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Biological Characteristics of Scuticociliate, Philasterides dicentrarchi
Isolated from Cultured Olive Flounder, Paralichthys olivaceus
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Biological characteristics of Philasteridies dicentrarchi (Ciliophora:Scuticociliate) isolated from the cultured

olive flounder Paralichthys olivaceus was determined out by culture, growth conditions, and in vitro relief effect
of chemical compounds. The scuticociliate has an active propagation ability by utilizing organic matters obtained
from cell strain, bacteria, assorted feed, brain tissue and rotifer tissue. The ciliate achieved population growth activ-
ity under the conditions of 5~45 ppt in salinity and pH 6-9. The ciliate had survived and propagated under the
water temperature ranging 10~30°C, but active growth was observed in the temperature ranges of 10~25°C. Ther-
apeutic trials were performed with formalin and hydrogen peroxide. The extermination time of the parasites with for-
malin was in 30 minutes both at 300 and 400 ppm, 60 minutes at 200 ppm, 90 minutes at 100 ppm, and 120 minutes at
50 ppm, respectively. In hydrogen peroxide treatments extermination time was 60 minutes in 300 ppm, 90 minutes in 200
ppm, and 150 minutes at 150 ppm and 100 ppm concentrations.
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A B 25 (Scuticociliatida)ol] 3= AT E 7S 22 oF
22kgjo] whdshEA ditelF Fo g s 3|
£ QJsle 714F0E de] deiA qivk 75319 mvlel 4
A== Uronema marimum (Cheung et al., 1980), ThA{9F2] o]
ol 7128 1= Terahymena sp. (Ferugson et al., 1987), Z5l|A]
2181 Southern bluefin tuna®l| 71488K= U. nigricans (Munday
et al., 1997), AF3l Ake] 2] Foo} AuQl HF- tollA
FASH= BBl 7148 Philasterides dicentrarchi (Dragesco
et al,, 1993; Iglesias et al,, 2001) G THFSH ofFof| B2 £79)
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SO UH(Lee et al., 2001; Jin et al., 2003). S2IA 2ol U, marinum,

P, dicentrarchi, Pseudocohnilembus persalinus, Miamiensis avidus &
ofe] FRe] ATEPIRO] ZHE 20w naHT Urhee
et al,, 2001; Kim et al., 2004a, b; Jung et al., 2005). 2FE|7}
HEFO) 5 BRE Gelsh DV fkelel olehgol g,
Jung et al. 2007y 18s SSU rRNAS} Jefehs] oahs Fol
P. dicentrarchi®t M. avidus’} 5LE1 202 ¥ 13k v} g,
ARk ohulzh f3le) SOl FAHE BRI P
dicentrarch?} XA 739 o} 5 Aol A 5Fsle] B2 o
SE 3] 3L Slth(Iglesias et al., 2001).
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A AFEPFE

AFohety. sjekasitsh ik EE el AT A5
T A Q9] Akl Al EA] Xl (14 cm)2] HeolA
Rg)8}o] silver carbonate®} silver nitrate W) wle} G4 &
e #F g BAAESY 2ANAL AX P dicentrarchi
2 349 AFEPIEE wokdol Aol o] g3l

HH 2

P, dicentrarchi®] F2873S sty {8l ol FTshAl £ e}
A, 283 @R AFTETES] S Holg 4
£ BAE o] §3lo] uljokslol om, Wi AFTE AskA] esitt

1) MZEFE o2t

0} FZ3}AE Chinook salmon embryo-214 (CHSE-214)E 12
well plateell 1 mL (2x10° cells/mL) ‘=53t 5 P. dicentrarchiz
HEAA Tt 5 CHSE-214 A4 #ijFA)
71 22 1.0x10° cells/mL E52 319.0™, 15°C incubatorollA]
2571 wokelaint. o FE3AlE CHSE-214+= modified Eagle’s
mediumel] 10%2] FBS 9! 3484 penicillin (Gibco, USA) 100
TUS} streptomycin (Gibco, USAYS 100 pg/mL == 27+ 3
7Ft3Aet

2) M?E O|2¢EH HH

okl A) = Provasoli et al. (1957)2] Millport S £ NaCl
1.5 g, MgClL-6H,0 0.25 g, KCI 0.04 g, CaSO, 0.012 g/distilled
water 100 mL)°ll BHI (Brain Heart Infusion) broth (Merck,
Germany) HIXIZ 0.1% F7F3F & 121°ColA] 1583 HatAlA
Millport BHI %] (pH 7.2)% A|&st3itt. #12 Millport BHI
=2 25 mLY) cell culture flask (Nunc, Denmark)®}] 10 mL
3k 32 Wo 2 g dFellx Feld BB L4, Vibrio
lentusZ 3.0x10° cellymL 5% HEAA AEFHOE o] &
N o] golrt =% silth. HolZ AT ¥ lentus
= gx] x|o] 9ReolN BejE 4oz AuATFEE F3te] Fol
olslo) FBaHA TAEE #55 st Hol 7o) A
Z8ES Crosbie and Munday (1999)2] vl S 7138131 ot
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2ol Bk &

SEECLRER R LS
£ ol ul) 22

ZJ%.’? HHO]: L 7]{]‘,

T AlETE

B o T, =
F7o® siglvt
3) GA| Z|ZES O|&8F o
WX = W Millport S 292 25 mL2) cell culture flask
(Nunc, Denmark)ell 20 mL ¥5811 $2) Ho|& 778 {A
wZzAE wjokl mLE 025 mgs vhsle] Hrksioint. 7t

& 22 0] k2 Abd] Hu]dES 3] FS] Fol Aol
ata 34 7Fsst o FalrhpH 7.2). videlle i)
7 Eetel Al Fas =71 el BA3A] penicillin (Gibeo,
USA) 100 TUS} streptomycin (Gibco, USAYS 100 pg/mL 5%
2 Frsiolet. 9] AE vk 25, 717 52 4
L3 wjoFn 2 0% SISt

4) 2E|H XRZXZ 088t Hif

g2 = o] g3t uokat 22 FAA] HEA ol 2
EHE Hrlsle] Azt i A2 detE wiekst 2EH,
Brachionus rotundiformisE BONTE 33 AT 3 BEVE
AABL -70°Ce] WE BSE $ 2o 2 o]853it}. Millport S
oo WEg 2EH 0.5 mgmL E73}0] vidgA(pH 7.2y
Az, ZE|H Q) ok& Alale| du]Ade Fle] /3] &
o] Aolaki 54 7Fest o Fasict. T A vt =
5, 717 T2 AEFE o) 83 moke) 22 200 SIStk

5) HIZALR S O| &8 HHQf

ga HzAE o435k uloke 2 2ol HxA il F
9] o)z HARe] gA] X|o] siFALE(@ 0.5~0.6 mm, extruded
pellet, Table 1)Z Miliport S €l 1 mg/mL H7I8l ¥iX &
ANFSTHEH 7.2). ¥Rl 3k Ao siEAFEY] & AL
Aol ARl AES Folo] Fo] 8] Alolskal F4 7ksE
o7 Ao, Fo HEH wiot &, VI T2 AEFE
o] g3t nljoky} 22 70 F gt

6) 2FEIFEE A

Hjx) SR wjdabg el ATEREE Al AE 2R
sidod, Ale AP AlgAIES Hx JFA RS 7
Falo] 1A Uiof AAlEIh A wieRiA o pLE
pipettingdl®] counting chamber #elA] glutaraldehyde (Sigma,
USA) 1% $9& 4£% 378l & 1743 - cover glass
(18x18 mm)= go] 38} #n]7Z (Olympus, BX 50, Japan) 200
g2 A5 F cellsmLE ARSI

3255 o]

(e}
TS

NERT:

Zo) Wk 58 AuAEE Bslo] o] T3 P. dicentrarchi?] A{37 221& djetay] S8 &5, pH 3
Table 1. Composition of the experimental diets (extruded pellet) (Unit: g)
. . . Component (diets per 100 g)
Diets fi t
fets form - Diets size (& mm) Crude protein Crude fat Crude cellulose Crude ash Ca P
Granule 0.5~0.6 52.0 12.0 7.0 20.0 1.0 2.7
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52 7}z OE 2ol vjokslas ASEE T WA AR e uhE Fo 549 JEH wEE dnd
= @2 (Olympus, BX 50, Japan) 400 wi&= #3150t

sigich, APER Fo) 25 H Fups S oFE

Shar wFAIZE Aael] Wl S (), AR, ), A shghE o] - okEX|E] F R = 50, 100, 200, 300

) To= TRt 9l 400 ppm, “18}3L I8l 25, 50, 100, 150, 200 2 300
== ppmO2 it}

9 X)slsa=el BHI #iA](Merck, Germany)E 0.1% 715} 2) A EI T
o 712412 (SW BHIYE Al=ketivt. 25 mLe] cell culture flask o8] & AT mE o LAY FHE WsE
(Nunc, Denmark)el] SW BHI HiX]Z 10 mL 25311 52 Novotny et al. (1996)2] B757 Wl wat d7gsigict. oF
O|2 ¥ lentus T2 1.0x10% cellymL 552, P dicenrarchi=  S32] A7t 180% 5<F 308 Y2 w5 AR el wE
3.0x10° celUmL 52 HES T 1, 5, 10, 15, 20, 25, 30, 35°C 2537 Fejd WslE 59419 score® T-E3I3{THTable 2).
oA wlehaA 1Y F9F ASYEHE BESIITHpH 7.2). A

SAVE = wllR]) 59 kA AT 22 o ® gt a o
2) pH
2= AR 22 271014 1 N NaOH (Merck, Germany) o @f
S} 1 N HCI (Merck, Germany)& ARg-sto] wfeluz) o] %4k pH ) MEFS ol5et et
567,80, 1002 048 F 200 ARAUA DL 2 deomarchis ALE 7ol DU SHISLEA WY S
HO R ¥ lentus & HO)Z 314 15°CoA 11 &t 8574 ] Agg-2lo] o]Fo o uljek 10L4o] 4.8x10° cellymLE
HhE skt 1mﬂizﬂo%ﬂi%ﬁﬂﬁﬁFPﬁ+ﬂﬂmCﬂE%@
3) NaCl o} el HARL 1$—°1X1EEH 7} HolFirk(Fig. 1).

SR wrof w2 A2 el MS BHI (Merck, Germany)al 2) Ml3E 0|38t HiF
A g 7]&°F NaCl Merck, Germanyys A87EHE [, 5, 10, Hjok7| 7 S0k AlE-S Ho] s Burs]
15, 20, 25, 30, 35, 40, 45, 50, 55 & 60 ppt F== 7St &
(pH 7.2), 5H ASAIE Y 22 WHO R V lentus w2 =0]
—e— Cellline - Vibrio lentus —a— Brain tissue

E— —8}0:1 ISOCoﬂ}ﬂ 110E1_ %O\J.— Ag%)b]—EH“% T&%‘S‘}?}E} - Rotifer tissue —a— Extruded pellet
6.0 1

olN

Aeha 49z

J2

ol

1l

5]

2BHEO| in vitro 7H|IE1} 55

D 7 BekE § Y

Fulelelr XBAZ 7FE wol ARREHE 2 (Merck,
Germany)¥} 3+8kr4-(Merck, Germany)s O]%O}O% in vitro
TARLEE SISk AEHS Hyt XSkl sES 34
3t & k8] e) S E199=0), © 87 mm petri dishell B <] 5} 85
Fo} JAES FMT &Y 20 mLE EFT v vlEd e 80
& ol wjokd P dicentrarchiz 1.0x10° cells/mL $EZ 4 Days
FANA AR SHEEY] FEHE 1808 5t OF5& 5t Fig. 1. Growth curves of the P. dicentrarchi in different media.
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Table 2. Scoring system for appraising the effects of various compounds on motility and morphology of P. dicentrarchi

Score Interpretation
Morphology
4 No change; cells elliptical
3 Less than 50% of cells round or irregular shape
2 Approximately 50% of cells round or irregular shape
1 More than 50% of cells round or irregular and lysis evident
0 Extensive lysis with few cells intact
Motility
4 No effect; motility normal
3 Motility slowed in more than 50% of ciliates
2 Approximately 50% of ciliates stationary, but cilia still beating
1 More than 50% of ciliates stationary and cilia still beating
0 No sign of motility or cilia movement




2FEFHIR

212)9) | E 27 o] BAS Bt wiok 62lAlell 9.2x10* cellymL
2 F2A8lo] A HATAIHTE 308 o] FAlsle] 3 Wxel
CeSFthFig. 1). 717 EF Blo] o] WinE 1.0x10%
2.3%10° cellsmLE X3kt

3) YAl K| XES 0|86 HHQF

WX H2Ag ol & iM% Ed] Akt vk 44
e 10 cellsmL o072 Z215107 o wllok 14240l 2.9%10*
cellsmLE H1 Dz 5238l HEA RO 108 ARZ F2
SIS}, AR 0 7 #Hrd % ellx] 7R AAESISichFig. 1).

4) 2B =AE 0[8% uj

FE|H 2AS Yo7 g T2 YA WA g Y
213} 1|53 S Hlou XG4 FAlo) o] F
=3k, vlok AAINE A FAle) o)FojFlod, HHOJ 1445
ol 3x10* cellssmLZE HFA] WERTE 1002 S48k #3
SeBISItHFig. 1).

5) HHSIALE S 0|25t HiQF

ux] ;(]o]% HHtﬂ—/\]. tﬂo]g o]-o% %\:ﬂ—s] 1/\10 oﬂ_‘:ﬂ] HH
ok 8AA oY 10° cellsmLE EoIA 3382 S48 .0m, vk 12
A Aol 1.4x10% cells/mLZ 468 F4&le] FHa UEE B3}
10° cells/mL O} 07 225 Zo|t & o7 pUEE &

2|59 Ch(Fig. 1).
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10~30°C Helellr] BE Bl o] o)

% Philasterides dicentrarchi®] 282 B4 109

A& 10-25°C BN )Tl 30°CE HE F 40z

22 3 3rash) AlEsiel 190 A AR, sclAe
AE T aol] ARl 32 & A% wAsiglon, 1

35°CAME AE2S A5 A T Table 3).
2) pH
pH 6~97}4] A& T8 519107 pH 7~8 HYoljx] &2

3t Z4jo] o)At pH 5 W pH 10904 HE 5 #HAsiol
TH(Table 4).

3) NaCl

5-~50 ppt HollA] AFo) 71538l 0m, FA1L 5-45 ppt H

2olA ol FelFlth. F2o] A= A7) 5 ppelide 39 5
B o]Fo]Rom, 10~30 ppt HeolE= HE 19 $HE &

2o} o]FojFh, 35-45 pprellil= vk F 4 ARE] S0
TFe oLt Ead T4 5~30 ppt WA o] Foiit
50 pprellAlE 109 o] AT F42 o] FoiAA] A3k
o, 55 pprelE AATTE A F 5 el = wAksal
th 1 pptsh 60 ppel = HE § A Axsigint, dubd o

B dE Bl o Agie] & 233k £42 HITHTable 5).

setEQ in vitro THIED
) Z2u

F2u k&) okSAZE Aol W2 P dicenrarchi®} 8
Bl Waks 4] Q) 308 2FEA] 200 ppm o4 F A
FeAs Vel A1), 400 ppmellA] 603 ko R

R 57t 00 FS0 % TR A2} 7RE B W

Table 3. Effect of temperature concentration on the growth of P, dicentrarchi isolated from cultured olive flounder

Days after cultivation

o
Temp. (°€) 0 1 2 3 ) 5 7 9 T
1 ++ - - - - - - - -
5 ++ + + - - - - - -
10 ++ ++ ++ ++ +++ -+ +++ +++ +++
15 ++ ++ +++ +++ +++ +++ +++ +++ +++
20 ++ +++ +++ +++ +++ ++ +++ +++ +++
25 ++ +++ e +++ +++ A+ 4+ ++ ++
30 ++ +++ +++ +++ +++ + - - -
35 ++ - - - - - - - -
+++, Growth; ++, No change; +, Decrease; -, Death.
Table 4. Effect of pH concentration on the growth of a P, dicentrarchi isolated from cultured olive flounder
Days after cultivation (15°C)
pH 0 1 2 3 3 5 7 9 1
5 ++ - - - - - - - -
6 ++ ++ +++ +++ +++ +++ +++ +++ +++
7 ++ ++ +++ +++ -+ +++ +++ +++ o+
8 ++ ++ +++ +++ +H+ +++ +++ ++ +++
9 ++ ++ +++ +++ ++4 +++ +++ ++ +++
10 ++ - - - . - - - -

+++, Growth; ++, No change; +, Decrease; -, Death.
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Table 5. Effect of NaCl concentration on the growth of a P. dicentrarchi isolated from cultured olive flounder

Days after cultivation (15°C)

NaCl (pp) 0 I 2 3 1 5 7 9 1
1 ++ - - - - - - - -
5 ++ ++ ++ +++ +++ +++ 4+ +++ -+
10 ++ ++ +++ ++ -+ +++ +++ +++ +++
15 ++ ++ +++ o+ 4+ +++ +++ +++ +++
20 ++ ++ +++ +++ +++ +++ +++ +++ +++
25 ++ ++ +++ +++ +++ + +++ +++ +++
30 ++ ++ +++ +++ +++ +++ +++ —++ 4+
35 ++ ++ ++ ++ +4+ +++ +++ +++ +++
40 ++ ++ ++ ++ +++ +++ +++ +++ +++
45 ++ ++ ++ ++ +++ +++ +++ +++ 4+
50 ++ ++ ++ ++ ++ ++ ++ ++ ++
55 ++ ++ + + + - - - -
60 ++ - - - - - - - -
+++, Growth; ++, No change; +, Decrease; -, Death.
—a— control —a— 50 ppm —o— 100 ppm  —a— 200 ppm —a— control —a—25 ppm —e— 50 ppm —a— 100 ppm
—5—300ppm  —e—400 ppm —a— 150 ppm ——200ppm  ——300 ppm
4 - S + & A 4 N N N
[
e >
g2 3 2
§ 14 Eo 14
0 L L ! 0 . )
0 30 60 0 120 150 180 0 30 60 90 120 150 180
4 - . - . . . 4 - *
o 3t o 34
g 3
2> 2r Z 24
= =]
0 . — 0 . !
0 30 60 90 120 150 180 0 30 60 90 120 150 180
Time (mins) Time (mins)

Fig. 2. Observed effects of a range of concentrations of formalin of
morphology and motility.

e ozt 200 Y 300 ppmellAE 1507 R0 F t-F
o] ME7 W3 0w, 100 ppmolds 180 oh&j XM
A%}, 50 ppmell s 1808 F5-02 U7 7iAS] A7 W
E=lebel=g

TeEg

gZeg okgol oJ% $EAe) wshs ey wislho F
2lo] UERt=t] 300, 400 ppm 25 308 k807 $5A4S

PR3] 4S9, 200 ppmellA 603, 100 ppmellA] 90+, 50 ppm
ol Zbzh £35S ) Aalste] FAIEIHE B

Fig. 3. Observed effects of a range of concentrations of hydrogen per-
oxide of morphology and motility.

2 H3F= 300 ppm
oA 30 °FEAl 50% xqu} Al HE é O 7| A A=}
o] uMﬂ% o, 604 R o R if-e] AX7 WH s
gto] gk = gict. 200 ppmoﬂ 90', 150 ppmel] 1208, 100 ppm
o1 Oa‘ﬂr k2o 7 ohREo] M¥ErF W E A Alaete] 1k
o™, 50 ppmelAE 180% 2k&o2 50% FE2] /A7t
,H]Jﬁ‘tﬁtﬂ KX OEIO?AE}

A4 okl 05 SEAL0] MERS E2 DY o83} v}
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27122 Ferd wshack w2 A Vel 150, 200, 300 ppm
T BF 30% oks o2 fE S Mgl o HERES
2252t} 300 ppmell A 605 k&0 2 AR -F7HA] 3]
AAEG 0, 200 ppmollAE 90%, 150 ppm@} 100 ppmellA]
= 7z} 1508 who] 9548 &3] AAEITE 50 ppmelA
60%- kg0 7 F3Eg AJAEI o AREE 180 5
o] AX|=H T}, 25 ppmoll e 180% FE 02 FYHL AR
ou MEF AEHUTHFig. 3).
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AFETIEO] A71ES o)88le] FAlERE AR 2 A
)=, Iglesias et al. (2001)2 AT E| 7S] Alet, u)HzF, 9
BB =2 Holsltta 31310 ™, Crosbie and Munday (1999
Southern bluefin tuna®ll L= AFEIIMIES, U nigricarns
2 0 HF TS Ho|E dlo] I 8.8x10 cells/mL HUIE7H] H
okslo] B d7te) n)Seet g Beivh A¥A o ® ol f &
E7F 10° cellymL o3 35 Gs] T4k Ao R’
TS ol 3 ujokAl wjeroel Hrieh= uiA9) ol Wk
9 FAFo] gy AFEPFEEY] FAHE EEbA=H)
BHI "4t} peptone 5 AlduloF viAE theF 0.1% AFE 3
7V 74§ go) Aldo] FAskE Wt o)F Aelshe AT E7Th
Zo] 7L oY XS] Thsd A 0w waErh

A EAA ol PAFH YA R efol] #jFALE Tl
ZAH] AAE ALZo|A] 2FEFHEe] Bs) FAshs Zio)
v, Y219 HzAef FFsle] vy S8k, ZE]F Ab
AN AFEFFEC] S Zlo] el 2018 wigAt
2ol WA, 2E)Y 27 52 ol SAMEE WEIAT.
AZ7A W@ALE, W2, ZEH 224& o83 wje el
heirii= BaE v glo] AP Fal] 54 7HsE T
2 Aok viokdy A st BT L8] S 5
3] o1 FIAEZ, A, Xol g MIEALE 58 HolR 8l 10°
cells/mL the] 2] T2 FAETE. Iglesis et al (2003 FBS
&} lipids7} £EE L-15 mediume ©}831 P dicentrarchiz
10° cellymL Wlgl2 sfekeha} vt o] 23} 55 FEelE =
P dicentrarchi= M¥1} 2R, A&, A, sigAlE e}l & o
okt §71ES ojg] Fs] FAsk: Zlow wdkE =
g o] |xi= §7180] Wo] HAEE §gexe] #del &
Hajo] MajslEz o] Zo] 7hdd 7187t 2 A0 E Bl

Crosbie and Munday (1999 Southern bluefin tuna, Thunnus
macoyiil TAE= U. nigricans] “3FH 217 72 10~25°C,
AVET [5~35 pptE B} W]sedk AFEA] Cheung et al.
(1980y 53] sliat dofel] ZdEE U marinume]
BT 2131 ppt, T 8-28°C HSlollA UERITHL B usigivh
olE A 1A} v|WIE w) P dicentrarchi= Uronema sp.ol
nla| S SE nlsshvt dRsEr ARl Jlow Btk

Iglesias et al. (2003)2] &A= ¥ BRAA £2T P
dicentrarchi A IA pH 7.2, L 18~23°C, G255 10 ppt
oA ksl wjksgleh # AFelA R 10-25°C HellM &
15) Z24l0] o)Fo)A H|Sg AdE Yeh|glen, @E-sEe)
pHOWME B]<=3k A3}2 R}, 8k Lee and Ha(1997)= A
ZFx)e9] okAl x| of|A] Eajd AFE]7FE0] 20~25°C H2]olA
Hloko] Z@vkar sl AR B A ujek Aeat
23kt AR R P dicenrarchic Zg, F2/d0® 4
o th3t Z-g2o] wi$ ko, ARsEe AR, SEE
o) & RS 55 BSirh

AFEFFES WS ohy A3k gel A A EE H
B} o] & B8 o)Fo AT o™, ES] P dicentrarchi
= 4g0i9 Ay A5EsHe) Hovt a7} Avk(glesias et al,
2002, 2003). AFE)7FEE] thsle] EtEot sEtaAlE o]
28} A A7 WS 3 Q=d], Parama et al. 2004y TF
¥} antiprotozoal AAE ©) 831 in vitro TAETE screen
& A7} fluoroquinoloneZ| 2] norfloxacine™} lomefloxacine 52|
FAs FAEAT vk d}let o]2lelE Iglesias et al.
(2002)2- in vitro TAVAE A3} F297 o EA] Ha AR
7} 62 ppm/24 hol™ doxycycline hyclate’. T4 E¥7}F Qo
&}, o)A tjekst slek Al A ETE Hola Jlovt
kol Foll E 739 AYdo) B vy 718l AT
Skx)7} o ThIglesias et al., 2003). @A7MX|= 1G] =4 3t
e okgo o8t XF7t 7P o] o] 8E 1L =T, Crosbie
and Munday (1999y= 3352 0}23 in vitro TA STl 2
TS GHs) G AZNE AR Fo] 2 AV|R SR
t}, o] 7)ol W= P dicentrarchit= EE1E 300 ppmel
305, 200 ppmell 60%, 100 ppmoll 90%, 50 ppmoll 120%F wF
of FAEI} = ROE VepsTh 2T kAl 54
2 F5o] ukE AgAI EE FHo] A gHt TRl o
ezl wahes Folo) FREER) sttt vide] stslrA A
27= e o AelsTE A7 Aol Wit score?t FE
o] FE-EQt). A7} M H AL AEH0] I EE 55 7
23} 93] TAlE IR 300 ppmel] 605, 200 pomel]l 90,
150 ppmell 1205 100 ppmell 1508 <&o 2 FA|aar} 3ot
1 & 5= 9lt}, Crosbie and Munday (1999)2] U. nigricans®l| t
3t in vitro AR F2DE 200 ppmellA 308 ol
100 ppmellA] 60% ko ® FAEHE Wolon, Ites
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