species, 7 4% $5 i
(Shannon). % £ 8 %4 (Simpson). Chaol. ACE. % i
R I8 (Coverage) . PD #5 %, R # {4 ( Version 2.15.3)
2R Bl £ . £ T Weighted Unifrac B 2 45 B4 19
UPGMA 2 3 17 A [ 4 it 22 8] 240 T 7% 20 1 1
AR . 2 F T FEFRB 487, F FH Spearman 4
K 43 AT i Mantel test 73 7 BF 52 I35 I 5 9 Fp 2
], A7 5% R F 5 E (o Z2HH) Z BB A
5 I B R 43 AT (CCA) i 98 TR B 5 PR 58 R 1)
KFR, AT 52 M TR R S0 A 1 R R R B A O e
1F 7 2253 i 53 B (VPA), BIF 93 25 PR 45 R -5 s A ) A
75 53 A R A R i, WY fR o BRI R 0 A 25 S A%
W ouBk B2 K/ . B, 83 PICRUSE2 #74 %
PR 1Y KEGG AR 38 % 147 2 58 500 4397 -

3 45

3.1 EREF

%% (i 7K 7K Fbn i )(GB 3097-1997) B, JH P %
VG 3 77 38k 9 /K pH, DO % J . COD, DIN ¥ J& | PO; -
Pk B ¥ 77 G — 2K KK B i, B pH 2 7.8~ 8.5,
DO i i >6 mg/L, COD<2 mg/L, DIN ¥ [ <0.2 mg/L,
PO, -P i i <0.015 mg/L. & & I b 38 B (b
0.009~0.140, ¥J/NF 1, LW IE X IBUE F 3708 771k
AR . S1-S6 3 {37 1 DIN % B ¥ 55 T 0.014 mg/L, A
FEAELE T N BRI HER T ST w4k, HiAy S2-S6 3 {3 )
PO -P Y& FE¥{% T 0.003 1 mg/L, kb F-4axt P BRI, S1
S N/P IR LA 39.5, BB AR AR IR % A TN 1 R 6 vk
JE, 2T NP R T AE PR i 45 i (N/P>22, Si/P>

22)20, S1 b L AR W] REAE ARV AE P RR . PRtk AR PR
T B ' 88 IR 0 e A T e B A5 X PR AR
32 FHEMBEELEN
321 R A NS EE

T AU VS A RS 7R ' 28 R Y 40 ) DR S P
TS0 ST R S3 il o7 st IE IE A 217 5 )8 5 Fib
(FR2), BRAEHEINHROCEBROGE. W &S
i ¥ ( Pyrophacus horologicum) . A ¥ J& XA ¥
( Ceratium furca) FEE 3 ] ) & T8 B & 5 A &8 %
( Biddulphia heteroceros) . j £& ¥ J& 22 ¥ 1§ 4k ¥
( Thalassionema nitzschioides), ., S1 F1 S3 353 7%
6 BE Y 40 i % BE 43 90 R 2.00x10° cells/L Al 3.75%10°
cells/L, H2 45 72 O 38 705 18 55 1 25 B (3.0x10°~ 1.0x10*
cells/L), A A7 S3 3 {37 16 308 B & A= RO i A i . 7
O T AE T KU U AR ) R VR R O LG R, 7E ST
S3 AV 43 3E 68%. 75%, AT ULiZ e Ry 46 it H 4l
322 RWHERGKEW T

S1-S6 6 /™ 3ufi {37 ¥ 7K i ) PCR 434 7 W 7E 1.0%
T R W 6 5 Pl RS I e 347 2 B — AR W 2R, ITS 77
W ¥ 5K Bl 646~ 647 bp, iX 6 25 ROGEE T 51T
T SF 7 25 636 4>, AT AR 4 5 114, fal 2915 8 A7 A
24N, BAZSHI A 94, AL T, G, C A2k 35 & 4y
A 24.0%. 31.0%. 25.0%. 20.0%, H i A+T Y 7 &
(55.0%) KT G+C B 1 (45.0%) . FH T+ gt A KA
SRIER G R B WY 16 BRAOGEE ITS 591 <7 L
JL599 AN, ATARL 49 A, T YME B 31 AN, S
DS 18 A, Fe e /m e bk 1.4, AL T, G. CHRIL 1Y
Y& B4y o 23.2%. 31.8%. 25.0%. 20.0%, H
A+T W3 1 (55.0%) KT G+C 1% 5 (45.0%).

1 ALERE KA RS R IR A B N B PR AR AR R A T

Table 1 Environmental factors in the western part of Weizhou Island during the the massive

Noctiluca scintillans bloom in the Beibu Gulf

T S pivisi i ?mgpff/ Cf‘;gf’f/ fnﬁ’ﬁ&g (Tnfff/) WERIAE NP
S1 821 311 0.72 8.04 0.125 0.007 <0.5 0.398 0.014 0.140 39.5
) 824 312 0.69 8.10 0.064 0.003 <0.5 0.376 0.014 0.029 472
S3 823 311 0.67 8.19 0.039 0.002 1.1 0.327 0.019 0.012 432
S4 824 313 0.60 8.27 0.036 0.002 0.8 0.293 0.016 0.010 39.9
S5 821 313 0.44 7.84 0.046 0.002 1.7 0.222 0.009 0.009 50.9
S6 820 312 0.33 7.70 0.057 0.003 <0.5 0.243 0.009 0.013 42.1
Y 822 3120 0.58 8.02 0.06 0.003 0.7 0.310 0.014 0.036 443

T <SR BARAA Y, R B G R <0.5i0RE A3 (110,251 5
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Table 2 Phytoplankton compositon and density

AR/ (cells L")

R
Sl S3ukifi
IEHE Noctiluca scintillans 2.00x10° 3.75x10°
i B 95 Pyrophacus horologicum 0 4.17%10?
S Ceratium furca 4.76x10° 0
S &IV ¥ Biddulphia heteroceros 4.76x10° 0
MG R Thalassionema nitzschioides 0 8.33x10%
it 2.95x10° 5.00x10°

LI 2K G ELAE B ( Karenia mikimotoi) 7 /NS BE, #4)
A ITS P A R Gk T W (& 3), K BUAR IR KHBLROL
PR 6 > 0l A7 1Y ' B A& BGERL73-BGERL78 5
B RO ¥ FR (KR606969, KR607063) . 7R i 74 6 1%
Pk (KR607085). 1 1 4 3 & (KR606953 . KR606934,
TR GQ380592) AE— R X I, AJRIE N 69; M
B 37411 7 7' 3 (KU055475, KU055476) 5 25 [E NS3
PR (KR607077, KR607075) 1B i— K2r 32, A
JEAH N 90, A% FE B 105 A I JU BBV TR 5 6 RAK
JG#E TS 7 41 2Z 8] iy 382 4% 5 25 5 0.003~0.011, 5 2%
S5 00 FR A 1) 3R VR T 0O PR 3 A% HE B R 0.000~
0.011, B /N T 5 25 2% 5C & B 1) B iz 411 v 0 5 [
O BRI 5 I BT 0.043~0.058,

33 WEHEEEMSSHKN
330 AHTR TR ALK

S1-S6 6 /> ufi o7 ¥ K FE it 3L K45 1T 782 460 F A
RUT A, V-8R A 50T 5180k 130 410 2%, A
BT (- Y K BE Sl 412 bp. XK RE S TE 97% AH
LR KF B #EAT OTU 3, JL4k 15 595 4~ OTU; 6 4~
RS LA OTU %l 170 4, S1-S6 3l A ¥ A7 OTU %k
I35k 19, 25, 20, 26, 27, 53([&] 4a); BAAKE S OTU
BB N 294~ 414, Horb S6 Ul v (1) OTU $ & fix £,
ST i () OTU it e /b . ) FH v 3 12 0 5 Jr 4K 45
() OTU % i #4123 B i 4k (141 4b), & BLIE )7 91 48
A 38 0, 8 T8 i 2t O 30, DA BLA A T AR
RS K, AT SRR S A A 2R B

6 /™ T VE RS Y A 4H TR OTU SR J& T 21 17 38
4972 H 117 B 176 J& 97 Bl I3 A4NT. 5 4019 4
J& H Y OTU AHXS = BE B i 1% 117K b % 48 B
V5 ULRLAR T = BE UL I Sa, 25 5 R B sl 467 H A R R
J f5% 1 9 359 24 A8 JE B 1] ( Proteobacteria ), - 34 #H X 3=
JE R IR 92.80%, TE A A5 b R H HUOE
¥T B8 1] ( Bacteroidetes) . ¥ 2l i '] ( Cyanobacteria), F
IR X 2 5 4 5 R 3.95%., 1.89%:; $%535 S ) i i ]
(Euryarchaeota) . J& B¥ 1 [] ( Firmicutes), V- 4 #H Xf 4=
JE 53 514 0.66%. 0.46%:; Al (1% 4 jif 2k 14 1] ( Actin-
obacteria) . FE M & 1] ( Verrucomicrobia) . %% BE 1 |
(Tenericutes), Marinimicrobia .SAR406 _clade.. £F 41

- ON872660 BGERL78
I ON872659 BGERL77
I-ON872658 BGERL76
L ON872657 BGERL75

53

58
KR606969 Noctiluca scintillans Y_OF_2

50 ~|KR606953 Noctiluca scintillans S_BT 3
59 KR606934 Noctiluca scintillans S BO_1
- ON872656 BGERL74

KR607085 Noctiluca scintillans E_1 3

ﬂ

69

KR607063 Noctiluca scintillans Y_ZY 2 _1
ON872655 BGERL73

- GQ380592 Noctiluca scintillans
851 KR607077 Noctiluca scintillans USA_1_3
90 I—KR607()75 Noctiluca scintillans USA 1 1

|_r KUO055476 Noctiluca scintillans clone 2

77L KUO055475 Noctiluca scintillans clone 1
IN595877 Karenia mikimotoi clone YJ4a

0.05

3 BT ORI BRI AR I BOL#E ITS P9 R G R B W

Fig. 3 Phylogenetic tree of Noctiluca scintillans using maximum likelihood method based on ITS sequence
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Fig. 5 Relative abundance of bacteria community at the phylum (a) and class (b) level

["] ( Gracilibacteria) 8%} 3= B K o

TEHNKF |, o-28 TE B 49 ( Alphaproteobacteria) | y-
A2 I 1 24X ( Gammaproteobacteria) J& AF 57 X 33 # HL A5 {f
4, - SR A 2 R 57.29% . 33.26%:; Ik
J2& ¥ #T B 49 ( Flavobacteriia) . P 4% {4 44 ( Chloroplast)
F1 B-ZE JE B 49 ( Betaproteobacteria), “F- 23 #H X} 3£ & 4K
KA 3.86%. 1.78%. 1.43%( & 5b). %5 H, {5 T i
P PE R Y ST, S2 345 LA y-A8 T8 1R 4K Sk L 544, i
VU 4 S3 3k 3 AT G JL A B S4—S6 3 37 LA o-ZE JE AT I
AN
332 HEMEE o ZREESHT

A il L T AR S T %) 4 TR R VR F R 2 R R 4
RO AR 3, B W A8 BORT B Rt i I 7 R, BUE
7R BE AR FRAE A Y FLSLAE I s T A SRR i SO 4
3 AR I I8 B 100.00%, i B 15 38 i B0 X R AR g
T4 55 . Shannon 8 $U 1 Simpson 5 i ok R AE 40
VR V% ZREE, S EUE B R, PRl Z AR I
KB/ G35 S5, S6. S4. S2. S3. SI Al S5, 84,
S6. S1. 82, S3. Chaol 5 ¥l ACE 45 HUH A S e 4f
WY& 25 B, 8 EUEDBOR, Yy Fh s s P

KEN/INGh S6. S5, S4., S2. S3. S1 Al S6. S5, S4,
S2. S1. S3. PD #8 % HI ok S WL v o4 4 ol 1) 55 2% G
ROIEBUERKR, G KRG S, dEALIE BB ; L
HEFF i K #) /N k S4. S6. S5, 83, S2, S1. [Ht, Pidb
] S4—S6 3 17 (1 40 B Alpha £ FE ¥ K T 74 Bl S1.
S2 ub Az, T PEM S3 w5 S1. S2 v AHA
333 R B 2RV T

SR TR T T b 0 A5 AR A T N PR AR A A A Y A
I, #F Weighted Unifrac i 2 45 [ #4 # UPGMA %
KW AT HERRENN(E 6). FEMBE—REER
FE S 2Z (B Rl 2 AR 22 5/ L MBI K L SRR RIE
A6 A RAEIALAET TR BT 2 K3, Horp
S1 F1'S2., S3 F1 S4. S5 Fl S6 K iy [al AHALME AL 5, 43 31
B — /N 375 S3 M1 S4. S5 R S6 HE 1M T B Ik Ik A
S1 Rl S2 Ff i 5 HoAx 4 A Fh (S3-S6) ¢ RIKIE,
st ) 200 B AL 2 SR R
334 BN 7 OCHR BT

XiF 355 R F 5 40 B BEVE Alpha 22 B P48 B0 1T
Spearman 43 #7, & Bl COD. DO ¥ . DIN ¥ . PO} -P
R 4 FhASE R F5 2 REPE 4R S0 B OUAH G, N/P T



S BRERFYAE: LIS YT 5 B B USRI A 1) 30 1] 3 WAL A TR A 45
3 JBubL OTUs B EF Alpha i EHEH
Table 3 OTUs number and Alpha diversity related indices at stations S1-S6
DA EEp G2 OTU Shannon Simpson Chao 1 ACE Coverage/% PD

S1 121 338 294 4.008 0.867 310.081 318.118 100.00 26.544
S2 129 860 329 4.136 0.856 319.895 324.875 100.00 28.339
S3 132 140 322 4.028 0.846 318.000 317.332 100.00 37.902
S4 129 906 379 4.498 0.883 367.882 373.329 100.00 45.817
S5 135 346 378 4.829 0.915 380.750 385.921 100.00 43.080
S6 133 870 414 4.588 0.881 417.000 415.785 100.00 45.073
¥ifd 130 410 353 4.348 0.875 352.268 355.893 100.00 37.793
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Fig. 6 UPGMA clustering tree based on Weighted Unifrac distance matrix

5 285 IEAHSG; Jirf, COD 5 Shannon, Chaol .
ACE #8 #1 & 1 2 71 #H 3¢ (p<0.05), 5 Observed-spe-
cies & B E MW B 2 UAH R (p<0.01) (& 7a),

FE T KF b 3 Hh AR X 35 BE T 20 2 A B ] 5 5

3% A F 347 Spearman #H &4 43 #7 (& 7b), COD 5
W B 17 ( Euryarchaeota) , Marinimicrobia .SAR406
clade.. #F 7 B '] ( Thaumarchaeota) ., Woesearchaeota .
DHVEG.6.5 . 2 4 5 (p<0.05), 5 i £k i 1] (Actin-
obacteria) M| 52 1 &} 2 7 #H 5C (p<0.01). DO ¥ & 5 4F
1 1 1] ( Thaumarchaeot) %2 {2 3 71 /1 ¢ . DIN WK E 5
JE L & ] ( Verrucomicrobia) . 7% % B | ] ( Planctomy-
cetes) it b 3 A G . PO -P R B 5B 1] (Ver-
rucomicrobia) 1 I 2 A O .

Mantel test 43 #7 fik. 7% 25 55% [ - DIN+PO;-P 5 411 18]
B R A IR AR 56 (4=0.47, p<0.05), 55 OTU
f1h = B2 DU 52 A 8935 TE AH OG (4=0.52, p<0.01), 5.5 HA
FTTE R Z R WA WA CE, TR
53K AT CCA 43 i 52 T 43 A 5 BR 5 1A

Z I8 56 & (& 8a), & B CCA1 Al CCA2 1T 43 51 fift B
72.4% F1 22.8%, COD X 4l i #f V& 43 A 5% Wil fie K, 3L
Yk DO ¥ A N/P, 1if DIN ¥ B | PO, -P ¥ B xf Hij¥
Wi fe /)N, Hort, COD 55 S1-S3 i 41 1 B % 43 A1 1E A
XK, Tl 5 S4-S6 K i 1 20 T HE U 3 AT 2 A G
DIN ¥ Jif . PO, -P#k Jif . COD. DO ¥ i #H . [A] 24 5
1E A0 56 56 & (e ff A 8 #f ), 1 DIN ¥ Ji | PO -P
J&. COD. DO %5 N/P HIR2 AR e fa NEEf ).

VPA 7Bt 55— 2K 3855 H - envl RAE COD Al
DO ¥ JE, 45 — 25355 [H T env2 FE4iF DIN ¥ Ji | PO, -P
W BE RN N/P. 45 R 7R, envl A env2 L A5 fiff B i
91.57%, P45 1 B figk o 122 43 Ky 8.43% 1 0%, X
FEIRBE K F N AT it B i 0% (1] 8b).
3.3.5  ZHEE Y D RE T

f81 1] PICRUS2 R A4 %F 248 T 1 7 ) R 47 T 43
Mr, BB —% I et & 6 AL W AR i B Rt
W AR fE B | PREEAE AL A AR L AL
FRGEM NI, Hord, B R A A5 14 15 5L AL 3R AR

]



46 WEEM 458
a b
0.4
0
DO -0.2 %I bo 0
-0.4
06 DIN -0.5
DIN |08
POI--P
PO} -P N/P
DAL UL TP UL WP WP AP WATY SP L WU W S NP UL WP W<
NP EEEEEREESEEEEE QN EEE
= ﬁéi%ﬂ%ﬂﬁ%%”&ﬂ%%ﬁﬂ’;aiiﬁsm
L g g S g %(ﬁ%ﬁi\lﬂ&%ﬁﬁ§m%ﬁ«t§%q ﬁ%%m
a g g S < ~ s
2 7 2 S 3 5
B Al s &
z £ S 2
1 Q
g =}
E =
s
=
K7 W85 Alpha ZREPEFE R (), T 20 B R ¥ (b) Z [A] (1 Spearman A G 1
Fig. 7 Spearman correlation between environmental factors and Alpha diversity index (a) and phylum level bacterial community (b)
CCA Plot
1 N °s5
S
§3 S1 s 1 2
env env
.SZ .PO4 J‘j))l/\/
;\? odcon =S1
%) *S2
% 6 33 8.43% 0.00%
Q o S4
L N S5
2 S6
J
O —14
0.00%
-2 sS4
-1 i
CCAL1 (72.37%)
K8 [T7KF CCA 23 #7 [l (a) Al VPA £ 2R 8 (b)

Fig. 8 CCA analysis at phylum level (a) and VPA analysis (b)
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Analysis of phytoplankton and bacterial community during the first recor-
ded massive Noctiluca scintillans bloom in the Beibu Gulf, China

Li Huiling"?, Xu Yixiao"?, Wu Miao"?, Lan Wenlu®, Xie Huanda"?, Huang Hu*

(1. Key Laboratory of Environment Change and Resources Use in Beibu Gulf, Ministry of Education, Nanning Normal University, Nanning
530001, China; 2. Guangxi Beibu Gulf Intelligent Marine Ranching Engineering Research Center, Nanning Normal University, Nanning
530001, China; 3. Beibu Gulf Marine Ecological Environment Field Observation and Research Station of Guangxi, Marine Environmental
Monitoring Center of Guangxi, Beihai 536000, China; 4. Guangxi Key Laboratory of Marine Environmental Change and Disaster in Beibu
Gulf, Beibu Gulf University, Qinzhou 535011, China)

Abstract: Beibu Gulf is located in the northwestern part of the South China Sea and is experiencing a significant in-
crease in the frequency, duration and extent of harmful algal blooms (HABs) outbreaks in the last 30 years. To char-
acterize phytoplankton and bacterial communities during the massive Noctiluca scintillans bloom in the Beibu Gulf,
seawater samples were collected from the area of a massive N. scintillans outbreak west from Weizhou Island on
February 21, 2021, and environmental factors, along with phytoplankton and bacterial communities were analyzed.
The results showed that the sea water quality of this area met the standards of Chinese Class I seawater quality,
mainly in the absolute phosphate limit state. In recent years, other studies reported low nutrient content and limited
phosphorus in waters adjacent to Weizhou Island and in the central part of Beibu Gulf during the non-harmful algal
bloom (HAB) period. Therefore, N. scintillans bloom investigated in this study belonged to a non-eutrophication
HAB event. Two phyla, five genera, and five species of phytoplankton were identified in seawater, among which N.
scintillans was the absolute dominant species, with a cell density of 2.00x10°-3.75x10° cells/L. The red discolora-
tion of the sea water was caused by the red heterotrophic N. scintillans. Both phylogenetic and genetic distance ana-
lyses demonstrated that the causative N. scintillans in the Beibu Gulf was similar to N. scintillans along the coast of
China. High-throughput sequencing of the V3—V4 region of the 16S rRNA gene in seawater samples revealed that
the number of OTUs (operational taxonomic units) in bacterial community ranged from 294 to 414, with Alphapro-
teobacteria and Gammaproteobacteria as the dominant groups. The bacterial community structure was affected by
various environmental factors, including COD, DO, DIN, PO -P, and N/P, among which COD was predominant.
This research provides new insights into the environmental characteristics and microbial composition of sea water

during a massive N. scintillans bloom and will aid bloom management in the Beibu Gulf.

Key words: Noctiluca scintillans bloom; phytoplankton; bacterial community; environmental factors; Beibu Gulf
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