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Tab.1 Algae observed in aquaculture ponds and outer river

=ES FEGE I SN IE EES FREMIE  SME
genus ponds river genus ponds river
£BIT  Chlorophyta B S Melosira + +
WHEJE  Scenedesmus + + NIREEE Cyclotella + +
/NEKEEJR  Chlorella + + HEBE  Chaetoceros +
i BEJE  Dictyostelium + + HOBEE  Gyrosigma + +
+F#)E  Crucigenia + + AR Synedra + +
VUi )8  Tetraedron + WEEBEE  Surirella + +
S8 Cosmarium + + WS WE  Cymbella + +
VWU EE)®  Tetraedron + + XUVIEEE  Amphipleura + +
S5IVEEIE  Schroederia + + JH4ETR  Eunotia + +
FHEIR  Gonium + + LR #IR  Ditoma +
ERBE  Acrtinastrum + + TR Stauroneis + +
HHBENR  Closterium + + WILER  Amphiprora +
ZFERBEJE  Eudorina + + YREEE  Cocconeis + +
2238 Ulothrix + H#E  Skeletonema + +
WL EEE  Kirchnerirlla + PILUEE  Pinnularia + +
WMTEBER  Micractinium + SEWBER  Gomphonema + +
HELEER  Monoraphidium + W#EIT Cyanophyta
LHIRIEJE  Chlorogoniu + ¥ JE  Oscillatoria + +
HFYHEBEE  Ankistrodesmus + + FREEE  Merismopedia + +
MBS Staurastrum + + EREEJE  Chroococcus + +
FIRER  Coelastrum + + P IK#EJE  Roperia + +
FIKEEE  Westella + + fESE)R  Anabaena + +
YREEEE)E  Oocystis + + TEEHL® Microcystis + +
SEEREEJR  Pandorina + + W2WeEE R Arthrospira + +
ZT1WE)E  Golenkinia + + ##EI]T  Euglenophyta
ZLBREE)E  Haematococcus + + &R Euglena + +
TEEIR  Chlorella + + BARE  Trachelomonas + +
KEEJE  Chlamydomonas + + JR#R% )8 Phacus + +
VURIEE)®  Tetrasticum + + &% Chrysophyta
HEBEE  Pediastrum + + IR Synwa + +
FERBEJE  Planktosphaeria + HEREWEE  Dinobryon +
YILEE)E  Nephrecytium + i )E  Mallomomas +
KEJE  Sporogyra + FFE(] Dinophyta
H#EJE  Volvox + ZWEJE  Peridinium + +
REBENT  Bacillariophyta MBI Ceratium +
SR Nitzschia + + ZIheia)E  Cochlodinium polykrikoides +
[Fi# )8 Coscinodicus + FS#ET  Cryptophyta
FHEBER  Navicula + + Fa# )8 Cryptomonas + +

fifp A PLAA V52 XoF UIR 5 B b 3 V7 Ui AL ) 54 5 BR 8E [ UiFE REL W 435 A R R i -5 PR DR B R S MR R B0 Sl
T %, Pseudo-canonical #H &4 W~ , ¥F 7 0.849 F1 0.614, FBAVFHFHYI 12454 53055
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B2 FLAESETIFREMERINTE R A EE T
(a) FREEILIE, (b) #MTiE, B3 [H. 1.05-10, 2.05-19, 3.05-31, 4.06-09, 5.06-21, 6.06-29, 7.07-12, 8.07-20, 9.08-03, 10.08-11, 11.
08-20, 12.08-31, 13.09-10, 14.09-19, 15.09-30, 16.10-11, P 3 FIfE 4 [,

Fig.2 Changes of phytoplankton density in culture ponds and outer river

(a) open ponds, (b) outer river, the same as Fig.3. 1. 05-10, 2. 05-19, 3. 05-31, 4. 06-09, 5. 06-21, 6. 06-29, 7. 07-12, 8. 07-20, 9. 08-03, 10. 08-11, 11. 08-
20, 12. 08-31, 13. 09-10, 14. 09-19, 15. 09-30, 16. 10-11, the same as Fig.3 and Fig.4.

N7 Z A R AR M (R 3). S—HRp i %
R RE TER¥ED] . RESEDT . WEBET I RIBR LT T A
5, H5 TN, TP, COD & BEIFME, ik
LB H SR WA EART . (] 6).

ik RDA i — 25 48 BUHS 4% DR XTI i A )
55 PR YA () R BRLARON , DT 14 DRI 532 Wi 3 D A 40 45
P AR B E LIRS F . TN, TP, COD Al Rot
XT3 e A ) % BE A 5 Gk BT B 2 KO (P<
0.01), X4 XY 5 i 5 2214 S TN>TP>COD>4%
H, A O R TR R R ) AR AE B 40.3%.
38.8%. 37.6% Fl 14.4%, % HLAYR2 0 S A% TN,
TP F1 COD ik (3 4).
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Fig.3 Changes of the first dominant genus in aquaculture ponds and outer river
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Fig. 4 Changes in phytoplankton diversity index
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Tab.2 Water quality factors and zooplankton density

FrEGH I IE AT IE

ponds outer river
/(L) Rotifer 81457161 895689
B AZR/I(AN/L)  Cladocera 2468+4103 208+305"
BeAEZ/A/L)  Copepods 85441422 1041+628
EIFEP(mg/L) SS 61.63£77.39 50.27+79.69
pH 8.00:£0.29 7.73£0.30"
% /(mg/L) TN 3.16+1.64 2.58+0.93"
H/(mg/L) TP 0.28+0.15 0.18+0.09"
FEARIR S % (mg/L)  COD 7.16+1.39 5.16+0.77"
Wg/eCc T 27.56+3.26 27.23+3.16
WARE/(mg/L) DO 9.59+1.93 4.02+0.84"
H%&/(mg/L) TAN 0.48+0.53 0.27+0.35™
WA/ (mg/L) NO,-N 0.13+0.27 0.1520.09
& /(mg/L) NO;-N 0.17+0.21 1.06+0.54"
WS TEBE/(mg/L) AP 0.04+0.06 0.12+0.08™
W% S840/ (mg/L) CFU 2 4961 259 2018+1 118

VE: e RORA R E 2 (P<0.01), “* RN EE 2R (P<0.05).
Notes: "**" indicates extremely significant differences (P<0.01), "*"

indicates significant difference (P<0.05).

TEIFRE AT RDA 4387, S53Enih 1 Ml 2 32
TR 220 95.6%, 1T LA i fift R 7 e AL )
HEEHE N T Z M EFR, Pseudo-canonical A
KM ZE R F R BRI A HE Y il 5 AR R AR DG
B (K 5). HPEHTTS Rot Fl CFU 2 A5 1
K, 5 TN BEGRIEAC; %S CFU 217
M, 5 TN 2ESRIEAC; FR#ITS CFU 238
sRMAHE, 5 Rot R IEAHR, 75 Rot
1 CFU A #5im 1IEAHE (1 8).

BT F 55 RDA 437 il =22 8] (4 # 56 1 45
U, TRVE RBURN$E B I WA ) 45 R AR A W
3R (P<0.01) (£ 6), HABPREE P X5 1 i i
WA AR AR SE AN B3 (P>0.05),

245 Pearson A& Il RDA ) %, 4b
T3 V7 AR ) 22 PR DR v 118 e R R 7
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TP | 053 048 0.50] 050 0.05@. * * - ZE
[
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TAN 0.62 @ g
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0.8
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Chl. £t#17], Cya. W¥E[7, Bac. BE#E[T, Cry. F2¥EIT, Rot #8H, Cla. B2, Cop. B o LIRMEFMRK (P<0.01), “*"LREFH

K (P<0.05), T,

Fig. 5 Pearson correlation of phytoplankton structure and environmental factors in aquaculture ponds

Chl. Chlorophyta, Cya. Cyanophyta, Bac. Bacillariophyta, Cry. Cryptophyta, Rot. Rotifer, Cla. Cladophora, Cop. Copepods; "**" indicates extremely

significant correlation (P<0.01), "*" indicates significant correlation (P<0.05), the same below.
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*3 FEGUEFIFEVEESHEERFETROMHNETSH
Tab. 3 Statistical parameters of redundancy analysis between phytoplankton density and
environmental factors in aquaculture ponds
Gt HE il 42 43 ha

statistic axis 1 axis 2 axis 3 axis 4
FHIEH  eigenvalues 0.5761 0.0554 0.0024 0.0019
fRFEAE (R 11)  explained variation (cumulative) 57.61 63.15 63.39 63.58
Pseudo-canonical#i 1 Pseudo-canonical correlation 0.8492 0.6142 0.2748 0.2924
fERBELAZ 5(BT)  explained fitted variation (cumulative) 90.61 99.32 99.69 100

0.8

F4 FEMBESNERFHREEREEMHQE

AP
Tab.4 The explanatory quantity and significance test of
= environmental factors in aquaculture ponds
N TN
& con Cop HHRT WREY% R
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Fig. 6 RDA ordering biplot of phytoplankton and

environmental factors in aquaculture ponds
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Tab. 5 Statistical parameters of redundancy analysis between phytoplankton density and

environmental factors in aquaculture ponds

ST e 1 2 #h3 ha
statistic axis 1 axis 2 axis 3 axis 4
FHEMH  eigenvalues 0.1621 0.0613 0.0095 0.0009
R S (JRT)  explained variation (cumulative) 16.21 22.34 23.29 23.38
Pseudo-canonical#15¢E  Pseudo-canonical correlation 0.5249 0.5773 0.3729 0.074
RS 5 (Z0T)  explained fitted variation (cumulative) 69.32 95.55 99.63 100
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Fig. 8 Redundancy analysis of phytoplankton taxa and

environmental factors in outer river
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Tab. 6 The explanatory quantity and significance test of

environmental factors in outer river

HEIH T TR/ %

environmental factors explains Pseudo-F P
CFU 13.8 7.3 0.002
Rot 10.2 52 0.006
Cla 1.3 0.6 0.538
TN 1.3 0.6 0.594
pH 0.8 0.4 0.746
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Changes of phytoplankton community structure in Litopenaeus vannamei
culture ponds and outer river

s

PANFan', JIANG Min"*, WU Hao’, TANG Yan', XI Wenshuang',
YE Junqgiang *, YU Zhongli *

(1. College of Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China,
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Abstract: This study aimed to elucidate the dynamics of phytoplankton community structure in Lifopenaeus van-
namei culture ponds, compare them with those in surrounding waters, and explore the correlation between phyto-
plankton and environmental factors. Samples were collected from the aquaculture ponds and the adjacent river of a
L. vannamei farm in Fengxian District, Shanghai. Multivariate analysis was employed to examine the relationships
between phytoplankton and environmental parameters. The study identified 67 genera across 7 phyla in the ponds,
with Chlorophyta predominating at 51%. The dominant genera included 28 genera from 5 phyla,
with Chlorella being the most prevalent in Bacillariophyta (#=1.0). The overall average phytoplankton density
was 1.09x107 ind/L, with Chlorophyta, Cyanophyta and Bacillariophyta contributing 47%, 30% and 11%, respect-
ively. Positive correlation were observed between the phytoplankton community structure and levels of total nitro-
gen (TN), total phosphorus (TP) and chemical oxygen demand (COD). In the adjacent river, 7 phyla and 56 gen-
era were detected with Chlorophyta account for 46%, among which 6 phyla and 26 genera were dominant with
Cryptococcus and Cryptomonas being the dominant genera. The average phytoplankton density was 1.18x10°
ind/L, with Cryptophyta, Bacillariophyta and Chlorophyta comprising 46%, 27% and 13%, respectively. The
river's phytoplankton structure was primarily influenced by the abundance of colonies and rotifers. The pond's
phytoplankton density was significantly higher and more complex than that of the river, with Microcystis blooms
posing a risk to the healthy of L. vannamei during September and October. This necessitates close monitoring of
TN, TP, and organic matter levels. The study thus highlights the differences in phytoplankton community struc-
ture between shrimp culture system under artificial intervention and natural ecosystem.

Key words: Litopenaeus vannamei; culture pond; environmental factors; phytoplankton; multidistance analysis
method
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