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ABSTRACT

Reproductive biology of maroon clownfish, Premnas biaculeatus was studied
in terms of spawning, hatching, rearing of larvae, identification of a pathogenic
Vibrio and skeletal characters of the fish.

Courtship, spawning behaviors, egg development and rearing of the larvae
were documented. The larval development were described with illustrative
figures. The gravid female spawned during 15:00-20:00. The male mainly took
care of the eggs supplying oxygen by water currents using their pectoral fins,
anal fin and mouth. The fertilized eggs were separative-adhesive and oval in shape,
and 1.99+0.03 mm in longer diameter and 0.88+0.03 mm in shorter diameter.
The fertilized eggs were deep orange color. Cleavage occurred from 30 min.
after fertilization, and the egg reached 2 cells stage after 1 hr. 10 min. after
fertilization under 27.0+0.5C. The embryo was formed after 23 hr. 40 min.
after fertilization. Hatching began between 120+£2 hr. and 150£12 hr. after
fertilization in the incubator under 27.0+0.5°C. Total length (TL) of the newly
hatched larvae was 3.22 mm with mouth and anus opened. Ten days after
hatching, mean TL of the larvae were 6.21 mm with 28 dorsal fin rays, 17
anal fin rays and 28 caudal fin rays. Nineteen days after hatching, mean TL
of the larvae were 9.34 mm. At this stage the larva had three white bands on
the body, and they began to feed on commercial diet.

Compared to other commercial species the larvae of clownfish have a larger
mouth. The earlier Artemia nauplii was supplied, the better the growth rate of

the larvae. The larvae of maroon clownfish was able to feed on Artemia



nauplii from the 4th days after hatching. Growth rate of the larva was better
in the green water (including Isochrysis galbana and Nannochloropsis oculata)
under the identical feeding scheme.

A bacterium isolated from maroon clownfish was identified by 16S rDNA
sequence analysis, and its antibiotic sensitivity was measured. The bacterium
was identified as Vibrio ponticus KJS1, and it was sensitive to oxolinic acid,
flumequine, ciprofloxacin, ofloxacin, norfloxacin, nalidixic acid, pefloxacin,
doxycycline hydrochloride.

To clarify the osteological characteristics of the genus Premmnas, the whole
osteological systems were described with illustrative figures. The genus of
Premnas has a distinct spine both on lacrimal and on the first infraorbital

bones, compared to the genus Amphiprion.
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3] =718 F(anemonefish = clownfish)® damselfish®} 34 2] &
(Pomacentridae)ol] 438l o] F =2 o] Fo= A M AZORE 32550 &l A
Ao FE AE=-AMegFFALd Aot oldd s ol A3t At

3 7 Fol= Amphipriongol 277, Prenmas<ol P. biaculeatus 15°] 1o

o

(Fautin and Allen, 1992), §-gluetol= A&7k, A. clarkii 1F°] AF=
Actel A28t v (Yu and Lee, 1995).

Maroon clownfish, P. biaculeatust % Indo-Malay w%=%FE &%
Queensland A 9Gol ¥3x3t1 oW (Fautin and Allen, 1992), &}¢F 7}=
=55 maroon clownfish®} =3 7}=2 &5 5 maroon clownfish 27 <]
A& o] A tH Wilkerson, 1998).

Maroon clownfish &Z-2 A& Hd 160 74 st FHS A%

100 mEER Ae Ay 27124 ¥e 4L [ Ze] 5ol th(Fautin

Y
f

and Allen, 1992; Wilkerson, 1998). ©] +% Th& clownfish&¥} w37}

T Areta ¢S g F-Fdolw wuld 2] ol 5 wudt 7]
cbdetth, agln FAIY GAe A do] FEE w7tA Bsde
F7d 0] Ath(Hoff, 1996, Wilkerson, 1998).

As7teFe 271G A @ AFEEA, AAo] Absol] #3 AT EE A
xanthurus® 99 FAol th3t AF(Moyer and Sawyers, 1972)5 H| &3} o],
3 %719 9} saddleback clownfish, A. polymnus® At&5Adol g A7}
A H(Moyer and Bell, 1976; Moyer and Steene, 1978). $-glu ol A+
saddleback clownfish®] AF&rat W BA 8l zZx]o] Al&o] gk A+7}

o] Fo] HtHYoon et al, 2005).



FHHow FaHoor I AsrtelRe F3 A 5 o] ] wiel
Hol & F3} FA Fgd] Folok i 7] Yol AE Folv EHI
Artemia nauplii’t 2 o83 tH(Suzuki and Takamatsu, 1989; Hoff,
1996; Wilkerson, 1998). Maroon clownfish®] 7A-¢ Az} @rdo] fzo] B3l &
3G7HA = Holo thE EAF o] ofalr] wjEol] Ho] WiE ¥ Foof
sta, Fst & 3YHFE 109 Atololl= AlZto] wrgete] o|w] X2 AFFEo]
100%7} EtH(Job and Bellwood, 1996; Wilkerson, 1998). 3} green
water®] &= FEAN 7] vAlzFE Hlbsl FAE W FEd
A3 YEES Ho|(Bromley and Howell, 1983), =2¢Hg 3} AS-+% Y
2EHY st 235 71T 5 UtHReitan et al, 1993). ©] AF-elA =
Artemia nauplii, Tigriopus japonicus 2 A& AIE FF A7]1E =4
3to]  maroon clownfish “#Apxjole] A% Bl oAEE (Aol MG L,
Isochrysis galbana®t Nannochloropsis oculata (5% Z+7F 5x10° cells/mL)E
maroon clownfish AbSZol H7bstds wfe] ga4E ZALSHSTh

As7tElFol HE dsle AW T AF7IAFAE AW-S Brooklynella
hostilis7F 4<1¢l Brooklynella® 3}  Amyloodinium ocellatume] 4212l

HlolelxAl HWog= 53| ocellaris

K

Amyloodinium®¥ %°] ¢
clownfish, A. ocellaris®} maroon clownfish® Viral Erythrocytic Necrosis
5ol UK Wilkerson, 1999). 18]al AlvtA] AW O 2= Vibrio sp., Aeromonas sp.
ol s lk(Hoff, 1996).

slE7te R Ao W3 AT 23 tomato clownfish, A. frenatusol
7HAE = 71 8E2 Amyloodinium ocellatum®] W HF&-3} WAl sk 3k
A -(Cobb, 1997; Cobb et al, 1998)¢} tomato clownfishell #d=H&

Cladosporiosis & ° @g A7} Aok (Silphaduang et al., 2000).



VibrioZs AT 713 793 Aoz 35 o]Fe A Al 2L o] 7%
SHA R W2 AW o URIAZEA FAAES] HALE 33 tH(Kang, 2003).
Tt i FERAAL Al TAstE AdEA AWl did AR |A,
Paralichthys olivaceus #F# 19 39 e (bacterial white enteritis)®l
3 A7 doH(Masumura et al, 1989; Moon et al, 2004). o] A=
maroon clownfish ZTH A ZFo] wralslo] ) @EFAle] Yoo w 2AHE=
Vibrio% A& s34t

Maroon clownfishi= 3 &7l2]l5F Fo FU3Al PremnassS 143
1502 Aol Hdola weje}t wl, meol] z}zt g or} = 7tRuE

7HAI glew BEARHOR v atZel 2 sHAE A

5
K
%0
o

—

(Fautin and Allen, 1992). Ze]a ZdelA o F3} FAstes Lo
Entacmaea quadricolorZ°] 4 stth(Tullock, 1998). $-glvtetell A #a] =2}
olfel A4 Wiz dAyEE AYFES ofFd- w3 =AH W (Kim and
Kim, 1997)7} o] Fojxley srte]Fol e A= ob7bA o] Fo| A4
iaieng

o] A9+ maroon clownfish®] ¢HH Al T AL VE/fds HHo2
Il 2 B M B P B
g o Al g 27| AEAE FHEEAT. SRS AF HHolAlg,

green water 3 23 Z FHAA Z7)o gHEAEe] Yolow HAGHE
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o. As 2 vy

1. Ak 23l 2 xpH o] ALS
20013 6ol SlmuAjolol Al FA3e AF(AH 7.3 cm)I FA (A 4.2
cm) 18-S £33 AFS A 2E(90x30x45 cm, Fig. 1)o& ApS3slo] Abg

AT A B AT D AANE A%, Y] PE o=

2 JHE A& dAF 265:05TE AL FF7E
8357 2BeS o] gste] 140L:10.0DE ZABAT AMSFE B 24 LE
A A FAT Hole A3 FALRE (Al YA R ) ¢ s ol Te o] &3t
i 33](104], 1441, 18 D)l AA A4 @ge]l HE: o 714 T8I FF
kot

{0

X

1) #AA7] R A s

AR R4S #FEH7] st AF FERAAN F A 5 cmll 9
AAE 2vte] ¥y AbzZ 285 2(60x45%30 cm)oll &3+t

ojm] AMFFZ el Aoz gd(15x15 cm)& fElddl 45° o g
A B, sECIE AF 10 cm, 3 A E 8 cm, 0] 25 cm)2 FHFH A
golth #3117 2 A#gse vy eghv et (Sony, DCR-TRV 900)
t] %19 7} 2H(Nikon, Coolpix 5700)& o]-&-3lo] #2alsdct,
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Fig. 1. Schematic diagram of the recirculating culture system. A,

rearing tank; B, filter tank; a, inflow; b, outflow; c, nest; d,

sand filter; e, protein skimer; f, pump.



el @hmE FARS HIE Al A ool de HH A=

Bae Adrde] BAE FARL ouizex Reste w2u

i

250 ppmoll 1% FoF A2%3F % geration Al7|WA H3FA| 7= Hoff (1996) 9]
W 2 A ek Bl E o] 88k th(Fig. 2). §3F Al 7R 23 i
27.0£05C<¢} 320 psuelA L F57]+= 14.0L:10.0D2 ZH3FH .

T 27.0x05TCoN A At A% F8F(WNWE 5 mm)=S
sled 30719 AT FZ7|EoA dWold F 1L
aeration Al 7]WHA sFE& 1A 3

W/AU)E ol&3to] Ak Aol whe Sy ge sl

(Nikon, SM2-U)¥} 3438}& v

on,
Q
<
3
ko)
o
7]
o)
an
0}

4) A=A o] AL

F3b Aol AMSEER gl WA g3Fs AAse FFIE
155L:85DF ZAAIZ] 12 L ofad Pz F8&3+ AMSEATH AMS
T2 3HE o8&t 270+05C W= fFAFAoH ASFE wd

1/3-1/4 A= a@sigeh Holt Bl FrEE AL Slstn Ha 4

rl

1070 A /mL &
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Fig. 2. Schematic diagram of incubator for the hatching of Premnas
biaculeatus fertilized eggs. A, hatching tank; B, header tank; a,
outflow; b, inflow; ¢, dispenser; d, dispenser hoses; e,
circulation pump; f, auto control box; g, filter; h, regulator of

water level.
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S

& Tricaine methanesulfonate (MS 222)& A}-§3to] wp3 A

&

@74 (Nikon, SM2-U)3} 338t& w7 (Olympus, BH-2)& ©]-&3to] %

Azjole] A7+ s FE 9 7] (Mitutoyo, PJ-H 3000F)E o] &3}lo] 0.01 mm

i)

A EAsA
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1) AHoje] AbS 44 A7
THAA P Fo] 44 S dolry] 9l F3t H TR ZEH
Artemia nauplis Fw3% 23T HolE FHsHA ¥ HAITFE U

ol ZAFEAH. H-3F AolE 2650

A FEga, Helg FEIA g APTe vy FEskdth 4
A4E A st 5Y RO Axd ALFE WY 12 A% &

g 44 av) Helg Ausy] fste] AUt

ole] FAAE 2ASIATE 20 L AHZE #8]3(40%30%25 cm)oll -3}
_/’:

il
ol
ny
_O,L‘
94)
o
£
-
ot
o
-3
e
=2
o o

49 Aol = FYgAsE Artemia nauplii
8UAA = T japonicuss F7FE FFIFIT. AFINL Fo FeL
265105CE FAAIA F3Aot

Zpofe] 1 A7|(d)W b= Ao 7] (upper jaw length, UJL)E 7|F£o &
41793 Shirota (1970)9] #gel wel d=V 2xUJL Aoz T8ttt Ao
gt 9@ AFLE B3 T 4d7A = WA 10y Al et SA A
% FHe 2d HF R AQFste] F3t F 8U7HA ZAFe AT

Ze] A71E vl ARSI MS 2228 o|&3le] mFHAIRl F
(Mitutoyo, PJ-H 3000F)& ©l-&3te] 0.01 mm 7+ 433t

’



3) A A Artemia nauplii 42 %
A Artemia nauplii®] F3HE ZASH] Yste] F3F - 8UFEH 18YA|

AolE e 2d HAoR HAFS AT A9E 2 Lo vo]A

AolE F8F F 5F FF Aol & HAst 2EH 2] 3 o
S 1ol XojE vE Agolz hASAY. Artemia naupliis ZH2b #-3}

3 g9t 104 = 100, 200, 30070 A& FFstd i, F3 & 1244 ¢
14 Aol = 500, 1,000, 150070 A% & FF3g o, 3k § 16442 18Y

Aol = 1,000, 1,500, 2,00070 A4 skt 24 AdT= 1243F 5o

,{

AFolE Byd g £x o FolUdE Artemia naupliis AlF3ste] x| o

bl i A Ee Tehdn

Ho| ¥F W AE ZHAE HIF WRl(green 'water A W) 2

T3 Axjoje] AxE gy st AP XA A maroon clownfish z}X]o] 9]

AA717 & HAAols A Egsda, oA Avle e R

P

(Mitopoyo, PD-3000)¢} ©]x¥€ 7}wl 2 (Nikon, Coolpix 5700)% #<3J3 3

image scope 2.3 (Image Line, Inc)SZ 10 m7bA] wid 22A]o] A5

Artemia nauplii &5 AlZo W& A E AEE A A3

fuei)
rlo
—
()
.-

AbEF ] frE] ARZPEZe] Fsh AjolE 77} 30vbed FEsHAth AMSTE
A FAHE FAEEA aerationS A AFIOH, JEHE o] L3t £
265+05CE FrAstdA md 2046 AbSF9] 1/2 AEE wstal 2

o @ HolMELS AP 343A .
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3t 5 44 ZolE 37FA ®o] T Wl wet vlw A s
A% AE F3 5 4UAFE Artemia nauplis &F37] A #Eke], 94 A
ol &= T. japonicus, 158A 55 WTAIEE FFetdth 243 B CoAe
A3 A9} vlsle] Artemia nauplii®t T. japonicus 18]i wigAl R 9] FH X%
Hol Fu AZI7F 474 14(B), 2404 =oA= xdstelA AAeAt
aga AE A, B, C EF 7|zHo2A ZEHE F3 d4¥H 0dAFH
154 A 7H A s DAl &= et th(Fig. 3).

2o o] 8% FEHOMELS BF [ galbana + N. oculata + T. suecica

—~

433)2 FFAETE ¥ FHsAY. Hold=e #HHFS AT A B, C

=
BT 7Y

[0

A 2EH = 2070 A/mL, Artemia naupliis= 57/WA/mL, T, japonicust
I7RA/10 mL7F A = =5 &8kt
) AEZFAE Wb AA oY Al ko] WE 27 A 2 AE

AbSS % 6 L9 polycarbonate 93 =5 9] &319] green water 43§
o8 HN3 AEEZFAEY FFH(N. oculata®} I galbana)$t F&3+ #FX]0] 9
dro] mE 4% ¥ AEES ARG A2 Aol AMS 2k=e 3 fish/L,
6 fish/L, 9 fish/L2 AP7E AASdAT AT 3|HE o] &5t
265+0.5CE FAAA TR, &S 324406 psus FAAA FAoH,
40 W B35S A5z Sl AAste] #5718 150L:9.0D2 7438k 3ith

A& 4= green water®4 N. oculata 5X105 cells/mL, I galbana 5x10°
cells/mL 27 AbSF2E WEolA AXoE AL, dETs ARk
oA s FE o] &sto] A3

7t AP Hole v%F ZRdete} L galbana® J ¥ ZEHAE

35t § 497HA] G502 2070A/mL7E HA FEetaL, sAAFEE w5
F=2dee} I galbanaz 3 F7r3e Artemia nauplis &3 3 F 3T
&9 g4 green waterT= 39 3 WA AW HAT I F1, Rt
i 224 302l A Aok A AASTY 1/4 A=E wdste] FIh
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Days after hatching

0 5 10 15 20
|||||||||I||||I||||
Ro.
Ar.
Experiment A
Ti.
AF

Ro.

Experiment B Ar.
Ti.
AF

Ro.

Experiment C
Ar.
Ti.
AF

Fig. 3. The regime of feeding trial on newly-hatched Premnas
biaculeatus for 20 days after hatching. AF, Artifical food; Ar.,
Artemia nauplii; Ro., Brachionus rotundiformis; Ti., Tigriopus

Jjaponicus.
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3. AR o] AT Fo WY WA

il
1o
o

dglel fFdste AMAE AFst] Aol AT AlsFE Wi
1/3-1/4 A= w@ste] FHAM AL gt APE A8s 0% gz

e 42Z3 & BRiHog ntdde] Brain Heart Infusion Agar
(BHIA; BD, USA), Thiosulfate Citrate Bile Salts Sucrose (TCBS Agar;
BD, USA), 933« (Komed, Korea)ol =3 F BHIA % TCBS
Agarte 27.0£05ColA] 24+2A17F &b witald s, ddsduA= 37T,

5% COz sax7olA 20+2413F &t it Mg F Z7e] Alg=

)

o,

FE Aol sdd wFE AE st g A4 SolHdl M4

NAE D wpolg 2t Hsx R

3) T EAAETH 54

(1) DNAS] ¥

s BoE 7452 15% 93 EHo] #H7FE Brain Heart Infusion
Broth (BHIB; Difco, USA)ell HZF3sted 30.0£1.0Cel A 16-24A17F v gA1Z
5, 1023 dAEHET, 10,000xg)ete] #HAE 88kal BioneerAte] DNA

Kit2 AHg-stel Alz3)Ake] el weh genomic DNAZ #e]3h9ith.
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(2) PCR 3 % 9714 g 24

=8 @59 16S rRNA 34 dd& FFs7] s 20 w0 PCR
premix (Bioneer Co., Korea)E A}&3}t}. 27f 2 1522r primerE ©] &3}
o] 95TellA 587 WA & 95T 1%, 55T 1%, 72T 129 F7]=2 333
WS & HF 72ToA 1027 st tHTable 1).

olN
i

1% agarose gelol Al A7 &S AAgte] ¢ 15 kbp =<2 DNA

rl
rulo
of\
J

3kl &} 3L gel extraction kit (Bioneer Co., Korea)E ©]-& 3}

>
rulo

3]43 & direct sequencingS A A} T}
) EEdFe AR 4
165 rRNA FHAEA S T8 B 42 #8311 d7144S
National Center for Biotechnology Information (NCBI)2] Blast Search %

Clustal W Z213& o|g3le] FAH3A

(BD, USA)E ©] 43l disc &ibgoz =45k 44 Addl AHed
g AA= OxoidAMe] Oxolinic acid, Erythromycin, Ampicillin, Cephalothin,
Flumequine, Doxycycline hydrochloride, Oxacillin, Ciprofloxacin,
Ofloxacin, Norfloxacin, Nalidixic acid, Spiramycin, Pefloxacin, Oxytetracycline

s & 140 AEES AREE
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Table 1. PCR primers used for 16S rDNA amplification

Primer name Sequence
271 5' -AGAGTTTGATCCTGGCTCA-3"'
1522r 5'-AAGGAGGTGATCCARCCGCA-3"!

_15_



Lot
=
ot
Sl
o2
1)
o
.
2
Hu
oS
1>
ot

Agol S BES AFU o3

ARAAN FRAL T A T B £US B3 TAR A=

oL
=2

Ao} 4F 170A S o]&3l%th. Kawamura and Hosoya (1991)¢]
uel FAAE olFAMEAY, Alizarin Red SE F&=& |3l &

A 7 (Zeiss Stemi 2000-C, Olympus SZHI10)stoll Al 35, #zsle] ow,
K

—

camera lucidagE ©]&3to] 2z} FAAE Z=detArt. 74 =49
Johnson et al, (1996)<, 572 Kim (1978)< wstth.
of AFte o]&d FAFEL ATt 3 S AT A (Marine and

Environmental Research Institute, MRIC, Korea)ol| %%, X 339t}

#ZEEE P biaculeatus (n=5)"' MRIC 2477, A% 37.8 mm, MRIC
2488, ¥ =A% 404 mm, MRIC 2489, =A% 39.2 mm; MRIC, 2827,
¥ =A% 461 mm, Faculty of Applied Marine Science, Cheju National

University, February, 2005; MRIC 2857, %A 425 mm, February, 2006,

Indonesia.

H W E A clarkii (n=2): MRIC 2845, %A% 39.8 mm, MRIC 2846,
#4174 41.1 mm, Indonesia, November, 2005. A. melanopus (n=4):
MRIC 2810, &A% 582 mm, MRIC 2811, ®FA% 375 mm, MRIC
2812, ¥FAF 603 mm, MRIC 2813, ¥FA% 536 mm, Indonesia,
November, 2005. A. ocellaris (n=3): MRIC 2449, Z =A% 167 mm,
MRIC 2450, A% 17.7 mm, August, 2005, MRIC 2860, ¥%=A7d 40.6

mm, Indonesia, February, 2006. A. polymnus (n=3): MRIC 2814, %A%
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559 mm, MRIC 2815, %A% 549 mm, Indonesia, November, 2005;
MRIC 2858, F=A"¢ 695 mm, Indonesia, January, 2006. A. periderarion (n=1):
MRIC 2859, ¥4 72,6 mm, Indonesia, February, 2006. A frenatus (n=1):

MRIC 2861, =A% 46.6 mm, Indonesia, February, 2006.

2Ad AyE ANOVA-testE A A3+ Duncan’s multiple range test

(Duncan, 1955)% 3 #39] F94(P<0.05)< AAsAT)
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— A —_ ~ B —_

Fig. 4. Mating behavior of Premnas biaculeatus stocked same-size

breeder. A, accommodation; B, approaching; C, attacking; D,

mating failed.
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@‘@%@ ﬂ

Fig. 5. Mating behavior of Premnas biaculeatus stocked different-size
breeder. A, accommodation; B, attacking and chasing; C, mating

succeeded.
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Fig. 6. Spawning and fertilization behavior of Premnas biaculeatus. A,
first spawning; B, first fertilization, C-D, repetition of spawning

and fertilization with several minutes interval.
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B Ath(Fig. 7).
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Fig. 7. Nest care behavior of Premnas biaculeatus. A, take out dead eggs
with mouth; B, water circulation with pectoral fins, C, water

circulation with a caudal fin; D, nest care by male mainly.
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F-3h&2 247} 50.3%, 105%, 15.0%, 5.7%tt. 33| AHehE-E 534 AbeE
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HAl WERstEH(Table 3).

S

10.5%, 15.0%, 57% % Az

H 5.9 0O
F3t&e 47
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AL E = S e ofne] o

F5 At (Fig. 8).
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Fig. 8. Reduction of egg number after spawning in brood fish stocking tank.
A, 1-day after spawning, B, 2-days after spawning; C, 3-days after
spawning; D, 4-days after spawning; E, 5-days after spawning; F,

6-days after spawning.

_28_



FATS gddgow A4 195201 mm (F1 1.99+0.03 mm, n=30), &7

0.83-0.91 mm (37 0.88+0.03 mm, n=30)% B F7= 71X U on

T4 F 4080 AuA Hjrko] FAH A L(Fig. 9A), &4 F 1A 10&°]
BHgE Foll FH o] dako] AlFtEo] 24| 27]7F HATH(Fig. 9B). A2dE
FA 5 1A 508 Fofl dojut 44277 H A (Fig. 9C), 4 F 2417t
204 ol 8AIE7]7F EAtH(Fig. 9D). F&o] AL s o] 164 27 (Fig.

9E), 324327](Fig. 9F), 64X 7] (Fig. 9G)= 48 F Z7 3417k, 3A1%F

D
S
AE
w

~

17F 502 Foll #FEAeH F4 F 447 50 whel & 71 (Fig.

T4 F 612 40%e] AvA Ewjrlel] =gstAth(Fig. 9D. 4 ¥ 10
AIZF 20%-0] AupA] GFujrle] =gt wjubgde] el th(Fig. 9)). 4 &
1277F 40%-0] AYA = wjuke] W3e] 13 ARE YAthFig. 9K). +4 F
17717k 40%0] A3k - wjdto] Wate] 56 H=E Wi o] Al7]e] wjA|7}
= d st th(Fig. 9L).

T 20A7F 2080 AUA tEIF FAHT ZFo] 7-871 YERT

o2,

_/":
(Fig. OM). 54 F 32417 20%0] AnslA x ol A=7h g4 7
Wi glol ool SM2E7 285 chFig. 9N).
A o £k ARG D olw) ;e st PN #
R ol 24 flel® WA ol 2a5E 20719 rHFig. 90).

4 F ALAZE 508l AU AguEel FAHYT met g ol
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E
1
32
o
H
ot
1z
B>
<!
rr

Aol & A (Fig. 9P). A% vHE s+ 1% 1603]-1803] 4=t}
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Table 4. The egg development of Premnas biaculeatus (water temperature,

27.0£05C)
Developmental stages Tirr.le. afjcer
fertilization
Formation of blastodisc 40 min.
2 cell 1 hr. 10 min.
4 cell 1 hr. 50 min.
8 cell 2 hr. 20 min.
16 cell 3 hr.
32 cell 3 hr. 20 min.
64 cell 3 hr. 50 min.
Morula 4 hr. 50 min.
Blastula 6 hr. 40 min.
Gastrula 10 hr. 20 min.
Blastodisc covering of the yolk 1/3 12 hr. 40 min.
Embryo formation 17 hr. 40 min.
Formation of optic vesicles 20 hr. 20 min.
F;Ziaié;iozfeses;;;s::edari embryo 32 br. 20 min.
Formation of auditory vesicles 36 hr. 40 min.
Heart beats 41 hr. 50 min.
Appearance of melanophores in eyes 62 hr. 30 min.
Hatching began 120-150 hr.
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Fig. 9. The egg development of Premnas biaculeatus. A, Blastodisc

formation; B, 2 cell stage; C, 4 cell stage; D, 8 cell stage; E,
16 cell stage; F, 32 cell stage; G, 64 cell stage; H, Morula
stage; 1, Blastula stage; J, Gastrula stage; K, Blastodisc
covering of the yolk 1/3; L, Embryo formation; M, Optic
vesicles present; N, Formation of eye lens and melanophores
appeared on embryo; O, Formation of auditory vesicles; P,
Heart beats; Q, Appearance of melanophores in eyes; R,

Hatching began. Scale bar=1 mm.
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Fig. 9. Continued.
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4) Apx oo o F-Fejue

2a A% Aol #F 310-344 mm (BT 3.22+0.07 mm, n=10)=
et AHzA d3i(HHE 47 058+0.08 mm, B @74 0.46+0.04 mm,
n=10)% 7Fx 1 YAt} Qo= 027 mme] HAF7 10k &2FF7
1099707 &A1k S-FE 9+17-2670l Mgt @& ¢ 2z Ao

grekwo] il dake] Wol ol AATtH(Fig. 10A).

B3l 52U Aoje HAAF 392-429 mm (HiF 4.07+024 mm, n=10)=
st on W3to] Wol FoEo] Hd A4 0.35+0.07 mm, B FA
0.26+0.05 mmel A fF7& dFF+ 1719 Fkoh(Fig. 10B).

B3l 3 394 Aole HAF 414-448 mm (B 4.18+0.26 mm, n=10)=
tgow dae A FFEUAT s iR A5 5
A 2w Frket i th(Fig. 100).

off

A A

U

ON
[0

of ZAAET}

A
il

i
N

Bal & 494 Aol A 4.09-462 mm (H 4.24+0.29 mm, n=10)%
Aastdeh el 2EHIE o A Eo e 3] #EFJon ny
Aol 71Z2 6717F g Aol #AFHJT W REY HFE u
ST S FThste] WA #HA AATHFig. 10D).

B & 595 Aole A 415-464 mm (BT 4.36£0.46 mm, n=10)=

T 7d# e A% 459-586 mm (BT 5.09+049 mm,
n=100= A*sdct F3 F 10494 Hole HF 564689 mm (B
6.2120.69 mm, n=10)% sttt 71Z25FE A= 2871, A =]

17747 &d@sto] o] F afe Fol @dez ol ify %7 Zoj7]d

=g3 Ao w #aalelvh(Fig. 10E).
il 5 1297 xojE AH 6.24-7.63 mm (BT 6.94+0.76 mm, n=10)=
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Fig. 10. The larvae and juveniles of Premnas biaculeatus. A, Newly hatched
larva, 3.22 mm TL; B, 2-days larva, 407 mm TL; C, 3-days larva,
418 mm TL; D, 4-days larva, 424 mm TL; E, 10-days juvenile,
6.21 mm TL. Scale bar=1 mm.
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Agatgich. we e W stzazt 2dsln 1247 A% Aoete] B
TGRS T oA WA stemrt FAEHAG AML FHLET}F Zo|E
T AMLETF FUbEbEA e QAA Mo Hr) R}
= A4 744-901 mm (3T 8.06+0.89 mm, n=10)2 AFstAt o] A7
of REe] o] meaE BB Al WA WA sjzurt EHaon v
go} B 7t BAmguds HAMAEI Zrbste] e edxMow B
it

3l F 1994 Holt= A% 832-1098 mm (FF 9.34+1.11 mm, n=10)%

s 39 WA stzme de d49s AowFig 1), WA

=)

o
N
2

(42 =71 200-400 m)E A 37 Atk F3k & 27d ®@ Aol=
A7 10.16-1549 mm (F3F 1241167 mm, n=10)2 AZstI 1 5A=2ju] e}
w2 =eju]e] SAHol MWsA AT F3 F 4HUA XAE AF
13.64-19.37 mm (¥ 15614209 mm, n=10)2 A&stAqch 53 5 5047}
Holkx 37§e] W rirw F 7Rwrt $dstA] 2 AR Ee] #EHA
t}H(Fig. 12).

3t Aol A dHe By F3 A% A4 310-344 mm (BT
322£0.07 mm)®] Aol7t F3to] FHEWA Hx ol HAo] et
23l & 2dAolE A 392-429 mm (BF 4.07:024 mm)E  AEoh
Artemia nauplii 8212 3} & 4494 27 4.09-4.62 mm (EH 4.24+0.29
mm)E AFS WRE sbestela, 3 F 1094 A3 564-6.89 mm (Bt
6.21£0.69 mm)&E s ds wl 7] Xol7] FHE ZFATH F3 F 19
A A 832-1098 mm (Hi 9.34:1.11 mmE F43F 4% e 2o

gom B3l I 459x A& 13.64-19.37 mm (i 1561£2.09 mm)=

L

378t A th(Fig. 13).

_36_



Fig. 11. Nineteen days old Premnas biaculeatus juvenile with three

white perpendicular bands (total length: 9.34 mm).

_37_



Fig. 12. Comparison of coloration of 50 days old Premnas biaculeatus

juveniles. A, normal bands; B, abnormal bands.
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Fig. 13. Growth in total length of Premnas biaculeatus larvae for 45

days after hatching.
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Fig. 14. Serial diagrams showing territory protecting behavior of Premnas
biaculeatus. A, input of bigger fish; B and C, protecting by single

smaller fish; D, expel by several fish; E. protecting by group.
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6) A 713

431 A 5B 63 A 7tA o] FANA ZE8 &S ZH7 654%, 66.3%, 67.9%

ol i, FE BT 71¥A AL 27 22.3%, 20.4%, 21.4%H w3 EHnk
ol MAE 47 123%, 13.3%, 10.7%Ath. A2 o2 43 A HE 63

AMAA = BEANAZE 61% A= AAYL, FF BF 718 AAe 21%,

718 MAE 12% BEE AAATE 2y 73H FshE o]

AANA ZFH &L 57.0%, FE 2F 1A A7} 200%, F Z 718

A7} 23.0% A tH(Table 5).
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N F3b F 4Uo] AHste]l AEEC] 50% oletZ "o, A& 200
psuoll A= H3 & 54 AE1250,30.0, 33.0 psucllA= H3t & 7do] A
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H 5 AEES 2 9dF 150 psu®t 200 psu AETE 147%, 256.3%E e

d F AEgol 500 olshx Wolgth 4y FRAA ¥
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AP AEGO] AHHor M E=A yewt & 9E 150 psugt

20.0 psuoll Aol AEEL AE 250-33.0 psubt} AHor gy dF
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25.0-33.0 psu WA= vl=3 AEES K HFig. 15).

_44_



100

80

60

Survival rate (%)

40

20

Days after hatching

Fig. 15. Comparison of survival rates of newly—hatched Premnas biaculeatus

larvae fed with live foods by different salinity conditions.
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3 & 294 9E 150 psugt 200 psuolAel AEEES 7z} 533%9)
55.6%% 1, 25.0, 30.0, 33.0 psucl A& zHzh 71.1%, 77.8%, 84.4%%th -3}
T 497 GE 150 psu, 200 psuol A AEEL 6.7%, 133%A3, FE 250, 300,
33.0 psucl A BEEL 40.0%, 55.6%, 57.8%S B 200 psu o|stoll A F243]
ol §-3 F 644l 150 psugt 20.0 psuclA A HAEE dhd,

25.0, 30.0, 33.0 psuollA = AE&o] 242 11.1%, 17.8%, 20.0% At HEE

o] 50% o|3t= Yrolx= 7]7Fe AR 150 psuet 20.0 psudl A= H3F F 3
A, 250 psudl A= H3F 3 444, 30.0 psugt 33.0 psudl A= H3F & 5
dAATE FFol AefelA HAF Ak o2& 7|72 AR 150 psudlAE
3} & 594, 20.0 psudlAl= T 69 A, 25.0-33.0 psudll A= H3h

38U % tHFig. 16).

o =27] Wt
2al A5 Fole] AAL 322+025 mm, ¥ Z7(d)E 0.38 mm o]t}
F3h & 4de] AREAE W Aejo] AL 422+066 mm, Y A7
do] Al AP T Wt Ao A%

3 mmzZ AFY. H3F FF 0.75d9 0.5d=

rr

046 mm=z AHt. F3 %

OOO

6.1721.08 mmol] ¢ A7 =
247y 0.29 mmet 0.19 mm ©] L, ¥3 & 490] AHsES W= 034 mmet

023 mm o]ty 28l F3} & 8ol A3} FHS W 0.75d¢ 05dE 47
0.55 mm<} 037 mm °o| ¥}t H3 F 4Uo] H33 F Artemia nauplis
TH3I 5T HEE o =277 "2 AXH(Table 6).
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Fig. 16. Comparison of survival rates of newly—hatched Premnas biaculeatus

larvae starved by different salinity conditions.
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3) Artemia nauplii® 4] %
53t % 84FE 18Y7HAl A o¢] wo| Fa#d Artemia nauplii®] 3w

&

A e B3 5 8AdA(HT AF 524+053 mm)et 10 A (F

o

6.27+0.74 mm) *]o] 19}g]7} 12413F &<t A28 Artemia naupliiT 10078
FE&TA A 27 238:1.071A ¢4 45243070 A 3L, 20070 A FE&TFE
28242070 A ¢} 65.3+3.87/WA A th. 183 30070 A LT 33542870 A 9}
75.5+4 3N AR 53 129/ FEH A o] Frtete F3h 129 H T A%
7.12£0.83 mm)¢t 144 A (F# A4 815£0.96 mm) *|o] 2] A4 #FL 5007] A
FETFol A 1593416470 A 9k 233.3:20. 90 A G, 1,000/ F&TFE
290.2£25. 171 Ao 3642427870 A AT}, 18] aL 150070 A &7+ 307.8+33470 A ¢
4452443 70 A ek, F-3F 1694 (B A7 9.24+1.23 mm) ot 18 (B A%
10.32£158 mm) oo AL 1000704 F&FolA 420.0+39.87) 4 o}
459.5+31. 170 A1 A 31, 1500704 580l A 4753+ 44.1 /) A 9} 610.7+35.47) A 4 -
ZE]a 2000704 &l A 521.2452.770 A 2} 673.2+47.87W A S tH(Fig. 17).

o] FF We] wE zxoje] AAE Artemia nauplii, T. japonicus<t

i gAbR e w A7I7F 7R mE A A F3F 1794 4R 997408 mm=

Aol 7H FA dEwa, A d3TEd 14 %2 B dd7e 4%
11+0.67 mm= Yebgth 283 &5 A77F 7B =& C AdTe 1%

9.
8.7910.66 mm= o] 7} HxzsA YEFGTHP<0.05, Table 7). Ho

_

aw el e A2 H3 8dATH Y T8 AHA F3 179A 7]

ARAT9F B, C AT AelollA #Fo2k7F AAATHP <0.05, Table 7).
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Fig. 17. Intake number of Artemia nauplii by Premnas biaculeatus larvae

in three different feeding conditions.
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399l ¥ 8UATE ANGTE Agol vhE APTG wlawste] Wk

aga olHd 4% sl

rlo

J_:’I_
Zb AP E AESS B A JRA] 6d Al B
Z+7} 53%, 51% % 50% W&ol BEES Yoy C AT+ 43%E B
zlo]l & BT Aol Fad H3 1744 AFE YELS A HAFT
36%, B A8+ 34%, C 23+ 29%E YHeERWT AEELS C Ag ol vEty

A, B A3 Aoz =4 Jelygth(Fig. 19).
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Fig. 18. Comparison of growth of Premnas biaculeatus larvae reared
different feeding regimes. A, Feeding of Artemia nauplii, Tigriopus
japonicus, and atrifical feed were started at 4, 9, and 15 days
after hatching, respectively.; B and C, Feeding regimes were

delayed one and two days comparing A feeding trial.
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Fig. 19. Comparison of survival rates of Premnas biaculeatus larvae fed

different feeding regimes. Feeding regimes of A, B, and C are

referred to Fig. 18.

_54_



(2 48 BFAE A7 L AAo A% e BE 27 4%

)

dxo me 4Fs ¥

>

Pzl HAhE HEEgaEs

o\
SE

an

_ﬁ_
st HXx Aol AT ETE 3 fish/Lel A AEZFIAES AFS X
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NS
ol
ol
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rlo
=

Z7-9 I galbana, N. oculata® A+ 713 A8 4+=
A F8 A AdFol 47 6.76£0.55 mm, 7.63£0.50 mm, 7.33+0.43 mm=
Aagstel zTe AP Aol s FoAvt AR P<0.05), AE
ZFAES HUME AT Aol F9A7F ATHP >0.05, Table 8).
aga Hx Ao ARSEET} 6 fish/L]l A9 vz I galbana, N. oculata
2y Ade A 8 A AFel 747 6.63+046 mm, 7.46+0.48 mm,
7.23+0.36 mm= AL, AAFEETF 9 fish/LY 4-Fol= A&l 47
6.53£0.42 mm, 7.29+045 mm, 7.12+048 mm=z AZsHc. HE Ao
AR 6 fish/L, 9 fish/L]l A-¢%= HZ Ao AA52E 3 fish/LY v}
b R ool A g T ot A E T Abofd] S-Sl AR 2d 9 e (P <0.05),
AE EFRAES 7S AIT AteldlAE KA /AR THEP>0.05,
Tables 9, 10). ol2g A& F3 & 5do] A7 g F¥E 74, 94, 114
7hAl ¥ S2Ed ek o AFSE RV 6 fish/LY Wl §-3F 5 Aol & et
L galbanas 37t A T4 Foa7t ANt (P<0.05), =79 N.
oculata’s F7tg AEF Abolol A= FoAE fIATHP >0.05). 18
AbSEE7 9 fish/LY w) 53 794o= ET¢ L galbana 2 N.
oculatas 7Fe AFT Abolol A EF fFoArt AATHP<0.05).

ol o} o] 7l AEZFAE wE zolo] A Apole AHS D=9t #A

ol I galbanatd N. cculatas 713 Ae 771 AEZ2HAES HILEHA

=

e dlmFol wlwste] 4ol WA thehsthTables 8 9, 10, Fig. 20).
A0 Mg A=W Y Aol wlashu

=7+ 49 3 fish/Le} 6 fish/L, 9 fish/LollAl Z+7 A 7o] 6.76+0.55 mm,

1>

=EFAES HheA g
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Fig. 20. Green water effects supplemented with two phytoplankton species
and larval rearing density to growth rates Premnas biaculeatus
larvae. C, general sea water; I, green water added by Isochrysis

galbana; N, green water added by Nannochloropsis oculata.
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6.63+0.46 mm, 6.53+0.42 mm= YEIWTE [ galbanas ARS5Edd H7Eg

Ao A= 72t Aol 7634050 mm, 7.46+0.48 mm, 7.29+0.45 mm=

YeElsk i, N oculatas 77e AT = 4z AFo] 7.33+0.43 mm,

7.23+0.36 mm, 7.12+0.48 mm= YEFo™ {folxk= §IATHP>0.05, Fig. 21).
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Fig. 21. Green water effects supplemented with two phytoplankton species
and larval rearing density to growth rates Premnas biaculeatus

larvae. 15, 15 fish/5 L; 30, 30 fish/5 L; 45, 45 fish/5 L.



HH Hz 7o) AU ETE 3 fish/L]] B5o AE FEAES AST
HA7VeHA] Fe R+ L galbana®t N. oculataS AFS-<FZo| FH 713k
Ao AF T8 A AEEC] 47 422%, 62.2%, 55.6% = UEFSLTE
Zpo] ARFHEETE 6 fish/LY -9l 22 36.7%, 54.4%, 50.0%, A =7}
9 fish/LQl A-%-ol= 77 34.1%, 54.1%, 482%°] AEES HATHTable 11).
oM HIE AE FHIAE FTFH wWE AEES ASEEY TARC]
I galbana’s H7FsE A FoA oz =4 veigi s SFAES
A7Vl &8 tiRTelA Ao oR 9 el zpolo] A vl A e}
AR A TH(Fig. 22). 8= AEE Aol DRrb v A3Frol A oA

0% AEg] %A YEhuth(Fig. 23).
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Fig. 22. Green water effects supplemented with two phytoplankton species
and larval rearing density to survival rates Premnas biaculeatus

larvae. C, general sea water; I, green water added by Isochrysis

galbana, N, green water added by Nannochloropsis oculata.
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Fig. 23. Green water effects supplemented with two phytoplankton species

and larval rearing density to survival rates Prenmas biaculeatus larvae.
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3. AR o] AT Fo WY WA

il
1o
o

D EedFe] Azt 54

GN2 Micro-Plates ©|-8& A3}8t A 23} Dextrin ¥ SucroseE E3HeH
347FA) 714 ol g%so] FelEon a-Cyclodextring H %3t 537} 7142
w=ollahA] ekRlaL, Glycogens W =¥ 8714 71de 3 o]§5& UE
Wl th(Table. 12). Aststa 54 A3 o] ¥ Vibrio ponticus o=

o] A X

2) Vibrio ponticus 72 EAAEsHH EA

TEE o9 16S rRNA frdztel] digk dA7IAd 24 A3 Vibrio
ponticusSt 99.8%¢] F58E Bl EEdS V. ponticus strain kjslo® 57
3 o (Fig. 24), V. fluvialis ATCC 338092F= 97.2%, V. fluvialis NCTC
113273+ 96.8%, —L8lal V. furnissii ATCC 350163= 97.3%9 A4S
YEF $ItH(Table 13). Parsimony 45 AAd & AlFxo 3 M =E

7] 9138t 100 bootstrap 2412 3}o] consensus treeE A3 tH(Fig. 25).

3) Vibrio ponticus 12 A <A

1459 A8 AEE FAA t2=as ASete FA8A gy A8
AN e A3 QuinoloneAdl A A Oxolinic acid, Flumequine, Ciprofloxacin
53 Pefloxacin®} Doxycycline hydrochloride®] 7Aool A vewod

Erythromycin, Oxacillin, Spiramycindl& WA S YEH S cH(Table. 14).

_66_



Table 12. Physiological and biochemical characterization of the Vibrio

ponticus strain kjsl using the BIOLOG analysis system

Substrate Results Substrate Results
Water - p-Hydroxy Phenylacetic Acid -
a-Cyclodextrin - Ttaconic Acid +
Dextrin + a-Keto Butyric Acid +
Glycogen + a-Keto Glutaric Acid -
Tween 40 + a-Keto Valeric Acid -
Tween 80 + D,L-Lactic Acid +
N-Acetyl-D Galactosamine + Malonic Acid -
N-Acetyl-D Glucosamine + Propionic Acid +
Adonitol - Quinic Acid

L-Arabinose - D-Saccharic Acid -
D-Arabitol - Sebacic Acid -
D-Cellobiose - Succinic Acid +
i-Erythritol - Bromosuccinic Acid +
D-Fructose + Succinamic Acid -
L-Fucose - Glucuronamide +
D-Galactose - L-Alaninamide -
Gentiobiose - D-Alanine -
a-D-Glucose + L-Alanine +
m-Inositol - L-Alanylglycine +
a-D-Lactose L-Asparagine +
Lactulose - L-Aspartic Acid +
Maltose + L-Glutamic Acid +
D-Mannitol it Glycyl=L aspartic Acid +
D-Mannose + Glycyl-L glutamic Acid +
D-Melibiose = L-Histidine -
B-Methyl-D-Glucoside Hydroxy-LProline -
D-Psicose + L-Leucine -
D-Raffinose - L-Ornithine -
L-Rhamnose L-Phenylalanine -
D-Sorbitol + L-Proline +
Sucrose + L-Pyroglutamic Acid

D-Trehalose + D-Serine -
Turanose + L-Serine +
Xylitol - L-Threonine +
Pyruvic Acid Methyl Ester + D,L-Carnitine -
Succinic Acid Mono-Methyl-Ester + y—Amino butyric Acid -
Acetic Acid + Urocanic Acid -
Cis—Aconitic Acid - Inosine +
Citric Acid - Uridine +
Formic Acid Thymidine +
D-Galactonic Acid Lactone - Phenyethylamine -
D-Galacturonic Acid Putrescine

D-Gluconic Acid 2-Aminoethanol -
D-Glucosaminic Acid - 2,3-Butanediol -
D-Glucuronic Acid + Glycerol -
a- Hydroxybutyric Acid + D,L-a-Glycerol Phosphate -
B- Hydroxybutyric Acid + a-D-Glucose- 1-Phosphate -
y-Hydroxybutyric Acid - D-Glucose- 6-Phosphate +

+, positive reaction; —, negative reaction;, %, borderline
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V. ponticus
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V. ponticus
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V. ponticus

V. ponticus
V. ponticus

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

GGCCTACCN- -TGCAAGTCGAGCGGCAGCGACAACATTGAACCT
GGCCTAACACATGCAAGTCGAGCGGCAGCGACAACATTGAACCT

* k k k k %k * khkkhkhkkhkhkkhkhkhkkhkhkhkkhkhkhkkhkhkkhkhkhkkhkhxkhkkhkkhkkhkkkkkxkxk

TCGGGGGATTTGTTGGGCGGCGAGCGGCGGACGGGTGAGTAAT
TCGGGGGATTTGTTGGGCGGCGAGCGGCGGACGGGTGAGTAAT

khkkhkkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkkkkxkxk
GCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAACGA
GCCTAGGAAATTGCCCTGATGTGGGGGATAACCATTGGAAACGA

EIE R IR I I I I R I I I I R I I R I R R I R I I R I I SR I R A IR R A A R I I R I S

TGGCTAATACCGCATGATGCCTACGGGCCAAAGAGGGGGACCTT
TGGCTAATACCGCATGATGCCTACGGGCCAAAGAGGGGGACCTT

khkkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkkkkkxkxk

CGGGCCTCTCGCGTCAGGATATGCCTAGGTGGGATTAGCTAGTT
CGGGCCTCTCGCGTCAGGATATGCCTAGGTGGGATTAGCTAGTT

khkkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkhkkkkkxkxk
GGTGAGGTAAGGGCTCACCAAGGCGACGATCCCTAGCTGGTCT
GGTGAGGTAAGGGCTCACCAAGGCGACGATCCCTAGCTGGTCT

KAk kA KA NI AN IAA NI A AR AN I AR * A h Ak hkkkkkkkkkkk*x %%

GAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACT
GAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGACT

Kk khkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkhkkkkxkxk

CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA
CCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA

khkkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkhkkkkxkxk
GCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTT
GCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCTTCGGGTT

R I S S I R I I R I S S R I R R S S S R S
GTAAAGTACTTTCAGTAGGGAGGAAGGTTCATRCGTTAATAGCGT
GTAAAGTACTTTCAGTAGGGAGGAAGGTTCATGCGTTAATAGCGT

Kk kkhkhk kA hkhkhkhAhkhkhkhkhkhkhAkhxkhkkhkhkhkhkhkhkkhkkhkhx*x *k*kkkkkkxkk*x*x*kk
ATGGATTTGACGTTACCTACAGAAGAAGCACCGGCTAACTCCGT
ATGGATTTGACGTTACCTACAGAAGAAGCACCGGCTAACTCCGT

kKhkkhkhkkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkkkkkxkxk

GCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGA
GCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCGTTAATCGGA

R S S I I I R S S R I R R S R R S S S S I
ATTACTGGGCGTAAAGCGCATGCAGGTGGTTAGTTAAGTCAGAT
ATTACTGGGCGTAAAGCGCATGCAGGTGGTTAGTTAAGTCAGAT

R I S S I I I R S S I R R R S R A S R S I

Fig. 24. Alignment of the partial 16S rDNA sequence of a isolated

bacterium Vibrio ponticus kjsl and Vibrio ponticus CECT 5869

(AJ630103).
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Fig. 24. Continued.

GTGAAAGCCCGGGGCTCAACCTCGGAATTGCATTTGAAACTGGC
GTGAAAGCCCGGGGCTCAACCTCGGAATTGCATTTGAAACTGGC

TGACTAGAGTACTGTAGAGGGGGGTAGAATTTCAGGTGTAGCGG
TGACTAGAGTACTGTAGAGGGGGGTAGAATTTCAGGTGTAGCGG

khkkhkkkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkkkkxkxk
TGAAATGCGTAGAGATCTGAAGGAATACCGGTGGCGAAGGCGG
TGAAATGCGTAGAGATCTGAAGGAATACCGGTGGCGAAGGCGG

EIE R IR I I I I R I I I I R I I R I R R I R I I R I I SR I R A IR R A A R I I R I S

CCCCCTGGACAGATACTGACACTCAGATGCGAAAGCGTGGGGA
CCCCCTGGACAGATACTGACACTCAGATGCGAAAGCGTGGGGA

khkkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkkkkkxkxk
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG
GCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAACGATG

khkkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkhkkkkkxkxk
TCTACTTGGAGGTTGTGCCCTTGAGCCGTGGCTTTCGGAGCTAA
TCTACTTGGAGGTTGTGGCCTTGAGCCGTGGCTTTCGGAGCTAA

Xk kkkhkkkkkkkkkkxk* khk Kk kA Kk khkxkkkhkhkhhxhkkhkhxkkkkkkkkxkx*k

CGCGTTAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAA
CGCGTTAAGTAGACCGCCTGGGGAGTACGGTCGCAAGATTAAAA

Kk khkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkhkkkkxkxk

CTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT
CTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGT

khkkhkhkkhkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkhkkkkxkxk
GGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACAT
GGTTTAATTCGATGCAACGCGAAGAACCTTACCTACTCTTGACAT

R I S S I R I I R I S S R I R R S S S R S

CCATAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTATG
CCATAGAACTTAGCAGAGATGCTTTGGTGCCTTCGGGAACTATG

R I S S I I I R S S R I R R R S R A S S
AGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGT
AGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGT

kKhkkhkhkkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhxkhkkhkhkkhkkkkkxkxk
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTGTTTGCC
TGGGTTAAGTCCCGCAACGAGCGCAACCCTTATCCTTGTTTGCC

R S S I I I R S S R I R R S R R S S S S I

AGCGAGTAATGTCGGGAACTCCAGGGAGACTGCCGGTGATAAA
AGCGAGTAATGTCGGGAACTCCAGGGAGACTGCCGGTGATAAA

R I S S I I I R S S I R R R S R A S R S I
CCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTAC
CCGGAGGAAGGTGGGGACGACGTCAAGTCATCATGGCCCTTAC

khkkhkkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkkhkkhkkkkkxkxk
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V. ponticus
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strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

strain KJS1
CECT 5869

Fig. 24. Continued.

GAGTAGGGCTACACACGTGCTACAATGGCGYATACAGAGGGCTG
GAGTAGGGCTACACACGTGCTACAATGGCGTATACAGAGGGCTG

khkkhkhkkkhkhkhkhkhkkkhkhkkhkhkkhkhkkkhkhkhkkhkkkkkxkkxk*kx Xk kkkkkkkkkk*k

CCAACCAGCGATGGTGAGCGAATCCCAAAAAGTACGTCGTAGTC
CCAACCAGCGATGGTGAGCGAATCCCAAAAAGTGCGTCGTAGTC

Kk khkhkkkhkhkhkhkhkhkhkhkkhkhkkhkkhkhkkhkhkhkkhkhkhkkhkkxkkkkkxkxk * k ok ok k ok ok k ok Kk
CGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTA
CGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTA

EIE R IR I I I I R I I I I R I I R I R R I R I I R I I SR I R A IR R A A R I I R I S

GTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCT
GTAATCGTGGATCAGAATGCCACGGTGAATACGTTCCCGGGCCT

khkkhkhkkhkhkhkhkhkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkhkkhkhkhkkhkhkhkhkhkkhkhkkhkkhkhkkkkkkxkxk

TGTACACACCGCCCGTCACACCATGGGAGTGGGCTG
TGTACACACCGCCCGTCACACCATGGGAGTGGGCTG

Kk kkkkkhkkhkkhkkhkhkhkhkhkkhkkhkkhkkhkkhkhkhhkhkkhkkhkkhkkkkxkxkkxkkkxx
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Table 13. Sequence divergences in the combined data set of isolated
strain (Vibrio ponticus kjsl) and type strains. Number below
the diagnal are divergence values corrected for multiple

substitutions using the parameter model

1 2 3 4 5 6 7 8 9
1 - 9.8 973 968 972 962 96 959  96.0
2 00022 - 975 970 973 963 9HI 960 961
3 00266 0.0250 - 9.1 95 977 965 970 965
4 00321 0.0305 0.0087 - 996 982 963 972 964
5 0.0282 0.0266 0.0050 0.0036 - 978 963 970 963

6 0.0383 0.0366 0.0228 . 0.0183 - 0.0221 9%.3 962 963
7 0.0437 0.0420 0.0349 0.0366 0.0372 0.0374 - 978  99.6
8 0.0415 0.0397 0.0298 0.0284 0.0298 0.0376 0.0222 - 97.6

9 0.0405 0.0389 0.0348 0.0358 0.0371 0.0366 0.0036 0.0236 -

1, V. ponticus KJS1; 2, V. ponticus CECT 5869 (AJ630103); 3, V.
furnissii ATCC 35016 (X76336); 4, V. fluvialis NCTC 11327 (X76335); 5,
V. fluvialis ATCC 33809 (X74703); 6, V. vulnificus ATCC 27562
(X76333); 7, V. harvey ATCC 14126 (X74706); 8, V. nereis ATCC 25917
(X74716); 9, V. campbelli ATCC 25920 (X74692).
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60
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60
100
100
100

S. Costicola LMG 116517/X95527

V. fumissii ATCC 350167/X76336
V. fluvialis ATCC 338097/X74703
V. vulnificus ATCC 275627T/X76333
V. fluvialis NCTC 113277/X76335
V. ponticus CECT 5869T/AJ630103
V. ponticus strain KJS1

V. nereis ATCC 25917"/X74716

V. campbelli ATCC 259207/X74692

V. harveyi ATCC 141267/X74706

Fig. 25. A strict consensus tree based on 16S rDNA sequences

comparing isolated strain with type strains.
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Table 14. Sensitivity to chemotherapeutic agents of Vibrio ponticus

isolated from  diseased Maroon clownfish, Premnas

biaculeatus
Agent (ug) Sensitivity
Oxolinic acid (2) o

Erythromycin (15) -

Ampicillin (10) i+
Cephalothin (30) i+
Flumequine (30) .
Doxycycline hydrochloride (30) R

Oxacillin (1) -

Ciprofloxacin (5) .
Ofloxacin (5) e
Norfloxacin (10) .
Nalidixic acid (30) o

Spiramycin (100) -
Pefloxacin (5) e+

Oxytetracycline (30) ++

-, No sensitivity; +, weak sensitivity; ++, sensitivity; +++, good sensitivity.
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Dorsal view

Fig. 26. Neurocranium of Premnas biaculeatus, MRIC 2522. bo, basicphenoid;
bsp, basioccipital; ep, epiotic; eth, ethmoid; exo, exoccipital; f,
frontal, 1ic, intercalar; le, lateral ethmoid; pa, parietal; ps,
parasphenoid; psp, pterosphenoid; pte, pterotic; pro, prootic; soc,

supraoccipital; sph, sphenotic; v, vomer. Scale bar=1 mm.
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(2) ¢Fe}=(Circumorbital bones)
okolze FF(lacrimal)¥@ 4701¢] <tel&F (infraorbita) & T4 o] 9l
(Fig. 27). F=2 AW Adoz SFAbzd ddidd s3] AstA 42+

Tom AtatEd Havh FEe UFom o lon, Fadde
Z oddd ZpAvE olnh bekEe R AE, AlijbehEe AALA oy
Wz g7 s o Fehatel] 2 ded AL ik A2-49kehE 2

Ao SuRgon AdgteEe golzel dSud A FAEo] gtk

ol Aoty oo r FREW, ot HAetE (premaxilla)® T
o} & (maxilla)2, 3} & (dentary), Zr&(angular), 34 (retroarticular),
coronomeckelian, &) 3. #AX AF(Meckel's cartilage) = ©]Fo14 UTHFig. 29).

AxetEe LA 2oz 8= 7] (ascending process)”’} Hl LA F o
#H = 7] (articular process)E o] Hlekslth, Aot F e HBZo= Attol

A7k 128 ol et Falepae ManR oA qdel o

2g 4%
M@ AT Adel ¥Hso] glom, W B2 At

g Aze wmA Aed dee 2ol wWEol 1299 Aol

o AFA7F wjd s ok e FHor WY iy SadEe
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Dorsal view

Lateral view

Fig. 27. Circumorbital bone of Premnas biaculeatus, MRIC 2857. io,

infraorbital; lac; lacrimal. Scale bar=1 mm.
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Lateral view Medial view

Fig. 28. Upper and lower jaws of Premnas biaculeatus, MRIC 2477. ang,
angular; den, dentary; mr, Meckl's cartilage; mx, maxilla; pmx,

premaxilla; ret, retroarticular. Scale bar=1 mm.

_79_



(4) &= (Suspensorium)#} Al 7l & (Opercular apparatus)

T T S I I, .
%o oW o W = = = ,
cer: dPIZERIALWEEEE T4
= o N = T~ I %__ Mo o _Po = o S~ 8 = M.M ﬂ
=) N 0 e o N = B Bo=E W oo
3 § = O S TR S N ST ) 7 © % "
g o ™ o o= B = N X ot . Mmoo
< iy 1 w N :.L - ~ M_l os — ,UI o
% B o3 mo W= o w B oA oo B BT oy % os §ow %
2 5 © 3 I S SO G CE A
EE I JI o Ow . ~ '3 ..:n_ L ﬂAro ﬂlrL IE JE ~o ey i N N HT
= g 5 o mo gy E i = 5 N G- -
N g N woew S A = T W
moa 8 G of I g B O S g TN = W
= i~ .o - or o o N T OE W
p o2 OE D ﬂﬂ@%ﬂ%mﬂouoﬂianm%_zgaTlE
T § R 2% owe " s nh o rpwh tEdZE
o 8 E 0z O IO O - B -
N [ il = — |

= o= W = Moo I S woe ™Y s < R TR s
o= po o < o o <0 mu.l —- 5 o —_ 2 il e - =

O3 ok =< 8 X N X0 ™~ st o <o I wom o 2
ALEEERSENRL RN RN ERARE
5 < & F _ = T ] %0 = B TR S~
m.mm@qm,;mo_fm_mawmmgx%qu%o}
=N R zo A ol - MEE m . 7o o9 ™R N
PELAB L e w L @R R LYo PomoT W oW T
T B 5 X P T o R L, owm PR L ow TR BE e
=z Eown ~ By oz N o = oo oy P T
L moN N E R o o T oW W o R R = =
5 o5 T @ %o ol N o B N wm S " F @
W_W I m e Hu T lyl % ‘Myl el bl Re _ME e Aqr ,N_.U .wm Jo W w A [aN]
~ s - = T o - ) o = =
T s inEE oL oo OB 2 9 g N =
ol S M = .m R0 % or 9 < or Iy m_ M o o}/ 8 17,_A. | o
R B o T or o) o o0 o) T N+ T N S S VIR i i
- = wos BN g oW W g & » 25wy "
C 5 EZ g% X i B
5 &2 E i ,mm W W T T T OB P T OB N B o & mm = o
~ ~ ) | w~ ! ! B
SR e T ST

_80_



Medial view

Fig. 29. Suspensorium and opercular apparatus of Premnas biaculeatus,
MRIC 2857. ecp, ectopterygoid; enp, endopterygoid; hyo,
hyomandibular; iop, interopercle; mep, metaptergoid; op, opercle;
pal, palatine; pop, preopercle; q, quadrate; sop, subopercle; sym,

symplectic. Scale bar=1 mm.

_81_



=)
——
fite)

A7 =3 s,

1:7%
mlg BeFoln

baL, AN E

A5

Agow HetEst

AT},
[e)

i

717} 971 =

sl 6-7719]
Jekito] X3
o]

kel
T

2 AAANE

=]
5

SHA A=

S

o HA A

ar
=

SRR

1
FE

]

-
v

]

A 7N

T

N

tot, iAol et

I
“

23} 4

&2 7N

=

°

=0

o

25of gt

5

A=)

o Agrd] AX s
7

+4 & (hypohyal), Z}d& (ceratohyal), A4
[e)

ar
=

°

o 7

-2 Q1 & (basihyal),
AEd A= A7

1

R4

a

(5) A& (Hyoid arch)
A

et

(epihyal), 72 (interhyal), "] & (urohyal) 12| il A % & (branchiostegal

ray) = T %] th(Fig. 30).

(e}

——
o

ol

o
A

o]

=]

..
52

3}, v 1)

Mz E ol
S A
=

c!

)

Z}

R
R

Foll 174 ¢

°©

4

s
<l

2,
— 82 —

3 q
gelEo] g e 37

133}

4

Z}

2N

412

ATE H
%

il



Fig. 30. Hyoid arch of Premnas biaculeatus, MRIC 2478. A, dorsal and
lateral view of basihyal and lateral view of left component of
hyoid arch, except for urohyal, B, medial view of A, C, lateral
view of urohyal. ach, ceratohyal, bh, basihyal; br, branchiostegal
ray; hh, hypohyal; ih, interhyal, pch, epihyal;, uh, urohyal. Scale

bar=1 mm.
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(6) M -&(Branchial arch)
A g2 7] A = (basibranchial), A & (hypobranchial), Z+A & (ceratob-
ranchial), %A= (epibranchial), 18] 1 QIA}&(pharyngobranchia) & T4 =] Att

(Fig. 31, 32).

N

IMES 25 VI2 g Ao ZB3a% 504 ok A1-3714E2
dEoln AHE AZAHo AR, AIMELS AIolw AVIMME
ol A st zol ERe] Atk Al 17AES 1 Addo] wEata s
ool fIA g A37|MES] TS AT EA A3sHAE ol AFH.
=S 25 3R AL 28 =2 &2 e, Z1zh A7 A E- A1 S,

o

A2\ E-A2AE Abole] fA ek AT E Askpon AA BE
o gom 1 Awol A AE ckelel AX Bk AL2ATAE BE
o $38 ¥/ dou TEAAL &k AABE BF 5AE Al4
A Ee 7 S Rgelm A5G E S HE FHH) Qo we owol
ek, A5 Ee] ke wE)
Fexm 2 Al osA A3sH
9 2771 wase] dvh AAEe BE 41 1 nge 247 dav

A= ZAAEAtelo] AAFT AV EA ] §F &2 A=,

INE AN EFH A ATl HAAR-E AA 3 A1 FS G Lol
A2, 3= EEEo] ot A2, AT AFE Alolo] FiL A
F2Eo] 9low EZo Zhz} x| gho] W EHof Ut
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Fig. 31. Dorsal view of lower component (A) and upper component (B)
of branchial arch in Premnas biaculeatus, MRIC 2857. bb,
basibranchial; c¢cb, ceratobranchial; eb, epibranchial, hb,

hypobranchial; iac, interarcual catilage; pb, pharyngobranchial.

Scale bar=1 mm.
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Fig. 32. Ventral view of lower component (A) and upper component (B)
of branchial arch in Premnas biaculeatus, MRIC 2857. bb,
basibranchial; c¢b, ceratobranchial, eb, epibranchial; hb,
hypobranchial; iac, interarcual catilage; pb, pharyngobranchial.

Scale bar=1 mm.
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(7) A (Pectoral girdle)
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Lateral view

Fig. 33. Pectoral girdle in Premnas biaculeatus, MRIC 2857. ac, actinost;
cl, cleithrum; co, coracoid; pcl, postcleithrum; pt, posttemporal; sc,

scapula; scl, supracleithrum; st, supratemporal. Scale bar=1 mm.
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(8) 2 (Pelvic girdle)
o= FH¢ 3 A9 Q2 (basipterygia)E o] Fojx] o A u]E

A A g eh(Fig. 34).

8Ee 44y THOR AW 2oz YT Y2 AFzAe] o)A
waEd. Fuort wAmgE Jxy pAdt 2 Bdd wod

subpelvic keel®} subpelvic process’} ¢lth & Ay

aF% ZH VAE S olETh
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Dorsal view

Lateral view

Ventral view

Fig. 34. Pelvic girdle in Premnas biaculeatus, MRIC 2478. Pelvic fin
rays on left side removed. sbk, subpelvic keel; sbp, subpelvic

process. Scale bar=1 mm.
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(9) 1 &2 (Caudal skeleton)
v &2 A2-37| A FA(preural centrum) 2 Ztzte] A A= =, S

5,

(epural), P]217=-v]|FE4=-3H1] =

fiid

s % 2-s) 53 B,

MN

snlE2e TAHo ATkFig. 35).
AguAFA] AAFL @ waEo] oy ARIL FA9 @A

A AFA Y] AAES g Won, RS2 FAS FHEA

AT,

(10) === 4 (Axial skeleton) '8 42 2] =¥jn| 22| & 4 (median fin

supports)
TEHE4L HFF(vertebra), 5= (epipleural), 121 = F(pleural) =
TAE o, FAA A AR FHL A7 7 (supraneural), 9 7]

= (proximal pterygiophore), 9% 7] (distal pterygiophore), "2 il stay
= 7450 Ark(Fig. 36).

435> HEFE(abdomia)# "] FH(cauda)® Y= T Ut HEFEE
B 10702, A-103F2 744 0l FA| o) o AA =
o} A7 FFE(neural arch)e] Ut} A2FFZHE FA o =&7]
(parapophysis)7} sleow, HZ ZFz g wdste] AllHFIAM=

$ ZEVL FEeel EFRS 94Y

Y
B

HFEE BT 1670 =, All

dz
Ay
o

g

HFIZHEH vE7hA o 2 F#E7](haemal spine)?t d#H=

(haemal arch)e] <t}



Lateral view

Fig. 35. Caudal skeleton in Premnas biaculeatus, MRIC 2478. e, epural;
hy, hypural; pc, preural centrum; ph, parhypural; un, uroneural,

us, urostyle. Scale bar=1 mm.

_92_



_93_

Fig. 36. Lateral view of axial skeleton including median fin supports, except caudal skeleton in Premnas biaculeatus, MRIC

cr, neuro crandium; dr, distal pterygiophore; hs, haemal

cvl, 1st caudal vertebra;

avl, 1st abdomial vertebra;

2478.

e. Scale bar=1 mm.

ns, neural spine; pr, proximal pterygiophor

spine;
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2) 234 54

of @A #ZE P. biaculeatus®] =ZAAS 54 AL ow &4
A Amphiprions: ol 59 M E 53] Premnasso s 73 2 o3
A ANF-N A AmphiprionZ ¥ thE thgo] 37FA] 5A- o] #EH A

(1) & Fotde 7HA

P. biaculeatus= &< 3%l 171 31 7FA7F 2 dd Ho] Sl
vlal, #AA3 Amphiprions °o]FolAE A polymnusE A LE 1 FF
Sl 271 o] el &2 ZHAIZE dv Al polymnusel A= ol 1719
ZEA 7Y A &k @ P obiaculeatus® FEAA ®H 4AF A A=
FEY JMAZE &3 F 5 vh(Fig. 37).

(2) A1]kskz <] 74

P. biaculeatusi= A1FetI o] o AFo FI 3 o] 1709 1 7FAI7F Q)
=4 (Fig. 27) ®l8ll, &23 Amphiprions o FollA = 27 o] 4o #e 7}
A 7F e (Fig. 37). §3], A periderariono A= A1¢tstFo] F&3 +&
ol o, el 874 &S 7HAIZF vk &, P. biaculeatus®] X
A A9 A L5 bekEe] fl71E st

) FAME, ANE R ANE ] THA

P. biaculeatus~= FMN=3 ANE S 7HA1 e whgo] Az (7HA]
o] 7t 370 olahataL shAl/lES] A5 epRbF-ol A FE o] F4AIZF e
= Hlsl, #23 Amphiprions o Fol A= MAF-2 A Fdl ThAE 2

e gltk(Fig. 38).
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Premnas biaculeatus, MRIC 2477 io3

Amphiprion clarkii, MRIC 2845

Amphiprion polymnus, MRIC 2814

Fig. 37. Lateral view of circumorbital bones. lac, lacrimal; io, infraorbital.

Scale bar=1 mm.
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Premnas biaculeatus, MRIC 2477

Amphiprion clarkii, MRIC 2845 A

Fig. 38. Lateral view of suspensorium and oppercula apparatus. pop, preopercle;

op, opercle; sop, subopercle; iop, interopercle. Scale bar=1 mm.
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1. 2k, B3 9 AR o] A%

Clownfish= dHbg o2 QFFlo] AMGE w71 AdFAHE 72 A 1,
3

1A

B FoAE 480 dA%E BaEal 9oh(Hoff, 1996). Sebae clownfish,

A clarkii= 3 %ol AwiAlE 3 2-3vte] o] F A ujAlEe] s AEsiAIRt

o

21 o= A ujAlFRE #Fod st (Moyer and Bell, 1976). %3+ clownfish<]
=722 Aol Hlste] 277 A th(Fautin and Allen, 1992).

o] A& oA maroon clownfish =77} B]$:3 AAE F&3 A3} A3
EAgo R AR ZF ol FoAA gtort, Aol 1/2 A% He MAE
FE&AAE Aol e Fol & wFsEA BAAVY E2F
ojFojHtt. g W Ho] o]Fojxl L YA Zo| PFIIon, o
saddleback clownfish®] #317] 34 3 FAFSFE THYoon, 2004).

abdzlel Bzt St Re A o® oAy A9 H AMS R
Te=g AZsaL, A =gy

=
Hes 35S ®Helt, a8

2
2
>
T
>
)
0%
o
me
2
30
rir
BN
S|
ol

M

o]
Bg A=dle FAFAE RolVl® & Aol

=
oo

18] &7 % o]tk (Moyer and Bell, 1976; Suzuki and Takamatsu,
1989; Hoff, 1996; Wilkerson, 1998; Stratton, 2000). Saddleback clownfish
= T A5 R ARAEHR fAsgon ol AdFaE File)
slskel Aol B% HFHL mel Aol el 2 PVC sheler® &7

% (Yoon et al., 2005). ©] A& o]8%H maroon clownfish®e t}& 357}
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g5 AR AAEA 77 A A Aldat o 7 AlEE R (15x15

cm) FWE Y wAA=UE ol gshel ARHA Fhda BY AHE

29
=
il
rlo
N

\
N

c
v}
=y

i
)

o
ok
2

5 o
ol AAE FHEE ok i o AR Fol AAE &S Jeow
AAs FFolut ATt aS Aol A8k tH(Suzuki and Takamatsu,
1989; Wilkerson, 1998, Kim et al., 2001b; Yoon et al., 2005). Maroon
clownfish’= & g7k 7o} v R Ak S 23 2ol Mo}

hEA g nEst BFL wolv 55 £ dolw ¥ v gows

AsN 42 BESA RN ARIARA oulEe] & we] Akl
dojgom &g Fahel I AsA=end FAY LFE FUAsH
ofu el o% FA0E QerEl Pol ol Hon GFH L e ofnSol

M= FEo] FEFHA
Maroon clownfish® ¢ 189 7+4 o5 13] Akgk wf 200007 BE9] <4&

Abdak=T 13] 4k Al BE 150099719 ¢4s T A ds dojdtt

ol

B tomato clownfish

o

(Wilkerson, 1998). tt& 3s7te/F< At&=
1,0007Y, ocellaris clownfish 250-1,1907}, saddleback clownfish, 1,500-3,000
7N, orange skunk clownfish, A. sandaracinos 30-30070, =22 i pink skunk
clownfish, A. perideraion’= 280-6007] A%=9] <& AbeHstc}(Suzuki and
Takamatsu, 1989). Saddleback clownfish®] FEAAbe] g A-ojx] Abghak
& 12k Ak Al 103705 2t Sle7t S7bee s AR ako] WobA 7k Absk
Al 12572 FFskA Tk 8aF Abe Aloll= 1,008/ = kb ZhAErSlth
(Yoon et al., 2005). ]33 maroon clownfish= 3&7}2]F FollA tlEFol

Ssju] 18] Arebgol BE @Bk ol Mt we Jow wedth ey

=

o
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ol AMFEAolu AFH A FUAH, A S, G FAH ] AT
zpo] ol oaA FHeE Aow oAAZIT

Maroon clownfish®] AFgh2 BE 15A]0 4] 20A] Alojol oF 90k-ollA] 120349l
Az ALl Tomato clownfishe 124]-164], saddleback clownfish 124]
30%-03A] 30%, orange skunk clownfish 12A]-164] 20% A}olol AF&k3kc}
(Suzuki and Takamatsu, 1989). 18] sebae clownfishi= A} A] 4b&
A Zko]l  09A]-15A]  Alolo] o] Fo] X tH(Moyer and Bell, 1976). ©]x &
maroon clownfish+ tomato clownfish, saddleback clownfish, orange skunk
clownfish® th=  AFgh AJRbo]l =30ty E=3 T HAAAIA maroon
clownfish®] At&he dukx oz 0% AX Uoju}il sebae clownfishi= 164]
o] A1 18A], tomato clownfishe 2% =7 2F&3tH percula clownfishe=
Aol bt (Wilkerson, 1998). ol ¢} o] &g rbe]72] Abehe ofn <]
A7), &, A& 3 Fol Y3 ol HAw At How A
doju= Aoz dAdET

57t FE F3A7IE oA ourt d& EASAY BHE oRtd

L 5ol

rlo

g g A o] =t} Hoff (1996)9] aerationHS 7FHEHA wHs S+ glov ofu7}

¢

Fe BB AR FRE ARAAR WE F 57} 9ol AAHoR
P18 AW ek AR RoE FBPLE o] §atel FH
SolA S5E A B F + A0 EF 5 FE AR
243 & F 971 WEel onsk B A w2 xIE B
A3t

Maroon clownfish®] 4 &8 99

;

O

12 Yo 474 1.95-2.01 mmeo|™
-2 Abol|  9)ste] Ak dol] FEAstE A FRFFo|th ol&  Suzuki}

Takamatsu (1989)7} X113k o] Fo]

o

o] &7 1.86-1.98 mmzta 3 Az}
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Aol Hxg A a8 dE7bF<¢ tomato clownfish 2.6-2.9
mm, ocellaris clownfish 2.2-2.4 mm, saddleback clownfish 2.2-2.4 mm
BuE 23 A%k, orange skunk clownfish 2.0-2.2 mm, pink skunk
clownfish 2.0-2.1 mme}= Z7)7F ¥[8tk 28] maroon clownfish
of AT FAL AZFFITE M= & ditolR{ Tl FATY
2717}y A, Liparis tanakai 1.68-1.78 mm (Kim et al, 1986)9} F=94 5,
Tridentiger trigonocephalus 1.40-158 mm (Kim and Han, 1990), =] %
%, Mugilogobius abei 0.93-0.96 mm (Kim and Han, 1991), & %%7}A1%],
Siganus canaliculatus 055-062 mm (Hwang, 1999), AFA18lE, Chromis
fumea 0.73-0.88 mm (Kim et al, 2001b)E.t}= =L, 55X, Aptocyclus
ventricosus 2.28-2.36 mm (Kim et al, 1987)¢} w35 Chaenogobius
laevis 340-404 mm (Kim and Han, 1989), "¥#%%, Luciogobius
guttatus 2.71-2.80 mm (Kim et al, 1992), & =27, Hexagrammos otakii
2.00-2.15 mm (Kim et al, 1993)2.t}+= 2t}

57t R A AS & AZE Fo wel Ao|7t =t saddleback

clownfishe A&4 tomato clownfisht #-24), ocellaris clownfishe =

e
N
ot

=

@A pink skunk clownfishi= 832} Z18]3 sebae clownfish

H
rr

@A o] tH(Yoon et al, 2005). Maroon clownfish®] 2tk 215 & A

i
rlo

7154 (Wilkerson, 1098)2.2 ol 4 st $dsgith & Aze %
oleh shriehi ofule] o gelol wheh webAtel FPFUTt 4 F
% o A dshl dehtbn JPdH 285 ¢ Azl s

(Wilkerson, 1998). %3k & A7Z-e o] Maid% ¥ Ith(Hoff, 1996;

o
o\

)
=

tlo
&

Wilkerson, 1998; Yoon et al, 2005). ©] AT-olA% Atet A% 23 0|¢jt}7}
Az & Aol A A F 3= HES o] HYrh 181
s} Mmoo g HbAAEE Aol el RIA7E

rlo

»

Aol ol

7F 33

-

e
]
—1>

ot
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27.0+0.5Col A 120-150~] 7]
266-295TCY wf Hzx F-3slof
e Ao

%]

Al7Eol

T 26
260-280CY W AE/F7t >
e

84

7+

H

g

Maroon clownfish 5-3}el] A~Q% A 7Fe-
7] AFAl A}

o] A e
28 % Algte]l 152A1%F 308 oW AETh 309
T 26.
A red saddleback clownfish
al

e}

(Suzuki and Takamatsu, 1989)
= —
1A1ZE o]yl
Q19

Agth o=
< Fglel=d 7HA] A= AlZke]l maroon clownfish®} sebae clownfish= 6
A. akallopisos®} saddleback clownfish= 7Y
ephippium} ocellaris clownfish, percula clownfishi=
tomato clownfish®} red and black clownfish, A. melanopust 94
ol AFolME Hx
FH o] (Suzuki and Takamatsu, 1989) ©] -9l
MANA ks g
R

T 3}
A

Lo g
Aozt e v

A.
28 ¥ H(Hoff, 1996). 18
A Apeje] R guE
30 Al el AlFte] A28 FH AT
Sl 4 d) dojal-gol A
2 F9s9o
| =3
74

A=
s AASA
40

Ho g AAs F

Maroon clownfish®] WAl &

7} Hx2 FAHJAED(Suzuki and
= =

Tola EHd3k
2741 ko]l A YA Qb byl 3 9o
T 28A]7F, saddleback clownfish
30+ 7}, orange skunk clownfish

SR

=
el 29

\)
[
H
2
o o
B=)
e
o
o

Al

(¢
Ar
391 =0(Suzuki and Takamatsu, 1989) o] H.t} 5417k
ocellaris clownfishe %
5A1 7k, pink skunk clownfish =4 % 304
AT
ocellaris clownfish H.Th=
46X A

A
bR
352 7k, pi

WA E 13 saddleback clownfish®} pink skunk clownfish®}= H] S

5 78A1%ke] AU 3

o

PN
=4

rr

7
Takamatsu, 1989), maroon clownfish
orange skunk clownfish .t}

A=At 17
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3} A% maroon clownfish®] #to] A& 31-34 mm= o] F9 73
25 Aol HAFe]l 37-42 mmeb= 17 (Suzuki and Takamatsu, 1989)°l H]
A= oF 06-08 mmAE ZFekh. 183l tomato clownfish 4.2-4.5 mm,
ocellaris clownfish 4.4-4.7 mm, saddleback clownfish 4.2 mm, orange
skunk clownfish 3.7-3.9 mm¥.t}= #k3l pink skunk clownfish 3.2 mm$}
v 523k A7) o

3 % 1294 maroon clownfish *[o1(7 6.2-7.6 mm)Eo]l FxeA
& Ao fFdste= Aol FAHA=H, F3F F 99 X (HF 56-64
mm)oll A Faztel LFAAES Kolr] AlAete] F-3t F 18YUo] 7 et

RAe W LAl HEwthE A7 (Suzuki and
Takamatsu, 1989)¢} W28 A8 Wth 281l ocellaris clownfish:=
T 10¥e] AHHo] Aol 6.0-85 mm7t Hol 27| A of7|d Eof
& W ZHAE Bol¥ saddleback clownfish= 38 15208 $(4%
11.5-14.3 mm)ol] AZoA F=Zox2 +3 F93t}. 183 orange skunk
clownfish 3} 10¥ ¥ A4 66-7.7 mm7F HAJS wl +=F He Fg
£ A=vH(Suzuki and Takamatsu, 1989). o] & Z7]xoi7]d F+HAS
Hole= AL HAF7te R dnkdd §HoR oAAXT

538 % 15¢9°] 433 F maroon clownfish7} A% 7.4-9.0 mm=Z A%
e w 3709 WA strwrt % 2Tt olE F3 § 15-209 9]
B Fol A% 87 mmel JHACA 3wA WA tEwrl A A3
o} W] 28l tH(Suzuki and Takamatsu, 1989). ©] A17]7} AY¥ maroon
clownfish X]ojol| Al A} 7|A7F A9l YepA] ket
% 4590°] ¥ maroon clownfish x[e{7} A4 136-194 mm A=
Fek SREE AR HEgE gda Aee JHAEC] AART os

str o] w17k3k clownfish ¢ E4 9% maroon clownfishe] 7% Zw]zt

o,
o A
ok

o
12
J
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9l Entacmaea quadricolourel] 124 wko] A 213t o2 7fA o] HZL 38
4] &=t T3k clownfishe FH R 4o FH9 &K L T7sle]

2 ofFo] da| vi$ FZ A o]tk (Srinivasan et al, 1999). 183 t}E

f

O

ol

AT E B3 F 40-60¥9°] AP maroon clownfish o7} A

11.0-170 mm A== A& wie £ AAd EoA4H Fd3tx

)
2

¢

Az bl 1:1 FAo] A AE AL, tomato clownfishE F3F & 20€0] 73}
(H% 85-92 mm)d ¥ AXABLS shdA Ao izt oz FE3H]
A A8k k. 18y orange skunk clownfishi 31 3 1709 ¢] 7 33}
7ol 40 mmell @3tol= WA It FEol doluA FUTHSuzuki and
Takamatsu, 1989).

F35b F 509 0] A Fole shgu] WA strwrt 7] Ao] 5] 43]
F-35E 73 A §-37bA Hit 35.9% YERTh 53] 73 A F-3hEo] dge
201l 5ol 3 AR IYERY WAL 43156 63] 742} F-3hsto] g
2015 Huh 11.0% A% @ol dstrh. 734 F3td Aol B¢ 7%
MAZE 43.0%5 2HAste] A Wb = 7h7kol7 v GA S truE 74
AA DT Clownfishe] 7F2uw] 718& Wefe] Aol s otsto] a4
A7, Hej7]7ke] 71 sebae clownfish £H A4 Al 25 1A 3T} (Hoff,

1996). T3 4739 Yl oy aglo] Aoy, dAZA L#HF vl

1—4:%.

9]} Atlantic halibut, Hippoglossus hippoglossus®] 43 x]ojeo] 1
Ak Al HE A F st SAVIES SEH BB FFelL(Lewis
et al., 2004), YA, P. olivaceus 2] #7478 vEYA 33E2] 544
oA A3 (Takeuchi et al, 1998), H]EFTI Gx=Ao FE wit
(retinoic acid)e] 8 7]g 9] 9l 522 28 "Hti(Haga et al, 2003). ©]
Aol A FHAA F maroon clownfish X]o]1 A$ A 713 H#ak oy

gt A TRA A 2 A7 G ol A HERsEE ool Wi Al WEAd
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U dEFEA] Aer F5HH A dde w7 AsMe AEH
A

offol gl e UABE, AFEd 2 AAYE ol g Fo
(Kang et al., 2004), THE A4 of ztolel A3 HEE ERE oy

-E
o,
gz ol

& $ohe, oo B, UFES,

1969).

olg& Tol 94%F= Ft(Holliday,

A=, P. olivaceus & 2 Axol9] A B AFoA AA 20 mm

stoll A= 1-3Y Alolel]

o
Lo
N
9
rie
jal
™
S
()
e}
wn
e
°
o
Lo
=
f
r_“.i
(g

Atel oy, dAId o2 AL-A 7)1 141 psuZbAl = AESFY 2™ (Chun and
Rho, 1991), A% Takifugi rubripes™ 3} 23 zofi= 27.0 psu, 33.0
psudl Al 709% o] AEskaL, F3 F 104Al= 200 psu ©]de] A&
oA 64.8%°]7 AEstd e F3b 5 20L4 89.2%, 3 F 304 A A=
3.5 psudl A= 92.8%7F AESATHGo and Rho, 1996). T3+ saddleback
clownfish®] Abeta} FshF-20 ARSo] sk AFolx dFx7] 32.0 psuel
A dFde] 50 psud W A Fo = 220 psudllaA BE A7 HA
HAoH, 3del 2.0 psu¥d WY HAFTolAE 160 psuolA FHARE o] o
T2 250 psu HelollA QFAHD Abgo] 7bed Ao w o AA aL(Yoon,
2004), tH& ATelA = clownfishe AF§59] @0l 27.0 psu WL wol
= AtE I Al obel g el flATHHoff, 1996).

ol dAellA F3 F 8UdA 7HA dEH Aoje] AEsS BYE F

265+05Col A d& 150 psu®t 20.0 psudlAE= 73 & 44452 544

o

o
N

&o| 50% olst= "ol M, A& 250, 30.0, 33.0 psul A& F3} F 7

e,
2
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AEEo] 50% olstz "olxth 1glal | 350 psudlA e F-3 F 8Y
A AEEo] 50%olstE dolxth. olA" d&ol 250-33.0 psudl A
maroon clownfish #Foje] AEEL v 35T}
slrdolo] dE AR AMSS #ATFxY A #F HE&E Y F
AL A Aot 71AFe] FE Y 7 Avke FHEAA w$ FaT
f20]tH(Yoon, 2004). webA A &AM Aol 7HsdHA] o F-5 dolry|
Asto] A= A3 YA Fofe}t old wE oy WA %, 1¥aL
bk e M o] EAH 5 olol gk MF-Aelal AAA A7 aE
A% sictolf{ FEALS Balste 24 84 F Wt dEES
A71eF A A HolE HE Fe w2 A& o|d(Tagawa et al,
2004). H=3F aljqtol {o] Tk Apolo] A% gl thab Egel o] & 7] wiE
Z s 7 Aot Ze EEs 7zl Ao wla] AE 7|zke] "N
%=t (Johns and Howell, 1980). T3t &EulE), Epinephelus akaara #}o]<]
B 3F 2 FY EHol EAste H3 F 60-T2A1% A HolE
B AFols Ao AEE A dAsHA vewod ¢& 8 ft
60-72A17ke] A-¢b s of 20-25%% "olplth 1Eli Holg FF A
T3k 5 72213 Aol AE L] 6
FobA 7] AlFFeto] F3k 5 120A Aol A FHAL

3.8%% 0.1} 96A] A HE]

39l tH(Lee and Hur, 1997).

AA=7HAA, S canaliculatuss WF & Fgo] el A& Aol

o

)

AEE v = GE 150 psu Z 37.0 psu ATl A B3I F 724
ko] A HAEI o™ 250 psuét 300 psu A FoAAE FE T AL

a0

ol HALR 84A1ZF wholl A HAbelATh AEE] 7MY =dW 350 psu A

A= F3F 5 108717 vbell A #H A tH(Hwang, 1999).
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=]

T3k A7Y0], Stichaeus grigorjewis @A < W Hdl AE dFE 1
8Tl A 16742 ¥Hd 198TCel A= 729 &< ABESI o] GFeFE A
E71Zke]l Ak agal 3 Aol AT HAE F2 H&FE WE
Ao 2 yebsth(Lee, 1996). o] A3olA @& 150 psuelA= #3F 5 54
A, 200 psudl e F3 T 604 ANAIE HAAEG e, 95 250-33.0 psu
A F3t 844 HAAZE HAASEY] maroon clownfish®] 7o} Al i
W Apole] HEE T ettt HolE T Ao e ¥ A
e PEES B3t T 4YARE Ao|E Kol7] AlFete] R F 6YU

?‘_
A A 15.0 psust 200 psulA FHEo] APFolM= AF HASEI

M

g Holg IHd AT 280-427%° AEEE B o

i

o

25.0-33.0 psucllAl= Fol ATolA 111-200% HEES BHIoH

=)

g FFH AYTANE 52587% AEEL BT B B3 F 89

A ol A= AF AR Rbde) Mol lFaEd APl =

14.7-42.7%9] AWE&S HIth Maroon clownfish §-3F #foj&= H3F Al
A gEo] d8 3 GF F57F W o|FoRng B3l FA] HolE

w3l Folop & Aow Hlth

Shirota (1970)¢] WHo = AAFSE 3} A% maroon clownfish®] ¢ Z7]
(A& 038 mmA 3L 05d= 019 mm=z 5401, E. septemfasciatus®] ¥ =71(d)
0.21 mm, 0.5d 0.11 mm (Song, 2004b)X.t} Zit}, Hgh F3} £ 72A]7ko] 7
gk FJHS57MAIA] ZFole] ¢ A7)+ 0.17-0.19 mm, 0.5d+= 0.08-0.10 mm
(Hwang, 1999)% #3} Z % maroon clownfish®] 4 Z7|7} Atk o] xd
maroon clownfish®] ¥3 23 ¢Jo] Z7] wjiFo] %7] HolHES 44 &
=t oj# ol e W] R385 A5 HolE FaFahA] BskE AFole HA
&o] EolxTh

Artemia naupliit YHFH o ® olF FTHAA A Fo ZEH U2
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SAe] Hol BE=A 183 ol&5al JdtH(Hwang, 1999). °]

e
-
o
>

maroon clownfish X|91& Artemia nauplii @57} S4% 2o ZFS 44
3= Aol shelxo] x|of 1ule]7 12A)%F FoF A #e HIEAH 627

mmell A 452-75.5 HAISATE 2ea B 8.1

9
N
>,
ﬁl
?
H
—
g
N

10.32 mmol A= 459.5-673.2 A A} o= A
A& (Iee and Rho, 1987), @ *(Rho and Pyen, 1986) H U= ©We o]l
saddleback clownfish (Yoon, 2004) 9} H]<=3k ZFo| T},

T3l FojoF g dlatelF{ Fol WA, P. olivaceus (Rho and Pyen, 1986),
=% Oplegnathus fasciatus (Kumai, 1984) 53} o] F 3 & A A 7ko]
At & 9ol dele ofFe] A& Hhdel AW, Hexagrammos otakii
(Kim et al, 1993), &789], S. grigorjewi (Lee, 1996), saddleback clownfish
(Yoon, 2004) &3 #Zo] FstHdA ojn] 43 ol de e T= I

). o] AT o] € ¥ maroon clownfishe F-3= WAl ojn ¢z} o]
g

HEE FY 5 ATk DA R AT AolE ASFR] $2 4 F 2y
L
=]

HE FFAACY vt g dso] BaEHA
Hol BoS HEHoz 7] YaAE HolE FaE A 7rol} Hol
FE WY § ol /EAUF e Eo ok SAAT 53] A A7) Hols

Austs Zlo] FolntE Fasith dWMAoR site] FRAMN Al o]
[e=]

& 2EY, Artemia nauplii, WEAIE o= FFd Fi dou}

rlot
bt
Jt

7EN A, S, canaliculatus (Hwang, 1999)% o] 7] wj&Eo] =+ -+

=

- 108 -



=g QAL &1, Auke, E. bruneuss R AL

o
< 93le] REHWS =02 FFEAHSong et al, 2005).

O}N

BALM Al HolBE F5& s/ 45 E coioides®t E. suillus
ool ZE|FH WS 20,00071A/Le] BEE FEstAs W 544 100% Aol
dbE ol (Duray, 1994), 5¥€ E. tauring Aol t5-2-& 500070 #/Le] =
By "HXores HeldE AT /MAVE glth(Randall and Heemstra,
1991). 1@]al FHAYA Al Artemia nauplii®] 438 B AHE7IA A=

3k & 1294 Aoj(EFd A 7.0£0.6 mm) 1nHE7F 12413F E<t H

=Y

43570 A 9] Artemia naupliis A4 89 tH(Hwang, 1999). F78o]l= 3} 3

ol

1040 AydE A4 98 mm WA HAZX Artemia nauplii g2l¢] 7%
st oy %70 Artemia nauplii A2 wl$ A1 FE ZEIHE
A2 et Atk (Lee, 1996). L&l W7} AM], Verasper variegatusye H-3F 3
16€ A -5 Artemia naupliis &3 3F9THCho-et al,. 1995). Hoff (1996)+=
clownfish 4 A&l oA 3 64 FHE 300400 mel Artemia
nauplii® 353} 1, Wilkerson (1998)2- clownfish % ocellaris clownfish&
494  Artemia naupliie FF3FHRS™  maroon clownfish®} sebae
clownfishi= 7-8¢4 Fwstath. 18l3 Suzuki®t Takamatsu (1989)2
maroon clownfishe] -9 #31 % 8AdAFEH =ZE|H A Artemia
naupliis 331 H3F & 154ARE Artemia nauplitt @5 F9|
stgith o] A& o] AFEE maroon clownfishye F3F AT EE 200 wm <<

IEELE

oft

ZEHE FE , A% 5 mm Welol A Artemia naupliis 434

f

st Blol #FE FHAT o AFdA= F3 5dA N Artemia nauplis
FHsta 9dAl et 204 Al 2zt T. japonicus$t ®WIEAIEE FFI} A
AT Yol 5 Al7IE 4 59 B AT (A+1Y), &4 ¥ C
AP F(A2Y)E Blug 23 A A7 e F AT dlal AdAolA
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T =& AHE AJAAP<0.05) HEEE °HET A2HE B o=
#35, Chrysophrys major®] &HAA QlojA 3t A% 2EHE 353

K

A7 4T AEE] A YEE A, 2E 99 Artemia nauplii 18]
gs EFsHAY T japonicuss FH A7I7F wMETE AEE0] &
et A v=e ZAo|th(Back et al, 1986). 183 &, Sebastes
ol Fol WHe] w3t AFA 2E H Artemia naupliis

dnor FEe AP vla EF TEd AN BEEC] =4
Uebta, Ao g E 2ZE|HO Artemia nauplis £3F & FHA
Artemia nauplis 35¢ ol w3 « AT 5 LS HE
AolA x7] Ho] dEs ofFA st=1f

of wl AT AELAE B AAo)E BY & g flth

FAA LA HolAER o] &HI Q= ANEZHIAER] L galbana$t N.

A H(Kim et al, 2001a) Aol

oculatas Ab&F%o AHA7)sle] “green water'E -WEol & Ay xR 9
Hlasle] Ay AELANAM 5 £ A34E d& F AAHP<0.05).

Aoy, E. suillus Aol Z7] A3 AEE AolA green

l

o]

poty
rlo
olr

water’t A E ATV dxTo vt s BEEC] EF ¢
SR ole AbsFxe] HiF A welk E|Ho F JFAA Y Aol 7t
fdQloletar Bug A3 A@del Uth(Duray et al, 1996). 13l Sea
bream, Sparus aurata +4 A5 Al AE ZHIAEES HUsto AMSE A3
AR 3 2094 0] EE] 44.0£17.0%, WAL AFT ] 20+0.2 mgol E3E
A Blasfy HEEFAES H7teHA ¥ BFode AEEH} dHE]
Z}Z} 16.616%, 1.1+0.2 mg 7483tk (Papandroulakis et al, 2002). Oie
et al, (1997)9] Aol A= [ galbanaE turbot, Scophthalmus maximus
AFS ol HME A HUekA] 2 AL vnd Ay Hrre £ AE

&3 Aol BF =/ dEwth ol I galbanas H7ME £ FA0]
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A B FFEY £3go] w7] WEo|At. E7F Chlorellas 3 7ts)
FE W B AT FUF AhEE AHE 2SS AJEd IHF #A
S 943 A7IE de] HE FRELY AFELS AEeA duke 3

7 A green water AW HES o] &t HAAY M-S dASAY 4

ek 4= 9l tH(Tendencia and Pena, 2003).
o] &7ol A maroon clownfish® FEAAS 943 #xo] A& A&

ZHAES ASFFo H7FEE green water A HH O R AAE=H
F3 T 5d ALV A3 Fol FA] Artemia®t REIHE T3l I
]

stol F& g0l 4R AEEANA BF F5Y

2
St
o
1>
>
i3
ox
QIL

Ir
=
B
oX,
iR
o
9
=
:‘I’ié
&
v
g8
rlo
rRl
1
N
N
o
!
2
2,
[o
B

TR Atk AFEAAE dAld EWst= AT AWl gty
Vibrio% Alttol tslA= 16S rRNA F3 A 971 E BEAHE ol &

E A3t tHKang, 2003). o] ¥Wel w2} maroon clownfish zofe] AR/ A|
oA #& Egd & BEXA3 A 998%9 AEAHE Ho V. ponticust L
2 B3R At V. ponticus = gilthead sea bream (Spaus aurata)™} 3l
G Sox Bysle] AFoF HId FOR V. flwidis L V. furnissii®
16S rDNA @71Ade] 747} 97.1%9 97.3% 354 zZtevha Baushlch
(Macian et al., 2004). ©] < sea bream, S. aurata®] AHE do7&=
Aoz g on fEygels AA7FA EREA] ZUTh V. ponticus
& maroon clownfish FEAA Al HALE ztofo] Fujox] ALsle] A

8% 5 WUol Aty BusH oA 7 APL Satel ol W@
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A%l slofo

kA A A3 23} QuinoloneAdl A A9 Oxolinic acid, Flumequine,

-

3 Zoeg BT,

Ciprofloxacin, Ofloxacin, Norfloxacin, Nalidixic acid, Pefloxacin¥}
Doxycycline hydrochloride®] %2 A4S X +=d Kang (2003)%= A5
A A A F2 3 Vibrio sp. 26110l Wste] 1659 dAAAE 7HR 1 ¢

3

(2

e
o

3 A3} Oxolinic acid, Ciprofloxacin, Nalidixic acidell 70% o]+
s vebd A3l Aol S BT 283 AlFEe|
Vibrio sp. 7Titol tislo] 8% AA o] et A5 AF

o]
A

(Minimun Inhibitory Concentration, MIC) =7 23 Flumequine? MIC:+=

£
o X
)

i)

e

125-50.0 pg/mLE B3k A S B¢ oy Oxolinic acide 3.13-125 pg/mL
%1 tHOh, 1996).

FRAN 2 G2 Amshs Ao AFAA oA
HolnA £YH ool =W Aol ok weha o ge] AU

o A H 7IAFE Wl =8 I FEe =gl ug

e E3e] dErteloly o FE Amphipriond 3 Premnas% o2 T4
o] glon, wulaEFo FTAAAZ ztu dvH(Fautin and Allen, 1992;

Nelson, 1994).
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A2 ANERS) Premanss& FAATNH Ho B8l Anphiprion 3} Aol

AA ) dom, I FoAE ocellaris clownfish7}b 7F4 < Ao=w

o

9rs] A th(Jang-Liaw et al, 2002; Quenouille et al, 2004). FEejsts oz
A Eo AEFAHL A %3 Fitzpatrick (1992)S v 2 2] &3 o] {9
@A A (monophyly) & A A sk FAES ¥l & AJAT, ol

£ FAdBAY FAG7AE o] 22 K tHQuenouille et al, 2004).

o] AT AE ©UZE maroon clownfish® Z &8t Premnass o] =314

o Fol A YetteE 54L& L8t &, FE3 AltstEe & ddd
Re] 7EA7E $ARLaL Amphiprions o1l M= AANEE Al A9
ZEA7F 2 dbdE o] 9li= "bH O ‘maroon clownfishis  FA 7| &3 1A 7] &
ol 7hAl €] o] Axata sHATNES] A skl Al gk o] ZpA 7}

e,

Premnas% 3 Amphiprions ol F& £338= dE5rig s 9 gy F
A et EujE Eamd Ulde] e HsriElRE Hol HxuriE

DH A Alge T wrde (R EE HertEFE Bie Fu
(Suzuki and Takamatsu, 1989; Fautin and Allen, 1992; Hoff, 1996;

Wilkerson, 1998; Stratton, 2000). 357t F = AAA Drjze] F /ol

-

ube} Mg o7 FAS=4 maroon clownfishe E. quadricolor 1% 3Fiwt
F A3l saddleback clownfishi= Macrodactyla doreensis, Heteractis
crispa, Stichodactyla haddoni 3F3 FA#AAE zt=t}. o]l ocellaris
clownfish= 3<%, sebae clownfisht 1053 FAAAES zra dth(Fautin

and Allen, 1992; Tullock, 1998). Zu|z}o] FAo] oo E A2 F-E
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A2lE BEsr] fs e E u] maroon clownfishis The 3% 7t Fol
e =9 5 Qe A7 FoHor FE5Fe] wel o8 BeE]
A%k wolr 5o m FaIt Aljtetzel TaE JHAZE Qe AoR F5Er
Maroon clownfish® ®|%3 2E7te]7o] 4 AFSA 2ujadd vfg
T8 grol7] Wl AlsFR oMY FARA Fol dEd ATt
olFojxok & Fow FAdHEHTE o] AFdAE maroon clownfish %] &
AV 2 YollA] AlFASte] Exal= s@|¥HenE Parasicyonis actinostoloides
(Song, 200da)¢t & AbSE Azt Aoj7t seBENE Fol FYste A
o] gl¥ At
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E4ol B8 WANRLE 28BS AT

0.58+0.08 mm, B &4 046+0.04 mm)S HF
SAFE 94172670011 U3} FES AT F3 F 109A Aol

A% 564-6.89 mm (F# 6.21+0.69 mm)

e
oX
o
_O|L
32
=
ol
)
I
r)
=
[\
0
=

A=A 177, meA=gule] 28749 7zFE B

3R
vl
-z
o
-—{ d
©
17
)

o9l AAe 832-1098 mm (B 9.34+1.11 mm)old L, 371 =)
72zt F32 FAe] 4717 Al

TEAMNAY T ZEAQ Hol ¥F WS Lotry] fste] HolAd

o
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)

Tigriopus japonicus, 3} % 1544 HIZAIRE FF3 HolA G A

F3k 1744 Aol A 997+0.8 mm=, ZE|H o] F9] Ho| FF A&
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19, 29 =& Al nlete] Aol wskty, AbSell Isochrysis galbana
(5x10° cells/mL)$} Nannochloropsis oculata (5x10° cells/mL)E d7}3t v
AElA A= A% 7632050 mm, FAR= AR 7.33+043 mmE 7 AP
Atololl= A A7E AR EA FR o HP>0.05), HETO A 6.76£0.55
mmete 27 9174 5 A HHP<0.05).

Aol HAbel fele] W WOA WS ¥, BAHAD FARTA
ABe ATk Aol A%/ F P3 F 379 Aol 4L A ga
Fglol fIAA ArstE ANEZIE A AAFOE FYHE FE

wE ekt o] el e A4 54 3 16S rDNA sequencing 2]
A3, Vibrio ponticus CECT5869¢F 99.8% ¢ AEAS Ho V. ponticus
kisle® &4 otk el e A ded 2439 23, Oxolinic
acid, Flumequine, Ciprofloxacin, Ofloxacin, Norfloxacin, Nalidixic acid,
Pefloxacins-¢] QuinoloneAl & A ¢ “Doxycycline hydrochlorided] =2
ArdE B

PremnasZ:ol #4943 %9 maroon clownfishe] Z8% 5A& dolr7]
st A FAAE 71AEL, 9520 Amphiprion®: 3 H ESFI T o] &

ot BAMoR EI Algetzd T waw e ANz AL
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in Premnas biaculeatus, MRIC

supports, except caudal skeleton

cvl, 1st caudal vertebra; cr, neuro cra

including median fin

xial skeleton

2478. avl, 1st abdomial vertebra;

Fig. 36. Lateral view of a

; hs, haemal

ndium; dr, distal pterygiophore

. Scale bar=1 mm.

neural spine; pr, proximal pterygiophore
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