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Abstract: Planktonic bacteria play a key role in biogeochemical cycling in marine environment. To investigate the
community structure of planktonic bacteria across summer and winter and their key environmental drivers, the surface
seawater samples at 0.5m depth from seven stations were collected in June and December, 2017, respectivly, in the Maowei
Sea, Beibu Gulf, Guangxi. We then analyzed the community structure and diversity of planktonic bacteria using 16S rRNA
gene high-throughput sequencing. Our results showed that the planktonic bacteria community in the Maowei Sea belonged to
11 phyla, 36 classes, 86 orders, 188 families, and 506 genera. Proteobacteria (52.47% ), Firmicutes (17.34%) ,
Actinobacteria (16.39% ) , Bacteroidetes (7.54% ) , and Cyanobacteria (5.38% ) were the major phyla, which accounting
for 99.12% of the total abundance of the planktonic bacteria. The Chao 1 Index and Richness Index of the planktonic
bacterial community in summer samples were significantly higher than that in winter in the Maowei Sea of Beibu Gulf ( P<
0.05). Additionally, the results of PCoA analysis based on Bray-Curtis distance and ANOSIM (R =0.586, P<0.001)
indicated that there were significant differences in the planktonic bacterial community structure between the two seasonal
groups. The Welch's t-test indicated that the abundance of 15 orders significantly varied between summer and winter ( P<
0.05). Among them, Euzebyales, Rhodobacterales, SARI11, Flavobacteriales, Lactobacillales, Bacillales, and
Pseudomonadales were significantly increased in summer group, Oceanospirillales, Propionibacteriales, Nevskiales,
Vibrionales, Burkholderiales, Mycobacteriales, Rhodospirillales, and Nitrosomonadales were significantly increased in
winter group. The co-occurrence network analysis based on SparCC indicated that a more complex topological feature of the
bacterial co-occurrence network was found in summer than that in winter. Furthermore, the inter-species interactions of the
co-occurrence network were mainly positive relationships, which were greater in summer than that in winter. And the
proportion of positive correlation inter-species is 70.3% in summer group, and that is 68.9% in winter group. The partial
Mantel test demonstrated that the planktonic bacterial community was significantly positively ( P<0.05) correlated with
temperature, salinity, dissolved oxygen, total dissolved nitrogen, and total dissolved phosphorus. Among these factors,
temperature (R=0.326, P<0.001) and total dissolved phosphorus (R=0.512, P<0.001) with the highest correlation
degree with the community structure of the planktonic bacteria in the Maowei Sea, Beibu Gulf, which were identified as the
key factors that affecting the community structure of planktonic bacteria. Overall, this work provides a scientific basis for
revealing marine planktonic bacteria diversity in Beibu Gulf, as well as solid evidences for ecological restoration and

resource utilization in the Maowei Sea.
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Fig.2  Distribution of environmental factors in summer and winter in the Maowei Sea, Beibu Gulf
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B g K%
95% BAFXIH

Oceanospirillales I o 1.24X 10714
Propionibacteriales h o 4.43X107
Euzebyales F ey 4.72X10™
Nevskiales h ro- 1.01X1073
Rhodobacterales - —o— 236X1073
SARI1 r o 3.62X 107
Vibrionales g o 335X 102
Flavobacteriales P — 441X103 &
Burkholderiales h —— 6.43% 1073
Lactobacillales F I —C 0.016
Mycobacteriales h —e— 0.020
Rhodospirillales h Lo 0.027
Bacillales F —o— 0.030
Nitrosomonadales h r- 0.030
Pseudomonadales F ——— 0.029
(l) 1 Sl.2 —20 - 1‘0 0 1‘0 2‘0 3‘0
SR ERA T LA 224
Mean proportion/% Difference in mean proportions/%

E7 FEBSHEKEE(Welch's t-test) , £ STAMP RUSTE X WEZHFHARFEEHBZER
Fig.7 The difference analysis of planktonic bacterial community at the level of taxonomic order ( Welch’s t-test) between summer and
winter using STAMP
Oceanospirillales ; 7 B2 & H ; Propionibacteriales : P FRF¥T 1# H ; Euzebyales: JU 7 H G T8 H ; Nevskiales : 2 FL I H ; Rhodobacterales : ZLFF & H ;
SARI1 . TR #IFH fL AL 11 Sargasso Sea 11 clade; Vibrionales : 3N H ; Flavobacteriales : ##F# H ; Burkholderiales : 11 7% F& # H ; Lactobacillales ;
FAFFE H ; Mycobacteriales; 43 4% #T % H ; Rhodospirillales: £I 2 B H ; Bacillales: % #1 ¥ # H ; Nitrosomonadales: V. fif§ {1t 25 i & H ;
Pseudomonadales : i 5L 5 H

®1 B EAEFHARLRERMKDINENSEH

Table 1 Topological parameters of the planktonic bacterial co-occurrence network in summer and winter

Parameters Summer Winter Parameters Summer Winter
i Y Nodes number 139 99 M4 H 4% Graph diameter 8 9
1%4 Edges number 592 212 W45 % B Graph density 0.062 0.044
- T B E
SEHRE Average degree 8.518 4.283 i ’]%jﬁ?#{ . 0.575 0.44
Average clustering coefficient
SEH B8R K EE Average path length 3.274 4.02 ik Modularity 0.518 0.655
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xR2 IFFAEEEN Bray-Curtis B 5 5IME E F 2 8 Mantel #3670 partial Mantel 438 R &
Table 2 R values of Mantel test and partial Mantel test between Bray-Curtis distance of planktonic bacterial community and

environmental factors

ST FIr A RSy All samples B Z= Summer £ Winter
Environmental factor SRR fivs 2 45K SRR i 7R SRR 2 IR
Mantel Partial Mantel Mantel Partial Mantel Mantel Partial Mantel
L 0.417*** 0.326*** -0.015 -0.045 -0.004 0.038
pH 0.098 *** 0.059 0.007 -0.011 0.077" 0.076
EINES 0.260 *** 0.094 * 0.396 """ -0.016 0.359 """ 0.083
DO 0.431 """ 0.153*** 0.379 """ 0.238 " -0.005 -0.143
NO; 0.298 *** -0.120 0.44 "% 0.177* 0.3117*" -0.123
NO3 0.438*** 0.045 0.476*"* 0.427*** 0.440 """ 0.380 """
NH; 0.282 """ 0.009 0.312*** -0.121 0.374 """ 0.194"
Chl-a 0.208 *** -0.035 0.226 *** -0.01 0.442 """ 0.249 "
TDN 0.293 *** 0.092" 0.376 """ 0.292 *** 0.342 %" 0.123
TDP 0.456 """ 0.512*** 0.446 """ 0.334 %" 0.439 """ 0.374*"*
TOC 0.306 """ -0.104 0.383 """ 0.123 0.396 """ 0.097
COD 0.357 " -0.133 0.417*** 0.250 " 0.406 """ 0.169 "

# FARWEMI, * .P<0.05, % ;P<0.01, %% % ; P<0.001; pH. BRI ; DO I fi# A& Dissolved oxygen; NO; ; AN L Nitrite; NOJ : il iR £h
Nitrate ; NH} : 2% Ammonium ; Chl-a: 4% a Chlorophyll-a; TDN ; i1 & Total dissolved nitrogen ; TDP ; ELiAfif# Total dissolved phosphorus; TOC ;
B PR Total organic carbon; COD . fb2= 75 % & Chemical oxygen demand

3 it

HHT, & T 258 I 4H WA 76 70 /KO BB e . R A YR S5 i e e F Be £ 2 A 4y
BAfEREFE ) (168 tDNA ZE MBS B HL Uk (DGGE ) 1 16S tDNA Fe i SCZRTE S0 ) XS AL 58 43 1
LRI e, oy A R MR R A T AR R R b A B A e A e U5 VR i R A
BAETE R B 3 T Wl R T RE P 2R AR , RN T8 /s 4R R VA 4540

el P BOR T e H ARl S Al A 2, B XS PCR =W dfA il 8 vl 3545 3 i A B B
AR DA B R T AR 2R R T T IR, AR SCIE T ARRS SR Y 16S vRNA 3 K 5 38
P HOR WG T 20 R AN R 225 IR 4 DA R 08 2 5 2Rk -k — 20 B WY 1 52 el 25 2 16 17 U 200 71 A 7%
B PRE H 1
31 FREIEIFIANER S5 2R

JbHB TS i LR ) S AR RS, Wl SRR R AR AR ARk KR SRS
TR A ) 2 REE SR TR AT 0 E R T o) 5 B A VA ) 77 U 40 1 22 RE R O S R A 2 0L, A5 R
JH 165 rRNA BE A i f P BOR | e B R M A4 e AN G 1) 2 IR T 1] R RE T T ) R I 1) AU )
FEEANTAT ], PRSI 5 LRIk 99.12% B3 J15 0 WIS 42 L s g X010 37 Ui 40 o 9 A it R 3, 28 T T
I"J( Proteobacteria, 50.74%) . 20 '] ( Cyanobacteria, 13.80% ) JillZ& % '] ( Actinobacteria, 13.51%)  JEBE T
I']( Firmicutes, 10.02% ) F4UFTT ] ( Bacteroidetes, 9.63% ) ALHIEHE, SAM LR —3, fEEED 12
7 (Toulon Bay ) Fl17# HL 555 (Lorient Bay) ") FFik - 2 (Port Shelter) 1" RN 51 25 x4, th % AR
AN N € TR Y S R R R ek T AR e IS I N ) A KX (VO R L e e . S )
ZRZ Sk E PRl A AR I Dt a e ABLACE O SE A AT e SR P A AN R S
W) AR AL WARTE R T] IR BT VRIS RE BRT 1 TX6F CO, I W IS BE 7 4ot , JERRE BT 1) RIBLFF BT 11 7T
[ 52 R T RN R R o DL IS B | S S (R 3R B AT et 1 R 35 10 B T A S i F
REST, B EMTTRENS 765 2 (VP A8 P s L 5 b . #1140, Beatriz Fernandez-Gomez 55 #1578 & R, LT 1
I IFEIEPE PR b i PR SR , 7T B 3G 7R ORE | 4 2% T AR B e 2R A 4TI LS R A 25 43 (High Molecular
Weight, HMW ) fb &9, S b I FERRAGER , sk A= Py ER L 22 R PR A, B0 H 2V GE T o I 3k | SR M 45
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T 5 7 B T B ) A DR R Vi 45 4, i BB T I SRk 2R T 1) 728 T T 1T A AT (oI R R I BRSO
W R WA BA 3 i OB R D BE A R TR VAR BE . 5 R TR U AN B A T T 24 i TR S
FRGUNRREME AR IC AT T VR B 1T S5 D0 A T 0 v PR A8 ARk, T T 000 500 5 R v A
BRI IIBE LS 1K FRFE I 2077 A 1 A= 28800
32 TRUIFERIEREK AR A A2 1L

WIS | R P20t 20 TR A ] P A TR R s [] RUBE b | T 23540 R DI 4SS A S22 900 o Y S 1) P 28 5 I
PERTTH R SR A A S A R T A SRR UIREOG . Bl A LA R B G L 1V e A T
TE A TEFRA X S IR X A AE B 22 5 SR X B TR DR B 1) 8 v TR IR B X, s AR 5 R
PR TR A I A T 22 AR B R TR SRR X JRRE T | VRS IR B 10 FR 0l X o 8 2R . AWF s
R T AN EER A5 R A W R A X (12 A1 13w ) AT 5 TR RE B T A 3 B 3L 80% LI 1
22 5 P RS IR Sl USRI HUTANE FRER (N (P) S K0 W5 KA 3 I PR 458 28 1 14 240 4
YR (TR BV RISERE BRI ) SR RN, 300 A 5 e TR U A PR R A5 Y L AN AR IR R B, &2 L1 12
i A S ZE R4 ZE L6 sl i, AR TE A 1] o7 BT I T 90% , £E e Sl v o VR A B E 1Y 52.47 %, PR
VT S 1Y I S SR B N T RS BT (ANl e D5 IR AE) M TR B RE ) R AR S
ARG U H AR AE RO IR D5 A RIS BT RE T, A B T OHGE I 3 R AR A IR, O A
PR FE AR Y RS T B BRI 0 SR R A R R VR 2, R SRR AL AR R R AR L
(P<0.05) , I HAEP5 ) Shannon il Chao 1 ¥88FEE 244 ) B & T4 2 (P<0.05) . Sz R4 R, F R
TRIAN TR o ZHEME TR T B IR A R 2 RE v 3 s T AR (I 4) o PG AL &R o8 2 i g 4l 2 2
eI o = - = e G e N e W o iy I o8 W L il 00 1 2 R 1V [ i
X 22 5 AT RE R 52 BI5F R AR IR AR B AR AR B S e T 7 A 1, S [R) ) b 2 Bt o 1) ] B HE RS | TEAS [m] 9 22719 iRy
DEFAZETE, NI 5 T PRI AN B VR S5 A R ZR M4 % ) AR rh ) 22 S o T 4 SR AR /R T 2P R 1
BEMEAFRAREWREZES (B 7). HEAME Z i 7m A YR e AR S EAE ] R FE T a2
A7 ) TH B I Z i M AR L R A M5 AP A e e 22 77 ) RIS A A T AL VS 2 B Vg V7 T 4
WS (genus ) 7K R A 45 | & I 2R FIAC 2RI R A DA RE VR 1) M B AR FN S I AR R 2 S (Bl 6, R 1)
B AL AR R 28 B B Y R4 R PS RIE R B R T A2 UL B PR A A AR R
A HEINE A MR AR Z S ES Y FEEEMAS 1T Z M 322 0L A E (AR
F) R E RATEIZE A AN R 2 ) BB R A e R R T g PR R E AR A,
H B RN A SR SRR T4 2R U] T 5 ZR I e A vl 2 1) 1) %) B S AR T o
3.3 PREEDR N R U I U0 A0 A T 4 ) )

2o e A R R AR RS R BRI LTS G S5 BT Yy o 28 il A2 i AT | 3 TS e R i R
L UAE T K BRAGPE  RPE AR IS R G R T IR HE I O W S ) RN IR IR IR A T T
Z 5 AR RE i shid 5 PG R 2 B A A U IR AT LUK i T v R PR AR A A
TR R RAIREE R TG K R BE R B DO .COD il TOC S5 FEARRTSE M partial
Mantel #3645 H | P Ui 20 B REV& 4548 SR (DO 1 TDP 4% 2% IE ARG, 50 B2 R TDN & 8 35 EAHDC, IR
JETT e S B I o AR R R B BE e A B R A T R AR SR PRI E ST
WA o ZFEME R T4, R T B Z20 /K KR AT BEA B T3 I 200 77 1) A 4 B, 348 1 1) 7K IR A P i A 7
FEERRINAIE AR SRR SRS REMAE AR R A B E ISR T, ik
P& A7 FUEC A ( Shewanlla) LA R IE AR B T B L% Albert Barberan 25\ WX 25 Ak B 455
RIZHK TR B ZHEESGURIL WAFIRT I B ZAFHEB R R Rl . AT, TDN Z R I &
FA RSN B S5 AR T AR TS 2 A S B K 717 Jarone Pinhassi 257 BIFSE T M o IR R Ui 40 R RE VR 45 A4 R 52
M PRI~ , A B0 U 240 T 1140 A R T A2 3 Wl v B 1, 10 988 1) A PR A T R R e I R A R VR A,

http ; //www.ecologica.cn



19 1) BEREME AT PUALERL S R A T PR I AN B TR AR B A 8119

o RIRRK IR TDP W EER T4Z= (18 2) , XAl RE U= R BRI A o SRR TR RN Z —,

NN 2 PRBE IR T AT LS 38 O A TR PRI A R Vs 454, CoA R OB TSI S0 — 5, RSS2 Z
ARAET, BAT O 3 B3 )2 LA AR BRAZ A A5 SR RUBE b B0 37 U 200 TR R 7 25 4 T — 2D R, A i R A
WFFEACTRE TP A MU LR 25 D BE W WA LA B 4 R e AL A S5 R S U, LA s U B IS Vi P 2 )
TR 451 5 R ST RE 2 M, L AR IE PR AL S R ST M BRI R B 5 BE R PR SR AR A

4 it

ACERVEZF R I A o 2 F e s BEVR A IAATE R 25 5, SRR I B AR R S, ILAh, 58
FEHETE I A o F 5 SR AR TE G S T, AN (13t ol RO R 25 Y B T i = B 22 5, W/ TR TR 1) R JEE B
T, RZETHIE AN A 0 3k & AR I 46 HLAT B A2 2 IR 28 S F N A, 1 o =2 8] AR A AR FH 2B LA IE AR G (BB G
R)NFE, HE R TAE, FIRMEA 5 F L2 E FhE DO TDP Fl TDN S8 FR4E 52 m , Hirr,
TELRE I TDP 5 757 U8 240 DA RV 5 A A DGR B i, i OB Y PRI O Bl R
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