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SRR 18% A5 A, /K ML 3 5 58 7 51 250.35 J7 ¢,
2005 BRI 12% 0 ER E#EE S TR, 2020),
ﬂf?ﬁrﬂsiﬁ@%ﬁﬁﬁ S A A AR LA E SRR

FISEIN o T AFRG , A% 4 i /K Jth I8 37 B T 1fs G 5 A A

* [ i ST &R (2018YFD0900702-4) |, [E 5 [ SR Bl 3L 4

JaEN AT (2020B0 1) FIHT VLI VE K1 S 3 4

Exﬂﬂf?%’iﬁi ERAm.

I H (11034150220004) 3

W T BFFAES R R P T A

s BRENF

XEHE  2095-9869(2022)02-0032-12

IKIIAFEEAC R M P, FEREANE T, £
il I B K o G IE IR, M3 SR AR R K HE O A
PRI S IR A TR T H A,
FRRSE R AT HF 2 K SR (IR, 2009), BEE FE 0 A 25
PR ) E AR ORI Ry, ARR K SR R IR T
ISR, RPN RO R, SR
FSEZ N S TAN O N D aal =i QNI U 7 ol U (695 3

PEBhI H (31873039) . WIVLAR iAKW 5% T i1
[[1%%Bh [This work was supported by the

National Key Research and Development Program of China (2018YFD0900702-4), National Natural Science Foundation of
China (31873039), Start-up Foundation for Doctors of Zhejiang Marine Fisheries Research Institute (2020B01), and Start-up

Foundation for Doctors of Zhejiang Ocean University (11034150220004)].
fil, WF5X 51, E-mail: lijian@ysfri.ac.cn

O #EREE. =
Weks HI: 2020-12-29, Weg ok H91: 2021-02-02

7% ¥, E-mail: giaoling1990123@126.com



552 T FRAF: FETIR AR A I A 9 K Tt A A SR I AR G P IR WA ) AR LA 33

FEIE B AR RIS TR [ PN AR il A 7 Y R R
J7 1w

TR Kt Y8 AR S IR I AT R — OB S SR B
(B EM@YE, 2016), EidEMEY M, FAAN
G 8 IR W A 2, il R e v B M SR A H T
(anfa . SRR FEAE PRI . FRAE . BRI SEA LS
B 5 1k HA 2 A S5 B n (ang & PE L) B )
BCEFRYIIORIR , ¥ RGN 2 R0 E R AR 5
FAAYIRN, KB RGN E YR S RE AR,
TEVRAR SR BT R 1 B [RI I, H v SR A A 2 ) 2 B
PEFIZ 35325 (Chopin et al, 2008; Troell et al, 2009;
Chang et al, 2020). ZFFHREA D AEM A2 EK,
b E L g BRI REE. R LA
SCEE, FEHUR T Z BURAUR

TR AR ) 2 TR0 A AR R G EE A LR 4y, AL
ATRGEEDCEERA AR R A . B ERY R,
L 1 #2 7K 5 A9 4F F (Harrison et al, 2005), i A] PAFE
R SR A W ) B R 4 PR (Pulz et al, 2004) . BFFE
KB, DA G e AR i SRy A0 A 1 57 5 K BT R X AR
FE, SR KA, T LA DR B SR T
o, FREAYAERKSEE B S R ERE (K&,
1994) & 3 FI e 386 A S0 3% 58 /K MR AT B 8 14 R 15 4
M, MESHFEBOEAR., mKbEY . fERE
EEIEIENAT, AT R R AR B IR A R (R gk 2
A, 2016); TR EE, ANAEFRAE A O U0 A
(Oscillatoria) . fH# % (Microcystis), 7 & & Fifbk 4
rRE R GEE AR K BE, BEOR SRR M . BA ST,
BT A N R IR, AL /MR 3R, O HFH
AW R A K (Paerl et al, 1995), HET, &% A7
T 7K AAR Hf 7 T AR 400 1) 0T 52 B8 22 46 vh A8 R R e B
U5 S J7 ¥ (Soares et al, 2011; # % FHEF, 2019; % L1
%, 2019), BEAS KSR vk BB T YN AR
YIATSE R E 2, AMUBRIFE S, HAR G st AR g
B BE B ) ) A (Manoylov, 2014), ANFE4 .
TERA MO VT K A 2R 28 R G0 v IR AT ) B T 5 40 Je %2
FEME ., UTAEK, BEH A TAEYAR AR LR, sk
WP AR T3z 0 T PR AR ) 1 7 4l A0 R Z e o
%%(Penna €t al, 2017; Oliveira et al, 2018), SEAF
AL, SE TR R . R Kt
FRAC (Reuter et al, 2015), A2 F AL . MA/NEY
Yikh, EZAlfes A MY (de Vargas et al, 2015,
Oliveira et al, 2018). {H il & )7 AN REXTIF HEHEY)
EATHE N, HPTRE 2 Al S Le A g A X =R B
PRI, ASOR) ] o 3 000 P P 7 U L 0 T 45 4 At 2
AUERA ) (Quince et al, 2009).,

AT F I 252 M 5 T7 YR 25 vl B 7 4
R Vi 2 S B AR ST W — £ T 5% 9 A DL 3R G v
WA E VS AL Z AR, HEB T 2 e I i3k
THRYLEAE, TR HE TR 2527 0 vy 1l it D00 AR 1437 i
T REVS SRR ZRE R Y S R] , D ST | MERRAT 5T
T Ui R AR 7 2 1 e 20 e (L BB AR

1 #wRER=E
11 HmAXE

FEaL T 2018 4F 12 J % H IR H BITK ™A
PR W) o K 0 AR S 5708 AR 5t R (R 57
TERN DL SR8 w40 B, TR SR Wb TR IR % R o ) ok v
X (Fenneropenaeus chinensis). =2 1 (Portunus
trituberculatus) Fl1% 9F: ffi (Oreochromis niloticus), DI 7%
Byt TP FR A 5 R R S (Meretrix meretrix), ] YSI
Fe X Z S BRI 514 (Y ST Incorporated, 3 [F) B
W KR ERBE A A SR pHGE 1 L KRR INA 5 mL
B a0 [ 5 T TRl R A8 22 50 58 I
100 mL /KFEZE 0.22 pm SAFLIERR IS U8 , B8R T =38
BRI RS AU, SRR TR A (NHS) |
AR NO;) . WAHAZA(NO,) ., BifaEh(DIP). HEMRER
(DSi) . BIAf# Z(DTN)FLE I B (DTP) Y 1 5E o

1.2 KERSHENE

FEBKARH NH, . NO3. NO,. DIP I DSi #¢J#
KM QuAAtro 7 A 31711 (Seal Analytical Ltd.,
e Se AR R R L, SRR A S
ST E DTN 1 DTP R ; Wi JCHL A (DIN)H
J¥ 4 NHy . NO;HI NO# B 2 Fil; %A HLA(DON)
A LB (DOP)YE 243 %125 DTN 5 DIN #l DTP
5DIPWEZ %,

1.3 FHENEESES R

KA 1L ARIEKEE, 5 mL ERAGREE,
aiiy IS A T, WRAE 2 50 mL, ARJE DG B iR
PEFT W0 S E T
14 FHENSEENFTNEYNEESH

K 152 DNA 42U & (MP Biomedicals, 3%
FE ) FEHCEE A A DNA L, i 23S rDNA 514 p23SrV_fl
(5-GGA CAG AAA GAC CCT ATG AA-3")Fl p23SrV _rl
(5'-TCA GCC TGT TAT CCC TAG AG-3') (Sherwood
et al, 2007)% A DNA #E47 PCR ¥4, S i =9
2%IENEWEEE IS VKA, AR5 A PCR 7= 4lifkial
& (Axygen Biosciences, J[E)Zifk iR i3 PCR
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P24, A QuantiFluor™-ST (Promega, & )47 5E
A, 4if)E R PCR =% 36 7 I 2 AR
Ilumina MiSeq ¥ & #E4T PE300 5, ASHF5E I 45
F11 23S rDNA SR Z IR T4 O A% 2 52 E A
e ARAF B 0 (NCBI) = 3 5t I )7 %5085 %2 Sequence
Read Archive (SRA), ¢S4 SRP185765,
THUR BB A QIIME (VI70)4b 3. i ]
Trimmomatic {4 Jit i Bl i 47 e & =, I
FLASH 3 {Fi#f 17 PF4%, i1l UPARSE #fF (V7.1
http://driveS.com/uparse/) LA 99% 1 FHALLEE X 3 51 1 7
OTU %32, I UCHIME #fFELBRi &, FIH
BLAST 7£ NCBI Htdi 5 6 45 25 7 5 A5 9 Fp o3 28 7
Beo DRER T R B AL PRI B RIS S 1 7 51,
T I BT WA RV AL LT o
I EY B RS

TF IR ) AE 1 AKOT R 7K P B8R X = B DL
I3 1) 200 i e R B S A R BT S R

15

LG BIARTRAE ;I IR A 7 Sl A Z2 PR R ARk —
N ZREE PR BOR M 1. ARG, TR R AR
KNG AT TE A ) (<2 pm) . BN BB T T
FEY)(>2 pm H<10 pm) . BRAMBLFIAEYI(>10 pm
H <20 pm) /N PRI (>20 pm H.<200 pm).

2 #R

2.1 KRS

A AR S IR R GRS B 1, 1%
A TR R G P AKIR . R pH 2l
9 4.87°C . 26.01 g/L F19.03; MR 15 55t 3 b Y
WA EE R T UL M, 200 1029 mg/L Al
9.08 mg/L. IEFEMHE P NH, . NO3H NOLYK B HIIE
F 0L FRFE I, 17 DON V& FE WS IR St s b i TR
F5 8 A L 355 3 P i DIP ¥ EE Y94 0.02 mg/L, DOP
HWeFE /524 0.02 mg/L 1 0.03 mg/L; JRFEMHE D DSi
WREEART VLR, 435124 0.55 mg/L A1 0.95 mg/L.

®1 BKBEESHRERETHNKESH
Tab.l Quality parameters of water in the ecological aquaculture system in marine pond
NN =

I L (’gf": " 4 NH,  NOo; NOo, DIN DON DIP  DOP  DSi

Pond t/'C S /(mg/)L) P /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L)
1% Polyculture 5.53 26.04 10.29 9.08 0.06 0.06 0.001 0.12 0.46 0.02 0.02 0.55
Il 5% Bivalves  4.20 25.98 9.08 8.98 0.07 0.20 0.008 0.28 0.39 0.02 0.03 0.95
14 Mean 4.87 26.01 9.69 9.03 0.07 0.13 0.004 0.20 0.43 0.02 0.03 0.75

22 BEENFERASW

Xof BR 8 £ YR 77 b W RN DU 35 5 R TR U AR
23S rDNA #£47 Hlumina /&3 #0743 503845 71 097
F1 70 324 F&JR A6 A 38 3 BT i A o3 175 2] 64 298
160 599 Fm By, FRIFIIKE R 388 bp,
TE 99%HHIM /K X4 OTU, 3455 283 4~ OTU
(2 2). I BLAST 7E NCBI %44 5 X+ 41~ OTU f)
REFFFINHATYI RN o DR, R B A% A Wy R A
B FE BB 500 o5 PSR 54% 1 43%. FET TR

I, ABJE ] (Proteobacteria) Fl 5t # [ '] (Cryptophyta)
(AT 3 B i, A0 38.33%A11 33.33%, Hk sk
#: '] (Chlorophyta, 11.12%) . fif % '] (Bacillariophyta,
7.99%)FIPEIH A | ](Verrucomicrobia, 2.85%), HAI]
AR EREEBMRT 1% (B 1) R AT A R 3
TR FE BE Y 5, 6493 72 4~ OTU. 66 300
FITHN IR TR ML A D FRA R OTU £5443 %128 51 Al
37, FEFVEC N 41 247 F1 25 053, RIS T
FAEHL(EE 2).

x2 AREMBEFERPFTIEM OTUH
Tab.2 Number of sequences and OTUs from different ponds

. ‘ % 1% . " i 1% i OTU %
. s RRAE o WIRRBIRAR TRiRRS OTU K
Pond Original sequences Sequences after Total OTUs Sequences of OTUs of

& q quality control phytoplankton phytoplankton
1R 7% Polyculture 71097 64 298 162 41247 51
D1 %% Bivalves 70 324 60 599 196 25053 37
LT Total 141 421 124 897 283 66 300 72
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Fig.1 Composition of eukaryotes and bacteria in the ecological aquaculture system in marine pond

23 FIFEYMESHEESN

I 252707 12 0 el e 0 B AR e o — T — £
RS AN DL SRR M vh PR AR ) 2 AR R B, IR SR
PRI 22 B ER B T DU SR AR I , BB A5 27 07 kA
AT AL 22 RV U T I Ok (18 2)

24 FHEEWMBELSN

IR L, R FIE A 2 5 0 ik 2 2 T A )
6 NI, Rl BREEl] . SR REMETT . WEET]
(Cyanophyta) . H! # [] (Dinophyta) F1 £ # []
(Euglenophyta), o, SR F- 440X £ 8 e,
K 90%LA I MR A1 TR St T DL SR b P SR T Y
A B 25 B 43 0 R 1.03%107 cells/L 1 3.51x10° cells/L,
A3 A R R 1Y 99.85% 1 91.05%., I FH w5 i i
DR AR LS E IR A 8 ), RIERF % T
WA 6 AT, LS ¥ BT ] (Haptophyta) Fl 4x 3 1]
(Chrysophyta), 8 /N1, BRal T X AERT F B,

20 o JE A% Morphological identification

[ B &5 High-throughput sequencing

15

ZHREMFR ST Diversity index
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Fig.2 Phytoplankton diversity in the ecological
aquaculture system in marine pond

B 60.11%, FHR MEEEET1(26.64%) FIEESET1(12.20%) .
TRFEM R, B ) AR B e i (70.57%) , ok
PN (24.10%) FIEk T 1(3.59%); DUFRFETE T, SRE1]
BB T B A X E R, A BN 49.68% Al
49.64%(& 3),
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Fig.3 Relative abundance of phytoplankton at the phylum and genus levels in the ecological aquaculture system in marine pond
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J& K- L, FI I 525 55 5 Ty i 2L 5 78 PR A )
1448, Ho, S s M F R e, oF-
1 — f0 TR % 1t I 0 DU 57 B b b i AE S B 430
99.85%F1 91.05%. 1| FH 155 38 1t ) J 4 A T 5 e v i
Y 30 N &, Hidr, 498 E (Teleaulax) 1Y F- Y AH %)
F2 B % 8 (58.31%) ,  Hi Wk Ch i Bk ¥ J& (Ostreococcus)
(17.62%) . 5@ 3 )& (Actinocyclus) (7.87%) . i &
(Micromonas) (7.25%) . iff 4 ¥ J& (Thalassiosira)
(3.40%) . & M % J8 (Proteomonas) (1.78%) Al
Pseudoscourfieldia (1.62%), H:A%J& x5 B B A%
T 1%, RFMIE P 28 E %A £ E RS

(68.81%) , IRy #5 3 3 & (15.69%) Fl it 65 3 Jm
(6.79%); DI FRFEIM T, 278 R AT R A,
H47.81% , YR A TER B8 E (35.23%) Fl 4 il i )@
(14.35%) (& 3).

FhIKF b, R 2852 55 0 Ty i 2L 5 e PRI AEL )
16 Fli (3% 3), TRFF M I 05 A e i 40 235 B de ey, oA
1.03x107 cells/L, HKIEHEH %, ik 8.00x10° cells/L;
DT S St v A, 2 B O 8 200 % B e v, M B2 H
3.51x10° cells/L, HURRETE RS MZEEE, A
AR 9.00% 107 cells/L il 8.00x103 cells/L . %t 1t
RIN, IR A RIS T D SR

x3 EESFEEFEBTINZFHEYREAREE
Tab.3 Phytoplankton cell density revealed by morphological analysis

] Fi Y15 ¥ Cell density/(cells/L)
Phylum Species & 3% Polyculture D 3% Bivalves
£ %17 Bacillariophyta A 4% Cylindrotheca closterium 0 5.50x10°
FHE# Navicula sp. 0 1.50x10°
%K% Nitzschia sp. 2.00x10° 8.00x10°
il ZE K 3 Pseudonitzschia pungens 0 1.00x103
#Ior#E Pleurosigma sp. 0 5.00x107
WJE# Amphora sp. 0 1.00x10°
432 4 Leptocylindrus danicus 1.00x10° 1.50x10°
A BHEEE Pleurosigma acutum 1.00x10° 0
H 37 Dinophyta P % Gymnodinium spp. 5.50x10° 5.00x10?
fAT BARR HI 3% Gymnodinium simplex 2.50x10° 0
##17] Cyanophyta Bi#% Oscillatoria sp. 0 1.50x10°
#3177 Chlorophyta WM Pyramimonas sp. 1.03x107 3.51x10°
[st#: 1] Cryptophyta PRk RE#: Chroomonas acuta 0 9.00x10°
K3 Cryptomonas sp. 0 1.00x10°
2% Teleaulax sp. 2.50x10° 5.00x107
%0 T Euglenophyta SEXUHEAR 9 Eutreptiella sp. 5.00%10? 3.00x10°
ST Total 1.03x107 3.86x10°
P Z Ry, —SOVRI MY, WAk Sk, H
3 iTig

b B F5 5 R TR AL G i R AR, 7R IR K = R
VTN, A e R 9 OB L VAN i = M =3 2 b5 @ 1
T FRB 11 2 R T A RN KA B A A 2 H ) L,
HARTHA I N, ZRREM SR L, FRHEKT
HE H 8 T A 0 i DX sk A K AR R SRR, B2
WK B TR I P AT RR LR KR (B R, 2009), Bl
[ FA A A 5T ) AR P Ok B g, TR K L E AR
BRI IR A | AR S A B4 A A5 3 T ek
KIE(DE RS, 2016), FIHEY EFREAET R G

FE A B R FEEN, XFREEA 5 (Roy et al,
2015; Brito et al, 2016); —SEFFAEY), Ui B A1
B, BRMEMRETRST AR, A THREEY
Y4 K (Sinden et al, 2016; Pérez-Morales et al, 2017),
Kk, TR R, XA 2k . A
AR S SR A H B R 2 AR R AL B S

BT, F I A 27 86 0 7 v 45 G el i
FORBIEFE T 17K I A2 A8 55 08 2R 58 vh I DA ) B 7%
ghity, ARV 8 AN, AR e R,
SR TP YA B SR, 3K 90%LA B, TRy
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WP ab e, SREET TR BT TR AR B w8 4
FTHAT 2 AT G M 1) RN 4 8 1) AU v 3 3t 0 P 485
R, SRR IR (K 3), B L, 2 #r
DAL EE IR 39 &, AR 5 M ESE 2 Fhorik
YRR, WHEREE (BEutreptiella) . Bk
J& (Oscillatoria), 22 ¥ ¥ J& (Pseudonitzschia) . 3% ifl
¥ J& (Pyramimonas) Fl 4= V4 i J& (Teleaulax)(&l 3). It
Hb, AT A I AR Y Z AR BUIR T = id
T T2 (B 2),

T 285 2 5 7 45 R v 38 1 25 2R 7 A 25 S
JRHREFE LT LA . B, ISR E kI
FET A MR B BRI D AT S 41 2, W SRS
AEARL L AR /Nl = B AR A 2R, i e LRl
Y E (Manoylov, 2014). 11 38 2 I 5 F ARG I
BEPE R BRAS, AT RAR Kb X K A R S R g
TR Y) Z R E R IA IR (Reuter et al, 2015), ASWESR
rh R FH v 3 00 AR 0 ) — S R R R R /N )
TR, A7 BB S e 5 R P IR LR 4),
Horr, UL PR AR ) o TR A 9 R Y
25.24%, BUNTRADF A D) SR IR ) 9 R
1) 60.42%, LUk, &3 0P AN BE X Ak A T e Xt
JE g, FFH R AR 3= BEXT A A T R 14 B T fg
S AR, — 7, PRI FE A 1) 'DNA TP
Y402 K 8 & 7 51 (Schippers et al, 2006), FLK 4
DUER A AR A0 AT B 2352 ) A 4 AE X 32 B (Reeder et al,
2010); J3—J7 AT, 38 e o U 3 AT LA I 3]
SRR AN MG . FET- AN 570 Fr, DA A
HAHRT R, 45 =, 23S rDNA [WEURFEAER, 4
KERIFARE ST AYR, B EREE R,
B h e/ SUE )8 (Amphora) %6 () 23S rDNA
JPE, R, T2 —2 523 23S 1DNA S5 56 E,
PR YR 25 B R R 25 EITR, FIAME S
MY B2 27 B 58 DR 5 G o1 1 A W 2 BOR T fig 4 T M
o 78 FR 00 2 G0 T I A ) B 0 2 LR 2 e

FI I 2527 5 0 Ty 1 ] A vl /KO 30 A 28 5 0 &
GE P U AR DA T A B 2R S B, B R A A %)
PEFAFh, FLAE MR8 o Y 57t R DL 33 B b, v 7 40 i 2%
FE43 54 1.03x107 cells/L i1 3.51x10° cells/L, 435 5
SN ) 99.85%F1 91.05% (&1 3), &M E T
SREED), YRR, REWZELE, HAMASE+EE
MYEE BT . 2RISR R G 7 R 45 8 3 ) o (oK A 2%
%5, 1983; BHIRAE, 2005), )12 N T WFEA A 57
B Ko 3% R ET B AR (IR AR 5, 1984; FAE Bt
2011), MFFRRM], 55 M EEXTR DL(Mytilus edulis)4i HL

IR 5 B3 D1 (Patinopecten yessoensis) %) 4t 1 A% £L J 1
(Azumapecten farreri)4ly H (1) 1Rl 2 205 H w894 35
B RSN R RO B (R AR 2, 1983), AR
WFFE Y, D155 R 35 ) 400 i 235 L R TR
FEMPART 2 NS, AT RES SO XS M TR
AR A, EMEERTE K AR | R . RS
ALY REECR | AR SRR R WA B
BER A B, XA B RN AR 2 3 TS Y s —
M b AE A, HosE A ik 51 1.0x10°* cells/mL B,
HALBCR B 3 (R AR, 2006, 2007). 35 EEis
A BUEY R R AT, MR RCR AR R B B (LA
25,2008, 2009).

IV e A I AR R A VK b B A S R R
Gorh IR U RIS AL S R R B, R A
(Teleaulax amphioxeia) iY~F- 3 AT F B fe i, 4 52.30%
(F 4). WRDIWHRTRE], | Zah TirE2E
FIRWE L X (Yoo et al, 2017), BFFERIN, L2474
BEAT LA D) S A Al i XA 21 68 b 46 AL (Mesodinium
rubrum)(ZR IR R P EAT AR 216 b 4 B — T T
5 By s DA PR35 v WSO 5 0 o A B v 24 39 G BT
M, 75— XONBRBEREA =Yk, g s
(Dinophysis) 3 i iz $% £ £1 €6 7 4 H I ZR A5 ek i i
ZER(Kim et al, 2015; Qiu et al, 2016), K, B4
WAETTE Y M b A B, o AN U v R
JE A I 3 A B Y 2 AR AR, A
BRI A R 17.62%F 7.25% (1 3), #F5%
R, EAT)TIZ A A A A Hb ) T L IX (Foulon
etal, 2010; Rodriguez et al, 2010; Kilias et al, 2014,
Rashid et al, 2018), fltEk g 2= 4T BUE B 10 s fe
(O’Kelly et al, 2003), {HAELIEX B I
P TP R R LB CE &S, 2018), X ATRBSE AT
BRI AU AR rY A< 3 pm, DG W HE
DIBERI . Rk, (ORI R A2 4 ik ae i . o
WML PP K A A 25 R G T VR IR TS 250 T R

K7 SR B 1) OB A 85 ) A — B SR T 1
#H, XS EOKTUEAL A F i H) %5 (Huang et al,
2016). WFFEFRM, WK IEA S FRFEB A AL
B 1 AN R BE A T R 0 SR IR R AR i L AT
PUIHE 7K P2 FRA A P 5 (Li et al, 2019), {H it S 58 1Y
SV A A AR A AR KRR B b B 1 3R 5 AR Y
4 i (Jena et al, 2002; Rahman et al, 2007), AWF5TH,
WR— 8 — £ R 0t B v A TR SR R Ol R L I L AR
TFREMP A, DUSRGE I IR 58 5 R o SCig . PR
JE— MR R e A s, R B R X TR AR



39

0 K T A S TRA AR G P R R A 2 R LA

(R

=i

N
[N

///;,

T

s

%24

9661 “VH¥E (r~0)x(S'L~€)x(S'L~€) 8€°0 (%1L°86) T'TEEO0ZSON vaind D R ENs  vuynuoapposfuy) HHgHE  erhydoyder [ |
L661 ‘sewo], S1~9 8L'1 (%€T°66) 1'8EY9YIDN vopns J W H E Ykl Spuoui02104q E(¥ EI 55
L661 ‘sewoL, S8~ 200 (%€L°66) T'6¥9TH I3 ds stupastudE] .t stuastusE (3t H
L10T ‘Iv 32 00X 9 0€2S  (%00°001) I'€1L668dY vraxoryduy T AT IAK xopnoajal EAEHT  ehydordAi) [ |y
6861 ‘I 12 UUEUWIOH 8 1o (%tL'66) 1°'80vF¥0 ON vousvl2 J MG FE  viouipadopnasd (ki)
800C 77 22 spfuelS  (Z1~$)x(S1~8) 10°0 (%€9'98) 1°L9LO6SINI D2DP O MY ZE S spuowoayo) gy  wikydosAm) [ (T
010T w1 zoysrg  (Y1~L)x(81~6) S0°0 (%96°86) 1"00€6EONT wnoYousa " sty o [ wnupolvY (N7 - epkydour( [ |3
600C ‘77 2 0B1) 96~1'C ¥00°0 (%68°1L) 1'698THTIN DUDIUIYO0L0S D) AR\ E &3 vj[a4014D (ke[
S661 1012 WAS  (9°9~y"1)x(6'6~9'9) €1°0 (%9t°86) T'TOTEISNA DIDUOSIP spuownupAd (I
6L61 ‘v 12 dunssoN  (01~9)x(E1~L) 100 (%2L'88) 1°980€9SNA p20o0Al]0 ‘N % stujpsosydop St &,
8861 ‘v 12 dnnseoy S~T'€ 91 (%bL'66) 1°TS8TYT puLivuL DIpJa1fAn0oSOpnasy ejhydoofy) [ |4t
910z “eyodsury  ($'9~)x(05~9) LT°0 (%07°86) T°L6LSSLOW “ds puwwv.i3ojoung A 4f DUUDASOJOUNT E(Ft A Af
010€ ‘70 12 WIPS ~C 0€0 (%00°001) T'TY6TLEMIN ~ wnipisodopnasd S g B 1l ch ik DUdU012]2YS (W H,
010T Iv 12 J0TnEA $'S~€T 0€'€ (%L6'86) 1' 1269044 pupuopnasd . ¢TI E) DA1S0ISSDIDY ] 8T Ak
L661 ‘Sewo], TI~¢ 01°0 (%8%°66) 1'vTTETEND DI1UD2I0 [ HEFEIYERY DA1S0ISSOIDY ] 83 FH fg)
L661 ‘Sewo], L9~S'€ v1°0 (%L6°86) 1°18+8561 ds j1210194) g\ v]1210124) (g« erkydorreroeq [ |y
(wri o1 (190 3s9[1eWS) Uopue[doueu [[ews (Wr O] SB[ ) FEHA TN/
§s61 ‘dooiq P~z 200 (%bL'66) T'¥890THI o0 N RIS Sisdosopyoouuny ke wAudosAyD [|RE
100T ‘77 42 UeWpIoH 1'7~9°0 Y0 (%00°001) 1'€LE6E0D ds §122000Y22UAg YN SM22020Y29UAS (LRI
S10T v 12 eyddry v'1~8°0 100 (%6°L6) 1°LTY8LSIT ds wmqound) I xK wniqound?) (I ekydoued)) [ g3
€10T ‘Iv 12 euRIIQNS 01 LT (%61°86) T'6V6LITIIN snurunon] O LMWL §M220202.350) (NN
010T ‘7v 2 J0[nEA 0€~0'1 STL (%00°001) 1'L60EISNA ojpsnd py RN/ 17 SPUOWIOLDTI 8l WE T wkgdotor) [ |33
(wr z> 1190 1s9[[eWS) uopyuejdojAydoorq (wr TS EM,—\WV&*E%%%%%
90UDIYSY ONM ﬂ_\uo x.\wmm”w%m% (KLyurequrg) 'oN IGON soroads re[ruirg snuon wnjAyq
WX %g Na T ok XY (FNYBEY & N4 H 190N ek [ T B & L

Surouanbaes ndydnoiy)-y3iy £q pajesaar soroads uopyueidojAydoueu [[ews pue uopyueidojAydoord paquiosap Jo ISIT  H°qel,
B T U S R SRR M L RV LR EEE v ¥



40 ook B

g3
-
|

543 &

Yy 3 BE M 2H A AR K B2 i (Menezes et al, 2010; Sun
etal, 2011), WFoERM, DHIEMMNEEEEREMER A S
A 186 o1 17 W A 725 4K (Abdel-Tawwab, 2011), #3EfaAE
AR AR P AT B A, R R
o X S i R R R R PR MR AR 55, XA T RE TR IR b I
Hh AR BRI AR F R m B IR R 2 — (& 3), DLk
) A T 3l R R Y A8 A B A AR SR 9 3 M, 2t
WA AR B H WA (Troell et al, 2009),
BN EARABNIEK RS, oS A Y g
A BB K AR v ) e e B R AT L4, AT Ko 7 i A
WIEREE AR, ABFFE T, DUSREE L P A A
WHEN 3.86%10° cells/L(FE 3), HIRFRMAR 2 4kt
P, XATRES R E A G, MR R, DU V7iiE
FE A BBt B e, T 52 ) 7 T A ) A O &%
F(Newell, 2004), AT A, DU 556 it H A o8 7 Ui
FEL ) G0 Sk RN A 8 ) 1 Ty 9 R R R v, o TR
WA 9 ERE Y 35.23%F0 14.25% (F 3), WA
B, S5ARE NN TR ALY (< 2 pm)FA EE, T
RUPEWEAE ) (2~20 pm) 25 5 9 48% B (Newell, 2004),
AT I T Fl S 8 P i e 4 1) A B2 (Newell et al,
2009). B& T AR /N, HOR B BB I S M T 7 Ui
Y B 5 BE /7 (Zhuang et al, 2004), 4V HEA M,
Al LA A H# 5l (Laza-Martinez et al, 2012), MIMAS 5 #
e, Xnlfee A E RS RRE 2 —.

ZE Lk, R R A 5 08 Jr vk 45 4 vl il
F AR 5T 1 7K Gt I AR S SR FE R G v VR e A P R s 4
R, 2 B RS e TR 8 M), Bk
FIRIBRET ]y E ARSI IS e PR IEAE Y 39 1
J&, A SAYESE 2 Morik e s R a1, g
B WEE PSP RE B E e e ;
— SO A (<2 pum) R/ DN ORI AR ) (32 pm
H <10 pm){{FE =yl sl P25 5 p 2 8, Hidr, Bl
RUVEEAEY) 5 SR IEHEY PO E R 25.24%, B/
B I A A TR R £ R 60.42%; TE
AT TR VA 0 V7 A ) 22 RE P R BRI T s A
JPOrik . B, FIRIEA 25 ik g A i U 7
AR, WREAm . MERHL T M IR A S R G P IR A
YIBETE 450 B ZREVE . ARSI R G HAT T
— UK R , A X K Sl 378 A 25 97 9 2 46 v 7 A
YIRETE ShAS TR . TRk, 7B AT 34 22 W il 3%
2y, DIREM K3 A S TR0 R G0 P PR A P RV 1)
B, IR IR E RIS N R AL
RN FI R R 22556 0 F Bt g K % A4
AR IH F G0 TR IEAT ) A U R R S L G K By
R 2 AT B T Al

2 % X M

ABDEL-TAWWAB M. Natural food selectivity changes with
weights of Nile tilapia, Oreochromis niloticus (Linnaeus),
reared in fertilized earthen ponds. Journal of Applied
Aquaculture, 2011, 23(1): 58-66

AMSPOKER M C. Eunotogramma litorale sp. nov. a marine
epipsammic diatom from Southern California, USA. Diatom
Research, 2016, 31(4): 1-7

BERGHOLTZ T, DAUGBJERG N, MOESTRUP @, et al. On
the identity of Karlodinium veneficum and description of
Karlodinium armiger sp. nov. (Dinophyceae), based on light
and electron microscopy, nuclear-encoded LSU rDNA, and
pigment composition. Journal of Phycology, 2010, 42(1):
170-193

BRITO LO, DOS SANTOS I G S, DE ABREU JL. Effect of the
addition of Bacillariophyta (Navicula spp.) and rotifers
(Brachionus plicatilis) on water quality and growth of the
Litopenaeus vannamei postlarvae reared in a biofloc system.
Aquaculture Research, 2016, 47(12): 3990-3997

CHANG M Y, LI C L, DONG J, et al. Dynamic changes of
phytoplankton composition during cyanobacteria blooms in
aquaculture ponds. Progress in Fishery Sciences, 2019,
40(1): 3645 [P, 2R, #ih, F EHROKERR
W) FRAE M IE PR e 2 sl S . il B gE i, 2019,
40(1): 36-45]

CHANG Z Q, NEORI A, HE Y Y, et al. Development and
current state of seawater shrimp farming, with an emphasis
on integrated multi-trophic pond aquaculture farms, in
China: A review. Reviews in Aquaculture, 2020, 12(4):
2544-2558

CHOPIN T, ROBINSON S M C, TROELL M, et al.
Multitrophic integration for sustainable marine aquaculture.
Encyclopedia of Ecology, 2008, 24632475

DE VARGAS C, AUDIC S, HENRY N, et al. Eukaryotic
plankton diversity in the sunlit ocean. Science, 2015,
348(17): 1261605

DROOP M R. Some new supra-littoral Protista. Journal of the
Marine Biological Association of the United Kingdom, 1955,
34(2): 233-245

Fishery Administration Bureau of Ministry of Agriculture and
Rural Affairs, National Aquatic Technology Extension
Station, China Society of Fisheries. China fishery statistical
yearbook. Beijing: China Agriculture Publishing House,
2020 [P AAT T BUE PR, Al K BORHE B
uli, WEDK s, mEMESETHAESE. st hER
H L, 20207

FOULON E, NOT F, JALABERT F, et al. Ecological niche
partitioning in the picoplanktonic green alga Micromonas
pusilla: Evidence from environmental
phylogenetic probes. Environmental Microbiology, 2010,
10(9): 2433-2443

HARRISON W G, PERRY T, LI W K W. Ecosystem indicators
of water quality Part I. Plankton biomass, primary
production and nutrient demand. In Anderson R (Ed.),

surveys using



I

552 T FRAF: FETIR AR A I A 9 K Tt A A SR I AR G P IR WA ) AR LA 41

Environmental Effects of Marine Finfish Aquaculture.
Berlin Heidelberg: Springer, 2005, 59-82

HEIMANN K, BENTING J, TIMMERMANN S, et al. The
flagellar developmental cycle in algae: Two types of
flagellar development in uniflagellate algae. Protoplasma,
1989, 153(1/2): 14-23

HERDMAN M, CASTENHOLZ R W, WATERBURY J B, et al.

Form-genus XIII. Synechococcus. In: Boone DR,
Castenholz RW (Eds.), Bergey’s Manual of Systematic
Bacteriology, Springer-Verlag, New York, 2001, 508-512

HUANG B, WEI N, TANG J L, et al. Changes of phytoplankton
community structure and diversity in the south Yellow Sea
during 2007-2017. Environmental Monitoring in China,
2018, 34(6): 137-148 [Hf, LW, M, 5. BWiE
20072017 AP FHEYIREVE G540 S AR EAE AL, 3
WS, 2018, 34(6): 137-148]

HUANG S, WU M, ZANG C, et al. Dynamics of algae growth
and nutrients in experimental enclosures culturing bighead
carp and common carp: Phosphorus dynamics. International
Journal of Sediment Research, 2016, 31(2): 173—-180

JENA JK, AYYAPPAN S, ARAVINDAKSHAN P K, et al.
Evaluation of production performance in carp polyculture
with different stocking densities and species combinations.
Journal of Applied Ichthyology, 2002, 18(3): 165-171

JIANG H X, LEI H J, XUAN W J. Studies on antimicrobial
activities against three plant pathogen by using eleven
microalgae extracts. Journal of Anhui Agricultural Sciences,
2008, 38(10): 4167-4169 [VT41i%E, TRLTHH, $F3CHH. 11 Ff
TSI 3 MR IS T PUA TG PRI ST, LRUR
LR, 2008, 38(10): 4167-4169]

JIANG H X, ZHOU X Y, LEIM Y, et al. Antimicrobial activities
and chemical compositions of liposoluble compounds in
Pyramidomonas delicatula. Journal of Henan Agricultural
Sciences, 2009(8): 88-91 [VLLL#, ikl ¥ =, .
U R MR i VA A S W DR S RGBT
ML ERE, 2009(8): 88-91]

KILIAS E S, NOTHIG E M, WOLF C, et al. Picoeukaryote
plankton composition off West Spitsbergen at the entrance
to the Arctic Ocean. Journal of Eukaryotic Microbiology,
2014, 61(6): 569-579

KIM J I, YOON H S, YI G, et al. The plastid genome of the

cryptomonad Teleaulax amphioxeia. PLoS One, 2015, 10(6):

€0129284

LAZA-MARTINEZ A, ARLUZEA J, MIGUEL I, et al.
Morphological and molecular characterization of Teleaulax
gracilis sp. nov. and T. minuta sp. nov.(Cryptophyceae).
Phycologia, 2012, 36(1): 37-52

LI Y, QIN J, ZHENG X, et al. Production performance of
largemouth bass Micropterus salmoides and water quality
variation in monoculture, polyculture and integrated culture.
Aquaculture Research, 2019, 50(2): 423-430

MA X J, LIU D H, HU G B, et al. Development of integrated
multi trophic aquaculture mode and its application on
management. Ocean Development and Management, 2016,
33(4): 74-78 [ThEfE, XIS, WIEDR, 5. ZEFER
L AR N R R B A N IS W EIT R S
i 2016, 33(4): 74-78]

MANOYLOV K M. Taxonomic identification of algae

(morphological and molecular): Species concepts,
methodologies, and their implications for ecological
bioassessment. Journal of Phycology, 2014, 50(3): 409424

MEDLIN L K, ELWOOD H J, STICKEL S, e al.
Morphological and genetic variation within the diatom
Skeletonema costatum (Bacillariophyta): Evidence for a new
species, Skeletonema pseudocostatum Journal of Phycology,
2010, 27(4): 514-524

MENEZES R F, ATTAYDE J L, VASCONCELOS F R. Effects
of omnivorous filter-feeding fish and nutrient enrichment on
the plankton community and water transparency of a tropical
reservoir. Freshwater Biology, 2010, 55(4): 767779

MIAO J L, WANG B, KAN G F, et al. The influence of
environment factors on lipid content and fatty acid
composition in two species of Antarctic green microalga.
Marine Sciences, 2005, 29(1): 4-11 [Z413k, EIl, MOLEE,
S MBS TR 2 BRI AR BRI A TR A Y
BN, MEERRE, 2005, 29(1): 4-11]

MOESTRUP @, ETTL H. A light and electron microscopical
study of Nephroselmis olivacea (Prasinophyceae). Opera
Botanica, 1979, 49: 1-40

MOESTRUP @, THRONDSEN J. Light and electron
microscopical studies on Pseudoscourfieldia marina, a
primitive scaly green flagellate (Prasinophyceae) with
posterior flagella. Canadian Journal of Botany, 1988, 66(7):
1415-1434

NEWELL R T E, TETTELBACH S T, GOBLER C J, et al.
Relationships between reproduction in suspension-feeding
hard clams Mercenaria mercenaria and phytoplankton
community structure. Marine Ecology Progress, 2009,
387(12): 179-196

NEWELL R I E. Ecosystem influences of natural and cultivated
populations of suspension-feeding bivalve molluscs: A
review. Journal of Shellfish Research, 2004, 23(1): 51-62

O’KELLY C J, SIERACKI M E, THIER E C et al. A transient
bloom of Ostreococcus (Chlorophyta, Prasinophyceae) in
west Neck Bay, Long Island, New York. Journal of
Phycology, 2003, 39(5): 850-854

OLIVEIRA M C, REPETTI S I, THA C, et al. High-throughput
sequencing for algal systematics. European Journal of
Phycology, 2018, 53(3): 1-17

PAERL H W, TUCKER C S. Ecology of blue-chlorophyta in
aquaculture ponds. Journal of the World Aquaculture Society,
1995, 26(2): 109-131

PAN Y L, LIU X, SHA J J, et al. Influence of environmental
factors on phytoplankton community structure and its
relationship with coastal aquaculture in the waters adjacent
to Rongcheng. Progress in Fishery Sciences, 2019, 40(5):
26-33 [ KT, XUk, Wikl 5. SRR FRAI T
T R RE R S5 A0 D SRR R T i O AR Ml B2 e,
2019, 40(5): 26-33]

PENNA A, CASABIANCA S, GUERRA A F, et al. Analysis of
phytoplankton assemblage structure in the Mediterranean
Sea based on high-throughput sequencing of partial 18S
rRNA sequences. Marine Genomics, 2017, 36: 49-55

PEREZ-MORALES A, BAND-SCHMIDT C J, MARTINEZ-DIAZ
S F. Mortality on zoea stage of the Pacific white shrimp
Litopenaeus vanname caused by Cochlodinium polykrikoides



42 ook B

R 543 4%

g3

(Dinophyceae) and Chattonella spp. (Raphidophyceae).
Marine Biology, 2017, 164(3): 57

PULZ O, GROSS W. Valuable products from biotechnology of
microalgae. Applied Microbiology and Biotechnology, 2004,
65(6): 635648

QIAO H, WANG G, ZHANG X. Isolation and characterization
of Chlorella sorokiniana GXNNO1 (Chlorophyta) with the
properties of heterotrophic and microaerobic growth.
Journal of Phycology, 2009, 45(5): 1153-1162

QIU D, HUANG L, LIN S. Cryptophyte farming by symbiotic
ciliate host detected in situ. Proceedings of the National
Academy of Sciences of the USA, 2016, 113(43): 12208-12213

QUINCE C, LANZEN A, CURTIS T P, et al. Accurate
determination of microbial diversity from 454
pyrosequencing data. Nature Methods, 2009, 6(9): 639-641

RAHMAN M M, VERDEGEM M C. Multi-species fishpond and
nutrients balance. In: van der Zijpp A J, Verreth J A J, Tri L
Q, et al. (eds.) Fishponds in farming systems. Wageningen
Academic Publishers, Netherlands, 2007, 79—88

RASHID J, KOBIYAMA A, REZA M S, et al. Seasonal changes
in the communities of photosynthetic picoeukaryotes in
Ofunato Bay as revealed by shotgun metagenomic
sequencing. Gene, 2018, 665: 127-132

REEDER J, KNIGHT R. Rapidly denoising pyrosequencing
amplicon reads by exploiting rank-abundance distributions.
Nature Methods, 2010, 7(9): 668—669

REUTER J, SPACEK D V, SNYDER M. High-throughput
sequencing technologies. Molecular Cell, 2015, 58(4): 586—
597

RIPPKA R, CASTENHOLZ R W, HERDMAN M. Form-
Cyanobium. Bergey's manual of systematics of archaea and
bacteria. John Wiley & Sons, Ltd, 2015

RODRIGUEZ F, DERELLE E, GUILLOU L, et al. Ecotype
diversity in the marine picoeukaryote Ostreococcus
(Chlorophyta, Prasinophyceae). Environmental Microbiology,
2010, 7(6): 853-859

ROY S S, PAL R. Microalgae in aquaculture: A review with
special references to nutritional value and fish dietetics.
Proceedings of the Zoological Society, 2015, 68(1): 1-8

SCHIPPERS A, NERETIN L N. Quantification of microbial
communities in near-surface and deeply buried marine
sediments on the Peru continental margin using real-time PCR.
Environmental Microbiology, 2006, 8(7): 1251-1260

SHERWOOD AR, PRESTING G G. Universal primers amplify
a 23S rDNA plastid marker in eukaryotic algae and
cyanobacteria. Journal of Phycology, 2010, 43(3): 605-608

SINDEN A, SINANG S C. Cyanobacteria in aquaculture
systems: Linking the occurrence, abundance and toxicity
with  rising temperatures. International Journal of
Environmental Science and Technology, 2016, 13(12): 1-8

SLANKIS T, GIBBS S P. The fine structure of mitosis and cell
division in the Chrysophycean alga Ochromonas danica.
Journal of Phycology, 2008, 8(3): 243-256

SOARES M C S, LUCIA M L, VIDAL L O, et al. Light
microscopy in aquatic ecology: Methods for plankton
communities studies. Methods in Molecular Biology, 2011,
689: 215-227

SUY J, CAI XY, WANG J, et al. A preliminary study on water

quality affected by algae in shrimp ponds. Journal of
Fisheries Research, 1994(4): 36-39 [# k42, #80—, 74,
AF. BEISROMAARI A TR BN TRIER. ks, 1994(4):
36-39]

SUBIRANA L, PEQUIN B, MICHELY 8, et al. Morphology,
genome plasticity, and phylogeny in the genus Ostreococcus
reveal a cryptic species, O. mediterraneus sp. nov. (Mamiellales,
Mamiellophyceae). Protist, 2013, 164(5): 643-659

SUN W, DONG S, JIE Z, et al. The impact of net-isolated
polyculture of tilapia (Oreochromis niloticus) on plankton
community in saline-alkaline pond of shrimp (Penaeus
vannamei). Aquaculture International, 2011, 19(4): 779-788

SYM S D, PIENAAR R N. Taxonomy of Pyramimonas obovata
and other observations on the subgenus Vestigifera of
Pyramimonas (Prasinophyceae, Chlorophyta). Phycological
Research, 1995, 43(1): 17-32

TOMAS C R. Identifying marine phytoplankton. Academic
Press, New York, 1997

TROELL M, JOYCE A, CHOPIN T, et al. Ecological
engineering in aquaculture-potential for integrated multi-
trophic aquaculture (IMTA) in marine offshore systems.
Aquaculture, 2009, 297(1): 1-9

VAULOT D, EIKREM W, VIPREY M, et al. The diversity of
small eukaryotic phytoplankton (<3 pm) in marine
ecosystems. FEMS Microbiology Reviews, 2008, 32(5):
795-820

WANG T G. Overwintering cultivation technique of bay scallop.
Hebei Fisheries, 2011(12): 42-43 [TF4E3%. 5725 UL 1
AT HOR. WAL, 2011(12): 42-43]

WANG W. Current situation and development trend of aquaculture
industry in China. Fishery Guide to be Rich, 2009, 271(7):
12-18 [Fa. FREK IR PR S & . il
HE TR, 2009, 271(7): 12-18]

WEI Y X. Chrysochromulina parva lackey (Prymnesiophyceae):
New record in China and its seasonal fluctuation in Lake
Donghu, Wuhan. Acta Hydrobiologica Sinica, 1996, 20(4):
317-321 [BRENL. PEGErCS:: /ha GBAERDURBIN
ZEEK. KW, 1996, 20(4): 317-321]

YOO Y, SEONG K A, JEONG H J, et al. Mixotrophy in the
marine red-tide cryptophyte Teleaulax amphioxeia and
ingestion and grazing impact of cryptophytes on natural
populations of bacteria in Korean coastal waters. Harmful
Algae, 2017, 68: 105-117

ZHANG F S, HE Y C, MA J H, et al. The introduction of the
Japanese scallop, Patinopecten yessoensis (Jay), into China,
its spat-rearing and experimental cultivation. Marine
Sciences, 1984, 8(5): 38-45 [5kARZZ, fil X, THiTjE, 4.
WRS B DLE SRl B Sl TR, WEEERLE, 1984, 8(5):
38-45]

ZHANG F S, LI S Y. Discovery of Pyramimonas sp. in China
seas and its application in feeding bivalve larvae. Marine
Sciences, 1983, 7(6): 49-50 [3k w2, Z2iE. B @A h
Y A S R . TR, 1983, 7(6): 49-50]

ZHANG J M, HAN X D, JIA H F. The study of decontamination
of microalgae to organic compound in the ocean. Journal of
Linyi Teachers” College, 2006, 28(3): 79-82 [Tk, #He
o, BUAR. WK oA B R AT
YT IRVE A BE 4R, 2006, 28(3): 79-82]



%2 Tr EBAE FEFIRAS S0 38 0 0 T K b 3 AR S R R G TR A ) 2 R T LR 43
ZHANG J M, HAN X D, WANG X W, et al. The study of enrichment. Science and Technology of Food Industry, 2016,
decontamination of microalgae to pesticide in the ocean. 37(20): 371-376 [BREKLL, AL/, £ES, &, MEEER
Journal of Yunnan Agricultural University, 2007, 22(3): Wl N A K FE A W8 SR am AL s O N . B TRk,
462-465 [KEER, silbess, TAIfE, & EHMpExhEKH 2016, 37(20): 371-376]
A 245 1 f N A E R A R9E . = Al K272 47, ZHUANG S H, WANG Z Q. Influence of size, habitat and food
2007, 22(3): 462-465] concentration on the feeding ecology of the bivalve,
ZHANG J H, REN D D, JIANG Y S, et al. Microalgae in Meretrix meretrix Linnaeus. Aquaculture, 2004, 241(1/2/3/4):
aquaculture: A review to nutritional value and rotifers 689—699

(%% L)

Comparison of Phytoplankton Community Diversity in the Ecological
Aquaculture System of a Marine Pond Using Mor phological
Analysis and High-Throughput Sequencing

QIAO Ling', CHANG Zhigiang?, LI Jian?”, REN Chengzhe®

(1. Key Laboratory of Sustainable Utilization of Technology Research for Fishery Resource of Zhejiang Province,
Zhejiang Marine Fisheries Research Institute, Zhoushan, Zhejiang 316012, China;

2. Key Laboratory of Sustainable Development of Marine Fisheries, Ministry of Agriculture and Rural Affairs; Yellow Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Laboratory for Marine Fisheries and Food Production
Processes, Pilot National Laboratory for Marine Sciences and Technology (Qingdao), Qingdao, Shandong 266071, China;
3. Marine Science and Technology College, Zhegjiang Ocean University, Zhoushan, Zhgjiang 316022, China)

Abstract With increasing concern over the negative environmental impact of mariculture, ecological
aquaculture based on multi-trophic systems has received extensive attention in recent years.
Phytoplankton are important components of aquaculture ecosystems. They are useful in maintaining water
quality by uptake of nutrients during photosynthesis and serve as a direct or indirect food source for
cultured organisms. Some phytoplankton, such as diatoms and green algae, are conducive to the growth of
shrimp, crab, shellfish, and fish, whereas others (such as cyanophytes and dinoflagellates) may be toxic to
aquatic organisms in aquaculture systems. In the present study, a combination of traditional morphological
analysis and high-throughput sequencing was used to comprehensively assess phytoplankton community
composition and diversity in the ecological aquaculture system of a marine pond in December 2018. Eight
phyla were detected using two methods, Chlorophyta and Cryptophyta being the most frequently recorded.
Notably, the phyla Haptophyta and Chrysophyta were only found via high-throughput sequencing.
Additionally, a total of 39 genera were detected using two methods, but only five genera, Eutreptiella,
Oscillatoria, Pseudonitzschia, Pyramimonas, and Teleaulax were shared in both methods. Some
picophytoplankton (<2 pm) and small nanophytoplankton (>2 pm and<10 pm) were detected via
high-throughput sequencing, but were not observed via morphological analysis. Picophytoplankton
represented 25.24% of the total phytoplankton sequence abundance, and small nanophytoplankton
accounted for 60.42%. Phytoplankton diversity revealed upon morphological analysis was lower than that
revealed via high-throughput sequencing. Therefore, the combination of traditional morphological
analysis and high-throughput sequencing will be useful for obtaining a comprehensive understanding of
phytoplankton community composition and diversity in aquatic ecosystems. This study serves as a
foundation for the characterization of phytoplankton community dynamics in the ecological aquaculture
systems of marine ponds for future research.

Key words Ecological aquaculture; Phytoplankton community; Diversity; Morphological analysis;
High-throughput sequencing
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