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Spawning Behavior, Egg and Larvae Developments of Maroon Clownfish,

Premnas biaculeatus
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Faculty of Applied Marine Science Cheju National University Jeju 690-756, Korea
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A pair of maroon clownfishes with an indonesian native, reared in recirculation culture system to develope its
aquaculture techniques. Courtship, spawning behavior, egg developments and rearing of the maroon clownfish lar-
vae were documented. The larval development were described with illustrative figures. The spawning was
occurred 8 times between Feburary and August 2004. 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 in deep-orange color. Cleavage occurred in 30 minutes after fer-
tilization, and the egg reached 2 cells stage in 1 hour 10 minutes after fertilization at 27.0°+0.5°C. The embryo was
formed in 23 hours 40 minutes after fertilization. Hatching began in between 1202 hours and 150+12 hours after fer-
tilization at 27.0°C in the incubator. 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.
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3157 ) F-(clownfishy= Damselfish2} 347 X252} (Pomacentridae)
off &3l oJF O R o] ol M AAFCE oF 32550 U
A ok, F2 AT AMEfFYF At Lo} ofddy gl A48}
T 3 BTt Fels dmphiprion?oll 275 “IZ) 1L Premnas
=0l Premnas biaculeatus 15°] 2)HFautin and Allen, 1992),
Salglolle BBV, 4. clarkii 150 AlIFE Aol 4123}
I TH(Yu and Lee, 1995).

A7l F 5 dAFOZ PremnassS TAJ3HE marron
clownfish, P biaculeatus= % Indo-Malay T %58 &%

Queensland A 2ol] ¥-3Z3}32 Q) © ™ (Fautin and Allen, 1992), 3t

pustake)
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¢k 7} Z5Y maroon clownfish?} =@ 712 E5F-3 maroon
clownfish 27§2] 7A%E¢] lch(Wilkerson, 1998).

Maroon clownfish 932 24 o} 160 mm7k4] 37331
L A% 100mm FEZ A7) ARk 37124 He
u]= 7o) EAo|thFautin and Allen, 1992; Wilkerson, 1998).
o] £ T clownfishe} v IXE A% Alddstal & A
Koo wujzk Zx ] et T Tt 7)Aol Akeksith 1
Y1 FRP GHL At o] Feled Wik Eske 54
o] QJth(Hoff, 1996; Wilkerson, 1998).

#T maroon clownfishs %3 Slg7leliv iS5
BpdelFo R Blo) FrIeFIA 4. xanthurus®) B 54
of] thst &I (Moyer and Sawyers, 1972), saddleback clownfish,
A. polymnus2] AFG-d el oist AT (Moyer and Bell, 1976,
Moyer and Steene, 1978)9} 7ol Walg& gk 71277} 213
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Ho gt} ujElol A= saddleback clownfish®] Abta} W
2y gl zxjo] Alge]] thgt A7} o] FolFITH(Yoon et al., 2005).

o] 5= maroon clownfishe] 2Fd2Q) FH AL 7170
= B o7 FRoj A ARl AL HA7E F8f A}
Ak oef] wWE o vkl 9 2T AEAE st

ERTRT

Azt 2351 5l R Al

2001 6ol A=MAJotell A 1918k S (R 7.3 emyt 7
ZIEH 4.2 cm) 12 A {21290 cmx 30 cmx 45 ¢cm)
2NE Adste] Axbe wEofat ARRA| ARl (Fig. 1)0llM AHs}
of AFRAZATE AREE 7] AFRs W ApR|ofE AR oF
Jsto] AR ofu|E FHaIqirt

ARG BB E ARRSLO] A% 26.520.5°CE FAISHA L,
P27 FPET) 2Pguhe o] 83ke] 14L:10DR AR
AT Y 24 LE SBAIA FUTh Hols A3uidiie
Gl R )9} W olfhs o] 8sle] Y 32](107], 144], 18
Ahell AA g2l el HE W 7] FE38] FEEI

D ERT| U M S

A7) HgE Bl flste] /1% FEAAAE A7 5 em
wiele] AANE 2rklA AR R2l53(60x45%30 em)ell 583}
it

o] AR ol AREC 2 ERR)(15%15 em)yS el wel] 45°
Zhes A9 sk, sRECHE A1 10 om, 8P A1E 8 em,
o] 25 em)& HAojA Ylrh. ®A7] 9 A2 it 7t
vl 2kSony, DCR-TRV 9002} ©] %] & 7]+ 2k(Nikon, Coolpix
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Fig. 1. Schematic diagram of the recirculating culture system. A, rearing
tank; B, filter tank; a, inflow; b, outflow; ¢, nest; d, sand filter; e, protein
skimer; f, pump.

YA71E R ks FElAIA FerT)E S Hl st
A7)l Fabg Fghe ofngrxelr Eelsiod

F29 250 ppmell I % £53% F- aeration Al7]HA F
S}AI715= Hoff (1996)2] 33t 24| 75t 3-817] (Yoon et al,
2005y o853t F-8} A 714 27} S 27.0+0.5°C2
32.0 psuCl 1L FF71= 14L:10DE 283100}

3) 2y

ST DTG L 2 27.0+0.5°ColA Abet AF {2
7 5 mmyg olg3le] 30712 e T weld &
1 L H]olA 4=8-3}32 aeration A171HA] 315 =] (Nikon,
SM2-U)e} #3851 m) 7 (Olympus, BHS W/AU)YS ©]4-310] A7k
733l whe TS eIt

4) XX|O] Al

23} o= AT flofl WA FHEs AAjsto] F
718 155L:8.5DF 227 12 L o}2E Q853 48351
AEERITE AR PRS- SIEIE ©]-8319 27.0+0.5°C WL ®
Asglom ARgamz v 13-1/4 A BAsIIrt. Hols ¢
o] FFEE AL Glsta 73} 25 FFIH Hx
o3= 555 Isochrysis galbana, Navmochloropsis oculata, Tetraselmis
suecica® 3:3:4% Zoret mjorof o g oJok 7ralslh RE|W,
Brachionus rotundiformiss 10733/mL 3-53F34L, 2-3413F v}
o BEslel A4 WEg fAAZ Faixjele] el whe}
2E)5)9] QapRslel FUT W ow B wrlow dor
74818t Artemia nauplii, T. japonicus, 2 3AF Zjo]§ w]HA} 1)
FAEZ(200-400 pm, Otohime Co.)& 3-73F3AT}. F3} Apx]o]
o] gl @4 Tricaine methanesuifonate (MS 222)% A}
f3lod vpE A7l F 2307 (Nikon, SM2-U)y F&+-3v] 3

[s]
(Olympus, BH-2)& ©|&3le] #Eslgich. Apx|ofe] F7)= vt
5597 (Mitutoyo, PI-H 3000F)Y8 ©o]8-81% 0.01 mm7lA] &

depsict.

5) MM o™

3} xjojo] AN 718 FAR= Al 3]EE A 7
ol K&t ANAE F, 2 3E R vhE Fer) sk &
3 A ddoz FARIIT

ANg AANE ste] iy el
T2 A7 A7) v|sest iAES MR wEE Rola A§
EAZS F3on AAE u disks AR EEETh
(Fig. 2A).
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Fig. 2. Series of mating and spawning of Premnas biaculeatus. A, a mat-
ing failure in stocked same-size breeder (1, accommodation; 2, approach-
ing; 3, attacking; 4, mating failed); B, a mating success in stocked different-
size breeder (1, accommodation; 2, attacking and chasing; 3, mating suc-
ceeded); C, spawning and fertilization (1, first spawning; 2, first fertiliza-
tion; 3-4; repetition of spawning and fertilization with several minutes
interval); D, nest care behavior (1, take our dead eggs with mouth; 2, water
circulation with pertoral fins; 3, water circulation with a caudal fin; 4, nest
care by male mainly).
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Table 1. Spawning interval and egg numbers of Maroon clownfish,
Premnas biaculeatus :

Spe.lwning Date Interva'l of Number
times spawning of eggs
Ist 2004.2.22 - 583
2nd 2004. 4. 14 52 days 861
3rd 2004.5.17 33 days 938
4th 2004.5.29 12 days 1,071
5th 2004. 6. 16 18 days 1,288
6th 2004.7.7 21 days 2,475
7th 2004.7. 25 18 days 2,694
8th 2004.8.9 16 days 2,371

A1 6-88]Alelli= 2,371-2,69471 W2 AHBIST) Bojdsr
= Akdeo) S71sRs 74ae HItH(Table 1). AR 1§l
Ak & 5p90] Zupa] 28]A) Algto] o] Foixlan, 38]ellA 83
7= 12204 2197 FolET)
AFFS oju|Z e FslA] o2 A WAl 7 HA Ak
oA AT 7 HEE v, 1385 AR glell= 58373
o] At § a7t AgsiMe 471 F HEE B
0]7] it} Atgt B 2AAREIE 7o} AdsiA dojubA 4
& Wb Eokm Ak F 3%o] AU 8 AN HR] Ak
284} Akt wloll = 4733k 8617l F Akt & akgrt A ks =
798702 £ W3S Bolx| ooy} Akt F 3UAell= 36270E
Zo|E F A} F 47l 32 A% AR douith
o]g} o} Ahg ojv|zNE FelE WA s A9elle of
me] FAo® FAR 7t WAE) EFole A BT
AR 5 495 744 71.2-100% RS A THTable 2).
ojmle]l 93t =A™ T2 g WA H3te] 33]9) 43]
A A FASE BeE wi= aerationH 2 F FIAFL, 5

&
5
o g

3 83l Artd e AN B @rAtE
olg3lo] Azt 35]4 ARhE YR Al - 490 A

JJro}O% ojm|ZHE At HElSilEdl 4U9A B

£ 69.6%3A1, SAAE 35.0%% ZHasig o Bal8-2- 29.1%
ot} 434 AehEl AT Al & sdo] Aaste] o=
B AR Ba)sld=) sAA d-e TS 39.2%3 T -
&S 34.0%30C). 53)5E 83|H] Akt wfoll= Aleh § 50|
A & ojuj2 R ARPIE BeEiied s ¢
T2 7247} 55.3%, 12.1%, 16.7%, 7.0%3CH 18] 1 F-3k&-2 7+
7} 50.3%, 10.5%, 15.0%, 5.7%33c}. 38 ARME s3|A] Al
B T B S nad A Al 5 adA el Ak
oju)ERE Besh= ARtk 594 2eshs Aol Aude.

2o & 238S B, aerations o835 FEU|E AR
sh= 72 1ok 27 2] $37) 8 o] &8 Al o =

2 23hg-e Bt Rt 63 AbHEE] 834 AR AT
Zeo] zkzk 2,0287Y, 2,01270, 1,829705 wkoront 7] 3R}
o] Yojuba] 2882 242 10.5%, 15.0%, 5.7%% 2317
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Table 2. Comparison of egg survival and hatching by different incubation conditions

(Unit: Number of eggs)

Days after spawning

Incubation Spawning,
Tank condition times Spawned 1-day 2-days 3-days 4-days S-days g tching
elapsed elapsed elapsed elapsed elapsed

L Taking care by Ist 583 471 2 0 0 0 0
Combination tank breeder 2nd 861 798 548 362 248 0 0
Aoration 3rd 938 894 806 728 653 328 273
4th 1,071 1,006 914 838 746 420 364
. Sth 1,288 1215 1,207 1,087 924 712 643
Incubation tank Water cireulation & 2028 1,764 1,239 843 505 246 213
er cireu 7th 2,012 1,861 1,453 957 645 335 302
8th 1,829 1,629 1,324 739 349 128 104

Fig. 3. Reduction of egg number after spawning in brood fish stock-
ing tank. A, l-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.

LERSTH(Table 2).

Abed 2% T2 78 FEAoITrE Akt §- 2-3Y0] X
v Falg wjy] Alzksic), 23k & 4dAole HAES AoR
Wk, sPAollis Lo] FrslA oL Fo] o WA=
Zlo] gl ), etk o Ay F wiAlEeE el ofv
o 93 AA} HA oz & 7} Thshs Aol BEREHT
(Fig. 3).

3) Lk gk

AL BFE o T A 1.95-2.01 mm (HF 1.99£0.03 mm,
n=30), ©73 0.83-0.91 mm (ZF 0.88+0.03 mm, n=30)% 2=
FTE 7RI Q%o & Az Z1g o1 AEe] el gl
= B Abghatel] Falels e JAF-Ael i

2. 27.0+0.5°Coll A WAATAE A 2 A|ZH(Table 3)3} 23} 3
B 2 = T 4080] AubA aibte] FAE A (Fig. 4A),
T4 T 1ARE 10%0] Ak ol Hxo] dEo] AlEE] 2
A=A 7F HkFig. 4B). A2 4 T AKE 505 Fo

Table 3. The egg development of maroon clownfish, Premnas
biaculeatus (water temperature, 27.0£0.5°C)

Developmental stages Time after fertilization

Formation of blastodisc 40 min.

2 cell 1 h. 10 min.
4 cell 1 h. 50 min.
8 cell 2 h. 20 min.
16 cell 3h.

32 cell 3 h. 20 min.
64 cell 3 h. 50 min.
Morula 4 h. 50 min.
Blastula 6 h. 40 min.
Gastrula 10 h. 20 min.
Blastodisc covering of the yolk 1/3 12 h. 40 min.
Embryo formation 17 h. 40 min.
Formation of optic vesicles 20 h. 20 min.
ZSS;?EEZ 1(1)1; zgrt::s and melanophores 32 h. 20 min.
Formation of auditory vesicles 36 h. 40 min.
Heart beats 41 h. 50 min.
Appearance of melanophores in eyes 62 h. 30 min.
Hatching began 120-150 h.

Jou} 4M1327) 7} HQ1aL(Fig. 4C), 58 T 2417 200 Ff| 8
A|E7)7} EQ)THFig. 4D). o] Al Zls=]o] 164271 (Fig.
4E), 324|327 (Fig. 4F), 64327 (Fig. 4Gy= 4 § 22} 34)
7¥, 3AIZY 204, 3A17F 50% Fol HEEG oM 9 T 4ARE
505 whol] A7) (Fig. 4H)ell =28kt

T F 6AIZY 40it0] A b Zulzlell Egsiivk(Fig. 41).
7 B 10/)7F 20%-0] ApA] Faf7ell Skl uiRigie]
EPCHFig. 41). 58 3 1247 40i20] AuA & vjyto] W
9] 13 A2 grkFig. 4K). 78 3 1747} 40%0] 3}
F ujjute] Watel 56 HTE HAT o] Al7lel wiAzE £
Ati(Fig. 4L).

7 T 2007 20%-0] AupA b2} AT 0] 7-8
7 ERFTHFig. 4M). 4§ 32413F 20:20] ZFalA] QFE
of A=t FAE T W el v STt FEEI
(Fig. 4N). 778 3= 36713t 40%E0] ALpA] o] 327} 23313 o]
) we)7} Gatola] BelEiglon] S WS ohujet
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Fig. 4. 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; I, 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 audi-
tory vesicles; P, heart beats; Q, appearance of melanophores in eyes;
R, hatching began. Scale bar=1 mm.

27 9oz BALN) oju 24 4= 2071 th(Fig. 40).
A 41417 50%0] AupA] Aakekgo] SRl g
7} SRl 2] WA THFIg. 4P). AR BHE T 1L

7
2

it

7 T 62A1%F 30%0] XA wiHZE Y] 45 ARE
Tk Eef) galo] g#|9lo] FAEG oW Qb QHHEE
| o] S 2] 7} FLsISIvHEFg. 4Q). 78t A4 54
Z 12571210] XAl Bl g eds] Jelom /e
3] 531 Hola o) 2w o 7wyt ojuf 32 dv Q)
A CHFig. 4R). F-8}71014 8] F-3h= BE 578 120A7HE 150
A7 Afole]] AL] T o] FolFTt.

4) Rx|o1Q] oS HEf L

23l A%o] xjoj= 214k 3.10-3.44 mm (B 3.22+0.07 mm,
n=10)% & A7 kg 47 0.58+0.08 mm, Ht
73 04620.04 mm, n=10)2 71X 32 I}, W 2kelli= 0.27 mm
o RFAT R 2B 1009707F EAEIIGE 2 =
9+17=267°0]32 =le) 2} Tt 9 183 Sl SAULET} A
3 At At FEE Ay Ao e T TR A
Zo]| YR8k et el S A|elskale & HA|e] =
Lejn|z} vieso] gl wElo] Wol ot QIITkFig. SA).
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Fig. 5. The larvae and juveniles of maroon clownfish, Premnas bia-
culeatus. A, newly hatched larva, 3.22 mm TL; B, 2 days larva, 4.07
mm TL; C, 3 days larva, 4.18 mm TL; D, 4 days larva, 424 mm TL; E,
10 days juvenile, 6.21 mm TL. Scale bar=1 mm.

n=10)2 43385 0w Uslo] go] FEo] Ht A7 0352007
mm, 7 B 0.2620.05 mmo| 3L 7= HE-F iRk
ST} (Fig. 5B).

Bal & 347 Aol AR 4.14-4.48 mm (BT 4.18+0.26
mm, n=10)Z Aga} o ek A F5E ). v Fi7
7} 25 BRe AT R B R FRsISITHFig. 50).
23} 5 407 2ol A% 4094.62 mm CHT 4.24+0.29 mm,
=102 AA3ITH 237 deid ZEIH7) o A4 E]o] 9
= 7o) BAEIg o mejA=ulel 7% e7l7} e Aol &
2=t W BRE 55 met S48 U 718
WA #HA UAAcHFig. 5D).

53l & 597 Aol A 4.154.64 mm G 4362046 mm,
n=10)% 4431, ¥a & 7dAll= A4 4.59-5.86 mm (F
T+ 5.09+0.49 mm, n=10)Z A3} 73 3 1094 Xol=
A% 564-6.89 mm (3T 6.2120.69 mm, n=10)%. 3733 ct.
7% = BR=Eu) 2871, FA=u)e] 1777F sk
o] F 1F2 roll 2o R oy FE] 7] X|of7]e)] Edt A
o2 Jtellvh(Fig. SE).

23} & 12944 xols A 6.24-7.63 mm CHTF 6.9420.76
mm, n=10)Z 43ttt W] el WA 7t2 ]y} Sk
1277 A= A8l & FR-glel 7 HA A Zizurt @
AEet, AL EMLTTL ZolET ALY} FIFsHHA
R e Mo] Hr) 13} F 1505 X|ofi= A 7.44-9.01 mm
AT 8.06£0.89 mm, n=10)2 J33Ict. o] Al7]e] thie

&
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Fig. 6. Formation of white bands of Premnas biaculeatus juveniles.
A, three white perpendicular bands of 19 days old juvenile (total
length: 9.34 mm); B, normal bands of 50 days old juvenile; C, abnormal
bands of 50 days old juvenile.

ol M RRFE Fof A A WA 712ur) 2Esiel o
HEel 5, 75, FA=euolls AMAET) TRt AL 2
Ao g\t

H3l 5 1995 X|o)= 24 832-1098 mm (BT 9.34+1.11 mm,
n=10)% 373311 3719) WA ylgwl= o s % o m (Fg.
6A), HIZAIE (1A F17] 200400 um)E A28 A1&8dct, 2
3 5 27d ® Fol= A7 1016-1549 mm G 1241+1.67 mm,
n=10)E 4331 TR =efn] g} wi=| =2 m]e]] A7 o] Mg
Al AFTE F8) & 459A) x|oj= A4 13.64-19.37 mm (B
T+ 15.61+2.09 mm, n=100= A4} K31 & 50457} ¥
ol% ie] WA yizw F rtEwrt $dskA] 13 Al
BT Fig. 60).

53} 2px]oie] A3 jelg B $3) 29 47 3.10-344 mm
(1 3.2240.07 mm)2] Apol7t o] FEHA FHzxo] Hol
o] 7hsgt H3b & 2dAlele A 3.92-4.29 mm (F
4.0740.24 mm)Z AT} Artemia naupli 412 F3b 3 49
A A7 4.09-4.62 mm (BT 4.24+029 mm)Z A5HS wiHE]
7Fs3ak3iaL, 23 3 1084 A% 5.64-6.89 mm (B 6.21+0.69
mm)E AJ7geIE W 7] X|o)7] FeE Ztich 781 = 19
AR A7t 8.32-10.98 mm (H 9.34+1.11 mm)E F23 A3}
el g e F9lom, ¥3} T 4594 1% 13.64-19.37 mm
(B 15.61£2.09 mmE 2315 tHFig. 7).

5) Ax[{2] AHS

H3l A% 2o WEhs 7R Qi A9 BERE oliE
S8 VAP 29 SRl o, B 7R Qe Al
Al 592 3k E3lglth G 71 e AAlE xRt
S 7]o} thRe] SAgloH T S dsle] S oR
T} vl x| Zhelohe A E-E siivk 12
L o] A e AElE Bk JiAlE AR 79
slglom e giste] A3t A TRAS BTt

F3t T 2dA Ajole 20 F5E AEA FEEsie

20

Total length (mm)
o

1 2 3 4 5 7 10 12 15 19 27 45
Days after hatching

Fig. 7. Growth in total length of maroon clownfish, Premnas bia-
culeatus larvae for 45 days after hatching.

2EE A5k Zo] HRlsgith. P8 F 308 Aol
o] Aglo] A1 oA Ul dBo] WfE T Zlo] w2
ik

33} % 129050 Aoj WS Ao] £7 AW 74
27 AARAT, ol HE HhE At o] A

Fig. 8. Serial diagrams showing territory protecting behavior of maroon
clownfish, Premnas biaculeatus. A, input of bigger fish; B and C,
protecting by single smaller fish; D, expel by several fish; E, pro-
tecting by group.
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Table 4. Comparison of normal and abnormal coloration forming three white bands by different spawning of maroon clownfish, Premnas

biaculeatus

Spawning times ~ Normal band formation (%)

Abnormal band formation of one side (%)

Abnormal band formation of both sides (%0)

12.3
133
10.7
23.0

223
20.4
21.4
20.0

4th 65.4

5th 66.3

6th 67.9

7th 57.0
A9, 5209 A4 Ko7} o Falg o)Folen A
Howz 10917 Al AL KeE ool ¥Ee] AT By
wi QA Slnt AU glo} ThA] & Fele) galsklnt. o

Fo) 124 A 2ot v HAe] 3-4 mm7t o F X|o)E
2] Zoll o AEe Ay 7P 7R iR S A4S Al
Wt A3 ofg] vzl A 342 sliA] AAES ke 3
Sh= AL ARSRs We-2 HTHFig. 8).

13l F 1594 Roji= £ Adelx] £uH o7 FEE
Ao] A {9E PIE st A= A FelolA olEdto]
20-30 vle)7F Fa)E X0} =Hd 2ol FsIsict. 8
274 = Xoj= nigol] A9 YlerkA 4ol 2 AAE st
o 224 gge o|gste] Ex12]l 35S she AT Bl
A3zirt.

B3l & 4597 x)oj= % Aol F438150™ ojujt
B] fofsitirt vleAE T elert A2 wElE 2oja A
Nalgo] A%

6) MM 718

43| A ¥ 63| A7 o] ANAl EENES A7 65.4%,
66.3%, 67.9% ©]931, ¥ BT 713 A7} 22t 22.3%,
20.4%, 21.4%33 00 3 Zak 718 AWAlE 212} 12.3%, 13.3%,
10.7%3Ach. 2HH 0 2 43]/5-E] 63)A47E<]= 37 HA7F 67%
AR AR, o T5F 7180 A= 21%, g F5F 718
A= 12% FEE 2P} 22y 737 Fake xloj9] A
A7NA EFEREL 57.0%, 25 710 AT 20.0%, §F
2zl 7189 A7t 23.0% THTable 4).
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ZFolsrel olojAl Akt & 7o) & FelehE S48 7
1 o}F = ofu|7} &g HFE o]F] 76% FEZ dEAT
JCH(Blumer, 1982). ©]2igt o}F-52] #A71E &35 uie-Ak A
¥
A
T

™
fjo
3

L
A

[«

30 4% %
o rr e o 8

e B2 AFAEe] IS EAYTHGoulet, 1997). 73
HALS FaixE AR )olx] HAS Az ow s
7 wleAke] AMele] FQstk(Karino, 1995).

u7} &g #Behe FA2 7R ARE Z gEA e
clownfishi= ARF 02 AFlo] Apdel Wi7kx] YRS =
SR, AR Follr= AR b AT BarE L QITHHof,
1996). Sebae clownfish, A. clarkif= 3t 2] |ujAlg 1} 2-3v}
g9 2 AulAlIFo] 35 AT A Fgoli= AujAlE

o Moyer and Bell, 1976). T3} clownfishe] 712 ¢l
ol vjsle] 7717} Zth(Fautin and Allen, 1992).

o] A¥efr= Z7]e] WE JiAHES A3 HEE AR
Stk 2717} WIS maroon clownfish 7WA1E =85t 43} 4
3 EE 02 AR} o]Foix)A) kgkont, Aol 12 A=

B AAE 5831908 Aeells A2 Fol & FHel &F3td
A AR} wZ2FA olFoFt gk W Ho) o] Fojzl B 7
AF 7o) a0 o= saddleback clownfish®] 2317] 1}
A3t F-AFFSTH(Yoon, 2004). clownfish®] F-glol st 7HAlI=
g7l 7P 2717F 33 958k A7 o] H o vk A
Ql ZRAI7Y AR Ao EH o] o] 5 A F st /AL
APFISE W FAERl Ao dds gisil He AdAel
HR] 92 TH 74A) 3vlelR A5 1t (Moyer and Bell,
1976). ©] AgeA Z7]7} vlEs 7iAlE Felvelx] A= 2
AAAR] e MAEZ A2 FA40|191 2717 BE 7iAE
FE3 Y Fe Al g ddd ¢ Qe AR #
A7N7} FVssdvkn Az SERE A TS YA
= #4517) o)|F AAE] st 224 @Ao] FaskAvt g
©] 3tio] a3k ol AA clownfish?} 3% 4ol 2JEs}

RNE AAN o] et olF i ARTES] AT

AAlNA Bkl 197} o] xlgE]ojof & Zlog Azhent
7)o o7t BETlelR dubd o Aot Q19
A

OB

ARl ARG ol AU Akl Bol Sl 27 5 BEES Al
Askar, A e Q12 o] &35tod Akt RIS HdlE &
ozl FF-g Btk I3 HEE FHoAY WuE =
S A= FollEAS HolZ|E skal fFlo] Aol Hlsle]
A= ot Moyer and Bell, 1976; Suzuki and Takamatsu, 1989;
Hoff, 1996; Wilkerson, 1998; Stratton, 2000). Saddleback clownfish
T O AsUReRe) AR s ALl ow Sol Aldas
Z FHE7] fste] o] B ASAE Bl ARl SR
£ PVC shelters AU (Yoon et al., 2005). ¢] A& o]&%
maroon clownfish® T 31%E7H] &9} vl x| 2 AlbA7) 7}
TVAGAA Ak o7 AlEe Bl (15%15 em) FH2 43} A1
A -2ju]Z o) g5l ASEHA Hasha Bl ARE Qo=
OlBAIFI7 IR BTt

AE7tEFe] Akt $ & #Bels JHel vlal] 7o) st
T ARte] A o EARIERE A4S A7Iv) ofn| 2 715
A =gju) & o]galo] &l AAhE THEst] T 28l b
A ol FRE G o2 AASI] FFolu AFES
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AbA ol xbebald thSuzuki and Takamatsu, 1989; Wilkerson,
1998; Kim et al., 2001; Yoon et al., 2005). maroon clownfish'=
TE 357HFY R R AL $of] T} g27lo] wdo}
7PEA g BEdhe 35S Holy 53] FAL Holk 2 Y
A koA Al&sia & BESIT F3A717E 7R
A ojul5e] & ] Alzte] dojglon 2hE Fto] 3= 7}
FA=gr)e] R S5 DRI oW T} 9T F
Aow getEi go] gobglon getuls ¢ ov|Ee] Y]
= ol WA

maroon clownfish= ¢F 182 A0 7 18] 4lgt W 2,000
N ALY ke Abebsh=d] 18] Al Al BE 1,50094709] &=
Gy AR A2 dojdth(Wilkerson, 1998). e s HIHF
o] Algeke- B tomato clownfish 1,0007}, percula clownfish
250-1,1907, saddleback clownfish 1,500-3,0007}, orange skunk
clownfish, 4. sandaracinos 30-30071, 1] 3L pink skunk clownfish,
A. perideraion= 280-6007] Y2 && AFRHeITh(Suzuki and
Takamatsu, 1989). saddleback clownfish®] FHAYAR] #5H A
ol RS 13} Ak A 1037190 Ak 847k Ske
= rime] Bobd 73k ARk A 125712 F715I9EbE 8%
A4 Aol 1,008702 @Y 2313 TH(Yoon et al., 2005). ©]
2% maroon clownfishi= 8E57121F SollA tj@Zel &b
13) Agiego) o AF7R)FHel vlsl] B Zo® wddn).
ey o) ARFEoIU AT FAe) FRH, Akt B,
Aw £ 27 #e) T Qs FHeE e AAH,

maroon clownfish®] AHHE BE 154]0f|A] 20A] Alolef] 2k 90
Bol|x] 12080 Ax] 23WE I} tomato clownfishi= 12X]-16
A, saddleback clownfish 124] 30%--03~] 30%, orange skunk
clownfish 124]-16*] 205 Alo]ol] Abkehrh(Suzuki and Takamatsu,
1989). 1231 sebae clownfishE Z}elollA] Akl A7ko] 094]-15
Al Apole] o)Fo)-tMoyer and Bell, 1976). ©1*1% maroon
clownfisht tomato clownfish, saddleback clownfish, orange
skunk clownfish® UH= Akgk A|7ko] =9ct. Bt QIEFHAA
o)A maroon clownfish®] At AR 0% 95 A¥ Yojut
T, sebae clownfishi= 1641914 18], tomato clownfishi= 2.5
=) 2sP percula clownfishi= A3l AFFSITH(Wilkerson,
1998). 019} 7o) 3E e Fo] Alghe ofu|e] H7], 7, Al
314 Zof o3l Migo] Hx|Tk AntF o2 AREe 9 Fof 2o
W= Zlow ek

57172 R A0IA oful7t & EAEAY
ofgte]| H-3}gto|| whet we)rt B vl &&20)aL
231719 gl BeAle} =T} Hoff (1996)2] aeration']
s BHe g= glon) ooy} g Helehs AR
AFAA R THEo] & £t glo] AR o= FE]E N
A =gieh AR R3S EE o83l R
olX s A Tl E 5 ol R sl e
AR 228 & S A7) wlitol ofrvt Belske 23t 1)

o i [
of

J mlm N rﬂ

5o

F

o O

1-

wE du o
[o]

S8t a9 d 71 sITh

maroon clownfish®] =7k BRI e]a o] 44 1.95-
2.01 mme]H F-2atel] oJdle] Aletz el F-atelR= /972
Folt}. o)1= Suzuki®} Takamatsu (1989)7} ®.i18t o] &2 1
7o) 273 1.86-1.98 mmtL. 3 At A9 H|Sgt AASick 1
g3 %7+ 5F-<l tomato clownfish 2.6-2.9 mm, percula
clownfish 2.2-2.4 mm, saddleback clownfish 2.2-2.4 mm RThH=
Z3 A9k, orange skunk clownfish 2.0-2.2 mm, pink skunk
clownfish 2.0-2.1 mm$}= =77} wlsesigich, 1@l maroon
clownfish®] 48 742 A0S 7= T sirlol#
Zo A AR AV} EX, Liparis tanakai 1.68-1.78 mm
(Kim et al., 1986)2} &8, Tridentiger trigonocephalus 1.40-
1.58 mm (Kim and Han, 1990), ZXI"%, Mugilogobius abei
0.93-0.96 mm (Kim and Han, 1991), X 57} %], Siganus
canaliculatus 0.55-0.62 mm (Hwang, 1999), 15225, Chromis
fumea 0.73-0.88 mm (Kim et al., 2001=.0F= =131, 54, dprocyclus
ventricosus 2.28-2.36 mm (Kim et al., 1987)8} uj Lyaks
Chaenogobius laevis 3.40-4.04 mm (Kim and Han, 1989), b
= Luciogobius guttatus 2.71-2.80 mm (Kim et al., 1992), 5
w2#u), Hexagrammos otakii 2.00-2.15 mm (Kim et al,, 1993)
Hrk= Agiet.

A5 7RFe) Al 2% o A2 of we} 2jol7t QlEH)
saddleback clownfishi= 4l
percula clownfishe =&, pink skunk clownfishe B4 1
23! sebae clownfish= F84 B3= = a40]th(Yoon e al., 2005).
maroon clownfish®] Abek 25 & 72 7154 (Wilkerson,
1998)0 % o] Ao} FUstlt. & HEE FLFolet s
2 ofn|9] Aok Aefel ule) Delx)Edl GUSET) o FE
2 o AL s UeRly Gt B575 & Ao
&}tk (Wilkerson, 1998). =3t & 4122 dhajo] X g4-5
SFoh(Hoff, 1996; Wilkerson, 1998; Yoon et al., 2005). ©]*%
W AS A o w2 Azke) W= JHA, dustropotamobius
pallipes®ll QA TRAAE T T e 71ER °ol8H
tHWoodlock and Reynolds, 1988). ©] Q1 elA = ALt 215 X
Fo|gitrt Aay o AZo) AFAAA A F 38Rl A
22 Alo] H}, )il ¥-8F A= o] S o i
71El= 7o) aklEe] FEAZIE A5E 57t SISl

maroon clownfish 53t 4% Al7H =& 27.0+£0.5°C°
A 120~150~1710] AFTE. o)= 0] 78] AFrollM AR 26.6-
29.5C2 o FHzx F3loll 42838 Aol 152A13F 30 I
ZBT} 300 A7) Wk A7SIvh(Suzuki and Takamatsu, 1989).
T 260-28.0°CY W AETF/E AR F H3ksket 7t
2] Ad]E A7k} maroon clownfish®} sebae clownfishi 6,
A. akallopisos 2} saddleback clownfisht= 7%, red saddleback
clownfish, 4. ephippium™ percula clownfish™= 8% 12|l

=
Z M tomato clownfishe= #H-240,

tomato clownfish®} red and black clownfish, 4. melanopust=



OO
H94,

>

104 A=t g]og%’ v A

7o ’ -1 o,

9 A%7} A~ QECHHoff, 1996). 18] T o)A AFollM= Hx
T3 & ARE ouell A Aol 9] Bslrt dhsg WhHel(Suzuki
and Takamatsu, 1989) ©] A7-ollA= 30 A1ZF JEE] A7) 4
QEQIT}, T3 AR AN s SEA AlASHA] ES
a1 A7) Folzl A9t JUE HEE AR R A
As) FH o E FsAch

maroon clownfish®] W) & SMALE] 8 A= 774
F 32ARE 2030 At ol ST IR W SIS o]
ek o)A Agrellad= AR F 2771 0] AbA Q-
W} of) EA4r} EAFCHT 31%h= (Suzuki and Takamatsu,
1989) o) Bt} 5AIZ AT =7 £dsich 18]3 percula
clownfishi= 78 3 28117, saddleback clownfish <8 $- 35417,
pink skunk clownfish 5774 % 30A%L, orange skunk clownfish
v 7Y F 78rRI0] AUA ST HEE I E Sl
(Suzuki and Takamatsu, 1989), maroon clownfish<= percula
clownfish Eth= =71 #AE1 1 saddleback clownfish®} pink
skunk clownfish®l= 89]5:81A] WA= I}, 18] T orange skunk
clownfish U= 46717 A% whe] S3sI9ic).

23} A5 maroon clownfish®] Ao] 32 3.1-3.4 mmZ ©]
F9 K3l AF zpo] HAgo] 3,742 mmEbs A7 (Suzuki and
Takamatsu, 1989)°1] H8)A1= 2F 0.6-0.8 mm F & 2k} 12]1
tomato clownfish 4.24.5 mm, percula clownfish 4.4-4.7 mm,
Saddleback clownfish 4.2 mm, orange skunk clownfish 3.7-3.9 mm
RURE= 27 pink skunk clownfish 3.2 mme} ¥]523F 7| $ict,

23l & 1294 maroon clownfish®] X1 (H% 6.2-7.6 mm)
£ UE Ao} sk zo] ERIFAET, P33t F 9 2o
(A 5.6-6.4 mm)lA “Fstel RS Holr] AlFEte]
3} & 18Y00) Aste] AF 7.9-10.5 mm7t =S W TR
o] Ypehtth= 917 (Suzuki and Takamatsu, 1989)9} H}5:%E 7
kS Wit} 18] 1 percula clownfishs F3F & 10de] A=}
5lo] 7] 6.0-8.5 mm7t Fo] 27] Xoj7]el] EolzkE W
A4S Bo)w saddleback clownfishs F3F 15204 F-(2%
11.5-143 mm)ol]l AFolA F522 4 FYsth 1e|a
orange skunk clownfish 53} 104 & A% 6.6-7.7 mm7} =
S uf =% Bidol F2]& A=TUH(Suzuki and Takamatsu, 1989).
o)H@ Zx7|xo)7)e] TGS Kol A2 FsvelF-e] Unt
Al EH o7 AR

3} 3. 1590 733 & maroon clownfish7} 37 7.4-9.0 mm
u] 3719 WA Zi2 )y} 25 E@sgitt ol F
3t & 15-2040] A $ofl 1 8.7 mme] NAlelA 3
WA 7l )7t 2P Aol HlSssIoitk(Suzuki and Takamatsu,
1989). ©] 21717} XL} maroon clownfish X|o{ollA] A} 7]
7+ A9) VbR ettt

23} & 459U0] = maroon clownfish X|17} 547 13.6-19.4 mm
AER A FREE AR HeE sz A JiAE0)
AR, ol F9FH | WIS clownfish 2] SHS=

OJAE, o|%E

maroon clownfish®] 7-¢- D250 Entacmaea quadricolour
of 1% who] AjAlshe ohE 7iA|] 5§34 Yt &
3 clownfishiz 7 HT}H 9Hlo] JAgne] oS wiztslo] o
£ o}Fo dis] m-%- FA=o]|t(Srinivasan et al., 1999). 1]
1 OE A E 33} F 40-602¢] At maroon clownfish
207k A% 11.0-17.0 mm A5 A wiie % A
o)A g8t X 4w tel 1:1 Bl AFE ST, tomato
clownfishi= -3} ¥ 20d0] F#Hx 8.5-9.2 mmyF F A4
RS A xof szt ez FEs] AlFEinh 1
2L} orange skunk clownfishi= -8} 5 1700] A#ste] %
°] 40 mmel E3tiE 7HA bl F=o] YojuiA| LSkTH(Suzuki
and Takamatsu, 1989).

135} & 500] A S| = sRe-u] WA k2wt 7]3%]1 A
olgo] 435 FIFE 73R A Bt 35.9% HERAT
£3] 78R F3lEo] st X|ojQl 7ol g =R 7jE] )
A7} 4517E 6317kA] Fatslo] ATt AojE Byt 11.0% 7
T wol Edsisinh. 73R F-ghE xojl A 718 AT
43.0%% 2FAE1] A2 it ¢ 7h7ko)7) AR TR E T}
7 WA}, clownfishe] 7FRm 7138 HEf2] 2| Ao]
obglef| oJafd 7|, We)7]17ko] 71 sebae clownfish THAJ4F
A A} IS HofY, 1996). ©] Aol FE 84 € maroon
clownfish X|ofoll YEjwt #4712 ejx]dolut kARl
7107 F25v g3t A1E ¥he)7] Halxe AHER] A
7} e7€t)

3 =N
Hi =

e
T2

o ok
A0 =

s34l 2] 3t %<1 maroon clownfish, Premnas biaculeatus
o] ARl FH A& e Asko w AR § o 3l
i 27| ISt B3] W ARE & A S
KA =u]g}t & ol&slel & B E siglen, FE 7
o] et FETE NEME W W IMFAdeR, A
1.95-2.01 mm (1.99£0.03 mm), ©73 0.83-0.91 mm (0.880.03
mm)2] BFEoIt} & 27.0£0.5°C 23kl 4 1A%
1035733} Fof] 2 & o] AjtE o] 2432717} H ok 774 -
23717F 40%oll= wlAIZF FAEIRAL, F3R= 120-15047F Al@]
of o}Folct 23} 25| Aoj= A% 3.10-3.44 mm (B
3.2240.07 mm)= EFAEC] A HEE 47 0.58+0.08 mm,
Hd W73 0.46+0.04 mm)yZ H5 Rl 7B 1 QigleH, -
A g o+17=260700) 1 7} e RSt -3 5 10
A o} A 5.64-6.89 mm (BT 621+0.69 mm)E A4S
RAaL, A=) 287, BX=elw] 1771, Argx|=ein]e) 287}
9] 71&25E B H3) & 19U X]0)2] 24782 8.32-10.98 mm
(B3 9.34x1.11 mm)IaL, 3702 94 Zhzmy) ek BA)
o 717] A& et
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