ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCE




W % B 3 §38 % A4

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2017 4E 4 H 15 H

H &
PR S T IRICFRAIFGT  vvvvvvvmmemrereeeeeemremmmmnnieen W ek BOK BkE KE, BAR, A EE(1279)
22 FREL T PM, BRAL NSRS AAFAE SEAIHT  wovveveereermmssessnsei I, 40 FH BMEF,ZR(1289)
T R =7 KRR PR B P JCAILES TR B ORI AR I AGRAE oo evveemeeeeeeeen EHOATH,BRE, WY, TIRE(1298)
2015 AFJL IR X KA, PM“rﬁ NH; . NO; . SO?{ T AR TG LRI <+ e eereeen e
.................................................................. TOw, B, KR, ok, KR B RE e, ¥ R(1307)
JERCT R B Re ) TR R 75 YA AE S R FR I, «ooeveemeeeeeeees FWLER ER,E A, RE, L, FA(1317)
AR i DR AR ] B IR G B RIHEAFAE - oooeeeeeeeeeeeeeeee VAR, G2, BEE K7, EER(1327)
S SN S R O AT T IE AL A HE R AE AT - oeeeveeeeeeeeeens FRIE, R, KE,BRE HHEF (1340)
IR BART B R AR AT HEACBR IR BENE BRI oo voeveeemeeeeneeeeene ZHUE GhF I, TR, £ RN, # KA (1348)
FKAET PRI BOK BORBLIIHT  ooeeeeeeeeeeeeeenees APl B, DR RS, T, %, 28R, F4&, R4 (1357)
SR RN B AT AR A RS AR ++evevvvenneremmmmee ettt W R E, AT (1366)
LT i e/ > SRR B K STONE LR TSI < eveeemeenmeeenees Fk, KIKEERR, A&, &6, 7D F 8T (1376)
LA L G SRR SR MG woeeereeermemeenenieens A, RME,FF F, KA, X, FIET(1384)
T B WA S 5 TP AR ) T ) 0 JR AR B LR M IA 3R oo WG, e E R, KES R, X ER, ) (1393)
o 3 I 3 B AT S T ] LA T S O B T G AL oo EH, TP, KT, ME T, F BN, R (1403)
SRS P X R IR T R AU BSII]  «evvevvrmmmmeeee e e e oo WX Bk WA, AW (1414)
VUK PR R A AR RS AL I BIIAL,  <oeeeeerreemmmmmmmmmmnnerre e eeneieiiiiiiins ABF EEE EFW,2 8, Z4EE(1423)
1 R V2T P 7K R TR FP A LU 2 TR BEERAIE v vevveveeseeeneesseseesse ettt
........................................................................ TR, E R A B HE NG, T, KR A4 (1431)
I T T R SRR ) 4 B TS YA L R BT <+ evvvvmeeeremmmn e e ettt ettt
........................................................................................................................... ﬂﬁ_,ﬁﬁ,%g( 1442)
SN PH I IE R R A PR e RI,ER AP E,ZXE P, WEE, KEMK, RETE(1451)
SR B AR YT KR B 390 JIET5 ) (SR ) T P SR ot I BRF 2[5 v v eeemmmmmeeer e e
............................................................ #%iﬁﬁ%,im,%5%%‘&,?%?,%%)%,%%7)“,%‘E,f?”ﬁ’%,?i g( 1460)
UV/SPS BRI K T = GUEIARE B JJ2 «ooeveveeesensenenne FHM, FEH TR, BT, FEHRE T, 57 (1467)
HZS AN TR IR LR T PR PFOS SEMAI R ZE <o v eeeererrree e %%ﬁﬁ,i%ﬁ?,%i%( 1477)
g-C, N, BMFDEHEACE IR Cr( VD) BAEALBEHEAR IR - oeveeesenseiseneeineenns A, REH, LAk H 3, %0 (1483)
BT W B TR BURIF ST «eeevrenrerrmmmmmmeeemmmiin ettt et Y, T, REH, ZEE (1490)
3 R RIS R 7 B B ISHE S P BIBRACR R L ovveeeeeeveeneene Hw AR IR IR, AR, B, PR 2T (1497)
IR A T 5 K AL TE T 2 R BN TR -vvvvvrereeeeeeereemmm e AT, D, TuE B, R (1506)
SRT Xt i H):-SBR AN I G R TKFE B PRI BEI weevvrreerrnemen e B SUM BRAR AR, AR A, R 3 (1513)
ABRUSEL neocron black (NB) FAE IR - veeeeeemmmeee e B, T Rk M, 207 B, D A& (1520)
£ B R BRI L DR TR V5 K AL B TR IR <o eeeeeemmmmmm e W, B E AR, AR (1529)
FEYIERIRE RS AL RGO B AL CANON T2 AR coveeeeeeseminneeiene RN, AREE, HEZE, T2 (1536)
PR AL B8 UMERE B MRV SO REPEAMHIT +vvoveveveeoseeecc U, I, R, W, EE L (1544)
P PR 15 S PP U W 5 BB AR IAI oovoeeeeeseeen FEH, RUF A8 X, FE(1551)
TR Fe (1) B JFHES CH, TR ZBREFME oo F oo T B X% E (1558)
o AR R Z R EETF ST SR N A T 73 T IR T B V5 U TL I IRUAIT v vvrrenreerrmmmmmeermmnni e
............................................................................................. jﬂ\}%%’—?%g,ﬁﬂ%{{’%%% ,E@%a}]( 1566 )
& B SR A UL P A R P BRI RS IR SR A RS e B8, E R, B, REM(1576)
IR AR T SR IR 7 SR TG QR IE BRI -oeeeeeeeeeeees BR B N U E KB REE REME, DR (1587)
VLD U - R AT LB 2500 S P IE SO PR 2 oo Iaf, KUE, BEL, BNE, X, B, %% (1597)
FET AR A R B4 TH A B0 22 2 AR AE L A TR ZEARHT - eveevemmneeemmmmm ettt ettt
............................................................... gj’g;ﬁu’ﬁﬂg,iﬁg gﬂ,iélgﬂ’Ex%’éfgf’g%ﬁ,%é7k( 1606)
REFTA XA RUE - A LB R (O B e B, T RUK IR, T 08, WA, B Rk, 2 A K (1613)
He Rt AT A . IR A FH Ml 5 52 B 3R I A GRS IRG [ AN -+ v e e e e e e ettt
........................................................................ %FEIEE],éﬂ%f,ﬁﬁﬁ%,%@,FEEQ,ET’@E@,%%%,XU%]( 1622)
WEAK KRG L HE N, O BESIBLHLEL  woovveeemeemesmseeee TR YR, AR AL XE(1633)
ARG KA BT AR BRI %SRBI oo BEAE, HHI, X A, #4(1640)
B PE AR ] T RN - TR AR IR -+ oo BRI, BRE KA, R, A K E(1647)
K[ﬁ]%ykﬂijigw*(ﬁaxqiig pH. CEC Kz Cd JE AL +veverenenenenenetet e
------------ R R DL, REE, T TP RAW,BHF, KER, FER, B0, KA L, BEE, TIER, AIEME(1654)
RIFESIAT SNBSS | F508 1 2 52 BEEHUR - verevereeeseessesssnnsn s YF FU RET, TS, HB(1667)
TB S KRB A R I B ZRIRAE T -+ eeeeeeermmmmmmmmmmmn e e e e e e e e KA H, e, BRI, EAK, EA(1675)
R IR S S 25 ) AR - TR 25 ) 500 SR DPARY oo SWE, G, TR, TR, T TR, KFE X, TH(1683)
SR D A ORI 0 PR BTSRRI overeeesenseessesss s WL, FEE, KK, EAS, EEF(1689)
T i B T ) AR B AR I +- v YIS, 5, TR, RN, (1697)
168 (RNARGE R BT SO 8K P BRI BEE S5 M B R - 7 K E % e g, B 7, B, 30 6, 5 1 (1704)
BB BRI B WU IHORHIAPERE -+ oveoveeoeesseessnes s B H A, BRI AN, THETIT)
2 Y5 UL 3 M T T XU TR T A LA 2 - evereeemmmmmmmmmmme s e s e e e e e e ettt e AW (1726)

(HATERAVER RN (1505)  (FRERFAMVIEITH S (1682)  {HE(1339, 1459, 1612)



o5 38 5 4 1 7 1% 3 2 Vol. 38,No. 4
2017 4F- 4 f1 ENVIRONMENTAL SCIENCE Apr. 2017

=R Wb b= 2SR INER PO pER 4 Nk S np-A )

WO oK EE ARYELR - RE A2

(L. TPRFGEEEBE, T 3152115 2. WL S U R A I R A% oG, 77 315211)

FEEE . VTS e )R H ™ o, DR R 5 TP 75 G X PR AR I A TR R ). B 0 1 S ke B A 7 A 14 i S ) 3, T
VRS A AHE R B, It AR SCRAE = T TS AR f 1 L AR9P IX AL 21 A3k 85 19 222 18K, AL A Tllumina 452 R 0 7 248
BA16S tRNAFEA , XF FL A9 A HLI5 Ye Xty iie 4 R EVR OS2 . =T VS B LG YL (A) S 4.57 2. 41, B3 (P <0.001) & T4
INPRFFIX 0.43 +0.74. =TT A AL ORI IR WE A T 2 AR ME AR 45 i 22 57 b 38, b =TT K B il R T 1)
( Actinobacteria) . a-ZEH B 4M ( a-Proteobacteria) . B-ZE B #H ( B-Proteobacteria) . SAR406 BYAH X =F B B & & T AR 4 X, 1
FUFFEE 1] ( Bacteroidetes ) . W5 240 ] ( Cyanobacteria) | %% 1 [ ] ( Planctomycetes ) FARXT 3 BEAR T L AR X, ZJT A 4
#r (multivariate regression tree, MRT) & B 7% 7 20 6 £ FE % 552 pH., A HLIS YL A48 K a(Chl-a) B2 W, 20 5346 T
27.7% . 15.6% F1 6. 1% W ZHEPEAE R, TUAY T (redundancy analysis) 45 5 2 B SRS A0 B REVS AR R IRBE I A AL 4L L pH
FEREE (salinity) , EERE T 14. 8% MR ISR 5. [RIA, 25 [R] P 25 15 20 DA 7 L0 35 AH G, IR T 4. 429% Y78 55, 3R W07 e 20
RIS AT AR BEHLEY . A, A58 01 2L ] 5 A HLT5 YR B0 8 A DG i 23 AR, &R F B2 2816 5 B M A4
BIREFHEAHYI G, B AT LAVE e A HLTS G de /n FoRE. AR 5206 45 SR 3R Wi g A WL T G S 38 b 30728 77 1% U0 400 TR0 R o 45
FA) R )R T D5 T B O 5 W A 9 2 8 R s R R ] T DA A WL TS e R

KRR T HLTS G s PRI AR TR RV  TUAY AT 38 75 AR R B Bl PR

FESES. X55; X826 XHEFRIRAD. A XELHS. 0250-3301(2017)04-1414-09 DOI; 10. 13227/]. hjkx. 201610003

Effects of Coastal Organic Pollution on Bacterioplankton Community in Sanmen
Bay

DAI Wen-fang' >, GUO Yong-hao', YU Wei-na'*>, XIONG Jin-bo'*"

(1. School of Marine Sciences, Ningbo University, Ningbo 315211, China; 2. Collaborative Innovation Center for Zhejiang Marine
High-Efficiency and Healthy Aquaculture, Ningbo 315211, China)

Abstract: Coastal organic pollution has become a serious problem, thus it is imperative to assess the potential effects on the marine
environment. The microbes are generally the first responders to environmental perturbation, which may serve as biological indicators for
pollution levels. In this study, we collected surface seawater samples from Sanmen Bay and adjacent Yushan Reserve. Using an
Illumina sequencing based analysis of bacterial 16S rRNA gene, we explored the effect of organic pollution on the bacterioplankton
community compositions (BCCs). The results showed that the organic pollution (A) was 4.57 +2.41 at Sanmen Bay, which was
significantly higher (P <0.001) than that in Yushan Reserve (0.43 +0.74). The bacterial diversity and community compositions
differed significantly between the two locations. Specifically, the relative abundance of Actinobacteria, a-Proteobacteria, B-
Proteobacteria, SAR406 in Sanmen Bay was significantly higher than that in Yushan Reserve, while Bacteroidetes, Cyanobacteria,
Planctomycetes exhibited an opposite change pattern. A multivariate regression tree analysis showed that the bacterial diversity was
primarily affected by water pH, organic pollution and chlorophyll a levels, which respectively explained 27.7% , 15.6% and 6. 7%
variance in bacterial diversity. A redundancy analysis (RDA) revealed that the bacterioplankton community was significantly controlled
by pH, salinity and organic pollution, which cumulatively explained 14. 8% of the variation in BCCs. In addition, the geographic
distance was significantly (P < 0.001) correlated with BCCs, accounting for 4.42% variance, which suggested that the spatial
distribution of bacterioplankton community was non-random. Moreover, this study screened 23 sensitive bacterial families, whose
relative abundances were significantly associated the organic pollution. For a given bacterial family, the change pattern of relative
abundance was consistent with its known function, thus holding the potential for indicating organic pollution levels. To conclude, this
study showed that the increasing coastal organic pollution had altered BCCs, and enriched the relative abundances of potential
pathogens. Furthermore, the sensitive bio-indicators were screened for evaluating the increasing organic pollution level.
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Table 1

The T test analysis of the difference of environmental

parameters in Sanmen Bay and Yushan Reserve

HLARbR =1 LR X P

R/ %o 33.06+0.39  33.65£0.07  0.002
pH 8.030.04  8.33£0.02 <0.001
AR/ mg- L 6.00 0.3 9.60£0.35 <0.001
R L /mg-1.7! 0.03 +0.01 0.01 £0.01  <0. 001
b2 AR/ mg- L 0.92£0.15  0.96+0.26  0.675
BRIk mg- 1! 83.07 +8.40 41.86+11.13  <0.001
T/ mg 17! 0.56£0.44  0.12+0.10  0.003
BB A/ mg- 1! 0.03 +0.01 0.03 +0.01 0.715
WAHRER/mg- L~ 0.02 £0.003 0.003 +0.002 <0. 001
42 a/pg-L7! 6.42+2.16  6.84+4.38  0.776
TEHLAE/ mg-1.7! 0.61 +0.44  0.15+0.10  0.002
HHLIE G 4.57 £2.41 0.43+0.74  <0.001

1) R P RORAIE 0 Y H + An i 22 5 PRAAR 7 O 4L 18D 22 57 1238 (P <
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Fig. 3 Multiple regression tree analysis for identification of factors shaping the bacterioplankton diversity
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Table 2 Diversity indices of bacterial community

S Shannon-Wiener 35 %{ Phylogenetic 5 %%
= 6.37 0. 34 154. 46 £17.47
R4 X 5.67 £0.31 102.96 £9. 32
P <0. 001 <0. 001

T Ui 200 TR AR 7% 2 RN S5 4 43 B
IR PR X R BN PR A T ]
( Actinobacteria) . ¥ ] ( Bacteroidetes ) . 1 40
I"J( Cyanobacteria) , 7% % A | ] ( Planctomycetes ) | a-
B W W ( a-Proteobacteria ) . y-ZE T 4 ( y-
Proteobacteria) , X W =[]V i - E1 AH X 3= B 43 51 A
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T BB T B 93. 6% 5 %I £ L4 X 1 °F-
PIARRTERE R 2.9% . 52.7% . 9.5% . 9.7% .
18.5% . 6. 4% , &t i BB ¥ 50501 99. 7% ([
4). JRAE FEMLASE AL, HIX 2 A ]/
(ARG = B 7E A DX 22 5 3, 0 = IV v
WP <0.001, K550, TR aBIER AN (P <
0.001) . B-ZAEJE TR 40 (P < 0.001) ., SAR406 (P <
0. 001 ) FAFXS 3 B {2 25 T Ll DR 4 X5 T 40U B8
IT(P<0.001), B4 ](P =0.088), WF&EWI]
(P <0.001 ) BYAHRT = FEEAR T 1L PR X

®3 FHFAESHESHERTFENHEXESHF
Table 3 Pearson correlation between bacterioplankton

diversity and environmental factors

Shannon-Wiener 154 Phylogenetic 8%%

r P r P
e -0.825 <0.001 -0.857 <0.001
pH -0.720 <0.001 -0. 886 <0.001
ey L= -0.731 <0.001 -0. 900 <0. 001
A2 T A -0.0197 0.932 0.0182 0.937
FESE Ub A 0. 740 <0.001 0. 791 <0.001
HiRER 0.428 0.053 0. 499 0.021
WA 0. 643 0.0016 0.834 <0. 001
BASA -0. 194 0.399 -0.199 0. 387
P AH AR 0.754 <0.001 0. 864 <0.001
M2 a -0.232 0.311 -0.207 0.367
ToHLA 0. 440 0. 046 0.512 0.017
HHLIE G 0. 580 0. 006 0.708 <0. 001

D #RP r AEZHE(EIEFEREHEEMRE R ZREE) 554
] AR D R B BBAR T RN B A OE (P < 0. 05, Pearson A5Gk
5H7)
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//// =3 ¥-Proteobacteria
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Fig. 4 Relative abundance of the dominant bacteria in Sanmen

Bay samples and Yushan Reserve samples at phylum level
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)!-Pmleclhac1emi;Ooeanos%lla]es;Ooennuspml]acene -0.526  0.014
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d-Proteobacteria;Syntrophobacterales;Syntrophobacteraceae 0.540  0.011
Actinobacteria; Acidimicrobiia; Acidimicrobiales;koll 13 0.653  0.011
Proteobacteria; Unclassified 0.826 <0.001
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Fig. 6 Indicator bacterial families associated with organic pollution (A) in Sanmen Bay and Yushan Reserve
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