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WE: 7 =M T (Portunus trituberculatus)- H X} ¥ (Penaeus japonicas)iZ 37 R GL(SC)H, 435 F=K(SCC)) . H
(SCC,) 15 (SCC) % B 1) 4i 1% (Sinonovacula constricta), 53 3 T = JoiR T - H AXUF-43 IR 25 5 FRFH R 48, T 2020
7T AR 12 AB A REFHERGRN, 00T 1 FR5H W16 77 WA 0 B 9 Z5 0 R AE, 11 3L 5 3 A (CCA) Fl
TCAR ST HT(RDAYRIT T IR AW REE B SR TR, R E/R: ()FR5 M EILLEE IRy 6 1]
54 J& 81 Fh; MFpA9%kis A, ¥ (Bacillariophyta)>H # [ 7(Pyrrophyta)> i # [ ](Cyanophyta)>%¢ # | ](Chlorophyta)>
P ] (Buglenophyta)>[Z 3 '] (Cryptophyta); F:A1# 30 FpL#Fh, EEALFE/NREE)E K 2Rl (Cyclotella sp.). REF
¥ (Synedra acus) . XCk48 7% (Stauroneis anceps) . /N B (Phormidium tenus) . /NEREE (Oscillatoria tenuis) N A5
JB K 5E M (Euglena sp.); Q)FRFEWIFIIFHALY B E AT 2.23x10°~28.06x10° cell/L, 4= #i K 0.06~21.37 mg/L,
Shannon-Wiener ZHEPEFEEGEEN 0.90~2.42, Pielou 5 EEFEEEE N 0.31~0.78, Margalef =F & & +5 5030 Bl N
1.00~2.08, #AKZHAMEK -, FEEECNERE; (3) CCA 5 RDA #3R oR, /KR . 3% W1 R AR B2 2 5 = etk 1
LEA IR G IR I BV A B E BN T AE =M T - H AR IR 3% RGPS Eh % (75,0 kg/hm?®)
B E(112.5 kg/hm®)4RIHE, RGP UFAE Y RETE ZRE VRS, P SCBUIR IRt B X i 2 e, B SR PH R G BT
PRy, AR T =PR T EMIELR G T AR NERE -

KW IR T8, WIELEE IR, I, R, MR AT, TUAYA T
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TR | -5 i 3= k) Al S N TP RE 1R 7)) 2
TR S5 R IR B 5 3RS IR F-AH M I R 420 o

AW FEAE = PR T 18- H RS IR R IR R 55(SC)
H, Rl FRAR(SCCy) . (SCC,) . Ri(SCCs)% &
40, FEE 4 Fh = Yo T EEMIELE A TR IH R 5L,
B RS R G RE S, 43 BT T Uit A 0 R 4
PR AR B A2 A, I O R 43 B (CCA) FI T
R HT (RDAVR G 5 Wi 77 IWEAT 4 1 v A8 AL 1 32 22
IR T, WA bR =P TR IE LR &

H AR GRS 45 MO B RN R IS
1 #MRE5FE

11 LS 5FBEEMHFRER
SEIGFEWTTLAE FF LT KA 7K 35 5 5 T g,
VEBE 4 OHIFRZ K 1.33 hm?. KIRZH 1.5 m 1
FRFE M IE, FREEA YRR NG DL LR 1. FRAE ) [E] A
2020 4 7—12 H
12 HRIXESNE
2020 4F 7—12 A, B REFRIE MK A5
PRl R BRI AR A i 52 5 R, 9 H ARAE
FEdh o AR XL 3 ASREES, IS L
A LI HS R 2R AL s KRR B PR AL i

R1 ZRERTEHNESSHRERZHBFER

Tab.1 Stockinginformation inintegrated pond aquaculture system of Portunustrituberculatus

5 treatment

FEHERIZE aquaculture species Wi H item
Scc, SCC, SCC; SC
=R T F | /em carapace length 0.41+0.02 0.4120.02 0.41%0.02 0.4120.02
Portunus trituberculatus Fl & /cm carapace width 0.74+0.05 0.74+0.05 0.74+0.05 0.74+0.05
1A /g body weight 0.024 0.024 0.024 0.024
5 /(kg/hm?) density 7.5 7.5 7.5 7.5
H 2 % iR &K /em body length 1.02+0.07 1.02+0.07 1.02+0.07 1.02+0.07
Penaeus japonicas M7 /g body weight 0.0087 0.0087 0.0087 0.0087
% 8 /(x10* ind/hm?) density 22.5 22.5 22.5 22.5
aled 724 /em shell length 1.85+0.14 1.85+0.14 1.85+0.14 1.85+0.14
Sinonovacula constricta 7% /om shell width 0.57+0.10 0.57+0.10 0.5740.10 0.5740.10
1A /g body weight 0.32+0.02 0.32+0.02 0.32+0.02 0.32+0.02
% J¥ /(kg/hm?) density 37.5 75.0 112.5 0

T SCC\— =Yt T+ F A X MR+ BE 45 % SCC— = J0MR T 1+ H AR X MR+ 25 BE 4305, SCCy— =it T8 + 1 AR Xof MR+ 5 2 45 4%

SC—=JEMR T+ H A XS IF.

Note: SCC,—Portunus trituberculatus+Penaeus japonicas+low density Sinonovacula constricta; SCCy—Portunus trituberculatust+ Penaeus
japonica+medium density Sinonovacula constricta;, SCCs;—Portunus trituberculatus+Penaeus japonicas+thigh density Sinonovacula con-

stricta; SC—Portunus trituberculatus+Penaeus japonicas.

PRZECT L/AKEERIA 15 mL & 57 FCIORT 10 mL
40% 1 T U T A, AE S I R KRR A
1000 mL JLIERSH, 75 48 h 5k 4E = 50 mL, K
3ASRAE S FERIR A, WH 0.1 mL A 0.1 mL it
BAEN, 78 10x40 £5 R F TR se 51t
B BHRIRARESITE 3 W, BRI 2 A ECE
PIAE, 2 At B RS A 15%, FHERK,
WIFEIRC 1 YT EL, SR IE BUBUE A 228 2 il
SERE L iR R S KB

2y

JKARE ] T I0 2 K IR (WT) . 2R EE(S) . AR 4A
(DO). & (SD). FefidiE (pH) . 24 A (NH;-N ).
HFR A (NO3-N ), AR A(NO,-N), SA(TN).,
SBE(TP) . BERRER(POL-P)HINt 283K a (Chl-a), /K
T A P K I B2 T E, pH s HIEE#E X pH 31
SE, BRI 4 AR BN s, O B R A 2E
KBS, HA . HRA . WAERA. &
. BB, BEREL . MR E a WEWSH O
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WEIHRIE ) (GB/T 17378.4-2007) 1 (it 4 Shannon-Wiener Z K H550(H):
I ) (GB/T 12763.6-2007)!", s
13 MiEaE H '=—§R log, P
131 FHENTEREWENN FHYE Piclou 15 i 5y
BB R RLE) IvkaES, T ”
NI J = log, S

_ s Margalef &= & FE+8 50 (dma):

V=<V, o

A, N 1L KR TR PR A 0 0 1R %R (cell/L); n A = N

R BTSRRI VL ORRERARIEB e s s AR N R
(mby: VB BORAKIERALY: Vo JREETERIRR gy o bt ot 5 RO L L),
(L) FEUHUIEDNIREIR CRIEEIE) N o oyom et oo, 108 & ARSI
RO IR SR E, 454 1 L KEEh ¥ Y=0.02 (IR S 3 15]
RIS RS, EITTARE] 1 L KRR AR T
WAL (2 ) B (mg/L) o

1.3.2 FiEEWEEMECEESE A Jaccard
BEVE AL 38 B (O L B A R 352 4 2 46 TR e A S 1 BRI T B AR X R
YIRETE 25 M AR L, TR A0 HEAT la(et DFE(L, (S B0IE A2, 4
Jo = x100% B AT 25 R B R 43 BT (DCA), KR 9 41k P il J

° a+b-c
Kb, o MRS, b oy PRI SDEFRHEF BT,
— IR RGP IR REL, c AT ARG 2 gBRE484H
AL
133 ZFiHFEMAEBHESHENEESE AU5RE
i Shannon-Wiener ZF-VEFEE(H"). Pielou $1%)

FEFE%0(J) . Margalef =F & & 48 %(dima) F1 Mcnaughton AN o
Es8 BEHE B (DA IR 0 L A A sty 4 e © 1142 TR ST, SCC, IR 6 1136

1.3.4 HiEAIE R Excel 2013 F1 SPSS 26.0
AT ARG 5504, >R GraphPad Prism 8 i
TEIEZ S . FIH Canoco 5.0 BAEXT IR YL

21 FEEYMMHEARSEEM
FEmg R, IR 6 1] 54 J& 81 Fb
(3 2), Hrf, SCC, %5 6 1] 35 J& 54 Fh, SCC,

*ﬁ[l‘)-Zl]o %?E‘ﬁﬂgﬁ*%/[}ﬁ% 52 ﬁF, SC ;j\:%/—fé 6 l‘] 36 E 52 ﬁp, %%E%%E@
Mcnaughton JE 345 5(7): A Y P2 ULt 35 1] (Bacillariophyta) . 5 ¥

" I"J(Cyanophyta)F1H 1] (Pyrrophyta)y -
Y=—"xf N o
il SR, =002 HTEWFRIYIAT 30 (K 3),
®2 ZHERTFEOESEFEARFFHFENEIEMEEAR
Tab. 2 Species composition of phytoplankton in integrated pond aquaculture system of Portunus trituberculatus
W] | HET] BREET] Bl ]

20 ) Cyanophyta Bacillariophyta Pyrrophyta Euglenophyta Cryptophyta Chlorophyta
treatment  jz i & i J& A & i J& i & i J& il

genus species genus species genus species ~genus species genus species genus species genus species
SCC, 3 4 23 38 6 7 1 2 1 2 1 1 35 54
SCC, 6 7 26 40 7 7 1 1 1 1 1 1 42 57
SCC; 4 5 22 33 5 6 1 3 1 2 3 3 36 52
SC 4 4 23 36 5 5 1 3 1 2 2 2 36 52

41t total
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T RS BT/ B (Phormidium tenus) Kl /NER
¥ (Oscillatoria tenuis), FEWHET T /NIR @ A € Ff
(Cyclotella sp.). Z2IE ¥ J& AR E M (Nitzschia sp.) .
REFFT 3 (Synedra acus) . Wk & FT 3 (Synedra
amphicephala) T Xk %8 75 3% (Stauroneis anceps),
L ¥ ] (Euglenophyta) F) # 3 J& K & #F (Euglena
sp.) LA K B& ¥ 1] (Cryptophyta) 1 Bl JE B
(Cryptomonas ovata), HH, SCC, #1 SC 7£ 7—11
A DIEESE T TRUEBET 1o AR, 12 H DA
B E AR SCC7E T—12 HHLIHE %
IRIREBE [T FZALFSERE; SCCy#E 7 A IRk
PIAE B T B HASERE, 8—12 H LIE B
FRESE D] F BT
2.2 RiFEY BT ELUE

IR (FR 4), 4 =R T REMIEZE A 5

14.93x10° cell/L (¥ 1), SC HIFRIFAHY B EAE 7
H(19.52x10° cell/L)FI 8 J(10.49x10° cell/L) 3%
BT HAb IR 5 R S5(P<0.01), TEE Ak T
WITHIL; SCCL7E 10 J(17.99%10° cell/L)F1 11 H
(8.59x10° cell/L) i 3 5 T H AL J7 58 R 4 (P<0.01),
TR, REEET TR B TA AL, SCCy 7£ 12
H (28.06x10° cell/L) & & & T H At 37 5 & 4t (P<
0.01), =T R Ee T AL BT TR

FREH IR, TR A R EAN T 0.45~
8.92 mg/L (& 2), AIFFEFE R G IFEIEAL Y A=)
WS A EE P >0.05), SC HTFIFE Y A Y &7

R4 CHEBRTFEMESARERAIFHE
B B R ROV R &
Tab.4 Community similarity index of phytoplankton in inte-
grated pond aquaculture system of Portunus trituberculatus

B 72 550 [B) 1) 17 IR AL 0 AH (L 1 8 257 0.50~0.63, F 45 treatment  SCC,  SCC,  SCC sc
H1 SCC3 5 SC 11 PR A W AH AL 5 195 (0.63), SCC scc, 1
5 SCC, WP AH LU 55 1R (0.50) SCC, 0.50 1
23 ENEYEZEENEME SCC; 0.58 0.56 1
FEFEIIE], PR A AT 6.60x10°~ SC 0.56 0.56 0.63 !
301 7H July 157 8 H August 257 10H October
= = g
L) L BE 20r
28 20} 28 10} 58
g B :: Lg 15
B2 B ] s
St St s st m B
i 5 L i 5 . =5 |
58 . i —_— R
i - i 0 i
0 SCC, SCC, SCC; SC SCC, SCC, SCGC, SC SCC, SCC, SCGC;, SC
#H 5 treatment 21 5] treatment 2f 7] treatment
15r 11 A November 40T 12H December
3s 3% s0p
S 10r S35 [
< § — <5
M =1 M +— 20 -
g [ N -
]g 5T Y
B B 10
i) EE -
SCC, SCC, SCC, SC SCC, SCC, SCGC; SC
£ 5] treatment #H 51| treatment
—_— W FEE] Rl REBEI] BT SR
Cyanophyta Pyrrophyta Cryptophyta Bacillariophyta Euglenophyta Chlorophyta

K1 =P B LR S IR AR ST e ) AR

Fig. 1 Phytoplankton density changes in integrated pond aquaculture system of Portunus trituberculatus
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20r 74 July 15r 8 H August 15r 10H October
=Y =Y =Y
EE 1s) g 2
g -5 ms 10r =2 1o0f
I S 0 -2 — o S et
e 1of e B e
H % _ HE HE — —
ﬁa = 2 osf 2 o5} o
2 ost £ £2
e _— % —_ e
0 — Il 1 L L L 1 0 1 1 1 ‘ 1
SCC, SCC, SCGC,; SC SCC;, SCC, SCC, SC SCC, SCC, SCC,; SC
2 1] treatment 4H 51| treatment 24 5| treatment
15r 118 November 25 12 December
2 R
=~.2 10+ = .2
i -2 — oS 15t
s s —
i: ™ L2 o
m = 0.5 —_— m =
1= S sl
we 2E °
0 SCICI SCICZ SC;Ca SIC SCICI SéCz S(',:Cs SIC
2/ 1] treatment 2/ 5] treatment
] ] BRI REET] BRI ]
Cyanophyta Pyrrophyta Cryptophyta Bacillariophyta Euglenophyta Chlorophyta
E 2 =P TS SR R G A ) A

Fig. 2 Phytoplankton biomass changes in integrated pond aquaculture system of Portunus trituberculatus

7 J1(0.80 mg/L)F1 8 J(0.92 mg/L)¥ Wi mifl, +
B RE TR B TM L, SCCy 7E 10 H
(0.92 mg/L)H1 11 F(0.90 mg/L)¥ Ky mfl, +%
PH A 8 ) RT HR SRR TR A SCC7E 12 H (21.37 mg/L)
Mt i, FE AR 4L
24 ZHEEYSEEER
RN E S T d R BoR, AR
RGEXTTERAE I H' \J N diny 255248 8,35 (P>0.05,
Kl 3). FREEIIE, H'MIE I 0.90~2.42, J B3 F
4 0.31~0.78, dma WIVE IR 1.00~2.08., Hrf, H'F

J B RMAEHILT 11 A9 SCCs (2.42, 0.78), dina
wKRMEHBT 10 HH SCC, (2.08), SCC, Fl SCCs
) H' \J F de B YER T SC, SCCy MK T SC.
25 EFHEYRBEMZEESHEERFHEXE
ST

DCA 45 7R, SCCy. SCC,. SCCs A1 SC 1Y
HEF Sl e R 5 (SD)Y K 5.6 (33).2.3 (<3).4.6 (>3)
f13.8 (>3). P, SCC;. SCC; Ml SC L FE M Xf
N5 HT(CCA), SCCo IEFETTAR 7T (RDA).

SCC; By CCA Z5HRWor, 1 U5 IREEH T

" —8—SCC, —B-SCC, —4—SCC; ——SC

Q
§E3' oy ﬁﬁz&
Ha Y o8l EE 200
tE g Fag
R 22T g g
5 5 TE 0.6 Eﬁglﬁ-

et
g2 B3 04t 58 10f
B2 1r 8z =8
= A 52 80 "
S = = 021 g %0 05
o e o = ¢
<
= | | | | | 0 1 1 1 1 1 0 L L L L L
©“ -G 7H  8H 10F 11H 124 7H  8H 104 11H 128 7H  8H 108 11H 1283

Jul Aug Oct Nov Dec Jul Aug Oct Nov Dec Ju Aug Oct Nov Dec
H ¥ date HiY date H 4 date
K3 =R TR LR IR R G IR IR A ) 2 R R B fL

Fig. 3 Changes of phytoplankton diversity index in integrated pond aquaculture system of Portunus trituberculatus
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Z ] B AE M B2 (F=103, P<0.01), 45— —HFF
EHARRME(E R 0.8017 i1 0.6787, EFHfRFAS TN

x5

36.31%A1 67.05% (£ 5). Kl 4a B/R, 50 SCC,
T U R ) P 4R 4 R 1Y 3 SRR B AR IR K

CERFEMESAREARFHENN ST (CCAMTESIT(RDAMSEITER

Tab.5 Satistical information of canonical correspondence analysis (CCA) and redundancy analysis (RDA)
in integrated pond aquaculture system of Portunus trituberculatus

28 parameter HY treatment  F—HIFH axisl 2F THEFEGHN axis2 A5 =HEFHN axis3 A DUHEFHN axis4
HHE{E eigenvalues SCC, 0.8017 0.6787 0.3759 0.2994
SRR R 5% 36.31 67.05 84.08 97.64
explained variation cumulative
FEAF{E eigenvalues SCC, 0.5561 0.1736 0.1183 0.0825
BB R 5% 55.61 72.97 84.8 93.05
explained variation cumulative
HRAE{H eigenvalues SCC; 0.7561 0.4675 0.3604 0.299
FRRAL /% 39.15 63.36 82.02 97.51
explained variation cumulative
FRF(E eigenvalues SC 0.7517 0.4217 0.3204 0.278
BB R 5% 39.83 62.17 79.15 93.88
explained variation cumulative
LOF,
CY4 WT
Chl-a | pH
Y1
i EU3 Y2
CR2
BA1 R1/BA10
“ A9
: a3
BA6 228
A BA2,
EU1 iy
BA13
7
_10 o 1 SD L L _1.0 u} 1 1 1
-1.0 1.0 -1.0 1.0
LOF, WT CY5] 10f4
CR2
pH SD| BA7
4 EU3
| BAI ABA4
Rheyi Y2 CH2
BA9: || CY2
CY32CH2 *BAII pY1 sCY6
BA3 aBA1 CY5PY2
EU2a 1
) CH1 WT pH NS
NO;-N" Bag
BAS A i CI%‘Y ! BU1
L - SD L 2
BAI12 BAS Chl-a
7
EU1
_10 o 1 1 1 _10 u] 1 1 1
-1.0 1.0 -1.0 1.0
B4 =P FEmh sG55 A2 R IR S AR F 1 CCA. RDA HiF

a. b, ¢, d4p5IfE SCCi. SCC,. SCC; Ml SC, VFWEMPILH R4 5 5% 3 —EL.
Fig. 4 CCA and RDA ordination of phytoplankton dominant species and environmental factors in
integrated pond aquaculture system of Portunus trituberculatus
a, b, ¢, and d represent SCC,, SCC,, SCC;s and SC, respectively. The numbers of the dominant species of

phytoplankton are consistent with those in table 3.
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Community structure of phytoplankton and their relationships with
environmental factors within an integrated pond aquaculture system
of Portunus trituberculatus

PU Weijia', DONG Shipeng', ZHANG Dongxu®, YU Liye', XIE Yicheng', XU Xian', WANG Fang"*, LI Youming®

1. Key Laboratory of Mariculture of Ministry of Education, Ocean University of China, Qingdao 266003, China;

2. Zhejiang Province Key Laboratory of Mariculture and Enhancement, Zhejiang Marine Fisheries Research Institute of
Zhejiang Province, Zhoushan 316021, China;
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Marine Science and Technology, Qingdao 266235, China;
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Ocean University, Sanya 572022, China

Abstract: Within a polyculture system of Portunus trituberculatus and Penaeus japonicas (SC), Sinonovacula
constricta with low density (SCC;), medium density (SCC,) and high density (SCC;) were raised to construct an
integrated aquaculture system of Portunus trituberculatus, Penaeus japonicus, and Sinonovacula constricta, re-
spectively. Monthly samples from the aquaculture system were collected from July to December 2020 to analyze
the phytoplankton community structure during aquaculture. Canonical correspondence analysis (CCA) and redun-
dancy analysis (RDA) were used to analyze the relationship between the phytoplankton community structure and
environmental factors. The results showed that there were six phyla, 54 genera, and 81 species during aquaculture;
species abundance relating to class in descending order was: Bacillariophyta>Pyrrophyta>Cyanophyta>Chlorophyta>
Euglenophyta>Cryptophyta. Among them, there were 30 dominant species, mainly including Cyclotella sp., Syne-
dra acus, Stauroneis anceps, Phormidium tenus, Oscillatoria tenuis, and Euglena sp.. Phytoplankton density
ranged from 2.23x10°-28.06x10° cells/L, the biomass was 0.06—21.37 mg/L, the Shannon-Wiener diversity index
was 0.90—2.42, the Piclou evenness index was 0.31—0.78, and the Margalef richness index was 1.00—2.08. The
diversity of phytoplankton was high and this community was stable. The CCA and RDA results showed that water
temperature, transparency, and salinity were the main environmental factors affecting the integrated aquaculture
systems of Portunus trituberculatus. When the medium (75.0 kg/hm?®) and high densities (112.5 kg/hm?) of Si-
nonovacula constricta were mixed in the polyculture system of Portunus trituberculatus and Penaeus japonicus,
there was good diversity in the phytoplankton community. Such diversity may achieve the balanced development
of phytoplankton and enhance the anti-interference ability of the culture system. This diversity is beneficial to the
stability of the comprehensive polyculture system of the Portunus trituberculatus pond.

Key words. Portunus trituberculatus; integrated pond aquaculture; phytoplankton; environmental factors; canoni-
cal correspondence analysis; redundancy analysis
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