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A Bl S FNRAF B (8] 40 R T R IR R A W RE R T 3R
E AR R KB AR ERT AW, P a

(1. F B AR5 58 B sk L A =B 58 BT, R RAT 3 A B AR RIBEAI R G HREER LD E,
JTERERFIMRE SR ERBELALEE,) RN 510380;
2. EMA WA RS F, R BN 516002)

FEE R REVE S IR MR AR S RGN E B BG4, T RS UE MBI S M AT RE , v A S0 g AT 7R
MEECE SRS . EARRZETTRAE P B AR (Oreochromis niloticus) FBE &5 SR M (ctalurus punctatus) YE /KEE,
I3 TR R 2E BU(NO,-N) L T A R £ ZU(NO,-N) 2L ZU(NH,-N) B BTN ARV (TP) 25 BE AL 35 45 , F1) FH Biolog-Eco T4k
BRI KAR R RN 5 A0 IR AP B B e R G, B s S P BR i s i . 45 RR L 1A
TR K FRBE I I 7T R TR A 5 A6 A (7] - FL A SR A B IV 77 B 0 2880 28 0] Yty 3 A0 5 A 0 Bl A 4 T R 45 R 2 A K
AN AR FE T 5] PRt 35 B AL F b 22 57 2 25, TR —SRAE IS (RS TR 25 5 fa 28t ) B Fedn 2 M E B 2= 5. o, 1 A
Je T B AR P B NH,-N S s T AL A 6, R EFES T4 AR7 H(P<0.05:1 HTP S @S FH T4 H .7 M
10 A (P<0.05). 1 B & X R Mt IE 1 TP A NO,-N & 2 3 3 5 T HoAh 34~ H 43 (P<0.05) . Biolog-Eco il i 2 A
R 2 JB 2 2 Al i A0 B TSR At 5 T A A AR VR X B K A B RN S R R 1) R L RE D BB K R I AL A
I BE 75059, 4 F B s SR S 33 AR o B VR R 26 i T B O B AR s it . mnd T R I SRR R
(Firmicutes) AT B ] (Bacteroidetes ) A& J& ' %' A 0 FIBE 55 SR Mth 5 xR 458 1. heel clade.CL500-29 ma-
rine group A1 C39 45 2 5 UM K A UG IR I - B0 8 o W 048 SR WA T MR K SR A R B A BV 45 4 5 A4k
I S A AT b ) 7 7 T 3R R 7K A S A A 3 T VR SR R AR

KR JE B DR B YR s RGN s R MR

FESES X172  XEHIEREE:A  XEHS:1674-3075(2023)03-0120-09

R AV DLt 3 FR AR A 3 . 2020 38
] V2% 7K b 3 7 B T ARl 262.54. 5 hm?, 15 3 7K IR 5 2
AR 1] 52.09% , FEHE 7K S r= 88 2 279.76 73t 5%
IKFEFE T R 11 73.81%; | AR 44 ¥R /K it 37 77 B ) AR
o 4 [ VR Kt 3 A THT AR AR 9.41% , R K FF B 72 R
415.41 73 t, Ho it 5 IR TE 7= 5 5 91.74% CAROL A AT
e b I BUE PR, 2021) o T 7R B I FE R i K B
PoKAS KB, AR 25 (NO,—N) VZ ZU(NH,-N) & 4 5
YIRS REL, 3E T 51 R K AL, TR S R
Ko BRICRM, K77 FRGE T T I R A K5 7K i
PRI G R, 2011 o 7K T I AAS S0 T A A DRk
B, 5] R R N 5 BB R ) TR

WrAs B H#:2021-09-15  f&E HH#A:2023-01-09

EE&TE « W BGHEFUR ML AR« [ SRR MY = 45 A Ak R
(No. CARS-46) ; |~ 7" 44 X wh 5 M A % &b oF 5t & &
(2019A1515111046) ; 7 [E 7K 7= B4 52 19 5 B o e 2 24 7 PEARHFF e T
AFHF L% 2 £ 151(20212X04)

EZE B A T4k, 1984 A, £, 1, 32 22 NGk ™= fi e 57 i it
5T. E-mail : miaowfly@163.com

BISVES SR, 1962 54, Y3, WE 9T b, A 0, 25
PRI S E M. E-mail: mx-lu@163.com

DA 4 5 B A 858 )RR T 3 R B (A F A A, IR
B R KM A S AL B 75 SRt H aa 8 0, B AT /e 4
FEI AR 2 b DX )< =3t Y 3073t 34 97 0 2 K Ab B 3R
(XIMFEE,2021) 0 ¥RIKFRFE R /K AL HA 2 T R 48 2021
SR AR, BRI A [F) 7 5 A SR [F) 2
AR S T B LA, T O IR R K B AR S A AL
FRER LR AR A o

K FEHE TR R R R R Z A 11.7%~27.7%
(Zhang et al,2015) , 7K A4 H K &2 1) NH,—N HEFA 5 1)
it e, HL5) 75 Ge 3 55, NH,-N & 50 2 i itk
VEH 2 #5408 NO,-N, it & 1) NO,~N [Fl FF 2 fn 77
A AR R CH J55,2020) o UAEYIE o il AL T7
B IE A TS R B A MU AT TCHLA , 77T 55 E
Bi 2 F (CBRAE AR %5,2002) 5 55 — 5 T B ERUEW )
38 5 AT 50 KR TR A 2E R RS KSR, 5 TR
1 RGN 2R G v B S AT 1 RO AR o BT
T VB VE T R T M A S R G 4 2
VERT o AR G0 (M A W 55 97 S5 00t 9 07 ik A e 3k 18 2D
BE R, LA /R EEL . Biolog-ECO fil°F
BT ARG AE 7 (8, TR 7 B A0S 31 Fofr B — i s 1Y)
FIFHAE 7, WIS fit v i A2 40 A T 465 10 2H B
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I A% B &R R E W I M R R 121

DiRe 2 FEVE, A2 B BT 70 75 58 i % Tl Ak P B v A 41
R AIE B — M A 20T iR (B 8 8 45 2014; Kurten &
Barkoh,2016; 8% 51 45,2020) . i 35 43 T A= 4 ) PR
R 5 a8 IR BOR B % BN 4 TH] HE T b 3R 1S
FE S R YDA O T BEE B B2 B TR
B IR 58 100 A ) B T 5 R AN D B F 7T (L et al, 2020,
Deng et al,2021) .

AHH 5T LLJe B B HE . (Oreochromis niloticus) 1
BE 3 XA (ctalurus punctatus) 7758 10 3 A 5256 X6
o AT KR BRAL TR A5 1 3 A& 221k ; B Biolog—ECO
TP AR BEA , W FEAS [R] R AE I 18] FAS [ 5% 58 P 28 3%
AKUBIE A A O T B DR AR T RE R R M s R
IR BEAR S 38 FTA R RAFE I (5] 1A [7] 57 58 o 2 3tk 7%
T R 5 0 22 e, DASYY I fiff 5 B A 5 o T
SERI AT RE , N A 0T P R 4% TR A R S AR )
REZ%.

1 5%

1.1 FESMEH=E

ASCIGFE SR B R BN IR A LA R A F 3R
B I, W I 8 ANt 3 1 K A A T b B AR AR
b, BLFE 4 AN B B HE M FRE I AT 4N BE i R A
FRPEMYE . WIEF KR 2 1.3 m, TH R B =
F 1o 4% I8 AR FE 1) 2%~3% 384T FEME, B R R
2 I, FREA AN K , A IR RFPE 3 mg/L LA .

®1 FEMEER

Tab.1 Information on the aquaculture ponds

FRBH bl YK Y hm? B EER/
1.34 20 000
1.34 20 000
JeP Y aEfm
0.80 12 000
0.30 4000
1.06 16 000
. 1.80 27000
B 153 S
113 17 000
1.40 21000

1.2 HFmRXRESENLERNE
RSG5 3 F 201941 A4 H 7 ART10 H
M2 AN AN [R] b B 0 77 B I I R AR R . SRAEA(S
BLER 20 % LI R BN A R 2 &AL 71
& UL A, W UK FE B NOy-N NO,~N . NH,~N,
TN.TP K .
1.3 WEMIBE S HMENE
FHTE B AR A I K FERRRE 10 6%, I 2] Biolog—

ECO M, 28°CIH IR 77 216 ho £EFE 24 h (i £ 1h
REAE AR AL (BioTek , US)id % ECO fF- A £E 590 nm Al
750 nm N OGE FEAR . AR AR AL B AR A WE
WR AL S Pl T R B s A R R R G o BR AL
¥ #41H (average well colour development, AWCD) i}
H /A 30(Garland , 1996) W1 F

AWCD=3% [(Ci—R)300— (C;— R)z50)/m ®

AP CAINE B3 i ARV LG BEAR, R %Y
HRFLGSE FEAE , n N BRIE AP 2 H, n (BB BT 50 B YR
FBBA, 43 0N 31 CAR BRI 12 (R AKAL A ) 6
(AR SCRIRID AT 2B a2 23

Fx2 FEMERS
Tab.2 Water sampling information of the
aquaculture ponds
KAEIRS 8] Je % B i B R R A
2019-01 O1-1 O1-2 O0O1-3 014 1I1-1 11-2 11-3 114
2019-04 0O2-1 02-2 02-3 024 12-1 I12-2 123 124
2019-07 0O3-1 032 033 034 13-1 I13-2 13-3 134
2019-10 0O4-1 042 043 044 14-1 142 143 144

%:01.02.03.04 73 5 AR B Z AE A FRIEMIE 20194 1 H
4F 7T H10 ARG T I2.03. 14 43 B4R R BE 5 SR il 55 i i
201941 /3.4 .7 H 10 HFER

Note: O1, 02, O3, O4 represent the samples of Nile tilapia pond
in January, April, July, October 2019; 11, 12, 13,14 represent the sam-
ples of channel catfish pond in January, April, July, October 2019.

1.4 E#16S rRNANF 2T

K FH BR 855 FF A DNA 246 3 77 & (ZYMO Re-
search 2~ 7] ) $2 BUFE K & DNA. 51 #1)F %1 N : 515F
(5"-GTGCCAGCMGCCGCGGTAA-3")F1806R (5’ —
GGACTACHVGGGTWTCTAAT-3"). PCR #" 14 £
FP - B2 4R 94°C 1 min, 94CA £ 20 s, 54CIR K 30 s,
T2CIEA 30 s, FEFF 30 IR 72THEM 5 min. FEMFEAR
HA 3K, ¥ PCR 7 WEAT Bat Wt e H vk sl
f# F§ QIAquick Gel Extraction Kit (QIAGEN) iR 7 &
B H 454 . 48 Qubit@ 2.0 Fluorometer (Ther-
mo Scientific) & i , 5 FE /R E IR & . @ H] TruSeq
DNA PCR-Free Sample Prep Kit, #ll /57 F & T A=W
Hiseq 2500 *F* 5 PE250 #5530, X} 16S rRNA I 7 J5 4
Kt HEAT P8 (FLASH ) , H] Uchime 5509% 25 B ik
G, 153 2 = o 2 AR AL 51 (Tags) » H Usearch %X
- XF Tags 7 97% FIAHALFE K T 2R 47 53K, 15 314
14325 ¥ 56 (Operational Taxonomic Units, OTUs) , 4
T Silva (Release132) Al UNITE 43 2% 2% ¥ 5 /2 Xt
OTUs JEAT 73 2K 2R . 5 45 A H R (v.3.2.0) i3
ITHHR SV AER.




122 944 B4 31 X & A F &K 2023 4E 5 H
1.5 #HBESH
ER59%H

K K (X+SE)& 7~ . i Sigmoplot H 445 7K it
AL FR bR AN BRI AR R AR ¥ . SPSS 21 B
AR AT R 2R 7 2531 (Two way—ANOVA) . A
Shapiro Testfa 4 HIEZ 1, B3 H Levene Test £ 3044
PRI TT 22550, RINER /- Hfs A FAT 1RSI 7 2 5%
M. BRI, — Rl T EdE 4, [ Ok
AETT 2550 AT AR EI 1 72, iR TR .
RS — P AT S, R & log, o T 755 771
¥ 5, BT Shapiro #5658 Levene 1556 , I 7
AR A A AR TT 255, T 47 77 2 50 #r o
S FHAESE U 25 2 7R85 7772 Scheirer—Ray—Hare.

2.1 MYEKRIBIERR
IR R T 22 o A 2 1 RN R A 2t 7K o
(RI52MR . 25 SR B, N R A ) Rt K A AL S B AR
ZES 0, [F]— RFEI (] AN [ f0 28 R ith 3 /K A EA
fetrz AR 2= (L, E2,% 3. H,1 HeP%
3!5’% FRFAMIE ) NH ,-N & & T HA 3N H i, I
ET4 AT HMP<0.05):4 HINO,-NEEEE 5T
1 H 110 A (P<0.05);1 H TP SR EEm T4 H .7 AA
10 H(P<0.05). 1 A B i XA FRFE M K A4 (1) TP
FINO,-NF & B3 = THAR 34N H 43 (P<0.05)

N 201
. R R
2 ns. LS| x
s -
ns. o 5
s x E 7 lor ns
&z X ns. ns.
& x ab
N b b ’l‘ I ﬂ
0.0 i '
ns. 051
14 - . n.s.
b
2k m To04fF
0 e - x
w  10fF = L
EZ g % £z 03f
& 5 08F & 1
pile T &9 x
?jz()(,_ MN8:. @202_
= a a e n.s. a
T 04r g N
. y H5ooo1p 2 2
02} ﬂ i ﬁ : i
0.0 0.0 -
2019-01 2019-04 2019-07 2019-10 2019-01 2019-04 2019-07 2019-10
SRAEIR 7] SKREI ]
Sampling time Sampling time
AN R IRIF] AR AR AN FR AN 7] 22 57 235 (P<0.05)

B1 FEMEKREL
Different letters indicate significant differences between different sampling time of the same indicator (P<0.05)
Fig.1 Variation of water quality indicators in the aquaculture ponds with different fish species

020 1
a [ PERZRZE IS
. = 5 XA
0I5 f
2
=N
=¥ n.s.
£ 010Ff e
) Y v y
0.05 F ﬂ I ﬁ ’l‘
0.00
2019-01  2019-04  2019-07  2019-10
SRR i)

Sampling time
ANl BERR IR TR — R B R AN R A I 1) 22 57 4 25 (P<0.05)
B2 FEHESHIETWN
Different letters indicate significant differences between different
sampling time of the same indicator (P<0.05)
Fig.2 Variation of TP content in the aquaculture

ponds with different fish species

3 AEZTMFREMEI MIEK RN
Tab.3 Effects of season and fish species on water
quality in the aquaculture ponds
Fl 2 ACRFERSRD B3 BGRA R L HAEH
df=3 df=l df=3
SS F P SS F P SS F P
750.08 9.08 0.03 94.00 1.14 0.29

5 %
KR

NH,-N 128.19 1.55 0.67

NO,-N 639.27 7.73 0.05 6.22 0.08 0.78 249.59 3.02 0.39

649.27 41.67 0.50
0.43

1.63

0.48
0.51
0.20

723.40 8.75 0.03
413.59 5.00 0.17
113.49 1.37 0.71

NO;-N 7.85 0.05
TN  349.64 4.23 0.24
TP  1202.35 14.55 0.00

2.2 thiE/KRE BT RRIR A AR
M IEK A AR AWCD B TE & H 2 (8] A AN

35.60
135.12
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I A% B &R R E W I M R R 123

KE 3,34, Ui i AR T AE P AE 2 H 2 TR AR
AR AR L. J& % B RN B £ S M 5 A )
PR KA B W) BRI 2t ey, AR R IR VR IR AN Z
VD HIR) F 2t 0 I e 28 B R 2 e (. B AR
X PE AR A IR R 2 T e B R
I, Fodr 4 BE A A 0T A e R
ALK A D) B LR 7R TR S AN 9 1 28 (1) R 6
BE ST R P PR i (P<0.05),4 H 110 A B 5
XM AE I SRR R B e T e P %
J£4.(P<0.05)

301

miB P SRBPEaT )
i SHAREMAA)  WEARETAD
BRPPEGUA mPPaa0 )
£ 2 SR NRMIAID SR UREI10 D)
2 E 5
#E
e § 15
®
£ 10
5
0

Substrates

AN [ - B 2 735 () — SR AR IR W) ) — i b A () 577 B it e ) 10 22 S
& (P<0.05)

A EERERTE, B WKL &9, C: EIER , D R K E: 2 B,
F: W3, G ik

B3 MEREMI ARBIERNF AER

Different letters indicate significant differences between differ-
ent fish species of the same indicator at the same sampling time
(P<0.05)

A: all substrates, B: carbohydrate, C: amino acid, D: carboxylic
acid, E: polymer, F: phenolic compound, G: amine

Fig.3 Utilization of different carbon sources by the

microbiota in the aquaculture ponds

F4 AEZFETFRAEF LI KERE I RR
T A ge AR
Tab.4 Effects of sampling seasons and fish
species on the utilization of different carbon

sources by the aquatic microbiota

K2 A FZB 2
CREEMED R gD AR
Iy
K a7 ¢! e
sSs F P SS F P SS F P
K 346.07 4.19 0.24 376.00 4.55 0.03 781.93 9.46 0.02
fugrpy >0 20 T o

HIERR 275.14 333 034 661.38 8.00 0.00 432.56 5.23 0.16
FRIRZE 13177 1.59 0.66 708.48 8.57 0.00 477.25 5.77 0.12
2B 5591 0.68 0.88 242.08 2.93 0.09 401.09 4.85 0.18
Wik 22.66 0.27 0.96 544.08 6.58 0.01 297.01 3.59 0.31
f 367.63 4.45 022 60825 7.36  0.01 303.70 3.67 0.30

2.3 FEMBKEEBEEHTH

231 MEFRER SN WMEEMERN, KRR H
R0 3 B R AT 5 B &R R I A Pl (BT 4D
F| F§ PD . Chao Shannon Simpson 25 $& £t b 3 B 7
() o Z R REAT VAL . 25 R0, 1 H e B D 4Rt
% B HE Y PD A1 Chao 1840 T S8 S A, Ui B 1 H 775
W B R E s K (B 5 . R 32 48 b5
(PCoA) X IH KR B HE IR B 22 FEVEEAT VEAL , 45
LKW, 4 H 7 A0 A Je %' % F b 5% 1 A B
B, AEBES A M ERKER . FA
XA IEAE s AR IR R (K 6) .

2000

—
w
(=3
=

Iy R ITA
Number of OTUs
—

1()(I)()0 20000
bk e Vi
Number of reads
4 MEKERBEENFNOUTHREM

Fig.4 Rarefaction curves of OTU for water samples

from the different fish ponds based
on high throughout sequencing

232 TIAFHAEMENBHEEN BT P IEM
AR 5 SR At 5 7K Ak v 35 AR T B 1 (Proteobac-
teria) A2k 14 ] (Actinobacteria) B A0 X 3 /& % & »
H K A ¥ H 1] (Cyanobacteria) « $8L #F B ] (Bacte-
roidetes) V¥ % B [ ] (Planctomycetes) « 2% 25 1 [ ']
(Chloroflexi) & il B '] (Verrucomicrobia) - J& B¥ B
I"](Firmicutes) F2 # 5 |] (Fusobacteria) (& 7).
233 BAKFHAKBMAENBHELEN BP T EM
FVBE s X b I 7K A& w28 B8 (Cyanobium
PCC-6307) hgcl clade (1 {f1 1% £} Sporichthyaceae)
CL500—-29 marine group (Ilumatobacteraceae) -C39(ZL.
I I £l Rhodocyclaceae) « Mycobacterium (73 £ #f
J& ) « Polynucleobacter LD29 (Chthoniobacteraceae)
it ¥ i J& (Cetobacterium) - 131 %& % J& (Microcystis
PCC=7914) FI/N AL 1 & (Pirellula) ) 2 16 J& (K]
8). CL500-29 marine group FRIAHNT 3 EAE 1 H el
C39 AT F AR 1 H feim, C39 2 1 H g ¥ 2
1 FEGEIBYE KA 1) 22 R ic A (E 9)

234 BAKFWAEAEARME MKMW
REW(E5),C39 5 NH-N B H K2 Z MK
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E5 KEEEHN o« SEESHT
Fig.5 The « diversity of microbiota in water samples
- PCoA based on Bray-Curtis distance 3 'L Tj"i,/lr_\,
°
" . 3.1 REFHESMEbIEKRE LR
= J& % % HE A R BE R SR8 57 B i 3 7K A v -
{ . =
XXXX@ o TR AB b 122 Ak & 3 B AR [F] , NH,~N F1 TP &% & 7
N P R 1 H 5  NO,-N & #E4 H il Je P Z el
g - N rH I NO~N 7 T2 5 4 F 55 85, T B A S Y 5 1)
5 R ° NO,~N R 1 e | AR X IR KFRIE R K
o . . - SN
= . e R JRAE A& ZR 0 72 IO 3 R U8 (20140 % B 2k 877 77 5
= FOZE 028 (0BT FE 65 R — 5. B R BN I o 38
A n N ) J= o A =
- = oo Je % B A FBE 5 SR TR TR VB I R R S R
* 1 e 1 “ . N
" A ZE G, YO AE TR R LS BIGOL T AL G TR
. 5 o BT A S LA — 5 1 R . AHT K25 (2020)

02 00 02
PCol(12.8%)
E 6 KIKE R PCA 51T
Fig.6 Principal component analysis (PCA)

of microbiota in the water samples

P (r=0.68, P<0.01) , C39 5 TN H 5 & # # %
P (r=0.45, P<0.05) , hgcl clade 5 NO,~N H. 15 % &
= FH KM (r=0.51, P<0.01), C39 5 LD29 1 TP H
W 5 2 HH M (r=0.60, P<0.01 ; /=0.52, P<0.01) ,
hgel clade 55 TP H A 2 25 #H 5 1% (=-0.37, P<0.05) ,
CL500—-29 marine group 5 TP H A ) & 3 1 < 1
(r=-0.56, P<0.01) .

WA AR I, B AR e P AR IR A BE R, RAIE 2 95 1)
PEA B TR AR T T LR B Al . 2 E il I b
A AE L H ANH,-N AR ERA L E4 AMTH
PANO,~N N EZIEA . BE 5 SR Mt o (1 LR
PANH,-N FINO,-N N EE L, £ 758 %5 (20200 1A
SR R R XD e SR Atk 3 1) SRR L DL e 5K
NE MR I, TR ITE KR TN 5
NH,—N.NO,-N & & 2 IEAH XGRS . XFFIEAN
RERFHEKPFELBRIFEXNR.
3.2 FEMEKEEBIHIRARERE LR
TERRIR R 718 , Jé % % E 0 R0 B 5 X 2 M 7%
B L 3 1 TR 4 b LA B R AR, LR B A b R A
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Fig.7 Relative abundance of aquatic microbiota at the phylum level

Genus
Pirellula
[ Microcystis Pcc-7914
Cetobacterium
Lp29
| Polynucieobacter
| Mycobacterium
7 cs9
[ ct500-29 marine group
| hgolclade
| Cyanobium PCC-6307

LERSE SIS

Relative abundance

Ol I1 02 I2 03 I3 03 I4

Ff

Samples
E8 KAEEEEKTFHYFIEIEE
Fig.8 Relative abundance of aquatic microbiota

at the genus level

T KA B W R B R 1T 06T o e A & W 1 ) i
TG B R A4 H 7 R0 A,
J& % B |l £ R B s S A Ve W B A P ) 2 R A 4
FRKPRFESE , (E ARG =F B AR AN AR AL X e 1
A REVE AR ThREAE A R A i 2 LA 2 7 1 R
Ao e S (2010 B9 1 % S f t 3F vh fl AE Pp i
JEARU B AL, KIAEBEA TR ZET (5-10 D,
FEIR KA HR B AR DR VA AE X AN ) 2 B PR B e 5 77

. 2

11 N3 |4 [Em Ol [ 04

o_Saccharimonadales
c_Saccharimonadia
p_Patescibacteria
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c__Planctomycetacia
f_Chthoniobacteraceae
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microbiae
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g_C39
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Fig.9 LDA score distribution

A7 T AN [R] 5 B i 358 ol 2 40 B AN B A /KT 4k
TRAREIRS.
3.3 SRR R AT LEHE L

e I A SR OB AT B TR T 1] 2
JEF B AR AP i SR M T /R, RS
X B A R AR U4 R B CEARSE 5 2020) 5
i L X o SRt 3P o R R R R R R TN
W1, FL RO TR R T AN AL T R T] (B AL 9 5%
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x5 ETREKFEBHSKEERIEXED
Tab.5 Correlations analysis of microbial community and water quality indicators at the genus level
f8f% NH-N NO,N NO,N TN TP  Cy hg  CL500 (39 My Po LD29 Ce Mi Pi
NH,-N 1 0.13 -0.01  0.72*%* 0.35 -0.11 -0.19 -0.33 0.68%* 0.14 0.16 0.05 0.15 -0.17 0.00
NO,-N 1 -0.22 0.05 -028 022 0.51%** 0.02 -0.08 -0.07 0.24 -0.08 -0.30  -0.13 -0.27
NO;-N 1 0.42*  0.06 0.11 0.06 -0.05 0.08 -0.01 -0.10 -0.1 0.19 -0.16 -0.38*
TN 1 0.18 0.01 -0.19 -0.12 0.45% 0.04 0.01 -0.04 0.19 -0.19 -0.27
TP 1 -0.30  -0.37*%  -0.56**  0.60** 0.15 -0.10  0.52%%* 0.15 0.03  0.30
Cy 1 0.17 0.03 -0.22 -0.26 -0.10 -0.23 -0.06 -0.26 -0.35
hg 1 0.09 -0.13 -0.36%  0.08 -0.28 -0.16  0.15 -0.39*
CL500 1 -0.39% 0.09 0.13 -0.01 -0.16 -0.23 -0.10
C39 1 -0.13 0.26 -0.06 0.18  0.07 -0.11
My 1 0 0.51**  -0.06 -0.20 0.35
Po 1 -0.34 -0.18  -0.29 -0.28
LD29 1 0.13  -0.21 0.57**
Ce 1 -0.14  0.21
Mi 1 -0.08
Pi 1

¥ *#P<0.01,*P<0.05; Cy: Cyanobium PCC-6307 ,hg:hgcl 7332, CL500: CL500-29 #4115 , C39:C39, My : Mycobacterium,

Po: Polynucleobacter,1.LD29:1LD29, Ce: Cetobacterium , Mi: Microcystis PCC-7914, Pi: Pirellula

Note: **P<0.01, *P<0.05; Cy: Cyanobium PCC-6307, hg:hgcl clade, CL500: CL500-29 marine group, C39:C39, My : Mycobacterium,
Po: Polynucleobacter, LD29 :1LD29, Ce: Cetobacterium, Mi: Microcystis PCC-7914, Pi: Pirellula
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Environmental Microbial Community of Different Fish Aquaculture
Ponds at Different Sampling Times

WANG Miao!, HUANG Qiu-biao?, LI Qing-yong?, ZHU De-xing?,
WANG Rui-ning', YI Meng-meng', LU Mai-xin'

(1. Key Laboratory of Tropical & Subtropical Fishery Resource Application & Cultivation,
Ministry of Agriculture and Rural Affairs, Guangdong Provincial Key Laboratory of Aquatic Animal Immunology
and Sustainable Aquaculture, Pearl River Fisheries Research Institute,
Chinese Academy of Fishery Science, Guangzhou 510380, P.R. China;
2. Fisheries Research and Extension Center of Huizhou, Huizhou 516002, P.R. China)

Abstract: The microbial community is crucial for maintaining aquaculture pond ecosystems. In this
study, water samples from Nile tilapia (Oreochromis niloticus) and channel catfish (Ictalurus punctatus)
aquaculture ponds were collected in different seasons to characterize the variation in microbial communi-
ty structure and water physicochemical parameters, aiming to understand how the environmental microbi-
al community functions in different types of aquaculture ponds. In January, April, July and October
2019, water samples were collected in four aquaculture ponds of each fish species for the analysis of mi-
crobial community and the determination of physicochemical parameters, including total nitrogen, ammo-
nia nitrogen, nitrate nitrogen, nitrite nitrogen and total phosphorus. The microbial community structure in
water was analyzed by high—throughput sequencing technology and average well color development
(AWCD) of the aquatic microorganisms, using various carbon sources, was analyzed by Biolog ECO—
plate technology. Results show that water quality and microbial community structure of the aquaculture
ponds in January were different from those in other investigation time, and the fish species had little ef-
fect on the water quality and microbial community structure of pond water. There were significant differ-
ences in the physicochemical parameters in aquaculture ponds among sampling times, but there were no
significant differences in the physicochemical parameters of Nile tilapia and channel fish ponds at the
same sampling time. Among them, the content of NH,—N in Nile tilapia aquaculture ponds in January
was higher than in other months, significantly higher than that in April and July (P<0.05), and the con-
tent of TP in January was significantly higher than that in April, July and October (P<0.05). The contents
of NO,—N and TP in channel catfish aquaculture ponds in January were significantly higher than those in
other months (P<0.05). Biolog—ECO plate detected that microorganisms in Nile tilapia and channel fish
aquaculture ponds had high utilization rate of carbohydrates and amino acids and low utilization rate of
phenolic amines. In April, the utilization rate of carbon sources by microorganisms in channel catfish
ponds was higher than that in Nile tilapia ponds. High throughput sequencing shows that Firmicutes and
Bacteroidetes were the dominant phyla in both Nile tilapia and channel catfish ponds. Actinobacteria (hgcl
clade), the CL500—29 marine group and C39 were the primary genera involved in nitrogen and phospho-
rus cycling in the freshwater ponds. Our study helps to understand microbial community structure and
variation in the aquaculture environment and provides scientific evidence for developing targeted mea-
sures for ecological treatment of wastewater in aquaculture.

Key words : Oreochromis niloticus; Ictalurus punctatus; aquaculture pond; microbial community



