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i, DEE, AFEE, FE, 28 REE, HE, YENR, #ikE
WL A8 W EE K F= R 5T T, Wil W 325005

FE: Wk 16S rRNA FEH F Byl )P 0F 5% 1T 48 0 41 BEf (Epinephelus  fuscoguttatus) FI 7R 2 BE(Plectropomus
leopardus) & 5 7K 3% 5l 7 G2 /K VR 20 G R0 RE S5 48 o 45 3R R A1 BE A0 R IR OK 3200 &R e h O 35 A TR S S B TR TR 1)
(Proteobacteria) . #1475 ](Bacteroidetes). % %:[ J(Cyanobacteria). #FT [ ](Fusobacteria), JSEEE ] (Firmicutes)
A Ak B2 HE B4 1] (Nitrospira) . LA FRFEIE . BV Ar &5 . DUIEM AR 0 40 Bt b FZIR A Ay v - IE RN
(Gammaproteobacteria), 454N 75 F#M 42 3t ] L o- A8 I 1 44 (Alphaproteobacteria) iy 32, i A= #3365 LL £57)
i, YRR . FRFHIE 20 R0 A AN T 2 R PR R R BOERRR S T, AR s B R S E, 2R RIRR R R
MR AR RALE, AN A TR . PCoA SrA IR/ Hra R W, FRFE/KAE 58 SN IH #5111 o I 240 R 7

TR A E W A2 5 o K BURALE PR AR M, 5t v U RS, RFR R GTMFR K I i S 1 BT, AR

MR ER &5 8 T I eI MR BAR AR BE o BRI IN 7 55 A R R P A M AR SV o BT SR AR, iR R |

pH. &AM

JIE SRR P BE X 240 BRI K 2 RS IR RO A, ELAR 2R B & ) A AR 3 O SG A, S AT RES SEIR R AR DA

SRR G IEEOKTRAURGE FAUKIR TS POE R

FEISZES: S965 XHRAR SRS A

A Bt (Epinephelus) & 24 5t LT 2L
20 that 70 AR E T IR R A BE AN T SR8 58
K, BAHTAEA 30 KLY B A B IR
DLIFS R R 32, PRI K FRFE AL T —Fh =Rk
A KBTI R TR 58 07 2, AT R R AR IR FE M X B
B, HXERAFHRMAS H S KR
SE . B RE TSR A AP

K™= SRR T K BT AR AR 5 PR B TR P R A O,
IR AR A BT AR B, A R TR 4
S AR B = A A AR S AR GE 0 A W b B 4 )
HEEILTHAEY B MG FHRER, A5 FE
T AR BB TR B K, DNA
Fe QRIS A 168 rRNA J A 5 8 S 45 5 I I 0
iz TS HAE ST, B2 7E 4 g A9

kS B HA: 2016-11-24; 1&iT HHR: 2017-02-27.

XEHS: 1005-8737-(2017)05-1045-10

M AL REVE EASRAF AR — 2 SR BR AT 22 3k M 2
(metagenomics) LA #5855 F il A= 9y 5 PR A A B
SO, ST T AT RESE R R A B, TR
A R ST K A S R v R A T e,
TEKFEFRAE T, 40T 16S rRNA i &0 5 T
A B 53 35 58 R B T 2k W R R 85 4 1) 3 T B o
ARG 16S RNA & 5l 3R iz
T A BEOEIR K IRE R G KR T E R e 2 1)
MIRISE, BT AP R R AR AR

1 #MEEFE

1.1 LB RS
I BEAAE IR K FRIE R G & T LA N iR
Sk B HEOK PR IR S T RN . RS A

EEWHE: #iTE A AR AL H (2014C32079); Wil AR IFRIIH (2015F30021); #i VT4 UL /KA R IR &5
PR TSI EE 2013 AETF IR 4T H (J2013010); #ivT44 BHE R0 H (2015F50009); #7124 28 25 £ AR B I8 4 100

H (2015C32037).
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2014 4 9 H 23 HIFMREAT, WMFRGHIE . B 5T 25
. UUYET . AuEih . AR . ERAMNEE
R AN AR S A . WA A HOKER b e
PR IEIR, BHIER 13 R, REKLHREY
5% 2014 4F 11 HIFMGFRGH A5, FR0HE 0 Fhoh
1 5. BE AR (Epinephelus  fuscoguttatus) Fl 7k 2 B
(Plectropomus leopardus), THFE2E N 100 J&/m’,
REZR 100 g/, TR P HEEA B AR A
WENCE B LR AR AR, X EFT
A RORBCA R 1R, BN R E D 1%,
AR A A L R AT
1.2 HmXE&E

KAERTEI N 2015 4F 2 H 16 H(RGi kg 3
N2 ), TREFME. Bt e .
AW uETh . R AR . SR AN B A RN S 4
B R IBOKKE, A 3bRich P1~P7. RAEEIE:
RIS SRR, RS LUK, IRAIE R
—AMEEEL, HOREE 7 ANEESL, REERTE MR 15°C
LA o A R R AR I S BRI 191 SE 36 2 4347
1.3 KRB HRE T

KFFE bR FE K . $hEE | pH . ¥ %(DO)
fb22 7 A (COD) . ZA A (NH;) . WAHRER(NOy).
RIRER(NO) B REL (POI )%, SCIb i w iR (g
TEM MM 4 Far: KM ) (GB
17378.4-2007)! A AR . £RJE | pH BLIZAI,
HAbFE AR e K FEAZ 1] 5250 % J5 7 BRI, T 4 4
PR RAETME, BAERIE 3 ANEE, 4
BOFHH .
1.4 DNA RELF0 16S rRNA HEEZENF

JKEEHL 100 mL 28 0.22 um JCHH IR & 27 4 K ik
JEE(Millipore)fh 3, FH/KFERCED B DNA hi$ik
£ (MOBIO) 2 UM AE Wy L [ 4H DNA, k151
DNA ] 16S rRNA 55 X 38 51 ¥ #E1T PCR § 3,
PCR /=¥y FAE T35 B T ic i ) & Il e . 3+
llumina MiSeq WJF V-5, /N BOCENR
P, W 1), X V3-V4 XPEFT UK S (paired-
end)i T o e 2 B I A Fh VT AR A MU E S
BT e
1.5 #HiEsaE

HRHE AR 107 5 A 38 5 140 )5 51 DD 46 254

P th 2 FE AU, BEPRC F MG Y F s
I FLASH(V1.2.7)i#E 1784 . Qiime(V1.7.0)% Hf
IR MBI T g AL 3, J#id UCHIME Algorithm
548 % (gold database) Fb X & B itk & 14751
1.6 FHl4aHh

FIH Uparse 444 (v7.0.1001) % &b 38 = 1975 5%
FPFILL 97% 9 — Sk R I3 it (operational
taxonomic units, OTUs), % OTUs fX.3 ¥ %] H
RDP Classifier(Version 2.2)# {45 GreenGene %
PESEAT PR TE R (B (E 0.8~1), {1/ PyNAST 4t
(Version 1.2)4 GreenGene £{4Ji /% H ) “Core Set”
BE(G Bty 2R 50 X, 1581 rA OTUs A3k
ARG K E KRR Alpha ZHEME A& AR5 5L
(Shannon index)#7~, f# A Qiime #X{4 (Version
1.7.0)H 8/ AFEFOM Unifrac 55 M UPGMA
FEa SRR . A R B4 (Version 2.15.3)%x 1l
PCoA KJfi1T Beta ZHEM:+8EE A W] 2 755
Bro 5L 75 4w R ) AE 5GP g A
Canoco for windows 4.5 #4434 .

2 HERE5HH

21 BEENFRESW

WP s 20 s AL B, A U 5K
FEIMAE 450~500 bp Z [A], FHHBE 450 bp LA
I, SFERTIIEZECE 10000 LI L, OTU $&
L 1o LARE S ML IO 5180 AH N () OTU
B R B 2, 25 R R 45 RE S A R i 2k 2
Wil 510 Kt 1) 388 Jn v - 22 (1), U B 4
P A, I AR GRS OTU,

*1 ZFHERSBENFLERH
Tab.1 Analysis of the high-throughputs sequencing results

T FRicIT 31 AHBUT A% OUT
sample barcode read OTUs
P1 ATGCGTA 12412 1898
P2 TCATAGC 12165 1683
P3 TCTATAG 55134 4232
P4 TATGAGT 63468 5645
P5 TCGACTG 8892 1545
P6 AGTACGA 62024 1110
P7 ATCACTG 66141 968
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Fig. 1 The rarefaction curves of
high-throughput sequencing results
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22 EWRAKFHERFEMEVEHZARST

OTU YFiE R4 R Bon, BN RGE P
YR AP 20 TAEJE 1 1] (Proteobacteria) | 1
FF 1 '] (Bacteroidetes) . i #: [ ] (Cyanobacteria) |
¥ ¥ [ ] (Fusobacteria) . JEREH [ ] (Firmicutes)Fl
fild Ak W2 5E 1 ] (Nitrospira), 7F £ FE & i 7 40 &
OTU BB 84.67%~99.76%. AT 1 1E 45 H/K
FEh ¥ Ry e A A Al 260, AT £ 06 T
FREEHE P1. WS P2, ULiEHh P3. A0k
P4, R BN PS FIANEE P7, BT .
JEREG VR AR BE R [ ] =220 A TR 56 5% P1.
BV 253t P2, DivEdh P3. AEWuE P4, R
Sy PS, A BE A T AR P, S5
R, FRFE K ARG R B VR 45 A 7E AN TR A
HHEMERE 2).

TEFFEYE P1 AW 7 203t P2 vh, (U
N y-AE T (55 M 43.06%F1 48.85%)  a-"ETE

1.00
3 ]
_

£075
5
<
2 0.50
E .
[
i
1025
'’
z

0

P1 P2 P3 P4 P5
A FR sample name
K 2

B0 10.56%F1 8.95%) FIH AT 6 24 (4 3 M
6.45%7%11 8.03%), ViTElh P3 P HANE by y-A5 I
T 49(46.22%) . o-Z8TE B 40 (12.25%) Al §-78 T 1 4
(5.81%), E=Yr0Eits P4 HARRAME R oL TE B4
(29.35%) . y-ZETE 1 40(28.09%) . BRAT- i 44(5.03%)
LRI (7.9%), 5Bt PS H L3 de A
H oy (41.77%) . a-S T T 40 (12.06%) F1 B
IR (9.47%), EHMEEEM P6 T ILE AR A
o- L IE M (74.95%) . Al y-ZE T TR 49(23.68%), #b
A P7T PARFEAME R o8I IH 4N (49.96%)
Chloroplast(32.15%) . y-ZET¥ 1 2K (8.4%) FI#H 5 T
H(5.76%).

VEWCIT A FE i B HE T T 35 WA R
HEI(E 3). Z5R R, PL3AAl T & 40w A
68.9%, Hrh B 3w #E A3 E AH(Vibrionaceae)
SE IR/ DHI LR T o5 40 T SR R 43 L],
Ut I PR OK T 58 2 GE K AR i A= W A= A8 T g vl fig
FE R BULF A YT o
23 BIRKFERGWMEMSHMESHT

Y HETSE Alpha ZHEMHRHERIEHFIRN . 45
RN, TR B RIGECH 2.61~5.89, MFR5HIE
BN A A5 K FE R AR B R IS T, AR IR
MR B Fe i (E, 25 BT R 2 SR A 2
R ARAE, & R BT (A 4a). AR 2 1]
Z R 25 5 Beta ZHE MR EFR, 45 01E 4b
BN, B—DR N BT HAEUES B weighted
unifra Fll unweighted unifra #5525, HAE K/ NNF
0~1 ZI[Al, 0 FRARPIHES A [ —HEd, BA X,
EREEIE T 1, WX, 258K P6 5 P7 I
W Z5F%#i1] Proteobacteria
W 31 ] Cyanobacteria

HIFFE ] Bacteroidetes

HAFHEIZN] Fusobacteria
m EEEF|] Firmicutes

HZR ] Actinobacteria

THALIZER ] Nitrospirae
W JEE ] Verrucomicrobia

YFE 1] Planctomycetes

W BRFT# ] Acidobacteria
HAth others

P6 P7

A il 200 R 7 4 R 2

Fig. 2 Bacterial community composition of water samples
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PEIERE Verrucomicrobiaceae
h Kk ABFTFHRE Flammeovirgaceae

Phylum

TR ] Actinobacteria
#IFFHiT] Bacteroidetes
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%754 1] Chloroflexi
AT ] Fusobacteria
AL IBiERA ] Nitrospirae
ZEH] Planctomycetes
FEHH ] Proteobacteria
PEMRET] Verrucomicrobia

12 ]

I—2
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21425 %} Rhodospirillaceae
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He 24 B B4 F} Hyphomonadaceae
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B3 Atk O 320 T b o B A

Fig.3 Heatmap of the dominant bacteria in water samples of different ponds
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Fig. 4 Shannon diversity indices and B-diversity indices of bacterial community in water samples of different ponds

FHC A IS 2 [B] 19 25 5 LK o

H PCoA(IEl 5a)FERZE5rHr (&l 5b)Z5 R AT,
FRAEE . RS B . UIUE . AEWuE T R
S EHL(PI~PSHRE S ] 43 —25, 55N
A (PO~PT) T Z R H BE IS B IR ZE R . 1E

P1-P5 3K FEH, P4 KPR G S5 4

MEWA AN,

2.4 FRIEKEHAFEEESENETFHHEXES T
BARGUKIR . . pH BoREE, KA

22.6CAA, EhEER 26 2247, pH M 7.2 /£47; DO
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a
P7
0.1
S Pl
= P, T
et P2P5 °
@]
(-9
-0.1
-0.2 B P6
-0.1 0 0.1 0.2 03
PC1 (70.8%)
b W EHH ] Proteobacteria
Pl W ¥ 3] Cyanobacteria
I #4475 1] Bacteroidetes
P2 O #4715 1] Fusobacteria
I JEEER ] Firmicutes
O 7 £ %11 Actinobacteria
P O AL I2J5ER ] Nitrospirae
I Pt 1] Verrucomicrobia
P3 O & H ] Planctomycetes
I FRFFH1] Acidobacteria
P4 O HAth others
P6
P7

A Unifracli 2 weighted unifrac distance (') 0 '25

0 005 01 015 02

T T
0.50 0.75 1.00

I T7KSEAHXTF B relative abundance in phylum level

K5 AR 5 A bR A 18] (a) IR S 43 # 15] (b)
Fig. 5 PCoA and cluster analysis plots of bacterioplankton

(HIFE P1-PT/KFr ) 2B ks, HAMEE
FEl ok 5.7~7.4 mg/L; COD {HE [l k 2.32~2.60 mg/L,
PO; fHYEFE} 1.69~1.87 mg/L, Wi ikshi/N;
NH; {HEFI A 0.020~0.045 mg/L, NO{H L KN
0.013~0.016 mg/L, Pi#ZE L&A EAHLl, BN
A= uE i P4 WO 4f & 5 I TR P1-P3 3H; NO3
VG N 11.57~11.67 mg/L, #shE/NK 6), &
LA B S, 16 3R 2R G0 55 B K I i A
T, FAFAETRER & i PRI AERARI TR
SR BF G BB DR %o 240 TR RV S AR R S T, SR
i CANOCO #FHEAT 85 K 75 4N B b i 22 (1]
AR RS BT o 8 S kA T B X W 3 AT (detrended
correspondence analysis, DCA), %5 3% B & Kk
FEAE N 4.507(>4), #8905 X} 5 43 HT (canonical cor-

respondence analysis, CCA)(FLIER A HEF ), 2558
WRE—HEF IR T 48.32%MAME 5H R
B2 R BRIk, 58 T HEF IR T 22.96%41
PSR 2 6] 1 6 R BRVE (L. PO NH; #1 NO;
S HER R A G, POS L EhEE R DO 545 —
HEF Rl k6 . 4 LA T+ PO . pH. DO
VL T RE X 41 B B VR A5 MR AR B R,
& PO; Jefk FE MM N R . [HE BRI, X
9 R AR AN TR TR AL AN ) A AR 2 A A O
(P> 0.05)(F 2).

3 it
AT E T 16S tRNA L A By =
F R0 B T A BEARAE PR K 37 08 2R Ge K AR A 9
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g 35 35 10
g 28 g 2B oo 8
& = D e e
g o1 | &——0—0—0—0—0 g 21 6
o o
< 14 14 4
e
_}6 7 N N N N N N 5 7 L L L L L L J 2 L L L L ! ! J
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. Dg 3¢ 5 2
- g2 &
50?8 E2y27ra e ety g 220
g o = § = s S~
ﬁ? 6 o E!1S8 g 215
= =}
&34 I%}gﬁt’og &R0
2 1 1 1 1 1 1 ) é’- 0 1 1 1 1 1 1 J !ﬂ 5 1 L I 1 1 1 ]
Pl P2 P3 P4 PS5 P6 P7 P1 P2 P3 P4 P5 P6 P7 - P1 P2 P3 P4 P5 P6 P7
o 0.05 = 0.020 121 o—————o—s
- o Lo
S 0.04 o :
W E 0016 =
BE o £ g ’\’\‘_’/’_—‘ ;\ag 6
® 8 & = 0012 &
it E 0.02 o 2 3
< 0.01 1 1 L ' 1 | y % 0.008 1 ! 1 ! 1 1 J 0 ! 1 1 1 1 1 J
P1 P2 P3 P4 P5 P6 P7 P1 P2 P3 P4 P5 P6 P7 P1 P2 P3 P4 P5 P6 P7
i3 pond b3 pond Yt pond
K6 &tk
Fig. 6 The physicochemical characteristics of water samples in different ponds
F2 KHEUETFEHARFEREXESHT
Tab.2 The correlation between the physicochemical characteristics of water samples and bacteria taxa
PE{E AT physicochemical characteristic CCAl CCA2 ” Pr(>r)
WERREL phosphates -0.98384 -0.17904 0.6614 0.114
%% ammonia nitrogen —0.97533 0.22076 0.2680 0.648
iR EE nitrate 0.16562 0.98619 0.0158 0.986
WAHEREL nitrite —-0.96026 0.27912 0.1194 0.884
fb2#75 S chemical oxygen demand 0.92113 0.38926 0.0816 0.848
&% temperature 0.99008 0.14050 0.3379 0.419
¥ salinity 0.06865 -0.99764 0.0274 0.993
W4 dissolved oxygen 0.90543 -0.42451 0.4253 0.362
pH 0.73375 0.67942 0.5694 0.136
REVK AR IR . 2R R, IR T A mls AN IRaEIE . B e . DIEi ME H

WARFER G T I FE & NWHEWR . ZBIRE]
G oL By S Fle TN, SRIETEIRE AN
DRIy E 250, Horp ol B FLy BN R 2
T 9A B i K S K R b S R AU,
Martins 25" WiIF5Y £ 52 . (Scophthalmus maximus)
FIZEGN N /R B (Solea senegalensis) ¥ /K 3258
%,ﬁ% SE T RH AP . A50A R

TR ?‘%%ﬁ/\m*ﬂ’]ﬂ(i&mﬁiﬁwﬂﬂﬁl,
ﬁa AR TR A R 7E 78 FR K AR BL A 3160

BIMKFE DL y-AR TR R A RS, SR AN R
AN K DL oI R R £, X FTHE 51
KT R G E R T R s R KR4
LA PR JE 7K B 32 T ol R AT G

7K BB AR PR -4 0 45 SR J2 7k, NH3 \NOL A1 DO
RGP A KA, NH; Fl NOL & /K = 3185
WA o A E R R R bR . AR NH; Fl
NO, F X AR AR E R A K ARG
K255 T B 1 AN R U R AR R G,
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NH; 7SR5 0 & B, Z R IFIRIRE, JF
TEM P3 b2t P4 w3 PS Yt A R R R
JUR A, PS5 WA (] T (H 3 A 4 Ry A R K
o NO, F IR as 5 NH; M, A48k
W B4 NH; K, Alpha ZEEMEHT 45 R, P4
A W b 200 B AR U S At Tt A HO A A Y AR
H A B H M 7 H (Sphingomonadales) = J&(7.68%) .
21 41 % H (Rhodobacterales) = & (6.30%) A1 fit 14 12
Jie 1 H (Nitrospirales)(3.19%) 3 &5 . AT E
FF R B L R — S AN R R I A S R SRR
FE 7 WG AR, LT 40 BE A £ R 3 Rk
TR TR EACHI RN, P B 7E 7K T Ak e 2]
e EE AV, B AU B X R B
TEmRER 2 B RAF i) 2 BRVE T, FLX v %58 % K
(i 4k FRASCR T g ERAAGINA ( AK AAR
P3 it i £ P4 M3 PS5 i kA% NH; T BRI A
K, TR RIS L5 0 AT K, 78 P4 APk
T S BT T E (Novosphingobium) 3 FE (7.18%)
B i T HAB A IC(0.12%~0.96%) o Y & EE AT
A o EL A R i 22 3 07 IR R 2R e W 1R
S R IR BEIE S AR A ST B A
1T 8 e 2 B th EL AT A /K P N O RER
ARG P3 MR Z P4 g S PS5 iy
FErh NH; & U AR, A AT RS AP s o
B B AT A P HA R B NHs e i A%, Xl
SRy e B R K B R AR TR . 7E PS
Z P7 KK NHs Al NOL & F T, KA
(Vibrionaceae)F &N 0~12.52%, HEALT P1 b
2 P4 W IE(17.94%~31.42%) ., IR A2 —F
BRI SR B0 B, FRAE/KAR T NH; fil NO, & 848
o S 2 B B B o BIRE ] 5| A R RIAR K 7
PR KA I T AT, e B A IR R
R BOR T Y2, GRS PO L T A B £ R
TR 5 {5 S T T A TR R VR A A 25 5, R IR
T A B 0 57 FE KA RO U B DI 5
P BON FR S AR JE R . ARG IR K
2o K BT AL BRI, AR AR S K B A
0.02%, % WAL, A B T He F A4
IRV o o3 Ak, K BT A 80 fe A A8 4k, (HARfE
BN 5 NH; F1 NO, A, 7E P1 it b & i A1k,

SR BT 2 P7 it rp kB e i o A TR TR A
SR B, TR A S R PL b, i H
(Enterobacteriales) 1 #2 #T & H (Fusobacteriales) =
JE ey, X R 2 T v 22 BOR B Sl R AR B IR 4R
Mo fEFE SN P7 P AR I H (Rhizobiales)
FIPEIT, H B0 JE i R SRR, R
K2 i b AL B S NH; Fll NO Mk BERRAIG, ¥ figt
A LT, UG R OK SR R A B R K
B AR R T 250 WA CANOCO #5443
B 2855 R s AR Py AP oRE Z RDAH OGRS, BOR &
IRGECE PR T A 8540 RN K Jot B PR 22 ] 1 de
EROCHE, (HIX A T RE R H T S0 AR R A B[]
GIAEAS D S S S R A 35 /0 5 I PR 1 i, 5 AR —
A5 T B R S BR E FT SRR I [E] A (HE A R B
BATHT. B, A,

PEIRIK ST G0 A W 0t o 458 il B R G
ALY . EA . AR RS R B TR R G
BEEAPT, Leonard %% SRR K258 R G vh
A= 0B R 2 A0 T 23 T 7 O 2E A KA T i 7K v
A SR, FEAMR T, STEHRKREHRL
A B ICAH L, A=W st P K AR H OTU %5 IH I
HmER 1), FREEEBE KA 4a), WHEY
b AR R, ZHEERITE.
PCoA(K 5a) IR (K Sby&i KW, fE55h
HEEMET 5 DMK FEREUD A —2, 5EINEEE
JEHE DRSS A R 2 5, Hrh AW g )
TR RV 5 HAD 4 DNIECH AT, XU
e 2K BT T, A uE el ae HA By
TR RV 450, DLREHAEIR MK R 40 h i
oK BB /EH o

gi LR, A BEEAE IR K FR5E &R 4 AL Fedn
FRBEN IR, Hrh IREE g . [R5 B
DUVE ML ANE 0 2t b 2R SN TR A y-BIE TR
4, EEHMHEE ML AN A W DL o- R I R AR £,
T A= P 0t v W 2 LB, YR SR
TR T Y B b 2 4 TR 2 R M R BUERRALUS e
AWM P IR B R Al 2R HRCT B2 SN
BEM IR B AR, AP A T e A BN
WK RGeS yE . o B . UTiE N
A= Ut RN A 03 B 1t A I (P1~PS) RO AR i B
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Hh K R

F 24 8

Ao —2, 5ERAME RN R i (P6~P7) 2 [iH]
MERE AR KRESR, MTE PI~P5 £PKEEH,
A KA T A B R T S 00 DS S A R
Wl Zesd b AbFRS, A6 2R 28 G0 00 3% K V6 il 4R
Erig TE, EA R R A B R IR AR R
UL . KRBEAS 4R PO . pH. DO Al
YL T 4 T R 5 A B R A AR, G
POy i EE M N &, (HR B, Bk
DR~ 5 A0 DR A A A =2 ) o 2 TR 3 AR AR S (P >
0.05)(F 2).
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Analysis of microbial community structure in recirculating aquacul-
ture system for groupers (Epinephelus)

WU Yue, MA Jianzhong, ZHENG Yinuo, XU Kailun, LI Min, CHEN Xingxing, HU Yuan, ZENG Guoquan,
HUANG Zhenhua

Zhejiang Mariculture Research Institute, Wenzhou 325005, China

Abstract: Groupers (Epinephelus) are part of the large fish family Serranidae and are an important marine-cultured
genus. In China, groupers have been farmed for over 30 years. Innovative technologies such as recirculating
aquaculture systems (RAS) have been developed to improve the efficiency and sustainability of intensive aqua-
culture. In RAS, bacterial communities that are critical to ecological processes are also closely correlated with
diseases in aquaculture. This study aimed to clarify bacterial community characteristics in marine RAS for grou-
pers. Water samples were collected from the following pond types: fish-production, solid-liquid separation, sedi-
mentation, biofilter, protein-separation, ultraviolet-sterilization, and oxygen-increasing. Samples were filtered
through 0.22 pm mixed cellulose ester membranes to collect microbial biomass. Bacterial community DNA was
isolated from the membrane filters. High-throughput sequencing (Illumina MiSeq) of the V3—V4 hypervariable
region in the 16S rRNA gene was used to investigate microbiome structural characters. The results showed that
Proteobacteria was the most abundant phylum in the water supply. Other important phyla included Bacteroidetes,
Cyanobacteria, Fusobacteria, Firmicutes, and Nitrospira. Principal coordinate analysis and cluster analysis indi-
cated that bacterial composition differed significantly before and after UV irradiation. The most dominant class in
the rearing, solid-liquid separation, sedimentation, and protein-separation ponds was p-Proteobacteria, whereas
o-Proteobacteria was the most dominant in the ultraviolet-sterilization and oxygen-increasing ponds. Both classes
were dominant in the biological-filter pond. The Shannon diversity index decreased first and then increased,
peaking in the biological filter pond before decreasing again to the lowest value in the ultraviolet-sterilization
pond, followed by a slight increase in the oxygen-increasing pond. In addition, our analysis of the water environ-
mental parameters showed that dissolved oxygen concentrations increased, whereas NH; and NO; concentrations
decreased, remaining low after the water was purified. This outcome suggested that the RAS system has an effec-
tive water purification process. The correlations between microbial communities and environmental parameters
were also investigated with canonical correspondence analysis, which showed that phosphates, pH, dissolved
oxygen, and temperature had relatively stronger effects on bacterial communities than did other measured envi-
ronmental variables. Overall, however, no significant association existed between environmental factors and mi-
crobial community structure, possibly due to small sample sizes.

Key words: Epinephelus; recirculating aquaculture system; rearing water; bacterial community; high-throughput
sequencing
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