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factors in the coastal surface waters of Shenzhen
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Abstract: In ‘marine ecosystems, the distribution pattern and abundance of bacterioplankton are directly related to
environmental conditions. In order to study the effect of environmental factors on bacterial abundance, surface water samples
were| collected in March, May, August, and October 2015 from three coastal regions namely, the Pearl River Estuary,
Shenzhen Bay and Daya Bay in Shenzhen, China. The abundance of bacterioplankton, bacteria with high DNA content
(HNA subgroup bacteria) and bacteria with low DNA content ( LNA subgroup bacteria) in the coastal waters of Shenzhen
were measured by flow cytometry to analyze their temporal and spatial distribution pattern and to explore their responses to
environmental factors. The results showed that the average abundance of bacterioplankton in Shenzhen Bay (7.67 x 10°

cells/mL) , the Pearl River Estuary (3.82 x 10° cells/mL) , and Daya Bay (3.38 x 10° cells/mL) had a decreasing trend.
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The abundance of bacterioplankton in the Pearl River Estuary increased from far coast to near coast sites; however, there
were no significant differences in abundance among the sites in Shenzhen Bay (P > 0.05) and Daya Bay (P > 0.05). The
temporal variation in bacterioplankton abundance in the three regions was mainly affected by temperature, whereas spatial
variation was predominantly controlled by the concentration of chlorophyll a and nutrient matter, such as nitrogen and
phosphorus. Additionally, the temporal and spatial variability of HNA subgroup bacterial abundance was greater than that of
LNA subgroup bacteria (P < 0.01). The HNA subgroup bacteria was significantly affected by temperature (P < 0.01)
whereas LNA subgroup bacteria were not (P > 0.05). The different responses of HNA and LNA subgroup bacteria to"certain

environmental factors imply that they play partially overlapping but slightly different roles in the coastal ecosystem.

Key Words: Shenzhen; coastal waters; flow cytometry; bacterioplankton; HNA subgroup bacteria; LNA subgroup bacteria
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Fig.1 The distribution of sample sites in Shenzhen coastal waters
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TEA A MK IR AR R TG N 19.92—31.74°C  SEH1/K RN 25.80°C ,3 A SFH/K IR FAK (21.85°C) ,
8 H A (28.50°C) o ERVLIT BRI FN G P Vi Bl i) - Y R B 430 R 13.36%0,18.99%0F1 32.90%0, Chl-a 77
HIES8 M0 AR E T3 AMS A, B TiREE AR Chl-a & @ dh, AR S 80E = Mgz Y
FZSWE (R D) o BRI OAGEINEEIE R COD WML W ASIRE: AR 5 2 5k & = B3 = T R WA
(P <0.01) (1), LM (SZW07) 1) COD BEFREL Z A LI Chl-a & 53407 & F H A5 07

F1 RYTHEEES RO BYEFRLE) SR ESHFHE

Table 1 The average of environmental parameters in Shenzhen coastal waters ( Pearl River Estuary, Shenzhen Bay and Daya Bay)

SR T BT W KW
Environmental variables Pearl River Estuary Shenzhen Bay Daya Bay

pH 7.6600.16(a) 7.770£0.37(ah) 7.980£0.09( b)
SAL/ (%0) 13.360+5.42(a) 18.990+4.63(b) 32.890=1.39(c)
DO/ (mg/L) 5.920+1.47(a) 7.020+3.36(a) 6.9300.72(a)
Temp/ (C) 25.370+2.39(a) 26.100=3/30(a) 25.810+2.56(a)
COD/(mg/L) 1.884+0.608(ah) 3.307+2.503(b) 0.797+0.247(a)
PO} /(pe/L) 67.030=31.07(ab) 125.300£122.3(h) 4.870+2.828(a)
NO;/(mg/L) 0.2240.061(b) 0.214£0.163(b) 0.028+0.046( a)
NO3/(mg/L) 1.458+1.008(b) 0.8690.504(b) 0.069+0.056( a)
NH/(mg/L) 0.602+0.730( ah) 0:754£0.935(h) 0.011£0.014(a)
Chl-a/ (peg/L) 5.0305.99(a) 15.480+24.21(a) 2.140+2.06( a)
TN/(mg/L) 2.070£1.02(b) 2.8602.27(b) 0.13020.05(a)
TP/ (mg/L) 0.0760.041( ah) 0.1450.142(b) 0.021+0.014(a)
DIN/(mg/L) 2.284+1.410(b) 1.838+1.153(b) 0.108+0.039(a)
DON/( mg/L) 0.317+0/464( ah) 1.038+1.543(b) 0.029+0.029( a)

Sal; b | Salt; DO : 74 fi 4, Dissolved Oxygen;Temp : 7K1, Temperature ; Chl-a; "%4# 2% a , Chlorophyll a; TN 8%, Total Nitrogen; TP : S8, Total
Phosphorus ; DIN ; % fig M JCHLA , Dissolved Inorganic Nitrogen; DON : i HL AL, Dissolved Organic Nitrogen ; 5 P 1 [F] — 5 Bk 5lUCA AH 7] 7 BE
(1140 ab 1 a 83 ab F1 b) P IIEZERARZ (P > 0.05) BRI AR TR (HI40 a 1 b 5035 b Fl ) RARPIATF-HE 27 E (P < 0.05),
FREEARBR TEE (BN a F o) Fom PIALFHEZE 7 B35 (P < 0.01)

XF 4 A AR TR S IS S E(CER R TR AR IR B RSTRER RS RREY BERRE: A LB
W Ab2A T A 2R a) 617 A5 HT ( Principal Component Analysis, PCA) , & FLERTL 0 RIINTE Fl KT
545 F R M R T A A PR B AR AR A (B 2) o AN Bl 2, DRIV TR SAN [) T 43 s 57 (R4 5 a5 o3 A B R 4
B, FLUR BRVT FI 3, KV Sl it S A B AR b F U AT UL TR YIS Vg A 58 S B0 i =5 AR Ak 25 R A
R, PSRRef P R B . 5 LR RV U3 T R VS Vg Bk A B S B ) 25 AR A 2% S die /N RO AE 5 RN 8
AILREA =S,
2.2 RING e R R U A R S ) S A

RINTIT T A V3 38 2 /K M I i 200 T = R AT R R 1,41 x 10°—1.75 x 1074~/ mL, 5 e (8 H BAE R
VA3, o (I A E R Vs, ORIV BRI 1R RS0 V25 g 33 it 240 - 22 = BE AR U B AR, 4393k 7.67
10°4~/mL.3.82 x 10°4~/mL #13.38 x 10°4~/mL, 8 F 773540 i 7 3 8 5 (5.80 x 10°4~/mL) ,3 H Ak
(2.98 x 10°4~/mL) ,

RO I o T 3P i A P ) 25 0 A AR IR] 3 s o ZEBRVL FEESER, ZIKOT 3407 4 A F1 453 7 i 40 1 = 138 22 S
/N RN ZIKO3 S50 4 A A Ay Z (B PRI 20 T8 B 22 5 K, e 8 H PRI A vl = B 2 3 A 2 % 7EIRYIN ifg
B, 10 PRI R A B DT A0 BT s 3 i T 05 45 il 67 T D 40 R BE B AE SZWO04 R ARTETE N2 R AN
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HNA W AR 23 43 A A& 6 s, HNA SV =F AR
FEFE I 5.20 x 10°—8.31 x 10°/>/mL, F-341{H K 2.89
X 10°4/mL, R fEH AR 10 H SZW06 i, AR {E
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10 H,

PC2 (14.70%)
>

-1.0 |

PC1 (48.17%)

B2 RITHEREECRL O FINEMREE) RSB ERHK
S5 H7 (PCA)
Fig.2 Principal Component . analysis of environmental
parameters in the Shenzhen coastal waters ( Pearl River Estuary,
Shenzhen Bay and Daya Bay)
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Fig.3 Spatio-Temporal Variations of the abundance of bacterioplankton in Shenzhen coastal waters ( Pearl River Estuary, Shenzhen Bay and

Daya Bay)
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3 Wie Fig.4 Comparison of the average abundance of bacterioplankton
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Daya Bay)
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Fig.5 Flow cytometry plot of LNA and HNA bacteria
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RV R RAEAE AT 48 bR, 38 I AR AR i 3R KT [R] 422 52 ) A 25 2R G v VR Ui A R 3 B R 4L
B AR TS S R B S TR AN B T B A A B A SEE (r =-0.369,P =0.015) , 575 R Eh W SR
FORENE . EERYINTE BRYT T OV T a8 P e B MR UK T 10 , 765 3 A ok 8 DU (3 R AT, 7 T 4 7 =
AR IR A

Chl-a XY 7 03 3l i 4 T8 = B BN B2 E ] Chl-a VRIS 19 R AP 48 b, ATAE Ao
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Fig.6 Spatio-Temporal Variations of the abundance of HAN bacteria in Shenzhen coastal waters ( Pearl River Estuary, Shenzhen Bay and

Daya Bay)
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Fig.7 Spatio-Temporal Variations of the abundance of LAN bacteria in Shenzhen coastal waters ( Pearl River Estuary, Shenzhen Bay and
Daya Bay)
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Fig.8 The percentage of HNA subgroup bacteria in bacterioplankton in Shenzhen coastal waters ( Pearl River Estuary, Shenzhen Bay and

Daya Bay)

T TR R A B T R AR VR (] 9 U A TR AR A G e R b S Sk VR U A B — e
FRP ) AERYIGE R PRI AN R S Chl-a A& R 35 A 56, HLM G R B (r =0.721) (£ 2) , EME
TIFWREY) S A Z VIR . Chl-a & AR TRV RN BREL P06 Sk H 76 0 8 06 Sk B 68 o, HLA 0 K
JE 455 s RIS RN BR YT IS0 W A0 o B B R TR VSV (&1 4) o RIS IR YIS TRk LNA S =F
FEAE 3 AN b B e, BRYT V3 K VS VAE I JC B il e 2 (R 7)

F2 FYITEEESECGRTO ISR ) 254 E HNA T2 LNA T8 ¥ F 5+ ERERE FH Pearson HHX R
Table 2 Pearson correlation coefficient of bacterioplankton; HNA subgroup bacteria and LNA subgroup bacteria in abundance and key

environmental parameters in Shenzhen coastal waters (‘Pearl River Estuary, Shenzhen Bay and Daya Bay)

TRIFAIT Bacterioplankton %R & B EAE HNA subgroup TRAZ R & 5 EHE LNA subgroup
Pearson A%
r P r P r P

pH 0.130 0.406 0.122 0.435 0.103 0.513
SAL/ (%o) -0.369" 0.015 -0.299 0.051 -0.345" 0.024
DO/ (mg/L) ~0.041 0.796 0.030 0.850 -0.108 0.491
Temp/ (°C) 0.352° 0.021 0.416*" 0.006 0.182 0.243
COD/ (mg/L) 0.633** 0 0.684 " 0 0.399* 0.026
NO3/ (mg/L) 0.651"* 0 0.502 0.001 0.636** 0
NH;/ (mg/L) 0.364" 0.017 0.348* 0.022 0.280 0.069
Chl-a/ (g/L) 0.721** 0 0.512** 0 0.752** 0
TN/ (mg/L) 0.379* 0.012 0.290 0.059 0.371" 0.014
TP/ (mg/L) 0.511** 0 0.472** 0.001 0.411** 0.006

* FARGERAIC(P < 0.05 BUBKEHR) 5+ + RRPL R FEMIC(P < 0.01, WRKE)

FEM AR R G, U R, TOHLE SRR — A~ B IR EE A 02 3 SO Ui 4 7 25 1] 43 A1 4% )
B FEERE, BRI T ARG PR YA Y KA S REEA o EZE R, LIS
SRR FE S NHy 2B IEME, 5 TN 2508 EAH (R 2) , T IRV BRI Ok w4
Z RN T B R HER 5 KA PO, NH NO, NO; 25 ICHLE 378 1Y B8 249 10 TRy i 3k, 5 HL AN 16
SRR SRS B RS ME LAY B, DRI TS P e 7 T 1 07 s R RN B 1V e R U A o R R TR
WS ([ 4) ,ZE58 SR AW R —3, SRMITEDRYIVE R, B SR8 TR R Tk B ph v o 3 AMER U
(LI D 4 A = A T PN 5 67 22 ) 0 AT AR DL R s R, ST A SZW0S 3 7 V7 Ui 4 1 == 5 e i (1% 10
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BAh) (E13) RIS ARG RIS T 5 K s B R ™ & TRl E Y R B S
S A S TR A AR S IR S A A | DRI 00 400 T 1 R 2 3 T R 0 A Bl AR TR
VBV OE S T8 R AR R B i X TR A A i SRR S0 i S i BRI A [ B T R K
R KRB TR | & S B AN T R,
3.2 FREEXF HNA Al LNA VAR B A5

AF (] 235 [ XUR 28 5 25 40 e 45 SRR T HNA A =F B B I [R] R0 23 [R] A8 10 1Y) 22 Sl S 2 HL 5% HNAJIE
BEFE BT ZS S0 A G SR B DTRRAE 2 . LNA WEAEE BERY 25 43 4 5 HNA AS[R] LNA Rl (] 28 4k 22 SR i & OF =
1.504,P =0.219) , 1% AR 25 Sl R 3 (F =3.249,P < 0.0001) , JCif A& I [H] 22 538 J2 25 [] 22 53 HNA A
BEYIRT LNA WWRE 78 HA I i B9 ot g [RIRE R 251810

A5 AL RN T 30T eV Y i i HINA S A 1) 25 53 1) 2RI 3R B R 4R R Chl-a JZ5 1 HNA
WA () 25 52 9 2 2 R LNA SERERIT A A2 fE 25 5 AN B35 (F = 1.504,P =0.219) , M2 225 B2, E 2
HARERANT Chl-a Pl

XL HNA AR LNA SRS PR85 R R et | S R X012 HNA WA B 5 R R A7 AE R o 35 TE AR
K(r =0.416,P < 0.01) 1M LNA WFF 5 S50 B A CMEAS i35 (r =0.182,P.=0.243) , % W] HNA 1 LNA
AN A A D BB RN AR A A2 I S e AN ) A R o ) 4 L R ) 3 A ] e 4 T 2 RN S | R I
A B A PN -5 20 I AR AR S P X T ) SRR B R — 4 . Shiah SFHIFSY Chesapeake 85 H 3¢ BH i B
15T 20°C BV i 40 T 52 TR B3 R A8 /NCY S AR 5 oK AR TR BE VTR R 19.92—31.74°C , 18 1% 3 JE T L Y
LNA SV FEF 20 60 T 0 e o L, 0 AR AR 15 32 1R 114 52 Wi S8, S T 1 HINA S A, 20°C B g % 1 1 4
I S R (L, B B 1 T R WG M AR S R L B AR ARAH DGR 43 BT 2R IS VR A T S B S R A S R (r =
0.352,P < 0.05) It HNA WRE SRR L (r =0.416,P < 0.01) 1%, tL[a] 3 W LNA WREZ IR N Z 15
M/, Liu 255G TR o HNA AT LNA SERERS 25 2 7 AU SR W] HNA R LNA B0 RE 3 B [ 22 57 £ 52
BB s ], SASCEE AR, Lin T8 (9 sS4k F 38°N BT, S AR EE AT 10°C, S i &
30°C , IR AR ALTE IR, IR LNA VA5 R BE AR S vT LASE 8 ok

EA TR HNA H LNA W0 T8 5 E & AR A K ARSI A5 L R | BRANFI 35 1
LNA WAL & T HNA RSN, KB/ E 9% 42 5 H X HNA WAL 48 T LNA ERE, b SR i 20 i A 1
FL A 60.34% , 2B HNA W R 6 77 e 4n i b A 3R

4 ZHie

25 LR VRN T 3 Sl 7 U A TR S R A () RN 2 ) 2 S 2 W 3 FL R] 25 5 R A2 R B g ), 2 [R) 22 5
FFZEFRER A Chl-a 520, HNA SUAER (] 43 A1 A% Ja o JRLEE 35 361, 25 18] 20 A5 4 J=) B 78 32 R A0 Chl-a 45461 5 1M
XFF LNA ERE, B[] 22 S oA b 2 R 2 i) 22 5 1 28 L 228 ply B 3R R A Chl-a 357, PRI XT HNA FiI LNA S HE
= I S AT AE BN =2 Ah | (F P 2 % R S A5 DR 1~ AN [ () e 0, 3K I 7R T A1 300 1 A 25 2R 6 h 4 Yl 5
panie- =N S N Tl by SR

Bl - PRI -5 0 0I5 s 00 oty B P S 0 5 S 3], R b S5l
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