5535 B4 24 W) S &~ £ Eild Vol.35,No.24
2015 4 12 H ACTA ECOLOGICA SINICA Dec.,2015

DOI: 10.5846/stxb201406171263

WIH R RESUE BRRIT EHL, MR AR ACT R EAR, SRAE R G L B A FR 78 DX 5 A FRAH DX 1 A TR A 7 20 A1 AR 2524, 2015,35(24)
Hu C J, Xiong ] B, Chen H P, Wang K, Ye R, Cui Y P, Zhu J L, Zhang D M.Distribution of bacterioplankton communities in cage culture and non-
cultured areas of Xiangshan Bay, Ningbo, China.Acta Ecologica Sinica,2015,35(24) . -

FILEMNBEFEXSFFEXNAFTEET

M E RN BT R et R ERTP, REMNK KERDT
1 TR =B, T 315211

2 TR TR SR, T 315211

3 T UWIHFERAREE WM a7 315012

FEE A LRI & SRR BTk T 5 Yo ) BRI — o U A0 R R T 08 2 25 R G 1 ) TR B e e v 4 A
FH AR5 1 77 U0 40 BT X SR AT B (e 17, 6 48 7% PPN T K R0 A 78 R G RR AT R X, FRATTREE T 1Lk M4
FRIH X HAEFRIEIX AR G R)Z (0.5 m) (H1)Z(2.5 m) JEJZ (8.0 m) YZKFE R HTEEBERR I 7 H AR E 16S rRNA KL,
W TR AN DA AR 25 A RN 2 et . 25 SRR . IR IR A 2h AN (U A5 JRHE DXIBOK AR B A 1 5 & A 28, b T R R
F i TARSRA X, ) H R (P < 0.05) BUE T IR A0 B A RE PR 45k (AN IR VR BE TR P 25 A R 2 PR 22 S R ik 3. AR
FRE AN AR I7 58 X rp 3 2098 Ui 20 1R 28 B8 o8 JB 1A ( Alphaproteobacteria ) | y-22 JE B ( Gammaproteobacteria ) | 8L #T i
(Bacteroidetes ) it £& B ( Actinobacteria ) . B-% J& I ( Betaproteobacteria ) | e-%% J& B ( Epsilonproteobacteria ) F1 H: & 48 £ T
(Unclassified Proteobacteria) , ' 4N FH AL TSI ELY 98.64% , A7 L6 A1 B S A 14 - 2 A0 % = B DA 6 X 3 A 3738 X 25 53 4 3, Gl
FFE (P < 0.01) FRZTE (P < 0.05) 53 5145 b 25 K A1 A Sl 25 R AT, 17 y-"BTE T (P < 0.05) & m, ARMBLUEE 73 A 3R W] -5 T8
PRI o= I TRRIMDURT: PR et S0 P DX AT SR 98 DRV 25 5 1) S S RV 25 53 M BT RAA B 45.02% , IR TTAR 3BT il 5%
W) 240 TR 4 40 1Y) B B ERBE IN A Al o b B R R B AR RN B A LRR , I AR 38.18% AR IS AR 7, 4% I I 2 Bl R B 10,
66% REIEAE R, AT EERF W, SR 3 R BRI A RIS 9 AE , FEr U IR IR T RN y-AR T A = B W AR, T
e TR 7258 K PR 17K BRI

SRR TR AN TR 5 TRV AL ; VR R0 PRBE I

Distribution of bacterioplankton communities in cage culture and non-cultured

areas of Xiangshan Bay, Ningbo, China
HU Changju', XIONG Jinbo', CHEN Heping'”, WANG Kai', YE Ran’, CUI Yongping’, ZHU Jianlin®,
ZHANG Demin'" "

1 School of Marine Science, Ningbo University, Ningbo 315211, China
2 Faculty of Architectural, Civil Engineering and Environment, Ningbo University, Ningbo 315211, China
3 Marine Environmental Monitoring Center of Ningbo, SOA, Ningbo 315012, China

Abstract ; Intensive aquaculture has been a major source of coastal pollution. Microorganisms play a critical role in primary
production and biogeochemical processes such as substance cycling and energy transformation in coastal ecosystems.
Bacterioplankton are considered to be a dominant group because of their many contributions to ecosystem functional
processes. Studying the influences of aquaculture activities on bacterial diversity in water is significant for assessing the

structure and function of mariculture ecosystems. Xiangshan Bay, an important mariculture base located in Ningbo, China,
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is subject to a large influx of organic matter from the rapid development of aquaculture. Thus, understanding the responsive
pattern of the bacterioplankton community to aquaculture sheds light on indicating and evaluating the health status of the
mariculture ecosystem. In this study, water samples were collected separately from three depths: the surface, middle, and
bottom levels of the water column ( corresponding to 0.5, 2.5, and 8.0 m below the water surface, respectively) , from a
cage culture area and a non-cultured area in Xiangshan Bay, on April 10, 2012. Using the 16S rRNA gene amplicon
pyrosequencing technique, we evaluated the effects of aquaculture activities on variations within bacterioplankton
communities. The results showed that cage aquaculture dramatically changed the geochemical variables of water. For
example, there was a substantial increase of chemical oxygen demand in the culture area. In addition, cage aquaculture
significantly (P < 0.05) altered the bacterioplankton community structure, although the alpha diversity was not affected.
The bacterioplankion communities were very similar across the three water depths, dominated by Alphaproteobacteria,
Gammaproteobacteria, Bacteroidetes, Actinobacteria, Betaproteobacteria, Epsilonproteobacteria, and unclassified
Proteobacteria, accounting for 98.64% of the total bacteria. The relative abundances of some dominant phyla were
considerably different between the two investigated areas. For example, the relative abundances of Bacteroidetes and
Actinobacteria were significantly lower in the non-cultured area than in the cage culture area, while that of
Gammaproteobacteria was significantly higher in the non-cultured area. Similarity percentage ( SIMPER) analysis further
indicated that the presence of Gammaproteobacteria, Alphaproteobacteria, and Bacteroidetes taxa controlled the differences
in bacterial communities between the two areas, which contributed to 45.02% of the overall dissimilarity. Redundancy
analysis ( RDA) showed that the bacterioplankton community variation significantly correlated with chemical oxygen
demand, phosphate, ammonium, and total organic carbon. Partial redundancy analysis (pRDA) was conducted in order to
quantify the effect of the geographic distance between the two investigated areas on the differences between the bacteria
communities. The results showed that the above-mentioned environmental factors in total contributed 38.18% of the bacteria
community variation, while the geographic distance contributed only 10.66% , indicating that the influence of environmental
factors on bacterial communities was much greater than that of the geographic distance. Overall, this study demonstrated that
coastal aquaculture could cause eutrophication of rearing water, which, in turn, drove the variation of the bacterioplankton
community, and remarkably altered the relative abundances of Bacteroidetes, Actinobacteria, and Gammaproteobacteria.
The sensitivity of these bacteria to the concentration changes of pollutants, represented by nitrogen and phosphorus,
indicates their potential usage in assessing the quality of aquaculture water and the health and stability of an aquaculture

ecosystem.
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Fig. 1 Map of cage culture area (Y) and non-cultured area (N) in Xiangshan Bay showing the location of sampling sites
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Table 1 The main physical and chemical properties of the water samples in cage culture and non-cultured areas

Kk T B MBE WRERREE B T Eh BE BANER 4K

g‘i z Temperature/  COD/ PO}/ TP/ NO,_/ NHj/ NO,_/ TN/ TOC/ Chl a/
’ (°0) (mg/L) (mg/L) (mg’L)  (mg/L) (mg/L) (mg/L) (mg/l) (mg/L)  (pg/l)
FRIHIX ) YS 14.59 1.14 0.056 0.113 0.006 0.026 0.72 1.20 1.56 2.3
FRFX ) YM 14.53 1.09 0.047 0.116 0.005 0.024 0.64 1.14 1.60 2.5
FA X KR YB 14.48 1.02 0.047 0.171 0.004 0.020 0.64 0.84 1.93 0.8
EFRAIX )2 NS 15.52 0.87 0.043 0.064 0.004 0.023 0.69 0.74 1.84 2.7
FEFRA X E NM 14.46 0.81 0.042 0.084 0.004 0.020 0.67 1.12 1.96 2.7
JEFEA X ISR NB 14.39 0.77 0.042 0.162 0.003 0.022 0.73 1.64 2.44 1.8

COD ; Chemical oxygen demand; TP ;Total phosphorus;TN:Total Nitrogen; TOC ; Total organic carbon;Chl a:Chlorophyll a;Y :cage culture area, %%
[X ;N :non-cultured area, JEFEFH X ; S surface , /2 ; M ; middle , )2 ; B : bottom , JIEJZ
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Table 2 Analysis of bacterial alpha diversity of water samples collected from cage culture and non-cultured areas

F#4H Culture 7K % Depth ZHEMEE S Shannon Wiener YI5TEEFE 8 Pilou’s Evenness
o 7758 X A 4.104 = 0.085 b 0.652 = 0.008 b
Cage culture area T2 4.808 + 0.395 a 0.735 + 0.027 a
193 4.748 = 0.388 ab 0.708 = 0.043 ab
AEFRFEIX *E 4.602 + 0.115 ab 0.704 = 0.015 ab
Non-cultured area L) 4.586 + 0.067 ab 0.698 + 0.016 ab
) 4.338 + 0.349 ab 0.664 = 0.043 b
F#5H Culture F 0.078 0.329
P 0.790 0.587
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Fig. 3 Two-dimensional NMDS of bacteriolplankton community
compositions ( The arrows representing changes from surface to
bottom )

NMDS: Non-metric multidimensional scaling
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Table 3 Taxonomic identities of the 11 OTUs serving as indicator taxa between cage culture and non-cultured areas by SIMPER analysis

PAESYRIATT OTUs 432K Taxa BTk Contribution %
OTU 2597 Alphaproteobacteria; Rhodobacterales; Rhodobacteraceae; Phaeobacter 8.21
OTU 1392 Alphaproteobacteria; Rhodobacterales; Rhodobacteraceae 6.41
OTU 3757 Alphaproteobacteria; Rhodobacterales; Rhodobacteraceae 3.88
OTU 4032 Alphaproteobacteria; Rhodobacterales; Rhodobacteraceae 1.16
OTU 4384 Alphaproteobacteria; Sphingomonadales 2.36
OTU 4336 Bacteroidetes; Flavobacteriia; Flavobacteriales; Flavobacteriaceae; Sediminicola 2.11
OTU 3560 Gammaproteobacteria; Alteromonadales; Pseudoalteromonadaceae; Pseudoalteromonas 3.21
OTU 927 Gammaproteobacteria; Alteromonadales; Alteromonadaceae; Glaciecola 1.88
OTU 1873 Gammaproteobacteria; Oceanospirillales; Oceanospirillaceae; Marinomonas 3.09
OTU 2203 Gammaproteobacteria; Oceanospirillales; Oceanospirillaceae; Marinomonas 11.12
OTU 2233 Gammaproteobacteria; Vibrionales; Vibrionaceae 1.59

SIMPER: Similarity Percentage; OTUs: Operational Taxonomic Units

2.4 PRI R SN TR R

TV 20 TR RR 2 235 ) P8 8 e 386 B 43T ( Detrended correspondence analysis, DCA ) 255 75, DCA HEF AT 4
AR KA/ N T 3,38 A TUART ) SRR P A TR AL BE | 5255 R (Mantel test, permu = 999)
T ELBRIEZIK P F (Inflation Factor) KT 20 AUFRSERF 77 Se &Pk i 5 B 75 720 55 A G 1 4 DS IRBE R 7
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XA —E R, S8R X A AN 2R ARSI R, A X REIE 5558 X ) 2 R
T2 X2 5T BEAE PN AR F5 08 X 7 15 Yo Pt IR, X VR U AN B 2 AR P R i /0N, b nl BB 2 LA
WFFEAS e A I 25 A P Rh ik 1 .

I RN O , o BT oy TR TR SUAT B A K EZE UL B, Kirchman 11 & S48 TE
PR FDURT: B 2 2 A 1 S TR A R I P A R K 2™ R AT S 1L 2R 250 5 v, R S R 0 O vk &
BB 2 it 5 B ARML S SEE AT R A X B IR A X, 40U B 1 DRI B 1] A R X = B k2
BEEARR, T -2 T8 TR 9 A R X 2 B3, ] B P DX Bl iR 4 | BBV R S T s, AP R B R TR 1Y
AR = it 7K A B B M S S R, FOURT BT 11 B0 R %o = B TR A T B T v T B ) FRATTX AR
TR P U E IR VR 25 S AR I B NP 75 b A0S Ak AR BV v -8 T RN S8 TF I A
FE A BEAL, ST5 YR B B AOC REEHE R IR 2 G e R B Y R, SOUFT IR T R AT TR -2
TE B 2R ) = B X6 7K B AR AL SRR, T BB 146 78 AN PEAN 1 K SR 15 Y ) A 283000
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3.2 RPN E R S A A

CABFIE R, FRAH 5 2h RE S MO VR e AN PR VR 4540 AT 45 SRl R B AR (X 5 AR R X A B 22
S+, Salvator 5575 RS FRIEIE 1 1) 1 A5 A K B - XA IR BT Sl AR T B P S AR B (R
PIFESD 50 m XIEZFRIETE Ssg B/ . ARWEGE v A8 S B DXl (o AN 7 591X i S P L B A0, s () 2 0
TEVE A S B2 (10.66% DTHREE ) /N T A BE R 7 (38.18% BTk ) o i A iie v 48 S 1) 2 22 I R ] BB JR FR FE X
FNAEFRAA X 2 [R)K 5T 28 S K Ak 2 i W 25 . A IFIE R K BT AR BL A SR s, LT3 240 v
TEVA I AR AR I3 A BRI A XORITAE 3% 2 DX 1) 40 BT 1 9% 2 2 1 JE 2 43 A1 1 LA — 3, (H K IR
SR 2 REVE VA S5 A AR DL T 2 5w, 2% R AR AR S S A F WA AL I /K A v AN [l 233 i) 43 A1 1) 240 TR 7%
SERBIFGE R K IRAR AT A B R s T B A A E 0, DL S5 RN —SPE AT RR A H T AN [ R B2 Y L 3 o
B, QARS8 SR A i B ROKIR R 8 m, 8 /N FAME M- YK R 35 m,

R it A e G 1L TR 7 DX K AR o A0 BRI 55 95 0 3 i I R O 11 I B A T4 X e
HECE R T AR SR IR X AR SC28 2R v, 38 B I S L TR & ( Pseudoalteromonas ) FIR T £ ( Vibrionaceae ) £
AEFRFA X P 1P B AR R o E[R) I FAT] % BRAE HF T8 & ( Phaeobacter ) V- P ARXS - BETEFRAAIX 2 2 7 T
PO DX, T4 T I %o AT | S8R I P o 5 Dy AR 1 3 S0 T B AT ) 02 WO B o 0 P 3 0 L R 4 o 20
PRI A 4 R, FRATTHEIU T A M A T N 114 1o = B A R0 )T I P R S R M B R 11 B, LA T A
FBLHIA Bt — 2B ST
3.3 UM RN R TR ) AR R T

TURITHT R A5 S BEIRER | Bich RS A LB 52 i I I 20 TR R Vs 1) B IR - R A DLk
Hb, X EZERKISAE S N DCGE AR X 42 1L vh 8 % 5 X 41 B BF 74 45 K4 R AR (R B 58 T A B I 45 R — 3. &
R FIBA IR 2 A V7 Ui A0 PR R A0 A I T IR, 5 7 T A B B8 A A A DDA OG0 R B T K 7= R 0
T K AR BRI P R B IR ER TR A DT 5 MV 9 A R 7 A, £ A% R 00 T 14 1 R B0 T
BYBE N, [ g 5 K 5 sl 4 b i ST B SRR | T B A 00 K Az o A2 R i R A T K P A BILISE
Fr I EEEAR KR A IR A A DL S SR A B A K R A A T Bh B AR I SRR TSR A X
PRI A R VEL RN SR B8 A ) ) HEE ) 5 43 W 240 5 A T A BILST a8 R 0 X b 25 At Wl 3 i TR
DX, DT 532 M0 37 e 2 DR i 2E ) 0 A o TR /K AR AR S R e I e e S Lt s S 7 A0 o e S P B 8, 2 00t 4
BRI AT DA SC AR FH K AR e s g e A BRI , R4 T kA 7= A 5 A U S ARG AR R, B
BB S A LT YR AR TE IE RS R 3k ARSI 25 R — 30, W BB oh AR DX 7 WA 0 1) A T #E
TORE M EA LK, TSRS Y0 WA ) 0 &, R TR XM 5K o FLEE ALV BERAI

L5 L RTIR T PR SR BETE SR K BT, R SO AN G R Y A5 A, EL R 2 22 I8 2 A AR AR A T8 B
HH e AR DCHG N ) Ak 22 55 AE e TR PERR IR ER RN B ER | SR LA B S 40 TR A 75 A8 S ) E IR R, R
g 22 S W BUBSIS I WU T i 2 v A -8 08 T A BB T8 s N PPAN I K SR AR TG YRR L
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