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Modification of an Ecosystem Model for Carrying Capacity
of Shellfish System

I.

Validation and Sensitivity Analysis
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Carrying capacity model focused on interactions between the filter-feeder growth and their environments is presented, and differences
among existing various carrying capacity models are reviewed. For carrying capacity modeling of shellfish system, we constructed a
new numerical model coupled oyster growth model with an ecosystem model (EUTRP2). Physical and biological processes such as
water transport and mixing, primary production, feeding and growth of the cultivated oyster, Crassostrea gigas and benthic-pelagic
exchange were included in the model. Simulated results for validation showed that the more phytoplankton biomass decreased, the
more oyster meat weight and nutrients increased, suggesting a powerful tool for reasonable management of shelifish aquaculture. The
model was sensitive to parameters controlling the primary production. Among the ecosystem compartments, the oyster growth is highly
influenced by small changes in the physiological parameters of phytoplankton and oyster. This sensitivity analysis indicated the
importance of experimental data on biclogical parameters for calibration of the model.
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Aok FAAAL Ao ASHQ 8% A} 29 2 5o
0% oiF B4 948 29T Mg Ho)FE 2AY A4T iz
¥4 4T AZ 2 AABC ASH A 4] AT o

o (Sugawara and Okoshi, 1991; Kang et al, 2000), 3% %37}
AYHA G2 ¥ AYNME F2] A& nisez A8 ¥
2717ke] AZ=H 2 o} (Choi et al, 1997). ol9 & oJ# 2
¥4 o1Fe A&HA A o] & & AWM Y #HLEF
(carrying capacity) o]l HEFEE ¢4 AE ANHZL H2AE
daXo] A7 Tt (Héral et al, 1990; Kang et al, 2000).
At o] & 50l & AAYTANE HF %] oJg 9 HgA<
A2 Q3 ol A4 A FAE 43y A3t #HE
Fo AeA deld BAE AL U ATE Y5 o
o, O A3 olvis o EAAE - Aol Bt B AHE F
239t} (Smaal, 1991; Héral, 1993). Dame (1993)2 o] uj 5 & 9}
A2 BR T BE A4 odEy] A WaogM ¢ Y
o] B4 olF, ¥4 AEY &4 A - A 2en )z AN #
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ZZ3E, 444 57183 oAF Y 4% 45 FEL o
H59) A4 74 vXe FS Hristed Qo WS F2
gk Azt g3 3t (Bacher et al., 1998).

AF43 R A A8 45 BAE Y F de
o2 2dE 7ol 8% 72 Bo] o]&HI V] H
ol (Prins et al, 1998), £239 3743 8% 44 nd S F235
7] 913 1996\ Plymouth*l X 7§ ¥ TROPHEE workshop®l Al
71E BREF AR RAEY FAMA Ao A& ZEF A, A
A& B 29 (ecophysiology model) & el Al 2 (ecosystem
modeD¢] AA HRAL AAFNUT (Bayne, 1998). 13
Smaal et al. (1998)& A &F A4 Hdo] ZFojo} & HA2d
o 94 2422 #F fF, ¢ HHAELY B2F IY, ol
5o A 2 AT A% FF & 93 LFA A ddu 3§

At
welA, B A3y ol HF F 4YEY FE (Crassos-
trea gigas) ) 337 FHEE A A FH L FAstste 2 AR

2dS AEE F, V1S ALE AeA 2D (EUTRP2) O A7
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z4e

A7 FAAede) 8R4 44 2L FRAYY TE, 738
2do] A% FHaS YA B2 AF ETRAY 0§ 7
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A

YeEY Fa FAAL E F, 87 el 7tgd o
2d AES 8to g2 d7 #HAG gty o
F2 dde BALF A AEHT Qe Rl YA
HE Zd (global model), 484 Ed (empirical modeD), o\
A A 29 (dynamic energy budget modeD), AR A% 59
(ecophysiology model) B AEiZAl B2 (ecosystem model) 2 F
2 4 Uk

AdE A Bde #A4%E A @ e M dE
oAk AE At dF S BHo Ag5E ¢
AN 2253, $3AE AR g A ZAI gk FEY
2de 874 Axey AA4E 18 dF A dFL 5
gk Al - FRFo g 2do) fHA] AU gloH, #HAA
Hgto] w2 AEe 87 Ae] A4S TEFL A ot (Grant
et al, 1993). 3%, YA £ 2d9 ALx ¥4 39 &4
EAo] mE 4 AE A FA F oA F49 Bule AA
A7]e $reolal, Hol AEA 1gn 4 A 3F AFE
13 @& AFE ddted 7Ee FHEY WA A
A% A& st 2d9 $3o) YR8 (Ross and Nisbet,
1990; Scholten and Smaal, 1998). AAT 4 RDL ol
02 FANE ANTY 4T E4L 54302 AEE 4 e
w,odle 8ol 93 Hel FF 54, 44 AEo] oA
n X 4%, o] AYdte AgA W Hel A 18T,
AeA W AEY A HAF Egd A 3 3LEA 2
ol Z3A Hie dH & 71AX Yt (Raillard and Ménes-
guen, 1994). BejA BdL 575 ndd g HREY 22
o] olfet Fanpgel AejA WE AE - 35HA ¢EHA
& 93t detsjde #7 #FHE A WAL FEE F 3
ot ok AEY AT MY BANRY A5 BAE FH8E7
AN E dA AEe A3 BEE Ay FAE dANAG &
th o]} 2L o] f2 o ATFAEL ¢ AEY Hol 44 4
ol 4% #3 2 g9 sz Y REDS AFAEY ¥y
g 43 BAG do] 4F, ol Ft A AeiAY A&
=33 712 At vjA = 93 (Grant et al, 1993; Raillard and
Ménesguen, 1994; Gerritsen et al., 1994; Chapelle et al., 2000)&
T

Al

3R MY ool IA

[~ S = ) = o

BAE4F 44 2dE A, SR dolFFH HEEA
249 olF - §47 BUE AR E 4L FYsY] A% A5
% 247 24, NS 4G MA8ARY 43 BAE ]
& 4 Qe 2 AR 2do] AAE AHARLR FAH
(Fig. 1.
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Fig. 1. The schematic diagram of an ecosystem model for car-
rying capacity.

1. i+ps =22

2 zzage YA 4EFAZ 334302 4dd 3
THEH BEE BHo)T B @ ol RIS oY, o ¢ B2
g4 g F4 9 ol dF #yt Sl ol&He 9% 2d
Z9 uzM YA 2498 4% 78% 242 o] dd (Na-
kata et al, 1985). & Zdd] A48 7EWA A} AAzA 59
&l e Choi et al. (1994)9) =& & A U

2. ME[A =

dot HejA W) Az HehARE Aoz A2H FEAd
WE o] g3te] B 8 AAH S £XHo2 4T oz AH
Ao FRLAE MY £714 82 208 4 84 2 249
F3 222 FAH Ao f7149 74 sikde HEEEA
E(P), FEZHAE (), AN wAE 718 (detritus) 2
£&4 $71% (DOC)ol Utk F78 74 8ide A4
(DIP)3} 42 57 A4 (DIN)7E slen, £349 74 842N
£2 A4 (DO)S #E3H A2 27% (COD)ol Yo At
A4 QB HHE T2z oFold HAAE JU4d &%
Arid FARE AAZALE FAFE T Wy FAH
o] Qit}h, & dFo) AlgE Bdo & FAHLAE 3 HES
33 Wa AL Lee (2001)9 =80 & BHAH Qi

3. 2 43 2%

Z AR 29 go| dolFd ZAZ AUA HE FAt
A9 (Bernard, 1974; Kim, 1980) ¥, Aa&xlSe] Hetxoz A
AZANZ “scope for growth” MdE ddsrel A Aef HEAS
ol g3la] A7k & F2A %] AR AF A E FXHL
2 48 Aol (Klinck et al, 1992; Powell et al, 1992). =<
A HAL Yol o, o], A8l w4, 3F ¢ AALLR
o]FoAA I, T AR Au AL hFF 2ok
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(31—? =P, +P,= Assimilation — Respiration
=Ingestion—Faeces rejection —Respiration (D
q71A, dO/dt: Azt Wste B 2 43
Pg: 29 AAE 289 4%
Pr. 29 A

1) 0i{%Z (Filtration rate)

AL &L ojujdFol A A Ao Fad 2

7, HolF Hold 59 4 AA 4TS e Aoz ¢
ot (Powell et al, 1992). 539 #AFE W22 AR 27|
o] d5go e Y&& ZAE A, Walne (1972)2
F5%Fo AE A€ 7MY 2 wgEy] gEA Ax $5HE
=9 HFR 3t 45 Fof gdn 4tk 1A, Powell
et al. (1992)& 448ES $&7 AZ {5% g2 £4387
93+ Hibbert (1977)7} Mercenaria mercenaria & Ao 2
T8 $5%Y 432 BA4E Doering and Oviatt (1986)9] &
Fgo ALHen, 2 XFH 4 0~10cm 27|19 RE ¥
Fol 34 75#s dsstArh

SLO,% T0.95
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rlo

o Y o X

N I x0 R

FRe= =55, SL=W?317] (0 ()
o 7}A, FRd: 94§ (mL/g dry-wt/min)

SL: 2% (cm)

W: A2 5% (p

T: £& (©)

agv, £5%% 43 B4 Qv FEOT M merce
naria® WALZ 7 4o]7] W& Kobayashi et al. (1997)&
AR F 44 $£99 Hinasedl A 7§ Az 5T 39
FAAE (). Aol HL3d C gigasd HF AFg 4L G
Zo] BYant,
205 < Ws: FR,=251 W2
Wi<£20g: FR,=0.117TW4/—1.05W+3.09W,+0.133

.5
KT ®

0{7|A, FR: o5& (L/g dry-wt/h)
Wi 2% £%% ()

FR=

2) 40| (Ingestion)

IR o2 Holg ol A4 M4 #4 F9 Ho| F=
2 284 g9 (Klinck et al, 1992; Powell et al, 1992). 9|
AR FHE o)f /15T HolFoge ABEHFIAE, AL 4
Ho] TR 4AEH nAEFIE (Kusuki, 1977; Newell and
Jordan, 1983) 23, €4 A7) ol44a #71E (Soniat et al,
1984; Soniat and Ray, 1985) 522 4&A St & ¥H4
Holg ofF} - gJojdte HERA AFF £33 F oprtn|dA A
W E077] Aol Y+F (inhalent siphon)& 534 Hol2A
A7 € B2 pseudofeces FE 2 W] E3 D2 =9 Aol&
< e Zo] Fg ¥ F Yk

FH94 - o) BE - FEE - 4R

I=FRXD-PF @
A7, I 29 Ael& (mg/g dry-wi/h)
D: 29 Hol& (yg C/L)
FR: d4& (L/g dry-wt/h)
PF: Hol2A4 7}47} gle B2 v&g
(mg/g dry-wt/h)

3) 23} (Assimilation)

2 B0 2RE Aol el F ABE FIY 43
57 %e AL feces Y2 MEInZ 4382 Hold o
o|F7 43R ¢& FA MEFY olz (5)2F 2] ety
4 Atk

A=I-F (3)
714, A: 29 238 (mg/g dry-wi/h)
F: Aol¥ Yo] ¥ &3HA & 2 v&&
(mg/g dry-wt/h)
aEa, 42 2o AE At HA Y RAER wEe 99y
2 A 8 Fo| FFH AEEFAEY ALY o] §HER
ofefg} o] XHY <+ ok

o
=
(<)

=

Nutrient (N, P)=PnpXWy )
7N, Pup: B9 WEFT HjZ2HE FA9 A%
(iM/g dry-wi/h)

4) && (Respiration)

29 TFE2 A 279 L, GEF 22 AAEA 299
el WEA 9 (Shumway, 1982), A4 &< Az Fo] o]FojA
€AY ¥HERAY v wa wSEe oegy HEee 3
AAQ #HEo] gl A2 EuF ¢l (Clemmesen and Jor-
gensen, 1987).

Dame (1972) 2 (C. virginica)®] EEEE A% 5334 &
=99 42 (NAF 2ol PYP&H I, Powell and Stanton
(1985)2 o] & o] &3ld RE HFE YAez 3359 Az
%39 BAE s A,

R=(69.7+12.67T)W,~** n
a7, R: 29 EFE (UL Oyg dry-wt/h)

2, (DAL WAYel F (C virginica) & tdez A8
A2 Z2HE 78 4o]7] W& Raillard et al. (1993)2 32 (C
gigas) S LR of#g} Zo] A3}

R=(0031T—0.022)W,™° (®
d71A, R: 29 EFE (mL Oyg dry-wt/h)

5) X{AMaH (Reproduction)

2 AA9 A% ¢A%e ANE A% B} 44N Rpoe
WrolAn, 2o AANES £AN0) dd A4 B9 Aoz
Jehd 4 gt

R=R4XNP )]
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& 71A, R: 29 A
Ra 9 AAT 84
NP: 29 ¢44

4. 2 8% DED} YEA 2 oA

ol f ¥ g FHEFE AUAY 724 75 & &
FA AT YHY BAo) YU P, 87 A W (72,
Holxk, Ho| F7 F)ol WE ¥4 &Y FFET oz
FA Ago] HF A viXE 9%, F TAAGLY Yo 3
A g Holdd HEFHFIAESY 44 A, ¢4 AE dA}
Hgol o s §4 M8E iy, o AL WANTA
gn Ao A4 7Hed AR ANLF} AT e ¢
Qe 2ds 75 vt Ao (Héral, 1993). ©ebA, ¥4 234
At 35BAE AR A8 2 A% 2d 712
A A 2d& GANA &4 9] $38F 44
F e 2 33E AdA 2dS 7EEUT 89 AHA
W g EY B4 <83 Fig 29 2on, 2dd AH8-d
RS N2 AAFEY FAFE 47 Table 13 294
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Fig. 2. The schematic diagram for the cycle of nutrients (C,
N and P) in the oyster culture ecosystem.
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gutyg oz A (validation)o]& “EE T4 249 &Y
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Table 1. Formulation of the biochemical processes used in the
ecosystem model
Oyster dry weight (mg C/ind)
iT(t) =8fg—Spwan =035~ Ores= Oing = O~ O

Phytoplankton (mg C/m?)

%_I:_ :(Pgmwth_Pexu_Pmon_Pres) * P_ngz * Z’Oing * O
Zooplankton (mg C/m®)
.%% :(ngz—zcgcsl_ Zexcr_Zmon) : Z

Detritus (mg C/m’)

ilzitﬂ :Pmon * P+ (Zegesl+Zmon) ' Z+OPF : O_Dremin * DET
Dissolved organic carbon {mg C/m?*)

4DOC —p... P+Dicns * DET=DConss * DOC

Dissolved nutrient (umol/L)

d_l\;_tﬂ :(Pres_Pgrowth) ' P+Zcxcr ' Z+0cxcr ! 0+Dmmin ' DET+DCremin ' DOC
Dissolved oxygen (mg/L)

dDO _ .
—(F - PhOtOp'*’ OA‘“_ Prs— Ous_ Zexer— Reminorg— SOD

zm”3l ZAoltt (Law and Kelton, 1991; Brown and Kulasiri,
1996; Schnoor, 1996). 22 AeiA 2dE FHY A7 &
Aoz LA, AHA 4 42 £ FYE AT FHeR
Aeda Qo 71EY A 2dd N2E 74 248 Fhe
o A2de FET F ALE ALE HaA 2do] 270
BgaA z2ag9 Iddn Qe A, AL Bdo) o
T g4 A2de HARA AT £ evtd g ges vt
AA ©r}, o)e} gL o)f2 AT 2 U3 HEAY R E
AR 7] 9454 ALE 2do] deh A FYHEvtel dd A
A #Ao] s (Kleijnen, 1995). WekA, 2 443 A4E
Aol AEBAE Rykiel (1996)2) A3} 71 whzt 44 &
7l e ANHD A4S s ARFAG. 2o A
B AAEL §F 923 EH2AE 53 Table 3o JE #&&
Hestgeon, 3 2719 F AAT KFFL 0058 gClind. 2
gt 2o &) Asg T AT A4 &4 AAE Fig 39
JeEM 2 439 A4S Az 4330 v & dxstn
Qom 48 A7Q o5& 28de 2 §F%0] 641 mgC/ind 7t
A Z74sQt 29 Holde AEZHAE EFL AEH 7}
Lo A% A9 FASA AJIRAAL, Agle d4 A
HtE Aoz Uyt ALY A AEEYIEY YEZ
10 mgC/m® 0139 ¥ & F&7t $AHI Qed, ol % 8T A
T e B9 @y ojye 29 Yol HE o7 SxE
@A Yo BEd 719 Aer gagn, 121, 4EEF
3E 24 AF AR $34 7] 229 A 5 FYeE
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Table 2. Definition and formulation of parameter in the ecosystem model

EETEL EREEE BEEE RS R L E

Parameter Definition Formula
Perown Phytoplankton growth rate pmax - f(I) - f(T) - f{(N,P)
£(T) Temperature effect e T
(D Light effect on phytoplankton f:4f:,$:x Ly 1%) dzdt
opt
L, Light at depth z and time t |
k Light extinction coefficient kot k[Chla:C] P
f(N,P) Nutrient limitation of phytoplankton min(f(N), f(P))
f(N), f(P) Nitrogen, Phosphorous limitation NEK,. , PEK‘,
Pron Phytoplankton mortality rate dp - f(T)
Pew Phytoplankton exudates rate - el 7# fenaich P
Zesar Zooplankton grazing rate R * £(T) « + {1 =773
Zeges Zooplankton egestion rate (1-e) * Zyu.
ZLeser Zooplankton excretion rate (e— g) * Zyga:
Zmon Zooplankton mortality rate dz + f(T)
Oing Individual oyster ingestion rate FR P (1— O
FR Individual oyster filteration rate af » W' - £(T)
Orr Proportion rejected as pseudofaces PF,-FR"-P
Or Proportion rejected as faces Fp * Oing
Ouss Oyster assimilation efficiency Oine—Or
Oexer Individual oyster excretion rate ae " Wy
Dremin Detritus mineralization minDET - {(T)
DCremin Dissolved organic mineralization minDOC * (T)
Photop Oxygen production by photosynthesis OCP * Pyown
Pees Phytoplankton respiration rate p * f(T)
Reminorg Oxygen consumption by mineralization 1min{D remia + DCremin)
Ores Individual oyster respiration rate (art * T+aro) + W
SOD Oxygen consumption by sediment QBOX - f(T)
Onir re-aeration ka * (Oysat—0,)
A% TFES 7 220 W3 ga Ha Wb $AEF AW 29 F2IUN 2 4% 8 AREA 9
HAA T, Aoz Adste Ao Yeytth. o & 7} 2 wgsterte Brtey] 98 £4 438 £9
A, FEE 242 39 *1—1 874 T H4EEZF2ES °EM6} A = 4l AHEE AE QAEY 271A € Table 3%
of 2HjEta, AE dAt 59 3 A5 FLE U dYEEe 2en, 29 {FFL 0248gCE AHESUT
FTHdte 5 AdA W 999 R YA &8 A %}’51 2d o] Ae W °§‘f}a PR Az g N 27
e AR MY 87479 435 A (Smaal, 19DE Z A AE ol43td AT ANFFH 271 AAE +10%2
3l Aoz o™ A% A AE ANHE otdst BE HF o&do &
29 UAE AFE o83 HrEU (Dowd, 1997).
2z =4 = AVV | )
Aparameter/parameter
u e . o) Al o =x dq71M, S : NAE AF
e e e V278 08T 49 84 2B
ro . S - AV: 27148 2714 Wsel 98 AR €4 UG
$¢ 2337 A8 20T (Schnoor, 1996). WHE £4 e omimaton, %7179 W3E
st 2de g§iAS Aldste 1Y HHo2A AHA ' -
vdo 7t4 dutzgoz 453 319 (Hoch and Menesguen, A7) A& v 2 ARy Hste mE JH HyEY A

1997).

ZARE e A

o2 A AREY UFE A (9F v }°1
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Table 3. List and values of the parameters used in the model

Parameter Definition Value Reference
Phytoplankton

umax Maximum growth rate 0.6/d 1
kt Temperature coefficient 0.0633/C 2
Topt Optimal light intensity 200 ly/d 3
k Extinction coeficient 04/m oD
Kn Half saturation constant for N limiting 0.4 mmol/m’ 4
Kp Half saturation constant for P limiting 0.05 mmol/m’ 1
dp Mortality rate 0.075/d 5
p Respiration rate 0.01/d 6
Wp Settling velocity 0.01 m/d 7
Zooplankton

Rmax Maximum growth rate 0.05/d 1
A Ivlev constant 0.01 m*/mgC 8
p* Feeding threshold 75 mgC/m’ 9
e Assimilation efficiency 0.7 10,11
g Growth efficiency 0.3 12
dz Mortality rate 0.02/d Tu
Oyster

FR Filtration rate Eq.(3) 13 (OD)
PF,; Fraction of pseudofaeces production 0273 14
F, Fraction of faeces production 0.172 14
A Assimilation efficiency 0.555 14
NP Net production efficiency 0.205 14
art Slope of respiration curve vs temperature 0031 mL Oyh/ind./C 15
aro Intercept of respiration curve vs temperature —0.022 mL Oy/h/ind. 15
aen Excretion rate of N 2 ymol/g dry wt/h 16
aep Excretion rate of P 0.57 ymol/g dry wt/h 17
ec Carbon to dry weight 04 gC/g dry wt (020)
Organic matter

minDET Mineralisation rate of detritus 0.065/d 18
minDOC Mineralisation rate of dissolved matter 0.002/d 19
Dbio Fraction of biodegration of detritus 025 18
Wwd Settling velocity of detritus 0.013 m/d Tu

1, Jgrgensen (1979); 2, Eppley (1972); 3, Ryther (1956); 4, Eppley et al. (1969); 5, Salas & Thomann (1978); 6, Di Toro et al. (1971);
7, Smayda (1970); 8, Frost (1972); 9, Steele (1974); 10, Marshall & Orr (1955a); 11, Marshall & Orr (1955b); 12, Suschenya (1970);
13, Powell et al. (1992); 14, Kim (1980); 15, Raillard et al. (1993); 16, Boucher & Boucher-Rodoni (1988); 17, Asmus et al. (1990);
18, Ishikawa & Nishimura (1983); 19, Ogura (1975); OD, Observation data; Tu, Tuning,

Ao 5ol 4FE UAE 4 AHEY JUAQ VLR Wb 7R dAE NEEFAEY 4, AY SE, #71859 29
Pedt UUE AT 95 43 69 WA 43 BTGe e 9 Fd 4940 SEEYIE 34 Suda, 4EEea
S 299 20 4EY HEEFIE UG DAGNE & £ V12 U8 A A8 998 AR b Bed ¢

> o
2:3

A% $24 47123 29 8399 AL AL 2HE Tavle 4ol T34 459 ¥ A 999 D44 $718% Be wps
ehi g, ASE 7H] QAT HBFIAE 4% 5%, 94N 4B s

e UL AFE HEEFIAE F4 &xd @990 e &k F 29 dFgolfth 2 4Fd 9¥S A dARE
o, ol e HEEFIAE YT, %9 R AAE HAE £ HEERIE AT 2 A S29 29 Yo §4 EeFH T
71E b5 B 9FS F 2w olU 2 e dFe 1 U3, FEEFIE Jd Aol S AR Hgske 1
Ae Aoz vegth 283 o] ¥4E TS vAe g8 UAE AN HEERIE T &5 AU EH S R
Qe HEEHAE AME $E9 29 5ot AEEFA WNES Frde AY FFE A e AR dERH. o%
T A AT £E, TEEZIE AR = 2 29 o589 e VAR 4 Zde 24 AgE A & 28 w3
74 AR %S e dFe HEEYIE IEFR 9 "HEst 9%E ) AR, 2 BASAY A{4% A5
Folgth A4 #2359 IS Bd3te w2 U F2  Rd$ 7F ¢ A FHNEY 349 3 ¥F % Agd

=i

F
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Table 4. Sensitivity coefficients of the model variables to 10%
change of some parameters

Variable Phyto-
Parameter plankton

Phytoplankton motality 2756 0549 0029 0.706  0.064

Maximum growth rate of
phytoplankion 2987 1254 0079 1231 0063

Michaelis-Menten constant 0.050 0011 0001 0011  0.000
Detritus mineralization rate  0.036 1059 0017 0135 0001

Dissolved organic matter
mineralization rate 0011 0005 0063 009  0.000

Maximum grazing rate of
zooplankton 0360 0112 0005 0097  0.007

Detritus  DOC  Nutrient Oyster

Settling velocity of
phytoplankton 0052 002 0001 0010  0.001
Oyster filtration rate 0812 1391 0002 0328 0047

Oyster absorption efficiency 0009 0002 0000 0024  0.066

Z294¢ 7233 90t (Bacher et al, 1995; Dowd, 1997).
L) ok

A5 F4 G M B3 F4 AEDY FE AE B

ojdg - TEZ - HAHE

o3t A& A AL deke st 2 A4 dhE A dA
HA Ho) 4% wlA, TF 59 A IAE A V&
Aeg AefAEd (EUTRP2) Ol |A3te §744% 44 2dg
Fzago. 729 2do] T A%Y NAEAFHY d3BAE
ARF Qlo] B4 R E AR 4, 2 4Fd BE A4
374 F AEZHAE 2Fo] 2233 JYE 7t FUHeE
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