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Abstract

Gametogenesis, reproductive cycle and monthly oocyte diameter composition
of the ascidian, Halocynthia hilgendorfi ritteri were investigated by histological
examination on monthly samples in the coastal waters of Yongdam, northwest
of Jeju Island from November 2001 to January 2003. Early development and
metamorphosis of H. hilgendorfi ritteri was observed from artificially
fertilized and naturally spawning in November 2002.

H. hilgendorfi ritteri is a synchronous hermaphrodite; their gonads are located
in the mantle. The reproductive cycle could be grouped into the following
successive stages: in ovary, growing stage (February to June), vitellogenesis
stage (April to September), mature stage (July to December), spent stage
(November to February), and recovery stage (December to April), and in
testes, growing stage (October), mature stage (October to December), spent
stage (November to February), and resting stage (January to September). The
major spawning possibly occurred between November and January when the
water temperature was on the decreased. Throughout histological observation of
the gonad, this species suggested multiple spawned during the spawning period.

H. hilgendorfi ritteri was solitary ascidian and produced spheral eggs with
egg size ranging from 334.0+14.1 um. On the outer surface of the vitelline coat
are attached many follicle cells. At 21.0+05C of water temperature, first
cleavage took place in about 1.5 hours after fertilization, and gastrulation
followed in about 12.5 hours. The formation of tailbud embryos were observed
13.3 hours after fertilization and free swimming larvae were observed 20.5 hours
after fertilization. The size of newly hatched tadpole larvae were 1.30-1.45 mm,
the larvae swam for 2 hours to 14 hours. At 4 hours after hatching, the palpi

were lost and tail absorption began with an abrupt rupture of the anterior end of



the notochord. At 17-18 hours after hatching, tail completely absorption and
remained trunk. The coniform adhesive papilla began protrusion at 30 hours after
hatching. The oral and atrial siphon formed at 6-7 days after settlement. At
17-18 days after settlement, the larvae metamorphosed developed into

protoascidian of which the external morphology was similar to their adult.
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Fig. 1. Morphological feature of H. hilgendorfi ritteri. A, External shape, B;

internal shape. Scale bar indicates 10 mm.

Fig. 2. Appearance of gonad (A) and cross section of gonad (B) of H.
hilgendorfi ritteri. A; Scale bar indicates 10 mm, B; Scale bar

indicates 200 pm, Oo; oocyte, Ov, ovary, Sz, spermatozoa, Te; testis.
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Fig. 3. Photomicrographs of ovarian development of H. hilgendorfi ritteri.
A; Early growing stage, B; Growing stage, C; Vitellogenesis stage,
D; Mature stage, E; Spent stage, F; Recovery stage. Scale bar
indicates 25 um. Ef; empty follicle, If; inner follicle layer, N;
nucleus, Od; oil droplet, Of; outer follicle layer, Oo; oogonia, Tc;

test cell, Yg; yolk globule.
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Fig. 4. Photomicrograprﬁs of tésﬁmilér develépmenf of H. hilgendorfi ritteri.
A; Growing stage, B; Mature stage, C; Spent stage, D; Resting
stage. Scale bar indicates 25 pum. Sc; spermatocyte, Sd; spermatid,

Sg; spermatogonia, Sz, spermatozoa.
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Fig. 5. Monthly changes of oocytes diameter in the ovary of H. hilgendorfi
ritteri from November 2001 to October 2002.
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4 3¢9, F& 21.0+05TeA o
Table 1¥ Fig. 8, 9o YEFH AT

Table 1. Time series of development of the fertilized egg at 21.0£0.5CT

Developmental Elapsed time

stage (hour) Remark
Unfertilized egg T Fig. 8-A
Fertilized egg 0 Fig. 8-B
2 cell 1.5 Fig. 8-C

4 cell 2.1 Fig. 8-D

8 cell 2.6 Fig. 8-E

16 cell 3.1 Fig. 8-F

32 cell 3.6 Fig. 8-G

64 cell 4.8 Fig. 8-H
Morula stage 10.0 Fig. 8-1

Elapsed time indicated time after fertilization.
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Table 1. Continued

Developmental Elapsed time
Remark
stage (hour)
Early gastrula stage 115 Fig. 9-A
Late gastrula stage 12.1 Fig. 9-B
Tail bud stage 13.3 Fig. 9-C
Cephalization anq 138 Fig. 9-D
enlargement of tail
Complete formation 163 Fig. 9-E
of eye
Tadpole larva in prior ) B
to hatching 188 Fig. 9°F
Tadpole larva just . B
after hatching 188 Fig. 9-G
Free swimming larva 20.5 Fig. 9-H

Elapsed time indicated time after fertilization.
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Fig. 8. Early development of H. 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 bar indicates 25 gm.
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Fig. 9. Larval development of H. 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 bar indicates 25 um, G and
H; Scale bar indicates 100 gm.
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Table 2. Time series of metamorphosis of the hatching larva at

21.0£05T
Metamorphosis Elapsed time
Remark
stage (hour)
Beginning tail
ceinning el 40 Fig. 10-A
absorption
Continuing tail )
. 75 Fig. 10-B
absorption
Cytolysis in the . -
remained tail 175 Fig. 10-C
Complete tail 180 Fig. 10-D
absorption
Appearance of 30.0 Fig. 10-E
adhesive papilla
Enlargement of . B
adhesive papilla 365 Fig. 10-F
Distinct oral and 156.0 Fig. 11-A
atrial siphon
Protoascidian, 13 days . B
after settlement 3300 Fig. 11-B
Protoascidian, 17 days 496.0 Fig. 11-C

after settlement

Elapsed time indicated time after hatching.
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Fig. 10. Metamorphosis of the hatching larva of H. hilgendorfi ritteri.
A; Early tail absorption, B; Continuation of tail absorption, C;
Cytolysis in the remained tail, D; Complete tail absorption, E;
Appearance of adhesive papilla, F; Enlargement of adhesive papilla.

Scale bar indicates 100 um. Ap; adhesive papilla.
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Fig. 11. Metamorphosis of the hatching larva of H. hilgendorfi ritteri.
A; Distinct oral and atrial siphon, B; Protoascidian, 13 days after
settlement, C;/Jroteaspldltaﬁ,: 17 r:lasfsv after _settlement. Scale bar
indicates 200
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o W2 AF7F o]FolA drt 53], *S A= I+ test cell 18] Yo
of elojx MR FAEY, oEAEZE A GI A 7Y E3EIL, test
cell& HUA AXANEA EstEth (Berrill, 1950, 1975). Kessel and Kempe
(1962)= WAXMYE7 GAFELDS T4 A3, test cell> oY HHE
= GEAER ofFdte ATS vt AT EF test cell®] 7]woll afA
Knaben (1936)2 d£9] EH|AEZ, Kessel and Beams (1965)2 A A HS A
AbstE AlERE, 283 Mancuso (1965) W&o #ostes zlox Hlth
o] AollA test cellE2 F&EFA 7o A H7F oF 220~260 m= A3
oA dahe] o d Sl wdy = AoRE Hol FE WEFAHS xEe o A
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The~ZE) 28al AFARE R UN i, AFgA7]e At Slen F 5ol
o]t} (Chung et al, 1998; Fretter, 1984). webA AR A= 929 2bgd
A 719 #Ael dste] w2 AF7F olFoH Y (Dybern, 1965, Becerro and
Turon, 1992). ZFE.gl&] 2] Galetao] A 23l Didemnum spi= 9% AAHS 3y
(Millar, 1974), A Z&] &HAFo] A2 sl+= M. sabatieri®} H. papillosa= 9]
sHsle 995E 11¥€7h%] Abgto] dojubar (Becerro and Turon, 1992), oiwt
oot M2AslE= P, ocryptocarpa kroboja®l Ab#HE o] & A7]|Ql 49
2E 119 Atolo] dojdtt (Chen and Dai, 1998). $-#vtalo] A 2lsl= A
= 493 69 Atolell, mHYE 5l 9€ol Abeto]l dojuy (Lee, 1976,
1977), FREAE 8EFE 11974, ¢ dol= 1193 129 Aol Atgde] <
ot} (Yang and Lee, 1978; Park et al., 1991).
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A WAFE A Ale FAS Sl FAAAAS o, AhdE &g av)=
100~500 m= =7]7F vstal, && AA= AZAESL JH LI F So]A o]
) (Kessel, 1983; Cloney, 1990). &8 Aol A& A7|7F ¢F 310 molH, &=
717 odxE Ztu
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oo Foll AR Lol AdEo] Aol g o] o]Fojxom, ddE &) A
1= °F 330 im%aL, &5o AZAE7F S R ST

JHl 27 A= 2 21.0205ColA 4 5 Fuj7]7hA] &8 13F2 oF 1254

N

rolarL, F3t7kA= oF 2054%ke] Ag¥ whdd, ¥ 4dol= (Park et al,

1991) 48 % R371A 9 AQA7FEe =& 180~205T A 23547 125~13.
3

5Cdw 40.3A1%2F 65~8.0CHW 720412kl AQEATh = mlHye $&
160CeIA 74 5 oF 1407 Fstefdon, A= F2 18, 21THlA
FA F BiAE o 12043kl 229t (Na and Lee, 1977). ©]$} 7o)
HAEe] BALEEE Z3 50 wal Be o]yt gJomw Azl nlumE
3 & gloy o] S E Rl £a¥E Alto]l 71 Ao w Hol B3} A

HAFe H3 AL oy FAow BV Lo F s uAYsd &
AR AA FR7IbE ZEaL o] 7|3ke]| AF mE|rb FE 7] A& o] %
we Hrw mge] il F47F dojudA TR dol Ao A AEHE o
Fa F9e] 7[Holy AW FAVIR R Ay w4 ZUe o
0.6 mm (Molgula manhattensis)ol~ ¢ 11.0 mm (Eudistoma digitatum)°©]™,
FrAAIZE g g AZe A = AR F 5ol et} (Richard, 1982). Wty e A
T F3t A9 Z7= 1.0~1.3 mm, §9717F oF 10/ 3k, FEH A 7
$ Rz FAe =Z7]E 1.15~1.12 mm, F9717F2 oF 7TAI7Fe]w (Na and Lee,
1977), -2 dol9 B¢ 15~1.7 mm, 19713+ oF 1¥e|t} (Park et al, 1991).
e E/MEAY Aoy JIFAl =Z7]E 1.30~145 mmolgi, F97)7He
2~ 1407, o] &gk JRARE Al AR AL HA oF 39 HALTbA 9
713b& Ko tha Aozt ASlth
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3= 2AoE FA Y F42 574 #9; Distaplia 3, Ecteinacidia
&, Botryllus 3, Boltenia 3 =12]3 Molgula 3 o2 23t HA
o} iy el WAFE Boltenia Fgol &8k, mele & Aol & HIE
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o] @7 2001 1193E 20039 1974 AFE BAR A48 &5 Aol
ol wlY ANH3 YUl 2/NH A, Halocynthia hilgendorfi ritteri®] 824 %34 3}
A, AT 2 9 GRAE A7) \stE 2 A iR AT 18

o 27] WA FAe W

3L 20039 11€el s 4 ®H AA hdd FA

)

JHEAGAE BAH AFEAZA PHaE AR 2o} rkh %7
o) A9 47 2~69), W87 (4~99), 4%7) (7~12), We] (11~2
4) 2 8y (12~49)9 SHAE TEE & AQw, F3e A 437 (10
), %7 (10~129), $27] (11~29) 2 FA7 (1~99)e] 4972 728
F A9t F AAZlE Feol st 1193 19 Abold] dojubn], 44
om #AF Ad AHEAGAE DA GERDS = Fo

ofN

dHENEAE G4 PAFE &9 2717k 3344141 il FE e &S A
W, dehe) mpg S w2 o X AE7F ZeMAa gtk 21.0+05T T2, &4
T oF 15AIgko] Aatetdl Al 1 o] dojuten, 4 F oF 125 Algko] A}s)
W7l SAZE Ak £ <F 133 Alzte]l Aste] mert FA4E i, A
el T2 7 F 205 AlFkol Aatd Sl aEEdY 2t FEkE S
g A 271 1.30~1.45 mmA L, 2~14A 36t F9& skdrh H-sh § °F 4
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