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Fish stock assessment targeting on multi-species and multi-fisheries

based on Ecopath with Ecosim approach in Suo-nada,
Seto Inland Sea, Japan

Shingo Warar:'f

WET NSRRI B #2352 C,  Ecopath with Ecosim & HIVy, Zfafili, ZiidEx —fxfR & L&A 21772, ElHAs
SCHkTE R % V> Ecopath Z HESE L, Beosim 12 & ) R RAY 2 MR BT R 2 MY U7z, /NI RAEIC X 2 & e 5e, i,
EEME, TOMOWPTIN L HUWHEZE L, kS L oI & /NI ORMBIC T ORI REZRE L. X
TOWMETHERLBURI VN2 01%, MK EORBIRCEZHML7ZHEORTH ), NERFORIERZE
DOEIROAERED R S N7z LMl ZHERTHIEROBEIIIOWTRE T 5B, HBOERHT KL Z0MEE
BIRL, iEmOME 2Rt 26802 FRICL L EEZ LN

Fish stock assessment targeting on multi-species and multi-fisheries based on Ecopath with Ecosim approach was con-
ducted in Suo-nada, Seto Inland Sea, Japan. Ecopath was constructed using diet composition data and archive data.
Ecosim was used for evaluation of effective fisheries management strategy. Landing and discarding of trawl nets, and
landing of gill nets, set nets and others were incorporated in this model. Reduction of fishing mortality of each type of
fishing gear and reduction of discard mortality of trawl nets were considered. The simulation result of Ecosim indicated
that reduction of discard mortality of trawl nets was the only way to increase landing with all fishing gear compared to
current landing level. This approach was considered to be an effective method for illustrating the effects of manage-
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ment strategies for multi-species and multi-fisheries, and providing material for discussion and examination.

Key words: Ecopath with Ecosim, ecosystem model, Seto Inland Sea, fisheries management, discard
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Figure 1. Location of study area, Sea of Suo-Nada, Seto Inland
Sea, Japan.
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Table 1. Classification of functional groups in Ecopath of the Sea of Suo-Nada.

Functional groups

Main group description

Representative species for estimation of
P/B and O/B

Piscivorous fish
Japanese seabass

Silver croaker
Cephalopods

Large benthivorous fish
Blackhead seabream
Blue crab

Flatfish

Small benthivorous fish
Planktivorous fish
Japanese anchovy

Lateolabrax japonicus
Pennahia argentata
Decapodiformes, Octopoda

Acanthopagrus schlegelii

Portunus trituberculatus
Pleuronectoidea, Soleoidea
Callionymidae, Gobiidae

Apogonidae, Clupeidae, Leiognathidae
Engraulis japonicus

Anguilliformes, Sphyraenidae, Synodontidae, Trichiuridae

Batoidea, Scorpaeniformes, Tetraodontiformes

Saurida elongata

Sepia esculenta
Platycephalus sp.

Pleuronichthys cornutus
Amblychaeturichthys hexanema
Konosirus punctatus

ZTRUSMI TS, & LA B, REINY b 2R,
INEIN Y P ARSI, ST Y7 b EEEICOE L

Jellyfish Aurelia aurita
Shrimps Alpheidae, Crangonidae, Penaeidae
Other crustaceans Brachyura, Stomatopoda
Large benthos Includes benthic animals with more than 1.0 g in weight
Small benthos Includes benthic animals with less than 1.0 g in weight
Zooplankton Copepods
Phytoplankton
Detritus

0,= a;v;B.B; (3)

2v; +a;B,

2 Z Ta, i 3AMEFA (Effective search rate) & FFIX LA
B OBRAR 1 EMD -0 O EE i O EFT, Ecopath
OB AR EENREP LRI D -EMTHAL. £/, v id
vulnerability 787 2 — % T, $lifZF ;I L 2 EH i Offi&
ENRTEOREMTH S, L Ecosim 12 BV THEA
HEMREZ LTI R RT A= THE OD, H
LENRmEER R T, HEHEESHELZDIOTH S,
SO, JEEIIFERERE & 0 20-30 4 DL o & m Ak
% CPUE 2 EORERF T — ¥ W, Fa—=r 72X
DHEET BTNV S A (Christensen et al., 2005).
Ecopath D%

AT — & 7% 5 U SCHRTE iz v, 2001-2005 4 P39
FY 72 JE B il > A B8 R % Ecopath TFRIL L 72, Ecopath 513
HAEOTF— Y205 I EDPEE LD, FEDIEDOAR
THRERONERE 155 2 EDH L2022 720 T, BELEIC
F7Wb 7=y B L7:. BUFERCHMERDIZ WAL
Bl L L, #nlANE, EWEnss gk
R A D LI T L ORI E L, 1804
oL 7 M) ¥ 2 TERH ORRERFIC B L7z (It
AR 1964; RATIE, 2003). AW ORREREO S B, i
iz A A ¥ (Lateolabrax japonicus), 3 1 2 F (Pennahia
argentata), 7 1% A4 (Acanthopagrus schlegelii), % 7 F
4 7 > (Engraulis japonicus) @ 4FE% H—FEORERERE & L,

F 7, EAHEEIWIX, Y (Portunus trituberculatus) &
I X7 5% (Aurelia aurita) % H—FEORERE L, 7
DAhx, U, A ZFoMHRE KBV b,
NIV WA, TS vy, WMT S 2 b9
BERETRIC 0 L 72, ARHETED 0 o FEMll 2 Table 1 12/R L
7z.

NS OFERERE 2 I 2 ISEREE & LC, /N, Y,
EEME, FoMoME BRELM, »ITHER L) 040
WAL, BHERERE ORI, 2001-2005 4E O HAERET
OFBEL Lz, 209 B, MRICOWTIE, e K
WCENZENSE L. L, DNETHES R AW DS
L, KBTS b DR L, IRIIERE T L1,
W R C R IO EFEROEE ORK, 2007), #%
FIZLBITEE A4 - L, 2009) OFfFL e L7

B 3O CIEmR L D #EE L. AXF, AL A
B, 7Y, TUHOBFREIE, I&— MEFICX DHEE
iz w7z ORH, 2006). % 27 F4 7 08fFRIT,
HE T FA T T NEREE O BT W) PO R
B 5o ENREoE G 2R ECHEE L (T
B - 84, 2008; HF - NI, 2011). KIS MR LR
ARV M ZOBF 1L 20012005 4F 12 FE R S /=X > b R
EREREOFHME L Lz G- L, 2003; 5 H - A,
2004; 3¢ H - E H, 2005; 3% [ 13 A, 2006,2007). I X7
77 OBERL, EEBOHE MR L f U Cie
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1984), 1gC=42 ¢WW (Cushing et al., 1958) D E R TZ
L7z, F M) ¥ ZA0OBIFERE, AR ALEKEE
JAV 7z Pauly et al. (1993a) OFEERA HHERE L7z, SCHKE
W o BAAERSEES DN VR () 122w TiE,
BUF s S N B BERETE (b)) OBUFR B, & HHEIC, BERE
# (b)) ®CPUEIZH T ZHERERE () OCPUEDME LD
e L7z,

B, = B, XCPUE, / CPUE, (4)

s7uy A OBfFEIIAAFTERAEL L, TOMOMFORE
REREOBIERII A LA e kit L L, 2o o BT
BT CHEREL L, 2heh @) Rk hiEgEL 7.
N6 DPUEE L CPUBIIARN (2006) X D HIA L. B
OB, EE% 095 L7%% L, Ecopath®/¥J X —
FELTETFTVICKDHER L. CoidfETRET
&, AEREO)BIZLAL), BELHEECL > TR
NBEDIEICHEDE, L DEFNTHHENR TV AIH
T& 5 (Christensen et al., 2005).
BArgEd 720 AR (P/B) &, BAEOHEHREZ LD
WL, AXF, WVAE, W5 7FA4TY, TH3,
IEHHOP/BIE T & — MENTOEBAREE L7z (Allen,
1971; W B - /N, 2011; K&, 2006). 7157 4 & KB
N 2 A F O &R AR EIE von Bertalanffy J§ & € 7V
OWMBARRL, & REREK, BERGKREL, HEY D
SEHREL % v 7R85

L .—L

Z=K—= ©)
I-1L,
X 0w L7 (Beverton and Holt, 1957). fa &Pk,
O sF, R, MUY N 2aMaE S v s v

VRSB O P/BIE, EIRFVARG R 2 &4 & R AT RE 7 Kt 3
‘Bohhroizizo, M WA R EOEEIR
¥ it OBLRA S5 72 Hoeing (1983) D#EERR

InZ=144-0984 In(z,,) (6)

XV L. 209 BEEOM TR S T % B RelE
WZoWnwTiE, BERTRLENTLMOMEE R L7 (Te-
ble1). ZOMHRRIE, KEIXY A, ARV N Z2DP/
BIZBEAE O kAt 2 v 72 (HIH - 453, 1970, 1972; HIFR
132, 1973). I A7 57 0OP/BIX, HED - R

pu

EN
=]

P/O (Uye and Shimauchi, 2005) & Q/B Ofiti % fli il L% L
7. BT oo N KM T T 7 N 2D P/BIRAER A
# & (Uye and Shimazu, 1997; I [T - %2 %%, 1984) % BLAF
BHTH - THEE L7-.

BAigdH7- 0 BIE (0/B) &, BAEOTEIE#R LD
EL7z. WF 2 FATTOOBIHMBERIVHE L
(FHAEATT, 1987). Mo BB OFERERE D O/B 1Z FHKIR
a, REoBRIrLHEB LR 2 Hvie Lz
(Palamores and Pauly, 1989). SR E I X7 5 D Q/BIE
BEA: O SCRk G 551 L7z (Pauly et al., 1993b; Ishii and
Tanaka, 2001). ¥ ~75 > 7 b ¥ & Z 0o BB O
O/BI, PO% LW D03 %M L, OB=PB+P/QDH
2 & ) H#E% L7z (Ikeda and Motoda, 1978; Christensen et al.,
2005).

YD S B, AXF, yuryF, ruy(, gtk
o, KBRS ARMEAE HVAH XY MNRAE
PEBFHIZOWTIE, AR THNIZ2001-2005FEDT— 7 %
AVERETH B2, ZOHMOT—s A HEonTnin
ZEMS, 2007-2010 4F L JE B i e © 9 L 7 e B A
TN L 72 ko BINEW 2 Mg L7:. &koF
NZEWIE 19 OFEFETE (Table 1) (4L, ZOHEEME
RSO MO EYHIBOI B O SCIkE e T L7 (B
AT, 1985, 1987) . Ecopath DFEEEIZH 72 ) A AT L
728 T A — & TYWEILORWNINT ¥ AP R WTGE
BEYHBEZFET L TRIYNT Y AR 72. i
LWL DAL D735 2 — & 13RI 2001-2005 £E D15
ThHHH, EWHMBIER R 2B OEHRE Hwizz0, &
WHIE DN D 8T X =5 L FEEMRNEE X /272D TH
5. Fi, BEEHICOWT, BFEEAEWHKEY, %
FEEe B % Sk 72 (Christensen et al., 2005) .
Ecosimil&s>3Ialb—o3a>
WHIEDOZAICHE Y, KRR OBIFREE R, HEE
DEALIZOWT, T OSHEEOEMD P F ) % % Ecosim
TYIal—vary LMLz YF) 4 1) gkl Bk
W5 % &t /NEOWHEIE ZHIK. > F Y +2) NEOFEFE
FECOHK. ¥ 5 4 3) FIEOMEL ORI, > F) 4 4)
EEMOUIEEDOHIK. > F ) *5) EEOHIEEDH
W, Thooh»s, /NE, fIfE, EiEl Zoloifkk
DWFTNOWETH BRI T 2> F) 25, wHED
FREREL., &V F)FI2BWT, —flE LTIHIRD
HEIE % 0.8 R IZHIK L 72356 T, Ecopath 5 H IRTE 2
SEMOERDOZLEFRE L. CORE TORMBITE
OIEIE, (2) RICBILFOMEZELLSESLZ L TT-
7z,

J8H O Ecopath D% 2 T, BEFIINRMEITNET S
bOT, WNRUMEOWHEIEIIS L THRAET 5 LIEET
&, YFUF2) OBEHIBWT, HEDADHIHRD
ERGRERNTT 5720, REFZETIR/NEIC X B HFEZ /)N
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Table 2. Diet compositions by functional group of the Sea of Suo-Nada, values in parentheses show adjusted diet composition from the
original to mass-balance the ecosystem.

Predator

Prey
1 2 3 4 5 6 7 8

Piscivorous fish

Japanese seabass

Silver croaker 0.01

Cephalopods 0.05 0.00

Large benthivorous fish 0.04 0.06 0.01 0.03

Blackhead seabream

Blue crab 0.01

Flatfish 0.01

Small benthivorous fish 021 (0.11)  0.42 (0.21)  0.16 (0.08) 0.07 (0.04)

Planktivorous fish 0.20 0.17 0.05 (0.09)

Japanese anchovy 0.33 (0.44) 0.16 (0.37) 0.31 (0.39) 0.17

Jellyfish

Shrimps 0.13 0.16 0.31 0.33 0.06 0.00 0.25 0.01
Other crustaceans 0.01 0.10 0.05 0.17 0.51 (0.25) 0.45 0.25 0.01
Large benthos 0.10 0.10 0.24 (0.51) 0.53 0.25 0.78
Small benthos 0.00 0.01 0.07 0.03 (0.02) 0.01 0.25 0.21
Zooplankton 0.17

Phytoplankton

Detritus

0NN AW~

g g UG
O 00 O L W — O O

Predator

Prey
9 10 11 12 13 14 15 16 17

Piscivorous fish

Japanese seabass

Silver croaker

Cephalopods

Large benthivorous fish

Blackhead seabream

Blue crab

Flatfish

Small benthivorous fish ~ 0.06 (0.03)

Planktivorous fish

Japanese anchovy

Jellyfish

Shrimps 0.01 0.12

Other crustaceans 0.19 (0.10) 0.12

Large benthos 0.03 (0.51)

Small benthos 0.72 (0.36) 0.70 0.70 0.50
Zooplankton 0.68 1.00 1.00

Phytoplankton 0.08 1.00
Detritus 0.30 0.30 0.50 1.00

0 NN kAW

e e e
O 0 N L AW — OO
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Figure 2. Flow diagram of the Sea of Suo-Nada. Trophic connections are shown in straight lines and circles are roughly proportional to
their biomass in wet weight.

Table 3. Input parameters and estimated parameters (italics) in Ecopath of the Sea of Suo-Nada. Trophic levels were estimated from
biomass and diet composition data of the Ecopath model.

Biomass P/B O/B Ecotrophic .

Group name (tkm?) (/year) (/year) efficiency Trophic level P/Q
Piscivorous fish 0.38 1.08 5.78 0.90 4.1 0.19
Japanese seabass 0.6 0.69 3.86 0.26 4.0 0.18
Silver croaker 1.62 0.62 5.88 0.15 3.8 0.11
Cephalopods 0.27 4.22 16.64 0.95 3.7 0.25
Large benthivorous fish 3.06 0.73 4.49 0.72 3.7 0.16
Blackhead seabream 0.45 0.57 5.09 0.31 3.6 0.11
Blue crab 0.36 1.9 6.32 0.60 3.5 0.30
Flatfish 1.07 1.34 5.75 0.68 34 0.23
Small benthivorous fish 1.14 2.13 8.28 0.94 34 0.26
Planktivorous fish 2.19 1.71 8.21 0.70 3.1 0.21
Japanese anchovy 9.86 2.82 10.95 0.23 3.0 0.26
Jellyfish 16.44 0.66 2.12 0.00 3.0 0.31
Shrimps 542 3.06 10.19 0.58 2.7 0.30
Other crustaceans 4.59 2.63 8.76 0.80 2.7 0.30
Large benthos 9.05 2.68 8.92 0.90 2.5 0.30
Small benthos 27.41 4.2 13.98 0.98 2.0 0.30
Zooplankton 5.82 46.21 154.03 0.58 2.0 0.30
Phytoplankton 36.07 64.21 0.39 1.0
Detritus 6.98 0.24 1.0

P/B: production per biomass, O/B: consumption per biomass, P/Q: production per consumption.

BED MM L [ UK T, Ecopath 2 1 DD EME & LT v, 20-304E DL E O BIAE R CPUE %% & DI RY 7 — &
AL, T OFEET/NEOWE &L IO T T h RV, Fa—=r 712X DHEE T S (Christensen et al.,
ZFNMIICEALTEL X ST L MA T, MWD Eco- 2005). L2L, SR+55Fa—=r7oMlrEsh
path DX ETIE, HESINWRCTLEME, E28T )Y BRWZ LD, v EHEDOMHIZHRD D Z EIINETH -
2T 5, 2L, —WTT MY FRICBATL, &Y 72 FIT, BEBEEICOWTHEEMD20F VLT &
ARIMCBINT 2 LE SN DA, LlROHEFTEOHREIC X A, v, DBEMOAE T ZE LKL & LT Lo,
D ERRIMNIBINT HELE B> T b, 3.0, 5007 —AZOWTHEHGL 72,
Ecosim D /37 A —% D9 %, vulnerability D /3T X — %
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Table 4. Average amount of landing and discard by types of fishing gear and discard (t/km?) from 2001 to 2005 and their mean trophic

level.
Group name Trawl nets Gill nets Set nets Others Discard (t/km?) Total
(t/km?) (t/km?) (t/km?) (t/km?) (Trawl nets) (t/km?)
Piscivorous fish 0.15 0.04 0.01 0.10 0.06 0.37
Japanese seabass 0.02 0.04 0.03 0.02 0.11
Silver croaker 0.02 0.01 0.01 0.01 0.09 0.13
Cephalopods 0.28 0.05 0.02 0.16 0.43 0.94
Large benthivorous fish 0.30 0.28 0.12 0.10 0.13 0.93
Blackhead seabream 0.01 0.03 0.02 0.02 0.08
Blue crab 0.09 0.04 0.01 0.07 0.22
Flatfish 0.32 0.13 0.01 0.01 0.48 0.95
Small benthivorous fish 0.05 0.05
Planktivorous fish 0.01 0.04 0.05 0.09 0.10 0.29
Japanese anchovy 0.00 0.24 0.01 0.25
Jellyfish
Shrimps 0.67 0.02 0.00 0.03 0.23 0.95
Other crustaceans 0.02 0.01 0.00 0.01 0.02 0.06
Large benthos 0.43 0.01 0.00 0.54 1.24 2.22
Small benthos
Zooplankton
Phytoplankton
Detritus
Sum 2.32 0.71 0.30 1.13 2.83 7.54
Mean trophic level of landing 3.2 3.6 3.6 3.1 3.0 3.1
1.6 1 q q b 7 =& Scenario 1 - = Scenario 2
1.4 - 4 4 . 4 ===Scenario 3 -+ Scenario 4
12 D% ] ] 1 = -0~ Scenario 5
1.0 1 = _Japanese 1 | - _Large " Blackhead =
gi “|Piscivorous fish 7seabass ’|Silver croaker  [Cephalopods “|benthivorous fish 7|seabream
" 1:6 B T 1 T 1 T 1 T B T 1 T
é 14 A 1 TSmall |Planktivorous | 1
;E 1.2 1 ~ Tbenthivorous fish |fish 7 T
B 10 o= T Ty SSE _Japanese 1
;‘f 08 Bye crab 1 1 “lanchovy TJelly fish
~ 0.6 — T — T — T — T — T — T
12 A . . . . .
11 1 1 ] 1 1
10 o oomasgartrma 1 . 1 1
09 A |Other ] J i i
0.8 Sh'rimlps L cru'staycea{ls . La‘rge’ber‘lth(‘)s ‘ Sn"lnalllberllth(l)s . Zoyopllank‘ton' ' Ph'yto!;)lar}ktcfn ‘
1 23 45 1 23 45 1 23 45 1 2345 1 2345 1 23 45
Year

Figure 3. Time-series change in biomass after five years when the fishing mortality is decreased to 0.8 times in each scenario. scenario
1: reduction of fishing mortality of trawl nets, scenario 2: reduction of discard mortality, scenario 3: reduction of fishing mortality of
gill nets, scenario 4: reduction of fishing mortality of set nets, scenario 5: reduction of fishing mortality of all fishing gears.

= R HRiZowTIIHAEY S HETRE T, BIEKITIZEE,
Ecopath D& 201 AMKIZFETE e d o7z, B NAWHERAE & B0

A, A X%, vursd, KEKRY N 2 &t mE, SCHRTE R T LHEE L7z, AARETE 0 JE BiE oo Bk
rag 4, HLAE PMIXRY N ZBEEAFICOWTER % Table 2 \Z/R L72.
TOMANUE LENEWZTE L7z, ThH0) b 4661 Ecopath ® AJJ/85 A — % % Tables 2-4 (2R L7z, #HIIC
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Table 5. Rate of change in predation mortality for each prey and predator combination after five years when the total fishing pressure is

decreased to 0.8 times from the balanced Ecopath setting (scenario 5).

Prey

Predator

5

03N N AW~

— e e e e e e e
el e Y o S A = RN ]

Piscivorous fish
Japanese seabass

Silver croaker
Cephalopods

Large benthivorous fish
Blackhead seabream
Blue crab

Flatfish

Small benthivorous fish
Planktivorous fish
Japanese anchovy
Jellyfish

Shrimps

Other crustaceans
Large benthos

Small benthos
Zooplankton
Phytoplankton

1.48
1.92
1.55

1.75
1.39
1.33
1.42

1.43
1.42

1.46

1.00

1.02

1.03
1.02
1.01
1.05

1.07

0.97

0.99

0.99
0.99
0.98
1.01

1.20
1.28

1.28
1.28

1.30

1.35
1.12

1.01
0.97

1.04
1.04
1.03
1.06

1.03
1.03
1.02
1.06

0.89

1.04 1.19 0.91
1.04 1.19 0.91
1.03 1.18 0.90
1.07 1.22 0.93

Prey

Predator

10

11

12

13

14

15

16 17

03NN B W~

e e e
O 1 N L AW = O O

Piscivorous fish
Japanese seabass

Silver croaker
Cephalopods

Large benthivorous fish
Blackhead seabream
Blue crab

Flatfish

Small benthivorous fish
Planktivorous fish
Japanese anchovy
Jellyfish

Shrimps

Other crustaceans
Large benthos

Small benthos
Zooplankton
Phytoplankton

0.86
0.86

0.87
0.87

0.99

1.01

1.01

1.00

0.98

1.01

AN L7 —7Tld, iR R AR % Bl 72
7280, FOMHRHE AR A, NN N RS

HOEEN1 BB LEN/NT ¥ AN 205 7.
(1) ROBREGT-3 720,

T

<

IS O EE OFRGERE

OEWHE D% L L7
F 72, mIYNT v AORN T JE B
O EIH AR 70— X% Fig. 2 1R L7z,

% Table 2 IZ/R L 7.
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Figure 4. Rate of change of landing for each type of fishing gear after five years when fishing pressure is decreased to 0.8 times in each

management scenario. TN: trawl nets, GN: gill nets, SN: set nets.
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Piscivorous fish
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Figure 5. Change in biomass for each functional group after five years when fishing mortality is decreased to 0.8 times in the four vul-
nerability (v) settings in scenario 5. Black bar: v=1.0, Light gray bar: v=2.0, Dark gray bar: v=3.0,White bar: v=>5.0.

(Table3). F 7z, HEEW40U LOBmROMHAE IME
P L A XX 72572, WG O WY O V-3 a2 B R
&, NEDS32, DNERFEWHI0OTH LD L, Tl
Hil#813 3.6 TP o7z (Table 4).
Ecosimic ks> IalL—>3>

SHEO Y F ) F IO THMELE, RELEOHIIHE
Bifrm, EROBILEEE Lz, SOOI =21t
% Fig. 31 L7z, BfFROKRERZE, Y7 U F1),
2), 5) TROLNZ. Zhb32o0Y ) FTldfa MM,
VM, 7 LA OB RISKIEZBIEm A S /.
Bz, BRIV N AEHAE ST b aEEREC
DWTIE, WAEESASNT. Y F ) F5) IS, B
BHLWEZOMBIT L0, MEEDEIL% Table 5127
L7z, fafoihficE, BERE, D ULABEICL AT EHERZ0
il H R 7 SR AR AR ISR T AR IR L TE D,
ZOMMIZMO T F A TERONE. Y FUFTE DM
AR OB EA % Fig. 4 1SR L7z, Y F U 1),
3), 4), 5) Ti&, MWERNHEERLZHIKLTD, HIWL
ToCERE A S ORI L 2oz — KT, &ifl
EHHTOWERORINEL, ¥ F VU F2) ODATRON.
vulnerability /3T X — ¥ OKEMRHTOH 5, FlE LTI F
VF+5) IV, BRI O W TN & i L 72 54E
#% O BAF = OB & Fig. 51278 L 72, vulnerability 73 5
A—=FHPRREL DL, BFROLHIRIIMAT 225, &
BEAE T O BiAF 1 O B4 O 1 1] 12 vulnerability 735 X — & O

EIZESFHETH- 7.

E
AIFFECHEE L 72 EWHR O 2 R 2 B Al & BRI O
Tid, MO OMEHOMMR (L - #, 1964) &b —
HLThBY, EWMICIEEYICHETE TS EHBIL
7. Ld»L, SIS L 7z Ecopath %, #IH O AT
PENCL DRI N T ¥ 2 s, o3 F 2 —5 X0 K
PRV EEZ SNz, BYHBOAZTET LI L TY
iz Xo7z. HHENDLPOIZ0ILUTTHDLI L, EEIR
LOKMTH B I &% &, L7 Eeopath [F#Y)IZH YN
T VAR, EWENICEL L BETEIATETnL L
# 2z 515 (Christensen et al., 2005).
HSERUE I O SRR B R IORE, R E OV X
DEETH o 72 (Tabled). HHREEMIE, 7 7%
A, WS e SRFEB RS IR O AW & I G
50T, NERIZKEEBEOR T EH S FE 4R
ELTWBHEDREZRML TWwbHDLEZLNS.
INERDOWIEY & L, NEOFEFEY O REBEREN S 512

Tz & id, HENR TR WRROJEAEW 7 EofkEED
FREZWL TW5, JERIERERER SO W T 4 i

L7z Ecopath 3 Z L RETH L LEZLNL.

BRLD vulnerability 78 7 X — ¥ O % [l L 72, Ecosim
DIREENTIE, ¥ I 2L —3 3 VIZX BHEEOHE TR
A vulnerability 75 X — Z IZ K& {MEAFTH T L HRLT
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W5 (Fig. 5). vulnerability /¥ 5 X — & DAL O 55213 B
ATl % CIRMTICOAEEL 5 272, ZoRRITRIIH
ORI F—Z LNV Fa—=v 7 $52 8T, Y%
vulnerability 787 X — ¥ % & T & W Hif5, Ecosim DA
RED L, BfFECHERORNZELEEmT AL
BERTHELZL2RT. LeLaAs, HEnicown
TlE, WMAPEOND Z &5, vulnerability /85 A — %
ORFEZBR L OO EEZ AL EPLELEZ LN
5.

R B /N CHRe <Y I AL A OB EH
ARG RS, IEE OB, Ik BFRE OB
OO ZERIR L (UERIEA, 1990; FH 413
2007). — 4T, Ecosim DfFHTAERIE, # L AFHIZONT
W&, H—FEO G IRIATRS R & RS, FEE O HIIR AV K
DEFROWRICO DD Z &R LA, TEHTILN
koBAERIENET, #IXvwoFETho7z (Fig 3)
I, EEE ORI, WHEZOMIMIoRRY, ¥
HOWMAFIIHRIZORDEE20THY, DX R
ZZERICE D, BEERIRALT L b = ORIz >
BELRVWI LERIR L T, EwWEIS X % & IR
PEBRERZNG L L, HEoRBLIEELLZ L
5, Hi—fflzige LGN & 3R 28R 2R
BITH 5.

SEEOYF)ADHB1), 3), 4 OVThrOfik
DOUWIETE OHIIE, WA FE i L 72 i SEREE B AR o i
BRIZOBRN->Tnhwnizd (Fig 4), TO X)) REH)
KeBGITREL A2 ANIHETH 2 L ETE
. SEEHOYFIAZLETZE, ¥F)42) ORD
EUERHOMBROWRIZORN LI L EZRL. 20
RN NKOBEFEOH AW R OWERICERTH S Z &
ZRBL TS, JEHEICBWT/NEIC X 2 HFEORE
i, BELSERSN TSGR 1993). 2 OfFdIE
BH TRV, BSTIRERORRICLY, NI EH
SN L DS, LA FHOYMIIAREET RS T LD
TEXLMBORE IO, EBRHEBLTORH S
TWw2 (HMEIEA, 2009). Ecosim (2 & % % fifli & —Hhxt
G & LIITIE, S0 X9 REMBAR O Y MAICE M %
ST ENUFEEEDOWIARN R LERL TV,

EwE 130 REE CHEMT 5, EWHEORER HNE
WA L, BAEOEEREINZ 52 LT, MoWRTD
RESRIITREE Z 2 O D, COMWITOAR ML, ks
WEEIRDOBRD A ZIR D, HERDH— DG JFfFEHT T
FEE SN, HENED XD A alERzmL T
DN GEIRLINDOAEY~DIEE D R DMl H b, ZDZ
LTk, Ak, fEAY L L CEERIEMMEN SR
&, R IRLLZUMTEREZRLZ LA TES. £
Flil, ZHEERCHBAEROBEIIZOVWTO#ERDOYIC, B
DEHFRE ZORMPERPURL, iR oM 82 F it

pu

EN
=]

TAHBEBEICRLEEZOND. vulnerability /85 A — % D
7 EARREER IR E W20, SN BBROTRTE
BEAIT LI LIIERTH L2205, EFIVOHIKEREOLE
PR L7 2T, RSO WIEER, G Z N
AT —DOOHMBRMNOBERIIRL2bDEEZ LN,

E

BNEWOHT 7)) v 72T 7z72w 7z, &Sk
WA v 7 — B eI A A U (B (BR) 1 F
FA) ST 5. AWFE0—#IZ, EAKESRNS® S
0y > b [BIREBNIIE D WA RIS AEOFI - il
Hroms] X FEL7-.
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