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(1. RERY KHEE 300072)
(2. EZMGERZ R EEFEAE N os  mdt Z2E 066002)

B E: [869] ARGEREMT @A EEAFREARARNTA. k] 2014 F 8 A%
EMATE REA L B EIBY 3 ALK&, RA R BME TR A TR ITH0E 0 B 2T 28
B S E AT A m il ST SRR MARBATON, TR A@BEITET. [4
R MWAT 3 A sbnmE AT IR mE LT A A 5.6x10° CFU/L 4= 8.3x10" CFU/L,
e A A 9.2x10° CFU/L 4= 2.1x10° CFU/L. fE T35 EA T, %M #11(Proteobacteria, AT
£ 80%, MJE & 73%)2 £ B0 AE AR, LK A WATHE 1(Bacteroides, AT & 12%, @5 &
13%). /22 & 1(Firmicutes, AT & 7%, M/ & 11%)%; MATH# & (Enterobacter spp., 21 #&).
AT B(Marinobacter spp., 13 #%). 3 # & B (Arcobacter spp., 13 #&). B8 H /&(Pseudomonas
spp.» 10 #R). FI0AFH B (Bacillus spp., 10 #r)FeINE & (Vibrio spp., 6 #r)H AT 30 H L
BB, MmAETRAMEREE D ATHE Q2 ). BT EQL ). FIAFE B4 4. T3
A& B (Acinetobacter spp., 11 #8). BELBEH BO WA 3 B E BG #)F. [44] Bhxtad &
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Effects of rainfall on the total number of bacteria and the composition

of culturable bacteria in Qinhuangdao West Beach

SHANG Jun-Yang'® ZHOU Shuang-Yan'® WANG Zhong-Hua' LI Zheng-Bin'
XIE Ning-Dong' MA Wen-Meng' ZHANG Yong-Feng® ZHANG Jian-Le
WANG Guang-Yil*

(1. Tianjin University, Tianjin 300072, China)
(2. Qinhuangdao Marine Environmental Monitoring Central Station, SOA, Qinhuangdao, Hebei 066002, China)

Abstract: [Objective] To analyze the influence of precipitation on the total bacteria and microbial
community composition in coastal waters. [Methods] Water samples were collected from three stations
in Qinhuang Dao west beach before and after rainfalls in August 2014. Total and culturable bacterial
species were enumerated using fluorescence microscope and plate counting methods, respectively.
Culturable bacterial species were identified using molecular approach and the microbial community
structure was analyzed. [Results] Total and culturable bacterial species were 5.6x10° CFU/L and
8.3x10" CFU/L before rainfall, 9.2x10° CFU/L and 2.1x10° CFU/L after rainfalls. Among the
culturable bacteria, Proteobacteria is the mostly dominant bacterial phylum (80% before rainfall, 73%
after rainfall), followed by Bacteroides (12% before rainfall, 13% after rainfall) and Firmicute (7%
before rainfall, 11% afer rainfall). Enterobacter spp. (21 strains), Marinobacter spp. (13 strains),
Arcobacter spp. (13 strains), Pseudomonas spp. (10 strains), Bacillus spp. (10 strains) and Vibrio spp.
(6 strains) were dominant species before rainfall. Enterobacter spp. (22 strains), Marinobacter spp.
(21 strains), Bacillus spp. (14 strains), Acinetobacter spp. (11 strains), Pseudomonas spp. (9 strains)
and Arcobacter spp. (5 strains) were dominant species after rainfall. [Conclusion] Precipitation has
significant impact on total number of bacteria. Clearly, precipitation significantly shaped the bacterial
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community structure in the coastal waters.

Keywords: Beach, Rainfall, Total number of bacteria, Microbial community structure
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(A A 00 o s — MR E K B T, SG T4
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G4 R 3R B[] T 38 %) K /K ko Bl 2 0 R R 1) 0 A1
R AR 22 7

HRT, K70 i T 0 R T A LAY
TEA s KB UBIREEE . PARAT S L R
PCR V£ V) SORAFA DGR I 2l A5, R RS
AR BEE R TR A, HAfe s
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KB G Y RETE S B2 5%, KD BR e A BT A
[, 2% K % W #F (Fecal coliforms) 1 I Bk
(Enterococcus) R IR KA T xE 091K I 1748
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OGRS e S (S SR e D RS i A

(Proteobacteria){ H 7K J5 41 Ir N (R A7 80%,
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(Firmicutes) 194X H /K 545 FIr 386 i (FUFF 2 71 R R
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1 #EtS Xk
1.1 EERFIFOMEE
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RIRAEMBHE A ARA R A2zatn e 1 [ 2y
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BHEARAW]

MR IE EPOL R MEE, JeH Nikon ECLIPSE
Ni; S1000 Thermal Cycler PCR i¥, Bio-Rad.
1.2 #HmERE

2014 4F- 8 43 WA A RR 5 43 0 FH G B BRI R
LR ELVIEY 3 DA F X KRR DL R KFE
1 L, 5Mldn4ah S, 82, S3, A&l Z Al AHiE
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HHEABERIG 1 h o AN a5 55 BOBT i A [
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BBRE 3 AT, A THSR (gL, FNE 3, &
H % 5, KC10.7, CaCly,6H,0 1.5, MgS0,-7H,0 5.4,
MgCly6H,0 10.8, NaCl 30)°FAH, 28 °C #Leds 7
1-2 d, XAR LTI, R, 783 4F
17 SR b BRSO R AR RO BB 1 1 K
TRV BB BRTE AT 03T A= )22 2 5E © 16S IRNA
WY By R M E M I YW 27F
(5-AGAGTTTGATCCTGGCTCAG-3") Hl  1492R
(5-GGTTACCTTGTTACGACTT-3")*! _PCR #"14*]
JEE, 2555 A NCBI B A T

KHI R (gplots) (v 2.14.2, http://www.r-project.org/)
B % pr A oh Bk 4T £ # P (Shannon-Wiener
index, Simpson’s diversity index and Evenness index)
Giit.
2 GREAH
21 MESHFKITE

FIRT, ARG AT HRRES; WE, HHsah
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ek i AN I3 (S 200 RSBSOS, R 3 o (S 2
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S, oS3, AIREFRANE MK 8.6%107 CFU/L.
ek TR 5 3l 7 240 TR1 S 50 AT 5 5 A D 034 A T I
g, o S1 Sh I AE BEIG NGy 2 £, A
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Table 1 Statistics of the number of total bacteria in different stations (before rainfall and after rainfall)

Before rainfall (CFU/L) After rainfall (CFU/L)
FE S o o s
L 2 BB . AT HE 7 R AL L A A B L AT HE IR A AL
Sample SFATRE = PATRE " PATRE L PATRE "
. SEHE . FIH . SFIH . SEHE
Duplicate Duplicate Duplicate Duplicate
sample Total sample Culturable sample Total sample Culturable
bacteria bacteria bacteria bacteria
S1 4.8x10° 5.0x10° 8.1x107 8.5%10’ 9.5%10° 9.7x10° 4.6x10° 3.9x10°
5.3x10° 8.6x107 9.4x10° 3.7x10°
4.9x10° 8.8x107 10.2x10° 3.4x10°
S2 7.8x10° 7.7%10° 7.9x10’ 7.8x10’ 9.7x10° 8.5x10° 1.3x10° 1.5x10°
7.5x10° 7.8x107 8.0x10’ 1.7x10°
7.8x10° 7.7x10’ 7.8x10° 1.5x10°
S3 4.8x10° 4.1x10° 8.5%107 8.6x10’ 9.7x10° 9.4x10° 9.2x107 9.6x107
3.9x10° 8.9x107 9.1x10° 9.3x107
3.6x10° 8.4x107 9.4x10° 10.3x10’
Average 5.6x10° 8.3x107 9.2x10° 2.1x10°
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Figure 1 Change in bacterial community structure before
and after rainfalls
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Table 2 Sequencing of 200 clones statistics
FEdh 2B Fif 1] Ey N Kok

Sample name Time Name Quantity

S1 TG Bacillus 10
Enterobacter 8
Marinobacter

Arthrobacter
Alphaproteobacteria
Betaproeobacteria
55 Enterobacter
Pseudomonas
Bacillus
Flavobacteria
Spirochaetes
Vibrio
Gammaproteobacteria

— NN Q9O WW b W

—_
)

Arcobacter
Marinobacter
Enterobacter

s2 Tl

Synergistia
Opitutae
Clostridia

55 Enterobacter
Marinobacter
Bacillus

Gemmatimonadetes
Opitutae
Synechococcophycideae
Chloroplaet

Pseudomonas
Enterobacter

Vibrio

Fusobacteria
Epsilonproteobacteria
Oscillatoriophycideae

wWE Marinobacter
Acinetobacter
Arcobacter

S3 TRHT

Erysipelotrichi
Sphingobacteria
Deltaproteobacteria
Opitutae

— =N WD D DWE QNS — =N 0D DWW Lo

MUE R BOR RIS . 2L H o2 o240
PR TR EREAE ISR, ) oA T AT X
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2L 53T, WFIEIE I 2 450 e 25 0 5 i P v
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PG LA Xof T 75 b I 1 2 0 i 5 el A A 5 oh
RIN: At AR A AR AR R P R e, 7K AR
RN A AT, Simpson 5% Mclntosh F5 40 %
FEAIK(P<0.05), 7K AAFIEC U S0 AE e v X s 7y )
FHRAREIR S, KR S TR I8 ks AR (L BH i,
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Table 3 Sequencing and diversity statistics associated with bacterial 16S rRNA gene libraries obtained fromsamples

T N H‘ ‘H o o . .
Fhan 5 ],Ll 3 Shannon-Wiener Simpson’s diversity Evenness
Sample name Time
TRIAT 1.24 0.52 0.49
S1
GilE 4.12 0.66 0.66
TR 2.21 0.77 0.64
S2
MJE 4.06 0.83 0.79
T 2.82 0.71 0.56
S3
MW 3.42 0.79 0.69

et T 2510 X0 37 200 T S D 20 TR R 7 45 ) FO) 52
W JE XS X 7 A S B — AN EAN IS,  XKis
DA DRI (R S5

4 g

(1) WJEAE RSB, IR AU
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() B FEEMBEY RN BILE ., JERE
W TAATIRT ] ZHEATHE . T iE . AT
J& . SIETEE . R TR e A TR SR A T L
J&, G AR S LR e TR E |« R
wE. MEE. SIREE. AT EE . BTE
J& %

(3) T 16S rRNA FEHE M AW T i
TEE A I, 2 B Sl 5005 T AR SR B R X A
%, EARFET IR EA, AT REL qPCR F AT
HAS AT e uE i
& % 3 Wk
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