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Tab.1 Emergy indices of aquaculture system.
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Fig.1 Emergy flow diagram of the M. salmoides system
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Tab.2 Annual emergy accounting and analysis table for the M. salmoides system

H JE 4 H R/ (hm'-a) K BH BEAR ¥ 4 % /(sej/unit) K BH BEAE/[sej/(hm?-a)] BT & LA/ %

items raw data solar transformity solar energy ratio
T EHHFBEEIEHAN  renewable environment resource inputs
AKPBHEE  solar radiation/J 5.00x10" 1® 5.00x10" 0.01
MEET wind 4.50x10"" 1.47x10° 6.62x10" 0.15
Fi7KEE/)  rain 8.01x10" 1.81x10*%) 1.45%10" 0.32
HIERTEFRAE/)  earth cycle 1.35x10"° 3.37x10** 4.55x10" 0.10
TWI7KAE/T  river water 1.95x10" 5.01x10% 9.77x10" 2.17
;u:g::)tal 1.24x10" 275
VAT BRI purchased external resource inputs
#EJti/¥  construction 1.65x10* 8.48x10"" 1.40x10' 3.10
/T fingerlings 2.61x10° 1.96x10°> 5.12x10" 0.11
HLfE/kWh  electricity 1.38x10* 5.76x10"® 7.95x10" 1.76
THRLAE  feed 4.11x10° 8.48x10"™" 3.49x10" 77.33
Z5f/%  medicine 2.54x10* 8.48x10"™" 2.15x10" 478
972 /1/%  labor 2.70x10* 8.48x10"™ 2.29%10" 5.08
F4¥  rent 2.59x10* 8.48x10"™ 2.20%10" 4.87
#EJ7/¥  maintenance 1.12x10° 8.48x10"" 9.50x10" 0.21
4t subtotal 4.38x10" 97.25
M total 4.51x10" 100
R s vl 3.85x10 1.17x10"
RS EY ) 2.07x10" 2.18x10°

TE: ARSI P RE AR L R 449,445 107 sej/alf BEEREAT T 5, Rh RMABT AR R g4 Rt A

Notes: All the solar transformity were converted to 9.44x 10> sej/a baseline. The italic value shows the transformity of a product from the system under study

AEH 7™ Hh A AL 28 58 A A 3 mT 5557 ¢ R
MR, HiR/MEN T, i RGP R A RE
Sk H W K Y SNER BT IR, A ] BT IR
AP ARSI, R DR ETIRA RGN 1.028,
(NS A i Bon iU 2 1 U AP P
FRBTIR, X n] HOR B R AR AR, S EUR
H RS FRH RE A S B A R, g5
Frrpshk Z L, A BRI SR G A A AT o —
R PEACHT ST o
32 RORWFBERGESEMIT

PRI 07 A8 R 278 7 R A 28 PR T RO TR
TIR R/ o e 1o IR B0 AR G B AN Al BT
B, DURE AT SR BT IR UK Sl , Wi R 4L 3
BEREARGE TR FEANT P, KR E5RAE
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2 G0 I B 1 BT R BB (R [4.38%10"7 sej/(hm’-a)]
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B, HBT S REE A BRI BITEIT% L I,
B 3R H35.39, it T ERIT =/ P £ 3¢
Hef FRE R G0 (3.51) L Hb A i K Y TR SR A &
58(5.00)% ., 3£ H 9 B HLIEXTHF(3.43) R PE
i (Salmo salar)(4.24) 3250 R 48, IR TERILH
H AR 198t B 37 (23.42) F1 1% il 4 £ TR % (20.18) &
i, R R A S R K 1 PR B IR A R S
BHEA B (77.33%) 8 5 T HAMFRE R % . B
U, s R F A L B R R R R R A
T 9 K 1 B 53 4 2R 49 M R e 1 ) S

R 455 252 1 i BORN W H5 22 % 22 1) RE 45 X
Y& DL R R0 R G v R PR AR, 7R
ARG, KR RS R G (E R M AR 2
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Tab.3 The emergy indices comparison of the M. salmoides system with other aquaculture systems

ik KHBECESLER) g Bt S, KR e

index M.salmoides L. crocea A. japonicas C. argus aquaponics

(this study) ) S and M. cephalus quap

KB BE R FE 4 % /(sej/]) TR 2.18x10° 1.46x10° 2.24x10° 1.89x10° 1.08x10°
HEif#E*E ELR 35.39 91.10 23.42 20.18 3.51
A" % EYR 1.028 1.011 1.043 1.050 1.000
FEHAERE A EERy 2.028 2.20 4.092 2.468 1.850
AeEFFE MRS EST 0.029 0.011 0.045 0.052 0.285
ATRESE R R REIE TR EISD 0.059 0.02 0.182 0.128 0.530

T4 KOBSPBEFBERROYLEREDT

Tab.4 Sensitivity analysis of the M. salmoides system

Jekn THEL feed

indices 95%  90%  85%  80%
KPHAE % TR 387 773 -11.60 1547
HEHHE  ELR 398 795 -11.93 -15.90
REME " 1% EYR 0.11 0.24 0.37 0.52
FEHBEERZHE  EERy 4.02 8.38 13.12 1830
AefE R FR S ESI 4.26 8.90 1396  19.53

TAIRESE K FERE(EYEEL EISD  8.45 18.02 2892  41.40

90.029, A RRELYE A R R E T £020.059, 1
IR FBRYT 1 H A 8 fif B 5% 2 42 (ES1 0.045, EISD
0.182)M°1 L filf fiff r1 i 5% 5 48 (ESI1 0.052, EISD
0.128)!" | 5 A= 3758 & 48 (ESI 0.285, EISD
0.530)%, JRMIK T R DU 5% 1 R 58 (ES1 0.38~4.61,
EISD 0.20~2.21)!", 3 FIPR 55 £ 4% 46 S e i) 285 1
— B, UL R R 5 B AR e 22 AR A S 1Y
SMERTEUR , W RESLME R R AZ B, DR UL R AR
W R I T R 48 = R AT R S Mk A

BB
33 KOEBHFERZHMKL

FEl A 2 A R RE AL 20 M 7 95 AT IR B AR 4
AR o Lisg e 2Ry 1 = 35 g Ut 47
RE (B3 A 4 B4 hn s K i BE A AL R ISR A R 458
(R85 AR, 4R BE(EL 35 2 M i ORI ml i
PR AR BB A BN, KR &
IRBR WK G, IFN B 5 e, AFF
A I POK IR B = 4 1 RBHERIRE AR
B R B £ S i A5 3 A7 E (EL RO 20 B S B0

IR K R R B A BE 1 457 22 1 5 B0 mT R s
KRB WK, I DO IR R SR
ik Ve PR 7E BRI R i 0 X (HRR N A B 2 &
TINR IR 58 sh 77 3k B 27 SE XS Y, B EE
ARG 0 DL R B A B B R A AR S
MO 2 AT AR 0, BE & R B T R
ik, K BROGTIRIE R G ™ B R E S R I T
4.02%~18.30%, REfHFrecPE4g 503 m 1
4.26%~19.53%, NI RFLEPE A R B REE s B0 T
8.45%~41.40%, FEFH Z G0 BREE s R AL T
3.98~15.90%. ./ DIHRME A G, 3 R R
SRS GNEEY P E IR Y 3PS
R, BAM LB, RS R i
TR A BRI R 8 M R ] R M 2R POV 1 i ¥ i
REAR R R 5, BRI AR, B, A
NI =SS Ry T RS = TR 1| I i g 2
fiyi ) 5 MR R S O B R R T PR Y R BE R G R Ak
PE . BN 071 ORI BE R
GAFRMAGHYIEM T RENY T 2
PE oA as R R R, R 20 RE B R R
7, WA SRS T 2SR RE & 5 8103k
R, REAR ZR G0 I K U (R RE L TR BE
SRR, PR R T R MERY . il e
SECTG R £ 3L A RG0S5 KRR B R G Ay
Mr, KRSt RS K HBER L SR,
WA LR D, BB(E™ HRE, X
TN FRE, BESCUAEPIAE ST R, FRAE A
B L2 W) = PEtR F I8 (Portunus trituberculatus)3s
FABK, TRRLE MR . ARLK P, BRILO S
IR R N WD DN e = W L B i
HFE . RS R RIEHIM T HMA AR RS,
R, KIBLEAFRIE, IR $E M K 0 R 65 5% 5E
RGFFEE . WU EE BRI A SR
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Emergy evaluation of largemouth bass (Micropterus salmoides) aquaculture
system in the Pearl River Delta, China

ZHANG Kai', YU Deguang'’, XIEJun', WANG Guangjun', YU Ermeng', GONG Wangbao ',
LI Zhifei', WEINan', XIA Yun', WANG Cuicui', LIU Banghui’

(1. Key Laboratory of Tropical &Subtropical Fishery Resource Application &Cultivation, Ministry of Agriculture;
Pearl River Fisheries Research Institute, Chinese Academy of Fishery Sciences, Guangzhou 510380, China;
2. Guangdong Ocean Engineering Vocational-technology School, Guangzhou 510320, China)

Abstract: In this study, emergy analysis method was used to evaluate the benefits and driving forces of largemouth
bass (M. salmoides) aquaculture system from ecological and economic points. For analysis, a number of different
inputs have been identified and grouped in two categories: renewable environment resource inputs and purchased
external resource inputs. The first group counted five natural, free and renewable inputs (solar radiation, wind, rain,
earth cycle and river water), while the second group included eight external inputs (construction, fingerlings,
electricity, feed, medicine, labor, rent and maintenance). Emergy indices for the largemouth bass aquaculture
system calculated from the emergy evaluation, such as Transformity (TR), Emergy Yield Ratio (EYR),
Environmental Loading Ratio (ELR), Emergy Exchange Ratio of Yield (EERy), Emergy Sustainability Index
(ESI) and Emergy Index for Sustainable Development (EISD), were applied to characterize the resource
utilization, environmental impact and the overall sustainability of the largemouth bass aquaculture system. These
indices were compared with those of four other fish farming systems: the large yellow croaker (Larimichthys
crocea) aquaculture system around Dongji Island in Zhoushan, China, the eel aquaculture systems on wetlands
surrounding the Pearl River Estuary, China, the polyculture system of ophicephalus and mullet on wetlands
surrounding the Pearl River Estuary, China and the dike-pond agro-ecological engineering system in Sanshui city
of the Pearl River Delta. The results showed that the total emergy inputs was 4.51x10" sej/(hm’-a). The renewable
emergy inputs was 1.24x10'® sej/(hm’-a), which accounted for 2.75% of the total emergy inputs. The external
emergy inputs was 4.38x10" sej/(hm’-a), which accounted for 97.25% of the total emergy inputs. More than 70%
of the emergy inputs into the largemouth bass aquaculture system was feed (77.33%). Labor was the second largest
emergy input to the system (5.08%). The river water emergy was the major renewable environment resource input
for largemouth bass aquaculture system (2.75%). The TR of this system was 2.18x10° sej/J, EERy was 2.028, and
EYR was 1.028. The ELR was 35.39, ESI was 0.029, and EISD was 0.059. The lower ESI with EISD and the
higher ELR showed that the purchased external resource emergy inputs achieved a greater effect than renewable
environmental resource emergy in largemouth bass aquaculture system, and the system had more dependence on
purchased external resource emergy inputs, which indicated that the largemouth bass aquaculture system was less
sustainable. The result showed that measures which reduced feed inputs and improved the feed utilization
efficiency, such as using feed and additives with low feed coefficient, increasing feeding frequency, etc., could
reduce the purchased external resources inputs, and then elevate the ESI and EISD of the largemouth bass

aquaculture system. Integrated aquaculture was another method which could get the same result.
Key words: Micropterus salmoides; the pond aquaculture system; emergy; Pearl River Delta
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