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Studies on Seed Production of Saddleback Clownfish,
Amphiprion polymnus
1) Spawning, Egg Development and Larvae Culture

Young-seock Yoon, Sum Rho*, Young-Ung Choi, Jong-Su Kim and Young-don Lee'

Faculty of Applied Marine Science Chefu National University, Jeju 690-756, Korea
'"Marine & Environmental Research Institute, Cheju National University, Jeju 695-810, Korea

Clownfish are important and very popular fish in the ornamental aquarium industry. Demand for the fish is

increasing dramatically. The present study was conducted to verify methods of broodstock management, patterns
of spawning, rates of egg hatching and estimates of larval growth for the saddleback clownfish, Amphiprion polym-
nus. Spawning occurred 8 times between August 2002 to June 2004 with 2 females and 1 male participating. Fer-
tilized eggs were separated by an adhesive matrix and were oval in shape. The eggs were 2.46+0.13 mm in size
as measured along the longest axis. The percentage of fertilized eggs was 96.7%. Hatching was observed seven
days post-spawning and hatching rate was 85.5%. The sizes of the newly-hatched larvae were 4.58+0.21 mm TL
(total length). Larvae had an open mouth and anus, and an oval yolk sac. At the st day after hatching, the sizes
of the larvae were 4.90+0.35 mm TL. The larvae began to eat rotifers after compiete yolk absorption. On the 5th
day post-hatch, larvae were 5.88+0.31 mm TL with complete fins and the survival rate was 48.6%. At 8 days after
hatching, a band began to appear on head and back of the larvae indicating the beginning of metamorphosis. Meta-
morphosis was completed at an average TL of 15.00£2.12 mm on the 23rd day after hatching. By the 45th day
after hatching, juveniles averaged 22.76+3.22 mm TL and survival rate was 28.4%.
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ZYol) QFd(saddleback)=. %] 319 band7} JcH(Wilkerson,
1998; Allen and Fautin, 1992; Stratton, 2000). ©] &2 AF-UX=|
(monogamy)= AZFEketH o2 2 Aol 3, PR AL
FoFe vj7hx]) &g R s 3 (Moyer and Steene, 1979).
Saddleback clownfish®] &7+ A NA Abeks4 (Moyer
and Steene, 1979), ¥t 24 (Sawatpeera et al., 2001), F3}<} A}
o] 47 (Muthuwan et al., 2001)°] 5t A7 Fol o]FoA 3
ont, oMo P ofujals., AFHAF 2FRjo] AL
o &3 A= vH|g dAolth o] AFX = saddleback
clownfish®] P FHAY7 & NS 918 ofv] AL&, 4F
FAF, Y A X o] Feg E AL AR
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o] Ago) o] 4¥ saddleback clownfish, Amphiprion polymnus
= 1AAe2 20013 19€9) Bl=-9) Burapha thahelx Edd
& 723} 270 d X|o] 2r}E(Total Length (TL) saddleback
clownfish (S1: 1.5 cm, S2: 1.4 cm))& AFS-S A|2HE3iT). S1
# S27} 7xF A & % 2003 1199l S2(11.4 em TL)7}
HAE Aok S1(13 cm TL)THE ARS8tz #3738 4
Te F58l7] 98l 2o g 20043 52 A=dAJoME sut
2](S3: 8.5 cm TL, S4: 7.9 cm TL, S5: 7.5 cm TL, S6: 5.6 cm
TL, S7: 5.2 em TLYE $Y3A e} S3~872 347 Wi WF
22gq JEF @RS, TEZY 150 ppmlE 1A 7HY &
L3 & S10) Y= F=ol &t

ojulZ SAE 17X S Hole peller IR (G TS} AFHE
A3t w2 =7)8 1700~2100 pmE -t 37 3~4
3 37 stk 283 Ak ol AT RS SHF 23
3] FEEA AR EAY, WEold, 240], 28 5)E 1

A FAo) FE HAD W FIAAC 2 W) AR

BANAA ABRgo s = [7]9] PVC shelterst 2712
RS 2o FY ¥ Fo AX A, A &E A
3h= %52 v)t] 27 2HSONY DCR-TRV 900)9} TIX €7}
)2} (Nikon Coolpix 4300)2 #F3}HA HZ3IA.

b 25t

ubge B A ket A% ofu] &8 Hol2 dollA
g Wolzl Fo = {2l5le oojsaz 30709 ¢& AFE
712N wol Wk 9ol B2zl €2 500 mi 72
H|A ~8-5te eksbA| E7)(aeration)S AIATUIL, 4~6417F
ult} oJu]$ze] ARSFE 30 um BEAZRE A F &
HFS AT L8 ojnzet T 522 26+0.5°CE
FAANA FoUeh b 2 B A (Nikon SM2-U),
28] A (Olympus BHS W/AU)S Z T3 9l &8 &t

@7 Aol R3E g8 A 4GA 7R ofu Bl o8]
2] Fthr} 497 gl atekrids) g ofwlrzed Aol
F229 250 ppmlE 1E ¢ &S A53 F (Hoff, 1996),

A Mg Ralrze $A4 FSAATFg. 1), FeErEs
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Fig. 1. Hatching tank. A: Auto control box, E: Eggs, F1: 200 pm fil-
ter, F2: 5 um filter, FP: Flowerpot, P: Pump.

olulgze} T3 & 26+0.5°C, BE 32 psus WO F
gon, 3FE71E 14 L:10 DE 2439 tH(Bridget and Mark,
2001).

Atxlof ME AF

H3Ato1 S AMZHRE] 2 (430X 300X 300 mm) 3HE UF
o] gslgon, £& 265+0.5°C, B 32.5 psuR o4z
o} gAY wFo] FAL, 571 16 L8 DE ZHST +
glxjoie] Ho|ZF-E Fig 29} 7o rotifer, Brachionus rotundiformis
¥ 5% Isochrysis sp., Tetraselmis sp. L&) 3L Nannochloropsis
spS 3:3:4E TS wgA o JU Hsste] F3) 1877
TBE 10744 /ml 2 FFsIR e 234 7uc) FEEE-S
BZ23H T} Aol e Isochrysis galbanas 5.0X10° cell/
ml & 2A3le] 2 b} Hol B Holg o] g 5 3l
A MFAU. 53 F 5ARMEE rotifers}t Artemia naupliis
3~570 A /ml 2 FFsort F8 F 7dRE e 9 AEd
Artemia naupliiS &5 FF319t}h. Artemia nauplii®] F%F 7
8P= F= Isochrysis sp., Tetraselmis sp. 18151 Nannochloropsis
spE 3:3:4% EET wjgA o2 24817001 G Astetd &
Fatct. 22l K3 5 8AAF-El= Tigriopus japonicus 1~2
MA/ml & FF3H F3h F 209 FHe G277}
200~400 pm¢] BNAMEE-§ ALF (extruded pellet, Otohime)e} %
F 7}8} Artemia naupliis ¥ FEsHAA AFNFAIEZE]
Holgd S AEtHeh H5 & 2UMRE T ATAEE B
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Fig. 2. Feeding regime during the experimental period of saddleback clownfish, Amphiprion polymnus.
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Table 1. Dates of spawning of saddleback clownfish, Amphiprion polymnus

Date of i Interval
afe o7 spawnime fierva Fertilization Number of eggs Nests
Solar Lunar
Ist 2002. 8. 11 7.3 *21months Unfertilization 103 PVC shelter
2nd 2002.11. 12 10. 8 93 days Unfertilization 741 PVC shelter
3rd 2003.1.6 12. 4 55 days Unfertilization 920 PVC shelter
4th 2003.3.16 2. 14 69 days Unfertilization 967 Flowerpot
5th 2003.4. 18 3.17 23 days Unfertilization 999 Flowerpot
6th 2003. 6. 19 5.20 61 days Unfertilization 1084 Flowerpot
7th 2003.10. 17 9.22 90 days Unfertilization 1257 Flowerpot
**8th 2004. 6. 26 5.7 Fertilization 1008 Flowerpot

*The first spawning was occurred by S1 and S2 which were 21 months after birth.

**The 8th spawning was occurred by new broodstock (S1 and S3).
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12} Aol A 721 Akl S13t 820 2ls) 4tgro] ol
STH(Table 1). 12} AR ejsfollA] o] 2] 19709 (F-3 &
270€)e) A3 20023 8Y 119 PVC shelterol] AFt3}9dth, o]
o] Akt 2 1030 Q). Abghe] B A% oot ARkt =2
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R
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6Y 24dell dojwith. € FAHE I, A ZF2 1008
A=

g 238N A1A3 2 We A
% Sjokile] 2-3 mm A Ak
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71(Fig. 3B), 3A17F 402Foll & 16X 27], 41]7F 20850l & 32
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AZF 208 AAE o) vk F3} dEhe Qo2 9] @)
719l o] 25 th(Fig. 3F). T8 F 23712t Foll= A& FA s}
RIL(Fig. 3G), 35A17F Foll= ot} 0|7t FAHoH, o)
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o 24L 13~14719HFig. 3H). 4 F- 4347 Foll= Bg
7} A8 Bl HHA A7) ARER e, 248 242570
2 o). 54A7F Folle AAo] FHEA AAutso] &
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A T A2 Foll= TREAI = u 7 FAEHUL, w2 240

s W



110 v f9Y4, = 4, 3G, AEF, ol¥=E

Table 2. The egg development and hatching of saddleback clownfish, dmphiprion polymnus (water temperature 26.0+0.5°C)

Developmental stage Time after fertjlization =~ Symbols In Fig. 3 Features of eggs and embryos
Fertilized egg 0 min

2 cell stage 1 h 40 min A

4 cell stage 2 h 20 min

8 cell stage 3 h 00 min B

16 cell stage 3 h 40 min

32 cell stage 4 h 20 min C

64 cell stage 5 h 00 min

Morula stage 5 h 40 min D

Blastula stage 7 h 30 min E

Gastrula stage 16 h 20 min F

Early embryo formation 23 h G

Lens and ear vesicle formation 35h H 13 myotomes stage.

Heart beat 54h I Eyes pigment formation and 24 myotomes stage.
Pectoral fin formation 99 h J Eyes glittered.

Embryo just before hatching 150h K, L

)

Fig. 3. Microscopic view of embryonic development of saddleback clownfish, Amphiprion polymnus. A: 2 cell stage, B: 8 cell stage, C:
32 cell stage, D: Morula stage, E: Blastula stage, F: Gastrula stage, G: Early embryo formation, H: Lens and ear vesicle formation, I: Heart
beat, J: Pectoral fin formation 99h, K and L: Embryo just before hatching. Scale bar=500 pm.
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Fig. 4. Larval development of saddleback clownfish, Amphiprion
polymnus. A: New hatching larva, B: 3 days after hatching, C: 5
days after hatching, Scale bar=1 mm D: 8 days after hatching, E: 13
days after hatching, F: 45 days after hatching. Scale bar=5 mm.

2 ukio)7] A ZeIATHFig. 3)). £ 3 11087 Fl&= &
Ho] g Qlo] AAEUT 28 11~2471] Fof] FAAF7H
ettt 8 3 117A123] R Rt dojur] A3l 3
F 14372714 1291217t REERACE A F 152~1558 7
(&% F 1-3A7hel tiF-Eo] falste Fagd 85.5%%ATh
(Fig. 4A).

Xix|0f MED A

K- 3kx}oi(Fig. 4A, Fig. 5= Aol 4.58+0.21 mm (n=30)
2, Y3 o] G HHZ ~ E2 Ao ey dahe
I Utk 43k AL 0.47£0.06 mm (n=30) ©HS 0.28
+0.02 mm (n=30)Jt}. MM = v FEI} JE QAR
o HS3E uE EXIHAL, F2UALESG} SHALTE F
5 ue} SAM LA Fel shiy BEI|TE. 2deE 7+
1~17+ RGEh giREe Rafxlole £29 F534 434
AHHEE st

13l 197 zoli= U3to] s T8 JHZE rotifers &
W3] A4AE] ARkl on, EAAAE 2717 AR, £
S7tsldTh. oA ol R @AY 1 FUEIH o W
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Fig. 5. Growth and survival rate from hatching to 45 days after
hatching of saddleback clownfish, Amphiprion polymnus.

g 37} 92 SThe o) AFEU T, AL 4.90+0.35
mm (n=30)3c}. oFel 9] Ao FFe] Aoje] A
7} A7kste] YU AZke] ZAHEIHA FHOE W} £

o] 2AFAT K38l 394 (Fig. 4B)°l| THo] ¢55
7, Arerlg Aol vielot BERR A Uekt,
AL 5.7240.61 mm (n=30)2 AA3NT). 23 F 545 &
o] (Fig. 4C)ye A4 5.88+0.31 mm (n=30)°] %, %3} 252
Artemia naupliusf-3-& & EA315 00, X=2ju]7} ghd = o]
EX-Hole X, 18, SA=HuE I, 122 FL3}. 28
U 535l 2 5RE AlLE kgl A S gto] dojut o]
NAHA) BEEL 48.6%2 HolR T}

3l 3 gdAole EAEFo] vl SN Z I A3
3t Artemia nauplii® FHH8HA T3 RSl JHH o= b}
ol 7teigkol HAatshe Aol sl B w¥siHA A
A oz 2E o)gstd AAMNANES A= 3L e
312} sl¥E5) = AEkE Bt 22 £38) 8dA Aol (Fig. 4D)
£ Agg} 5ol FAlo) band’t FAEE Hel7} A zE o] B3}
1159l 95.0%c14e] 7o w2]2t F9 band7t LFEFREL.
5ol & bande] EFo] APt ol FE= Y F
3} Artemia nauplii®} 7 Tigriopus japonicuss B'L3] X2
sd.om HANRZE A AB71A) stk B3 3 13U (Fig.
4E)FE 2o Sk band’t Y127) AL, 5 % band
o] mo] Te] Y RFoE WaZith. o] A7 A EL
T AN Ex I 58 Wo FAYY I ExHd=
AR & o 39 shs @FE 2Yh B3 {9 S oE
AR} XA o) F9] SR9 gF2 Hel9) g T2
3T YRk 1] & 254U AUE Alslele £
3 58 whEEy) A& 23 23 Aol AR (400
pum He)ol 2ol E9le) FPT Aol 15.00+2.12 mm= A
Zeidlon wWert ¢aso] Mz, 5, &gl band’t A
Aok 23} 3 4595 (Fig. 4F) X0l HA o] 22.76+3.22 mm
(n=30)°1 3L ojuf AFEEL 28.4%C] AT
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Saddleback clownfish ©JF]E9] 4H3} 4g RIshe WF
& o clownfishtt A&7 AFES ¢& BEshs 9t
FARIAE A s oFe A e A )Eed] B 017,
FAREF 50 22 o EFE AASL, T4 e dEx
Ztah 22 Erfo] 55 YE ol8stAY YA =emE XA
2 2oz 27tiHoff, 1996; Stratton, 2000; Wilkerson,
1998). ol AAd o £4Y = 3= e FH] A
BEoa BEY Ych(Hemdal, 2003.). ©] QoA A
AE FHlshes dolle ¢3lo] HFA4E Byen Al §X
o} 2 wju} & PVC shelters %715 €olyv vkl 4 &2
H ¥ Wo|3l PVC shelters I8l ¥2 =2h2 F7 AU

A Fo] & e ARG FHlo] BR3Pl Al7te] A,
FARZREY &g A ouE9] ¢ A= A=Y
o] & Aoz &S ESEA st € & Aloldd AEE &
3RS TFIT 2 Qo b iy SOl 2 49 &
Foh} Aol ZER &g AAstd ¢ ol etEE AL
9=t (Moe, 1992; Wilkerson, 1998; Kim et al., 2001).

o] SAtol A saddleback clownfish®] 4 Efdg o= &
73°] 2.46+0.13 mmZ £K, Ff2 (1989)7F HArgh 2.20~2.40
mmaL $F A v 27 9ANE FY S (genus)®] 4. frenatus
26~29 mmB= AU, 4 ocellaris 2.20~2.40 mm, A.
sandaracinos 1.95~2.15 mm, A. perideraion 2.0~2.1 mm (&%
AR, B, 1989), 22 3L Premnas biaculeatus 1.95~2.01 mm
(Rho et al., 2004a)°l] H]3PH T #AXM clownfishes FoIA ¥l
A & $A T &3 cH(Table 5). FAHFERE 71 84k
Fol 9] A v walH AEAEE 0.73~0.88 mm (Kim
et al, 2001), FEWE 1.40~1.58 mm (Kim and Han, 1990),
A4S 1.41~1.58 mm (Jin et al., 2003), X4 0.93~0.96
mm (Han and Kim, 1991), #x=v] 2.00~2.15 mm (Kim et
al,, 1993) BTF= ZA|T E4] 228236 mm (Kim et al., 1987)
ok H|2:3}2, B E 3.40~4.04 mm (Kim and Han, 1989)
Hoe Fgit

Clownfish®] A&t A% & Mz-L Fof we} 2o 4.

ocellarises =B, A. clarkife T3 B =32 4. frenatus

= 52, A perideraion® AX 18131 Premnas biaculeatus
£ 98BS Mo|t](Stratton, 2000; Wilkerson, 1998). Wilkerson
(1998)2 ojulEe] FFde7t ¢t TS5 E o ML A,
et FdEl7 L5 4] M2 B g Mol B
3 39t} o] 7oA saddleback clownfishe 13} AHH7HR]
JFMFALE TS FFAS w & o] gk F3A0I
ou} QFuEAES} MAIEE TR TR & A 33 A
TRE T & Q7o) F& AZMo 2 niyjo] FAFANE F
Feel wet & Ao thEA vehdE & U

EF clownfishe] ¢-& EAo) XNAYHLE Mzo] Hel= A

&, ST, o9

22 HyET Sci(Hoff, 1996; Wilkerson, 1998). o} <39
M A AR e Aol ot Abgh T (o] AubHA
o] Ao v sk A F 3 G AAHoE A
Fedoz HINT o] B Fol AVlE AL fdoz
g 4= AT Ak F 5URFE wo] WA o2 kAo
7] Al&ste 23 Aol tiREol 2oz vt ¢
Ao bt A5 Fof wel 24 tEX Y do] Jg A
A o) 3} AHe fALEH P32 R ATH(Hoff, 1996; Wilkerson,
1998). o|9} 7+ & Ao] Wtz dTA L} B3 7IE 47
&% 5 AU

o] A-olA] saddleback clownfish®] ¥#3} 2% o] A
4.58+0.21 mmZ $hK, =8 (1989)%] F3F A5 zlo] o]
4.18~422 mmzL T 7o) wisle Foh I8 4. frenatus
4.2~4.5 mm, A. ocellaris 4.4~477 mmet= V)£, 4
sandaracinos 3.7~3.9 mm, A. perideraion 3.2 mmETt} Z{t}.

o] A7 A 2] saddleback clownfish §-3} A}o]& H-3} F 23
Aol 15.00+2.12 mm, -3+ F- 45959l 22.76+3.22 mm=
v wd whe 43S BT 8K, BiR (1989 23 & 10~13
AR 8.33~9.67 mm, F3} F 15~20¢A ] 16.7~23.7 mm,
23l % 100~12087) 23.3~30.7 mm= A3k 3k Rho
et al. (2004b)2 Premnas biaculeatus®] H3 Aol A4
3.10~3.44 mmE °| FHT} AL, 75k F 10Y0= 5.64~6.89
mm, 53 5 4594 13.64~19.37 mmE A ASIHTFL Bl
sttt ol A% Apole F, ARG 2B AR 274 o
2 Aol o Aoz Azter.

Muthuwan et al. (2001} saddleback clownfish A}o] AMS
AT AZ o] 78R 50.0%0)5HE Welzky, 30U ¥
11.6%S B3I o] A7) F38 5 53U ool z}oj
Eo| Holg HA| XY, #HE48 5 Ay 7R 8ddE
o] )3l AEGo] 48.6%= AR, 23} 3 AKX A Artemia
nauplii FH* A1ES] Artemia nauplii 219 &3 HAR7L
oo} MESo] 43.9%MA 35.8%= EojZth F3l & 30d
Aolle ARSTERE &7194 A& Xg A7 ke
MAE) vhob AEEC] 35.9%0M 29.5%= AR 2 o
Foll= gl A E oAl @9kar, RFEE ARgo] A=A

Clownfish®] ¥e]A] 7|0l 1~3719) band7} W&, &, Ao
A7}, o] A7l A s B FRAES s Ao
Eo] FALNZE zlo} HHoZ W/t JAe 3 FAEYL
Z A E Z=Y (Hoff, 1992; Moe, 1992; Wilkerson, 1998).
o] o)X saddleback clownfishe] HEl Al7]= H3} 3 8
FE 23U71A] dofttt. H8) £ 8UollA 119 Alolo] W}
ol 3K band’t AAVHA 2] MHoZ &7t A&
At 2 AHAME dojAER - XY Al 2oy
Eo] Rolgt 29 F2E FAME B dEteE T
Aol B Bol= Ago] ZsiAl vEbdth £33 & 1149
A 23Y Ale] BiEloll A7l band’t B4 25T Sl A7
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= band= Al oA & QPIEFO Z WHat AEA
#ujol = 3K bandZ} LERSLE. o]l BB AWM G
St Al B 2o F507 SEfo} AGEA FF37 Al
A=

o] Aol M= saddleback clownfishe] 4Feh, WHREAY | #}X] o
Vit 43S ARG EY o8 A7 E oS T3]
dS AT 20 Ao A7 TR A 9 AES
S 59 5 Je I gesit

uy
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2

Clownfishi= MAID o2 F|rEdat Ido] dsrEee] A
S e F2 Fo2 Hat o £t A4 SIS A |
= Burapha Ul&ol|A o]4]s] 2 §3} & 279 # saddleback
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