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Sources of sedimentary organic matter from the cage fish farm in Lake Poyang, China*

Wang Maolan ™ , Xiong Xin, He Chang, Zhao Qianyu & Liu Jingjing
(The Key Laboratory of Poyang Lake Environment and Resource Utilization Ministry of Education, School of Resources Envi-

ronmental and Chemical Engineering, Nanchang University, Nanchang 330031, P.R.China)

Abstract; The content of total organic carbon (TOC) , total nitrogen (TN) , the C/N ratio and the carbon and nitrogen stable iso-
tope compositions of the sedimentary organic matter, fish feed and fish feces were measured from the cage fish farm in Lake Poyang.
The origins of the sedimentary organic matter were analyzed using the carbon and nitrogen isotope compositions and C/N ratios. The
results showed that the 8'°C and 3'°N values of sediments ranged from —27.67% to —25.65%o0 and from 5.19%, to 7.27%o, respec-
tively. The 3'>C values of waste feed and fish feces were —24.73%o and —26.30%o, respectively. And the 3'>N values of waste feed
and fish feces were 10.28%0 and 15.54%o, respectively. The sedimentary organic matter of the cage fish farm had a mixed source of
waste feed, plankton, and the other organic matter. The mean proportions of the waste feed, plankton, and the other organic matter
were 48.3% +11.4% , 25.6% +11.3% , and 26.0% +5.8% . The contribution of fish feces to the sedimentary organic matter pool was
insignificant. The waste feed seemed to disperse about 1500 m distance from the cage under the influence of the dispersion and re-
suspension. During the period of fry, the waste feed of cage fish culture was the main source of the sedimentary organic matter in
the cage fish farm area of Lake Poyang.
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Fig.1 Sampling sites of the cage fish farm in Lake Poyang
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Fig.2 Distribution of TOC, TN, C/N, 8"C and 8" N in the sedimentary organic matter of the study area
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Fig.3 Relationship of TOC and TN(a), 8" C and C/N(b), "N and
C/N(c) in the sedimentary organic matter of Lake Poyang cage fish farm
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Tab.1 3" C and 8" N of the fish feed, fish feces in the cage fish farm and the
sediment organic matter in the reference sites
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Fig.4 Relationship of C/N and 8" C values from the cage fish farm sediments in Lake Poyang
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Tab.2 Contribution ratios of different sources to sedimentary organic matter in

cage fish farm of Lake Poyang (four endmember)

T BiBE/m Jes/% Fw/% So/% Fu/%
1 0 85.5 -33.6 27.3 20.8
2 10 71.3 -28.3 37.4 19.6
3 20 73.7 -23.4 30.4 19.4
4 30 70.8 -21.3 31.5 19.0
5 50 70.2 -23.6 28.5 24.9
6 100 134.8 -59.8 -5.3 30.3
7 200 61.3 -24.1 39.0 23.8
8 300 20.4 8.7 49.5 21.4
9 400 27.6 2.6 45.0 24.9
10 500 55.6 -15.2 31.1 28.5
11 700 91.2 -38.8 25.1 22.5
12 900 75.4 -28.3 25.3 27.5
13 1100 47.8 -16.2 29.6 38.8
14 1500 78.0 -41.2 30.9 32.3
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Fig.5 Relationships of C/N and 8"C, 8"”C and 8N in the sedimentary organic matter and
the potential sources of Lake Poyang cage fish farm
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Tab.3 Contribution ratios of different sources to sedimentary organic matter in

cage fish farm of Lake Poyang ( three endmember)

RFE R BEE/m Swe/% So/% v/ %
1 0 60.0 16.9 23.2
2 10 49.8 28.6 21.6
3 20 55.9 23.1 21.0
4 30 54.6 24.9 20.5
5 50 52.3 21.2 26.5
6 100 62.8 16.2 21.0
7 200 43.0 31.5 25.5
8 300 27.0 522 20.8
9 400 29.5 45.8 24.7
10 500 44.0 26.4 29.6
11 700 61.8 13.0 25.2
12 900 53.9 16.6 29.5
13 1100 35.5 24.5 40.0
14 1500 46.7 18.2 35.2
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FHA, Hrb R R 58 PR 7 3CA 5 5 A0 00 2 AR MR 11 A5 MR ) e A /N B 28 0 AR B 7K TR
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IRPRBRA A 5 (15 45

PRI, SR T 920 PO R 1 LA A0 0 7 L DX K SRS PR S ), B R 3% 7K T 4 7 B B T Rp 2 2 i, 7 A 5%
BRI R T, IO T8 B TR R FH 3 00 i A K AR B 5 PR 5 ko LB A 5 DO T 2 7 0 T RSS2 1Y
R s Y IR GE 7 X G IR BN R , A IO A 77 Gk R v O A 2 SR B, DRALE SR B /K 30 1 W 0 B 5 11 T
etk .

3 &g

O 485 5 7 38 T4 2 2 A 7 o AELAS IR S 23 A7 1 8 5 0 90 A4 5 B I B0 32 38 I G RR A TOC TN 5 4k %
H 37 C S N A, 48 7R T WIS F 0 X BT BT 2, I AR T WA FR 98 W 7 1 B G 2 5
DR S SERIFTE 45 AT B TR BT K A 50 X 55 9 DX 7K PR B 1) B Wi, - 57 b2 (9 90 K I 4 7 i
B, EEMRSLWT

1) B85 R4S 1500 km 4k TOC TN e/, T HE 25 A 300 m LLHTRR TOC TN F 4 di k.

2) W SEL Y IR S X R & C A A S AFS Tt B A OB 1) 8 C {5 KRR R RE A5 8N {1 T X IR
A 8N A

3) A HLTR AT 42 11 , 1 A 00 80 B 380 100 4 2 B DX AR A ML T 0 IR B A 37 0 2 ) R At
03X PR F DX AR LT 05 B L. % o 3 53 ) 5 X TR A LIS 6 TR %k B 48.3% =
11.4%.

4) T B I8 DS 5 9 A ) R I B S R4 1500 m b, 7K B0 77 70 5 | A A 7 80 B TR A A 0
FEMN Z.

4 S35 3R

[ 1] Farmaki EG, Thomaidis NS, Pasias IN et al. Environmental impact of intensive aquaculture; Investigation on the accumu-
lation of metals and nutrients in marine sediments of Greece. Science of the Total Environment, 2014, 485/486 . 554-562.
DOI: 10.1016/].scitotenv.2014.03.125.

[ 2] Jan RQ, Kao SJ, Dai CF et al. Assessment of the effects of cage fish-farming on damselfish-associated food chains using
stable-isotope analyses. Marine Pollution Bulletin, 2014, 86(1/2) . 111-121. DOI; 10.1016/j.marpolbul.2014.07.035.

[ 3] Qin DL, Jiang HF, Bai SY et al. Determination of 28 trace elements in three farmed cyprinid fish species from Northeast
China. Food Control, 2015, 50, 1-8. DOI. 10.1016/].foodcont.2014.08.016.

[ 4] Rubio-Portillo E, Villamor A, Fernandez-Gonzalez V et al. Exploring changes in bacterial communities to assess the influ-
ence of fish farming on marine sediments. Aquaculiure, 2019, 506 459-464. DOI. 10.1016/].aquaculture.2019.03.051.

[ 5] Sara G, Scilipoti D, Mazzola A et al. Effects of fish farming waste to sedimentary and particulate organic matter in a south-
ern Mediterranean area ( Gulf of Castellammare, Sicily) : A multiple stable isotope study (3"3C and 8"°N). Aquaculture,
2004, 234 199-213. DOI: 10.1016/j.aquaculture.2003.11.020.

[ 6] Yokoyama H, Abo K, Ishihi Y. Quantifying aquaculture-derived organic matter in the sediment in and around a coastal fish
farm using stable carbon and nitrogen isotope ratios. Aquaculture, 2006, 254. 411-425. DOI. 10.1016/]. aquaculture.
2005.10.024.

[ 7] Tsutsumi H, Srithongouthal S, Inoue A et al. Seasonal fluctuations in the flux of particulate organic matter discharged from
net pens for fish farming. Fisheries Science, 2006, 72(1) : 119-127. DOI. 10.1111/}.1444-2906.2006.01125.x.

[ 8] Porrello S, Tomassetti P, Manzueto L et al. The influence of marine cages on the sediment chemistry in the Western Medi-
terranean Sea. Aquaculiure, 2005, 249, 145-158. DOIL. 10.1016/].aquaculture.2005.02.042.

[ 9] PengPF, Hu CQ, Yu ZH et al. Analysis of spatial-temporal variation and nutritional status of water environment in the
Dapeng Cove. Journal of Tropical Oceanography, 2012, 31(2) ; 110-117. [ 8%, BIHEEE, THEMEE. KIS K M
JE PR SR I ORI (I 23 22 Al S B SRR . Pelrigdessi, 2012, 31(2) : 110-117.]

[10] LiY, Feng ZH. Assessment on distribution and pollution of heavy metals in shrimp culture areas of Lianyungang. Oceanolo-
gia et Limnologia Sinica, 2013, 44(6) : 1457-1461. [ 25 | kM. % 2 X HF F2 40 X 36 2 VY 1 4 8 15 YL oF
. WS R, 2013, 44(6) . 1457-1461. ]



166

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

J. Lake Sei. (#a#%),2021,33(1)

Deng I, Yan QP, Huang WQ et al. Bacterial composition in large yellow croaker ( Larimichthys crocea) culture water.
Journal of Fishery Sciences of China, 2014, 21(6) . 1277-1288. [ XRFE, BRPCAL, #&AIM&E. K @ R FE FE 5 /K A 1Y
MEREL. T EDK R, 2014, 21(6) ¢ 1277-1288.]

Ma A, Liu XS, Li L et al. A comparative study on community characteristics of macrofauna inside and outside Manila clam
culture waters, Jiaozhou Bay. Transaction of Oceanology and Limnology, 2014, (1) . 122-128. [ B, XIBelk, ZE42 %5,
JEEIN AR T A A7 SR A /K B A AR TR AT S R 5 A 0E A U RCRIE 9T T R iR, 2014, (1) @ 122-128.]
Wang ML, Liu JJ. The impact of cage fish-farming on the aquatic environment in Poyang Lake, China: A case study of
Duchang water area. Environmental Chemistry, 2019, 38(10) ; 2348-2355.[ £ 2%, XI55, BB FH M 48 5558 % /K 3R
BRI —— AR E K ). PRI5EALS, 2019, 38(10) : 2348-2355. ]

Jiang ZJ], Fang JG, Mao YZ et al. Identification of aquaculture-derived organic matter in the sediment associated with
coastal fish farming. Journal of Fishery Sciences of China, 2012, 19(2) ; 348-354. [ Y547, i, BEFZ. WK
£ IS A IR SRR SR UTAR YA HLBR AR IR vh LK™ By, 2012, 19(2) « 348-354. ]

Pi K, Zhang M, Li GC et al. Carbon and nitrogen stable isotopes as tracers to source artificial organic matter of sedimentary
particle in grass carp and yellow catfish polycultured ponds. Acta Hydrobiologica Sinica, 2014, 38(5) : 929-937. [ i,
KA, ZEBRIR AR N T AERL X 32 57 B0 0 ) o % £ Wb 3 DU R ISURL A B BT ST A 1R R BR . K AR A A
2014, 38(5): 929-937.]

Gu YG, Ouyang J, Ning JJ et al. Distribution and sources of organic carbon, nitrogen and their isotopes in surface sedi-
ments from the largest mariculture zone of the eastern Guangdong Coast, South China. Marine Pollution Bulletin, 2017,
120(1/2) : 286-291. DOI. 10.1016/j.marpolbul.2017.05.013.

Wang ML, Lai JP, Hu KT et al. Compositions and sources of stable organic carbon and nitrogen isotopes in surface sedi-
ments of Poyang Lake. China Environmental Science, 2014, 34(4) : 1019-1025. [ FF >4, #idFE, SRS, B FHH
RIZVIBA LI AR AR AR S HOR IR B, vh EFREERL:, 2014, 34(4) : 1019-1025. ]

Amir M, Paul D, Samal RN. Sources of organic matter in Chilika lagoon, India inferred from stable C and N isotopic com-
positions of particulates and sediments. Journal of Marine Systems, 2019, 194. 81-90. DOI. 10.1016/]. jmarsys.2019.
03.001.

Wang L. The largest cage aquaculture base in Poyang lake area was built in Duchang County, Jiangxi Province. Modern
Fisheries Information, 2011, 26(10) ;: 33. [ FEZ. VT.F4#B 5 KL 2 a0 B W1 XI5 0 o0 4 75 58 2k . AR L 15 8.,
2011, 26(10) : 33.]

Farewell to cage culture in Poyang Lake. 2018-06-04. http;//www.nongcun5.com/news/20180604/57173.html. [ FFH i
A5 A 5 47 2018-06-04. ]

Wang YM, Xie Q, Xu QQ et al. Mercury bioaccumulation in fish in an artificial lake used to carry out cage culture. Jour-
nal of Environmental Sciences, 2019, 78: 352-359. DOI; 10.1016/j.jes.2018.11.016.

Xie Q, Qian LS, Liu SY et al. Assessment of long-term effects from cage culture practices on heavy metal accumulation in
sediment and fish. Ecotoxicology and Environmental Safety, 2020, 194 110433. DOI: 10.1016/j.ecoenv.2020.110433.
Kendall C, Silva SR, Kelly VJ. Carbon and nitrogen isotopic compositions of particulate organic matter in four large river
systems across the United States. Hydrological Processes, 2001, 15(7) : 1301-1346. DOI; 10.1002/hyp.216.

Lu FY, Liu ZQ, Ji HB. Carbon and nitrogen isotopes analysis and sources of organic matter in the upper reaches of the
Chaobai River near Beijing, China. Science China: Earth Sciences, 2012, 42(12) ; 1912-1922. [ f5 X\ =, X1, %
e W LA AL R EURSE R R T BOR IR, E R HERRE, 2012, 42(12) : 1912-1922.]
Tiessen H, Stewart JWB, Hunt HW. Concepts of soil organic matter transformations in relation to organic mineral particle
size fractions. Plant and Soil, 1984, 76(1) : 287-295. DOI: 10.1007/bf02205587.

Parton WJ, Schimel DS, Cole CV et al. Analysis of factors controlling soil organic matter levels in Great Plains grasslands.
Soil Science Society of America Journal, 1987, 51(5) : 1173-1179. DOI. 10.2136/sssaj1987.03615995005100050015x.
Redfield AC, Ketchum BH, Rechards FA. The influence of organisms on the composition of seawater//Hill MN ed. The
composition of seawater, comparative and descriptive oceanography. New York: Wiley Interscience, 1963 26-77.
LaZerte BD. Stable carbon isotope ratios: Implications for the source of sediment carbon and for phytoplankton carbon as-
similation in Lake Memphremagog Quebec. Canadian Journal of Fisheries and Aquatic Sciences, 1983, 40(10) . 1658-
1666. DOL; 10.1139/183-192.



E AL AR A A A K AR A AU SRR 167

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

Onstad GD, Canfield DE, Quay PD et al. Sources of particulate organic matter in rivers from the continental USA; Lignin
phenol and stable carbon isotope compositions. Geochimica et Cosmochimica Acta, 2000, 64(20) . 3539-3546. DOI. 10.
1016/50016-7037(00) 00451-8.

Boutton TW. Stable isotope ratios of natural materials; II. Atmospheric, terrestrial, marine, and freshwater environments//
Coleman DC, Fry B eds. Carbon isotope techniques. New York: Academic Press, 1991 173-185.

Goiii MA, Teixeira MJ, Perkey DW. Sources and distribution of organic matter in a river-dominated estuary ( Winyah Bay,
SC, USA). Estuarine, Coastal and Shelf Science, 2003, 57 (5/6): 1023-1048. DOI; 10.1016/S0272-7714 (03)
00008-8.

Thorp JH, Delong MD, Greenwood KS et al. Isotopic analysis of three food web theories in constricted and floodplain re-
gions of a large river. Oecologia, 1998, 117(4) ; 551-563. DOI; 10.1007/5004420050692.

Schlacher TA, Wooldridge TH. Origin and trophic importance of detritus-evidence from stable isotopes in the benthos of a
small, temperate estuary. Oecologia, 1996, 106(3) ; 382-388. DOI. 10.1007/BF00334566.

Zanden MJV, Rasmussen JB. Primary consumer 8°C and 8N and the trophic position of aquatic consumers. Ecology,
1999, 80(4) . 1395-1404.

Hamilton SK, Lewis Jr WM. Stable carbon and nitrogen isotopes in algae and detritus from the Orinoco River floodplain,
Venezuela. Geochimica et Cosmochimica Acta, 1992, 56(12) . 4237-4246. DOL. 10.1016/0016-7037(92)90264-j.
Middelburg JJ, Nieuwenhuize J. Carbon and nitrogen stable isotopes in suspended matter and sediments from the Schelde
Estuary. Marine Chemistry, 1998, 60(3/4) . 217-225. DOI. 10.1016/50304-4203(97)00104-7.

Owen RB, Lee R. Human impacts on organic matter sedimentation in a proximal shelf setting, Hong Kong. Continental
Shelf Research, 2004, 24(4/5) : 583-602. DOI; 10.1016/j.csr.2003.11.004.

Wada E, Hattori A eds. Nitrogen in the sea; Forms, abundances, and rate processes. Florida; Boca Raton CRC Press,
1991 208.

Canuel EA, Cloern JE, Ringelberg DB et al. Molecular and isotopic tracers used to examine sources of organic matter and
its incorporation into the food webs of San Francisco Bay. Limnology and Oceanography, 1995, 40(1) . 67-81. DOI. 10.
4319/10.1995.40.1.0067.

Phillips DL. Mixing models in analyses of diet using multiple stable isotopes: A critique. Oecologia, 2001, 127(2) ; 166-
170. DOI; 10.1007/s004420000571.

Cromey CJ, Nickell TD, Black KD. DEPOMOD—modelling the deposition and biological effects of waste solids from ma-
rine cage farms. Aquaculture, 2002, 214 211-239. DOI. 10.1016/s0044-8486( 02)00368-x.

Pérez OM, Telfer TC, Beveridge MCM et al. Geographical information systems ( GIS) as a simple tool to aid modelling of
particulate waste distribution at marine fish cage sites. Estuarine, Coastal and Shelf Science, 2002, 54 (4) . 761-768.
DOI: 10.1006/ecss.2001.0870.

Gondwe MJ, Guildford SJ, Hecky RE. Tracing the flux of aquaculture-derived organic wastes in the southeast arm of Lake
Malawi using carbon and nitrogen stable isotopes. Aquaculture, 2012, 350/351/352/353; 8-18. DOI:; 10.1016/]j.aquacul-
ture.2012.04.030.

Zhuo HL, Shen PY, Wu XF. Preliminary calculations on residual feed and faeces of Lateo labrax japonicus cultured in the
net cages in Xiangshan Bay. Journal of Shanghai Fisheries University, 2007, 16(5) ; 443-447.[ 5ifedy | kP4, SR
& BN AR TR B R E ARSI SRS, BT AR, 2007, 16(5) @ 443-447. ]

Seymour EA, Bergheim A. Towards a reduction of pollution from intensive aquaculture with reference to the farming of sal-

monids in Norway. Aquacultural Engineering, 1991, 10(2) . 73-83. DOI. 10.1016/0144-8609(91)90001-Z.



