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Tab.1 The indicators and parameters of ecological services evaluation of seaweed aquaculture

AR 55 R

PN T

AR R B ()

AL (p)

identified ecological services valuation methods transfer coefficient unit price
HEASRS  COEE WAL WEE: 27.39% 35 RMB/t (8, 17]
generated CO, capture carbon credit carbon content
ecological BRI N+ PHEAE T AR N. P& 8 752 800 RMB/t [18-19]
services eutrophication regulation the penalty standard of N, N, P content
P pollutant discharge
e mE R R HETRAL T AR 90.22 g/t 15 750 RMB/t [14,18]
heavy metal removal the penalty standard of
heavy metal discharge
WALEBMS  WARMEATR RRMRIR 35O 0.15 hm” +-Hb/t 535 49 660 RMB/hm®>  [15,20]
saved avoided transformed forest land ecological services value
ecological of forest land
services RSNl IK BN 667 t /K/hm’ 1.86 RMB/t [20-21]
avoided use of water resource value of water resource
WLIRALIE N. PHESUA i b e 351.60 kg/hm’ 8 752 800 RMB/t [18,22]
avoided use of fertilizer the penalty standard of N,
P pollutant discharge
LAY IREETS el T AR tE 50.43 kg A< Zi/hm’ 24.9 RMB/kg [22-23]

avoided use of pesticide

environmental damage value
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Wil & — GBS KA, 5 ZHHBE8
TR FERA, o THBE . Iy s Aol BUOR
IR, WA MRS — 2. E
1043k, Wi V148 M3 3 97 58 FH 200541933 427 thk g
F| 20144E 1942 724 t, $Em 12805 04, Hb sk
TR SR 22 752 t, f RV IR S R
53.25%7c 47, HoEEHEE 13065 0L L, AWV
A PR TR ERENEH. BT X
SEFRGH AN, W VLA i K TE R RR AR U R A
3, D EMVLE L N AZE (Ulva lactuca)
VL F5 48 B A 7205 I 20054E 18 202 t, & &
F20144F 1126 948 t, L1485 A4, EEE
SRR O F . Hh SR 225 786 t, o AR
R N 95.69% A 4, Hy s 14345 D) |

TV ) T 8 A 3 e T AR 1 DXL AR
BRI, e
i e 50 T B M R 2R SR (46.68%) . M AF
(24.84%) FIE AT 32 (25.67%), i FL 450 B A VL 8
(1.75%) L) K A7 26 (1.06%) . AHHLHTYL, VL7 £ 2
PLEESRFRAE N (5 R SR A AL 93.74% )
VL (4.39%) . M (1.85%) Mk, HALFE /D E Y
B 32(0.02%). Hd, 20144V . T98LL K
G [V 3 7 0l 32 v AR an 2 T R Y,
FEWTTLAR , WA . 2R3 SF SR IR A 1 AR
WIk637. 8437, 840 hm?, i 7E VL IH44 1 W 55

®2 MIES5IAEEEFRE~UILE
Tab.2 Comparison of seaweed farming industry between

Zhejiang Province and Jiangsu Province

FeE/ton  production [Mi#/hm*  area

MR speces T W Wk Wt
Jiangsu  Zhejiang Jiangsu Zhejiang

T 351 9937 700 637
Laminaria japonica
M 6
Undaria pinnatifida
E $d 25786 22752 39 024 8437
Porphyra
TE 805 800 25
Gracilaria
Eucheuma muricatum
EANE 9135 840
Sargassum fusiforme
Vep:d 100 39
Ulva lactuca
M 26 948 42724 39 724 9978

total
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Fig.1 Comparison of the value of seaweed ecological
services of Zhejiang Province and Jiangsu Province
(2005-2014)
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Tab. 3 The ecological services value between Zhejiang Province and Jiangsu Province (2005-2014) Vi
ABIRSINME
. X 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
ecological services value
LA COltE 17.45 17.79 25.59 31.27 25.47 23.40 21.90 28.35 25.83
Jiangsu €O, capture
Province & B IRIAT 81.48 84.39 123.08 11661 151.75 12457 11340 10572 13721 123.98
eutrophication regulation
B REBR 25.86 26.36 37.93 46.36 37.76 34.69 32.46 42.02 38.29
heavy metal removal
LR TR 19 805.19 20 188.20 29 042.98 27 494.64 35496.36 28 913.49 26 563.25 24 856.05 3217229 29 321.52
avoided transformed
forest land
FTLHIIK BEIR 49453  504.10 72520  686.54  886.34  721.97 66328  620.65 803.34  732.15
avoided use of water
resource
REEALINE At 131.44 13398 19275 18247 23558  191.89 17629 16496  213.52  194.60
avoided use of fertilizer
AR Y 50132  511.02  735.16 69596 89851  731.88 67239  629.17 81437 74221
avoided use of pesticide
A E 21057.28 21465.83 30 882.67 29236.35 37 746.18 30747.03 28246.70 26430.92 34211.08 31178.58
total value
T Co.fEE 32.04 37.72 38.14 38.36 38.17 41.88 44.49 39.69 40.96
Zhejiang CO; capture
Province & & FRLIAY 149.63 17895 18344 15176  186.12  186.66  202.92 21480  192.15  196.55
eutrophication regulation
HE BB 47.50 55.91 56.53 56.85 56.58 62.07 65.95 58.84 60.71
heavy metal removal
L FRMEAL TR 36371.18 42810.42 43287.00 35782.53 43 535.08 43326.17 47530.51 50500.96 45052.95 46 487.04

avoided transformed

forest land

ALK IR 908.18
avoided use of water

resource

1068.97 1080.87

AR 24138  284.12  287.28
avoided use of fertilizer

LAY 920.65  1083.65 1095.71
avoided use of pesticide

M E 38 670.58 45519.74 46 028.97

total value

893.49 1087.07 1081.85 1186.83 1261.00 112497 1160.78

237.48 288.93 287.54 315.44 335.16 299.00 308.52

905.75 1101.99 1096.70 1203.13 127832 114041 1176.71

38049.26 46294.40 46 073.68 50 542.77 53 700.69 47 908.01 49 431.27

MR 55t bE 2 BL A0 55 58 0 A% & v A S B i
Mo XFFE M E, AR T E H AT
B A% (357C/t), BEINAF G EE G, A
LR FH s PR AR P Swit! VY B Bl B HL b A
#ES 2, N PIS Y B AR R HIN . P2S
B AR R TS K AR BT S R R AR T
N. Pi5 iy hb BRAN A%, B 450 S R 1
IEH, FEREN. PRI 48 15 YL ¥ 1Y Ak B 4%
B, AR5 18 BFR [ 5 e 1 HE AL $70 B o v
MAE B, IR TS AR PR A . B b3
AVTE B S MM EH. SHFE, AR5 R
V4 TR 4 A A IR 55 A A v TRV 9 T AR S IR 55 A
EWFsE T, XESMEE K, IR & A
AT K ™ S 5 B

Bt AN [R) 0 1R S5 4 o EL AT AN [ 1 CO, I AL
71, N. PHIEEEBERAE S, AW nl % i
Az A M 55 32F — 25 AL LA 28 AN [R) 1 3 7F L H2A:

AR5 T R e, WEESEAEC, NFIPE 7
T H ARG [ BE 7, WA . VL R0 B =
BAREMN, PEFRAGES . MPb., Cr. Znfl
Cule R ERLZNF EE SR, HPTEA
BRI ICPb . CrAICulffE J1, FMIEF A
DR Z 5 SR A 2 B B e ) Zn W 0 RE
J1, 4y R279.201439.3 mg/kg(FE4). WIHTHT
W, WA RNV 950 48 W 3805 e Ol 2 B IX 3
RS, 3 I A A IR 55 TR S Y
58 B R R A5 A G BB 1T A T B B T
o,

S E s, 2 & H Rk 55 5 3O 55 i (8 &= Ak
(R FRMEE , BR T A B 9T TE B 04 T 98 R A A A R
FHh, B — S H AL RS IR T — S A
BRI IR 5T 2 b o (DS HLA . 6 8 A 1 7
W EE PR A E AR B B A
AEEPE D ) E A e, 16
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Tab.4 C, N, P and heavy metals content of seaweed species (based on dry weight)

Eﬁ—i}%%\%/(mg/kg)“‘ 6, 8, 10]

Fh TR /% BERD%  BEE"% heavy metals content

species C content N content P content Pd Cr 7n Cu
bk 29.3~33.5% 371 0.52 13.41 7.20
Laminaria japonica
e 36.84% 2.69 0.12 7.76 6.41
Undaria pinnatifida
g S 38.19" 457 0.75
Porphyra
L 20.6~30.18" > 453 0.34 24.26 0.39~68.12  63.36~170.7 34.35~62.34
Gracilaria
B =E 4.09 0.46 1.86 0.06 206.1 1.96
Eucheuma muricatum
A 30~320" 247 0.16 6.66 18.96 19.04 ~279.2  11.53 ~49.98
Hizikia fusifarme
Vepn 23.5~30.7°" 2.75 0.16 2.01~5.57 23.43~39.79  5.13~4393  7.51~59.58

Ulva lactuca

BT LUE G A R A2 0.12 4R R
BRI SRS Tl R (SR 40058 /0 A1
A, 201447 Wi 1T.48 FNYT 9548 B K Y TG 3 ] 7= A AR
MF2 036 T LA Q) HMARS . WHTiEIR
BEfry | RIRDY . Bl E A

32 RELEESFAIR

I = AT 7l AR S IR 55 0 R 15 3
FOr I o TR AT ARG R
R . TSRS, Bz BA SRR
MO TEG I 5, 20 B T #
R R e I EOR R, W2 T IR
PN Y A o LA FRAE R 5 B WA R
TNE AR SRS KA, IR G A R RS A 22
WL FRHE 1 35 8 2% (P. haitanensis) % VA3 1
M/NFRBE P O s R T8 2 AR 87 =y /)
T, ML T2 EE; o, M
BN, HEMEFRE A S o LA E PR 3 s T
DX 3 58 30 i B AR AE B R, A R a HRE G VR
Jio HSZXTH, TLIRE 5B 55K (P. yezoensis) 't
PRI T T A S B L ko K AT
v a R G, P AR A R, (R AE
VLA SR R, d/NES Al 3 R
B, AEAE A I 7= e P RN, o e o A
ARG, HXTABE A, HE, KRE
WEEMIMTH ARG, DETRZH0NT
BLER A2 H A s Bk oY ok, FRIE AR
XoF U BT A2 BE R, T S R R B
20124F VL3I348 A5 BE 583 Hh 1AM R I B 60%~
70%, EWTH 2 ELELIEE N E, H AN
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Ecological service value evaluation of seaweed aquaculture in
Zhejiang and Jiangsu Provinces

LUHan', YE Guangiong', JIN Mingjian’, JIA Shiguo ’
(1. Ocean College, Zhejiang University, Zhoushan 316000, China,
2. Rudong Marine and Fishery Bureau, Nantong 226000, China;
3. College of Atmospheric Sciences, Sun Yat - sen University, Guangzhou 510006, China)

Abstract: The alternative cost method and opportunity cost method were used to evaluate the value of ecological
services provided by seaweed aquaculture based on the study of seaweed farming in Zhejiang Province and Ji-
angsu Province from 2005 to 2014. The results showed that the value of direct ecological services mainly included
three factors: the value of carbon capture, the value of eutrophication regulation and the value of heavy metal re-
moval. The value of indirect ecological services included the value of avoided transformed forest land, avoided use
of water resources, avoided use of fertilizer and avoided use of pesticide. In 2014, the values of three seaweed
aquaculture direct ecological services are 0.41 million RMB, 1.97 million RMB, 0.61 million RMB for Zhejiang
Province and 0.26 million RMB, 1.24 million RMB and 0.38 million RMB for Jiangsu Province, respectively; the
value of four indirect ecological services are 464.87 million RMB, 11.61 million RMB, 3.09 million RMB and
11.77 million RMB for Zhejiang Province and 293.22 million RMB, 7.32 million RMB, 1.95 million RMB and
7.42 million RMB for Jiangsu Province. The total value of ecological services of seaweed aquaculture is far great-
er than the direct economic value of seaweed. The vast area of coastline indicates that seaweed farming has great
potential for development, and the promotion of seaweed farming can not only be a solution to address the arable
land and food crisis, but also has a positive effect on reducing carbon emissions, reducing nutrient pollution and

coping with global changes.
Key words: scaweed; aquaculture; ecological services; value evaluation; Zhejiang Province ; Jiangsu Province
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