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Abstract: The phytoplankton primary productivity is a great basis to evaluate the structure and function of aquaculture ecosystem,
which qualify important significance for fishery resources exploitation. In this study, we measured the phytoplankton primary pro-
ductivity among shrimp ( Litopenaeus vannamei) ponds during the aquaculture periods in the Minjiang River estuary, Southeast
China. The results showed that the gross primary production ( GPP) , respiration (R} ) and net primary production ( NPP) of phy-
toplankton among ponds over the shrimp aquaculture period varied from 619.99 to 9498.67, 1003.16 to 7063.33, and —4179.50 to
6362.96 mg 0,/ (m?-d) respectively, with mean values of (4386.22+409.72), (3607.53+150.27) and (778.68+260.16) mg
0,/(m*-d) respectively. Overall, the mean GPP, R, and NPP decreased significantly among the three ponds in the order: Pond
II > Pond I > Pond I . The phytoplankton primary productivity demonstrated a clear seasonal pattern, with an increasing trend

with time. Multiple stepwise regression analysis showed that nitrogen nutrient and chlorophyll-a were the major impact factors of the
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spatiotemporal variations of phytoplankton primary productivity in shrimp ponds. Our results highlighted that the importance of con-
sidering the spatiotemporal variations in primary productivity in improving the accuracy of large-scale estimation of phytoplankton
primary productivity in coastal aquaculture pond.

Keywords: Aquaculture ponds; chlorophyll-a; primary productivity; GPP/R} coefficient; spatio-temporal variation;

subtropical estuary
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Fig.1 Location of study area and the sampling ponds in the Minjiang River estuary
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Tab.1 Basic information of aquaculture ponds in the Minjiang River estuary

EiZiN Pond Pond [T Pond Il
KB/ m 1.3 1.3 1.3
FEHH AR/ m? 14000 13000 12500
FeL T H 3 FIXHR I EIRTR R EIRT R
( Litopenaeus vanname) ( Litopenaeus vannamei) ( Litopenaeus vannamei)
FehE R/ (JB/m?) 214 215 216
Tkt iR i kg 5000 6000 5000
TG % 70 80 75
XFHR =R kg 7000 9500 8000

* FROH B PE AR IR X AR B 2 KRR e S P SR A SR A A

1.3 KEEREGKREBLIBEIRHINE

TR RS, PR AS R AR A TR BEKAE 2 173, 43 3088 AT 1 0% T4 AR €. 3R 0 DRHR AT
R CHFKFER T, T KR 4R a(Chl.a) FUEFRER MR BEM 2 /30T, R KRR S , L 201 i
FNA 0.2 mL BRI AL (HgCly ) W8, P  ACRE B S i v 2 . AR U R 4 3 A K R 2 o 8
PRIRAR PRI AR, JFAE 6 h IS I SCE . fpff g B SL I & J5 , S BVHFLAR IS g 0.45 wm (19335
214k 3E fE ( Biotrans™ nylon membranes ) % 38 23 /K AE#EAT a2t BB AL B, IR 3 Sh S /3 A4 ( SKALAR San++,
far 22 ) P05 SIS P S L (NOS-N) (ZURU(NHL-N) (3 M P 58U (TDN) FIBERR 5 (POY ) HRBEE. 7K I
Chl.a ¥ i 2 A BT SRS AM—0] WA 6B T (S UV-2450, HAS) 5 4047, FEARAE Jeffrey 251
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Scientific Instruments, Italy ) FI{HE#E R 35 11 ( Eutech Instruments SALT6+, USA) il 5E.
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GPP = DO, - DO, (1)
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FE5E#AE] ,Pond T \Pond II A1 Pond Il V% Y A8 #) /K 1 H B4 2 A= 7= F1 GPP 75 AL Y0 Bl 43 1] F 916.35 ~
7368.83 ,649.19~9498.67 1 619.99~7296.25 mg 0,/ (m* - d) , H:Asf i) 25 fh s 3 e A — B, 459 52 B0 4 350 )
W > 258 T > F2 58 ) WA B R AE (& 2) . BF5E 8 1E] Pond T . Pond 1T #11 Pond I 2 i 44 4 GPP (19 Y9184y 7}y
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Fig.2 Temporal variation of the gross primary productivity ( GPP) in water column of three ponds in the

Minjiang River estuary during the aquaculture period (from May to October)

%3 R KRR RS GPP (R, NPP Ji GPP/R, ZBUE AR
Tab.3 Variation in GPP, R,, NPP and GPP/R, coefficient for phytoplankton in water column between ponds

FEHIE GPP/(mg 0,/(m?-d)) Rp/(mg 0,/(m?*-d)) NPP/(mg 0,/(m?-d)) GPP/R,

Pond [ 3792.35+546.38" 3406.41+409.12° 385.94+55.58" 1.36+0.29°
Pond I 5172.14+884.65" 3901.50+491.61° 1270.64+803.43* 1.64+0.41*
Pond Il 4194.15+602.40" 3514.70+511.83" 679.46+587.36" 1.65+0.44*

# R[] B NG T 1R 22 538 B KT (P<0.05)
4 R IR IR) B A AR X SRR K AR WA GPP (R, NPP J2 GPP/ Ry, 2550

Tab.4 Two-way ANOVA of the effects of sampling ponds, sampling time and their interactions on
GPP, R,, NPP and GPP/R, coefficient for phytoplankton in water column

GPP Ry NPP GPP/R,

F1{H P1A F{H P1{H F1iA P1{H F 1 P1iH

RAE I 30.50 <0.001 4.631 0.120 8.282 <0.001 1.786 0.031
SRR ] 87.897 <0.001 41.981 <0.001 53.098 <0.001 1.505 <0.001
SRRE M X B[R] 4.085 <0.001 2.712 <0.001 4.251 <0.001 0.001 0.261

IR FELE R, 78 3 D FREE /K MR ] (0 I (6] A2 AR AR AR A — B (18 3) | 3 52 8L 3R A0 v > SR 400 0>
FEBH G W A0 R AE. 35 B ), 3R K B H R, 7E Pond T Pond I Al Pond T 2% 4k 3 61 53 5] 2 1003.16 ~
5816.20,1186.25~6601.40 I 1186.25 ~7063.33 mg 0,/ (m’ - d) , ¥J{E 45| H (3406.41£409.12) | (3901.50+



886 J. Lake Sci.(#:aF3) ,2022,34(3)

491.61) f1(3514.70+511.83) mg 0,/ (m*+d) , I H Pond 1T >Pond Il >Pond T [Y45HAE , {H 25 B R i 32 (P>
0.05;3 3).
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Fig.3 Temporal variation of the respiration (R, ) in water column of three ponds in the

Minjiang River estuary during the aquaculture period (from May to October)
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6362.96 F1-3142.10~4793.75 mg 0,/ (m?-d) , HI{H 4514 (385.94+55.58) | (1270.64+803.43) Fl (679.46 +
587.36) mg 0,/(m’-d) , 2IH Pond [l >Pond [l >Pond T f4HAF ( P>0.05;3% 3). 25 FMEAMHr4s 5 8K, SRkt
I I (i) R AR AR F X IR S SR A A K AL H NPP Y E 3 (P<0.001;3 4) .
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Fig.4 Temporal variation of the net primary productivity ( NPP) in water column of three ponds in the

Minjiang River estuary during the aquaculture period (from May to October)

2.3 FHEEKEY GPP/ R, ZE T L 4HE

F5u ], Pond T \Pond IT #1 Pond Il R UHAEHI K HE GPP/R, ZE0 A ALTE 43 5 4 0.34~4.32.,0.23 ~5.67
F10.23~6.26( &l 5). ZERFEARAL [, 3 s GPP/R, FE0H 2 I M 55 58 5 10 > 57 58 Hh 491> SR 5 W0 10 ) 4R E
(% 3), AWM GPP/R, ZEUNT 1 BTEFR S I RT L fEh I 484k I, =58 KA GPP/
R, Z % Pond T Pond 11 F1 Pond I (Y 3{E 435K 1.36£0.29 . 1.64+0.41 F1 1.65+0.44 , £ 8 114 Pond Il >Pond
I >Pond I MUAFAE (3 3). 22RO TGS SR WoR , SRAT W % S 1) [RD 0 SR B8 B I W AR W1 KA GPP/R, RBELA
WEN (P<0.05;5% 4) AMEIZ BEAERAMZIA RE (P>0.05;%K 4).
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Fig.5 Temporal variation of the GPP/R,;, in water column of three ponds in the
Minjiang River estuary during the aquaculture period (from May to October)

2.4 KEWRETH.GPP/ R ZH S MERA FHEKHEXX R

Pearson AHICMTE AR (3R 5) , FRIAIEFEUFAE YK AE GPP 7355 #  .pH DO \NO;-N NH;-N  TDN
il Chl.a #3535 IEAR DGO R (P<0.05 5(<0.01) , 15 PO B F AR IE R (P<0.01) 5 KAE Ry 4351 57K
i \DO B 5 B35 ARG R (P<0.01) , 5 NH;-N ¥ J 5 B35 AR SE5E R (P<0.05) 5 /KAE NPP 73515 pH

NO;-N NH,-N . TDN 7l Chl.a ¥R J¥ &2 .3 [F A 5636 & (P<0.05 3<0.01) , 5K R 2 B EF R KK R (P<
0.01).

# 5 SRR SRS K AIF R GPP (R, [ NPP 5 PRI 78 B AR OGP
Tab.5 The correlation matrix of GPP, R, and NPP and environmental variables

at aquaculture ponds during the aquaculture period

GPP R, NPP K R pH DO  NO;-N NH;-N  TDN PO} Chla

GPP 1

Ry 0.428™ 1

NPP  0.763* -0.257 1

K -0.044 0.536™ -0.431* 1

B 0325 0.229  0.183 -0.347* 1

pH 0505 0.248 0.362* 0.180  0.006 1

DO 0.601* 0.691* 0.148  0.053 0.366™ 0.451** 1

NO3-N  0.493* 0.095 0.459* 0.002 0.173 0.320* 0.167 1

NH;-N  0.334* -0.334* 0.604™ 0.470™ 0.089 0.160 0.035 0.317°* 1

TDN  0.366* 0.021 0.376* =-0.223 0262 0.267 0.08 0.200 0.318* 1

PO} -0.432* -0.273 -0.267 -0.026 0.002 -0.585" -0.377* -0.210 -0.117 -0.117 1
Chl.a 0.728* 0.277 0.581* -0.195 0.478* 0.176 0.473* 0.171  0.193  0.269 -0.242 1

# s S Fn A MR B P<0.05 il P<0.01 7K F-.

Sk T RTINS KA YR A A GPP (R, B NPP ZEAGIY BTk KN, B 22 56 R34
Bro iz MEvE #5727 GPP (R, Je NPP 5K AR FE bR (K fi—x, 38 B —w, . pH—x; I 5 DO—x, |
NO;-N—ux; NH,-N—x, .TDN—x, \PO; —ux, Fl Chl.a—x, ) Z [ B L 1A 5 (3 6) . [IE 474G 3R 8w,
AN B IR b SRA IR K AR PR IEAE ) GPP A8 K E 232 5] Chl.a (NOS-N 1 NH,-N (#5200 ; R, A8 {h R
fE 222 5 DO F/K B JH % ; NPP AR {F 32 %257 21 /K {& NH,-N Chl.a F1 NO3-N V& J& (1) 5.
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Tab.6 Multiple regression equations between GPP, R,, NPP and environmental factors in the aquaculture pond

[ U 7 FfE R PAH
GPP ¥y=-9329.976+17.451x9+1157.734x,+4633.879x5 38.103 0.751 <0.001
Ry y=-7240.250+702.213x,+235.346x, 52.064 0.728 <0.001
NPP y=-2542.749+3560.991 x4 +11.855x +3634.272x5 22.572 0.641 <0.001

3 itit
3.1 FEEKEKIERED R E T BT AT

WSS K B, AN (R FR B0 G2 A () 32 BR A6 50 FR R A PR IR AR 00 9 2B 7 ) AT S im0 |
(7)o 5 B A 3 S SR X G T (A [R) % 5 308 1) ) 2K A TR A ) 26 7 0 28 A ARRAE (9 0F 5 i D0 . A S
Jb S Y] X BRI R Y 3 AN FRAREIEA TR 9T, S B3R A 00 1R) b 5 18] (9 /K A4V RS A GPP L NPP A
1R %25 B (P<0.001;3 4) , 23 H Pond T >Pond I >Pond T F4HE (3£ 3). MAh, ABIFE KB, 3 A FEiFHE
KARIFUHAEY) GPP FI NPP ELAG fb 25 T [R) AR AR AFAIE | 14 558 B0 11 ol 7 4 Vi 4% S 25 B IR 1R (181 2,4) . 25
RRUE " TE X2 FR 5 BT, B & BB IE [6] GPP Rl NPP 1716 22 R IO BL G X SERFse 28 vl 4 %
W, P B 5258 R i1 A 7= 0 DA B A S A 0 2 Mk e e, A 0 2% S Tt 3 ] K A A 7 1 Y
AR LR,

WS FEA IR IR R 2 7™ 0 A A 222 R)E DGR B W KR BB F5 Eh Wk B S IR B R T 1 5
Mg ARSI 7, 3 AN SRAE M AR (RN 11 X, K PRERLE 1.3 m, SO (8] KR O 25 35 45 [
FIHTC W 2= T, X SE R K R VR WA ) 2 AL 7= 0 S L R T 48/, AL Z R, N B R3R (NOS-N |
NH;-N) 8 /& JU7E 3 [B) 7 7 12 2 5 (P<0.05 538 2) |, I LW FEAE 3 /STt 3 v 44 B 55 G I [ 41 A% 52 300 1y
BEIRARAET . ] N B3R ER 25 bk S RN T B 32 R DA A (] 3t 35 H R e A A ) P 2R
Hit 8 ) FEr 25 5 B B0 AR (B AR Ak b, FR 508 N 75 37 Ah i (B 4R v B, 329 R Ok PR R R 5 T MR ) T
B S AN HEHBE 3 558 I 1] HE RS TSR N 3 32 b fe K AR B BRI R W, i
A WKL ST N/P Sy 16, 257K M N/P>16 B, 7 i A 0 0 =2 i KR 11 24 N/P <16 IF, 7737 A 4 0
FEPR AR f5 B ER A, Pond T Pond 1T 1 Pond 1 258 11 11 K 44 N/P (¥ 3575 4355 J 4.92£4.62
8.50+10.96 Fl 5.25+4.57, W] N 55+ B X IR K I A ) A 4 ) £ BRI B . 5 3R ih FLEs
W B PR R ) A 7 T AR A B S P TIES2 , I B2 5009 R B & S B IE MGG & 110 g
T Pearson H3CH0 T 2 2508 L MR /T 45 3 (£ 5,6) , FATTIR & B NO,-N \NH,-N . Chl.a 5 GPP NPP {£1F
WE AR R, R N B IRV B 5 L 1 VR IR ) 21 Ay ik 2 S 2 v R B R TR K AR 2B 7= i 2 R IR R
I AR AR ) = 2 A
3.2 FEPEKKTE W E GPP/ R, REZT L 4H4E

BRITRA T S5 A YIRS S 0 LUAE ( GPP/ Ry 280 BR W IR I A W BE B A 3R, 2 R oK R A 854
PR BB bR, AN IRGEIVIE], Pond I \Pond Il 1 Pond Il Y GPP/R, ZE¥(E /37119 1.3620.29 1.64=+
0.41 F1 1.65+0.44  H55 F RIR KK GPP/R, Z40 (#:38 1)™. GPP/R, ZHAE 3 AN i A & B2 4 5 (P>
0.05;5% 3,4) (HEFEFFE I HERS LA 53 ) ZE L ARAE (P<0.05; 5,38 4) . BRINS , 3 A bk ik
FEWRIY GPP/R, ZBUVEIER AT 0.23~6.26 Z [8], Horh GPP/R, ZEAEFFEMIM (5— 7 A ) /N F 1, i 4%
FRPEMIRT 1. %, GPP/R, Z 80> 1 FWIKIALL A kB £ 5K IR e 11 855 W) B0
PR RAT BRSBTS R s GPP/Ry F B <1 KA LS 30 4 2 it oy 0 K A L
I3 R AT R 2 SBUKARE UK B JE T LA 30T, B VLI 1 [X 3558 3 2K A A 7 g B 5
I e RS S B SR R A PR R O AR N B SR AR TR R R .
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Fig.6 Relationships between harvested shrimp yield and GPP and NPP at mariculture ponds
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ARBFFE T IRAF SRR GPP (A 4.38 g 0,/ (m”-h) R TR E 4 KL BOE K FRK T T 199758
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Tab.7 Comparison of primary productivity of phytoplankton in water column in different aquaculture ponds

A e BT o e/ GPP/R,  SCRATR
IIN ) (g0,/(m*d))  (g0,/(m*d)) r "
WK XTERSEAE SE A IR VT3] T [X 3.79~5.17(4.38) 3.41~3.90(3.61) 1.36~1.65(1.55) AW
R 3T A8 A T ] 1.54~10.29(5.45) 1.28~8.85(3.36) 1.10~2.99(1.67) [10]

2 355 10748 K% i R 0.53~13.55(5.16) 0.34~6.32(2.12) —(2.20) [13]
25 FE M 1L 748 R I%E T FE T 4.69~6.22(5.43) 1.91~2.35(2.12) 1.91~2.35(3.09) [16]

r [ X B s 3 IR S B K =4 1A 0.75~1.94(1.37) 1.01~2.29(1.68) 0.52~1.10(0.82) [30]

Xof B s 07 3 FRBWILH RIS 4.50~8.02(6.68) 4.15~7.33(5.64) 1.19~1.43(1.31) [44]

HROK IR IR AR & Py T 0.25~8.19(4.08) 1.42~4.14(3.09) —(1.32) [9]
At TR R A 5.52~7.92(6.68) 4.57~6.20(5.38) —(1.24) [45]

FFEG T 8.31~10.79(9.79) 5.82~8.36(7.15) —(1.37) [46]
SRR AR PG LR X B 25 1.92~10.64(4.83) —(—) —(—) [47]

i £ LT PR K I K —(14.50) —(—) —(—) [48]

b Fe o by INREAETEBEE 1.37~19.77(9.42) 0.37~12.34(3.36) 2.01~2.89(2.36) [49]

“ = RN I
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