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Abstract Pond aquaculture was a critical fishery production system in China. At present, eco-service value research focused on the
positive aspects while negative service values (e.g., environmental cost) were neglected. Pond aquaculture performed multiple
functions, including aquatic product supply, air conditioning and temperature adjustment, culture recreation services, etc. At the same
time, this system can also bring forth environmental costs. For further clarification of changes in eco-service values and to realize
sustainable development of pond aquaculture, this paper established a comprehensive eco-service value evaluation system. On this
basis, eco-service values and their the spatial-temporal variations in pond aquaculture eco-service values in Shanghai (including
Jiading, Qingpu and Fengxian Districts) were estimated by Market Valuation Method (MVM), Travel Cost Method (TCM),
Contingent Valuation Method (CVM) and Shadow Engineering Method (SEM). The main results of the paper were summarized as
follows: 1) The total values of pond aquaculture eco-service in Jiading, Qingpu and Fengxian Districts were approximately
8.228x10” Yuan-a™', 8.462 8x10® Yuan-a™' and 1.558 84x10° Yuan-a™', respectively. This respectively amounted to 9.408x10°
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Yuan-hm2a™", 2.000x10° yuan-hm=-a™" and 3.273x10° yuan-hm >a"'; which were 2.69, 1.94 and 2.17 times of pond aquaculture
economic values in 2011. This showed that significant differences existed among the spatial-temporal variations in pond aquaculture.
2) Pond aquaculture eco-service values were high, but this huge potential values were not optimally exploited. Unrealized eco-service
values were respectively about 5.46, 1.23 and 0.46 times of net food supply values in the Jiading, Qingpu and Fengxian Districts. 3)
Driven by temporal variations in economic efficiency, pond aquaculture varieties were adjusted from 2010 to 2011. Conventional fish
aquaculture reduced significantly while freshwater shrimp and Penaeus vannamei became the main aquaculture species in the studied
districts. 4) There was significant difference and flucturation in temporal variations in eco-service values due to different spatial
distributions among eco-services. Recreation culture service value was highest from April to September, air conditioning value
highest from July to December and temperature adjustment value highest from May to September. 5) Pond scales had significant
impact on spatial-temporal variations in eco-service values. Pond aquaculture eco-service value was subjected to scale economy.
Spatial-temporal distributions of different types of eco-service values were dissimilar and no clear general mechanism was noted. It
was necessary to adjust and optimize management strategies of pond aquaculture based on the eco-service value distributions and to
develop recreational fisheries to improve eco-service values. It is important for government to develop and implement necessary
ecological compensation policy to achieve environmental equity and sustainable development.
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Table 1 Pond aquaculture ecological service value classification and appraisal methods
Eco-service classi- . -
fication Appraisal method Principle and model
Net food supply Market Valuation TVg=Zmyxpy—C .
value Method » Vg ¢ ). my (kg), Pn ( kg)C
( B
Air condition value Y22l VO2 =0.5(Cy +C_o,)xMo
Shadow Engineering Veo, =0.5(C; +C¢ o, )xMc
Method!?*?! - ’ ,
=V02 ( 'hm™a™), Cp 0, 04 kg), Cio,
(03529 kg), Mo (kg), Vo ( hm™a™), C
2
0.123 kg™, Cio, 02609 kg™, Mc CO,
[26]
Temperature ad- Shadow Engineering V, = P QuxLxS
justment value Method k A F
Vi () Qu (kg-hm™); S (hm?);
L , (2260 kIkg™"); F 29
270 kI'kg™"); Pa , 2010 746 !
[2]
Culture recrea- (3:23] Vi=Vi+ Ve + W,
tion value Travel Cost Method , Vi A , Ve , Wi CVM
and Contingent Valua- CVM
tion Method
B3:23) E,o In(1+e%)
Environment cost ~ Contingent Valuation P p
Method Vy, = Eyrp x P
,a , B , Ewrp WTP ( ) Vi
,P




220 2013 21

3 2010—2011 27% 17%  41%;
2 HBRERH
b
3 10% 5%, 19%
(2010—2011 ), 20102011
R Stata 10.0
’ 123 347.78 hm™>a™' 136 452.68 -hm>a’'
141 605.70  -hm™>a™' ,
136 433.70 -hm>a™'
2.1 o
) 198 905.40 hm “a™,
57 983.33  -hm*a' 231 888.53
‘hm2-a”,
b
164 742.83 hm>a' 24859538 -hm*a
, ( 3) 2010— ;
2011 ,3 ’
, 54% )
17%, 37%;
22% 2011 3
, 2010
*2 LEHEMXMEFRBERYELENESR
Table 2 Net food supply value of pond aquaculture in Shanghai area
e Aquaculture Pondarea  Cost-profit ~ Averae income Average cost Average net food Total net food
District . Year 2 A 2 1 o
variety (hm") ratio (%) (Yuan-hm™“-a™) (Yuan'hm ~a™ ) supply value supply value
(Yuan-hm2-a™") (Yuan-a™)
2010 269.53 197.48 365322.75 206 859.15 158 463.60 4271094.11
Jiading Conventional
fish 2011 258.07 79.82 212 234.10 123 977.10 88231.95 2277019.34
2010 24.50 83.80 201 135.00 115 387.05 85 747.80 2100 821.10
Penaeus van-
namei 2011 15.13 172.39 306 705.90 109 377.30 197 463.60 2987 624.27
2010 21.30 38.82 166 195.65 115 056.30 51136.35 1089 204.26
Freshwater
shrimp 2011 7.13 120.71 359 848.05 138 079.05 221 769.00 1581212.97
2010 315.33 106.70 244 217.80 145 767.50 98 499.25 4590 019.47
Total 2011 280.33 124.31 292 929.35 123 811.15 169 154.85 2733 856.57
2010 1309.67 291.18 249 618.15 65216.70 184 401.60 241 505 244.00
Qingpu Conventional
fish 2011 1928.13 55.23 246 095.70 157 629.90 88 465.80 170 573 563.00
2010 1 104.00 108.71 115 842.90 62 153.55 53 689.50 59273 208.00
P. vannamei 2011 863.47 83.10 139 234.50 76 957.35 62277.15 5377 450.71
2010 529.13 150.98 233 122.05 85282.35 147 843.75 7 822 863.44
Freshwater
shrimp 2011 427.67 230.94 283 142.85 101 500.95 181 641.90 7768 291.37
2010 2942.80 183.62 199 527.70 70 884.20 128 644.95 379 007 014.90
Total 2011 3219.27 123.09 222 824.35 112 029.40 110 794.95 302 030 805.00
2010 136.40 127.24 442 810.05 178 753.65 264 056.55 3601 713.42
Fengxian Conventional
fish 2011 284.33 110.31 253 786.95 120 086.70 133 754.25 38030 345.90
2010 3269.00 150.25 426 084.75 144 575.25 281 509.50 92 025 455.50
P. vannamei 2011 2964.73 157.46 306 309.45 124 042.05 182 267.55 54 037 473.50
2010 776.67 166.81 163 729.65 68 368.80 95 360.70 7406 394.87
Freshwater
shrimp 2011 723.07 277.90 547 075.65 145 245.75 401 830.05 29 055 154.30
2010 4182.07 148.10 344 208.15 130 565.90 213 642.25 103 033 564.00

Total 2011 3972.13 181.89 369 047.35 129 791.50 239 283.95 86 895 573.70
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Table 3  Structure of net food supply value of pond aquaculture in Shanghai area in 2010 and 2011

Proportion to total net food supply value (%)

District Aquaculture variety 2010  Year 2010 2011 Year 2011
Conventional fish 54 17
Jiading P. vannamei 29 39
Freshwater shrimp 17 44
Conventional fish 48 26
Qingpu P. vannamei 14 19
Freshwater shrimp 38 55
Conventional fish 41 19
Fengxian P. vannamei 44 25
Freshwater shrimp 15 56
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Table 4 Recreation value and environment cost of pond aquaculture in Shanghai area

2. -1
Yuan-hm “-a

Item

Jiading Qingpu Fengxian
(TCM) Recreation value 407 898.76 63 312.50 1707.39
(CVM) Culture value WTA 429 125.51 40 615.01 86 447.15
WTP —-556 209.42 —40377.41 —98 829.31
(TCM+WTA) Culture recreation value 837 024.27 103 927.51 88 154.54
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Table 5 Recreation value of pond aquaculture (TCM) in Jiading, Qingpu, and Fengxian Districts in 2011

Item Time Jiading Qingpu Fengxian
1 The first quarter 275.75 429.16 322.93
Travel cost (Yuan-person™") 2 The second quarter 1389.97 1371.11 2077.20
3 The third quarter 1840.19 1051.54 2081.17
4 The fourth quarter 444.55 443.97 447.45
1 The first quarter 1967.72 2488.18 4032.26
Travel surplus value (Yuan-person™") 2 The second quarter 946.07 1382.70 1234.72
3 The third quarter 1198.18 2150.08 441.81
4 The fourth quarter 1787.03 1 444.67 2192.50
1 The first quarter 123.13 183.14 158.67
Travel time cost (Yuan-person™') 2 The second quarter 1479.99 10 68.63 2578.53
3 The third quarter 1 976.60 785.94 2 645.36
4 The fourth quarter 315.95 326.63 320.59
1 The first quarter 2366.60 3100.48 4513.86
Aquaculture pond recreation value 2 The second quarter 3816.03 3822.44 5890.45
(Yuan person ™) 3 The third quarter 5014.98 3987.56 5168.34
4 The fourth quarter 2 547.53 2215.27 2960.54
() Total (Year) 13745.14 13 125.75 18 533.19
1 The first quarter 3732 7459 179
Tourism people number (2011) 2 The second quarter 6852 13 692 330
3 The third quarter 12 824 25627 617
4 The fourth quarter 5911 11 812 284
2010 Total number in 2010 10 190 31220 1380
2011 Total number in 2011 29318 58 590 1410
Pond area (hm?) Annual average 280.33 3219.27 3971.13
1:0.95: 1.35) ., WTA
3 WTP ,
: 3 4 3
;2011 1410, WTP ,
4.81% 2.41%, ; WTA ,
14.17 1.23 27
(hmz) [3]’ ,
0.42%  2.7%, 3 WTA
s
, WTA 4699 - ' 7078 - !
, 3 16598 - ',
, 3
2.4.2 429 12551 -hm™> 40 615.01 -hm™

86 447.15 hm™,
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Table 6 Environmental costs of pond aquaculture in Shanghai area
Item Jiading Qingpu Fengxian
Ewrp (Yuan-hm™ a™") 54.92 179.74 246.49
Population 640 000 521 794 461 851
Total WTP (Yuan-afl) 35148 800.00 93 787 253.56 113 841 653.00
Pond area (hm?) 280.33 3972.13 3219.27
Environment cost (Yuan-hm2-a™") 125 383.65 23 611.33 35 362.57
54.92 )
“at 17974 “aTl 246.49 “lal,
,3 WTA
WTP LA '
\ 3 HitREW
b < < 3
,3
09 0.99, )
(2011,
2.6 () 3 ,
3 0.822 8 8.462 8 15.588 4 ,
s 3 2011 2.69 1.94
«n 7, 217 ,3
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94.08 20.00 32.73 R
(2)2010—2011 3
’ ’ 0.42%, 15.07%,
(3)
( ) 7—12
5—9
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1.23 046 ;
’ 4
2.69 @
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1.94 217
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54.92
Yuan- “ta! 179.74 Yuan- “'a'  246.49 Yuan- la’l,
<« 2 (6)
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Table 7 Average summary (net) of pond aquaculture eco-services value in Jiading, Qingpu, and Fengxian Districts of Shanghai in 2011

Yuan-hm >a™!

Item Jiading Qingpu Fengxian

(1) Food supply value (1) 184 401.6 110 794.95 239 283.95

(2) Air condition value (2) 5302.56 6264 5779.68

(3) Temperature adjustment value (3) 39 489.48 2 547.12 29 456.16
(4) Culture recreation value (4) 837 024.28 103 927.51 88 154.54
(5) Environment cost (5) 125 383.65 23 611.33 35362.57
Net eco-service value 940 834.27 199 922.25 327 311.76

(2)+(3)+(4)+(5)/(1) 5.46 1.23 0.66

Total eco-service value (Yuan-a™)

82 280 820.27

846 276 972.3 1558 837 664
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