UNDP/GEF YSLME Phase Il Project

UNDP/GEF YSLME Phase Il Project

Terms of Reference for An Mariculture Specialist to Develop Training Modules of Integrated
Multi-tropic Aquaculture in Chinese

Background:

UNDP/GEF is providing assistance through UNOPS to countries bordering Yellow Sea in support of
their efforts to address among others the increasing trends of depleting fishery stocks, loss of
coastal wetland, land and sea-based pollution and implementation of the Yellow Sea Large Marine
Ecosystem Strategic Action Programme (YSLME SAP) adopted by China and RO Korea with support
of DPR Korea. One of the assistance programs to implement the SAP is the UNDP/GEF/UNOPS
project entitled Implementing the Strategic Action Programme for the Yellow Sea Large Marine
Ecosystem: Restoring Ecosystem Goods and Services and Consolidation of a Long-term Regional
Environmental Governance Framework, or the UNDP/GEF YSLME Phase Il Project. One outcome of
the project is “enhanced and sustainable mariculture production by increasing productivity per
unit area as a means to ease pressure on capture fisheries.

In China, while IMTA is successfully demonstrated in Sungo Bay, Shandong Province, further
replication to other mariculture operations are necessary. In this project, several demonstration
sites will be identified to replicate the IMTA measured by the areas of replication, increase in
productivity per unit area and reduction of nitrogen and phosphorus from the production
processes as successfully demonstrated in Sungo Bay. For the replication of IMTA to broader
coastal areas in China to be successful, it is useful to conduct training programs and prepare a
training module both in Chinese for use in training of practionners to be used by this project. An
agreement has been initially reached with Dongchu Island Fishery Company, the partner that has
been demonstrating IMTA in the past decades in Sungo Bay with support of Chinese institutions.
Along with the demonstration of IMTA in other sites, a study on site selection in Liaoning,
Shandong and Jiangsu of the YSLME for further replication will be undertaken, together with a
cost-benefit analysis or valuation of mariculture ecosystem services under the business-as-usual
scenario and IMTA scenario. To facilitate the quality management of IMTA, BAP will be developed
based on the experiences of further demonstration in several other sites in China and experiences
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in RO Korea. National replication plan for IMTA will be prepared with support of YSLME Phase Il
Project in collaboration with ocean and fishery authorities of China and RO Korea. A regional IMTA
guidelines will also be prepared on the basis of the experiences of YSLME in collaboration with
PEMSEA, SEADAC, NACA and IW:Learn through organization and conduct of regional and
international workshops on IMTA and sustainable mariculture. Regional training in IMTA will also
be facilitated through partnership with IW:Learn focusing on Asia and Pacific region.

As the training module serves as the basis for demonstration and replication, ideally it is best
completed in 2017 based on the experiences of the Sungo Bay. An Mariculture Specialist will be
hired to prepare the training module in close consultation and collaboration with the Regional
Working Group on Sustainable Mariculture of the Project. It is expected that coastal managers,
farmers, academia and practionners in the areas of mariculture will be primary users of the
training modules.

Outputs:

The output of the assignment will be an IMTA training module in Chinse with a total of 100-150
pages, including boxes, tables and graphs describing the process, essential skills to start and
operate IMTA coastal areas.

Activities:

Activities include but are not necessarily limited to the following tasks:
e conduct needs assessment and identify target audience of the training program, current
roles, knowledge gaps, and outcomes of the training program
e Develop the training modules and materials, which include the following elements :
o Background and descriptive information
o Directions on how to use the curricula
o Course planning forms and checklists
o Guidance on tailoring each particular workshop or training course so it matches the
needs or wants of participants, or fits a program’s needs
o Specific, measurable, and realistic learning objectives
o Clear and complete modules content
o Integrated evaluation plan/tools
e Contents of the training modules as a minimum should include:
o Sustainability principles in IMTA
IMTA modalities in China and elsewhere
design of an IMTA system
identification of biological and environmental factors affecting IMTA system

o
o
o
o key considerations in IMTA location selection
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key considerations in species selection under different trophic levels

Assessment of carrying capacity of mariculture ecosystem under different IMTA
modalities

design of a monitoring program for IMTA

density control;

economic valuation of IMTA

suggested further readings

e Present the training modules for review and recommendation for adoption for quality

control;

e Assist in adapting the training modules into an online version for use by virtual EBM-LME
academy.

Timing: The first draft submitted on November 1, and final training modules submitted by
December 10, 2017.



OUTLINE OF INTEGRATED MULTI-TROPHIC AQUACULTURE (IMTA)
TRAINING MANUAL

FOR YELLOW SEA LARGE ECOSYSTEM Il PROJECT

Chapter 1. Development of IMTA in the world

Introduction: Sustainability principles of IMTA

Section 1. IMTA development in China

—

Section 2. IMTA development in the world

Chapter 2. Assessment of carrying capacity for IMTA
Introduction: Significance and objective

Section 1. Definition of Production carrying capacity, ecological carrying

and environmental carrying capacity.

Section 2. Assessment of Carrying capacity for farmed marine macro algae



Section 3. Assessment of Carrying capacity for farmed filter feeding

bivalves

Section 4. Assessment of Environmental carrying capacity for fish cage and

Strategy of environmental regulating and control

Section 5. Assessment of Carrying capacity for IMTA system

Chapter 3. IMTA system Construction and management
Section 1. Integrated aquaculture of macro algae and shellfish

1. Introduction of biological characteristics/ecological habit of farmed
macro algae and shellfish

2. Site selection

3. Basic elements of biological, environmental and management for
construction of integrated aquaculture system.

4. Economics and ecological analysis

—

Section 2. IMTA of Seaweed, shellfish and fish
1. Introduction of biological characteristics/ecological habit of farmed
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seaweed, shellfish and fish

Site selection

Basic elements of biological, environmental and management for
construction of the IMTA system.

Economics and ecological analysis

Section 3. IMTA of Seaweed, shellfish and sea cucumber

1.
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Introduction of biological characteristics/ecological habit of farmed
seaweed, shellfish and sea cucumber

Site selection

Basic elements of biological, environmental and management for
construction of the IMTA system.

Economics and ecological analysis

—

Section 4. Pond IMTA in northern China

1.

won

>

Introduction of biological characteristics/ecological habit of farmed
species, such as crab, shrimps, shellfish jellyfish and sea cucumber
Site selection

Basic elements of biological, environmental and management for
construction of the IMTA system.

Economics and ecological analysis

—



Section 5. Land based IMTA in Southern China (Zhejiang Province)

1. Introduction of biological characteristics/ecological habit of farmed
species, such as crab, shrimps, shellfish jellyfish and sea cucumber

2. Site selection

3. Basic elements of biological, environmental and management for
construction of the IMTA system.

4. Economics and ecological analysis

Written by Prof. Xie Qilang, Zhejiang Provincial Mariculture Institute

Section 7. Sea ranching& IMTA

1. Introduction of biological characteristics/ecological habit of sea ranching
species, such as scallops, abalone, sea snails, seaweeds and sea
cucumber

2. Site selection

3. Basic elements of biological, environmental and management for
construction of the IMTA system.

4. Economics and ecological analysis

Written by Prof. Liang Jun/Zhangyuan, ZoneCo. Ltd. Co

Chapter 4. Ecosystem service and value evaluation of different

aquaculture modes

Section 1. Evaluating methods for Ecosystem service and value of

different aquaculture modes

Section 2. Value computing for Ecosystem service and value of different

aquaculture modes

Section 3. Optimization of aquaculture mode based on ecological service

value



Chapter 5 Mornitoring and evaluation of mariculture environment
quality

Section 1. AMBI method

Section 2. MOM system

Chapter 6. Prospective and Suggestion—based on development of IMTA
in Sungo Bay
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Fig2Sketchmapofsuppliesanddemandofinorganicnutrientinthegivenarea
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Haven %(1970). Walne(1972). Villier £5(1988).

1.3 WKk
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1.4 V5 UE:

Fox £5(1937)F1 Jorgensen(1943) 1 W H o X & —Fplaldzft ik, H A v 8
i . 40 Riisgard £5(1981). Famme %5(1986). Wildish %%(1992) 1 Dupuy %5(2000).
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TR FEIFIER(CR).

24 DU PRHRIORL R OR B 220 1009061, JH IR A5 T U8R,

CR=(V/nt)xLn(CO/Ct) )
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1.7 F G M7k
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1.8 2= ik

L 1 AN AR BHAR SR RE DL 7K A AR 7KL B o A R A FEL 28 1Y)
kb, A 1A

BELAS, I HLR AR A, A R R B B KA S TR o RSk A BRI 1Y
R/INGEIE 122 VL EL 25 (O PR TR

PE LI E K R . %7 LaBarbera %% (1976) & X il . Meyhofer(1985) All
Vogel(1994)th & 2 f# F .

19 A=W AR L
%5124 Hawkins Z5(1996) v ). 5.
CR=(FEHEAMBEE F TE LA b1 B &) (7K H AL o R )

Cranford %5(1998)th N ] 1 SRR A TTRE . UMM A REHE I SEH AL
e, BRI TENLA 5T

R T TN R B E . HR LT A s Bk R
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o, Ee NHEFHR BTN R &, Fo NEEANTLTHA TR K E, TPM NS

X5e DU P8 K 2 50 W 77 3% & A 7% (Impellermethod) A1 & 4 32
(Replacementmethod), XA LRSI Z, fEHATEHH.

2 BTV BB A S I

W2 1.

KITTE U= R TR
Method Advantage Shortcoming Noteandprerequisites
B WEE T IR A A AL ERABEE LKLY, %

Directmethod WK, RGRE. W, LR R R/NIBR I, 8

HEME. WRKORERE  JAREEX
LR
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KA
Flow-throughchambermethod

TR

Suctionmethod

TR

Clearancemethod

JCHEIKIRAEE
Photoaquariummethod

FaERAE
Steady-statemethod

FAZMEEE
Videoobservationmethod
Bk
Replacementmethod

B 25

Thermistormethod

AEWUARE
Biodepositmethod

(RO T EPE 43 LT
DAGR 5 E 2R P2 F 1 E

b G T L AR 2 KA T
Ry KA EOR, BERE
5 38 G J LA 2 RORE, W) LAY

SE M DLE R EK A, W] L
T BlmE
WIS SR

i G T S 56 2R B Y K 78
Fho o R R B R R B
1, FEVERLR B AR B 1 4R
WX IR AT, Lk
W ar BT

BeAEFI L TSRS, TR
FAOR R BRI AR 2

LB E M

A I DU R EAROR

N

AR

QRS IS S SRR/
A, R g REBHET

PN 5E, RENITEA L
Hh7e

%o 7K VAL AR KR TR IR f
SR

EARBAERE, ([ERIEHK
¥ R

SRR, AERHBURL R
I T4 F) HE RS T PR IR,
SRR

PR¥F B A e 1 3l
RBEEE A, A, H#AE
7 3

REPEITE S

XA B B ZOR B, 1R
S bRE E A%

JE T DU R 0 5% 11 £ 7Y
FN 100% MBI & M, A
(8) B =L i g et &

LT R Z A KA R
VI IR REIZAE TS RERS fi
MG R, 2R G D12k
P K SRR KA R,
FERHR /N Z0AE T 25 R %
100063 S Ff Y0 [l Py, JAEIE
ZUK T S

VIR UK T I FHE

B R TR PR B
LR P AR S

PRI BB A&, SR
IR KB KR A A
MRk, RS,

PR A

& JL%H ELAA KT 4mm FSTRL
(R B %4 100%, AFRFHE
MILR B R RN . Tk
AT T

3 E W BT T IR

PRI BT TE DLSSHBE K R AT FURE 20 B, 20 tiE20 90 SRARA I aRiX Ty

B L. B E
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B T IEVE UK R L (B N PR 2 D9 AR AU I 7K 325) A S AE AR 12
R 25 IR E H AT LT DUSSIE /KA A 5E 25 RN 1 L -

# 2 M H T rwr et R i

Table2ResearchadvanceinfiltrationrateofbivalvesinChina

Method

WIKAEE
Flow-through
Chambermethod

HTRE
Biodeposit
method

T
Clearancerate

OIS
Species of bivalves

KL UL
Chlamysfarreri

il I
Chlamysfarreri

A AL 87
Crassostreagigas

HifL s I
Chlamysfarreri

06 I Mytilusedulis

Vet 4k (5% 40 )
LarvaofTegillarcagranosa
37 L
Argopectenirradians

PN AR ]
Crassostreagigas

FERE TR AT
Ruditapesphilippinarum

FiFLE I
Chlamysfarreri

SIS

Experimentalcondition

e F KA POM B
Chla. /Kif 24-26C, #FK
55-58cm

g 3K K M i) POM B
Chla. /Kif 136°C, %
54cm ) B DL JE K K
2947L/h-ind, 7K 179°C,
Ff 573cm (15 DU K R
4 29L/h-ind

h¥ 31~32, pH81, Kik
131~188°C, KAlLEHE 422
~444ml/min

7K 9~19°C
Mk 4T 048g

7K 22°C

7K 26~28°C

K 17°C, 7 38cm,
42T 06

AT A FL R T 20
A, BCPIME. DT
TR, Kik 24 ~
26°C, 7&K 5cm

TR
Result

#EKZ N 54L/M0-gDW

JERFE FR GHLTE
(K55
FR=29142W03762

JERFE FR GHLTE
(K% 55 2 s
FR=3923W03217

261L/h-gDW

106ml/h-ind

K L 5IEKE FR Y
K # :
FR=000007e00535L

TEIKH I AL N
ml/min-gWW

F=1704W03042

KA 719-833 (H
[ASD]

JE/K# A 004L/h-gDW

RN 20, pH {EN 8

ZHE R
Reference

hoH B, &
(1995)

E M, 5#(1996)

E M, 5#(1996)

B, % (2002
2003)

1% (1991)

JES, 45(1999)

EEI, %(2000)

Ffk, 45(2000)

Ffk, 45(2000)

A%, (2000)

&

iy
aft
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Sinonovaculaconstricta

PE 15~30C. #HEF 6~ i, 3
30. pH6~9

LE IS TNz

(2002)

FAER NS Ja R RRE N

T8 R A T 7 VR TR T 2 2% R R I R B K SR (R OB o (H E AT — LA R 1 E
W ERMHMERSIH. & 3 4R ERERRZ FIE R
TEIK R G FE RN A RS IR R, REETHER R Z AT, SRR S RA R S
JIERIRE W, AR . AR 3 AT UEAKR G X5 NERH N T H R R/TE

JIEAE R K 45

F =aWP

Table3Filtrationratesinbivalvesmeasuredbymeansofdifferentmethodsunderoptim

allaboratoryconditions

R 3 UA R BB LI A T IR A5 TR AR

Kuhk Y 2 ES 9B 2= ik
K SR 5T Ty i JIESIES PEKFR G IR H IR R\ EEFUN
Methods Speciesofhivalves RelationshipofFRandbodydryweight References
Cardiumechinatum F=422W0%2
Cardiumedule F=1160W7 Mhlenbergetal (1979)
MoK Mytilusedulis 450t It F=745\W066
Suctionmethod Modiolusmodiolus F=600W07
Arcticaislandicaus F=555W/062
KA Mytilusedulis I Riisgardetal (1979)
F=T3TW Griffiths(1980)
Photoaquariummethod Choromytilusmeridional F=537\\/060
is
ek Pernaperna
ol R hod Crassostreavirginica F=885W0% Berr_yetfll(1983)
earancemetho
Geukensiademissa F=679W°73 Riisgard(1988)
F=615W0e
B4 F=25/078 Coughlanetal (1964)

Replacementmethod

Mercenariamercenaria
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WE R Clinocardiumnuttalii F=31W080 Meyhéfer(1985)
Thermistormethod Muytiluscalifornianus F=79W072
Chlamyshastate F=87W094

VE: F(L/M)IEKE, W(Q) AT I H L&

T K AE VR AN JE AR E 2 A AT B bR EBONE R J7E, B E N H 55 o
o Ik, ASCPEARST 4 T AR RS A7 A 1 1) i DA 51 Ak T A AL

T KR [ s b N R 3l () 7%, R, T RO VR B B (LR
DAY 28, FE—LeIG s RARZEROR. Bl Walne(1972) 3 FH 12 77 12 & WL
7o LRI KESRERI KRR, FHIEKESRBIEMACHE L. X402/
(1, PORTE RIS, GRZE 13 B R I S (R 2 s g e — ()5, B
FHICRIIE R, HEBEATKR), REZRKER R IHRE SRR LA, K
o (R K A LR FI ]« F Eb 4 Thompson 25(1974) Bl 2% & /K A ) T L AR 25087
7% R PG FUE,  AE S P B R A 50mi/min, Rk, 45t 8806 DL
REFRHCH 038 LR, 53k 3 FFIMERMAZER K. &F Ward 55(1989). Bayne
£5(1993). Hawkins %5(1999)F1 Yukihira £5(1999) 1) L 46 F t # HH I 1 RAA R I«

T ISR H A A (R 8E vE O IR SRR S AR O . HA
HTFEERE L &, &5 S EC WA 458 AE H(Saturationreduction) ) EL . /2
TR B T . XU5E TR B W DA A, A 005 TL2Koe T N K, R )
PEIKZE, MG I A2 I K R AE WK . Winter(1973). Gerdes(1983)#1 Cout-teau 45
(1994)7E L6 il & (1 45 IS, A2 BT DL BRI AL

® 2 HIH T IE A TS NSRS K R AT TG Ol . BRIt H A7 A2 R ] LR L
2, XS

(D) BE7K A S W DU A RS B AFR AR, SR 85 DR 32 A0 A2 0 DAL 3 1) S i
Ko BlIKiR . HEE. pH E. KRR PRHA AN & LR DR B RURS 55 5 3R
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HI TSI RO, DN 5E A SRAEAE R ZZ AR K. BRIl FEHEAT DUSRIEK R I E
I, e BVEEIF B RO 6 EA LI 26 AT

(2 H i KR JEKZ R A b8 EL, A mli/hgDW. mi/h-Ind. ml/h-gWw
&, XEAEIER AT R E, NAERIEE M. Nz ESEREY, RAE
br b AL L/h-gDW.

QRIEKFZEE, —MZHERRWRE . SHEENEm., EIERNEER 2
MR R sgm,  SOZ AT U SR AR FUBURI B . ARFR SRR . X TR R AR
AL 24 5% D120t R A 3 B 438 100% I, 15 R A K R BUE AR, W
MARE . EHATIE IR M E R, WE M iEbRE % H POM. Chla, TPM. POC.
PON Fl 27 b 20 AR R (VOL) 255, HR4E AN [F) 1) i b v 5 (100 375 08 e AN )R A
Ao @kl POM H1 Chla Jy4EArIE FIEIERAHZRR, 9 F 0 i [A] —ZH 0 % 15 L
Jid VURIEZ B S5, Bl Chla tHEHIEIES N 2449L/h-g, LL POM 48 bR1H5LIE g
Ny 4385L/h-g, VEE I NIEACHFLAR AUTRL I A M T R e S EE SRR, B
Chla Jy 458 #5 W %€ M) (A Fo @ TE B BF (EE M %5 1996) . A A RER, 5
TPM(29%). POM(32%). POC(29%). PON(27%)#11 Chla(20%)AH L, & I K481k
5 VOL MRECE K (47%). EARIHEER, VOL F1 Chla RE8 AR R:IE IE 24 7 1
58%. AUk, HREIIERZE R/ ERERE, @LL Chla A1 VOL JyfatritATis
JERPITEE,  DAE T (R S LS I8 2 1) B S 1E i (Hawkinsetal2001) .

(A)TE R &S I0 AR, NAZKZ T IERI TR 5. R FIUE R, D
REBRRGRE . BN FHERRIE, BN RIHER, TR R ORI, 2
W RHIEIK e B A5 S P AR RO o B AZRD 7R TR AR B e SR AR 22 . B KA A
I, X KO RS B K R R AR B R v, AR 1 PRSI o, DA
N Py SEEG g R A AT SEME . AT LA T E A
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PEAK Z R R R LR H B AR R . —, BRI RREFNELS
B, W T HER T IR e i X A K 4R J1(SFG:  Scopeforgrowth). 734k, JE
IR AR BT IR AR BV T AU S5 [ N 75 I8 B 1 X5 DTS /K 3R T o g
T ertsr, S5ER BRI, ESLRITERE FEF e EE. Fi,
s Lt — DRI IT, D IRATISRAT 10 B 58 e S e DR AR B A . [, P ST LR
TEHERA . T Sy ERAE ABE AR I E 7 iR R AR T

W
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JERPE VSRR BV
Lk DU A iy Ja AU B it KA Rl A

SEHG R BN MK j[3. SRR PR 13 £ 516(H 1 1c)174 -
90°C6(H 5), LKtz a /£ 4 A 5 ARFHISES 0N 445 1 293“g
J\, PoM & 4354 232 F1 105ms J\, TpM & &4 %4 1317 A1 379mg J\,
pHS10, #HJEFEH 31 — 32, JEHEZN x000Ix. % SZU /KRS i K F- 37 A 309 —
489ml/min(4 H)F1 270 — 498ml/min(5 ). 12 J& DI S25 RS FLES DL 1995 4E 4 H
19 HELHE SR N LTy, BB SEE % E Pl T3 50 BRI A, %
DR EL 8 AN, BLFE 7 AN SRIRZA (A S 4 A K/NEIT e DU)FT 1A% HRA,
TR SEE KA & S 3-6d. S5 DU 7 i AT 2H 2L L 43 i)y 265 — 65em Al
016-149.

X HEAH TP ANTECE B DL, (HRK, A RE . K FLAL ORI 10 22 53 i /KR
22 P8 7K R I E R I I RAEAE 51 RS (R AR AR 4 ok I Rl B2 ), R T 5 DL A 8 /K SR IS
REANERIZ B A -

3Tk M4 H 24— 25 H 2h4 WHRERE h6 M 1 IR /KRG RIITE . K
itz a MBRCANI(POM)MI & &, LEKFLAMH/KILEM 3R a S EZN
SR EIEK A . 2ha JEUSER A DUHFH 3518, H GRe/BB A 4R 4RiEIE T /5 &
F TR e — 20°CIRE I AE L& 2 HT

282 a f1 POM F e vk S I8 E e ZE 1) 7361l 5 B 27-28 HIER—4it
5 DURS O E AR BES , TR E A BN . FRIE B LR Z B B AR K, SEIb 45 i s
AR UL, & EF 60C KT 24h J5 45 HIN g He s FE AN T H 2 E
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14 KR (FR)IZ B E MR VL. FR — F(Cl — cZ)lc, « F NEEKHR
#, ¢, Alc: RN KFLATHE K FLAE 442K a Bk POM [k . fREA %R (R)E, RE-
1 —Wk/IC, ®. WUFEEA), AE —(F — E) [(1 — E)FI6j[. F NEMTEHINIE
H(POM/TPM), E AFEAEHA NN S E(oM/TpM). 2 455 21 FifL s WA FE TS 3)
R JE 4R R 5 H tha) i KIR L 16-17°CHEFSFLE LA IR 4 A (R R T Fr
B 5 B ARG DXL DL A B e Ve e AR — 3. 7E Jd DL 2R B T B0 11 JS 40 ) e H
RIUEKZE (R 1), FTEDIT(ANOVA)EREKH, WHEZETREZER(E 2). REW
e, T KRR TR R e & EAE, B UUEATETE )1 &Y B Ok
HMEMBEREANEN, AHEESERIREEMK, AR KEZEANVA, F—
013). TEASLIGHKMT, M UEAT ARG AT EX4E a P HEREE )
29 2535 HE AN 1726 R .

g LR

AT L DLEE ™ B AT JE 7K 5 BRI e 45 R R W, 83X — IR B DL K &R T B
WS XU B DR SRR TS S JE, RN S BRI K R DL
MR RERREFE 200 DB mdE. S51EEX 9 A8 n A
FE R — b O [R) — D200 o —Fof g DUBE/K R I e 4 2R s[IAHEL, o DUFE 4 — 5 A I
WERZFANT 9 Afr, KT n Afn. XRZEREEVIFAETEA SR B D
AR e A FRBLZR & SO G BN ROV K BIRE . R JiE . K s Bk
Y B PR B BN o B A ELER IR I AR S 17 M BIXGE SRR NE KR . R
JURS Z A TE AL DUIEZK MR IR S5 SRR B, IR (A A ATR B (32 A R — 2
[, RO R, JEKFGEOK, I H LR SER A 26 BRI AR BOR A, HoAt 2% AR 5
A, Rl bid R EER N TR ZER SRR, 10k A 5 1 BRI
WA R —o XNAFRK/NE LH K EHAT BRI, B8RSR+
AN 2 [ B AT R R B AR A5G &R, HE AR 20N 03762(<1), XAF & W5 RIE
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IR GRS R — R 387K E 15 e DL 5% 1 7 T 0 (0 7t o 40 72
KA, HEITEPIEECN 10392(. 1), LT EZFIHK % . Doerign %(1986)tH & I
FEMHI( o« LM o 5 WY RIIE KRN Fe K 2 18] B A IR U A 2R 1 [l V95 &
8[1. fEH N NIE/KZIEF T = R B 2 B A Em s N, FIAX—H, A
AHEFE DU R 7 B = 5 e R P A5 20 e DRIk 2l . RSP Rrgtai(. » XAk
ro GREFLE)AEML OL[, AHFLSS DAIRISCZ A S5 AMA R /NTE R, ASEEGAE H AR K A4
T IR CER P MELA N 0610 3X — RSB AR T 1 306 AP i1 1 I 5 45 21
Oil, 1ERY T WA TR AT (054 ) o FRTFER X GERIEEFEK
s i —2eikiE . wildihs 55 (1990)4kiE, 4yt KT 2c5ms/E G DL (Gl 2 % i ik
2 N IR K ZEZ BN 1) o HAERIE, HEEE — e RER (5 — 2c0ms/),
VTS F UL P TS o T DA R e ) L AR AT B DL (H kg 7 DA s ) g
MY AR K2 B3 08] (2, >«) . {H Hildreth(1976)% 1, 7 —ERIFHER — 421/h)jE
A, 06 AR RREEE () o ML TERA B KRB S K 1s) , 7
ARSI AR, 300 — 600mI/min BZK AT E I BE/K 2 T0 B B s, (H KN T
300ml/min B, 5 DURIIE/K 288 R HRNGR 3). SEER ISR BRI Fst DUAE AR SR
BEAEREKFLII /KRB 2, TAE 60ml/min FIZKIRET, B UL 3FJCRETF i St
(R, XA 600mI/min fr K IR A IR B H0 I B DUSE KR 1 R, X — FRR{E
BT BME. K E rboe Z:(1981) I\ AT KA TFB, il an ikl scE
R, MANFAYR (4R =55, 6 U= NS 410 T I AR KA A AN 21
TERFAMAAKIKT 16)) o XRFNAEY BT HME N BRESIAEE . EASLI K
BR, WK R TGS B AR S A — 2, LR R 50 A At S AR I T VR AR
o B MTEARTR ZM4 TIAEKRNTHEARBXAEKSE, (HE5HRIEFXIESR
Fo DU AE KR AR ZE T e 38 BRAX o 22 57 1 B (R B 7t DA S AR (1 58 4k, 5 0 DL
EAHEETTH EEWGEN TAMENEE —ENRR. B2, BT AT AR
T N E A, BRI z[, 3], XHifLENENFZF. AREHR
RGBSR & T KR, AR EHAKE TRATAR, X
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Xt ¥k WK PR TR A B TR B E RN ERE S RN, 5 7R E
FERX AU R H . EXALE N R e B e G Tt DR

RVBRFLE IR B VG

TRFF A BRI U T 70 UK 80 ERY), FIAM R FEEFAEESR
G DRA P SCHFRE ). i, KT VIRFREEA AR RG 8N 1 # mAES
BT, AR W G P RVE FRIG IR S5 N 2 U A 7T B R, R I B B OG
T K VIR IR R L R B — Bt 7 i3 #15FL s DU Chlamysfarreri J& 9475 32 %2
WKFRFE A Z —o HEN 90 SEAR LK, ZIB I FRTE M VUL T AR Nk, FRBE A
WK, FETCERNG S, PRAL R T RS R, P E S R I K IR R A K
J&. FhFhEREKH, FIEHFLE NFRE RIS FREAER K. N T HES
VTSR VUE B IR A TR A R R, o I K RS 5 B B K B AT AT N &
K bRk Rt Fi . %K Dhatousle K5A4E, T 1993-1996 4F JH H] X 12745 1 413
FL DU FRAE 25 AR T AR SR 2 AT T WAL
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TERTEEVIIEKE SR tilE

19934 9 H. 11 H, 19944 5 F, 19954 4 — 5 HERUILIZ &M T K &R
25 62T IR T T R B A I e MR AR B e K RN B AT T . e T
TLEMM . FVEFS o[ . JEKERH L N ARITE

FR = v $Fer) P_P'”‘”"'(l)
cp

RK: FROAEARR (LMY P MHEK AL T34 (ug/L) Bk POM(mo/L)IK E ;
P 9 K AL P 43 5 (ug/L) B POM MK BE(mg/L); V AT E (L/h).

FafL & DUANGE S M E AR B BT E AR T
Fiomand = k X Cenia X FR X 10712(2)

RHF: Faomana NEVEEE(Clind/d); k AFIFEMAEN AN EH SR a b
{8 (40: 1); FRA 24h WAMIBE/KE(L/); Copa NTE N4 a I (ug/L).

AT TR E

HI C14 VENRE ZIE AN RK IS i i R A R B, (R P 28 P PREAR N B kA i
REHEEE, MIFE IR A AR cadee A1 Hegeman9[4& t HiH L HOGE 4]
G AP D] T AN

1
P=>PPXEXD
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A P NI A HWZ AP J1(mgCl(m2d)); PP N RJZKFEEAEL =N
(mgC/(m3h)); E NEIZEIRE(m); D NHEBEIHEM A KKE ).

SR T AR SR B R DUMTBR A A2 2 P PO 5575 2%

AR SR BT /K 7= R At 0 s, SIS DU A SRR 20 12k, Fak
= 3— 4em. 4 — 5cm Al 5em BL_E AN RIS B B DLERAG) R A4 10 8: 7, RI43J
74 80, 64 F1 56 10k, %M HATHIFRIE T, R4&FRERE R Im, &% 7 =,
JZTFE 354, ARARIAIFE Ay Sm AL, AN AL LRI FRAE S B 50 Ri/m2.

SRS A BTV R 2 R MRS A SR B . W TR DL
7 O TG 55, e rp G DU T O TG A0 2 B S AE A AT T b, BT A DU 8
B 7 77 B N SR RHE A R ST, ELAEMI RO . WA 2 I KAV S, BT
DUFR SRR TR JE 5 B2 S e, N R TR A A _E 0 AR R O i s 21 o P A
MAETS, BRI, KA AR &N T/, BRI N3G R A 48 AN
R o MR ARV, (HAEVRBOR. WWEEMIGESE % FOFER,
SRAERS e /N DUFRGE X BEHLEL 20 NS Zm f848 A0 20 > DUEAT INAE 2EY)
L BOLFEEAA RS INEEYN AR, RERE 2 T8 i
TEFALE DUSRTE A B AT FE I8 S SRR . FRFA G A S A AR, HERE R
IR LR .

eSO NOTE: s )=: B G VAl e g W E SR IR 35T VA= i TR

S MAMCRUIEY e e = e /A W T

n
F, :Z(Pi xT; Xx8§)x107°
i=1
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N FONA NS BER & (1) PORRIS AT S1(mgCim2-d); T, BURF 8] & B [
(d); S NI KA (M2), n AEEER S

MFLR ISR A SR
1 ETH AR a NFREFE R

PRI YR U RV B £ EER R, H B B A A AT LR 4
o FEWTEKIE, TR, DURT IR — S HLRE S w] DLE XGR A1 AT B0
TR, REA AR IRBOR IGO0 T #EAT I EREKAERS, POM IR LR =
m TP, BGPERORRE . TIHERER a T AR AT A ) B A A DU AR X ¢
FasE, Aoy 5 RIREYDEL R R R o A2 DN RE TR AN PR 25 JE B VE AP I KR I
K 7RI, BRI AT B AR K A AR i R A AT LA oS A D 5 2 W I AR
'Y, SARRIEARN S B 2RI XA S I8 & AR IEK RN 38 B R LA AL
AR T SR 2, R T SR ER a AR DI BT A A WU A E T
I UUTRE A R O A 1o AL T AR AR 7 3 A 7 (A HLBR ek 25 Y o A Pt
A HUBR I 75 5K e e RO S0 B DL AR R IE e A IR e s &, AN R 391 DL
LA T R as R K /AW

P—kx Chlazl (FR; x B;)
CC = :

k X Chla X FR;

A cc A NFRERE({ndIMmZ); ' AYIHAE =& (mge/mZid); k ERliEtE )
ENEIR S 43 a tE@40: 1); ' R, , NAFEFESERMEE EDIEKE (M3 )\
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dn/d); chl. &R a Pk (mg/m3): 7 R: i DIIE/KZ (m3/ind/d); B, A
ARSI & ALY B B (ind/m’)s , JIEETEE APk

ST AN AR RS FLER DU R . R t W ABNE 1 T LR ST
PIRIFSFL R LRI & SR B RS A2 AN R AR LA K. JEK R AR R
J DU RN B IE LG 2 HUR R I8 /K KA B bl . B T30 R BB S5 N & B
DK R A A R ZT R LI E 44— R, U /K R B 2 /KR B T v i T s
B R 7R BN B A SR (4-5 1) EUNN, HAh ZE S AR A
TEKEFE L

R 1 ZMIERLE WURKR . R RFA

Table 1 Seasonal variation of filtration rate and ingestion rate of scallop Chlamys faffarei in
Sungo Bay in 1994

Date Chl- Filtrationrate(L/ind/h) Ingestingrate(ugChla/ind/d)
(dd/mm/ a(ug/L) 3-4cm 4-5cm 5-6cm 3-4cm 4-5cm 5-6cm
20/01 412 025 042 080 2472 4153 7910
28/03 524 070 108 248 8803 13582 31188
25/04 231 159 239 313 8815 13215 17353
28/05 214 164 225 358 8423 11556 18337
09/07 688 226 320 446 37317 52838 73644
24/08 409 286 414 524 28074 40638 51436
25/09 362 276 405 515 23979 35186 44743
14/10 169 196 290 416 7950 11762 16873
15/11 095 025 072 230 1026 1642 5244

2.2 ZVAE L EE A MR A Y B LR A
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FINTE T TR 1 B PE R R AL VIR A BRI . IR TR DL
7w TS 5, DA_E 32 EIR A VE R AR R P A s AR SR E IR 2 Fim. AR 2
R DL HY BRI R T 3 2 208 K N B o AR R 28 2L IR R 2 D9 77 B e DL
145 . HROUNG DL i 0TE AE VD BN

R 2 ZMB LI VNS EVARF NP M EY &

Table 2 Total and mean biomass of filtering fouling animals in Sungo Bay in1994

Mussel Small Big
species Modiolussp Ciona sp
Muytilus edulis Styela sp Styela sp
Area
4000 4000 4000 4000 4000
(hm2)
Biomass
67500 7500 1000000 1000000 167500
(ind/hm2)
Total(million) 270 30 4000 4000 670

SRURTE NG DL iy e ToUe AR AP ¥ 4 2 o B8 AR A P IX P R A2 ) 2 BE R S A2 57
FAREAR AN b /MW AT B A T B R E R A K WM R X R AR
RN FAAE 5 A DGR SR B &E. £ 3 BoR, S078 B ZIMNAE L MIE KL
e DL oAy fie K, 7 0 TG VR 225 i A DS P8 /KR AR B o B IR A DE K R iy T R A
A2 LA . SRR TR A 8K b A i K IR A=

R 2 I TSR VEME LEYPEKE (Lh-ind)) BIZT548 1L

Table 2 Seasonal variation of filtration rates of main fouling animals in Sungo bay in

1994
Mussel Modiolus sp Small Big
Month Ciona sp
Muytilus edulis Styela sp Styela sp
January 0.20 0.05 0.01
May 4.39 0.73 4.01 0.36 3.19
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September 1.80 1.13 1.70

November 0.63 0.35 0.16 0.18 0.02

MRAE A ()M EIEEVENE LV P IAED R IR HaR a k¥, &
TS I DE B PR 2L B AL T R H B & B (g C/ hm2/d) 7545 RNk 4 fos.

R A ST L EE A MR AR AL AR H BB (g C/hm?/d) 21384k

Table 4 Seasonal variation of ingestion ration (g C/nm?/d) of main filtering fouling animals
in Sungo Bay in 1994

Ingestion ration(g C/hm2/d)

Date Chla

Styela sp Subtotal

(DD/MM) (mg/m3) Mytilus edulis Modiolus sp Ciona sp
Young adult

20/01 4.12 53.25 1.50 6.75 61.50
28/03 5.24 68.25 2.25 8.25 78.00
25/04 2.14 94.50 3.00 7.50 104.25
28/05 2.26 87.00 2.25 6.75 96.75
09/07 6.88 280.50 8.25 1188.75 22.50 2311.50 3811.50
24/08 4.09 167.25 4.50 706.50 13.50 1374.00 2265.75
25/09 3.62 147.75 4.50 625.50 12.00 1216.50 2005.50
14/10 1.69 69.00 2.25 291.75 5.25 567.75 936.00
15/11 0.95 39.00 0.75 164.25 3.00 319.50 526.50

R4 FREEE TR, WS REMRIEAKEMN BN, HFAEYERR, HEe
=L EEIMEEMRAEER 0%A 4. 7 HRHERER a kA B9 1 & m K,
[ IS 8 fr v B AR R SR T AR SR B A B T AR RN E . 11 A BEEM
3 AR, BT /KRB, SMAEYIRIIE KRBT, B 2R T 2 E R R
fi1E .
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2.3 SVGIE TR A B AN &

RAEA R HIFEL R B HERER a WKE, RGBT 147 KA B A
FANER 5. ZIBIRET BRI S BRI I KIRAH2E a kAL
YRR . FEAZE, HTKRFMMSE a IR WG, H9E 88K, 4-5
Ay, AR R VUG Ao ST REAT RE R A 5 B B, JEACR M & BRI ROK,
DR T 0 e i A A 0 SR AR A, WA A TR BEE KR AT, B
LB IR R M BOR M AR B KM/ 2 17478, B MY R A - BB Ei R, 7
AiER|EE N R EE. 8 H NI, KEBFKHIFE 71 SRR TR, 5
FELY) S T BT A o AL Eh T IR B 7R, I A 3 B DUR LAt B 5 R A R
JEVEH, HIEAKCRAMMEBA K, RITER ©E2FERREEGE 1), FiTE T 10
3 SRR 2 26 7 B B ek o

K5 RINEFIEDGIR A S L AR A 224

Tableb5 Seasonal variation of Primaar y Production in Sungo Bay in 1994

Date Chla Area PP UADPP DPP

(dd/mm) (mg/m3) (1x108m2) (mg C/m2/d) (kg C/hm2/d) (tC/d)

20/01 4.12 133 179.47 179 23.93

28/03 5.24 133 134.69 179 17.96

25/04 214 133 62.86 134 9.05

28/05 2.26 133 231.63 0.63 32.25

09/07 6.88 133 1419.68 2.32 189.29

24/08 4.09 133 974.61 14.20 137.89

25/09 3.62 133 963.55 9.74 126.70

14/10 1.69 133 206.03 9.63 27.47

15/11 0.95 133 179.32 2.06 2391

PP: Primary production; DPP: Daily primary production; UADPP: Daily primary
production of unit area
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SUVEHVIZ A 3 — 4 A%, 40516 17.96 A1 9.05tc/d, HEMLTXZF
FIHVI A28 . 7. 8. 9 kA r=siim, Hd 7 Ay 189.29tc/d, &
BT AR R E

2.4 SRATEHETLI DUR IR W0 2 F Rt 2

RAEARG)AE 1. 2. 3. 4. 5 FHIHEE IR E,. HEEVEYE. 18K
RN R RAIR AT R, SITEAF RS LR DR S A B A A7 AR
VA RN 6 /K.

SIRTE AR ZE TR AL DL A T AR IR A A B DR B DK/ N AR AN ] AR
P EANF A K o 3 A FIRURS (1 DUTRE A BT AR R, ATl T
KRB, b DUBTRRARI I R BN, T2k a AR R, IR E RN, 4
AR 10 Ay A a WREERAR, 1158 DU SR A sy DRIy L 7 B 7 B e
/0Ny LAt A Oy B TR R B DR B DLIE /KA 23R a IR AR BN T BN BRI

Y e EA 3-4 em B, HAZERRA AFRES ERON, RITEHRDY 167 —
283 Mm?; 4 A4 Fl 10 AW FREAERIL, 20 20 NMm? A oAb A A8y
215 50-85 Nm?. M FRFEAE VTSmO 4-5 ecm I, HAZEFRE A EALTLE 9-17 4
Im? FE AT 4 AL 10 A FREAEE RN 12 Nm? kA7, Hodt A 4 2L TE B2 30-
60 Mm?. HJE N5 m KT 5 em B, HAFEREF R BUIERY 50 NMm? LEti; 4 A
P30 10 A RIFRFAR &N 10 Nm? 7oty s Hop A AR 0JE 2058 17-46 4~/m?,

R 6 SIWTENIALR VAL A

Table 6 Unit area carrying capacity of Sungo Bay for culture of scallop Chlamys

fafferi
Date DPP Ingestion of Ingestion of scallop Unit Carrying capacity

(dd/mm) (t Crd) FO 3-4cm 4-5¢cm 5-6 cm 3-4cm 4-5¢cm 5-6cm

(tcld)

20/01 23.93 0.25 988.8 1661.2 3164.2 167 99 52
28/03 17.96 0.31 3521.2 5432.8 9306.4 46 30 17

25/04 9.05 0.42 3526.0 5300.0 6941.2 19 12 10
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28/05

09/07

24/08

25/09

14110

15/11

32.25

189.29

137.89

126.70

27.47

2391

0.39

15.25

9.06

8.02

374

211

3369.2

14926.8

11229.6

9591.6

3180.0

4104

4622.4

21135.2

16255.2

14074.4

4704.8

656.8

7354.8

29457.6

20574.4

17897.2

6749.2

2097.6

85

67

76

85

18

283

62

47

52

58

12

177

39

34

41

46

55

Mean

65.38

4.39

5638

8204

11504

61

34

R RINENALL VS IR E R

Table 6 Total carrying capacity of Sungo Bay for culture of scallop Chlamys fafferi

Date DPP Ingestion of Ingestion of scallop Theoretical Limited
(dd/mm) (tCrd) FO CcC CcC

(tCrd) 3-4cm 4-5cm 5-6 cm 3-4 4-5 5-6 3-4 45 5-6

cm cm cm cm__ cm cm

20001 23.93 0.25 988.8 1661.2 3164.2 240 143 75 180 107 56
28103 17.96 0.31 3521.2 5432.8 9306.4 50 33 19 38 25 14
25/04 9.05 0.42 3526.0 5300.0 6941.2 25 16 12 19 12 9
28105 32.25 0.39 3369.2 4622.4 7354.8 95 69 43 71 52 32
09/07 189.29 15.25 14926.8 21135.2 29457.6 117 82 59 88 62 44
24108 137.89 9.06 11229.6 16255.2 20574.4 115 79 63 86 59 47
25109 126.70 8.02 9591.6 14074.4 17897.2 124 84 66 93 63 50
14/10 2141 3.74 3180.0 4704.8 6749.2 75 50 35 56 38 26
1511 2391 2.11 410.4 656.8 2097.6 531 332 104 398 249 78
Mean 65.38 4.39 5638 8204 11504 152 99 53 114 74 40

39

FO: Fouling organisms; CC: Carrying capacity; DPP: Daily primary production
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R PTLUE & TAERTM A (ERT CRFEAEFASL TPRKSD (70
R
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3.1 FHVATERIFLIE N FREIIR S FRE R =

VAT R E AT EEMFLE R IX 2 —, FRGEEH 80 FRWIH 1200 /5
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B XPRIGHLRE], RIGIEFIFLE W FRIEE, a2 AL AR IR E & ik 3 ek
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P FREA BRI, FRIWE WAL SRR A L DL, HH AR5 2 =8R8 H
FHHBREER 7). (AR RETRIWE OIS, HEAAGEFRF I VLE 5m
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R4, HTm UMM ESEDRERED, FEEEMNER. HE 3 AT
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N 10 Rim?, 5-9 Ay, BHTRIRAEFAEIGIN, Fu IR BTN AN, P/ B
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F—15: FE IMTA &/& WEAN: IEY, mEKTHRR, ARR
BT B IMTAIREHRE  R®EA: BER, B=&KTHARR, ARR

$BME: IMTA HIRS5ER
B UREaHE

1. BKGEFERFTIK. BN ENFSEREESIN
2. ight, EIMERMEEK

3. NEREGEETHERAEE, WA IMTA EEEENEYIIRERR, S8E
=.

4. ZFWam. ESRmHhE
WEN: BIER, JEKEHARE, HARR
=1 alEZERBRGSHRE
1. KGEFERFGPER, K, BEREMFREREESIMN
2. iHE, EEINERMEK

3. MEGAFERASIE, WESE IMTA REMENEMIEMNEER, EEE
=.

4. B, EFSREDTE

mEAN: BEFE, ESK=HRR, ARR
E=1: ENS IMTA
1. IMTA REiBS, MK, BERNEYFHEREESIM
2. GGk, AAFSINRRMEK

3. ZIREGEFERGWE, WIFW IMTA REEENEYARERR,
B

4. ZFWm. ESImONE
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WEAN: S, mEEKTHRR, HARR
BT Aer5itelE IMTA

1. IMTA RETHREFEESE, IS, 8&E. MRRESHFEMSRNEN R IERESE
S

2. Gk, AESINERMEK

3. ZEFIERFIEE, AR IMTA ZEEENEMIIMERR, SEER.
mit=EER. TZine

4. B, ESImDITE
mEN: BRE, ESK=HRR, BIARR

$BhT: NIt IMTA

1. jitE IMTA REHEEFEFHENENFREREESIMY

2. Eht, ESIERMEER

3. ZEFIERGHEE, WA IMTA RFHEENEYIMERE, SEEXR,
iFihmEER. T2HES

4. ZFWE. ESHEDTE
WEAN: MEE, MBS, HiF

B 1 FEEEIRK IMTA

1. [EEBIVK IMTA REPEEFRBEFENENZEREESIN

2. ZEFERFHE, RBMEMAEE IMTA RINEEXAIAY. RIEFBMERER,
Az RNEEER, MtT=EER. T2REE

3. ZfE. ESM@mOTEH

WEAN: BER, iMI&8FK=FEMAFRF, HRR
BT SFEEUAXIMTA (85 &, FAREFFIMIEERNXETEEN,
Aot £ IMTA RS2 EYMRRERER, EEERS)

50



1. SFERAES RGP T EIGFEFRNEN SR EESI N
2. itE, ERIMEREER
3. SCAMKERFEE, WBEMIEN IMTA RAMENEYREEER, SBE
=. Bit=EEk. T2REE
4. ZFHE, ESHRDTE
WEN: KB/RE, BEFSEFASFRIAHRFL, &L
BLE: FRFERINESEFRSNNETN (815 SF3aRE. RESW
BESIMETNMRIFNTTIE)
1. FRFEERXNESEARSTFNATSHE
2. AEFBERNESREARSNEZE
3. ETFESRSNMENFEEIT
mEAN: X, FERFRESEETARAN, BfRR
$BAE: KFEBRESHEREITM
1. AMBI $8EGFN

WMEAN: BEA, =EE8KTHRE, AR
2. MOM-B SMIZR%

pall

HE A Pia Marianne Kupka Hansen, BPEGEFEHASSET, 5T

pali

BtE: RESENETRIEN IMTA RREE

WEAN: S, mEEKTHRER, HARR
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(2) FREMM. FUE. 'R

BN TWRSF SR, iR 20 5E, REREISFREKAESS. Bl
S ERFIEABIRIEME: BF. BrXR. BIEK. 18%F, FELANEENF
®FE, FrrEY 8 A (XF) ; Mk MiFlEN. BFREN. R, K485,
W, FFRRRTE, RIFFERBFAERIPFN, ERIHBD NFEREFT
JE, T8 10 BIELALE (8F5) ; WME: RIZ. JORIkigiEE. &k IFEF
i, K gd, FivE, LINEFENE, FEER 100 AA,

KB KFERIAWNEER, KD ANAE: —2RFENX, 06+, B
W, 6. tEEFRE, “REFEN, NiEF5BEN. ik, . NERRSE, =
RN+ EBREN, LUSHFE. MNEFENE, KESENRISNEE, NEZE
FERZEFIEET, (Intergrated mult-tropic aquaculture, IMTA) , G-
RS, 8- 85-IEREIRF-AITREEHRE. FRlRIERRRERNZEFER
GEFEEREN, MEARBRREFRREMNESESY, EFERDESFIRE
RESFA, Rer-HrIERERD 7RIS, XFFRERDIREARRYD
e, MENEEDEHBEE AT HERER.

(3) RIGBLESHFIR

RN APEFEERIFREF AR RIL, ELEZ THENAEN, SIRMEZRLE
EEROFRIEF-\BERS AT EUAR R, FIaN, B3 7EAREMREIE, B 7Exm
WWERRIESIE, Ruggp it rtmERrek. THEENZE, MREZTE
FAFRERMN—MOM E% (Monitoring, Ongrowing fish farms, Modelling, &
R MOM &%) , LIARFEZEENIMEREARTEN, FNRITTITHRENIKTE.
MOM RFGHIEEFIENMIERR, BiFAERERE(Environmental Quality
Standards, EQS), Eitt, ATLARIB&/RITEEE, BElLAEE. RE T RFEZE
BERIMNERMG. RIE MOM &%, HEEIL 7 B EFFEZAINRE(Norwegian
Standards Association, 2000), IREIX— YR EELIEIIZiEA(Anonymous,
2004), MOM Z#%t84E A, B f1 C =3By, HF MOM-A EENEMTE FHKRE
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ERYTFIIRIESR, MOM-B EEX MBI ERIIARIME REHTEDUFITFAT,
H=""MERBAER: Y. WENRNERSINE, MOM-C ITEMRIEMENEEES
1,

AT HERIDE A NEA T BFEM R ANNR KE BRSNS ESIMR
RIS, SREKFARFEESENT RS FARE(E, FIA MOM-B 335
B FERIEAMRINH T T Bl STHE, mITHMLERER, FOEIANEN
BerrEimnI 20 tHEC 80 TR, &FH T 20 SFRIFIE, KEMNERERY,
HRET 1 %K. BIDH, ANNREERIEREFERMNENERERR SESFER
AKREENRETIEXR, FENAREEEBRITIEEREIKAPNESRR, £
R NERESEMENEN, EEECEIERTERNES, TLSHHRMAEY
NESFEXK, ZEHTEIRNEZRABINNESERRBLESHRIREINE
&, HMARETHFRERRNEMESTES BRI, R8521d 20 ZFAIAN
RIGERARE, MEWINERARY, BER T RSTESTHERIE TR
RERIFIERT.

(3) REBEAFRFERGZORSIE R

fEESKFEFIVNCERRE, AL EFHNARALHFERNENSTT
W, BAXRFRFBLEEYWERFER. EMNNE, MARFAR
THRERFFEGNRURSENMENKNATRIIEE, MUOAETESRS
EENEKFERHT R ZRIENIZSHMKIE, B EEDUEEIHMEIIE-
LEIFEFEEIN, NARRRFEEIURHHTHIEES,

HTFARENEEMNESHENER, ROEHNFELSNBAEEERA, U
B ERANZSEREXEZERES 4 7, FEFBERFZOIRSMNMEEN
T:

%= 1. FEFEEN FAWIRENME
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FE ” BUERTE [EEZiE LYON D% IRSBNME

S
(= TR kg-ha-1-a-1 Y/kg Y-ha-1-a-1 (Y-ha-1-a-1) (Y-ha-1-a-1)
W =g 14063 6.0 84375 35156 49219
&2 BRI 9375 46 43125 11719 31406
1 3 L3 7] 62500 0.7 43750 18750 25000
11719 6.0 70313 31641 38672
Bt 4 NI In|
Rt B+ B 5625 46 25875 5273 20602
Nt 96188 36914 59273
11719 6.0 70313 31641 38672
H— 5 N “.L."+
Bet R+ 35156 0.7 24609 10547 14063
N 94922 42188 52734
15625 6.0 0 37969 0
t 6 TS + i
Bt e 9015 200 901442 537921 363522
N 901442 575889 325553
15625 6.0 0 4 0
a7 NI PN 8654 200 865384 482716 382668
1875 120 112500 11250 106250
N 977884 493966 483918

i FETEEESERAMEFAV INEFEERRRINRIEEE
FOEEAWRIEEEEE, METIRARE THRYSELFEEIIIEEERE, Jtlﬁu
BARFEZRIIBNTS, RAIEEFNA, SEEAAS. FERIEMDS. EEMN
K, 0" FXEMFHERAZIASGEAE, FERNEHER(FERIESEER,
HEAIREF MM ERT AR,

% 2. FRFFERI FKERSHIRSNME

SR, M TN BERIHG TN BRIOTP B TP PREE Value (Yha-1-a-1)
(kg-ha- (kg-ha- (kg-ha- (kg-ha-
1-a-1) 1-a-1) 1-a-1) 1-a-1) IERIRL gy BINME
N7
&= 1 231.6316 0 53.2969 0 428.24 0 428.24
B 2 567.9516 522.7598 / 1.6082 851.93 778.39 73.54
&= 3 120.8653 405.5173 / 0.1999 181.3 602.24 -420.94
=2 4 533.7974 313.6559 444141 0.965 868.02 467.04 400.99
&= 5 261.0131 228.1034 44.4141 0.1124 458.84 338.75 120.08
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=X 6 1457.52 0.9858 59.2188 / 2276.04 1.4638 2274.58
B 7 1457.14 0.9658 61.8457 0.0002 2295.24 1.4924 2293.75

" RTTOEE, T RS,

FUKRINMEERETE, BLETHNBENRNBERAIHERERIR, HMEE%
WKERAIER, EHIFESHEERAMNINESIIE. EEEFRENRAZEX,

NRED FEHHEN, UWAEERSFFEY=FERE, N mssEEE
ESEFRIMSEN.

% 3. FEFEEIN MURETIRSMNE

FIERE BB IR TRE FERHY CO2 fRtE (Y-ha-1-a-1)

(kg-ha-1-a-1) (kg-ha-1-a- TERR TARIRL BUNME
1)

& TS A TS Fi9ME

mode1 4387.5 0 1156.75 4859.32 0 0 3008.04
mode2 906.86 28.3795 239.09 1004.38 7.407 31.1039 602.48
mode3 4907.76 26.5353 1293.91 5435.52 6.9257 29.0827 3346.71
mode4 4200.37 17.0276 1107.41 4652.06 4.4442 18.6622 2868.18
mode5 6416.86 14.9262 1691.78 7106.91 3.8957 16.3591 4389.22
mode6 12311.9 40.6899 3245.99 13635.88  10.6201 44.5961 8413.33
mode7 12528.52 39.3967 3303.1 13875.79  10.2825 43.1788 8562.71

SIRETINRENME: &L 7 >1R1( 6>4R2\ 5>1870 3>1R7\ 4>157 1>185 2;

& 4. AEFERN FESRERETRSME

FRIERT( FERNESE BRENESE RENE (Y-ha-1-a-1)
mode (kg-ha-1-a-1) (kg-ha-1-a-1)

=5 RN RNME
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mode1

mode?2

mode3

mode4

mode5

mode6

mode7

16875

0

0

14062.5

14062.5

18750

18750

0

19.708

18.4273

11.8247

10.3654

28.2569

27.3588

6750

5625

5625

7500

7500

0

7.8832

7.3709

4.7299

41462

11.3028

10.9435

6750

-7.8832

-7.3709

5620.2701

5620.8538

7488.6972

7489.0565

FEESREATRS TEEHAAE

TRIRNEEREE.

% 5. RNEIFIEREI P AT

TEE S
BRI

KFepkll, MigmtIERIFREAE/9E

FeIEIRT( FIUE (NPV) R AL HEXIZEL (RC)  (Y-ha-
Aquaculture mode (Y-ha-1-a-1) (BCR) 1-a-1)
mode1 56847 2.6897 152904
mode2 30693 3.561 109298
mode3 26716 2.4408 65208
mode4 65228 2.8227 184116
mode5 60157 24778 149056
mode6 328928 1.5968 525241
mode7 480635 2.0167 969305

R, AEFEELU A NPV 19KF 0, H BCRERATF 1, HBE LA
FERERE. TH. MESEFERMIIIAN (i, BE. Is%) |
R85 NPV BBERIENN. RC HIRER, EAMARCRHFBEERF, SH+iE+RIS
ZEFERGEFEIENIHIANRRINFEER, FEEXNIIRFS: &
I 7> 6> 18R 4>18= 1>183 5>1850 2>185€ 3,
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FREMRERERRA, IMTA FERIATRERRSMNE. SFdam. MR
mEPITD T IRAFMEFEN, MABERERMEANRESTE, EKEFL. SIRA
T, EERERTHEHERFAEERME, L, EFFEREIRNEES, KB
RN EA— P EERIFTERME TES.

(4) ABFFHEEEGETFEN XA SR [0

EAMNERMSH, FEANFEESEANNEREDRE N, HiK
BNRBIESRFRMAISMINEERSMME. A% 6 IEHKRISFRFIER
T™IREFNMESNER 80-90%, RATEMESL 10-20%, KEARARRDS
FIERNRIAR M AEREED, BENRERETIERAT 2. T
RNBFERFRIFIRNKRALIE, WRIABMYIREFIIENE, BARRIENK
ESEFNEMENRK, EFESRREIRA, FE—RIIARER. B, R
REBETEEAFBENNS RN, DRABRYGERERFENIHESRSRRS, XETHE
FINGEEMIERRESTIER, RIFESHNE, SCESRFRIATREARE,

% 6. RIYBARFEER TNMELR

FoERTl  IEXNEE RIS 2R MBI RUNME
(Y-ha-1-a-1) (Y-ha-1-a-1) (Y-ha-1-a-1) (Y-ha-1-a-1) (Y-ha-1-a-1)

mode1 94561 35156 94500 10186 59405
mode?2 44599 12524 60300 668 32074
mode3 47296 19378 48000 2918 27918
mode4 105560 37397 113805 8889 68163
mode5 105405 42541 101250 10130 62865
mode6 919659 575929 625062 18177 343730
mode7 996269 494005 929123 18346 502264
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(5) FFAEH]iF

REBHESHFERARRE THEHEENHE, BNEIFEFEZRZHIE.
BUBHFETRANE. FERFLA. FEAHE FE. FESTNHERFES
k.

(6) RJEXTH

1) RREFESEFASIEMNEKFE, £SEENSRTTEHREESER
A.G.Tansey F 1935 FHERHMN. EXTHARESEARERE, HAfRMR. B
AW AENARRME T ARENXMABE. 0 Agee(1988) IEHATRRE
HEEEESRARNSPEEIITIE. MAMEY, FRAZIMSAHEIRE,
Verbay (1992)U}EHESREAEEISE OINWIFIAESSE. &5FF. HFUKR
BEFRE, RKPLEEEASERNEF. IKETEFESR BRI MERATER
ERORE. FIA. PR, MEMRS. £SZAEENTEENEBIRABRESHK
SN, KEMEMERE, REESEENESTEMMIDENTRFEE M
(William,2005) .

BEEAMEMERIFEIRAER, BAFERNMENAIEREESE T e
RUmiZRiE, BKFEENEEABNEBE AR RLREGRS8, MAIZE
BISEA{THIE R, WEFRREKFEEERERIBETESRRNEKAEETE,
BEKFERNNESRAREELREFRBW AT RRE, WEKFERFLEE
SEHBLRETHENERIE, XHEAEEFIRESEER. ETESRERFKE
RIEKFIE, MEREKFEENSESTFEERIMEER, GE8FRESRE
PREN. FEMHARZENEEER, NMLAAELEBIRZERIREF
. ESRGUKFREKFEEEEARFERMZ ANELL. FARFERIZ
[BRFE. ARFEESNSIMERAZBMENS—; FLALLARAFE, LI
IKFEFRRN RN H R R A AR MG MR R, EEASCHETRES: —.
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EEENUNGEERES. &F. ANFHSSTOEER, —. EEUREE
B EKFEESRGENTNREKFIEES, MARBKFEESRRARS
=. EEBRRRETEKFEESRFHIRRIRFEAA.

BYARETESRAEENEKATE, JERRFETAZHE. FEME
ARZESHITEKFIER R R

2) REFENESHIE. ERHUIHE, HENEBKFENARTERE
iR, BENBRMWESE, ATREREKFELATFEAR, TUIRATNBEIN
RlBEER. BREREBKFE, FRKEFERFERERNE, TR
LASCHE, B, iSESFRmECFER R —FERE—ER. RIEFRNFE
MZEMFEAIN, BEEE T RIFIE=R 5iRIE, F—IeFrERRE
MEFEEE, HRTMCEGRRS, AEEREBKFEIMAEL, HB
WEIRRHEASIE,

BYREIVENESSIE, TENBNIFERS L. FEEE B, 7FE
BHNNERFES K.
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