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Fig.1 Location of the water quality monitoring
sites in the Nanxun area
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SEHIME N 0.1164 mg/L.N/P N 15.67, 8.3 KF 7,
DAL L T 0 T K 7 IR X R AR R R R
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Tab.1 Water quality parameters at each sampling site in May

TP/ TN/ NHi -N/ Chl-a/ fimg/ CODyy /
R pH
mg * L7} mg * L7} mg + L7 ng e L7 mg e« L7} mg + L7}
Si 0.140 2.72 0.459 7.08 25.95 0.040 10.20
S 0.117 2.38 0.387 7.22 23.00 0.150 12.80
Ss 0.072 2.78 0.329 7.28 15.14 - 16.20
Sy 0.056 1.92 0.343 7.39 16.31 - 4.98
Ss 0.059 2.14 0.384 7.18 14.18 - -
Sg 0.055 0.62 0.445 7.34 21.29 0.000 7.14
Sy 0.055 1.68 0.372 7.35 26.05 - 5.41
Sg 0.288 1.62 0.329 7.48 16.08 0.022 15.80
Sy 0.087 2.22 0.314 7.42 15.14 - 6.28
Sio 0.137 0.68 0.329 7.36 13.43 - 11.50
S 0.157 1.62 0.300 7.20 31.62 - 10.60
b S B 21 =1 8
Note: “~"represents no value was detected.
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Tab.2 Water quality parameters at each sampling site in August

TP/ TN/ NHi -N/ Chl-a/ i/ CODw/
RAE pH

mg e+ L7 mg e« L7 mg e« L} png e L7 mg e+ L7 mg -+ L7
S 0.120 2.20 0.054 7.34 23.00 0.03 8.90
Ss 0.104 1.55 1.470 7.09 18.22 0.03 9.32
Ss 0.082 2.40 0.010 6.91 14.17 0.02 5.51
S, 0.093 2.25 0.039 7.24 15.34 0.02 6.78
Ss 0.082 4.85 0.010 7.12 24.25 0.01 6.78
S 0.075 3.00 0.010 7.25 17.25 0.04 7.20
Sy 0.051 2.05 0.387 7.13 33.50 0.03 8.05
Sg 0.105 1.35 0.010 7.14 11.30 0.05 8.47
Sy 0.104 2.05 0.155 7.23 59.41 0.02 7.62
Sio 0.069 1.25 0.459 7.26 26.79 0.03 9.74
Sy 0.090 2.20 0.271 7.28 15.35 0.04 11.40

£ 3 11 BKRMNEE

Tab.3 Water quality parameters at each sampling site in November

TP/ TN/ NH{ -N/ Chl-a/ A/ CODw, /
R pH

mg * L7} mg e« L} mg * L7} png e L7 mg e« L7} mg + L7!
S 0.125 3.66 1.530 7.70 23.00 0.012 11.00
Sy 0.142 5.25 1.730 7.79 18.22 0.033 14.30
S; 0.165 3.19 0.477 7.84 14.17 0.036 5.91
Sy 0.099 3.03 0.665 7.83 15.34 0.008 28.70
Ss 0.166 2.97 0.665 7.77 24.25 0.014 13.50
Se 0.174 3.44 0.762 7.77 17.25 0.049 7.60
N 0.122 2.59 0.894 7.75 33.50 0.015 2.02
Sg 0.151 2.70 0.762 7.72 11.30 0.018 11.40
Sy 0.090 3.91 0.511 7.73 26.79 0.025 2.11
Sio 0.078 3.41 0.477 7.71 15.35 0.011 8.44
Sii 0.214 4.80 1.020 7.70 21.23 0.006 6.33

fi G5 B AN R AR el R TR H A Yo, R R AR SR

WEA L SEARGEE T X R ERFEAG W . 2.3 FESH

KB AR HE COD, TP, TN, TOC 1 NH; -N, [f] FH R PEAR 352 58 25 5 T 75 1) S 800 2 B 46 45 77
I AW 0 4 A R A0 R K CHE R AR R B BT A R B ROGRTE T AL (A L SEBR SR B T B (W) L i b
BT H MBI X 6 R s HETS B A BRI VR B (P o) KR CHD AR $ K 51 %
(4>, n] DL 1 fil R0 K 17 SR A S R A L TS Cr) BT B8 R B (R ) S KR ARV o s 12 32 W I ik
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Tab.4 Pollution discharge rate for the six

VR IE (P ) 5 e v 57 58 1T AR S s 50 B 7™ ik 450K A
2015 AECIWIIN T R 19 X GE 11 4R 48 ), P K IR FIAE $82
IR 3 AR 5 S5 s e £ R L I DR T T (K

aquaculture modes

e PR s - ke PR R A ) (GB3838-2002) T1 1 1T 2 /K b vk 4
B CODwy TP TN  NH{-N  TOC . .
L 98.9 0.26 6.03 2.44 28.1 KT FRFE K IR P 53 5180, 1 mg/L 0. 2 mg/L,
KIOEES 1425 070 14.90  7.31 50.1 P, BCAE 7 58 ) 18] 0 15 69 TP B ¥R F B H
I3 g 222.0  0.73 22.90 1.2 63.8 0.05 mg/L, FBI7KHEH 2 m, N Ry Al 2K 2 4%
S ) 59.0 0.17 4.30 1.41 18.7 3?7;2 aﬁgi?%ﬁﬁﬁ$ﬂﬁﬁﬁﬁiﬁ7ﬁﬁﬁﬁﬁ F\,éééljﬂi
A 30.2 0.33 6.42 1.20 9.1 BT Z X 45 % ~55 U Bk SR K45 A,
it 90.5 0.22 5.32 2.99 16.4 iR AEE 50 % . B 2, HAKBUETE UL 5,

x5 FERETHESHIE

Tab.5 Parameters for the aquaculture capacity model

FRIH H RS BEA R W B/ KT/ FE Wl B2 Ik Emps 2K

i A 1 /hm? mg * kg! m KA EYe W /mg » kg WE/mg - kg!
WL 26343.4 0.05 2 2 0.5 0.1 0.2
KB 2067.7 0.05 2 2 0.5 0.1 0.2
L il 843.7 0.05 2 2 0.5 0.1 0.2
7 B 649.5 0.05 2 2 0.5 0.1 0.2
LREEY 540.8 0.05 2 2 0.5 0.1 0.2
5 i1 899.3 0.05 2 2 0.5 0.1 0.2

24 FEBEITH

R 5 48] 2 1 % B A5 RS R4S T A R L ER
6. TEPRFFFRFE KRB BE o 1 2K T4, oo
PSR NIy R BT NG RESY e R  B
Al 4% 57 1 B KB ff o4 7.38.5.79.2.36,1.82,
1.51.2. 52 t, il B3 H G 07 /) 3% 4 75 £ 43 391 R 28 370,
8 271.3 236,10 698,11 648.9 685 t, 5 5zhrr= &
FHEG, 5 B0 R A0, 7 00t K BT AR #) 1T 2K
JKAR A, 8 AT 38 Y 5 FE G 57 Lo i o 18.27 % .
95.63 %0 Fl1 7.35 %% , Ut W R A00 1T DLIE 14 5%, S
AT A 4 %, 7 A ) T D B R T R R
N SR I T I A A = N - A s 115 o [
34.65% .57.3 % F1 40.98 %4 , A e (i 5% 5l 7K M g ¥k i
PRFEFE 1T KR UET .

W R IR B2 S 267K BP 0.2 mg/L 358, K
A 425 32 1) o KWl A7 er D) 0 R L R AL R R
i | O R AR cp AR Il 28.21.,22.33
9.11.7.02 t.5.84.9.71 t; i Ak 55 14 IR 58 45 12t 43 3l
4109 429, 31 902, 12482, 41 262, 44 928,
37 356 t, 34 W 3 T IE bR, O SR B KR
WL 3 56200, de /N Ry Sl 64.67 00, X B 5F
Lb A1) 32 BARCIR 0 IR A S PR 3R B AR 7, K
B FRFE N BACE W, A5 A . COD %48 R, X
LR 2 (1 K 5™ H W AR, DA 5 1R 2K AR i SE T R
ZRH KA, IR SE PR 3R 58 AL 7 b, AR 95 B
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Tab.6 Comparison of the estimated aquaculture
capacity and the actual yield under Grade 11

and [[ water quality conditions

K I I A S4IN BRI ESiiy W0
Je fih TR/t A/t Z1H /t /%
W R 23987 28370 4383 18.27
1 KITRE 12656 8271 - 4385 - 34.65
Ly iy 7580 3236 — 4344 -57.30
L B 5468 10698 5230 95.63
LREEY 19738 11648 -8090 -40.98
W 9022 9685 663 7.35
H LA 23987 109429 85442 3562.0
KITRBET 12656 31902 19246 152.06
Ly il 7580 12482 4902 64.67
" I i) 5468 41262 35794 654.57
- e 19738 44928 25190 127.61
Hfa 9022 37356 28334 314.05

2.5 EFWBESW

YT RIREER ISR O 11 28K Fir 42 R il 53
f) FRVE IR AE T R RN 2015 AF BN Y M T T B 5
B P R B RS S BT A ARSI 2015 AR WYL A
BAFRS GTAERE 7, SR E/R,2015 4/
9 X R 7K S8 PR 2 B Ak 55 A 163 129 1 7T, AR 4l
VAL FR P A R TH B & B 8 45 147 564 T3 J6,
EH9.54% . FEIEH T ISR KALTEME
o R R T R A e R o S R 5 A a2 ek D
BRAE 4000 25 A7 VA5 TR B AT LA KS #7251 95.63 % .1
T BN AR, AN 2 AR AN

x7 HBENEKERTHFEZTESIR
FFEREFMEI LS

Tab.7 Comparative analysis of the economic benefits for
estimated aquaculture capacity and actual yield under

Grade [ water quality conditions

- mi Gk / 2015 4R IRALIE AT
JC * kgt sk /o s/ o
B A 18 43176 51067
KRty 30 37968 24812
L fil§ 19 14402 6149
I i) 25 13671 26744
e 20% 39477 23296
HM 18 14435 15496
At - 163129 147564
W AR AR SRR R R 3 AR P R AR Y A A
Note: “ # ” represents the annual relative price because the

breeding cycle of Trionyx sinensis is 3 years.
2.6 SEHEME

SRR S BT 1 S B X AR T 0 2
SR A KA S8, $R B S8 2 805 L TR 2 4 400 351 0
ik DA 25T DA L 36 B3k 6 2, AN MR AN 2, 23 3 U4
M, ASCH A Crystal-ball #4248 52 45 3% 4l
FET7 1 0 B T B R B(R) (K R % Gr) AN ]
W (P it 3 A S Bk 47 8Os 2 B, A
1 000K, FhAE I 72 UL I 2, e R4 3 o, H AU
B ZB0 5N 0.365,0.364 Ff1- 0,271, H wp 46 X {8
AR D) 2 0 52 L, A R R A A 0 T o R R
JE 58 1R ) 2 BB ) 8,

=
E
- &
RS 12F
~, 0
W 2 .
& é
K g e
22T "
R
L) %
= o3 <
Y »
4 b 0.5838
0 1 1 1 1
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e B R R o HKER Hr BN IR P,
Phosphorus retention coefficient Water exchange coefficient Phosphorus concentration in the river
4 RFFFEBENT
Fig.4 The sampling trace process of MCMC
3 it YR N BRI F b5 DA M T BT IX 6 A R R
T TE

3.1 FEIAEFEMHITM

AR SORR 5 £ 26 5% B 15 0 Bk o BEAR R T DA

XA B, R SR, T RKERT,
I TR A A B 28 370 t, R B8 271 t,
L, fi# 3 236 ¢, SMEA] 10 698 , H14L%L 11 648 ¢, 750
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Fig.5 Sensitivity coefficients of three important parameters
for the aquaculture capacity model

9 685 ;55 2015 4F LB A E R R AL SR
AU IS T AR S Y SR SR L B G
18.27%0595.63 % 1 7.35 06 . 1M K 11 B 655 | 5 il 1 v
He T I 2 D e A L I ) Dl 346504
57. 30201 40.98 00, F B TR R 5 6 A
Hh A B 16 S B A v MR 2 W R AR (oK B £ X G
WP | ik = 57 5 FE /K Ak PR 5 B A HE TS R R
B X 5 AH K TT I F S 4 1e — B T L 201454
Wi¥e . 2014) 5 B Ab 1 17 X L Ak IR ) 3t S - st T 94
DX Il A 0T T8 AR 22 EL/K AR 5 2% KK A e g 22
K Z BN R RR BE /95 3, B R AR 2 i)z KT
(SRR HER , 2010 5 B IBEAT . 2015)

FEWTAE TR 636 1 BT H B 552 il ¥
b B TR R K TREFE 5T o 25 3 UM 8 G Hf B v e
e L 2 R SR RN ) AR PR R X i R K Ak B R
TR A UACAR 0 4] ek S5 4 Tt ok ook 2 7 B RE K AR A
A4 e ) 5 ] IR SR BBOCRM G A5 i it 0 24 5| S 3R B 1 2
Fr— SRR 22 U0 2 B Rl L LL QR A | B S5 L 0 2 D
/A — B 3 G AT R ) IR B R AR 1T SR A | 5 i 4L R
EPEGR A T 9.54 00, [HA Ok T 2 W TR 19 3
S AR S E s 5380 B AT LAE 1B 28 3R IR IR LR 5 K™
F 44 (Integrated Multi-trophic Aquaculture, IM-
TA)IMTA J2&—F A2 25 2 G /K - f0 38 B 1R 4 3R
W, [ 3k 51 BEAS ) SR G iRl 26, i S Bl 1 A W R
Ve B WO AL 25 T A 1 IR G S DA T SEIN A e
B 37 B L 3 P A 4 T A0 B R0 BE R I 3 . O A DR K B
HRAEERE ST KR B AL R TR AR R AR A AR
s PR T AT RETE O ) F, 20135 S fiE, 2016) .
FURT, SR 3 = 2R I dE g a2k -z gk o
Jer AR - AR SR Y R - R -
g RS-0 27 AR AT AR AR IR SR L T
IR BRI 9 B (HIIRME. 20133 R . 2011,
£ B AL Z XIS LB K 11 2R 7K IFAG B 37 i 45

WA 2 48 HIF 523X — 45 8 (Alexander, 2010; 5 ¥,
2013), Chen % (2011) & A i 380 32 Ji 189 H 4 e
NERFEET TR X FERER TP ERY R
TEYA] T8 T B I TR) S R T, FRAE A R 4
KRN T E SRy A HE T ) R KR
T i 0 7K S5 5 e K AR N 3 Sl 3R e 8 KB
W) 37 I Y BR 8 A A E ns [R) A L SR K
A KT - IR T4 56 3R 38 4 K 1 I S o AT 52 T il 37
KRR, Rt 2 A U = SR A A i, — 7 T
AT RLZE R v Y E K AR B R D) BE L 8 0 v 3R X
i BA BE T L A A AR K AR A ) (Zhou 2006) A0
A 25 (Wu, 2016) LES I 4 41 kL (BE 3 4E,
2016) 55 5 BRALAE It 5 73— 75 T 200 20035 A K PR A5
ARBL 5 AT LASE 52 SR B A ) 38 A 8 2 4R (Zhou,
2006) , Il 20 77 58 2 K 1) J&] 320 K g HE R T I 4%
At TR YR T G b Gn e FH b AR I A e v DA S A T
15K AL 4 (R kR, 2010)

AR — 2 1S, i T IR 5 PR 58 9 AN Fa E 1 L 2B
FrFE 7 i I AR O — A H B T B P B T A R
o, BA IR s 251 55 4h, R A e W RE Rl A 77
58 77 X5 95 5 B R 1 SR TS B 52 5 (Charles,
2005) o A IR 75 i 45 AU A T AR A BR % W 0 £k
P HE b S5 AR BN ] B, A 5 A b AT B AR
AR GEHATTE L T8 AT F7 58 SOR T2 55 38045 19 TR) I
IR B B A Y PR BT A A R A . S BRIR K % BE L (9 7T

2% 3k
WS L A A L TR AR AL 2012, K SR A T RIS e 5 R
I AEE LRI, KR, 8 (3):79 - 86.
SOEF BB, AAEER .45, 2011, FIVEVE K FR A 45 TF oY
L. e R 2 2= 4R CH SRR D - 31(1) 279 - 84,
J7EOE, E R PN L 45,1996, VI A AL B DL R0 2 i
RIWEFE )], MK =R, 17(2) £ 18 - 30.

L R T AGHT . 2008, K 3R R K AT 3R R K £
RERAEY T, AREEEH, 23(4):560 -
567.
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G TR IR L 45,2013, KOMIE L BE A AR D Y 52 8R
SRR, PR, 34(10) :3862 — 3871.

BPRAE, 2013, LRI X IR 4 8K 0 -2 S 25 5 77 FH B =X 1 3
BRGHID]. g . LI R 2.
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Carrying Capacity of Regional Aquaculture Based on Environmental Capacity
LIU Mei', YUAN Ju-lin', NI Meng', HE Hai-sheng®, YE Xue-ping', GU Zhi-min'

(1.Agriculture Ministry Key Laboratory of Healthy Freshwater Aquaculture, Key Laboratory of
Freshwater Aquaculture Genetic and Breeding of Zhejiang Province, Zhejiang Institute of
Freshwater Fisheries, Huzhou 313001,P.R.China;
2.College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306,P.R.China)

Abstract; Evaluation of regional aquaculture capacity, based on environmental capacity, is necessary to a-
chieve optimal densities for primary breeding species, reduce pollution from aquaculture and support sus-
tainable develop in aquaculture. The Nanxun district of Huzhou city in Zhejiang Province was selected as
the research area, where there is an aquacultural area of 5 946.71 hm?* with an annual yield of 90 000 t. In
May, August and November 2015, ten monitoring sites were established to investigate the condition of aq-
uaculture and the water environment at Nanxun District and determine the pollution discharge per unit
production of six primary aquaculture modes. Based on the results, an aquaculture capacity model was con-
structed, taking phosphorus loads and Grade II water quality standards as the restricting condition. The
model was then used to calculate the optimal ecological capacity of the six aquaculture modes. Results show
(1) phosphorus limits water quality in Nanxun district; (2) the phosphorus discharge per unit production
for the six primary aquacuture modes (the four major Chinese carps, Micropterus salmoides, Ophioceph-
alus argus Cantor, Culter alburnus Basilewsky, Trionyx Sinensi and Mylopharyngodon piceus) were
0.26 g/kg, 0.70 g/kg, 0.73 g/kg, 0.17 g/kg, 0.33 g/kg and 0.22 g/kg, respectively; (3) The correspond-
ing maximum acceptable P-loading (P, ) for the six primary aquaculture modes were 7.38 t, 5.79 t,
2.36 t, 1.82 t, 1.51 t and 2.52 t and the corresponding carrying capacities were 28 370 t, 8 271 t, 3 236 t,
10 698 t, 11 648 t and 9 685 t. Parameter sensitivity analysis of the aquaculture capacity model was carried
out using Markov Chain Monte Carlo (MCMC) methods and the sensitivity coefficients for the phosphorus
retention rate, water exchange coefficient and phosphorus concentration in the river were, respectively,
0. 365, 0.364 and —0.271. These values indicate that the regional aquaculture capacity estimates, based on
TP meeting Grade II water quality standards, are reasonable and provide a scientific reference for decision
making in relevant administrative departments.

Key words: carrying capacity of regional aquaculture; environmental capacity; phosphorus loading; ecolog-

ical breeding



