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Fig.1 Study area and sampling stations

1.2 HmRESHKIE

PR K R 2 KR S SRR 2 (R 1)
IKENTF 5 m, SRR 2 W AKHE S, SRR N
0 ~0.5 m; /KIRAET 5 ~25 m, REFRZHIKZE
IKFE S 2 BRI 2 my /K TRAEF 25 ~50 m,
SRAERZE 2R 2 W KRR, 2R IR E
10 m T VSR AT AT ML B SR K R AR 1
TKFE i, 8 5 VAT SBE 19 plus JREER TR FI IHIHX
(CTD) RAEHFAKFE

TR AN FRRE SR 45 5 40 B 4 G B M Sk B
9 mL SRAE A AKAEE S, TEA S KR Y 10 mL 7R
FEREH, AT mL 10% e B 13— T V5 ¥k [ (¢
WPE 1% )7 o KR AT A WRE SRR AL BE 15
min, SR 5 AR R R IR, AR B 2500
FIGHA - 80 CYKFEIRAE , T I e 240 1 =
FERAI o REZKRE S 3 A AT

EFRER R AR AR 5 A0 B B 500 mL SR AR [
VEKAE b 0. 45 pumol/L it R 2T 24k i 5ot U , 2%
AC A 5% Wi h 1R 1= A B 250 mL R
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B SRR AL, - 20 CWHRMEE™ . B
FEan SRR BOREE 10 b AR 1 YUK 4G
ROFATRE, TR B ARG 1 AUl A FATRE

x1 REKE
Tab.1 Sampling water layer

T2 AR
. AR b5/ N 1/
IT Samoli L .
ampling Minimum distance
Depth/m
water layer between the near
sampling water layer
<5 7 -
5~25 RIZ K2 -
N N 0

(10 m) JEJZ
HRERIGEFHUT 0.1 ~1.0 m,

Notes ; Surface layer refers to 0. 1-1.0 m below sea level.

1.3 #mNE
131 BRI 5 il

K H A 85 W R L B 3R A
AR B EREE (pHL VAR AL R A LR SR K e R AR
J& , B3718 ] YSI Professional Plus 452 &40k
553 A A ( YSIING,, USA ) & 5 32 4 3 2 1) pH
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TR H YST &, i BE L ER Bl SBE 19 plus i
RV A BB E .
1.3.2 S Feahilse

#F:4h i BRAN + LUEBBE AA3 %14 [ 20 i
23 8l 43 B A (SEAL, GER) il %2, {#i Ff AACE
7. 103 3RBUE FR R E 8 .
1.3.3 R4 3 B

SRR A 1 75 vk, R U A 0 3
BD FACSVerse it 2041 I A (USA) I 5E o K 77 Ui
P N — 80 CukFE U J5 , AL 37 ClER
AR S AL E , IR e IR % 25 R 3% Y 51 J5 1
FHICHAE S 45 b 1T 40 pumol/ L 5 285 38 08, FH 4%
VEEES 1 x 10 *SYBR Green [ itz efa”
WIER G A ik 7 2 50 Ja ke 6 15 min, SR )5 (8
SN AT R | 7 A 3R AT i I ] Rl ]
LRI Ui 4 o 1 = 5
1.4 HIELESHH

fii FH ArcGis 10. 2 B A4AE B 23 b AL 350 75 Vg 4
TR R A [R] 7K )2 19 7K 43 A1 FRAE DL KA [\ 7K

20 Ui 240 T ) 3 L0 A1 LA 5 £ ] Maatlab R2020D
BRI B R pH LB i R0 A3 A 1
i JH SPSS 19. 0 K Hr-AL TS ThE 5 7 1 240 1
SR R R pH IR A L SR AR i
BRER I AHERER B dh RERRERAF S FhiE SR ER Z W]
AR o

2 4k

2.1 REEFHSHEFE
2.1.1 JRE

HARZRIEAAEE 2 29.00 ~33.50 C,
FE{E N 3121 °C 5 R AR L 30. 20 ~
30.80 °C,*FIfEH N 30.57 °C ;i /= B AL b i [
429.50 ~32.30 °C,F-H{E 4 30.86 C ., HETE
I3 1) 2 BRI R 1) o A e . A
LIS RS B 2 AN LU I I 3 2
TR AT B BE AR B [ B A B 5 T 3
g L T A AREL DX (P 2) o AR
J7 1 BB R E AL, oA A 2T

b
T empera‘?ure e
22 33.5
133.0
LA 132.5
=l
32 (} : 132.0
e 31.5
= 91 31.0
% 30.5
\
21 30.0
29.5
2 \t 29.0
108°20'  109°00'  109°40' E  108°20°  109°00'  109°40' E  108°20'  109°00'  109°40' E
ZF Longitude Z % Longitude % FF Longitude
(@) BEAR (b) AR (o) AR
Temperature of surface layer Temperature of middle layer Temperature of bottom layer
B2 JtEZdeEBigiskiRaHmE
Fig.2 Distribution of temperature in the northern Beibu Gulf
2.1.2 #hpF 2.1.3 pH

HERIZERIEAZMNLE Y 14.38 ~32.82
PI(E N 28. 49; 2 #h AT E O 31. 71 ~
32.81, -4 {H O 32. 29; JiK = £8 AR AL VS 1
21.10 ~33.27 ,F#{H N 30. 74, ER K &R
B P 3T () A T 13 3 R B ] 1 Akl T JRTR
IKERCATHBURAE (B 3) o dT i f 5 1) B A
ARMANK, I A FUAE I 50 5 8 T M X R R TR, 2
JEBOR

HA3)Z pH ZAGIEH N 7. 51 ~ 8. 42,71
{60 8.08;H1 )2 pH Ak N 8. 11 ~ 8. 27,
WE R 8.21;)iK)2 pH ZE4L{E I 7. 59 ~8. 24,
YI{E 9 8.09, pH /KI5 [a) b 52 Bl 3 1) dzg ¥
I B O TR Z B BT pH
rfE (& 4) o TEE 7L, BRI BE R EE FEAR AL,
FAty o X AAEA T, S0 A 150
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Fig.3 Distribution of salinity in the northern Beibu Gulf
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Fig.4 Distribution of pH in the northern Beibu Gulf

2.1.4 WM4A

75 3R AV AR B AR ALY O 3. 76 ~
7.34 mg/L,F-Y{E R 5. 82 mg/L; )2 ¥ fif Sk
FEAREIERE A 4.30 ~6.26 mg/L, F-3{H K 5. 79
mg/ L3 Ji6 J2 V5 fiff STk B AR AR5 1 3. 40 ~ 6. 31

22° 00’
21° 45’
21° 30'f

21°15'¢

“E Latitude

21° 00’

L2

mg/L, P 5. 30 mg/Lo K2 HH 2 A
AR H TR 1 G2 N A9F S ) R R SR

P i SR L U S A A R U
[ D (S ) o T LT 1) L, 3 A S i Bl
TRIZ RN T RIS
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Fig.5 Distribution of DO in the northern Beibu Gulf
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2.1.5 B
ALETE AL B 7= 35 37 Hh A 28 AR T [ AP 2
EUWR2, WAL ER,S MERL S EARE
B H AT [ R I H . 5 BB IR ER AR AT
e BT 1) b0 B B R A T I
WRAMRZEEHRTHZE S, PRGRKIEE
g i) SR
®2 IMEBALBEFEFRBNTUEENTHE

Tab.2 Variable range and average of nutrients

in northern Beibu Gulf in summer

. BAGHE = e
A o Variable range/ Mean + SD/
Nutrients
(pmol/L) (pmol/L)
PO}~ 0.01 ~0.19 0.05 £0.03
NO; 0.15~28.03 3.52+5.62
NO, 0.01 ~5.41 0.41 +£0.89
NH," 0.14 ~3.85 0.90 +£0.53
Si03 - 1.83 ~45.84 10.02 £7.94

2.2 FEHEEER S HFE
2.2.1 RN AR E WK 23 A REAE

AU ERVE b F T J55 2 A& il 6L T 9 400 T 24
F R ARLTEREI R 1.79 x10° ~91.47 x 10° cells/
mL, (B M 15.40 x 10° cells/mL, -3 B Y
e B A v L B s O D S A T T
Sa5, TV 8 R AR BE A B o I v e A
RAET 7 1) J1T A7 5 - 35 32 AR 2 24 b
TEI A B, A AR 2 th BLAE i 2 1Y YS whi i,
WIE6(a),

2w 0 R RS AR E F N

0.33 x10° ~ 91.47 x 10° cells/mL, - 3 {§ K
12.61 x 10° cells/mL, it /5 3 J2 77 W7 40 56 1 28 b
JEEH 3.30 x10° ~91.47 x10° cells/mL, ¥ {4
1 17.86 x 107 cells/mL; 37 B 35 2 V7 i 40 1 1 48
Ak JE M 0.33 x 10° ~26.14 x 10° cells/mL,F1Y
{HHR4.04 x10° cells/mL, it 5 32 77 W40 # F

FERT IR R B2 R F R & K)Z IR
B A2 BE 5 4 FE W AH DGR A B WL 3, 45 SR T
RKIZFEHS K RECH 0.396, 5 % 1E
X (P <0.05) , F R R4 B RGN FEAL. 322
= B R E AR TP e B 3 RO DL R LT Y
T R R, T U 82 R A B 5 P 3 3 7 79 = B . 3
1o, o e (L BUAE D17 a7 s F I 24 h
TEIC 7 1 B, B I 32 B2t BRAE Y2 i, UWLIEl 6
(b)s

WK RAE T 22, KR AL 25 m B R 4R
o Z KRR A9 R AR 2 KA ) 3 37 R AL T
P DI 2 I R A R 1 B AR AR A 0. 22 x
10° ~7.48 x10° cells/mL, E-HEH 2. 15 x 10° cells/
mL, MHXMES TR, P2FEE SEENMHECR
M 0.703, B R FE IEAHIK (P <0.01), JE/F#
st 57 1 2 R BE AR AT RN , v 32 BAE
BT 5% AR BH & BRI , A e =F B MR BLAE Y17 3
A, Hoguli 7 =F BEARXT AR AN K, B I B o B
TE YL ifi, WWEI6(c),

/il =t I S i A LA A B

1.76 x10° ~ 71.33 x 10° cells/mL, F 3 {5 H
17.74 x10° cells/mL, T = 5K J2 77 0% 40 1 19 25 4k,
JEEI A 1.76 x10° ~71.33 x 10° cells/mL, -1l
422,30 x 10° cells/mL; G 2 5 2 75 1177 40 B84 £14) 7%
ALIEEI R 4.26 x10° ~45.72 x 107 cells/mL, -3
i} 15.10 x 10° cells/mL, 52240 E -
FER T 2 R Z TR e A A F B . A G 2 i i
NLRIZEF RS S 4R B A OGN 3
(P>0.05), Ji&)2F B (8 32 22 4 v 722 B I
TS O DA R A TR A T 2 i e, T O S AR BH
B30 57 ) B AL 38 e, ey 5 B S LA J21
A7 5 B AR 2 AR e e e Vg 8, B (IR F
HHBLAE J13 i, DLE6(d),
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Fig. 6 Distribution of average abundance of bacterioplankton
and abundance of different layers in the northern Beibu Gulf in summer
4=/ 5 — S R Sy 5
2.2.2  JRWPANTE FRE AR O3 ATRIE 10° cells/mL; JiJ= 42 B2 ALIE I y 4. 26 x 107 ~

T [F) o SR 2 3% J22 RIS J2 7K 1) il o7 H:

L%

45.72 x10° cells/mL, FE-3{E H 11.91 x 10° cells/

R R AR AL B A 3. 30 x 10° ~ 31,26 x 10°
cells/mL, Y1 H 13. 38 x 10° cells/mL; JlE 2 F
BEAE AT A 1. 76 x 10° ~71.33 x 10° cells/
mL, 34 (E Hy 22. 30 x 10° cells/mL, 3% K2+
B F I B

TR AR = R KMl R 2 A8k
B4 0.33 x 10° ~9.29 x 10° cells/mL, SF-F{E N

2. 11 x 10° cells/mL; v J2 =F B 748 4k 30 H N
0.22 x10° ~7.48 x10° cells/mL, F-{EH K 2. 15 x
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mL, REFPZFEBEAAZEAR, KZFRER
TRIEZMDZEFE, RERZHCZE 5%
JZEFE A ALIEE R 0. 70 x 107 ~ 26. 14 x 10°
cells/mL, SFEY{EH K 5. 78 x 10° cells/mL; JiI& )2 F )&
RIS B M 10. 24 x 10° ~32.51 x 10° cells/mL,
qzﬂj{ﬁjj 17.98 x10° cells/mL, JKZFEERKTHE
JRFE o I T SR R RN )2 AR A Ly 1)
R ZE A IRE FERTREM R
FRE R, WA T,
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Fig.7 Vertical distribution of abundance of bacterioplankton at each station
2.3 FHEARFESHERFHXER B 0.593, 2 HAMR B EIEFHK(P<0.01), H

FEF SPSS 19. 0 A4, i i Pearson #5443
M7 R TS AN W) K 2 0 i 20 i F 5 R R
P Z [ AR DG, ARV T 4 R W3R 3, &
JE P AN R SRR A G R B - 0. 521,
5 pH AHSC RECH - 0. 527, 2 3 &35 7k ¢
(P <0.05) ; 5HHfREL I AH I R BCH 0. 551, HF
TR ER FAH O RECH 0. 597, 5 kMR Y AH K &

*3

JEPEWR AR S TR AR SC RO 0.702, 5
PARRER A ARSC R KON 0. 818, S B 1o 3 TE A5G
(P <0.01) ; AR B R N 0. 457, B BE
BFHIEMR(P <0.01) o JRJZTFIF AN F -5 52
IR R LN - 0.391, BB FH TR (P <
0.05),

iF il F S IR E F A KM R & ( Pearson 1K T, WG IR )

Tab.3 Correlation coefficients between environmental factors and abundance
of bacterioplankton ( Pearson correlation analysis, two-sided test)

R 2E 4K A A pH DO PO}~ NOo;  NO;  NHy S0

Layer Longitude  Latitude = Temperature  Salinity - ;
%) Surface 0.210 0.39 " -0.030  -0.521" -0.527* -0.293 0.313 0.551** 0.597** 0.206 0.593**
Fr)Z Middle 0.703** 0.173 0.702** -0.130  -0.250 -0.232 0.818** 0.457*  0.373 -0.348  0.034
Ji$)Z Bottom 0.083 0.326 -0.316 -0.263 -0.224 0.180 -0.088 0.283 0.012 -0.391* -0.161

o x P <0.05 KT BEH;

Notes: * Significant correlation at significance level of P <0.01;

3 hHE

3.1 tEHTIBEBEFTZHFARFEENDH
e
3.1.1 KAk

S ZRAUER T b ¥ v S8 i 2 T R B AR K
J7 1) b S 3 B O YV 1) R VA IR X R A

# % P <0.01 KF PR,

* * extemely significant correlation at significance level of P <0.01.
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Distribution characteristics of bacterioplankton in seawater of the northern
Beibu Gulf and its environmental influence factors

HE Weidong'*, SUN Pengfei’, ZHANG Qiufeng'”
(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Fourth Institute of
Oceanography, MNR, Beihai 536000, Guangxi,China)

Abstract; From July 2020 to August 2020, 50 stations were set up in the northern Beibu Gulf to investigate
bacterioplankton and environmental factors. Spatial distribution of bacterioplankton and the correlation
between bacterioplankton abundance and environmental factors were also analyzed. The bacterioplankton
abundance in surface layer ranged from 0. 33 x 10° cells/mL to 91. 47 x 10° cells/mL, with an average of
12.61 x10° cells/mL; the abundance in middle layer ranged from 0.22 x 10° cells/mL to 7. 48 x 10° cells/
mL, with an average of 2. 15 x 10° cells/mL; the abundance in bottom layer ranged from 1.76 x 10° cells/mL
to 71.33 x 10° cells/mL, with an average of 17.74 x 10° cells/mL. The bacterioplankton abundance in the
horizontal direction showed a decreasing trend from coastal areas to deep sea areas. There was no significant
correlation between the bacterioplankton abundance and the depth in the vertical direction( P >0.05). There
was no obvious vertical trend in the bacterioplankton abundance in the coastal waters, but the abundance in
surface layer and middle layer and in the offshore water was close, and the abundance in bottom layer was
higher than that in surface layer and middle layer. Pearson correlation analysis showed that: the abundance in
surface layer had significantly negative correlations with salinity and pH ( P < 0. 05), and had very
significantly positive correlations with nitrate, nitrite and silicate (P <0.01) ; the abundance in middle layer
had very significantly positive correlations with temperature and phosphate (P <0.01), and had significantly
positive correlations with nitrate ( P < 0. 05); the abundance in bottom layer had significantly negative
correlation with ammonium (P <0.05). This indicated that the spatial distribution of bacterioplankton was
affected by multiple environmental factors such as temperature, salinity, pH and nutrients.

Key words: bacterioplankton; abundance; distribution characteristics; environmental factor
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