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Early development and metamorphosis of the ascidian (Halocynthia hilgendorfi ritteri) were investigated
from fertilized egg. The samples were collected in the coastal waters of Yongdam, northwest of Jeju Island
in November 2002. H. hilgendorfi ritteri was solitary ascidian and produced spheral eggs with egg size
ranging from 0.3340.01 mm. On the outer surface of the vitelline coat are attached many follicle cells.
At 21.020.5°C of water temperature, first cleavage took place in about 1.5 hrs after fertilization, and gastrulation
followed in about 12.5 hrs. The formation of tailbud embryos and free swimming larvae were observed
13.3 hrs and 20.5 hrs after fertilization, respectively. The size of newly hatched tadpole larva was 1.30-1.45
mm, the larva swam for 2 hrs to 14 hrs. At 4 hrs after hatching, the palpi were lost and tail absorption
began with an abrupt rupture of the anterior end of the notochord. At 17-18 hrs after hatching, tail completely
absorption and remained trunk. The coniform adhesive papilla began protrusion at 30 hrs after hatching.
The oral and atrial siphon formed at 6-7 days after settlement. At 17-18 days after settlement, metamorphosed
the larvae developed into protoascidian of which the external morphology was similar to their adult.
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BARE 279 AHTEZ EREJLY, &A1Y 74
(ascidian tadpole larva, appendlcularla)ol HAE ol F ANS

K 155 ER H%dﬁr:} (Kowalevsky, 1866). 73441
e A BAIFE ASEAR, £ATH 2Ho1E KA Y
A717}F vh-$- ohekslt} (Kessel, 1983; Cloney, 1990; Richard,
1982; Na and Lee, 1977). BAIFE A FFDAA &A1
FrAdA HEE 3 & n3std AR FyE deste,
BElE 2013 S48 west FrHRA A%Ew, 41
oF hgel Ad RS w2 B o FAr 71%—%
A3t} (Cloney, 1961; Numakunai et al.,, 1964). WA F+=
Z27] ¢& A A Axde] ol dA & 7} ] MEA
B} (cell lineage) 2 = AL (Conklin, 1905), &-7-of o]t
1914 zAro] gol&lm (Wada et al, 1999), Trdlal YA H
Ql A AAES zka glo] (Satoh, 1999), HA WES A7
APTEE 8T 7HA7F

el 2B A (Halocynthia hilgendorfi ritteri)= A|FASt
54 3m olAlS) T EAG BT vel® 3 AAHE
A A Tt -H o] (H rorerzi)?F B &A2] 951
tof] S|Z2F o} sl SoB Yo gl nfA &2 AL
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AFz Lgddotal 20023 1€ 28Ul AFHE AA=
AW AR A A F 129 3Y AEe] dojyton, &
21.0£0.5C A BlE|ZAEAY FAGAE L3
Table 13} 23, HAGAE 3} Jel= Fig 1, 29 &}
v A7)e HT 294.0155 umE G SR =
20.0+1.0 om Z7)8] AZAEI GEo 2 I 7T §lo]
A EMEZ7A L33 7)€ 334.0214.1 zm] T} (Fig. 1A).
TAEE BFAGeE ¥ W] AZALZ R
AT} (Fig. 1B). & 1.543¢e] AH3d &9 dde
TAEFTE Fo2 dSUdd 4o Jojytt. gy
719 28 3719 24272 o] &7 FRid) SadeEd
Eo] B¥5ku 9} (Fig. 1C). HF <k 2.1A|17ko] Z3pA
ApA g&o] o g ol 4 E7]|Z HULH (Fig. 1D),
TBT oF 26A17k0] A3 Fol F. AE=9 W&o A alste
A3zt Gdo] dot ATHE sHZ77F HAT (Fig. 1E).
FAZ oF 3.1A17te] ARSI Aax} dgo] Aoz o}
16M 2717} H AT (Fig. 1F), o]o] F&o| Al&E o] 32417
(Fig. 1G)9} 644 L 7] (Fig. IH)E AA =4 F o 10.04]3}0)
Ashd A7 GAE =AU Fig 1), FEF oF 1154121
Aol Ztetd, A &= Fio] tha Hys) A7) AlASPHA
FHelol dofut A7 ARV FRE AT, A7 W R
#lo] olupu A 7hetlzt Ha 253 ] 9AE By
Table 1. Chronology for the embryonic develoi)ment of

Halocynthia hilgendorfi ritteri at 21.0£0.5C and 31.9+0.6
PSU in the laboratory

Time after
Developmental stage fertilization Figures
(hour)
Unfertilized egg - Fig. 1A
Fertilized egg 0 Fig. 1B
2 cell 1.5 Fig. 1C
4 cell 2.1 Fig. 1D
8 cell 2.6 Fig. 1E
16 cell 3.1 Fig. 1F
32 cell 3.6 Fig. 1G
64 cell 48 Fig. 1H
Morula 10.0 Fig. 11
Early gastrula 11.5 Fig. 2A
lLate gastrula 121 Fig. 2B
Tail bud 133 Fig. 2C
Cephalization and enlargement of tail 13.8 Fig. 2D
Complete formation of eye 16.3 Fig. 2E
Tadpole larva in prior to hatching 18.8 Fig. 2F
Tadpole larva just after hatching 19.3 Fig. 2G

Free swimming larva 20.5 Fig. 2H

th (Fig. 2A, B). 4 & ¢k 133717 o] 5ol = v e ke
mele] 37 A TR el Fart szt (Fig.
20). g7t 68 Al v G kel A golA| L, FA)
B ()] delrr s AT (Fig 2D). ©)F mEe vS
AFE o] FAE dutF EA =, A9 AT FHlo]
#aAAT 183 o)u e XA T5FE 3] AFE}
o, o¥ X e & H3 @4 HRlth (Fig. 2E). 53
T ok 200413F Folle 2EH FA o] A AHA Pt
o xuke} iy} ot} o]F 9 oy uto] BAA] 7] A]
ZslH A EA F7RERE AA3) shez whA Ut} (Fig
2F). F3} AFow mErt B EoE 3ojx lom LAY
o] ghitalx] Xahg (Fig 2G), B ¥ F w7} HAHA &%
3 9 she 2F0ld FALE A (Fig. 2H).

3l & &3olq FAl LEUAE A QAR Table 29}
, 3} FEl= Fig 3, 49 2T F3 F o 4041730
b, FHE7IVF AAHT me Z)Fe e H4e A4

A AT (Fig. 3A). ©lo] H3} F oF 7.54]7k0]

AHEA, meg TS WREEA Y o 13 ATt AFE
F59d (Fig. 3B). 33} & 17.5-18.04]30) Anshd, mels
FASE Rz $Hs] FFHo] FHe urER o]

),
e o,
mn
B o

, ojo] BAE Y=t} (Fig. 3C, D). 3} & 30.04|7F0]
A Y o] KBt (adhesive papilla)?] H-2HE 717}
A E& 7] AlZSo) (Fig. 3E). o] F Habo]
A TR 7 EE Y 27180 AEA BAH
, FEAEE AMez A WMol xis] A g
(Fig. 3F). 8} & 6-7do] AH3IA, T3 o /M HH
Z742 &a, JFEs E430] FAHUA
MEE BFAT) (Fig 4A). 3+ 3 13-14Y0] Aasbd, 54
= 3 gy oz A 67719 N Fo] A2HT (Fig.
4B). 23} & 1893 o= A9 LT e E vk oY
MNAZ g} (Fig 40).
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Table 2. Chronology for the embryonic development of
Halocynthia hilgendorfi ritteri at 21.0£0.5C and 31.9£0.6
PSU in the laboratory

Time after

Metamorphosis stage hatching Figures
(hour)

Beginning tail absorption 4.0 Fig. 3A
Continuing tail absorption 7.5 Fig. 3B
Cytolysis in the remained tail 17.5 Fig. 3C
Complete tail absorption 18.0 Fig. 3D
Appearance of adhesive papilla 30.0 Fig. 3E
Enlargement of adhesive papilla 36.5 Fig. 3F
Distinct oral and atrial siphon 156.0  Fig. 4A
Protoascidian at 13 days after settlement 330.0 Fig. 4B

Protoascidian at 17 days after settlement 426.0 Fig. 4C
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Fig. 1. Early developmental stage of Halocynthia hilgendorfi ritteri.
A, Unfertilized egg; B, Fertilized egg; C, 2 celled stage; D, 4 celled stage; E, 8 celled stage; F, 16 celled stage; G, 32
celled stage; H, 64 celled stage; I, Morula stage. Scale bars indicate 25 ym.
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o] 4hgE]o] A LjofA] 23 o] Al
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(Na and Lee, 1977; Reverberi, 1971). o]¢} 2o, & WA F+=
2 A F4E 53l F94E e PR, 53
& A7) 100-500 pmo) 1L, & FMe o A2 FErt
Z 5olH2l zte]E KAtk (Kessel, 1983; Cloney, 1990).
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L 5L 160ToAN =4 & oF 14047t R3}EAeH, #3
PAE & 18, 21 ColA 4 & F37tA= 9F 12.0A]719]
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Fig. 2. Larval developmental stage of Halocynthia hilgendorfi ritteri.
A, Early gastrula stage; B, Late gastrula stage; C, Tail bud stage; D, Cephalization and enlargement of tail, E, Complete
formation of eye; F, Tadpole larva prior to hatching; G, Tadpole larva just after hatching; H, Free swimming larvae; A

to F, Scale bars indicate 25 #m; G and H, Scale bars indicate 100 #m. N, notochord; Op, ocellus pigment; P, palp; T

trunk.
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1.15-1.12 mm, 97172 <F 7A17ko] ™ (Na and Lee, 1977),
4 ole] HS 1.5-1.7mm, FY 717 2F 24A17FC 2 (Park
et al,, 1991), 372 ZV|e} FA N2 F7hol #o)r}
Atk B3], thF-F-9] HAF 82 W] A7) met 197
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HEYL 2 (Cloney, 1982), F-&29] Fe) E=g F Ho| 2
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FHOZ FES (Cloney, 1982), F-% YA (Lash et al, 1973)
+ Ecteinacdia +3 281 YA 7Bl E (Numakunai et al.,
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= Folzt AZEct
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Fig. 3. Metamorphosis of the hatching larva of Halocynthia hilgendorfi ritreri.
A, Early tail absorption; B, Continuation of tail absorption; C, Cytolysis in the remained tail; D, Complete tail absorption;
E, Appearance of adbesxve papilla; F, Enlargement of adhesive papilla. Scale bars indicate 100 #m. Ap, adhesive papilla;

Sp, spinous process; T, trunk.
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Choi, Y.J. 2003, Reproductive cycle and early development
of the ascidian Halocynthia hilgendorfi ritteri. MS.
Thesis, Cheju Natl. Univ., Jeju, pp. 16-19, (in Korean)
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Fig. 4. Metamorphosis of the hatching larva of H. hilgendorfi ritteri.
A, Distinct oral and atrial siphon; B, Protoascidian at 13 days after settlement; C, Protoascidian at 17 days after settlement.
Scale bars indicate 200 «m. As, atrial siphon; Gs, gill slit; Os, oral siphon.
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