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Structure of suspended particles andorganic carbon storage in jellyfish-shellfish-

fish-prawn polyculture ponds
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Abstract: The structure of suspended particles and organic carbon storage in jellyfish-shellfish-fish-prawncultured ponds
were investigated , with the goal of clarifying the characteristics of the ecological structure and function of polyculture ponds,
as well as providing baseline data of the carbon cycle under different culture models to facilitate development of low-carbon
fisheries. The experiments were carried out in two Rhopilemaesculentum-Sinonovaculaconstricta-Paralichthysolivaceus-
Fenneropenaeuschinensispolyculture ponds (latitude 39°51" N; longitude 124°09’ E) in Donggang, Liaoning province from
May to October 2013. The concentration of total suspended particles was 67.12 + 6.03 mg/L and 70.05 + 7.63 mg/L in the
two experimental ponds. Of the total suspended particles, the percentage of inorganic suspended particles was 72.57% and
75.49% , and the percentage of organic suspended particles was 27.43% and 24.51% in the two ponds. The percentages of

dry weight of bacteria and detritus, phytoplankton, and zooplankton of the total suspended particle matter were 27.15% and

BE&WE : BE T HRHE#IHI (2011BAD13B03)
Wr#E B #1:2014-09- 105 P 4 t A B 8 : 2015-
# W IRAER Corresponding author.E-mail ; zhaowen@ dlou.edu.cn

http ://www.ecologica.cn



2 S % 36 &

24.20% , 0.15% and 0.22% , and 0.13% and 0.09% , respectively. The mean concentration of total organic carbon (TOC)
was 7.31 £ 1.51 mg/L and 6.42 + 1.31 mg/L in the two experimental ponds. Relative to TOC, the percentages of dissolved
organic carbon was highest at 76.33% and 70.56%, followed by particles of organic carbon (23.67% and 29.44%) ,
bacteria carbon (7.96% and 7.18%), detritus carbon (14.70% and 20.90% ), phytoplankton carbon (0.56% and
0.95% ) , and zooplankton carbon (0.45% and 0.40% ). The concentration of total suspended particles in the R. esculentum-
S. constricta-P. olivaceus-F. chinensispolyculture ponds was high, and the inorganic suspended particles was the most
important component of the total suspended particles in this ecosystem; bacteria and detritus were the main components of
the organic particles. These results indicate that bacteria and detritus play a very important role in nutrient cycling and

energy flow in this polyculture ecosystem.

Key Words: total suspended particles matter; organic carbon; polyculture ponds
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1.1 SEEG AR

T 2013 4F 5—10 A XL TFHEZRUETT (N 3995175 E 124°09") (AN V345 -2 168 - 2F - v [ o R Y 3 7tk
B TR FURL ) K A BB AR AT T FSE . P SEBR T (17R 2%) B TR 43031 2 6hm?® 1 8.53 hm® , 7KK N
1.6—2.0m, B H Bk Bk, H #oK 5829 30em, SEHHATE], K 16.0—28.5°C ,pH7.0—8.5, % B JE 0.40—0.90
m, #hE 14.5—27.0; %4 DO 3.79—11.06mg/L, H H M2t VIR Rkt ( B ) SR art AT
Be ATt SR 7 i ( A RS TR A ) | MR IR AR S 2R 1,
1.2 KTk
1.2.1  AEECRAE S

F 2013 4F 5-10 H XFSL 5 A ToRAE R AE 8 Uk, SRAR I EL AR A ] Je RAE R T8 2, BALEK
IR E 3 A REE LR AEIRAREN, TH 5L 7K A —80 HU SR /K 25 R 45 3% 1 A5 AR M8 77 UKL R & 7 T A
Wy R /INEVE I RE A4S L, PRIFAE D KRR 10—15%0 A& 5F [ A7 [ %8 , it ULTE Wk 4 I 16 W fBs kAT
PRI S 5E AT HUE 2 TR s R R AR SOL K, IR 283t 25% PR AE 4 Wi i (FLAR 64pm) |, IRAS IO TR 34
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IKEEIIA 5% WS [ 58 , 76 S B RAT Ah S 8 O HEUE B, BRI B OK AR A 2y deAT ™) TR
PR AR R A2 KRR 100ml, B FHUEA T 75% 09 CBEHE T3 FE S A SRHIR T, I A 2% —3% 1) I ks H
BEATESE |, S22 R B0 8k (AODC) #hATE &) AR BT I 2 40 T8 AR A2 R/, 1330 H A R
B ARAR

F1 MEEMHFEEREHERE
Table 1 The stocking density of organism and feed diets in ponds

H: ¥ Organisms THHR} Feed
Fik ﬁizf:t&kﬁ/i( ind/'hmz) _— B EL/ (ke 'hm72 a™)
Species Stocked density Kinds Feed given
1" 2* 1* 2#
153 Rhopilemaesculentum 2.80x10° 1.51x10° 1A} Bait fish 6533 11489
45% Sinonovaculaconstricta 9.68x10° 1.15x10° A T/HEl Formula feed 867 -
F8F Paralichthysolivaceus 1.08x10° 1.52x10°  JE/KAHEL Fertilizer products 167 -
HH E XHIF Penaeuschinensis 8.00x10* 5.63x10* il ) Fishmeal, legume flour 933 47
HRYt Shrimp sauce 658 2345
—— R AR
F2 RERERRSER
Table 2 Sampling time and weather conditions
H 8 Date TR (C) Fat SR A
Temperature Weather Wind direction Wind speed levels
5-21 13—19 L EEAN &3] 3—4
6-19 19—29 I =4 N
7-06 21—29 i &] A
7-22 21—28 EARN =4 R
8-09 23—29 BN 3} A
8-21 19—28 M2 o 3} A
9-04 14—25 I &[4 HOR,
10-22 10—19 h 2 = =4 R

1.2.2 AHLEKAIE

P — B RFR A KRR I JEAE FH PR o AL R A AR 25mm , FLAE K 0.2um Y Whatman GF/F 3 35 £F 4 &
JEE | (450°C , %49%8 2h) | [R]IPRE 1 5KB7 EE ( 280k Ak B ) 70 D8 I8 oA Sy o BEL( H Y A T i ek o 7 v i e
WS TR AT BB ) |, B = 5K B IS vk SR8 2% 15—30min, 2R )5 B THEAR LT (60°C | 24h) 7 HHH A 5
A FAE R A AT HLBR 0 HTAS (SSM-5000A) %€ POC 5 ; DOC SR L 5d 0.2um 1 Whatman GF/F B B4
2 8 B VR S A ARE R R A LR S0 BT (B 3R A T 0 2
1.2.3  BETEIOR Y K HA PR &

P — B TR KRR I JE AR 2 TS A B ) AR 25mm, FLAE K 0.2um Y Whatman GF/F 3 38 £F 4 &
JEE 1 (450°C K94% 2h, JFFRER) , 78 60°C FHET 24h J5FRE , FAHETHE L 7E 550°C T XI%E 2h J5 FPREE . MR 4G
25 FUEMEE (W) KR IE LT (W ) RIBEIER (Wayo ) Sad SE KRR (V) THEK RE rh B 7 JURL 4
(TPM) S AW RY & (pOM) Y Bl TPM = W, — W,/V 3 POM = (W, — W) /N
1.2.4  BdasabaE it

% Excel #0445 2308085 #4740 B L) mean=S.D. TE TR, #HBRIHFEAY AV E (BE) N 1/7
Bl TR YRR AT B TR AR 0 T R TR DL R B 0.40 H AU A HLE TR EUR )
S 2L VRN ) R A R R AN B VRO AN B R R 2 B T ORI AT, A i AR L 5.6
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S E R R TR S AR S T AR R T 1, L AL 1 i i R TRE EOR )  A Bh T
(54.11—79.75) mg/L Z[] "2 9 (67.12+6.03 ) mg/L; AL E T WUR Y & 22 5 T (38.13—62.26 ) mg/L Z
i), SF-33147 (48.72+£7.38) mg/L; A HLE TR R ) & 5748 3 T (14.70—21.75) mg/L Z [4] P34 (18.41+3.75)
mg/L. 2 M B IE R & AR 5T (53.25—95.00) mg/L, F-3 4 (70.05+7.63) mg/L; TCHLETF WUk ) &
HASEN T (37.75—74.00) mg/L, F-21 4 (52.88+6.64 ) mg/L; A AL PF R4 & 72550 T (13.12—21.00) mg/L;
SR (17.17£2.64) mg/ L, BEAR L PR I 1) S8 I OR ) & SRR TE 5.6 H A ARX A . 1A 28t A AL
BROR R TR ORI 09 A R 27.429% 0 24.51% , TeHLY S A B He 4 Bk 2.65:1 F13.08:1,
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Fig. 1 Concentration, structure and seasonal dynamic of suspended particle matter in experimental ponds

1#, ST I 1 experimental pond one; 2# ,%Bﬁﬁﬂi}% 2 experimental pond two

22 FiFEYTE
SEOG I VA T A S L AR B TR 2, AL 2 WO, 1 U TR NEAR ) T E AR T
(0.038—0.205) mg/L Z [a] ,*F-¥) 4 (0.103+0.027 ) mg/L; 17 iF sh 4 T HAE LT (0.002—0.438 ) mg/ L Z [i] , F-3
9(0.082+0.036) mg/L; PRI AE ) T B AL T 4 (0.052—0.642) mg/L 2 [A] , SF-25 24 (0.184£0.231) mg/L; 7
WERE )T 5 IR AR ) S Y 55.83% 5 IR AN T PRI AE M) SR 1Y 44.17% , 2P IR TEEAE Y T AR Ak
F(0.042—0.213 ) mg/L Z ], 34 (0.153+0.040) mg/L; 77iF sh 4 T H AL T (0.000—0.289 ) mg/L. Z [i] ,
1747 (0.064+0.025) mg/L; iAW) ST EAAL T4 (0.048—0.428 ) mg/L Z 1], SF-44 4 (0.217+0.136 ) mg/L;
PRI T8 IR AE ) B0 70.54% ; TRIF S W) T 8 5 PRIFAE W) S Y 29.46% , AR b PRIFAEY) T
1 H AR WA 3 v ) 2R ) T A LR ORI 1 1.02% K 1.26% .,
080 [ o SR
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Fig. 2 Dry weight, structureand seasonal dynamic of plankton in experimental ponds
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2.3 JE BRI A TR £3 970 L1y aw
SR SN B U R BB R T 3 2 s

3, FE 3 RO 1 R VR W A A AR B T %‘; 20} I

(14.62—21.54) mg/L Z[H] V- 374 (18.22+2.47 ) mg/L, %Ef 15

AL TR IR0 98.99% , 2 W TAE AN SE5 o

AR E) T (12.89—20.70) mg/L Z[H], -3 (16.95+ @25 5t

3.39) me/L., i A HLEL TR UKL PR 19 98.72% . 5%,

ST L 1 HOBFSE 5 5L T LA S B 1 4 T e
57 ORI AAL AL G L 7 UK A 2, T A B3 R R S B R R
TR 40 T A WL RO ) B R A (L 4) Fig. 3 The concentration and seasonal dynamic of particle
24 {%ﬁ?élﬂ %%E&ﬁi%% detritus and bacteria

1#11@‘%(%@?25%%@%( 1.24—4.54) x 107 cell/ml ’ 1:niqﬁo(tﬁy§ 1 experimental pond one; 2#, SZEMIE 2 experimental
SER R (2.65+1.21) x 107 cell/ml 3 2* P77 40 1 25 5 Jy (1. -
43—3.04) x10" cell/ml, 54 (2.10+0.64 ) x 107 cell/ml, 77740 AR 2 0 5 F WL 45 S E R B 0.
3925um’/cell , 41 1 1A W1 R0 5.6 107 % g/ wm ( LABRZE %) 1Y) 38 4o 114075 30 0 e 400 1 %) 2 o ()
5). HHIES AT UL U b I A T AR R (2.72—9.97) mg/ L, X (5.82+2.10) mg/L; 2" 3 A 777 40
FEYEN (3.15—6.69) mg/L, 3 K (4.61+1.87) mg/L,,

BRI 100%
[
I l
AHUBRLH27.43%F124.51% FEHUIALY 72.57%H0175.49%

[
[ |

JBS BRANANH27.15%H124.20% B4 T H0.28%10.31%

I
[ 1

FRIHE AT 10.15%F10.22% AT H0.13%%10.09%

B4 SSHtESFTNYEN

Fig. 4 Structure of suspended particles matter in experimental ponds

25 AHLERA RS 6 ¢
SR DURR S i B R TR 3, M 2 g

23 AT, 1 W AT BLIE (DOC) MBI o2

(4.56—7.59) mg/L, F-44H9 (5.58+1.15) mg/L; Bk £ §§ e |

BLIE(POC) AL HE 4 (1.23—2.62) me/L, F 490y S 2 o |

(1.73£0.51) mg/L; & A LA (TOC) B 28 L3 [l j ;‘: EH l][%
(6.09—10.21) mg/L, F¥ 4 (7.31£1.51 ) mg/L, 2" i3k o LA I

B SRAT HLEE (DOC) 19725 4k 1 W (3.61—5.67) mg/ At Monts

L, 3474 (4.53£0.81) mg/L; UKL A HLEK (POC) Y221k 5 SWbETAEG ey

YOy (1.41—3.01) mg/L, ¥4 (1.89£0.60) mg/L; Fig. 5 The biomass of bacterial in experimental ponds

SA PR (TOC) BAEALIEFE A (5.11—8.28) mg/L, F-
H(6.42+1.31) mg/L,
POC L4517 5l ALY & BT S PRI AN R Bk S5 . 283 H A, TS S b i b A A HLK ( DOC) 2
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AHLER (TOC ) 14 F2ZELL AR 43, T 200 1 0 I Tt e O AT AR 1) 2 2 2 Rl o, JHG P T Ttk > 400 1k > 77 1 A
Wte> T s (181 6) .

RI TEHEANRSERESFTEN

Table 3 The concentration and seasonal dynamic of organic carbon in experimental ponds(mg/L)

I o

A UKL HILR R P AL UKL B R LA AL
Month Particles organic Dissolved organic Total organic Particles organic Dissolved organic  Total organic
carbon ( POC) carbon(DOC) carbon(TOC) carbon(POC) carbon(DOC) carbon(TOC)

5 2.62+0.38 7.59+2.86 10.21£3.20 3.01£0.50 5.27+0.27 8.28+0.24

6 1.23+0.52 6.22+1.77 7.45+1.64 1.99+0.26 5.67+0.60 7.66+0.70

7 1.25+0.20 4.84+0.82 6.09+0.78 1.93+0.56 4.53+0.63 6.46+0.86

8 1.67+0.24 4.80+0.51 6.470.64 1.50+0.30 4.29+0.67 5.79+0.90

9 1.77+0.36 5.48+1.65 7.24+1.76 1.50+0.13 3.6120.17 5.11£0.27

10 1.86+0.11 4.56+0.03 6.42+0.14 1.41£0.17 3.82+0.23 5.23+0.52

(1) 1* L SIS IE 1 experimental pond one; (2) 2% N SIS I 2 experimental two

AR
100%
l
BURLAT AR TEARA DL
23.67%%129.44% 76.33%%170.56%
l
l |
A B T A
22.66%%128.08% 1.01%Fi11.36%
[ : 1 [ : 1
AR B3 Sk TR R T
7.96%%17.18% 14.70%%120.90% 0.56%%10.95% 0.45%%10.41%

B 6 KIitiyEPAINEBRMEAR

Fig. 6 Composition of organic carbon in experimental ponds
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SBWGLRTT I PR  Jis T4 170 DXk, [ 4 R AR e T B, 8 Sl iR B AR V0 o = Iz KT (SR 2
PIEBESh A N R AR BORLD U & A TR TR B G FEAE B B0 S BORLE P2 ) h Ve U S5 LR 5
ARG o PSR R R ) & 4 L 5 H Gy i fiemn , 10 At ) 03 AR B ARG 7 2R 1 o B G ) i P 5
SR I 21 Ml ) AR SR 5%, e TR KBk 76 5 7 03 22 i DX A RGIRER , THL kg, B0AE TTCRR W 7 XL
TIHNE TR G P R R A R EUK P B RORLY) & N, AR, 558 R B 1) B 7 MURL )
SN UE AP DU PR A A S A RO 2 DR 0, 7 7 o R e TR 0 K e P ABUR 1 M 0 A, e R
PeVPSETCHUORL | FE IO R 51t 98 Fo] 320 BRI A ki, e 300 b s SRR IE, I 0 R A [ - O AL 25
Bk i R g b K e RIREA
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Xof - [R]— Mg, A R] A SR B AR R AS [ b 3 1) 7K (AR = 77 R 45 Rt A7 78— 58 I IX 1), AR SCHR A5
Bt I8 A BT OB ) B AR BRI HAH LU T 27 I T 1 A HLOR ) R 1
BT 2N s, X U i TSR b 2 R SR AR W R e PR R B S A PR B AN, 1
WYE SR R A S T 2N s (E B R AT 20 i, DRl 2% i A7 B RS )2 10 S Bl 5 e A
Ko MIFFE SR B B AS Rl 2 s B A 7 et A B8 P A b 288 B B 25— 2 B DX, DR e e
KB T DL W 1t 0 /INSORE A8 AL 3 5 i 2 B S 5 273t 3 T AR X R AR AN BB E 2K K B[R] B TR
PR PEARE 0 P 5 ML AR G K, DRI, 1 St 8 P Sk 4 P A LA BT o BB i T 2 3

TR ZWFTT R KRG HILER T R0 68 S5 B A0 B8 T o EL AP AR X 4 ver , — R 62.60%—98.00% 5 i 77 it
AT I 7 FE AR RN AN 2.009%—37.40% (e iR AE ) T B S TR s ) | 6 R A v I R A
A28 RGP AR RIBE R B 7 Rk = EAR T ARSI A R AR Sk — e (IR M Y
T E A XA, 3 = R R K AR B 7 R ) v R e VD (R A A A T W A2 0 T JE T o L I RRAIG, D9 o, 375
Sl I A A R S AR R 2L T B B 5 00 A X R A 0 O R B K I B PR
SR, TR B A W B HE I B A H B T A LR B T A 2 A S 4%, DRI S SRR Ui A B o A LB 4
() e B3 e TR AE 4, P BT o el R, ML R, Vi R PR AR A T B AR T 2" X
PR A = B vk 25 55 s R, K IR BE A AE R B sf AR EE SR, 70 4h , W AR LR A
S IE VA T EIAE 5 O B AR G T A A PR R X AL 5 P PR S T B Y e [ AR A R A
U EVEFR NI 5 i sh i T S AR X & FEFR A T A Y 7 .8 TR s Y T SR AR AT R,
TEFEFE G IR 9 10 A6 T A T B IR G , 77 A i Pl 42 10 35 852 D5 DR J2 35 5 W W O 3 B o B, 32 5 sl i f
TR Sh A A0 B £ 5 AR XTI | BT T 14 S K 37 58 A W0 v Ui s A S o Bt S A, B T SR AR I Bl
Fr5H SR, K T sl 0 1) 4 B B TR LR ek s
3.2 B A VIR AR

TR Y S HLEK (TOC) AL45 1R AT HLBR ( POC) RN g A HLER ( DOC) PRER 4, 8ot 2, — ik
) DOC S EE 2 T POC & i, (H Bl A KR & E IRk FH 5, DOC/POC (B 4s & A W i A8 4k, infe
H 2R KA DOC/POC {E Ak 6—23: 1, M IRKFRFE HLIE DOC/POC {H AT A 1:1, BiHH DOC/POC A5 KA
FRAE R IEARIE | 7= Ak R G ) S5 R 32 B 2 DR A Kk R s 33 0 o A 338 in 2 S 80 i AR e T, AT
fifi POC & 48K, 1 DOC TR, & BAHIHRE , BT L DOC/POC fEARBIFEIR ), A SCHF 5 45
JFEW DOC/POC H 2.80,TOC :DOC :POC Hy 1:0.74:0.26 , 3¢ FER G 41> 11220 Ko % iR F2 58 b 3 20 (1
GEEE IR — B (N TR At 7 J I B TR N A B TR AT AILRR Y A G4, ik R TR K 3R £t
R S R I FT 48 AR 2 s (R e A W T o L AR X AR, a3k TR S T b 3 v i Ui R A A
MERLA , 340, F AR e S i Sl i B B, VR e — FE 28 1 T IR W s ik , AR SCROIF T 45 SR AR A
BX—HE(FS5) . BAN, A SZE I R AT HLER (TOC) A HLER (DOC) K Bk A HLER (POC) & i 5
BT UR ) EL A AR IR R s ) AR AR Y8 5.6 A st S AR A i, PR A X R R A DR R R KR SR )
FIFEE N TARARLE A E R EE R

4 #Hig

“ VHFHL - - - X TR SRR T P S8 M 3 B0 B R TR ORL )  AR  , HEh PR VD A T AL
URL I 2B LG o0 s A HLE R UR A |, PRI A2 0T o FE ARG 5/ | T T R A o A B Ok ) 32
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