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Diseases in wild marine fish caught from Korean coastal
offshore water

Mi Young Cho, Ho Yeoul Kim, Bo Young Jee, Myoung Sug Kim, Jung Soo Seo,
Mun Gyeong Kwon", Young Su Im”, Deok Chan Lee, Yun Kyeong Oh,
Shin Hoo Park, Jin Woo Kim and Myoung Ae Park'

Pathology Division, National Fisheries Research and Development Institute
*Fisheries Resources Restoration Project Center, National Fisheries Research and Development Institute

Disease surveillance was performed to monitor the prevalence of fish pathogens in wild marine fish
caught in coastal offshore water in Korea. A total of 333 of fish samples were collected at set net or fish
market at landing port in Pohang (East Sea), Taean (Western Sea), Goseong and Tongyeong (Southern Sea)
and 21 species of pathogens causing clinical infections to farmed fish were investigated. The detection rates
of fish pathogens from Mugili formes, Tetraodontiformes, Pleuroneciformes, Sorpaeniformes, Perciformes
and Clupeiformes were 90.9, 61.1, 47.6, 43.6, 37.2 and 11.8%, respectively. Comparing with prevalence of
diseases seasonally, both the detection rates of bacteria and parasite were higher than those of virus in April
but the detection rates of parasites were distinctively higher than those of bacteria in August with high water
temperature. Virus were detected in fish samples caught in the Western and Southern Sea in April. The
detected parasites were Trichodina, Ichthyophthirius, Dactylogyrus, Microcotyle, Bivagina, Caligus, Alella
and Myxobolus. Among the bacterial pathogens, Vibrio, Streptococcus, Photobacterium, Psuedomonas
were predominant. Viral nervous necrosis virus (VNNV) and flounder lymphocystis disease virus (FLDV)
were detected from the 6 species of fish virus examined in this study.

Key words: Disease surveillance, Wild marine fish, Bacteria, Parasite, Virus, Korea, Coastal offshore water

F elle] el EAlshs FAlolR et At
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ZA ALY = Sk A dEe] of Rl
Argol WA 7k Ol w5 sjutsiet sie et
E AR oS AP R gt BdA
EEAZE W RS AR 1R A
°o] 9= AOE HIHI 9oH (Bucke, 1980),
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o] wsh (22, 7, AE 57 AEO
7HA3 9= 3244 (normal balance)S 23}
A =3 o]2 28] ZAA HAA I &5
o] zr/do] 27 vk ¥A! (Snieszko,

1974; Bucke, 1993)0ll4] Eohd 2 #a] SHo)
A F G A =20 counterpart 2 £
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T

22 A AR7k oAl
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74 (reservoir)7F 2 = Ath= 914 (Mayers
and Winton, 1995; Dixon et al., 1997; Betts and
Stone, 2000)°] S7Fskal A3, AFOEA 9] <t
ARl et Fertel 277 27k o] A
Q2 oifte] Al Bt APIL AE F7heh
Sl FAlo] .

SRl A olfel A 7ol o
St By 2= AAA 5012 Myxobolus sp. 7+
= (71 = , 2003), st oA EE o]F=H
MAL] Pseudomonass; A3 Proteuss: Al
o] 74 (°] &, 2006), viral hemorrhagic sep-
ticemia virus (VHSV) 2 red sea bream iridovirus
(RSIV)®] 74 Abal BaL (A2 9, 2004; ©] 5,
2007) E_o] o]q.
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Table 1. Fish pathogens investigated in this study

o qyes 3} Mo AR
A9E EE R A SR E 44
Q5o @}6}9;11, Holer AR Ao %

C) =

It olFE
= golgls wﬂi P
wejol Agstgon, BE ARE AR )
A% 10, A 5% 2 vole 2 6] e 7
g ol¥Z ZASIT (Table 1), 71AFS @Y
408 Bl SN S, 42

API kit (Bio-
bk 2, gl

brain heart infusion agar

10
o
o
ol

Merieux, France) <
3 A7 9 H2AE
(BHIA, Difco, USA) 5¢] Ali+ 24 ujx|ol
Wl Fo] 2 Ewate] 27 CollA] 24~48A]7F Hj k3t

5 Ao A W] SAol wel e

Parasite Bacteria Virus

(10 species) (5 species) (6 species)”

Trichodina Vibrio VNNV

Ichthyophthirius Edwardsiella MBV

Scuticocilliate Streptococcus RBIV

Ichthyobodo Photobacterium damselae VHSV
Pathogen Dactylogyrus Psuedomonas HRV

Microcotyle FLDV

Bivagina

Caligus

Alella

Myxobolus

b, VNNV, viral nervous necrosis virus; MBV, marine birnavirus; RBIV, rock bream iridovirus; VHSV, viral hemorrhagic
septicaemia virus; HRV, hirame rhabdovirus; FLDV, flounder lymphocystis disease virus.
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Table 2. Oligonucleotide primers used in PCR amplification
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Product
Primer Nucleotide sequence PCR condition
size(bp)
F-GCACCACGAAGGTACGAAAT
MBV 94°C(1)-55C(1)-72°C (1) 597
R-GTACGTTGCCGTTTCCTGAT
F-GTGACTGCACACCAATGGAC
RBIV 94°C (30")-58°C (45")-72°C(45") 698
R-GGCTTTCTCAATCAGCTTGC
F-ACCCTGGGATTCCTTGATTC
HRV 94°C(30")-55C(10")-72°C (45") 533
R-TCTGGTGGGCACGATAAGTT
F-CGGATACGTTGTTGTTGACG
VNNV 94°C(30")-55°C(45")-72°C (45") 758
R-CAACAGGCAGCAGAATTTGA
F-GAGAGAACTGGCCCTGACTG
VHSV 94°C(30")-57°C(45")-72°C (45" 444

R-ATGATCCGTCTGGCTGACTC

Table 3. Number of fish sampled in this study

No. of fish examined (No. of fish species)

Time

East Sea Western Sea Southern Sea
April 73 (16) 57(9) 58 (15)
August 43 (12) 24(3) 78 (16)
Total 116 (28) 81(12) 136 (31)
Stk elE o Welehy 2 et 54 of WA o) 8% s70ke), 89l WA 9] 25 24w}
= AARRE = APLKitE AREsto] 5 S8l @ Z1E]3 Felioke 4ol 7Rk 9] 14F 59
o} vlo] Eﬂ’\ FAS 98 Aol wel DNA 2 v, 89 7 & —.,Sebasles pachycephalus £ 15
RNAE g § PCRYS AMEt3leH, & 78viEle XAkete] & 333vkE]E XALSHS

flounder lymphocystis disease virus (FLDV)= 5
POz H9FS HAskeleh PR A5
+ & primer setsZF A A4S o] 5 (2006)
o] ARE-3 WRioll weh AA8AT (Table 2).

£
g E5)0re 4o 7AW, Limanda

herzensteini €] 155 73v}g], 8€o YA, Par-
alichthys olivaceus ¢] 115 43v}2], A&+ 49

T} (Table 3).

SR Ak ol F 5A4S TReR
R, 490l Faiete] A4 WP E (1), o7
= (19). 5915 (19), 5242 (15, #Y0l=
(%), 5% (5%), 7112 (35, BolZ %)
& AL OB, sk Fol= (1), W7ol
5 (1), $Uol% (%), 5015 (1%), /M5
(2_%) Hol & (1_%)2 Z/\]_—g;]_oﬂ_/ LJ—@HO]—oﬂ}ﬂl:
HolE 2%), FolE (1), HYolE (6%), =]
= (43, 7HE (19), Hols 29)= At
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Table 4. Fish species from the East Sea investigated in this study

AV
ey

Fish sampled from the East Sea

Time
Order Species (No. of fish examined) Scientific name
April Anguilliformes conger eel (1) Conger myriaster
Liphiiformes blackmouth angler (5) Lophiomus setigerus
Mugili formes flathead mullet (8) Mugil cephalus
Beloniformes half beak (1) Hyporhampus sajori
Scorpaeniformes rockfish (15) Sebastes schlegeli
goldeye rockfish (1) Sebastes thompsoni
red gurnard (16) Chelidonichthys spinosus
Perciformes sea bass (2) Lateolabrax japonicus
black sea bream (1) Acanthopagrus schlegeli
red seabream (1) Pagrus major
sea chub (2) Ditrema temminckii
Pleuroneciformes olive flounder (9) Paralichthys olivaceus
brown sole (4) Limanda herzensteini
finespotted flounder (1) Pleuronichthys cornutus
Tetraodontiformes thread-sail filefish (4) Stephanolepis cirrhifer
yellow puffer (2) Takifugu obscurus
August Clupeiformes dotted gizzard shad (7) Konosirus punctatus
Scorpaeniformes rockfish (3) Sebastes schlegeli
red gurnard (5) Chelidonichthys spinosus
bartail flathead (5) Platycephalus indicus
Perciformes goldstriped amberjack (1) Seriola lalandi
yellowtail (1) Seriola quinqueradiata
red seabream (6) Pagrus major
blotched eelpout (3) Zoareces gilli
Pleuroneciformes olive flounder (5) Paralichthys olivaceus
marbled sole (1) Pleuronectes yokohamae
Tetraodontiformes thread-sail filefish (4) Stephanolepis cirrhifer

green rough-backed puffer (2) Lagocephalus lunaris

Atk 8YE BaMAE BB (1), ¥ D), FUOIE (3), FoIF 9%, /KIS (1
% (3%F), 5% (F), M 0F), BolB ), BolF (15)& AT (Table 4, 5, 6).

QBT ZABAL, ASNANAE Flol® 2 AR FoA FuolRe] &3k ofFo|
), 7HEE (152, gl AE BolB (1 HOAAR 7P BRtom, 1 teoR FolE
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Table 5. Fish species from the Western Sea investigated in this study

Fish sampled from the Western Sea

fime Order Species (No. of fish examined) Scientific name
April Rajiformes skare ray (5) Raja kenojei
Anguilliformes conger eel (10) Conger myriaster
Scorpaeniformes rockfish (10) Sebastes schlegeli
spotty belly greenling (9) Hexagrammus agrammus
searaven (7) Hemitripterus villosus
Perciformes red seabream (1) Pagrus major
Pleuroneciformes olive flounder (3) Paralichthys olivaceus
finespotted flounder (7) Leuronichthys cornutus
Tetraodontiformes thread-sail filefish (5) Stephanolepis cirrhifer
August Scorpaeniformes rockfish (10) Sebastes schlegeli
spotty belly greenling (4) Hexagrammus agrammus
Pleuroneciformes olive flounder (10) Paralichthys olivaceus

o] 7870 A, 7}AFH]E-0] 4271 A), Ho o] 367)A],
oj&o] 3470, Wigo] 9 Fojmo] 7+ 11
WA, oFAE B FojEo] 2zt 5/A|, SEAE
o] 17hA] =22 YT

o WA AFES FolE°l 90.9%=E
7PE A YErs e, Boj&o] 61.1%, 7HAH
B.0] 47.6%, %8 0] &-0] 43.6%, Fo15E-°] 37.2%,
HojEo] 11.8%= UElTE 8 FAoFToE
FREY A X 9 29Ege 49 7
51.9% 2 489%% W4 w2 ¥WUA A&
= Yepigle™, 11 9 5F % Fok: 7+
773% 2 66.7%°] AZEES YERHATE FA
73 M 18.5%, 71T 11.1%, vtol# X
= 74%°) AEES JYERNon, 232
AMe Aol 19.1%, 718F°] 31.9%, vtole X~
= 43%°14 AEHATE 57 Feol= Mo
o] 22.6%, 718Z0°] 41.9%°14 HAZHJoH,
Folol M= Aol 8.3%, 71AFEC] 66.7%°1 4
AZFACE 2 LA F2E AA AR
o gjfito] & gl R A7|elA] o] iAol
HAERA] ol FAAbe AdE U Ao

=

WA 7S vl v o E AdE It
O,

A 71850l T2 HdEHNeH, 720

=
7Fek 8doll= Al vl 71852 HEEC
diFez =A UEbsTh vlelgis 44
Aalikst el el MRt HEEH AT AV H o=
o] =2 8ol Hla] 4ol WAA o] Eq3t
del Fdol = Hepth A 94z Sl

ot M= Tl 13.7%, A8k 21.1%,
ek 10.3% = YEbsth 890l = g 79
WA oJgt TEgrdo] el o, Al
o 7185 Al 671 (4.1%) = e
LT} (Table 7).

AqHZ WYA AEES v A, T3l
oF EgA| o] 74 490l 73ulE] FollA] 481}
oA WAL HEHALH (65.7%), 8L

43ukE] Foll A 9miElolA HYAIZt HE
209%°) HAEES UERISITE A3t Bt
A Q9] 735 4ol 57ke] FollA 251t ol 4
HAA 7 AEEACH (43.9%), 8Ll 24w}

O

=

2 rr u



264 zEY A5G ARG - AP - ARF - AEA - QYT o]

Table 6. Fish species from the Southern Sea investigated in this study

i)
2
to
Ho

Fish sampled from the South Coast

Time
Order Species (No. of fish examined) Scientific name
April Clupeiformes Pacific herring (7) Clupea pallasii
dotted gizzard shad (10) Konosirus punctatus
Mugilli formes flathead mullet (3) Mugil cephalus
Scorpaeniformes black rock fish(3) Sebastes inermis
spotbelly rockfish (1) Sebastes pachycephalus
rockfish (3) Sebastes schlegeli
searobin gurnard (1) Chelidonichthys spinosus
bartail flathead (1) Platycephalus indicus
greenling (3) Hexagrammos otakii
Perciformes sea bass (5) Lateolabrax japonicus
sand smelt (8) Sillago sthama
sea chub (2) Ditrema temminckii
Korean pomftret (1) Pampus echinogaster
Pleuroneciformes brown sole (1) Limanda herzensteini
Tetraodontiformes black scraper (1) Thamnaconus modestus
grass puffer (8) Takifugu niphobles
August Clupeiformes dotted gizzard shad (10) Konosirus punctatus
Scorpaeniformes black rock fish (5) Sebastes inermis
rockfish (6) Sebastes schlegeli
greenling (2) Hexagrammos otakii
Perciformes sea bass (3) Lateolabrax japonicus
spotted sea bass (2) Lateolabrax maculatus
sevenband grouper (1) Epinephelus septemfasciatus
yellowtail (6) Seriola quinqueradiata
black sea bream (13) Acanthopagrus schlegeli
red seabream (2) Pagrus major
white croaker (10) Argyrosomus argentatus
rock bream (1) Oplegnathus fasciatus
rudder fish (6) Girella punctata
Pleuroneciformes brown sole (1) Limanda herzensteini
Tetraodontiformes grass puffer (10) Takifugu niphobles
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Table 7. Prevalence of mixed infection of bacteria, parasite or virus in wild marine fish caught in Korean coastal offshore

water in 2007
) ) No. fish infected with
Time  Station
BV P \" B+P B+V P+V B+P+V None Total
east 25 15 0 10 0 0 0 23 73
west 3 4 9 3 0 0 32 57
April south 4 14 0 5 0 1 0 34 58
Total 35 32 4 24 3 1 0 89 188
(%) (18.6) (17.0) 2.1) (12.8) (1.6) 0.5) ) 47.3)
east 7 2 0 0 0 0 0 34 43
west 2 0 0 1 0 0 0 21 24
August  south 7 26 0 5 0 0 0 40 78
Total 16 28 0 6 0 0 0 95 145
(%) (11.0) (19.3) (0) 4.1) 0) ) ) (65.5)
b, B, bacteria; V, virus; P, parasite.
b 100
N Eaclena
o0 4 == Parasite . Eacteris
- Vinus 80 | Parasite
3 £t = Virus
g £
g " =
5 - §
a B “
5 8
= |
) East Sea Westem Sea Sauthermn Sea i I1—\ I .
Station East Sea Westem Sea Soulhern Sea

Fig. 1. Geographical differences on detection rates of fish
pathogens in wild marin fish caught in Korean coastal off-
shore water in April, 2007.

g FolA 3utElol A HWAAVE AEFEHATG
(12.5%). 'F3let 17 - T8AGe] ¢ 4
58ul2] SollA 24ntElol A BEAA7E AEE A
o (41.4%), 8€ol= 787kE] FollAl 48vlE]
(61.5%)7F A H9E A= Yepsith

HYA TR AEFES vuE W Flehe]
At 4ol ZAPIA L] 47.9%ANA Mol A
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Fig. 2. Geographical differences on detection rates of fish
pathogens in wild marin fish caught in Korean coastal off-
shore water in August, 2007.

163%2 7P =kom 7|12 47% vlol#]
2= PAZEIATE Aslitol A 4l AP
A ] 31.6%ANA Aol AE=HAoH, 7|85
21.1%, BlolE 2= 123%904 HAEH U 8¢
o= Aol 12.5%, 7178F0] 4.2%, vlo]gi~s
A& S th el s 4ol ZAPRAL
15.5%°1 4 Alitol, 34.5%0 A 71850 HAEE
Ao HlolH 2= 1.7%14 HEE AT ¥l
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Table 8. Detection of fish pathogens in wild marine fish caught in Korean coastal offshore water in 2007

Pathogens (No. of detected/ No. of examined)

Time
East Sea Western Sea Southern Sea
Myxobolus (23/73) Trichodina (4/57) Trichodina (12/58)
Dactylogyrus (6/73) Dactylogyrus (2/57) Dactyloylus (9/58)
April Vibrio (14/73) Vibrio (7/57) Myxobolus (2/58)
Photobacterium (10/73) Pseudomonas (5/57) Ichthyophthirius (2/58)
Pseudomonas (2/73) VNNV (7/57) Vibrio (4/58)
FLDV (1/58)
Trichodina (1/43) Trichodina (1/24) Trichodina (12/78),
Dactylogyrus (1/43) Streptococcus (1/24) Microcotyle (7/78)
Photobacterium (5/43) Pseudomonas (1/24) Alella (10/78)
August Vibrio (1/43) Bivagina (1/78)
Caligus (1/78)
Photobacterium (2/78)
Vibrio (1/78)
nAE A Aol thet HAEEe A 23, 71858 105
AZE A TFEE Folte B 49 FollA 8Fol, Al 55 TolA 450, niol g
o Myxobolus, Dactylogyrus, Vbrio & Mo B 2% 6% TollA 250] AEHo] F2lojFolA
Photobacterium % Al 5°] AZENCH, 84  AWES Yo7+ WA tiito]l AALtE o
oll= Trichodina, Dactylogyrus, Photobacterium <5 7oA HE%+= A2 YEeltth
Al B Vibrio < Aol A& = Atk A8l ¢l TR FHoFoR BFHEHL e dA,
M= 499l Trichodina, Dactylogyrus, Vibrio & Al &2, 57 2 T oA WA AEE| ¥
o, Pseudomonas < Ao 2 viral nervous necrosis 1A =7

virus (VNNV)7} &5 o 8Yoll= Trichodi- Bl 200613 7FA] <4

LER =], o]# ek 3= 200535
}\ X]E EH)‘]'OE /~1}\]a‘]— |

na, Streptococcus % M+ 2 Pseudomonas % A W EUEH ZAyoA 593} 8ol 48.3~59.5%
7ol AZFHALE ot 4ol Trichodina, 9 2 HAEE5S Yepd A A6 (2 5,
Dactylogylus, Vibrio ¢ Mt 2 flounder lympho-  2007). ©]¢= €] o4 ¥ Eoﬂ/] LafollA E
cystis disease virus (FLDV) 5°] HEF oM, 8  Eo]FE 0|83l o33t olFE O E Al
ol Trichodina, Microcotyle, Photobacterium %  + 2 wlo|E 2~ HEES Z/\}d Aol M=
A+t R Vibrio & Aldo] HAEE At (Table 8). 191 7§25 670 A AN RE Mlo] AZEH vt Q)

o} (o] E,2006). 1} olgd A= %

nl 7él- 27} BEZY 77k Zal Q= A3} oRAlt)Ay

S5 Azt 9 ZANES Aol 97 Aoz

SElvEt AgtellA Maete AL ofFE  dedh 2 AFelMs Ao AAdAE
oz FAelfelr FesE 2180 ¥ Wik Sl AASA AAshs FE

_4
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AL ABEE ARRSIOH, FE AL F4s
ook AMellA AEE ] FFoIAell A T
HAY Aol £H o{FE R =
AFala7] wtell Hlad =2 AEES
Ao E FAHC Ty, o7 A AAL
A FO] 48.3~80.7%14 ddadde] #EE A
= G AAL o FeM = HYATE HEE
o] HAF AlECA 9F 2 Wi 7]
opfazde] #AEA] g AR Hol o]F
AAZF <57 AdollA] 2¥ EA o] dlow %
gate] HALE L TFsAS ml B AL
2 AeE Y A A el A ] B
2t (carrier) =41 2HEE 7ol =2 A
At H T

2 AToA ] AdS APLkitE 3
A3} Vibrio, Streptococcus, Pseudomonas 2 Pho-
tobacterium % A°] AZE A=, o5 Strep-
tococcus B Photobacterium % Ao Z}Z}
S. parauberis 2 P. damselaeZ T F AT Al
o] ¥ WF F71ol= Aol7t Jevt A 5
007) %= A%t E=re] AAEES AR

A3} Photobacterium group, Acinetobacter group,

o
LUIRET

Shewanella group, Bacillus group 2 Staphylococ-
cus group 5= FHAOE B oH o5&
A B9 T S FE FEAROE
Fssich. Lot A2 o5 Aol F4 |
N Fo A AFCE BIHL Yol
(Baeck et al., 2006; - &, 2006; ©] &, 2007; =
5, 2007; ? -5, 2007), A4t of ol wls] ©A

d

o @43 el 4 2EAA ARE S 4l
= FAolFe A9 A dial Bk viztsid
T JO T F (Bucke, 1993) ©]E°] Ao/
4 el Qe A Qe ARsel ®
o Qo= ARe,

71 9] Pseudomonas % M= tF-H0]

Pseudomonas sp.2 5% 2H, Vibrio & Al
2 Vibrio sp., V. alginolyticus 2 V. vulnificus=. &
A=) ATk Pseudomonas 2 Vibrio & Al A}
QA FHLIsH EExstAA AEH FEl

e HAAZE el ZeE dHA Uk
(A 5,1995; 1 5,2005). ¥ A o]Hel] EE
oo ® ofgH Halt AFALE ofFoll st
Al vlolel s S AR A3 vlolg X
= ASHA EUO U, Pseudomonas R Proteus
& Aol A" w7t o (o] &, 2006).
Pseudomonas < M FoA o/ WU M
o2 4HZ ASEE P anguilliceptica, P.
chlororaphis, P. fluorescens, P. pseudoalcaligenes
2 P putida 5= & F =8 (Austin and
Austin, 1999), 2 A7) A 2|3 Pseudomonas
sp. FAolF AW #Ho] Qe ZleE B
715 o8 ol & Aol AFAAE of Foll Y
< U T e AdFel A 2ol Fll o
3 WA AFeE A8 F e e
A S = gloBng 33 Hosh 54 9 i
E= A Alitate] 54 ¥la o gokAL
7} eRkE ol of & Zlojth

A 5 (2005)= sPE7ol TAE= HEE L
el ARAIE T A ohdet S Kol
= oF/FEYH V alginolyticus, V. harveyi, P.
damselae subsp. damselae7} E2 V&2 F2] =
AT SFATE V. oalginolyticus= A4l <ol A
53] B EHe MaFeEZA (Farmer and Hick-
man-Brenner, 1992; Shin and Jung, 1996), ©| Al
o] o 77}l mIA&= FF> oFH7HA] BT
ste] AFAE 2 B 7ol weEl HUAR
Q1257 3L W 2= probiotic. = H 715 7]
T P (A 5,2005). 53], A ohes] @ el
A V. parahaemolyticus 2+ 7 $HFTO=Z He
3 lom, Al Aagle]l B AZEEA 9
o (3} ©1,2007) o7 WL AlFoE 2
7Fs730ll thgk AET} o] Fojx{of & Ao|tt 7]
A% TollA =2 HAEES Ye Myxobolus
sp.== Myxosporean®l| &38h= Y L2550 2 A
Myxosporeans<> F210]5 T ofu g}t 2<AA
o AAshz oo Rl = Alg WS i
st B2 52 BAR, G 2 FHF

FTEolA HIHY Utk (Lom and Dykovd,



1995). t-Elvetills Fgerel 03
(Mugil cephalus)?1 X Myxobolus sp. 7+l <]
gAY By e vk dlew (A 5 2

2 AFelAE 5 olg]oﬂ‘: 2k J
2 2 A3 5 o

o Aﬁ VNNV % FLDV
7t AZFASW AEFES ¢ B2 #Heltk
FElvte}t A9t ALt of JFolA o F HAA
Hlo]|#) 9] ZA& AldZE VHSV 2 RSIV (0]
5,2007)7F B9 B} Ak o] 79 nodavirus&
theFglt ajatolFE *ZE stal Qo A
o] theFet s ol EEshs AR dEA Utk
(A &, 2002). Tﬂlﬁrﬂwm— s (= 5
1998), %ol (A 5, 2001; & 5, 2002), G
2 sy Eet (7 5, 2002)0042] wAjo] By
o] AUt & AFoxE FAloleolx ZHEe,
ﬂM 2 AAZAAME AEE 0], AR
NNV Zhdolge] =y e A= F

B QmolN 24 AL FAolRol
M oplsis ZRE Fasel 2ol o 99
RS B o &+ gleu A
2 olR7} POl BAANS TR 5 3l
THe elA elRel Wy Bele] deld 1
QA iRl Bt TN 2O ANE A
BT B 4 ok EE A olR) ol
2 20] H A (reservoin)d 7HsAdell Tl B2
A7AEOl FHTL Aew, FAoIRE Ba
o AAFAZ WAAZL AT AL
Fol ulolelz o] & 4o
A4 al—xgoﬂ AHZA el ks = 4+ A= 7=
5, 2007) E3H A = glh kA
Oq:rLoﬂfﬂ HeE HdAe 544 B <
o)’ ol et ?i:rL% Ho 2 ALk
A gk o

° 9
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