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Abstract: Aquaculture ponds play an important role in the global carbon cycle. In order to understand the dynamics of
carbon in the shrimp ponds, dissolved carbon ( dissolved organic carbon [ DOC] and dissolved inorganic carbon [ DIC ])
concentrations in the pond water column, and the exchange fluxes of dissolved carbon across the sediment-water interface,
were investigated in the Min River estuary (MRE) and Jiulong River estuary (JRE) on the southeast coast of China. Water
and sediment samples were collected using a hydrophore and sediment sampler from three shrimp ponds in June, August,
and October 2015, respectively. Meanwhile, water-quality indicators ( water temperature, pH, dissolved oxygen, and
salinity ) were measured in situ using a portable instrument. The dissolved carbon concentration in water was analyzed using
a SHIMADZU TOC-V oy analyzer. Sediment oxygen and nutrient exchange (SONE) incubation techniques were used to

measure the rates of dissolved carbon fluxes. The results showed that dissolved carbon concentrations in the pond water, and
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fluxes across the sediment-water interface from the estuaries of shrimp ponds greatly varied in spatial and seasonal dynamics.
Mean dissolved carbon concentrations and fluxes were significantly higher from the shrimp ponds in the Min River estuary
than in the Jiulong River estuary (P<0.05). Average seasonal dissolved carbon concentrations (or fluxes) in the Min River
estuary and Jiulong River estuary followed the order: August>October>June and October>August>June, respectively. The
variations in dissolved carbon concentrations in the water were significantly positively correlated with the dissolved carbon
fluxes across the sediment-water interface, indicating that the process of dissolved carbon release in the sediment affects the
dynamic variation of dissolved carbon concentrations in the water column. Overall, the dynamic variation of dissolved carbon
concentrations and fluxes in the shrimp ponds could be due to the synthetic action of abiotic factors (e.g., temperature and
salinity ) , the foraging and metabolic activity of shrimp, and feed supply. Our study highlights the need to consider the
spatio-temporal difference of carbonic biogeochemical cycles to better understand the dynamic of carbon cycling from the

aquaculture ecosystems in the estuaries.

Key Words: dissolved organic carbon; dissolved inorganic carbon; carbon fluxes; sediment-water interface ; water column;

aquaculture ponds; Fujian
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Fig.1 Location of the sampling shrimp ponds in the Min River and Jiulong River estuary
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Table 1 Comparison of environmental parameters of the water column and sediment of the shrimp ponds during the culture period in the Min

River estuary and Jiulong River estuary

IR FRAL A% BT Water physicochemical properties

FTHTIX Estuaries i ik R M
Temperature/°C pH Salinity/ %o DO/ (mg/L) Chl o/ (pg/L)
[ Y. Min River 26.38+3.32a 9.20+0.60a 2.56+0.56a 10.86+2.65a 211.74+19.51a
JUIBIL Jiulong River 28.31+1.96b 9.09+0.41b 9.15+3.31b 9.49+1.25b 69.47+10.52b
PR BAL MR Sediment physicochemical properties

P Estuaries i Wik B Wk ik
Temperature ( °C.) Clay/% Silt/% Sand/ % TC/(g/kg)

[E]YT. Min River 24.39+2.75a 16.02+2.16a 64.98+7.28a 19.00+7.23a 16.22+3.52a

JUIBTL Jiulong River 27.15£1.51b 18.60+2.01b 69.70+£1.92b 11.69+2.67b 11.70+1.46b

RN ] XA K A B TR BB A FRBTI ) 3 ASFRITIE 4 DI 20 F0 3 A K IRESEIE (PRIEZE ) REAKE n = 324 IR BEAL A
BB A FRFE I 3 ASFRURYE A (hiife2s ) FEARE n =27 W —FUAIR/NG SRR P X A] 22 571 2.3 (P<0.05)

2.2 FREHEKAAR DOC il DIC Hk AR LR AE

HRIEAAR DOC FT DIC ¥ J32 st 1] AR A R 3 PR AT 1 DXAS ) I S B 25 55 ( TRl 2) o 9 SO ), [ 90T 11 AR 3 K
& DOC H1 DIC ¥ FE A8 4k30 B 43 B4 T 9.19—15.18mg/L Fl 15.04—30.35mg/L, F-3I{H 43 514 (12.73+0.23)
mg/L F1(21.99+0.88) mg/L, B 8 Arhay>10 A rhay>6 H A iRk (181 2) 5 JUe VL 1 ERSE K 44 DOC
1 DIC #7528 AL 75 BBl 43 54 F 4.79—10.58mg/L Al 12.31—19.80mg/L, -4 {E 53 51 4 (6.85+0.31) mg/L Al
(16.03£0.47) mg/L, B B R By B AL T3S i ka3 (1 2) o 22 SR PRAG S0 2R B, (1) VL] 11 dR 3 K A
DIC ¥R EETE 3 I RAERY BE A7 3 25 5% (P<0.01) , 1fif DOC ¥R FEEANAE 6 H Fh) 5 H e WA~ SR AE M BEAE 7 I
#2225 (P<0.01) ; (2) JURITI LR K A& DOC FI DIC W AR 3 A SRAE B BE R 776 i35 22 5 (P<0.01) ;
(3) BT 1 IXHEAT A, BRI /K AR DOC 1 DIC ¥R BEAE 3 A~ RAE B BE X 52 B0 18] VLI 11 0 2 v LR VLT
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Fig.2 Variation of water column dissolved organic carbon (DOC) and dissolved inorganic carbon ( DIC) concentrations of the shrimp
ponds in the Min River estuary and the Jiulong River estuary
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BOfeRE Mg ket (B 3) o LA 3 AN FREE B B TR - /K ST S A 1 i S8 i et R B, MRS OB R
DOC 1 DIC 5 & 34 5 B[R YT 90] 11 3 38 5 1 L e V0300 1 4% AE (DOC B 5 (108.13£11.75) mg m ™ h™'us
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Fig.3 Variation of the dissolved organic carbon (DOC) and dissolved inorganic carbon ( DIC) fluxes across the sediment—water interface

in the shrimp ponds in the Min River estuary and the Jiulong River estuary

RIRVING 5B 3 ) — ] 1 KRR [ FE A B0 R 2, R IR K 5 5 B X 36 ) A B R IR T 11 X MR ) 2% 5 1 2%
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J% DOC . DIC i f 5 B 2 5 i HoK AR DOC \DIC MR JE I 25 A8 fh i BB 2,
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Table 2 Statistical analysis between the dissolved carbon concentrations and fluxes in the shrimp ponds

UUR Y -k B v i P ik 38 12 Dissolved carbon fluxes at the sediment-water interface

VPRI X
Dissolved carbon concentrations Estuaries Il ﬁﬁ ) R2 2 Z R P FEAR n
Regression equation

DOC e i [iE] V3T y=6.3853x"-15! 0.3042 0.519 = 0.007 27

DOC concentration AT y=0.0301x+4.3955 0.2851 0.534 = 0.004 27
Zh y=4.1728Ln(x) -8.8059 0.2965 0.534 < 0.001 54

DIC ¥ [iE] YT3R] 11 y=6.3911Ln(x)-10.617 0.6309 0.797 < 0.001 27

DIC concentration JUBITIAIIT y=1.7847Ln(x) +6.4889 0.3477 0.502 = 0.012 24
gh y=5.4375Ln(x) -8.0269 0.4904 0.767 < 0.001 51

TS50 KRS LA BEEUE S 4 AW 2R 3 ASKERAFI59 18 ; Fe bl R2E 9 103 5 B 4004 i A #0000 BE 0 8 R4 Rk
AHIE R B B K P AE LT Pearson AHIEHES M IR 15

2.5 FREFIEAR U IR U B K ORI -/ St T e fk ) = B2 ] 38 23 #r

T AT TN RE R LR X SR MRS A AR T8 i 1 e P e 2 R AL 9 ST R A R/, M T Z2 e ml U e v 114
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T KA pH B 23R a YR BE KoK AR BEJE 52 L e VI 1 IX SR MRS 7K AR DOC I ] A2 A6 1 2R 5 | 1T DIC
(S AL 2 22 B AR A i OKAREREE DRI RLAIK AR pH (ELRY 2R, e AT 22 18] B S AHSC R BUIR A 5] 0.01
9 5 2K 5 (3) FRBAIEKAAR DOC R BETE AN 11 DX 22 [0] 14 28 S 1 2 852 BK AR R B2 ALK DOC ¥k &
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Table 3 Multiple regression equations between dissolved carbon concentrations and environmental factors in the aquaculture pond

«%ﬁ?ﬁ&mﬁ _ {ﬂ m] E ElUﬂiﬁ% ‘ F i e p

Dissolved carbon concentrations Estuaries Regression equation

DOC ¥ & [iE] YT.ym] 11 y=0.357x,-0.283x, +0.002x 5 +5.456 21.887 0.741 <0.001

DOC concentration NI y=-0.854x, -2.086x,-0.023x5-0.525x, +62.930 52.493 0.905 <0.001
e y=-0.690x, +0.008x, +12.952 103.233 0.802 <0.001

DIC ¥R [Eafantiy} y=1.397x,+0.791x,—-23.440 47.093 0.797 <0.001

DIC concentration Juteyri m ¥=0.015x,5;-2.098x5—0.871x,+3.238x,+61.776 18.636 0.772 <0.001
g ¥=0.920x, -0.936x, +0.710x,~7.886 26.536 0.614 <0.001

N T RN BTN RE B BRI DR 10 SR AR OB - /K 5 i 3 A P okl Fof 2 Rk 1) sk 9 KN, MR 25 [l
V53 At b B2 2D [ A S T SR MR AR W) - /K 5 T 5 A P i o 15 7K AR PR HE B (pHL -, I S, 2R
JE -, IR a-x, ) DU BRALIE BT (B EE s TC & fh-xg (TN &5 5 -n, OKERL-xg K RL-x, R0, ) LB IK
JEPIHE (DOC W~ Ml DIC WS~y ) MFAEY i~ Z IR ERAL T TR (32 4) o S2RFEWT, (1) 7RI E
IEREE PR v BBV 1 X FRAR IR TOAR Y /K BT DOC 3 5 i 1] A2 AL R 322252 B i 4 DO 19520, DIC 3
I ) A AR 32 A2 BIALBUK DIC ¥ B2 AGTRRIRD R P45, AT 2 18] A9 S AHSC R 43k 21 0.01 19 3%
PEAKT5 (2) ZKAAK pH (BRI 480 DO YR BE 2 52 ) LR VTR) 1 X SRR S GURR ) -/K ST DOC 38 2 B[] A2 £k Y 3
FNER, T DIC 38 i i 28 b B2 BIALBUK DIC e RERYFZIR , BATT 2 0] (4 S AHOC R BOR 4 16 31 0.01 Y S 254
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Table 4 Multiple regression equations between dissolved carbon fluxes and environmental factors in the aquaculture pond

VA Bt X Il 1 7 P " P

Dissolved carbon fluxes Estuaries Regression equation

DOC i i Eafanyn| y=-718.568x,+323.274 25.371 0.504 <0.001

DOC fluxes JURYTI T y=14.798x,-5.521x,-6.261 22.230 0.649 <0.001
e y=0.441x,-0.363x,+73.839 26.857 0.513 <0.001

DIC i i JEB] 0] 1 y=3.177%1,-9.497x,,+95.146 27.623 0.697 <0.001

DIC fluxes JLBILI A y=0.190x,+57.007 20.995 0.456 <0.001
A y=19.078x, +0.646x,,+9.519x,—0.480x,, - 187.924 15.993 0.566 <0.001

3 itig
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0.2931x+4.7515, P<0.01, n =27; DIC: y = 43.952Lnx—121.53, P<0.01, n =27) , H B i85 B AT i Bk Ak
DOC I DIC ZE1E1Y 56% Fl1 71% , 7 BH L B 252 i 0 1 X HR3E 7K A& DOC FT DIC ¥k B8 52 3 1 3R B (B AR fL REAE
FICEER R 22— IEAh, /KR DOC \ DIC ¥ S UL -/K A1 DOC \ DIC 3¢ e id 1 52 BE A AR B 3% IE A DG 6 &R
(P<0.01, £ 2) , R IR K BRI B DOC  DIC BE 77t 25 e B YT 11 X K 44 DOC  DIC ¥ J 5L 3
IREE A RE R HEERNE

L Z T MR3EK A DOC  DIC ¥ BEAE LRI 171 DX 5 B HS il 57 5 st ) B T 34 m py fa 48 (11 2) o il
ARARRAE FEIALE T AR 3 AN 158, 510 1 IXER R R R B BOK AR ER B AR (kAT 56, EA IR EM,
AR, — 7 2 e B K AR GAE DTG AR IR B P | ok R PR 2 ok BRI A= M M A RS i ok
F) 55 S A T R Y S BOKIR DOC e R ML oM 3R T BRI AAER 5 5 — T, th S e 7 /K A s 1
58 FE (AR AL, S ARER FE A AR L | ek BE 7K AR 35 K 1Y 2 58 B 2 8 e IR 5 T %, 14 1 5 A2 7K A& DIC ¥k BE e
5> WEFEHIIA], JLIE VT3 11X AR 3 K R 6 B A8 A3 B A T 5.95%0—16.87 %o, LB [A] 31 25 57K & DOC
DIC ¥ B AR fh e Al — B, H W& 22 18] 2 30 A B 2 5 AH SC E R (DOC: y = -4.5572Ln (v ) +16.675, R* =
0.49, P<0.01, n=108; DIC; y = 42.999x " R>= 0.48, P<0.01, n=108) , XELLER KU KRR FRET:
BB B A% 17 R (181 33 20 0 1) 2 PR R R 5 RS ) 76 5 |2 JL R VITR] 11 X MRS K 46 DOC i DIC B AR b ik 72
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Fig.4 Relationship between the dissolved organic carbon (DOC), dissolved inorganic carbon ( DIC) concentrations and water column
salinity in the shrimp ponds
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Table 5 Statistical analysis between the water column chlorophyll a concentrations and dissolved carbon fluxes in the shrimp ponds

VR i WX IR 2 a WJE Chlorophyll a concentration

Dissolved carbon fluxes Estuaries [f1J4 5 72 Regression equation R? B2 P REAKL n

DOC & ] T3] 11 y=0.5092x+4.8619 0.5849 0.765 = 0.007 26

DOC fluxes JURITHIIT y=42.956Ln(x) —87.044 0.3644 0.533 = 0.005 27
Lih y=16.261x03¢ 0.3787 0.598 < 0.001 53

DIC i [EIFARTI NN y=14.549¢%0119+ 0.7718 0.742 < 0.001 27

DIC fluxes JURILI A y=0.9872x+64.515 0.2437 0.494 = 0.009 26
LA y=62.155¢0057« 0.4093 0.652 < 0.001 53

RS 50 H KRS IS BEEUE Sy 4 AW 2R 3 ASKERIF-3591E 5 Fe by R2E R 003 5 B2 4004 i (P00 00 B 08 R4 ]/
AH I R BN B K PAEZE T Pearson G BT 3K 1.
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AR A B IE A OGO R (R 6) o JEri O A BFITIESE , fa MR A5 AR ) ORI o0 1 FH o 5 1 1 B 57 7 %
B RE ISR PRI HE SRR DOC | DIC B G 2 i 37 7 A 18] 4 R 1 1 i B 44 Qi
BT A1 Bh i WA G, XS AL BR AR XU A sh M R R A ) 1 5 22 1 1 B K A A AR
WIRAE B354 IR KA ML A 2T L 2 2 AT 1 DX AT, LA R o s g e i 15 B 4o
IR IR S S IEAH DG OE R (R 6) , (HER A4 sl VE AN BEAE SRy [ V30T 11 X RS LAY DOC  DIC B
T TV 0 K — AN R 2, PR 2 ANTAT T [XHR 39 ) 247 M4 B 7 A4S 298 B B S A 432 3 ( MRE
vs JRE;1.252£0.25—(12.30£0.33) g/ F& vs(1.62+0.03) —(13.2220.43) ¢/ )2 ) , Z A BE (P>0.05) .

http ; //www.ecologica.cn



6 1) BV A AT 1 i R MRS K R 8 e Ptk e 138 R DURRU - 7K 5 T e 1 25 Sl A R 11

200 600
P o ~ y=23.29x - 155.9
= = 500 R2=05152 P<0.01 n=54 e
E E (<)
150 |
on
= £ 2 w E 400 e
P L) =g
Q " [}
RE w0 e® K2 30
L Qe O o
Rg 2 £ 20
=
g S0rF S y=17.3525x - 5.2743 2
8 a® % 100
%) R*=03848 P<0.01 n=54 o
< a
~ 0 1 1 1 | 0
8 12 16 20 24

£TA & TC concent/(g/kg)

5 SAOREMERRY-KAERFEAIR FEETNBRZREESHRANEHRIENX R
Fig.5 Relationship between the dissolved organic carbon (DOC), dissolved inorganic carbon ( DIC) fluxes at sediment—water interface

and the sediment total carbon (TC) content in the shrimp ponds
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Table 6 Statistical analysis betweenthe shrimp biomass and the dissolved carbon fluxes at sediment—water interface in the shrimp ponds

WRA= 45 Shrimp biomass

Vo I gl i WX
y . uaries mIEpy N N
Dissolved carbon fluxes Estuaries R? LiEEX P REAE n
Regression equation
DOC i & IoFARE S| y=67.359x"-28% 0.6474 0.675 < 0.001 26
DOC fluxes FIBTIATT y=49.104x02% 0.5080 0.682 < 0.001 27
Eane y=57.99123 0.4947 0.622 < 0.001 53
DIC 18 & [LRARTINS] y=69.855x"-386! 0.7110 0.627 < 0.001 27
DIC fluxes JUBTH A y=56.241247 0.5331 0.680 < 0.001 26
Ea y=63.12250°" 0.5588 0.545 < 0.001 53
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