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MEX K ow #Eus KEBER HEB

(L WHLHE R, fH il 316022; 2. WL AR FFE K FRIERT FU AT, WL A UL KSR AE Y SR J50T 5 OR 57 3 RS20 =, LM i it

AR B Pl SR, T 325005)

WEE: v 1 4o & KRS WK it DL 77 58 i R v 352 T A P % 5 4 A A2 A, X6 FR BB 7K AR A 53 2 [ 4H DNA 1
16S F118S rRNAKE R #EAT 1 il &l 7 AR B b . 28R B, IR A IOTU(28728) W & & T |
A W(8498), o R A% AW L 4 2T = B AR JE B 1] (Proteobacteria)« ¥ # [ J(Cyanobacteria)s fUFT B ]
(Bacteroidetes). % | J(Actinobacteria)F1 %5 B | ](Chlorobi)2%; EAZ MMM B LN TR, HER. FE
H ARHEHL, BREE. ERMEEEANREEESE, Foh AR & AR & XU BB IN(P<<0.05). &R 5 B4
ZREMEY R KA B2 RS, JEAZ AR Y Shannon T HUAI Simpsond& £ H BN 5. 25 M 2 7 (P<<0.05), BIAFBEAL G
FH&r, THOTUS A Chao I8 U K & A2 B3 A . PCoAMNTE IR, & RUG JFAZ A B A% LE VR VR 45 /I 28 7= A i
8] S R, (B AL AR R TR Sk P AR B £ R . ANOSIME R, BEAZAEAZ A VI BETE (E & KURT 5 B EAE
B3V Z 7 (P<0.05), oA A AR P RS B 0] A 2 TR 394G 5638 22 57(P<0.05), T ELAZ UAE WX AE 10d /5 H
25 22 7(P<0.05). RDAZMT 7R, KRN RAZ R TR 45070 . 25 52101 (P<0.05), T 4 2% 75 S8 s AN T i TR & 0
X FAZ AW RE TR G50 R 3 S (P<0.05) . B FEER I, 1E 6 XA, WK it I Vit A= W v A R N 35 AR
T RFE R, SRR U KT EAZ ), BRI 2 R KT AE S BB PRI, JE IR 2 & KFTK T, &
A BT B AR Y S R U, BN E SRR E 2 6 K ATHF & . DR, e Kb I DR 7708
JNEXT G IR M 1 B A 3 S TSCCE 977 L 5 A O B S5 AR 7 A R, I A 8 T BB A ) R A

A7, BADR A £ R B 1 AH 2502 R BE T R ) AR S T REBR K o

KRR R, WKLY, mEEIF; 16SrDNA; 18S rDNA
X EHS: 1000-3207(2023)08-1301-12

FESES: S917.1 SCHERARIRES: A

G REEM I RS KEE S KRG B A
T FRE A B, 5 G KU G IR 98 AR B 7K AT A
I T 38 A AR A AR K AR B A B VR S SR S K
WL, I B A 0 2 FEIE AN 152 B A BE R 3R
s, & X BT B R IR A R T S BT
T R A I A, R BUKAERRRGE J5, FRUE AR
AIFEREAEKS, & RGBT £ 5] & 41 B REVE Y
TR, A 2 G KGR I 4 B TR 2 I
2 R TO H a EE E H S X R W AR A T
IEE, Ao HE IR EY B PEE, 4 &R

ks B EA: 2022-06-23; 11T B#A: 2022-09-16

B RS TRIF IR I8 T & KoL BEn b
SRR E MBS S EE A Y. 75 R
J5, KRS R, 32 KR B A, BRI A 35
EREIN, ORI ALK, S RN TR S ok
78 F7 £k, VT R A K SR B 2 ) B R, A
T 7T g H B 38 Kk A

WK T FR T M A S R G R VR
FFRE VU2 R, e o JER R A 4 2 R A
POV A AL R I R A AV B S,
EGEER. R, Rl R R R R K

EEWH: &M E AR SR B I 5 & BRI E (NYIBGS202203); WL 44 i & v %1(2019C02045); ifi/H 7 S Al P&
PRI H (N20210021FIKN20210008); FLARAR M= k4 A Adk & % 101 ¥ 4:(CARS-49) %t By [Supported by Taizhou Agriculture
Major Science and Technology R & D Project of China (NYJBGS202203); the Key Research and Development Program of
Zhejiang Province (2019C02045); Wenzhou Scientific Research Program (N20210021 and KN20210008); the Earmarked Fund for

CARS-49]
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aglO S R K U TR B R e e AR R S
FREAED RGPV GE R sh L & + 55 H
BAEH, AU A= # i Bk & E W, #e
TR L B I B A VR S5 R, SR R
M IEFEE IR A, 2T S B R A S R
i ek Ik, MK IR I R K AR
AW RETR R T R R A R A 5 1 B R R, HF HLT
KR ARG TR R A Ea e A,

Y 7K % 7 B ) ME i DU S AR DR B K
TG RN ALRORL Y B, 2 B T 5 i 3 L 2 57
B DX S8 U VR (I TR B, DL SRR 2 PR AR Ui
AR, T LSRR U S R R AR
BT AR I VR I A VR K 2 RE P AT
H 2 BT R R 52, H & X R AR
Ao AR AR A DRV O S B SCikac R, 1
B 2R AL I — TR 5 SR, W e A5 6 S S,
FF 9 = B A v, Tk T 5 9 = B LAY, Tseng6™
R A% R A2 5200 V3R 7% 7K 7K e B v 45 1
P FERT R R, A ARG RN FECRHEY)
T VR AN AR 5 178 A, AT SE MR A 1R R A BOK
Horp — BT E BRI M = R A B R,
T BIPE a2, I S BUE s sE T2, B Af
KT 7K DU V2 e A= D B v B o 32 4R b T4
B PR 20 AT AR S B AR WD T 22 R T X IR B AL
(RIS K 5K P s ko ok 2N TSR X
o TR B A A TRE VR AL R AR A B T B KUkt
7K DL e AR T Vi T R I S /L, DRI B
5 KT IRE 7K UL 358 5 B P 5 AR 3o e A D e O T R T
XA & Kt fa DR R 1 Rk FE s A &
PIR4E TR . AW TR s ST R 5

T B XU 7K D3 7K AR 2R 55 25 DR 4 Hp ) R A% AR )
16S rRNAZE KA1 B AZAE W) 18S rRNAZE R HE 47 7
S3 0T, IS N & XS K DLYE SR AR TR 1)
I 2 AR A A, SRtk DU FRBE 9¢ g Yk 2 PR AR it
HiwS%H,

1 #R5RE

1.1 RE S RAERRE

201948 H10H & R F A B T WL & M i,
BBl B R BRI B KRR T 1640(52 m/s). &N TH
SRR LA KRS — KR, WKt IE =5
HAHIT6.67x10° hm®. 4% T & XA 5, =118
TEMF B K FRFAIE i % X B4 fE121.511169, 4
[£28.936265) 14T TR KR KFE R . I FEH PR
“HH T HEA ()4 TR A FDR AR AL F o i D1 297
S AR HIEVE N AN &, 4395 A B C. D,

PO K DU 9 SE e 88, 9 HAaAN IR AR 290
1.8 hm®. V7K VU3 3254 5 Fh A 75 98 (Cyclina sinen-
sis)FYEUH (Tegillarca granosa), 3+ H ARG HH L) 57
B 5 FE (2994007 /m”)« METHT AT J) R 35 6 10 4
Jiti o SR A e 4 1 04T BB UK, B KU A8 1
25 K FH T it 2 R 7 0 28 W R A T U, 1) R0 A
rh ZE AT IR BE 2% 107 CFU/mL, $HR R 06 5 it 3
IR IR FE S 1x10°CFU/MLBEAT# L ; 3EF & XS
S A HBATHOK, HKELI810%.

I3 IR REA TLIEFRFE /K AR I 1 2 (R FE S0 om)
IKFE, SRAERS (8] 437 0 & K i AT 24h & KU it
JE SARIHKRT10d. AERE NI R 5 s BORE VR
RSB KRE, RS G 3N T LRI T 120 7 1] 52
5o = AAT WAL . K KAEFH0.22 pm AR T B YR
(MF-Millipore ™) HEAT 1€, HhUE/KFET L, B dhig i
MIPEME AN S mL K B 2508, F-80C KR UK
FEARAE, (RAF AR R e FE o
1.2 Ik

F BT T WK FRFE R FE PR UK R FR AR, A
TR (T). WA (DO). 12 FHEE(COD). iF
PEBERR 2 (POY -P) TEANARER(NO,-N). A (NO;-
N). S E(NH,-N)HEE(TN). 85 A 2
(Multi 3410 SET 5, £ [ WTW) 317 Ml 5 7K I5 A%
fiE(DO) . HABFEARIEFE Sy (B 5256 % 24h P
AT SE « R E(NH,-N) B 5 ey i 2 e e 1 ik
WMISE ; TR 25 (NO3-N) & &R H B - 550k J5 vl 7
AN E (NO,-N) & &K FIN-(1-255)- £ — i 73t
JEEEVENSE ; B2 £ (PO, -P) 2 & % FH B AH 15 2%
FEREVEN E ; 4h 2 75 S B (COD) K FH B P e Sl R
RN SE o KT 35 4% B E ARG B 17378.4-2007
MRS T VR EAT
1.3 DNAREAMiSeq=iBE &N F

TERAERAETE G, A4 Sl L () 908 MRG0k
FEEUH, F K FARBE MBY /. BRI E K
B OVE R, A KR TAE DN A TR BIGR 77 & Wa-
ter DNA Kit(Omega) ik f FLH2 HUD BREE HURE i 7K
R 5L S DNA, F 42 B DNA F 1.5% 25 i B ek
Fi: FL KRR AT IO A

L3I #515F(5'-GTGCCAGCMGCCGCGG-
3")fl1907R(5'-CCGTCAATTCMTTTRAGTTT-3")¥"
#16S rRNAZEKIVAX; PL5[4)0817F (5'-TTAGC
ATGGAATAATRRAATAGGA-3")F11196R (5'-
TCTGGACCTGGTGAGTTTCC-3")#" 4 18S rRNA
FERPVS—VTIX, BMERE3INEE . PCR XM
& £(20 pL): 5xFastPfu buffer, 4 uL; 2.5 mmol/L
dNTPs, 2 uL; 5 pmol/L _F. "FUiE54%-0.8 uL; FastPfu
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DNAZ G, 0.4 pL; BARDNA 10 ng; &5 FRINA
KHddH,0%M$20 pL. PCR N FEF: 95°C AR
TAZ M 3min; 95°C 2644 FAEPE30s, 55°C 24 MRk
30s, 72°C %A R ZEMH30s, MILHEAT28AMEIE; B e
TE72°C A% T FHAEM 10min. FH2%E7 fig &I i
JKEMPCRF =4 .

FHESOIR B e [ S 7] & (AXY GEN)#E /T PCR
FE R A4k, SR 5 O 2 % B G B vk AT R
I, 8 FTllumina Miseq PE250F & % PCR= 4 i3t
A7 mE R R, BSPCR A/ 20111000055 DAL
14 KBS0

[lumina MiSeqill J7* 7 & 15 21| (1) 7 45 548 (Raw
data)Zeid Hf4e . BE I EAL B R 1A 2 BRAS 21 i
()45 BB (Effective data). £ Uparse v7.0.1001
B BT R i ) A A RO AT IR 3, M E T
97% AU ) AF B B PP A1 AT 52K

FANOTU LEHE 73 AL — R it A4,
OTU AAD>T-3004 A Xk Ak H -5 Hdh Pe v 41
A AP AME T 97% M 41 . OTUM A )5, 4iit
RS & A ROTUS E LA OTUR & 1 5 41
o A, ¥ A OTUFF ¥l 5 Silva 119FEHEAT LEXY,
AR ANOTUR 2 KGR

FIFRIE Z (R version 3.1.3)veganf2 7 H it Ho-
Z FEPEF8 20 Shannon, Simpson, Chao 1 F1Jl 578 75
%), LKA Fl pheatmap 70 #7002 il Jg& /K1 (10 4 5
K SR I o 0 TP R DR VR S R T SN AL
A IR Unifraci 24554, 3£ T Unifracif 253k
1T ZE AL #5431 (Principal coordinate analysis, PCoA)
FH1ER . FIHRIE S (R version 4.2.0)F ] Vegan
2.6-2 B FIMASS I T AN [A B i (8] A 0 & (14
A1 B -] 5 i (Bray-Curtis) AH 5 5 5 B R 34T Gi i1 2%
BEMSHT. i CanocoS. 0 #AFE1TRDA ST

A P R 5 PR 858 IR - 2 1) A SR P IR AE I i
FIR1E 5 Indicspecie 73 # 2& T-Fi5 7 Al Phik & & 1
(P<0.05)[IAr EX R, BIEXLSTAT 201948 4%+ 45
NP Z A EE B i R SRt 23 ik - IBM
SPSS Statistics 22147 HL. K 25 77 2 4 T (LSDAT 46 -

2 %

2.1 FFEYEEENe- SRS

TP HE 4t 3 — M A B 5 (36 1), Hrp s
JE A W B 51 31240355 %%, I BB
BT HIHE 1140204155 LLOT% 1) — B 7 51 5
FKNOTU, e A% AE 3L 128728 1~OTU, ¥
i FAZ A LA H184981N0TU .

KBS F B R $Chao | 6%, BEIE 2
6% Shannon#g 4. Simpson#g H 17 7% K Cove-
rage FREUE & XUAT i AN 7] B 1) B P4 7K DL 378 o o7
T BETR 2 FEE AT A . B R AR B TR
ZEM)Coverage FREIY1E0.84 DL E(F 1), I E %
HEWIRETE S5 R Coverage FREIY7E0.92 LA E(ER 1),
Wt BRI 7 45 SR AT DA IR o ) B S

£ R 552 A1 S Y I KRR U R A AR
FIOTUHA3057, Chao 1 F8ECF M N12760.61,
AN [T 8] 55 B RE S OTU S A Chao T $8%0TC & 1E
2 [H) 2 5(P>0.05), 1IX R & K J5 K DU 4
PP RE R B R R AR B 3 O . VR R AR AR R TR
Shannonfs £~V 318 46.67, Simpsontg H-FI1E N
0.94, AS[FIHS ] 55 I i (5] Shannon i 21 Simpson
TRBUAE B2 R (P<0.05), HEI NEEIKE
Fh i, X ATRE T & X G| T 2 A B VR 26
PR, 2 5 BE R 2R e S ILZ K B s 1 1).

I EAZ Y ¥ OTUSUN977, Chao 1 #53K
SEIAE A1518.06, AN AT (] 25 FRIRE i A i B A% AR

x1 BFHERESEENFBIBRERSH
Tab. 1 Analysis of high-throughput sequencing data of each sample

B g JF A% A= PpProkaryotes FUZE P Eukaryotes
Sample ID BT OTU%t BaER BT OTU%k B R
Sequence number OTU number Coverage (%)  Sequence number OTU number Coverage (%)

A0 28175 4658 0.84 20718 721 0.97
BO 19142 3338 0.84 14759 663 0.96
Co 10896 2085 0.84 10356 591 0.96
DO 13837 2350 0.85 32045 1652 0.94
AS 31634 4531 0.85 25262 823 0.97
B5 26063 3722 0.86 15424 439 0.98
C5 28977 3567 0.88 20937 849 0.96
D5 23841 3237 0.87 115705 1405 0.98
Al0 20928 3172 0.86 8259 887 0.92
B10 13219 2144 0.86 82716 1141 0.98
C10 14119 2327 0.85 30116 1591 0.95
D10 9524 1558 0.87 25744 963 0.96

Ay By C. DANAASEEYE, 004 6 KU BT 24h, SFI1043 71 J95d )5 F110d 54 i 228 5% AR, M AL A=)
Note: A, B, C and D are experimental ponds, 0 is 24h after the typhoon, 5 and 10 are samples 5d and 10d after the typhoon; prokaryotes

on the left and eukaryotes on the right
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Fig. 1 o-diversity index analysis chart

a’yShannon $5%{; b ASimpson $5%(; c NChao 1 5%, FHA
[F) 2 7 AN [ I [1) 22 8] 47 76 3 35 1 22 573 (P<0.05)
a. Shannon index; b. Simpson index; c¢. Chao [ index. Different
letters indicate significant differences between different times
(P<0.05)
YIOTUX M Chao 1 F8EUC B 1% 2 7(P>0.05), iX
5 ER YRR 7 85 R, R 6 R 5 K
IUE R TR E R AR E SR ’
K2 W RV T V% Shannon B £~F¥4){E 243.85, Simpson

BHCT-YME 0,75, AN R 8] & FOEE & ) Shannon$g
HUFI Simpson i 2034 76 i3 1 22 7 (P>0.05), IX R

BT FAZ A YIRS, & K B A PR TE 2
BUN, BAZAEDRT G RG] RS S B A
&R
2.2 R MIESEER

285X BOTURI 741 Eb X, #LE OTUJF 41 4
AER9T%, 45 TR, 7R 1K b, &AM I R
T2 AEYDREVE 2 BAR AR N LY B ] (Proteobacte-
ria, 31.18%). i [ J(Cyanobacteria, 23.75%). #
FF B8 ] (Bacteroidetes, 15.27%)~ JiZE [ ](Actinobac-
teria, 19.54%) 1%k 5 [ 1(Chlorobi, 6.58%; &l 2).
T EZ AR B RS, RAENI NG E R
(28.04%). #FE H1(32.94%). JF 45 H1(17.79)FIHF
H(5.42%), FAZ R BRI (3.63 %) FIAR Ml 5
(3.85%)~ FEHE(1.99%; K 3).

[7] Others E5Proteobacteria [[[[] Planctomycetes 57 Cyanobacteria
7] Chlorobi K] Bacteroidetes [_] Actinobacteria

100% e
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30% &

T s | PSS | SRS § U

T M O
—

A0 BO CO DO A5 B5 C5 D5 Al10B10 C10 D10

Il
[

ANSH]
N s

Ll

10% &

0

§

Bl 2 ANIRI b rhal J A A M e v 2L
Fig. 2 Composition of planktonic prokaryotes in different ponds

Amoebozoa [0 Apusomonadidae [ Archaeplastida
[ Centrohelida I Cryptophyceae Bl Haptophyta
[ Kathablepharidaec Bl Opisthokonta [l Palpitomonas
I Picozoa Bl RT5iin25 I SA1-3C06
[ SAR Il Telonema Other

100% = = s [ |
90%
80%
70%
60%
50%
40%
30%
20%
10%
0 ., Ee e 8T

A0 BO CO DO A5 BS C5 D5 Al10B10 C10 D10

B3 IR il A A MV 2L
Fig. 3 Composition of planktonic eukaryotic community in
different ponds
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TEN 53K b, SARMEERBEFIZ AV # 2

HG I R A 57.9%, DLE K 2R 7ESARKE

REEAZ P B A0 B 23 Ee A AR T B (A 4).

SE R, REEEE S & LR & UG R AR 3 G

(P<0.05), 1M1 H i SREEFN &0 6 X5 R kA
FEAA(P>0.05).

[ =0

o B

40

30
20

b N
10 % ;-;5

FEXE 4> bL Percentage (%)

ki e 23 G

K4 & RHTE A R3S+ BEAR A
Fig. 4 Changes in abundance of different dominant algae before
and after typhoon

FREAN R R A [ (8] 2 A7 A B 25 1 22 57 (P<0.05)
Different letters indicate significant differences between different
times (P<0.05)

23 RFEMEEREM ST

M4 BT A3 R i 78 & K B Fh i R e A
B, EHUR AR (F EE>1%) R HAE A& R
P15 B 2 Heatmap B, J H DLE LA FE AR AL R K
L BEAB =R, FE A S84 EAIRE it 18] 22 7 A~
SR AT R R M. SR BR(E SHE 6), 7R
WA VIRETE T B R 5 B (Synechococcus)
Pelagibacteraceae. £k | J(Chlorobi) Ml ZL AT # &l
(Rhodobacteraceae)3¥; V7 EAZ AL W HETE = B Fh
FEN IR 4% B (Proterospongia) . A #f B (Bicosoeca) Al
4 LB A (Choreotrichia). & K 5% 5 7K
TIE T UGTE I ST A% AR VDR A B AR, & X
AR FREMN I E R, HEI0HRKERES S
JACE i BT 2408 ARARL; T EZK DUSE (BRD3E A1) 75 Ui
FAZ VIR IEAE & WO Bl BT 24hBCN AHALL, Bl 77 58
AR IR, HE KGR IKE B BRE .

R 2 T IR (v 2HL R 22 S ) R R & AL (R
45 ) & )Unifrac i 2 IPCoA 3 b 1 5 B A 0] e V&
PR AR AU (B 7R 8). A iTeh R B R, 78
G RIL SR, WIEG KA TR 4 11 U137 0% R A% A A%
AEPRER B, AR S RGBS, AN A A] £
VAT B Va AR R AR B S 4 T &%=
FH(P<0.05), 53 HE B 2 N ) 39 0 2, TR ot 2L P 22

SORIE R EE /), RAK B EMEARE G,
HALAEVBHEA RGO B S50 1t B TR) 55 5 44,
T 2H RS0 I B R4, I T R E TR IR S AR
BRI, DR R o A5 5 P U Uk B 0 T 40 AR AN 3,
SIRRLH A 22 K. e AR, & KKK I
S R IR T A T B s, H B A TR
FEMIHEAT, TERCHIT (8] Y PT REA3 2R 5

LT A VIR TR S5 KA B 23 BT ANOSIM(Ana-
lysis of similarities), % &5 AR = A 5] I [7A) 2 8] ) 22
SRHT T . SRR, BRI E AT
152 M 2% 57 (P<0.05), HorP SR AE MI(E 550 RN 28
5K(R=0.7396, P=0.0330). Z50MI%5 10K (R=0.3229,
P=0.0320). 510K (R=0.8229, P=0.0330)Z
) #RAT S35 22 e, T AR AR ) R AE R ORI ER 10K
(R=0.5208, P=0.0380)2 [A]f & ¥ % 7,
24 FIFEMERARSIMERTFHXR

B KA ALK BR 5 R M DU 48 A a0 2% 2
TN N TR R AR YIRS SRR T IR R,
FEI IR BRI A S IR FVERDA 704141 9),
ALFRFIRDAT FRD A2V Ui S5 A% A WA U 25 10 73
A7 B S SR 2 SN 86.81%, Ko Vi A% A MRV 45 4
I3 A RSB RE 2 N199.46, Tt WVR I A VR ARG
i HRRATHE.

RDA 70T 45 5 7R, 7K X I it Ji A% A6 4
T 4E F LA 13 R0 (P<0.05), T HAth PR35 R 1 X6
T JEAZ AR DRV 45 40 T I8 35 1 5 W (P>0.05); 4L
2 7 E B (COD)MNE VEBEFR L (PO -P) X7 3 %
BT 45 0 B B35 YERZ IR (P<0.05)
25 MEREZFVFSH
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Fig. 5 Heatmap of planktonic prokaryotes community structure in different ponds
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PEAG T DO CoD PO; -P NO,-N NO;N NH,-N ™
Sample ID (C) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
A0 28.1 5.16 3.92 0.0504 0.1501 0.4808 0.2690 0.8999
BO 28.8 527 2.00 0.0208 0.1717 0.5368 0.3521 1.0606
Co 28.3 5.25 2.00 0.0194 0.1496 0.5396 0.3493 1.0385
DO 28.6 5.50 2.08 0.0194 0.1748 0.5347 0.3995 1.1090
A5 30.8 6.08 2.64 0.0181 0.2128 0.6664 0.2542 1.1334
B5 30.9 6.17 3.84 0.0221 0.0414 0.1341 0.1124 0.2879
C5 30.8 6.15 3.04 0.0208 0.1501 0.4707 0.1255 0.7463
D5 31.1 6.24 4.48 0.0181 0.0847 0.3125 0.1329 0.5301
Al0 30.1 7.02 4.00 0.0221 0.0098 0.0498 0.0248 0.0844
B10 30.3 6.48 4.80 0.0181 0.0082 0.0475 0.0487 0.1043
C10 30.1 6.93 4.40 0.0113 0.0049 0.0342 0.0901 0.1291
D10 30.0 6.78 3.20 0.0086 0.0500 0.1710 0.2801 0.5012




1308

KRR Y R

47 %

FPHEARSRAL T ARG AR BAR R I 45 2., AT 38 3t
T NATTR FRFE B R AL AR T A

FRFE KA A AR DR S T R A A
VICHBE DB R A A (AR R
Y. R H KA R R IO BETE, T H T
] — 28 1) b 24 5 5 0 5 A TR v 1) 4 8 R AR AH
K5, A FET 16SHA118S rRNAJE [ i) i &
W7 AR B TEA B AH R R FI A 50 (1 2644
AEOT 5 - 56 OGS BE ANV AR VDR VR B H, 34
FHRL R IE 25 B, R TS S b
3.1 ARG XRREE YA KRR

AT |18 W KR o 3 B R AR A, &
BT AT W TR R A R R o 2R 1B
2oy b R At A AT 1AL E 5
PE. LRE B IR BRI RE 2 7R B 1, 7R KR R AR T
W EE N a-BIEE W, BT AR 2 FR A 5

1.0 F
A0
DO
B0 CO
&
S
o £
& A10 *cs
<
)
~ . D107
C10
L Blo o5
Ds*
-1.0 & .
-0.8 1.0
RDA1(74.57%)

o O S 2T AR KSR B SR AR K A Th
70%"" . B33 [ RTIFFRAE AR T R70.7% ", LT
51 2 B K A 86.84% "L T FRHE K A4k Ay
59%"1 AW 9 v )R 2 T AR R 3 PR A v A
AR, KA BRE T R 2O a- B w . -
B y-AR TR B AN S-AR T B, A i o5 AR TR R T Y
70.07%-~ 4.89%- 18.94%H14.91%. JRLLEE 1R
FFBE 1T R RE AR 2 AR R A 1 1 B AR A, 75 IR K A
s B B R AE, O B T A M A
2 TP A D AN R D S S MR, I AR R
SE R E R B B A A, AT TR
Az LA K AR CARRE R LT B BRI R T
SETHRER, AT St MK VU 3R /K AR i oA ) )
KB R W 1) RT AU B 1T 40 B, 0T LB 20 1 7
WK YE TR TR B TR . TR RS
MUR  fEVE . 2 BT BT AR ISR 1 1] A7 7E

0.8 F D5
5
A0
- Cl10
v
s
% +B5 B10
§ BO P()é5‘
3 A107
COD
DO As
D10
0
-0.8
-0.6 1.0

RDA1(97.86%)

Ko SR RTRI A (a. T2 L AL PR b, PRI FAR AE M) S5 A 5 T RDAS

Fig. 9 Plankton at each sample site (a. planktonic prokaryote community; b. planktonic eukaryotic community) and RDA analysis of

environmental factors

D10
Co
Cs
AS
BO

C10
DO

B10
B5

Al0
A0
D5

Fig. 10 Cluster analysis diagram of indicator species in planktonic proka-

— T

0 01 02 03 04 05 06 07 08 09

10 VR AL DR AR R A TR0

ryote community

BS5
B10
D5
Cs
D10
Al10
A5
C10
DO
A0
Co
BO

0 01 02 03 04 05 06 07 08 09 1.0

B i AR SRR R R T
Fig. 11 Cluster analysis diagram of indicator species in plank-
tonic eukaryotic community



8 1 B R B WURIET Ey 0 K UL 7 i A RV T R 1309

— e B R AR R RE B R Y A&
WHFLR SR 15 A KBS JepidhiE Fin & ek g
P2 T A, LR 1] PRI T S S e Tl K 2
AR, X K DU R G AT RE S5 T B K
PR R ARV, JR 2 1 BRI AT AR
FERIVE T . XK R G FLR I, £ 6 XS
Wi, AR TR 1T Y B [ 1 ABURT B 11 R AR X = FEE
A, T A T 1) AR R = B R R, TR A T
& DS Bl J AR T 1R 1R X 2 B T B LI U SR A 2R
W2 REE BRAR, AR T3 T /N B KA, K
WRGE 2R Z R REIR RN R GUK R R &
QRIS RER A /B S

FREL SR T DU SR B X e A 7 T L 4 1)
T EE, A R R R I s R AT B R . X
5 AW AE R, fEHE Kb I A% e
B, MEd. . PREEEE AR IR, X
FREIE 7S 1 g /K IR I M5 v AR AR W) 32 L0 R
DCRRIREI o 2T 35 JUVE i i W IR0 1 B 2
o3, B DA R A RO i A O B, E
Wb R sh VAN S SR AR S5 T B B, P %
TCEr i 0 RV 25 S fr 0 i) B A €01 RF AR
BL, DUR KRR AL S O B E BN B R, R
DR e, TR R R PR B AR FERR, IX R
W K 3 P B AR E (£ B JURE VR T RE S I K
BRI SCBEIA T . AR, G Xid)5E
HEEMVE FRERIEN, M BUR I R AN )
B AL, HETTA AT R B OK 5T, G RFE
PRV SRR A R AR, O HLPT RERE
SEUEVIBR FIINE T YT & XG5 32 Rl bR R
R Tk T SR PR 5 AT R ek A AtV A ) S

(T FR 8 BT B I s 5 AR A0, 20164 & Reylk

J R X PR R RN, 20194F & K F
S i DR TR RSN, JF HAEA G
MBI R R A AEARTET h & M e
FEFZ RIS RS =2 5 5 Lt 2 25 P T v, X%
W1 5 KUK T RE A HRE R K A o 8 IR o 1R 352
BATRAEH, (A2 A KA & B IR = A
IR . ATIE ORI B3R, 22 A
BERRVE AT RE 216 G RUR SRR, R e & R
e, N EAZHE R K E ) B PRI R,
B v fa A o
3.2 ERETFILFFEMRR SRR

P DRV S 52 2 R AR I T I 2R 5 5
Wiy, PEAOK R . AR B W MIpH 2 RN T A
PIREVE I B R, N P 458 37 2 8 ml i i 5
R A A BT IR R e s A

FE 22 WA KRR B V2 WA RS 8 5 0 V7 i 2 4 43 A
() AR, o B R R, RERRERAN
T R 6 2 AT VA VR R D B S T R s R T
EIR o IR BT V)50, (LT IR . 0 L D
VEGE MR IR A B R, AR, &
JRUER it T 24 A )t 8 11 V57 D A P RE VS 45 0 T B S
P £ BRI I VR i L TR 4 ) L BT ) S 5
P, JH oA K VP 7K A 2 T TS B 2 5 B R
1T R AR, I ELIE R MR FE A5 I TR] A2
A B B2 R, EME R EAE10d)5 H
MR BT, BTN Z R AL 2 B PR 8
DRI 22 1 S 2, 5 A 9 40 VS 1) Y S
TR, G R KR BESN T I 5T 7 4 A
T KR, BT B2 5 B T R 2 REE R A B0,
HILF B B AR BECERER . MRENE
IR 35 IR 2 51 % 200 1 A 9 0 S, EL AN R VR
(V8 B 222 & KR BT Y . & Rk
()8R B T AN A K A pH B 7K Ak 6 B G, 3
F KA T B AL FBE (0 43 2, T 2 1509 SR e K
g DR L TE RS ) BN 271 6 A T 1 1
B T VR U LR A BT S LA B S
Ak 2 T AR AE YRR £, 7T AR Eh T & B B
R AR R B3 7 TR VB A TR T AR R e 10 8 A e
I8, SBCT KA WU AR R T, AT
A K R R KR A K, B SRR
WIRETE LR A B0

4 ZEig

£k b, & X3 BUREK NIRRT T i £
HEVE AR AT 2, 2 2R BN (D
T 2 FEYEDT I, T B R 2 AR KT AES A i
& AR, £ 10d)a A 2 & KT /K, T HAZAEY)
WU AT B S XA (2) I A e e 2L RS T, 4 1
VR ZEL P PR R A S T I R, R B AR IR
Y s U E, HPE YR RERE £ & XATHEVE
Ao PUL, fEHE KB DUSETRIA S, N &
WU B3 9 B 5 15 Tt 2 B AR By 1 SR FE 2R M0 A R
R AR 7 PR NL, R B A, R A TS A
SRR P 2 2B TR, AR AN 65 DRI B HA) TR A 502
AIRETT R I LS DIREGR -

SE Mk

[11 Wang X, Wang W, Tong C. A review on impact of
typhoons and hurricanes on coastal wetland ecosystems
[J]. Acta Ecologica Sinica, 2016, 36(1): 23-29.

[2] Jing X, Gou H, Gong Y, et al. Seasonal dynamics of the



1310

KR R

47 %

[3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

coastal bacterioplankton at intensive fish-farming areas of
the Yellow Sea, China revealed by high-throughput se-
quencing [J]. Marine Pollution Bulletin, 2019(139): 366-
375.

Zhang C. Simulation of responses of planktonic ecosys-
tems to typhoons in the northern part of South China Sea
[D]. Qingdao: Ocean University of China, 2010: 53-56.
(5K . P i AL B 2R 2 AR et 5 XUI R i) 7 R A5 4D
BFJC KW N R [D]. & o EIR R,
2010: 53-56.]

Jones S E, Chiu C Y, Kratz T K, et al. Typhoons initiate
predictable change in aquatic bacterial communities [J].
Limnology and Oceanography, 2008, 53(4): 1319-1326.
Li G, Wu Y, Gao K. Effects of Typhoon Kaemi on coa-
stal phytoplankton assemblages in the South China Sea,
with special reference to the effects of solar UV radiation
[J]. Journal of Geophysical Research, 2009, 114(G4):
G04029.

HuY X, Jin L, Liu W, et al. Spatial distribution of euka-
ryotic plankton in the Lancang River basin and its di-
versity [J]. Journal of Yangtze River Scientific Research
Institute, 2023, 40(1): 60-66. [FNT, 477, Xk, 5. I
WOV FAZ T A 3 (A% J=y S L 2 A (9], KR}
2R BEdR, 2023, 40(1): 60-66.]

Chen H D. Population dynamics of parasites on grass carp
(Ctenopharyngodon idellus)in salt-fresh water ponds and
its relationship with ecological factors [D]. Wuhan:
Huazhong Agricultural University, 2020: 2-3. [FR4LHE.
JRR A b 3 e R By A AR B A R L 5 A S B T
2% A& [D]. B e AROIL R, 2020: 2-3.]

McManus M A, Woodson C B. Plankton distribution and
ocean dispersal [J]. The Journal of Experimental Biology,
2012, 215(6): 1008-1016.

Cai Z L, Qin M C, Zhao W, et al. Community structure
and particle sizes of plankton in marine ponds with two
polyculture models [J]. Journal of Dalian Ocean Uni-
versity, 2016, 31(6): 663-672. [EE M, ZE )|, KL, .
PR Tk R G A RV 30 2R D R RV S S R AR
FFAE [J]. RIEWTERZEFAR, 2016, 31(6): 663-672.]

Xu Z C, Deng Y F, Zhou J, et al. Structural and functio-
nal characteristics of microbial communities in aquacul-
ture ponds of Chinese mitten crab Eriocheir sisensis L [J].
Chinese Journal of Ecology, 2021, 40(7): 2223-2233. [
KSR, XS, JHZE, 5. vh MR R B R B v R R R A A
FTHRERRAE [J]. RS2, 2021, 40(7): 2223-2233.]
Boutin S, Bernatchez L, Audet C, ef al. Network analysis
highlights complex interactions between pathogen, host
and commensal microbiota [J]. PLoS One, 2013, 8(12):
e84772.

Zhang D, Wang X, Xiong J, et al. Bacterioplankton as-
semblages as biological indicators of shrimp health status
[J]. Ecological Indicators, 2014(38): 218-224.

Tang C, Yi Y, Yang Z, et al. Planktonic indicators of

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

trophic states for a shallow lake (Baiyangdian Lake,
China) [J]. Limnologica, 2019(78): 125712.

Paerl H W, Dyble J, Moisander P H, ef al. Microbial in-
dicators of aquatic ecosystem change: current applica-
tions to eutrophication studies [J]. FEMS Microbiology
Ecology, 2003, 46(3): 233-246.

Lin J, Li C, Zhang S. Hydrodynamic effect of a large off-
shore mussel suspended aquaculture farm [J]. Aquacul-
ture, 2016(451): 147-155.

Qi Z H, Shi R J, Yu Z H, et al. Review of influences of
filter-feeding bivalves aquaculture on planktonic com-
munity [J]. South China Fisheries Science, 2021, 17(3):
115-121. [Fr 54, SLRA, T30, 5. DB VI8R5
X A2 D IS LRI FERE FE (9], P T KPR, 2021,
17(3): 115-121.]

Ma J X, Zhang P Y, Wang Z X, et al. Bacterial com-
munity structure diversity and environmental factors in
the coastal shellfish culture area of Huangdao [J]. Jour-
nal of Fisheries of China, 2022, 46(6): 984-994. [ 55,
SRR, BN, A5 T BT DU IR G X A T R
G5 2 REIE R SRR TR [J]. UK AR, 2022,
46(6): 984-994.]

Jacobs P, Riegman R, Van der Meer J V. Impact of intro-
duced juvenile mussel cultures on the pelagic ecosystem
of the western Wadden Sea, The Netherlands [J].
Aquaculture Environment Interactions, 2016(8): 553-566.
Lucas L V, Cloern J E, Thompson J K, et al. Bivalve
grazing can shape phytoplankton communities [J]. Fron-
tiers in Marine Science, 2016(3): 3-14.

Feng X Q, Liu S Q, Han A X, et al. Effects of typhoon
Lekima on microbial communities and antibiotic resis-
tance genes in urban freshwater systems [J]. Microbio-
logy China, 2022, 49(7): 2428-2441. [F i, X%,
BT, 8. & UM S0 T 97K 3R 4 P i A v A
PrA R R N 2 [J]. PR sk, 2022,
49(7): 2428-2441.]

Mao Y, Sun J, Guo C, et al. Effects of typhoon Roke and
Haitang on phytoplankton community structure in nor-
theastern South China Sea [J]. Ecosystem Health and Sus-
tainability, 2019, 5(1): 144-154.

Tseng C H, Chiang P W, Shiah F K, et a/. Microbial and
viral metagenomes of a subtropical freshwater reservoir
subject to climatic disturbances [J]. The ISME Journal,
2013, 7(12): 2374-2386.

Jiang T, Liu L, Li Y, et al. Occurrence of marine algal
toxins in oyster and phytoplankton samples in Daya Bay,
South China Sea [J]. Chemosphere, 2017(183): 80-88.
Chung C C, Gong G C, Hung C C. Effect of Typhoon
Morakot on microphytoplankton population dynamics in
the subtropical Northwest Pacific [J]. Marine Ecology
Progress Series, 2012, 448: 39-49.

Qiao L, YuJ, Li Y, et al. Characteristics of eukaryotic
nanoplankton community in the scallop culture area of



8 #

B R & W73 Ty 07K UL it AL D v O B

1311

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Rongcheng by illumina sequencing [J]. Periodical of
Ocean University of China, 2018, 48(2): 64-72. [F+¥, T
A, 2, & FE T mm s 2 b A R B DL IR BE X
TR A D REVE S AT TE (D). Th R PR R S 24 (B
IRBLEAR), 2018, 48(2): 64-72.]

Gupta R S. The phylogeny of proteobacteria: relation-
ships to other eubacterial phyla and eukaryotes [J]. FEMS
Microbiology Reviews, 2000, 24(4): 367-402.

Zhang Y J, Li K, Zhu H R, et al. Community structure of
microorganisms and its seasonal variation in Beihai Lake
[J]. Environmental Science, 2017, 38(8): 3319-3329. [ik
eV, 2R3, RIEAR, 4. AL E VIR VR SR R Y
AL [J]. PRBEERLEE, 2017, 38(8): 3319-3329.]
Martins P, Cleary D F R, Pires A C C, et al. Molecular
analysis of bacterial communities and detection of poten-
tial pathogens in a recirculating aquaculture system for
Scophthalmus maximus and Solea senegalensis [J]. PLoS
One, 2013, 8(11): e80847.

Chen Z, Chang Z Q, Zhang L, et al. Effects of water re-
circulation rate on the microbial community and water
quality in relation to the growth and survival of white
shrimp (Litopenaeus vannamei) [J]. BMC Microbiology,
2019, 19(1): 192.

Luo J F, Liao Y Y, Li S D, et al. Influence of tempera-
ture on microbial community structure in a Scylla para-
mamosain recirculating aquaculture system [J]. Journal of
Fishery Sciences of China, 2020, 27(4): 393-405. [¥' 4=
K, BUKE, A, A5 IR R T BRI K IR AR
G AR TR SRR [J]. TR EK RN, 2020,
27(4): 393-405.]

Wang F F. Dynamic changes of bacterial community in
shellfish culture and the immune function of CARD-con-
taining protein in oyster Crassostrea gigas [D]. Dalian:
Dalian Ocean University, 2018: 35-37. [ K . D3¢
B 7K S T R v B A AR AR AIE S A 8 B CARD 2 ]
T BRI T [D]. Ki%: RIEIFHE R, 2018:
35-37.]

Stach E M, Bull A T. Estimating and comparing the di-
versity of marine Actinobacteria [J]. Antonie Van Leeu-
wenhoek, 2005, 87(1): 3-9.

Wang X F, Liu W C, Fan L P, ef al. Bacterial community
structure and its relationship with environmental factors
in the purification channel of aquaculture tailwater in
Tiaozini reclamation area [J]. Journal of Shanghai Ocean
University, 2023, 32(1): 150-162. [ £ % &, %1301, A7
TS, %, 2% U8 B IX FRAH B /K AL 0T 1 A0 A A VA 45
LEGHEER THIKR [J]. BRI, 2023,
32(1): 150-162.]

Wang Y J. Nitritation process control and anammox pro-
cess performance and their microbial characteristics [D].
Shenyang: Northeastern University, 2017: 69-70. [ £ 5
. WA A R ) 5 IR A AL T 2847 e

[35]

[36]

371

[38]

[39]

[40]

[41]

[42]

[43]

YEE [D]. YEFH: ARJE K3, 2017: 69-70.]

Deng F, Yan Q P, Huang W Q, ef al. Bacterial composi-
tion in large yellow croaker (Larimichthys crocea) culture
water [J]. Journal of Fishery Sciences of China, 2014,
21(6): 1277-1288. [XRFE, BRORA, 2400, &5, Xi
FAFRPAKAR B R RV S50 [9]. P DK =27, 2014,
21(6): 1277-1288.]

Sun X X, Guo S J, Liu M T, et al. Research progress on
phytoplankton and zooplankton ecology in indo-Pacific
convergence region [J]. Oceanologia et Limnologia Sini-
ca, 2021, 52(2): 323-331. [FhBREE, BEARME, XI5, &,
B R SV X e AL AV e sh ) AR 25 2 W e sk e (D],
TS, 2021, 52(2): 323-331.]

Cione J J, Uhlhorn E W. Sea surface temperature variabi-
lity in hurricanes: implications with respect to intensity
change [J]. Monthly Weather Review, 2003, 131(8): 1783-
1796.

Tsuchiya K, Kuwahara V S, Yoshiki T, ef al. Phytoplank-
ton community response and succession in relation to
typhoon passages in the coastal waters of Japan [J]. Jour-
nal of Plankton Research, 2014, 36(2): 424-438.

Jiang T, Wu G, Niu P, et al. Short-term changes in algal
blooms and phytoplankton community after the passage
of Super Typhoon Lekima in a temperate and inner sea
(Bohai Sea) in China [J]. Ecotoxicology and Environ-
mental Safety, 2022(232): 113223.

Sun X M, Liu S P, Duan X B, ef al. Plankton community
structure and its relationship with environmental factors
in the middle reaches of the Yangtze River [J]. Freshwa-
ter Fisheries, 2021, 51(3): 3-12. [FMBEHE, XZHF, B3¢
A, 85 YL Pl VL BOS i AR TR v S5 0 S L S 3R ]
FFEZ& [J]. oKk, 2021, 51(3): 3-12.]

Li Z, Huo T B, Tang F J, et al. The relationship between
community structure of plankton and environmental
factors in ice-covered water in Harbin section of Songhua
River [J]. Chinese Journal of Fisheries, 2014, 27(6): 44-
50. [ZHE, B EOW, B IL, & RIS R BOK R
T FEWIREVE S5 5 B 7 AR S 0 AT (D], 7K™ 5 2%
&, 2014, 27(6): 44-50.]

Sun L K, Yang T, Wan X H, ef al. Phytoplankton com-
munity structure and its relationship with environmental
factors in Xi’an urban rivers system[J]. Acta Hydrobiolo-
gica Sinica, 2023, 47(4): 543-555. [#MKEE, ¥4, I8
52, S VO LTI B AR AR U A S S R B
TR R[] KAEEYZIR, 2023, 47(4): 543-555.]
HuXJ,LiZJ,Cao Y C, et al. Influence of heavy rain on
microbial community in Litopenaeus vannamei culture
ponds in western Guangdong Province [J]. Journal of
Fishery Sciences of China, 2010, 17(5): 987-995. [}
98, 2 e, RN, S BB N Y LN I R
TSI B (1], h E KRR, 2010, 17(5):
987-995.]



1312 K& A& Y ¥ 47 &

IMPACT OF TYPHOON LEKIMA ON PLANKTON COMMUNITY IN
SHELLFISH MARICULTURE POND

WEI Jun-Cheng"?, ZHANG Xiang’, CAI Yi-Long’, CAI Jing-Bo’ and XIAO Guo-Qiang"’

(1. Zhejiang Ocean University, Zhoushan 316022, China; 2. Zhejiang Key Laboratory of Exploitation and Preservation of Coastal
Bioresource; Wenzhou Key Laboratory of Marine Biological Genetics and Breeding, Zhejiang Mariculture Research Institute,
Wenzhou 325005, China)

Abstract: In order to reveal the changes of plankton community structure during shellfish culture in seawater ponds be-
fore and after typhoon, 16S and 18S rRNA genes in the genomic DNA of aquaculture water environment were ana-
lyzed by high-throughput sequencing and bioinformatics. The results showed that the number of OTU in prokaryotes
(28728) was significantly higher than that in eukaryotes (8498), and the dominant groups of prokaryotes were Proteo-
bacteria, Cyanobacteria, Bacteroidetes, Actinobacteria and Chlorobi; the dominant groups of eukaryotes are ciliates, fla-
gellates, protozoa, cup whipworms, cryptoalgae, Phacoflagellates, diatoms, etc., among which the diatom abundance in-
creased significantly after typhoon (P<0.05). After the typhoon, biodiversity of eukaryotes did not change significantly,
meanwhile the Shannon index and Simpson index of prokaryotes showed significant differences (P<0.05), which de-
creased in 5d and then increased with time, while the OTU number and Chao I index did not change significantly. The
PCoA showed that the community structure of prokaryotic and eukaryotic organisms changed markedly after typhoon.
ANOSIM showed that prokaryotic microbial communities were significantly different at each time point (P<0.05),
while eukaryotic microbial communities significantly in 10d (P<0.05). Water temperature had a significant impact on
prokaryotic community structure (£<0.05), while eukaryotic community was influenced by chemical oxygen demand
and phosphat (P<0.05). The study suggested that after the typhoon disturbance, plankton communities markedly
changed, prokaryotes was more sensitive than the eukaryotes. The diversity level of bacterial community decreased sig-
nificantly at first, then returned to the level before typhoon, showing stronger sensitivity than that of eukaryote, and
both of them failed to return to the community composition before typhoon. Therefore, the key measures to deal with
the impact of typhoon in shellfish culture in seawater ponds should be mainly to prevent cultured organisms from caus-
ing stress to the drastic environmental changes, and to supply probiotics for environmental regulation appropriately, so
as to make up for the loss of ecological functions possibly caused by the change of bacteria phase caused by typhoon.

Key words: Plankton community; Shellfish pond; High-throughput sequencing; 16S rRNA; 18S rRNA
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