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BR T XA SR LASh, B AR R IR B b
SRR BE TRV S A . H AT 1k, A
X Z W 5T 4 v A % E R SR FE N B I i A
BEE R " U 1 — S 2 A K o i
BETTRETR LA AY , 3 3 2 AR 254 B 2L 1
BT T —RE M, R R 2R S R
FNAEMPITIE LD T35, T B AR
W2, AU TR T BAFAE T UURYI
KRRy v 1) i e A i 22 T 9 ol W A v
S o AR ST e 0 1 1 b, XA [
J3 55 A 0 55 B it B K ORI 3R 2 TURR ) v i S
AR RO R R AT RIS, IR R R G P AR
TP W BRI A M 52 0 SR, A eI
'S %,

1 M55k

1.1 ihyERFHEER

VEREIY 3 1A Y 2% 4 1t W5 0 o [ /K = B
SEWFFEBEIR K MBI FE 0 B 5 57 FE S
IR 0. 13 hm®  FRFE X5 R 3 & B Ak, 3t
g 5 4r 0k 1 (31° 277 47. 49" N,
119°51°02. 13" E ) . # 3% 2 (31°27' 48. 63" N,
119°51'02. 61" E ) . # % 3 (31°27' 45. 47" N,
119°50'59.40"E) . Ji G H[a] A 2014 455 AR
fl, @\ P EAAE-FHEKY RS om, B
2006 A H [E K RIS B IR 2K Ik B 5 G
ML L 5] 2R ) 60 KR P — 4K
R ,1E2014 4 H FA L, 3 b YE Rk =
43514 2 400 FE (Gt gE 1) .3 000 B2 (¥ 2) Fi1 3
600 & (qth3fE 3) o FRAE I FE i 5 SR AH [R)
(FFH 4 K) , BRI AR IS D HE 2 i i
T (WA o BEASFRA A A DI oK FH 2, AR 0K
TEFRBEWIIKIR LA 0.7 m, 5 2014 4£7 H 4]
A RINIK B KL M 2.0 m, 2014 4E 10 J] 11 H
FRURAHAR AT ISR . e 3 L1 3 i 1 RE R B4y
S 11,511, b3 2.1. 207, b3 3.1.262;
3 HER R i A B 23 il 56. 67 kg, 48. 42 kg
F158.15 kg, 3 FIHEBE )50 A &850 5k 18. 28
kg,19.28 kg fi122. 14 kg, & W5 i AR H
Shr Ll e AR Bl 1 A R R T S R
WA B A 22 (8 TR0k e 207 1 A R FH B
P U, BRI 2 >R FH A 6 6 B v o Tk v 26
AR i A 5 O 12 O A o ek e R 1Y

Ll A5l 3fe LAS A IR e A B o 8t TP B R LB
RSk 21 ] f[22],
1.2 #HmX&E

SRAEWFE] 73 53] g 2014 425 R 4A).7T AR
7.9 A FAIAII0 F R A) . A E T 3 S RAE
SO BT [ 7 FIE B SR TR
PIREAR AR 5 R AR o R R Z TR (4
10 em R , Frf7 4 RS RAESEIUR , 45 113t
FERSE) 12 NPT AR . 1B 1 PSRRI
WIRE S 45 53 1 o MS11  MS12 . MS13 (JS11 .JS12,
JS13 SS11,SS12 . SS13 ,0S11 ,0S12 #1 0S13, H e
TR A S SO R AR S AR
FUCRIRE G, 55— A BT Rz A7 7= 4K 3R 30 4
o MYE 2 I 3 I ARE S SRl RS CRAR S
BT 5 mL KB 208 7 BIVE T RCRURE
AT IR

TKHFER FH AT HIL I 3 R 7K st SR B BE B /K i LA
T 50 cm A [FIRRRERE I UIERS 200 3 DS,
JICT 22 8 DA v [ S = AR IR
200 mL FEATHIUE, VB B A2 N 47 mm, fLAZ N
0.22 pum, [FIFEREIIEAT R 3 S UEBRAE A, X HE
4 YA ARG RGBTSR 12 8
HRAE it i 44 B DU 5 TORR ) R ot 0L, R —
AR WARKR R IERE 5 o # T TR A i AN
DERSRE T BT - 80 CHBMINIR VAR h /A7, R T i
FE R AR 58 UG #E1T DNA il
1.3 DNA HJIREX. 4 .PCR F B R FHEEN
F

¥ F PowerSoil DNA TIsolation Kit (MO BIO,
5 [ #E 4T UL AU AR 0 DNA Y 32 3G R
PowerWater DNA Isolation Kit(MO BIO, & [H) yf
1 08 BEFE & DNA 9 2 MG A F Mobio
PowerClean® DNA Clean-Up Kit #£47 DNA [ 4
A6, FIFH 1% 35 W B I P, Dk ARG 00 44841 F 1) i PR
ZH DNA,

BT A barcode (FR%5) [R: 5514, R H
ABI GeneAmp® 9700 75 3L [ 47 4 Y 4™ #4441 1 168
rRNA SN VI ~ V3 0] 45 X5 5[ ) )7 51 Ry 27F .57 -
AGAGTTTGATCCTGGCTCAG-3 ’, 533R:. 5°
TTACCGCGGCTGCTGGCAC-3’ . PCR ¥ % 1 ¢
Z IR 23 ], 2K llumina MiSeq PE300 il 3
VBRI
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e I 58 S, s 25 2R Ak L OTU R
KEERAEI S BOGIR [ 24 ] RFEAT . 7R EER
T greengene B dfs PEAG E R e T TR 1R RS
X P AR TR, ZFERA I, R
FH Primer-E 5.0 $#477K F1ZR 2 TR 0] 15 S50 7%
ZERIAHALME: S B ( ANOSIM ) | % ] STAMP 2.1.3
BT 2R WS R RIBES
Vegan B4 K 43 5 3547 A5 e 45 % ( Shannon ) 1Y
T E Ly 53 Hr (PCA)  Mantel 73 47 #l Bioenv
3T R RAEF Y enviit pREL, BT ICRSY
Br (RDA) 1 45 R0k W5 e 1 7 23 A 1 B 58 78 i fi
FEFE AT R

ANTE) 3 A T) 55 Bl 37 1) 78 4 8 B0 Lo v
% IBM SPSS Stastistics 20. 0 SeHFF7 R R 22
43 # (Univariate analysis ) , 2% A Bz /)N 8 35 25 01k
(LSD) R b4 Z H [LHL, 1E 95% EAR L T K2
B

2 4k

ZE 0 i A AR it AT e 0 B A B
My 5 BEAT 0 RIS, A9 3 227 289 ZR Ak I 41
(Reads ), 333 /1~ OTUs ( Operational Taxonomic
Units) o BRI A R A, 35 i 4 1) LAt
BB MRS R, A A5 5] 166 597 L)y
(ke 161 333 %, LR 5 264 4%) Fil 117
A OTUs K FNPLARY) i A4 90 A, HAFAE T K
W 14 4, BAAE T UL g 12 4y 1T iE
ST
2.1 KMREARYPEENFZHREZH
L

X % At SR A b B K F- 8 Y 2H
FEAT 3T, R R WK I 2R JZ DU vh i i e
B PR H ( Synechococcales ) 4 12 4~ H (H
1A) o Hrokh FZEH M X FERT 1% ) 6
FERERBE H (Synechococcales ) (SF-H AR = B2y

35. 68%, DI T [d ). Cyanobacteria_norank
(34.24% ). o, Bk # H ( Chroococcales )

(17.23% ) 7363 H ( Nostocales ) (8. 46% ) . &
#& H ( Oscillaoriales ) (2. 11% ) #1 SM1D11(1.63% ) ;
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RZUCEY b g e iy 2 o Bk H
(Synechococcales ) (49. 80% ) . Cyanobacteria_norank
(15. TM%) 1 f4 Bk 3 H ( Chroococcales )
(14.46% ) \YS2(5.48% ) M1635J-21(4.35% ) .
MLEI-12 (4. 23%) 1 SM2F09 ( 4. 05%).
ANOSIM 73 Ay 2 B, 7K T3 )23 T AR 47y () A 8 1)
KA REANA (r=0. 866, P =0.001) , 7t 5
filt b, X KRR JZ2 U v i) 22 S i e 2 0k (HH
XF ) HEAT R LG e M, A5 R (B IB)
Cyanobacteria_norank /& 2 & H FlEA 3 H 76K H
B R B AR = B, T R ke H . YS2 \ML635]-
21, MLEI-12. SM2F09 I {8 fa JE 3 H
( Pseudanabaenales ) 7£ 3¢ JZ T ALY B K Y
AR

K FE W A O 1 R R A Y B
] AZ AL AR AL A F (P < 0. 05) , Horp R Bkl
HAES H o BA Sm AR FEE 78 7 A i
CIRBEETE S F 0y AR XS 3 BE R, TS 8 B
FHEN 5 SR BE H (Nostocales) 78 9 .10 H £y Hi 3
B, o 9 Ay dwcim o TEAS Rt 3% 18], 3 31 A
X 11 AN H A XS = B F SR 5 % R R R B
fRTEAAH G BT, S5 SRR Pr A X 11 A~ H 5 5%
R R B R A G R A B2 (P >
0.05,5% 1),

DURRY v 32 28 i 3 41 03 1 = 3 A AS ] il 31
AR BLH B & i 22 (P <0.05) , RBK#EEHAE
TR 2R 80 AP 4 Tt 98 v LA e sy 9 AR X R
Cyanobacteria_norank 7t 1H Bk 2 B = 1) jth 8 2
A IR RN B e ke H A BE BE A R
B JE ) T i T BRI

K2 o 1K FIR)Z DUER Y b il e & vk 48
£ Shannon 17284k, S5 REH], BEE FRAH I HEAT
K H i Shannon $5 B0Z W T i , 76 5% 58 H S
FHE W& TIRAI(P <0.05) . fEAFFRIE
Y ], v B) 57 58 %% B Y% Hh Y Shannon $5 %02
FARTHAR I 3 (P <0.05) 5 RJZTIRY
WY Shannon 5 $07E 7758 A &, TE TR FHA)
WFIFRIAR AR (P <0.05) o TEA[FIFRAH I
[F), A AR 8 7 e 39 v ) (L 8 2 IR T
SR (P <0.05)
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Fig.1 Community composition of cyanobacteria in water and surface sediment of tilapia ponds

2.2 KMRERRYPIERFHZNHFEITR
5RERFHXER

K3 73 B (PCA ) SR X 7K F1 8 JZ TR
Yyrb i S TR A A AT HE Y A b, 25 R 3
o B 3CA) FWIIK o 5 SRR 75 52 3 R A I ] 11
SR, >k B AR R] A 3 B St i ] T SR 4R HE —
A 1 3(B) R IR )Z DU b 1 05 5 1 7 <2 3
Tl I 2 00 B S e K, o B R[] 5 B 1 I PR

i TR —ik

XK AP B OTU FEFEFI Y 11 3R5E N 41
SR PR AE AR FEEAT Mantel 237, 45 R 3R W] 36
SR i M RE G i R /K v W TR 0 R s 2 A 0 A
(P=0.001,r=0.248 9) ;% enfit pF %A K556
FieA XK v i e A v Py B R R A B
ARRISERINGE 2 PR, 322 RUTEBR AR
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AR S A BRI R AR (P <0.05)

K JH Bioenv Zp M A G EXS /K AP R IEVE 25 BRSO (P = 0. 001, 7 = 0. 272) ;SR JH] enfit
Wi fe R PR S B2 A R B, B AL BRI AT BRI TR Hh i SR T B B

IR AR R R AR e AL oA S AR R R ERE AR R A SRR, B S DT

R(r=0.578), PP R AR AR EN KRR (P <
XHURPI B OTU JE AN 3 ANFREBEN 0.05) A HLBR A& SRR ARE (P >

TP IAE A AR FF AT Mantel 73 Hr, 45283 0.05),

a a
-
2 = T
& :
g 3 3
* 1 J_
2 2
98 108 i THE2 T3
w
ab b a a
3.5 3.5
g R : T
2 H =
#® 3.0 e 3.0
3z
&
- I 1
2.5 2.5
59 7H 94 108 HigEL Hu3E2 HuyE3
(B)

B2 Jk(A)FRETRY(B) FIEE L # K5 (Shannon F53])

Fig.2 Diversity of cyanobacteria community ( Shannon index) in water and surface sediment of tilapia ponds

®1 KPEEB"KTEENFESHRETERESRLEEABEXSH
Tab.1 Pearson correlation analysis on the abundance of

cyanobacteria in water and stocking density and feed coefficient

HA PG A S R [ R BE A i B DL B v W 1Y

FEF BB Stocking density LR EL Feed coefficient

r P r P
Chroococcales 0.024 0.889 -0.275 0.105
Cyanobacteria_norank 0.077 0.656 -0.114 0.507
ML635J-21_norank -0.038 0.825 -0.172 0.314
MLE1-12 0.245 0.149 -0.219 0.199
Nostocales -0.187 0.275 0.002 0.993
Oscillatoriales -0.209 0.219 -0.030 0.859
Pseudanabaenales 0.041 0.814 0.014 0.936
SMIDI11 0.005 0.979 -0.162 0.345
SM2F09 -0.044 0.798 -0.085 0.621
Streptophyta -0.096 0.577 0.074 0.668
Synechococcales 0.163 0.341 -0.197 0.249
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Fig.3 Principal components analysis (PCA) of cyanobacteria

community in water and surface sediment of tilapia ponds

x2 METEXKMRE
MR IR B R SRR R
Tab.2 Environmental interpretation on RDA
ordinations of cyanobacteria communities in

water and surface sediment of tilapia ponds

AL TR 2

P
Physico-chemical parameters g

JE(/ Total nitrogen 0.645 0.001"
A/ Ammonia nitrogen 0.562 0.001*
E R IR IR FE B/ Permanganate index  0.115  0.119
W fi 75 A/ Nitrite nitrogen 0.363 0.002"
FRERAR/ Sulfate 0.280 0.003 *
W?lier 525 %/ Nitrate nitrogen 0.678 0.001*
B MR/ Total organic carbon 0.345 0.003*
pH 0.044 0.473
DO 0.049 0.449
BB L/ Diaphaneity 0.529 0.001*
B AL A 5 L f37/ Redox potential 0.042 0.513
M%7 S/ Total phosphorous 0.413 0.001 "
Sediment S A/ Total nitrogen 0.214 0.019°
A HLF/ Total organic matter 0.059 0.370
T = R R R H
Note: * represents significant difference
3 e
3.1 Fia&FEMEKNKETRYPEEERE
BHEAEABRKR

AR (RS AR —Fh 3 Tz i
JERZ AW A A R B R 3h b 1y 18 T 2
fofa '™ o (R, BUKAE RV Rl B ARE
(7K A B IR RSSO T — B 2 3R 55 )
RO WA T PR 2 A (oA 3B 19 B ) A
BN T KRG B — D2 R, B AR AR
Rl B RG2S AR B m] IR i it

PR H 5 1 [l 75 2 #0537 5 3t I v
W& A W g R ) ), PR 9 & A 3R
U 3R S TR % AR 10 X T X A () Y 4
T PR U AT BE B AT — € R BLSE T Lo AWFSE
BV AR LI 20 B 2R B 20 A £ 7 A I R K R
JETURR D) b (0 B8 B VR A AP E A 3 25 e, HE
Hh It 3 7K T Y T A AE PR (96. 8% 1741 ok
B TKFE) 5 0 A K F 3R 2 DU R A
TR 1) OTU 285, (B3 —J5 T, KR JZ T
TR v 32 20 R B A ALY, Rk H
Cyanobacteria-norank FI6 3R ¥ H 2 H A4 8
FRAE RIS 2 B2 50 1K 1) 87.2% F1179.9%
A7 OTU 1y He it ik 31 6 OTU Bt i1 76. 9%
PRI, K I R TTOAR A v 1 6 20 o XA AE A R %
IHR AR o NS DR ) /K R J2 AR W) v 1 38 i) F 50
FH, RZTURR Y v i 5 10 52 95 n] LR KR vh
WA A A BRI R R 2 T 2B 0 A AN I
B IR B TR Ve R T R AR, A RIR AR
o BRI IE AT B A XA AR
J3A, T R R, R S S R
PR, FTRES DAL HE 1 7K AR JZ DURR ) Hh i e 28
Tt o
3.2 FEFEMBAKNMKRERRYPAEE
RN MEER

TEK T, W BE RO RE TR 45 F T AN [) 7 46y 1) = B
R E SR, Toib e I H AR T B R
RO A4 38 I 32 1003 o3 B 45 R AR R 1 X —
Fo JXFMAME R EE S SR AT T BE AR e
BEAL S R -, 0 2 R B 1 R A A X
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4598 HUCGR W] T A e 48 BO0E A [ b 39 18] 2 471
HIE RIS W 2 20 A v s 20U 2 AR
THIHNPIA M IE . TR 3 10 R R A
A HA TR A — B 7R PR A B
R oA B RE R, AT LU B0 K rp i e v AL
M K I SR B A RIS A B AMA
R, X HE— U T b 3R A SR v A
K PSR v 22 i E 2RI

TERIZDURW o, Joie 2 T B W B H A X F
BER I BT 2R 32 FE 50 o0 2 R R A AR 2
T 8] B 22 57 02 3 B DURR ) o R A s 24 22
S 2R N A R R DU i B e 5 KL
tesbit H By )R AR AL, 22 B ST T i e AR
RS T 2 It 3 s B 1 A e AR AR
BFETWIE 1, X RES % 2 Fk s 3 A
X BT e PR SR AR A O, PR A A B A e X
RIZVUR Y i e i vis o A e B b BB A
FHRTHOR A

L5 LR, n] RES MR 2 A B SR A b R K AR
JEDURRY b R T 1 2 B R 18 A A
BRI A 1Y) 22 ) A — 2 B Y BEAL 45
PRA o i b e T RIS A P E O K
BTV (0 R W LG 3R 2 DA 1) AR I 1
M B K 5 T /K Hh i 3R 2 OB ) v ) 3 A
VAR RENS B — S BLAL SR AR T A B, 11 i 46 AL 3R
PR B Bl R] 3 5 8 TR W) R A e AR K
5 ZFHRS LR, 2 Al fA 97 GE R S K R SR DL
R v ) B R A 35 A SR, TR AR 3T
D AR B R A, B SR IR A R G
Hh 4 S A LA SR R

4 &g

T A i1 % B 1 A KR 3R 2 DURR Y 4
BRI TR S M AR 35 1 22 5 (B T A2 A
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Community structure of cyanobacteria in water and surface sediment of
tilapia ponds and the influencing factors

FAN Limin, WU Wei, QIU Liping, LI Dandan, MENG Shunlong, SONG Chao, ZHENG Yao, CHEN
Jiazhang
( Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Scientific Observing and Experimental Station of

Fishery Resources and Environment in the Lower Reaches of the Yangize River, Wuxi 214081, Jiangsu, China)

Abstract ; In order to investigate the community structure and diversity of cyanobacteria in water and sediment
of tilapia ponds, the Illumina high-throughput sequencing and the bioinformatics analysis were performed. The
results showed that there were significant differences of cyanobacteria community structure between water and
surface sediment samples. Nonetheless, the dominant groups in these two habitats were the same, which were
Synechococcales, Cyanobacteria_norank and Chroococcales.  Further researches indicated that the
cyanobacteria community in water was affected by the monthly variations, and was closely related to the net
input of nitrogen to the ponds systems. However, the cyanobacteria community in surface sediment was more
affected by the ponds variations and was related to the net input of phosphorus to the ponds systems. To sum
up, the tilapia cultivations in the ponds systems affected the cyanobacteria communities in water and surface
sediment more by the way of nutrients input than by direct feeding.

Key words: tilapia ponds; water; surface sediment; cyanobacteria; influencing factors
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