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Fig.1 Distribution of Litopenaeus vannamei aquaculture ponds and outer channel sampling points
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Tab.1 Evaluation criteria of

plankton biodiversity index

PEM R#fE Evaluation criterion

PR R

Evaluation index T i 5 ¢

a- - o e
g ey e T TR T
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H’ F1 D 0~1 1~ 2~3 3~4 =4

MMZEEEFRRESECTLI(Y) BRI E
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Tab.2 Crading standard of

the comprehensive trophic level index

LA BRSO HIORA
Range of comprehensive trophic level index Trophic state
TLI(Z) <30 THESR
30<TLI(3) <50 HE TR
50 <TLI( %) <60 IREF R
60 < TLI(3,) <70 R

TLI(S) >70 AR

¥ H Excel 2010 #1 OriginPro AR I LR
PEAT AT B FA R 224 5 SR ] SPSS 19. 0 e fF
AT JE A R B ) 5 PR T F Pearson AH Gy
#7;2K ] Canoco for Windows 4. 5 4%} J5 4k %
SN FTD R T AT 2 a0 1 53 BT ( Detrended
correspondence analysis, DCA ) , ¥R 35 DCA 43 #7145
SR B A B B2 0 2 1 2 e A —— T
42738 ( Redundancy analysis, RDA) , L3878 5% Wi
FRFE I TN AT T8 F5 AR R I S Y B TR 25 S
SRS T

2 4k

2.1 REZFHENMBBEESEN
2.1.1 Wyl L S AR A

A 40 ) L 3 e S AR TR S 33 Bb (R
3), Mg de 23 Fh KA 6 Bl BRI 4 Bl B
PL/NESAS dUR 3 R 3 HH 5e 25 sl ) (B A
FMBR L) Bl o FRFHIE A SNATIE 44 58 5E
JE RS 27 B, Hrh SR R A R (17
PO AR TAMIE (18 ) , B M KA E (6 7 ) & T
HMRJIE (S F) o FREEYE S SMITIE S A TR )
1) Jaccard AHAAVEREEL (K) 24 0. 636, 4k T rh 4541
K- (0.50<K <0.75) ,

FRAASE AN SN IE B 5 AR 6 B (4
HA4 B BT RRIRE 22K 1 i), L[ LA
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AR (6 Ff) = FTHMATIE (2 F)
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Tab.3 Species and dominance of metazooplankton

255 Type YiFp Species

{3 Degree of dominance
B HMITIE

Aquaculture ponds Outer channels

EAiy AL A L Brachionus calyciflorus
Rotifer AR B %6 . Brachionus urceus
5k & BEEL W Polyarthra trigla
3|48 . Notholca acuminata
i/ NSERRES B Trichicerca pusilla
HIEfa 2 Keratella quadrata
AT SRS L Asplanvhna priodonta
K0 R 5 . Euchlanis dilatate
K =M% &1 Filinia longiseta
HIE R4S B Monostyla lunaris
VAR 48 . Pompholyx sulcate
HE RS 56 1. Mytilina ventralis
B BB %8 B Brachionus falcatus
BIERE B8 . Brachionus forficula
24 LR A . Brachionus diversicornis
ALK Lecane buna
1R 6/ 48 B Keratella valga
T4 Plalyias militaris
W 48 1R Brachionus leydigi

TR 5 Brachionus quadridentatus

JERRE B . Brachionus caudatus
WEIE A 1 48 1 Keratella cochlearis
U £S5 %8 1 Plalyias qualriconis

0.20 +
0.13 +
0.10 0.17
0.04
+

+

+

+ o+ o+ o+ o+ o+ o+ 4

+ o+
+ o+ o+ o+ 4+

HIES

Cladocera

K &% 8L7% Bosmina longirostris
THIARIE & Moina micrura
KL K% Leydigia leydigia
ZHNERHE 1% Moina macrocopa

K F51K7% Diaphanosoma leuchtenbergianum

K13 Daphnia magna

(=)

e
Copepods

=% 8l7k F Mesocyclops leuckarti
M I5HET /K 3 Sinocalanus tenellus
KEHSNIKZF Eucyclops macruroides
B %1& Copepodid

>
+ o+ + =+ + o+ |+ o+ o+ o+

e+ RN R R PR A B, (R <0.02,
Notes; “

2.1.2 AR

M &, IR 5—6 A IR L
K7 ATrRRe B LR (B 2) B L
[ (8 071.56 +1 053.08) ind. /L] i,
B[ (842.48 £211.01 ) ind. /L] Ffik; A il 3R
R TA] , SRIE LI P 48 O M S 22 7 W
(P<0.05) BeALRERALE, EINTIE KL
PR (205.94 £43.94) ind. /L] B EAL T4%

+” indicates that the species appeared in survey but ¥ <0.02.

© =T FORIZP TR A R B

“ =7 indicates that the species did not appear in survey.

JE2[(1 046. 73 = 90. 00) ind. /L] FI %
[ (877.60 =100.20)ind. /L] ,7 H L& 5 B4k,
o A 7300 FEE AR 200 (B 3) s ANl R AR
AP AE R MRS R R 22 R W 3
(P <0.05), F4 %, MuEH 5 A 77 s
B PEARXTRRE , IR YE v X U R 5 R 0 A T
S AT IR R ), AR b R R A
T B0 4% B v TN
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Fig.2 Temporal variation of metazooplankton density percentage in aquaculture ponds
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Fig.3 Temporal variation of metazooplankton density percentage in outer channels
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Fig.4 Temporal variation of metazooplankton density in aquaculture ponds and outer channels
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Fig.5 Temporal variation of metazooplankton biomass percentage in aquaculture ponds
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Fig.6 Temporal variation of metazooplankton biomass percentage in outer channels
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Fig.7 Temporal variation of metazooplankton biomass in aquaculture ponds and outer channels
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8 {7, ML B X MR 5% G I A0 Hh o) 18 v
Shannon-Wiener 24 Z RV B (H ) 224k 70 FE
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Fig.8 Temporal variation of metazooplankton Shannon-Wiener

diversity index in aquaculture ponds and outer channels
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2.2 BEEFHENMBEEMSRERTFHXER
2.2.1 HEEHF

K IR 55 SN E 7K S5 R M i AR ) 2
FEVEATIRSIARAS ¢ KB, 45 RN 4 Fro , SR 5 3%
ANSNITIE Ff 7 i 1 ) o AR AR AR, B WT pH
1SS Hb, Al R 5T N 73947 6 W F 2 5o
HhIRGE I TP H COD ¥k B2\ 3% i T AT iE
(P <0.05),DO Al TN ¥ J5& 5 Pt v (9 2k
PLVREDE DT VRESR T RRBE ] BRI T T L

BT RN A ) R AR 2 R TN E (P <
0.01) , 117 Chl. a 5 WK i 25 A% T AMATE (P <
0.01),

AT K PE) B FARE A bR ™,
TN TP Chl. a FI COD 2545 FATIHE bR A K1, F7 5 4
S HMNAE AL T E SR E IR K
GBI TR SR B R T
TR, SN T8 R 2 B IR AR, P (]
R EE S

*4 FEESINTEREETF(FHE £FER)

Tab.4 Environmental factors in aquaculture ponds and outer channels( Mean + SE)

4% A+ Environmental factors R sHH
Aquaculture ponds Outer channels
wT/C 28.15+0.33 27.76 +0.34
DO/ (mg/L) 9.57+0.29 3.930.11""
pH 8.00 +£0.04 7.72 £0.04
TN/(mg/L) 3.11 £0.24 2.61 £0.14"*
TP/ (mg/L) 0.32 £0.04 0.18+0.01"
Chl. a/(png/L) 16.34 2. 11 20.88 +5.22" "
COD/ (mg/L) 7.43 +0.39 5.23+0.11"
SS/(mg/L) 62.83 +11.86 42.17 £10.12
#3171 Chlorophyta/ ( x 10* ind. /L) 203.81 +28.23 1.51£0.32" "
W% ] Cyanophyta/( x 10* ind. /L) 445.80 +111.89 0.55+0.16 "~
k3] ] Bacillariophyta/ ( x 10* ind. /L) 354.62 +51.22 3.2420.717"
[& 3] Cryptophyta/ ( x 10% ind. /L) 129.04 +30.82 4.76 £1.19" "
%] Euglenophyta/( x 10* ind. /L) 19.58 £4.21 0.60+0.19 "~
FI% 1] Pyrrophyta/( x 10* ind. /L) 3.02 £0.89 0.71 £0.42" "
#3177 Xanthophyta/ ( x 10? ind. /L) 1.05+1.04 -
43517 Chrysophyta/ ( x 10* ind. /L) 2.73+£1.12 0.002 £0.001 * *
LR EFRIRTSFE S Comprehensive trophic level index( TLI ) 60.77 £1.05 54.31+1.08**

‘Hz:“ * %7

N SRR A L 22 AR 3 (P <0.01) 5 = " IR S SRFEII AR L 22 5 W3 (P <0.05) .

Notes: “ # * " indicates extremely siginificant difference compared with the aquaculture ponds( P <0.01) ; “ * ” indicates siginificant differences

compared with the aquaculture ponds(P <0.05).

2.2.2  JEHETRIEEh S A R A SR S AT

X FRGE I T A A (e R B 2R e
) BIE SR A bs R (SR ] T
REBEDT B ] R ) R N A
I']) B BEHEAT Pearson AHICYE S Ar (& 10) , &5
R A RIS S WT TN TP, COD Fli#Jif
Y (RBETT) HA R, Hh e E S
TN 2 RZEIFME(P=0.033<0.05),5 WT fi
COD 2} BFEIEAIE(P <0.01) s S MAKHES
TP(P=0.017 <0.05) FI&#EE T (P =0.032 <
0.05) ¥R B EM K MEREES WI(P =
0.034 <0.05) & i F FAHE,

XML Jo AR S ) (e R RO 26 e
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2R LSRR bR TR (R Bl ] R
FEBET] BRBE T VBRBE ] R T IAe 1))
PEAT Pearson FISCHE AT (B 11) AR o < Ja 2k
FRFShY) 5 WT DO Chl. a,COD SS FITF i1 ¥)
(RRse ] RREETTANH 31 ]) B ARG R, o,
HEES Chl. a BB FHRMK (P =0.012<
0.05),5 WT £ B3 IEH X (P =0.014 <0.05),
SRR T AR T BREE TR R ] A
R IEAIDC (P <0.01) s B AZCHE S SS Sl
WHIEMSE(P <0.01) ;52 LK% E S COD £ i
FE M (P =0.028 <0.05), 55 DO Fil Chi. a 1
3 DAR R (P <0.01) ¢
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Eug. : Euglenophyta, Pyr. : Pyrrophyta, Xan. : Xanthophyta, Chr. ; Chrysophyta; “ * #* 7 indicates extremely significant correlation( P <
0.01), “ =7 indicates significant correlation( P <0.05) ; The same below.
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Fig.10 Correlation between metazooplankton density and environmental factors in aquaculture ponds
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Fig.11 Correlation between metazooplankton density and environmental factors in outer channels
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W Y E MR R R ) 4T RDA
M, SR o, 1 R 2 0 R 2 B
0.421 1 0. 202, M 41 & if fif B ) A 22 5% 19
73.07% ,ZB1%5h 1 Fdh 2 REAR LT S e 5 2F o i
PP EAER TR, @FF RV BRE (£
5), TP Fl COD &5 0w Ji5 A= 5 e s W i v 1) o 3%

T (P<0.05), @B 50 19.9% 17.7% .
Horp BV A ARIRE R R R 2 R
BRGNS HS i TP FI COD ¥y 5L i 1E 4
K B RRIE 1 25 BERE A TP i 38 i =5, B
COD [ T =1 1M FA s 1 A h B K 2% B 5 TP 5t
IEAHDG, 5 COD MG [ K 12(a) ],

K5 FFFTEFRERERFEAXRY

Tab.5 Correlation coefficient of environmental factors by Monte Carlo test

FE5EE Aquaculture ponds AMA[1E Outer channels

4% [N F Environmental factors

fi#Be Explaination/%  Pseudo-F P fift B Explaination/%  Pseudo-F P
WT 4.2 1.1 0.402 4.0 1.7 0.244
pH 7.5 1.8 0.134 3.2 2.1 -
DO 2.6 0.6 - 19.2 6.1 0.014
Chl. a 3.2 0.8 - 5.2 3.1 -
TP 19.9 3.5 0.020 2.8 1.1 0.358
TN 2.9 0.7 0.636 10.7 4.3 0.014
SS 7.5 1.9 0.144 1.6 1.4 -
COD 17.7 3.7 0.012 4.5 2.2 -
P1 8.8 2.0 0.124 3.3 2.8 -
P2 1.9 0.4 0.754 - - -
P3 2.5 0.5 0.674 - - -
P4 6.5 1.6 0.250 - - -
P5 - - - 40.0 9.3 0.004
SF con =
73 DO
L TP N
z 71 g P5
o S
gl // E B!
3 v 3
2| / =
74/, 76
i
75
> | 76
7 7
-0.4 RADI (49. 39%) 1.0 -0.2 RADI(60.94%) 1.0

(a) FEWiHE Aquaculture ponds

(b) #MAiE Outer channels

71 EAF R 72 ApNE R W ; 73 SHEZ Bt 74 W/ R A AL 25 SIMBREIE 26 ) A Bk ; P /NERER

JEs P2 ZEHR; P3: MR P4 HEEEEIR; PS: R

71 : Brachionus calyciflorus; 72 . Brachionus urceus; Z3: Polyarthra trigla; 74 . Trichicerca pusilla; 75 : Moina micrura; 76 : Mesocyclops
leuckarti; P1. Cyclotella; P2 . Nitzschia;P3: Scenedesmus; P4 . Microcystis; PS: Cryptomonas.

B 12 FEERIMNTESEEFENNEESHEEFH RDA 5147
Fig.12 RDA analysis of metazooplankton density and

environmental factors in aquaculture ponds and outer channels
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Differences in metazooplankton community structure and its influencing
factors in Litopenaeus vannamei aquaculture ponds and outer channels

TANG Yan'?, JIANG Min'?, WU Hao’, XI Wenshuang'”>, PAN Fan'?, YE Jungiang®, YU Zhongli*

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China; 2. Shanghai
University Engineering Research Center for Water Environment Ecology, Shanghai Ocean University, Shanghai 201306, China;
3. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China; 4. Shanghai Fengxian District
Aquatic Technology Promotion Station, Shanghai 201419, China)

Abstract; In order to understand the impact of Litopenaeus vannamei culture on the community structure of
metazooplankton in ponds, 16 surveys were conducted in an aquaculture farm and its outer channels in
Fengxian District, Shanghai from early May to early October in 2021. Metazooplankton species composition
and dominant species, density, biomass and biodiversity were analyzed. A total of 33 metazooplankton species
(' including 23 species of Rotifers, 6 species of Cladoceras, and 4 species of Copepods ) were identified in
the study. Among them, Polyarthra trigla and Mesocyclops leuckarti were the common dominant species in
both aquaculture ponds and outer channels. Jaccard similarity analysis indicated that the species composition
of metazooplankton in aquaculture ponds and outer channels were moderately similar. Generally speaking, the
density, biomass, dominant species and diversity index of metazooplankton were higher in aquaculture ponds
than those in outer channels. The mean values of Shannon-Wiener diversity index H’ were 1.56 +0.48 and
1.55 £0.34 in aquaculture ponds and outer channels, respectively, which showed moderate pollution, and
the mean values of Gleason-Margalef species richness index D were 0. 81 = 0. 32 and 0. 76 = 0. 33,
respectively, which showed heavy pollution; Aquaculture ponds were at middle eutrophic level, while outer
channels were at light eutrophic level. Pearson correlation analysis showed that the metazooplankton
community structure in aquaculture ponds was significantly correlated with Water Temperature ( WT) , Total
Nitrogen( TN) , Total Phosphorus(TP), Permanganate index( COD) and phytoplankton ( Cryptophyta) , while
the outer channels metazooplankton community distribution were significantly correlated with WT, Dissolved
Oxygen (DO) , Chlorophylla( Chl. a) , COD, Suspended Solids(SS) and phytoplankton ( Cryptophyta, Euglena
and Dinophyta ) Correlation. Redundancy analysis ( RDA ) showed that TP and COD were the key factors
affecting the metazooplankton community structure in Litopenaeus vannamei aquaculture ponds. Phytoplankton
( Cryptoplankton) , DO, and TN were the main environmental factors that affected the metazooplankton
community in outer channels. The results show that the environmental factors in Litopenaeus vannamei
aquaculture ponds have significant impacts on the community structure of metazooplankton, which is obviously
different from the influence of environmental factors on the community structure of metazooplankton in outer
channels. Tt reveals that the shrimp aquaculture production will significantly change the community structure
of metazooplankton in aquaculture ponds compared to natural water, which is of great significance to the
ecological aquaculture of Litopenaeus vannamet and the regulation of water quality.

Key words : Litopenaeus vannamet ; metazooplankton; community structure ; environmental factors ;

redundancy analysis
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