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R A e TR D AN AL AR TS i
0 RE PLEP I X SR 7 98 S 18] A 5 3 e A A A
R 7 3 S AR AR, A D 0 1 ]l e

SN R AT O IRIK K IR AE S R GV
i P L RECE o

1 MRS IE

1.1 FEBBHEKRER

ST 2024 4 5—10 A AE F T 2R B X A
IR R FRIE A AEAL AT R SR I 1543
FEA M IE T 0.47 hm?, A7 RUKIE 1.5 m &2 47, F7
B K IR B 24 IR K T EE | 37 5 % 60 T 8/
hm’, BL A% 4 5 IR 5e 38 0L, F2 08 W 0] 55K 10:30~
15:00.18:00~% H 7:30 JF )i , B K F4F L RA4%
P 1 VR AR R A X R A R OR 0 R A A
VEHCT 11 A5 39 2R 45 7K 5 | 7 i il 4 R )
AR TIIRFFE (R 1),

F1 NMEXNITFEMEERER

Tab.1 Basic information in Litopenaeus vannamei

aquaculture ponds

Eiztun I5¥ 059 M55

Index Pond I Pond I Pond Ill
FE5 KEL Aquaculture days/d 138 134 135
R 5 Feed amount/kg 3720 3 890 3960
BTG R Survival rate/% 74 79 80

Xf R4 Shrimp production/kg 3 380 3540 3 600

1.2 K

B 15 KF 4 9:00~10:00 F A HLEE 85 R
KA R 3 A TR M A KA . BRI E T
DO . pH, HAth /K 5 46 45 [7] 52 56 25 J5 24 H 52, il
TR 2,
13 FHEEYHEdEERREEITE

15 R HRKER I BT LAKFEIF A
10 mL -85 B, w8 =48 1 LIl
i =k i B DUTE 24~48 h, BUS0 mL A9 4 AE DG
4 0 UBE (R BRE Ci-L) X WA 9 1t 47 5 o 0
ERIT . H AR D)IERBE R (),

Yz%xfi (1)

IUH VA RAE AT B L sn SR i R
R L 5 f %R AR R A BLRR . Y
DLFVEE Y=0.02 i}, BV s s A e 35 s
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Tab.2 Water quality index determination methods

o Wik et
index Measure method Standard
N ?ﬁ%ig“z%ﬁ%%ﬁ M GB 11894—1989
TP FHRR B 53 vk GB 11893—1989
Ty P e R A 1 GB 11892—1989
SS ik GB/T 11901
AP RS SOL s GB 11893—1989
TAN 2 PR O EE GB 7479—1987
NO;-N SN CRE HJ/T—2007
NO;-N O3S 1 1 GB 7493—1987
Chl.a GIIOGEEE HJ 897—2017

14 HMPEFHHNERITE

15 K2R 2B (% (SL 354—2006) ] &
FRIH KRR T) o BRFUBCR F 250 mL %
A B 3B, SRIADEE DL SR A AL 5K, HROK 28
SR AR BT 3 2 2 R JZ KRR, B U g J2 E G 1
A EDI AT LA BRI, 43 ) B T X R KR, 24 h s
BB 5 48 AR ()T B A KZ
AT

p=20.- D0 ; Do, (2)

A PR K Z 02427 77 ,mg O,/(L-d); DO,
h R A, mg/L; DO, K BB A 4 i mg/
L;=1d.

KK B W g% A 7® Ji (Gross primary
productivity, G,,) &8 7E 1 m*7KTH T, /K i H
FKIEEEA IR R AE 7 1 # e A (3) 35

P.+P
=%x(n,¢ -D,) (3)

X G KRR A RS, g O/(m?d) ;
P P 53 5 KRR JE R E WAk 7= T,
mg O,/(L-d); D FD , 535 R % 2 F8 2 17K 2
WE ,m,
L5 EfRfEE

Fie A () TR TR IR AE ) S H B T AR
fik 7 (Daily carbon sequestration per unit area,
D) :

Gy

Dec = Gy X 0.375 (4)
Rl D B L @ /(- d) s HRPE
IR AR 1,35 1 mg 0,=0.375 mg C,
FE SRR A D C O
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DLFRGE KA (d) B AR AR, Dos AR, 25
il 2, o it 42T T AR AT AR 43 SR A 10 ]
% 9% FH & Ry PR T [ Bk i (Carbon
sequestration per unit area, C,, g C/m?) , F-3[ DAt
BT S (m?) W] 45120t 37 57 G 10 [ i A ) e [
Bk & ( Total carbon sequestration, T, g C) , Hii1 &
AN
Ts=Cs xS (5)
1.6 ZEitoH
| Excel #4784 4L # , OriginPro 2022 i
251, R FH SPSS 27.0 Xt 7K s B R 47 AU K
ANOVA £ % , 22 5 1% LA P<0.05 &£/~ . FI H
OriginPro 2022 /Y Correlation Plot i 17 Pearson 4]

KA, SR 5 FIFH SPSS 27.0 H 2 A ] I 9%

HEAT IL LA 06, B I U 5 8 o ) e (A B B

F J5 ] H Canoco 5 # 17 U4 53 B (Redundancy
analysis, RDA)"', P<0.05 & it % 1 3¢ , P<0.01
H1P<0.001 J# i FAH G

2 ZER

2.1 KEREFEL

Fr B A [B] 34 b 5 ) 7K 5 W 45 2R Gn 3% 3
AAL T SYERYT TP TN 5 [ S 2=
(P<0.05) , H:Ath £ th 33 18] 7K 5 48 A5 340G W) 25 2=
S FRFHMAIE], pH. TAN \NO,-N S A& 3 A K
DO 8 H JE ARG TH i B ka3 ZE S5 3 (7—
8 71 )ik (%8 T 1, .SS.AP . TP ,NO;-N . TN
F1 Chla W SE T8 5 BRI

®3 FLEXTIRFRIE b EK B EF

Tab.3 Water quality factors in Litopenaeus vannamei aquaculture ponds

I =3 Pond 1

I =3 Pond Il

5 3% Pond Il

PG LY

Water quality index TR FLEbRIER P T ffebinE i T febinE i
Mean+SD Range Mean+SD Range Mean+SD Range
T/°C 28.74+2.50° 24.80~32.00 29.124+2.43% 25.10~31.80 28.97+2.53 24.70~31.60
DO/(mg/L) 10.30+2.15 6.63~14.12 9.57+4.36 3.33~17.41 9.73+£2.28 6.93~15.19
pH 8.55+0.54 7.89~9.27 8.60+0.79 7.80~9.62 8.66+0.62 8.10~9.37
I,,,/(mg/L) 7.924+4.67 2.20~14.40 9.93+4.19 2.80~15.50 10.63+3.38 4.10~15.40
SS/(mg/L) 45.50+21.10 22.00~96.00 60.70+36.65 19.00~138.00 48.50+27.19 3.00~113.00
AP/(mg/L) 0.08+0.07 0.02~0.23 0.14+0.15 0.03~0.37 0.15+0.18 0.02~0.59
TP/(mg/L) 0.51£0.24° 0.33~1.08 0.71+0.30* 0.50~1.35 0.67+0.30* 0.27~1.18
TAN/(mg/L) 0.26+0.13 0.14~0.57 0.58+0.65 0.18~1.81 0.28+0.07 0.19~0.40
NO;-N/(mg/L) 0.02+0.02 0~0.06 0.04+0.10 0.00~0.32 0.01£0 0~0.01
NO;-N/(mg/L) 0.71+1.11 0.20~3.84 0.57+0.78 0.20~2.78 0.39+0.29 0.15~1.18
TN/(mg/L) 2.66+0.99" 1.36~4.34 3.87+1.56" 0.73~6.10 347171 0.82~5.77
Chl.a/(pg/L) 65.28+57.22 7.45~144.26 94.39+86.70 7.71~259.58 127.19+108.16 28.72~283.12

T [RAT A R NG TR RN Tr A 5 P22 57 (P <0.05)

Notes: Different lowercase letters in the same row indicate significant difference(P <0.05).

22 EFiEEY

FEFE A, b I Y ISR BN IR RIA) 711 45
JE, Hrp gl BB REERE ) BRI A
IT L H BT TR BRBE T T4 047 1908 11.3 .2 1 Al 1
AE R 42% . 18% . 25% , 7% 4% . 2% Fl
2% 1 10 AT 5 39 P e A 4 %85 52 43 il A
(7.99+7.84)x10°, (1.86+1.55)x 10°F1(2.57+1.66) x
0° ind./L, Fifi 7 5 BRI (] 18 ZE 4, 45 th 398 V7 Ui A

LR N s N = AN N SR S AN
VR ] RERR T TR ST L3 FRI P IT
TEAE Y A SR B T T RRESE o 32, v B DA 5 11 A
fEBET TN E E WL T E (D)., k4
Fras, T TR 3545 0 4 0 A 34 5.8 Fll 9
o, 3 05t 3 1 A [R5 AT 4 R, 4 S Sk i
B SHE SR B

http://www.shhydxxb.com



732 SIS T NI B 34 %

3x1001 o y &= [&#(7 Cryptophyta 5100 r 5 E= K1) Cryptophyta

I 5% Pond | MM ' #:/] Dinophyta 153 Pond I MM H#:] Dinophyta
S [ 4] Chrysophyta 7 [ 40 Chrysophyta
3x10° ¢ :] ##E1] Euglenophyta ax105 F :] ##1] Euglenophyta
Y (] Bacillariophyta WY 7] Bacillariophyta
= - W] Cyanophyta 3 - W5 #1] Cyanophyta
= 2x10°F B %090 ] Chlorophyta 5 B 3% ] Chlorophyta
£ £ 3x1001
> >
2100 b g <
a a \
8 5 2x10° % b
%100 | il \
= i \\
A
sx10° - 1100

0
5122 6/5 6/18 7/3 7/16 7/30 8/16 8/30 9/13 10/2
H 1 Date

7x10¢ 1
=3 Pond Nl
6x10°
5%10°
4x10°

3x10°

¥ Density/(ind./L)

2x10°

1x10° '

E1

0
5122 6/5 6/18 7/3 7/16 7/30 8/16 8/30 9/13 10/2
H# Date

E [l ] Cryptophyta
[ %] Dinophyta
[ £#0] Chrysophyta
[ #4¥%1] Euglenophyta
T #07] Bacillariophyta
B #%0] Cyanophyta
B 4¢3 ] Chlorophyta

0
5/22 6/5 6/18 7/3 7/16 7/30 8/16 8/30 9/13 10/2
H 1 Date

IR E Y R B AT A A 2R

Fig.1 Changes in phytoplankton density over time

2.3 FLNEITIRFRE MBI A ERErN T W
F% 58 1A TE] 3 43t 5 1 Des 225 4635 Rl 4 51 Sy
0.27~2.92.,0.39~3.83 f10.81~4.92 g C/(m*-d) , ¥J
1853 5024 (1.21£0.93) . (1.67+1.08) F1(1.98+1.35)
g C/(m’+d) , B [H) 28 A AT A — 3, B RS
W (& 2a) , B34 3] Y B A57 T AR T Bl 12t
39 A 171.70.,238.13 #1280.45 g C/m?., 3 P 3R4H
T b PRl AR P ) R AR Al i 2 R B SR g G K
2960 d 7 P G i R F, SR b2 S > 1T
Sy T SIEAEE (K 2b) . FRFE4E R, T (11
L5 9% 1) 77 58 49 Ta) G [ Btk £ 539914 0.80., 1.11
M131tC,
24 KRGEHEVEERRENKLR
241 KB PRIFAEY 5 2 H AL R [ ki 1Y)
Pearson AH &4 3 #r
W Dos 57K IR 5~ B PRI (el ] AT T
FESED ] BRSBTS ] (BEesE )T T Pearson
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HAEHT(E3) S55RE/R: D5 T.SS.TN.Chla,
WEpe ] R B T A R i TE AR DGR (P <
0.01), 5% THA BE IFAHXME(P <0.05).

SRy A 36 7K S5 R - R IEAEL DR Do I TR R
/J\ﬁlJFH%ﬁiZJJIEUﬂ?ﬂ%jTDCSLﬁﬂUﬁ%
KRR Z B AR I Ty (R 5) o 2
/5, Chl.a, TN.T.pH. Tﬁ%{;@lﬁﬂ"r@aﬂﬁDcsé’J%
Wi 35 5] T 4% 2 2 7K (P<0.001) o
242 KB FRUFAEY S 2 H AL AR [ kY
TCRAGTHT

3 ) $ B ) e 8 3 () UK B FS bR (Chla,
TN.T.pH) JFWEAEY) (BEET] BT ]) 5 Do itk
FPI0A T R 6 AT, 565 1 HE/F i (RDA D) fff
BE T 85.40% 45 242 5, 56 2 HEF il (RDA2) fiF
BT 2.58% M RAEAR 5, WA 1T X L4 I X HR
FEIH 3 R KB T RIS Do Z 1A E &R
MRS A8 T 87.98%,. Pseudo-canonical £ 3¢



4 1 AN, A« LTI 2R 0 DXORLAN S RR 7K 7 B b 37 P D A ) [l 733

PRI T EE SRR KA F TR S Do i R B—HEF i BB T D A E R, H
B 0 AF O R B 1 0.963 4 F110.568 3, FHH 5 Chla TN T W5 @ TAAR BT R IEAM LR,
KA F TR S Do Z A KA e HpH R AR (E4).

R4 FEMEZFHEVHLERAEE

Tab.4 Phytoplankton species and dominance degree in aquaculture ponds

P PeFE
J& 7K Dominance degree JE K- Dominance degree
Genus 1 54 IR=2 5% Genus 1 59 54 =%
Pond | Pond I Pond Il Pond [ Pond II Pond Il

£%3&171 Chlorophyta AR 2235 )8 Leptolyngbya + + +
/NERBEJE Chlorella + 0.03 + W& Oscillatoria 0.26 0.13 0.03
W5 & Scenedesmus 0.09 0.03 0.09 Pl J® Rhabdogloea + + +
PUERTE IR Tetrachlorella + + + 5% Bacillariophyta
#R R Pediastrum + + + 2K 8 Nitzschia + - +
UNAEEEE Oocystis + - + T3 R Synedra 0.02 + 0.04
B JE i )& Nephrocytium + + + FHE )8 Navicula 0.02 0.04 0.08
W& Closterium + 0.03 + /NIREJE Cyclotella 0.21 0.10 0.10
Ji ¥ )& Platymonas - + - BIE 3 )& Cocconeis + + +
75 BL¥E Coelastrum + + + HEE S Melosira + - -
W £k 5 J& Dictyosphaerium + + + W E Rhizosolenia - - +
LR PR Actinastrum - - + Rh&&EiE)E Frustulia - + +
R BERE Staurastrum - - + PIEEEE Pinnularia - - +
H 7 i)g Selenastrum + - + i8R Gyrosigma - - +
AKWJE Chlamydomonas + - - XURESE & Diploneis - + +
SICEEJE Schroederia + - - #3171 Euglenophyta
G JE Cosmarium + + + PR Trachelomonas + + +
VUL EEJE Tetrastrum + + + i PR#EJE Phacus + + 0.02
JEEK R Quadrigula - + - HEEJE Euglena + 0.02 0.07
VU134 )E Tetraedron - - + 4717 Chrysophyta

153517 Cyanophyta IR Synura - + +
10238 )8 Anabaena + 0.23 0.07 HESEBE R Dinobryon - + -
V24358 Merismopedia + + 0.12 A&7 Dinophyta
W 2538 )8 Rhabdoderma - + + 2 W3R Peridinium - - +
xR R Chroococcus + + + [&3& 17 Cryptophyta
AR Microcystis + + + K 3E Cryptomonas - + +

AT FIR AR AL EE>0.02; “+7 F7m A Rl 2] AH AL <0.02 ;- R A Aer i 1]

Notes: Those with numbers are represented as dominant genus, ¥>0.02; "+" indicates that distribution is detected, but ¥<0.02; "-" indicates

that no distribution is detected.
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Fig. 2 Changes in the amount of carbon sequestration by phytoplankton in Litopenaeus vannamei aquaculture ponds

LI s RTINS S i
T [ Yo 'd B
Po ) ‘ 0.8
pH « o
Ly, & e
55| ® o
AP
p o ‘ ' ‘ 0.4
TAN -0.47 ’ 0o
NOz-N [ -033 0.70 ’ ’
NO;-N | -0.43 0.65
N | o TrIr : 0
Chla | 048 0.56 ’ * s

' c
Chl 0.9 "
Cya 0.53 0.51 | 0.72

Bac 0.49 0.52 | 0.50 '
Eug 0.47 0.61

Chr 0.45

Pyr
Cry

Dcs | 0.65 0.52 -0.28 0.65 | 0.78 0.76 | 0.60 | 0.61

-1.0

Chl. Zt#1];Cya. Wi %[ ];Bac. fiE#[];Eug. #R#E0];Chr. 4880 1 Pyr. HEE ] Cry. BRBET ] Do 2 H B I RR [ B dak 5 o
FR IR (P<0.01),“* R AR E (P<0.05)

Chl. Chlorophyta; Cya. Cyanophyta; Bac. Bacillarrophyta; Eug. Euglenophyta; Chr. Chrysophyta; Pyr. Pyrrophyta; Cry. Cryptophyta; D .
Daily carbon sequestration per unit area; “***” and “**” indicates extremely significant correlation (P<0.01) ; “*” indicates significant
correlation(P<0.05).

3 KRGEFENS DK Pearson 10X ST

Fig. 3 Pearson correlation analysis of water quality, phytoplankton and D
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4 ZEREAR A5 U TITAR B DX LA R TR TR 7K S A b DAL ) [P e 735
x5 NMEIMFREMED SKREFRFHFEVHZTESEAFE
Tab.S Multiple regression equations between D and water quality factors and phytoplankton in
Litopenaeus vannamei aquaculture ponds
L0 Iy T ,
Multiple regression equations R £ P

D¢ = 0.626 + 0.010(Chl.a) 0.591 42.928 <0.001
Dy =-0.277 + 0.008 (Chl.a) + 0.332(TN) 0.741 42.475 <0.001
D5 ==0.181 + 0.007(Chl.a) + 0.291(TN) + 8.473 x 107"(Eug) 0.801 39.963 <0.001
D5 =-3.832 + 0.006(Chl.a) + 0.188(TN) + 8.925 x 1077 (Eug) + 0.142(T) 0.851 42.309 <0.001
Do ==3.653 + 0.003(Chla) + 0.117(TN) + 1.048 X 10™(Eug) + 0.142(T) + 3.795 x 107(Cya) 0.888  46.782 <0.001
Dos =—1.652 + 0.003(Chl.a) + 0.136(TN) + 1.065 x 107°(Eug) + 0.143(T) + 3.832 x 107'(Cya) — 0.243(pH)  0.904 46.401 <0.001

®o6 KEETFGFHEYE D MR EHITSH

Tab. 6 Statistical parameters of redundancy analysis of water quality factors, phytoplankton and D

Gt e i1 2
Statistic Axis 1 Axis 2
H#1E{E Eigenvalues 0.854 0 0.0258
R B AL 5 (3231 ) Explained variation (cumulative) 85.40 87.98
Pseudo-canonical #15¢1E Pseudo-canonical correlation 0.963 4 0.568 3
A 728 5 ( 241 ) Explained fitted variation (cumulative) 97.07 100.00

0.6 F

g

5

o

-0.4 k&

02 RDA(85.40%) 10
B4 RAEITIRIREMEKRE T GEEEYS DK
TLEDHT (RDA)

Fig. 4 Redundancy analysis (RDA) of water quality
factors, phytoplankton and D in Litopenaeus
vannamei aquaculture ponds

i o RDA 3 — 20 43 M52 i PR AR ) >4 H I
S T R 1 e £ 11 2 B R T 1 R i . Chla,
TN BRBET] T W8 1T A pH X Do 32 MR IA 3] T
B3 KOV (P<0.05) , 33 #8 R - 1) 52 i) T MR IR
K Chl a>TN>#REE ] 1>T>W B 1>pH, 2l ke 1
TEIFAE Y)Y H A TR [ Bk 1 1 55.7% . 14.1%
7.8%.4.5%.3.9%.2.0% (7).,

ZEA LI L, Do EEZ Chla TN T #LHE 1Al
WEEETTORE M, HLAS s e B 7 2 B IR A G,
LA AL RIS R SR A% Do IAEE

&7 HNEEFHEXREH

Tab.7 Correlation coefficient of environmental factors

BT i FEdE Pseudo-F P

Environmental factors Explains/%

Chl.a 55.7 352 0.002
N 14.1 12.6 0.002
Eug 7.8 9.1 0.004
T 4.5 6.3 0.006
Cya 3.9 6.6 0.010
pH 2.0 3.9 0.022
3 e

3.1 FLEXYRFREMIEZREYE S SN

T B A ORI S TR, LA X I 5 B b 3
BET] B BRI B TR R T A R B 2
A, 5—8 HfEwe I TAESREEN ] i3, 9—10 H i 3
o 2URIE N, E R BT R B, LR X
HRFRGE A, I P B2 R BN e S Rk
JE TR B T I R R
P2 N T 0 58 K 3t 57 B A A AT R
FRFEATHA (7 H 27 HAT) FZ ISk se] ke
VRN, RS (7 A 27 BE) WS T S 40
o ARWFFTEE T W, FLYA TR T U 57 4 3 5 40 30
Dhagie TARESE ] o 32, rh A LS s 1 T ARk e 1)
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Carbon sequestration by phytoplankton in fresh water aquaculture ponds of
Litopenaeus vannamei in Fengxian District, Shanghai

LI Guijuan', JIANG Min"*, WU Hao’, ZHOU Yingxian', WANG Zhihua'

(1. College of Oceanography and Ecological Science, 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)

Abstract: In order to understand the carbon sequestration of phytoplankton in freshwater aquaculture ponds
of Litopenaeus vannamei and to find out the relationship among water quality, phytoplankton and carbon
sequestration, the primary productivity of the water of Litopenaeus vannamei aquaculture ponds in
Fengxian District, Shanghai was detected by black and white bottle method, and the carbon sequestration
of phytoplankton was estimated. The results showed that a total of 45 genera belonging to 7 phylum of
phytoplankton were observed in the three ponds, including 19, 8, 11, 3, 2, 1 and 1 genera of
Chlorophyta, Cyanophyta, Bacillariophyta, Euglenophyta, Chrysophyta, Dinophyta and Cryptophyta,
respectively. The phytoplankton densities in pond 1 , II and Il were (7.99+7.84)x10°, (1.86+1.55)%10°
and (2.57+1.66) x10° ind/L, respectively. There were four species of common dominance in the three
ponds, namely Scenedesmus, Oscillatoria, Navicula and Cyclotella. The variation range of daily carbon
sequestration per unit area (D.s) of phytoplankton was 0.27-4.92 g C/(m*+d) , the average value was
(1.62+1.12) g C/(m?+d) , the cumulative carbon sequestration of phytoplankton increased slowly with the
extension of the cultivation time during the whole cultivation period, and the cumulative carbon
sequestration of the 3 experimental ponds was 0.80, 1.11 and 1.31 t C at the end of aquaculture. The results
of multiple stepwise regression analysis showed that Chlorophylla (Chl.a), Total Nitrogen (TN), Temperature
(T), pH, phytoplankton Euglenophyta and Cyanophyta were the main environmental factors affecting the
D of phytoplankton. Pearson correlation analysis and redundancy analysis showed that Chl.a, TN, T,
Euglenophyta and Cyanophyta were the key factors affecting the carbon sequestration of phytoplankton,
and these results were helpful for us to understand the effects of water quality and phytoplankton
community on the carbon sequestration of phytoplankton in Litopenaeus vannamei fresh water aquaculture
ponds.

Key words: Litopenaeus vannamei; fresh water aquaculture; phytoplankton; carbon sequestration
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