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Fig.1 The multi-dimensional nature of aquaculture systems

T OSBRI FL 4 75 X BF (Litopenaeus vannamei )i AV 200 g/m’; HOGHRERALECE 70.81%,
= K H. 5 F W4 (Cyclina sinensis). 1L (Gracilaria BREF AL RCR M 92.07%, 5 ANIKF] % HK35.6%,
lichevoides)IR % 5 M AL RCR JEAT T0F5E, 45 TAPHIFI IR 17.2% (1) AT, LA 3%
RN, TRIZERFMET, RFERGERAESL B 45 A6 I L AT A v 1 X R 7 R 28 5 RN 4 4B
FHPCS3, RIJLANEEXSER30R/m’ . FHIR30 N /m’. BB EF B R B 1 A SRR

®1 EENAEMNTMSER . RELIERFHYER

Tab.1 Effects of integration of L. vannamei, C. sinensis and G. lichevoides in pond

TiH AbFE treatments

items P PCSI PCS2 PCS3 PCS4
SUFRFEE/(AN/m?) P stocking rate 30 30 30 30 30
FHIABEFRE/(M/m?)  C stocking rates 0 7 15 30 45
TLE IR R /(g/m’) S stocking rates 0 360 280 200 120
HUR§ = 5 /(g/m”) P net productions 1154 119.1 116.6 136.8 106.5
HH 77 8/(g/m’)  C net productions - 5.1 16.4 32.8 253
TLE %77/ /(g/m’) S net productions - 938.0 743.0 779.5 390.0
HA e LA /%  photosynthetic conversion efficiencies 0.12 0.71 0.64 0.81 0.54
MBEHELALHR /%  total energy conversion efficiencies 42.62 90.97 82.77 92.07 60.48
NAIFH#/% N utilization rates 24.5 38.2 34.7 35.6 26.3
PFIFIZ/% P utilization rates 7.2 13.9 143 17.2 9.5
FEHAR AL ratios of output to input 1.22 1.89 1.71 1.69 1.29

e POJLGNERAR, C. U, S.VLE, PCS. JLANEXTUR. Fia. LERTR: SeEIERRBNRER%)=01 B b Ot & E R BN )%100%, £9)
REFEAL R (Yoy=(1 S i HE /2 TR BN )< 100%, Ak BE B 10 B3R (%)= (4 L i H /4 BN ) < 100%

Notes: P. shrimp, C. clam, S. seaweed, PCS. shrimp, clam and seaweed; Photosynthetic conversion efficiency (%)=(total net output/Photosynthetic
input)x100%, Biological energy conversion efficiency=(total net output/biological input)x100%, total energy conversion efficiency=(total net
output/total input)x100%

B2, NzAES, BER LARRAEFREE  17.2%, HAKESERHER] T i s R AE i
HPCS3, HXJ R PNFIPAY A R WA 35.6% M R, BEE — L8 20k 3r a7 30, 4 il 2 X IR
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b 35 5 B AN L KBS B (Salmo salar) ™ 46 3% 58 1) H1
Ik A J8, K™ SR 5 6 PR ) A T R I ) 51 5R
[ G EA D e

HA b, FREBATR 4 K 2 BB R
RIS X Z D IREHN ., PSR, H AR
T T N A — 28K 7= FR 5 R G A 1 UK i
N. PHEAlCE, R B, PIFH . RS AR =
RN, PHE AR ZM(F2),

T2 TRKZHFERGEETIGTHN, PHIRE

Tab. 2 The N and P emission in different
aquaculture systems kg/t
FI RS
N P
culture systems

WRIKMIAFE M fresh water fish cage 100 23
WKW FIFEE  sea water fish cage 78~90 920
M7 fish cage 190 28
WKHYEFR A fresh water fish pond 71 11
RREFEURYE  semi-intensive 58 16
FEFRUFYE  intensive shrimp pond 104 42

AR S AU A 20024F Tk [ W 10V UY Y
K FR A 15 K HECE 15 119.8x108 m*, Hid, &
A6010t, 924t, COD29016t, /K7~ 55 NFI
P I HE 43 590 o 32 DX 8 o 5 HE i 2 119 2. 8% I

5.3% J3PEARIF R, R Vi K AR IR AR
B IR B 0 A NHE R 390038 3. 707 e/ 45T7 ¢, i F
] 3 A IR B A 3 TS K HET R B 902 Tt
AL AT AR T K T SR A RN PAE
15 e HER R AL

1.2 BYE~. MEEEME A

R I RK SR RGN AN B O EH
AP AT A 7= 6 gh U 2 Ak T g R
HIEFI], MK FREE A T — e, Bt
AEFERK S BR AL A C = HANEE T — &
A, Bk AT DAY B W s S T A
SRR AT . HFROE E R (R
%) e IR (Cyprinus carpio)iG S R & TS
Y ARG

e EA MK A Dy ek rp, FRE K R SR
ARG EEAE R YA - AN ERS (. 201
TR, — LB 575 U7 ARk A i
K, FRAHCEAHRE S, RUWET A W
P, REX TR —FREMEM T, HFEHLH
TR A LT REA BT TR, ERS 3% 19
T AR SO 2 MR B 4 i (6 3)!° . R3] LU
PR R EORS R B A TR IR g R A
g6, LT AR R g WO A T ou g, Xk
AR TEAM R R 2K ),

x3 TMABRGHFEFUELR

Tab.3 Annual economic accounting and analysis of 7 farming systems

TiH IR (kg/hm®)  ZHFEHN/(F/hm®)  ZFFEFEH/(¥hm®) ST AN/(¥hm?) TR N
items stocking density  total economic input total economic output _ income per unit area _ratio of output to input
HER% 2 e 4.60x10° 1.10x10° 1.81x10° 7.02x10* 1.64
extensive pond for
sea cucumber
HBYERS IRt 1.51x10° 4.81x10* 5.65x10" 0.85x10° 1.17
intensive pond for grass carp
IR AE I LG 1.56x10° 3.97x10* 5.95x10" 1.98x10°* 1.54
intensive pond for
grass carp polyculture
PULIRUREE S P 7.92 1.60x10* 2.94x10* 1.34x10° 1.84
semi-intensive pond for shrimp
LK IR K ZE - 1.355%10° 2.511x10° 1.156x10° 1.85
running water for turbot
PEITKIRIE A - 2.3x10° 8.416x10° 6.116x10° 3.66
RAS for grouper
T 3=z 1.25x10° 6.53x10° 8.00x10° 1.48x10° 1.23

indoor sea cucumber culture

RECEANFIH T L FEH T RMALR
Yy 7 HRE B 85 o — S 5] PR 44 24 LT
X B b 378 S G A O PG A e ) R AR LT FE R
ARy AU 19954 4 BkoK ™ 37 5 5l W 14 £

Wy B3R (7 P8 o R a7 i A5 R HO)E R
1.04, {HFEEFEVEHE 95, 2200748 £4 8y
FL SRR 3 T 0,630, 1 K [ U B K = SR A s W)
IR WA LR BE W 4 i, 7K™ 35 5E 1 f
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2t FK = IR GE S 7 i A 2 70% 02 S
TR FEHARAF T, B AR 3 AR 7 1) L 9 A A
EL I HE 5 2 DN 20084F Y 2941% 748 I 5] T 20164F
247%. HTRANEBARSERMERGE R EH
Oy E BRSO PR SR TR, R, X R G
W TRAWEARZ TR EAR . &
TRAE 25 A e Ak s R A & B ThBe o &=
RGP

1.3 & Eik

B = S s iR S s, =
PRAER AR T Bk R, e NI E
FE 2l v i HE Y 5 A% AR A A DG SR B
DL R CO, 1y i il i, LR 3 SR 4 40 58
WCO, i

XoF Sl A IR RG] L ANHE S I N RS
RGeS R IR ISR, AT
SRR M 270 kg CO,, 11 5 #3539 000 kg
CO,, JERIH 14445 KE IR IEA = 1 X Rl
SR8 250 kg COLM . il S ML 37 R 48 i ik J2 3
KPEFREI R OG5, 5w
69.6%; il =3 NKE 57 22 40 ik 2 30 K D)2 5% 9
AR AETERE, A EANT78.7%; X IRk
I L8 0 itk 2 30 R R DR, 15 91.9%.

T AR SR, K7 IRIE RS R T4 B R
kA, OFERMERS . =A™
AT B A A L4 I 4 HE O = U0k, B Rk 2
Wb 5 AR 1 IR 50 A 7 A R s B FRA
IKARBRVE 2% S AR TR ik 1 B AEVE
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BK—SAmIME, — 80T IRAKKAE
RRAMUE, W RN, (H2, H
T 5 FH KU G B 4 A0 DL 28 A0S AR 1R A, TROK
T 7K F% B K A AR Bk 104 R 56 R T A B AR
AR Z RPN, HA R A R ik — 25T

14 %752

A 25 R 0 2 R AR B AR R R S B K P
T, NS xR PR SR A B P R AR
B o XFIK 7= T80 F G0 A 25 2 8 B AN I AS & X
SR A 7 AR G B4R A R PR BE R A
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N FESE I, e —Fh G B A T S 5

B 2EHWEIE T LR K P R B AR
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JALFRIE R AR, AR A R R 2 5 R AR
NI R S B R A AL I E; ek
BEFLEBREP) S, T IR0 MK 525
MR, FIS IR RGN

1.5 KETFESLTF A

IR N 7K B R AR T B A 5 1/4,
A B3 EBOKERZ —. 20114, FRER
FERR AR I T R B IR K O RIR K T AR R Y
73.8%", M ZK L 4 R I8, FKK304EFK
Ol K HBe e R F s Kl kg K. Bk,
ALFE 7K 7= R AE ) R A T 7K & R AT 55 1
SIRE o T K SR RE IR K i B 5 57 AR
SRR, A BT IRATUL A K 7 55 5E 45 44 Al
il 72 7K 7 BE 5 s

g K FRFER A THFEIROAK BT, s, —

© GWP: S IRAMRIES . 1PCO, CHMIN O JE AR KR b2 41 28 3 B0 S 0N IR R BE [ 520, kg CO M BE IR EP: W B LGS, QISR E
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Tab. 4 Environmental impacts of 1 t production of seafood products

7 Al GWP/ AP/ EP/
product location (kg CO, eq) (kg SO, eq) (kg PO4 eq)

W3 FREF  pond farmed shrimp W - Asia 5250 31 37
M7 net farmed salmon WK Europe 2250 18 31.9
MIEFRZ JEfE pen farmed tilapia W Asia 1520 20.2 47.8
WKFEM  race way farmed trout VLB France 2750 19.2 65.9
PEIRIKFRKZEME  recirculating tank farmed turbot VLB France 6020 483 77
T.J{k3%%  indoor intensive farming system sea cucumber i China 1 860 193 66.5
WIFHIFRS  extensive farming system in pond sea cucumber &  China 236 1.30 -0.003 4

S, ARSI REMR K REIF R 2 5 172 I f0
T 4T 2 R T O R VK L o
Z(#5).

SEARDREURL BRI T 2 FEIR K o Boyd % F
T 4B 2R AR R AL B KR b B R, 45 2R
7, RV fi i S AR DR R 3k 5 R T R

ED BT £}

x5 KEFEFENGSHER. THFRKE

Tab.S Average embodied energy, land and water in feed for aquaculture species

M species

BT}
varJi\aEIes B 1 S B LRl N T ARG
Ictalurus punctatus tilapia S. salar Oncorhynchus mykiss L. vannamei
AER/(GI/t)  energy 4.90 5.83 12.48 12.26 9.07
K/(m’/t)  water 1227 1685 849 502 1116
+b/(hm?/t) land 0.183 0.312 0.145 0.082 0.249

TR I — 2 DI T 7 i IR 55 P R JRE T I 4 e A X K AR T 1
T B TR K BRI Y, AR KR . gk 1.6 B&fE
SR RN K I o K R I A R A AR 7 At ) )
e KR K HE B s K 3 AT SRR IS LS AR
17 JE PR A 7K 5 S B, S U R R T N b, 20t 22 804EAX, £ E Odum™ 37 T HEH
vk Ak SERTENS RN, PR AE R AT RGN B Al

K fE

WaiteZE I3 T R[] K 7= 22 5 Fh 3 5k B 45 T A7 10 45 Fh A [R) 2 B8 2 RN o % 3 0 58— A 1
oK il M JREFN AT A, A gesny B REAE (cmergy) LU RERTIE o
DU LT AT HEROK (K ), [ B3 AT L KT GAER — A LGRS R
FRUKR AR ) R st g T BRI SR OSUP AR M, Bt 2 —
R, eI BES LR, Xk ERE,  MNTEARTRESZF T RENELESLH, W
SefrtE H AR —E RIS M B gy REME/SE T H% (emergy/money ratio). REfE/SE T L
KANIEK A (F6) MIFERE RGN FOR AP I 5 (Ul X )4 4 S5 0L P R (4
B MERGWAMFE S, FOKMER D,  TOHEIRUR 0T SR ) 1 (s DO ) B
T 5K RGO R i Rk REGNP)Z L.
POKH 28, SR 26 I 4K 7 35 2R 5 R 198 i
KEPEGOK, B A EAY ., AT T R, BT i A R R
TR R K 7= Fe B 5 5 . SEH I | FIPRSI5M (emergy yield ratio, EYRYSE T R4 47 H b M 54t
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R 6 ARIKFEFREMALRGHIKEL

Tab. 6 Water footprint for different
farming groups and farming systems in
aquaculture (m*/kgdE F i)
TIPSR RS WK FE BIKFE
farming groups or systems blue water use _ gray water use
FERM farming groups
PGl 0 -148
bivalve
fit 61.4 97
carp
PE R X R 52.2 97
catfish
L 4.4 104
shrimp
Pt 15.9 82
tilapia
FRFEREE farming systems
H T — i 0 77.2 90
extensive - fish & crustaceans
TR — AR 36.0 101
semi-intensive - fish & crustaceans
77— I 335 94

intensive - fish & crustaceans

SEFRMBEARMBEZIL . WNERTHATLLE T,
N T A A0 2 5 R G0 K 3% K 22 6T
( Scophthalmus maximus) R S EYREL &, [k
HEMTEAR S AT AR,

¥R 5% 171 2 K (environmental loading ratio, ELR)
R FR G AN T] T R IR R e MBS i 5 AT T fg
BHRARMESREZ . BT LT 32 Mg
B2\ T 7 5 N I N I 2
Z, Wik, BNMWELRE S, KB BN
)RR N

AE{E 7] FF 2245 5 (emergy sustainability index,
ESD% FEYRSELRZ LG, ZAMEBK, REM
RS, BIZHLFE R G MK SR RZE 6 R 5H
ESHHL R, LHABPA R G Al 54k,

T L UL, T EAE AR E . A5
AR, [l —F PR BUE 2= AR K. B4

TR ARG A AR B EEN, TR R 54
AME, Wik, BRI HRA —ENSE M E.

2 HAK IR

i T A 287 7K™ 95 08 &R 48 22 07 T B Re
LR, RE AR IR 5T SN E 5 Al
By A BoKERE e, Hal®
B B AL —SE R R, 0Bk A 50 A AR A R
w, RSl L2 o NS AERNLAA AT DUERT
FRAT L0 AE LA B K 7= IR Bl K RS, Y
Wili AR SRS I T A R AN B A B ek D, R
A S NE A R A 5 O SR B RN B, R YRR £ SR
BN R ) e R T 1), il B b 3% A T AR A
ROK IR I 0 A A AR A R AT E

2.1 AIBEAIKIEEY S K&

P Bili R 7K 3% AR AL R I . K R S A
FRAH A, T b 3R P B K R A Y
18%™, W FIRE™ B ik Z IR AK TR, FIHFEIH
VG YIS IK IR (GR2MRS), R TR K E
RIS VAT RS K, AR N BT R K B
TSR, AR AR IR A 1 K ol B 2
FAATH AR,

BTG TTIK PE (T 5 TR0 K AK B3 7K e 38 43 2 #5
FKOKBRAK BT B A 454, 38 2o i 39 24 0% F Bods
B A 5 R 7 Ml A it R LAY () B D) 2R
— M IN R, R I e g s R T LB AR L K
PEKAE ) AP AR HKIER- . 48K, NikE
Gaad BERCSE i 7 kO i R R Ak
DA A 3 o0 7K A 25 3R G AN RT3 g e IR

I EIINE Y e ] i €2 R R N A
oz, EXJTm, BR LRGN, FRE
B TAEE ARG B SE (Eriocheir sinensis)Jil
7% . Wi (Siniperca chuatsi)¥¥§ 54 % J7 L #H4T TH
s 120 SRy TR R P B ORS8RI B K

RT AMKEFRBRGEERRHLER

Tab.7 Comparison and evaluation of emergy indices for 4 kinds of farming systems

_ T 5% LIk~ WK IR REE T R G ; .

st . % o KT AT
. indoor culture for sea extensive culture for sea running water culture
indices . RAS for grouper

cucumber cucumber in pond system for turbot

REAEF™ i3 118 2.06 2.07 1.00

emergy yield ratio

78 Ak S 5.50 0.94 1.51 10.5

environmental loading ratio

REME T P SR bR 0.21 2.18 1.38 0.10

emergy sustainability index
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t, A QAR KR i s T L il BT R AR
. RIS N AT RN A5 T T A S R A
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22 HAFEFEECDBFEFRE

P T 2% 1 30 i ki 4 08 R e MR O 22 SR AR
K, BBE, A XK IR A X R K] 4 3 T
Gi—hnifE . BEG ERAR A Z120104F 5 v,
WA 25 5 I RV K TR B A T K R B A A
AT 7 (coastal) IR FH . 5 5 (off-the-coast)F7 FE FI L 1
(offshore)F5 4™, BT 15 3T 1+ 37 FH 2 48 £ K B/
F1om. HEABET0.5 km, A ki 1Y 37
s BRI R AEKIE10~50 m ., HH £ 0.5~3 km
T 0 3500 45 T S P R B 5 T 2 5 O U 4R A
BRI B K T2 ksl M ALEE L K 50 m.
Vg 500 45 T 3 SR . B R R g 5 B O T
FR A 0 35 (open ocean)FRFH o

I N K SR A 2 K, R A AR
—NEERTRE K, HEE I SRE A
FEFE] TR 15 kmAMO RO, KL, AR
PR, —MM 2 km(PLEEYEFIP) . KIR10 m
DAY B8 AV 38 (N VAR VS ) ) 3 B T R A O R
B BER2 kmPAAh . KR 10~50 mIT 038 1) 7%
B FR N g R SR i M AL A ESO m
DA ) 2 45 165 50 ¥ 35 37 FE 5X7E 12 nm &g Z Sh 1Y
)i 2 T DX ST Jie 1Y) 35 B PR A AR G816 5 B (far
offshore mariculture),

iy (811 20164 Fk [ 37 5 g 3 75 B
5K IR B 1 85% LA B G e
BT FEA WA S . KR . MR .
B FRIH AT, FRH i R D2,

F ] ¥ K D128 R G (o K SR B R
T1.7%) 7K 2302 A (FR6), DLSEIE AT 7K A [
W o KRNI 5 5% B (o T 7K R A6 7 1 19 7. 4%)
HARKTIER . UL, DU#E 3R 52 NI 18
SRR RS OFE TR

T 1] DT st 456 A o O B A AE 1Y) 3 B n)
EEINE, AR EY, 1995—20154EFR
B DL FRBE AR YT K T 29.286%, FEa AL N T
1.95/% . 19954 51 #33.11 t/hm*, 20154F1L
2.742 t/hm®" PR CAT UL, S B M A 5 A
JEE N R gl AT Ik B RO . RE
H i3V 95 50 AR ™ 3 R DL 5K BE AR AR Oy B
M HEAT Y, R ST R IR AR AL O FR DL

BRI RR A B 25 55 2

20164F , & [T F K AR 3 22 0 37
SR, H A K IR B B 13.2%. H
T A SR GE HE 5 A A 2SR A e (R 2R 4),
TN 2 A A S 2y £l VA8 1) R I B 52 2% ARV
G A AR AT R B0 SR A, e B R L W

BILiE R R 2 RAF# .
& I Har, FEX10 mPl i

(AU K FRA T & B A B, 17T 10~30 m3E TR 1Y
T3 35 T R R AN R 10%057 B 54 R 46 F5 5 4F
FEEAN1.9 0t TR R AR AR,
LA Ry SR R . A (RS, B R
0o A 75 B S 1A TR K SR T 1) . S R
DU R B A5 i 3 SR R SRR IR e
23 REEBFEXEBANAR

TR 375 Vi O A 77 9 [ A 5L A 7K 8 A o
gD (F65), FRPLEIR B RE 1 L K B IS
=R || = =R e = 2 N S B il
LA RIBE R FBERY, 20144F 11 H 2 B BUN %
KT H—AVERNIE, 2 A8 B UM 45 55 1 Vg
WA G DL, 36 B E R KM F R (NOAA)H
TEAE VTR 207 76 25 V8 AF 1 4R 77 4 0 2 0 H A

T 1 I 7E R FH U i RS . R AE TR A
TR VA 7K AT T 3k (e T 28 % DX P ) A 7 R T8 e £ 2fS
IR TAE. FRES — R T (& K F561699)
i A A K Y 4 T R R K AR <R B 15 EL TR
FE 130 n-mile ) & I ¥ 3807 o 9% 4H 3 2 0 1
B IR EME A TAEC Mgk R .
i, R R A 22 A KR IR B TR R A
MEFEER . Pt B HAT R EN LT
TS 8 2 25 il v K7, ol BRI KUTR 2 4%
VO HE BB AT AR R, 2 T R
TE FR Bl & R ) O B TR 2R 9 B R S G e R
WM B BB R R4S,

24 PFEEGHEMTI LREFEETEET

F IR A i 5 K FREL L R 1949.1%,
HM P EAER AR B . BT s
B R BRI BRI 1%, ARZA
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The development of aquaculture in the new era from
a multi-dimensional perspective

DONG Shuanglin *
(Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: Driven by economic factor, China's aquaculture expands and intensifies rapidly, meanwhile, the
restrictions of land, fresh water and fishmeal to aquaculture development have become increasingly obvious, N and
P emission, carbon footprint and ecological footprint of aquaculture systems are increasing significantly.
Therefore, development pattern of China's aquaculture needs to be remoulded in a way of ecological
intensification. From the multidimensional and sustainable development perspectives ,it can be inferred that, large
inland waters (lakes and reservoirs) in China are suitable only for aquaculture without feeding; coastal maricultures
(sheltered waters or shallow waters, <10 m in depth and <2 km from the coast) are suitable only for extractive
species farming; offshore maricultures (10-50 m in depth, >2 km from the coast) can develop various maricultures
combined with sea ranching; far offshore mariculture (>50 m in depth, high sea or EEZ) for fish farming with steel
frame cages or vessels will have a bright future. There is a long way to go for the ecological intensification of pond
aquaculture and for reconstructing recirculating aquaculture systems to industrialized solar aquaculture systems.
Key words: aquaculture; new era; sustainable; ecological footprint; carbon footprint; water footprint
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