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Reproductive Cycle of Venus Clam, Protothaca jedoensis
(Bivalvia: Veneridae) in Korea
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Agquaculture Research Center, Yosu National University, Yosu 550-900, Korea
1Department of Aquaculture, Yosu National University, Yosu 550-749, Korea
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Abstract -~ In order to obtain the basic information for seedling production of venus
clam, Protothaca jedoensis, the annual reproductive cycle was investigated mainly by
histological observation from September 1998 to August 1999. P. jedoensis was
dioecious. The gonads are located between the digestive diverticula and muscle tissue
of the foot. The ovary was composed of a number of ovarian sacs, and the testis was
composed of several testicular tubules. The condition index was reached its maximum
(20.6) in February, and then decreased to 11.5 in June. In August, the value was the
lowest (9.6) and then increased slowly. Minimum size for the sexual maturation of
individuals were 38.4 mm in shell length. One the other hand, the size of mature
oocytes was ranged to 50~60 pm in diameter and testis-ova was observed in testis of
the mature stage. The reproductive cycle of P. jedoensis could be classified into five
successive stages: early active (December to February), late active (January to April),
ripe (March to July), partially spawned (June to August) and spent/inactive (July to
January) stages.
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A8 AT (F 1957; B 5 1993; B 1989; &
A 5 1991, KH 5 1945), FRAALT o FAAEA o]
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Aol AHER Az, P. jedoensis= A 441 &
AHg FxE] A AFT Aoz, o] RME ulA
g3} Arzs7t B3 AL o (Fig. 1.
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Fig. 1. Map of showing Protothaca jedoensis sampling ar-
ea(®)in Dumunpo.

13} AA3lgl e, 9¥e 3070414 25 x35x20cm] ice
boxoll 583} APAZ Lxbated ARl ALgass.

2. A3 9y

Y 3070414 AAY ARNE FA A2 A
A ez A F, U= E AN 0
7 (OLYMPUS, SZH10)3}o| A AJA]A4e] SRsej& =
Abteh 1 F A& A ae A EPEAA, ¢
=hEet W ANFIE 2ARY] A% 2ATH 3
Foll AHE-H e Az A2 e vl A
Al 42 2xAE AMsld 0.1°C7A] 2R sk (Fig.
3).

DYt

Az 2Rt A4a B3 AtEE 2A8H)
2)s}ed ZHA} (shell length, SL), Zt32 (shell height, SH),
Z+Z (shell breadth, SB)2- 0.0l mm7}#] Vernier caliper
2 AZsga, 23 (total weight, TW), £33 (body
weight, BW)-2 0.01 g7}#x] HARA L2 &3 s}, o}l 2]
A (B} 1989)0 2 33}

BW(g)

Condition index = X 100
SL (mm) X SH (mm) X SB (mm)

2) AN X Y AHA

A4 el b2 zAEH ke B s
o AL BYE 4x8mm 7|2 Hde}e (Fig. 2)
Bouin §-of] 24A]7t 11 ©h-&, paraffin APoz =

Fig. 2. Anatomy of Protothaca jedoensis in which right
valve and gills were removed. A: Anus, AM: Ante-
rior adductor muscle, ES: Exhalant siphon, F:
Foot, G: Gonad, I: Intestine, IS: Inhalant siphon,
M: Mantle, PM: Posterior adductor muscle, S: Sto-
mach, VM: Visceral mass. 7 The rectangle in the
middle indicates the visceral portion of the clam
dissected for measurements of egg diameter and
histological examination.
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Table 1. The development stage of gametogenesis in Protothaca jedoensis

Developmental stage

Histological characteristics

. Ovary Qogonia appeared along the germinal epithelium of the ovarian sac.
Early active stage
Testis Spermatogonia were actively proliferating.
. Ovary Nucleus and nucleolus were distinct in appearance.
Late active stage ) ]
Testis Rapid proliferation of the spermatogonia progressed in a simultaneous manner.
Ripe st Ovary Qocytes have grown yolk granules and mature oocytes fill up the lumen.
ipe stage
Testis Most of the spermatids formed by meiosis in the mature stage.
. Ovary A few undischarged oocytes in the ovarian sacs after spawning remained.
Partially spawned stage
Testis The mass of the spermatozoa was exsiting through the sperm-duct.

Ovary Many degenerated oocytes appeared.

Spent/Inactive stage

Testis A few of remaining spermatozoa were scattered but they began to degenerate.

el 5~6um TS 2AABE AssidAt A A
xzA9 FEE %] Harris haematoxylin®} 0.5% eosin
oz M3 F 3353 u|7 (GALEN III. TA-120)0.2

A HNA o] HAH oz Aoy
dEMzaE qAez wheRed”] (Nikon V-12)2 A
U oF 100704 YHF 10007] W] drAzs 7
A en, 3 F71E 10umTt e Apdld WE
$32 FAEsle] Pearse (1965)9] W= z=z g
F3e B

3) TASE

TREEE dolry] 93t A4 9 ARz A
Hx 6~790] 2 35.9~50mm B Az A
166744, £7 13TAAE o= Fas AaW AS
T duAE g Az 5578 2AFHow FWF =
Abatict.

4477

AF7VE 2R 2R PAE 23R A4
A=z whde| uel x7] A7) (early active stage), 5
7] &Ad7] (late active stage), $¥% 7] (ripe stage), 58 At
Z+7] (partially spawned stage) 18] 12 &3} 2 n]&A7]
(spent/inactive stage)2] 5%tA| 2 F-E3}l¢]} (Table 1).
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Fig. 3. Monthly changes of condition index of Protothaca
Jjedoensis and sea-water temperature from Sep-
tember 1998 to August 1999.

7 o8 242 deld e AAAHY o8 A
et

19989 9YellA] 199913 8U7IR] Y SLHEIE ¥
W A 5.7°C(24), 23 24.2°C (8Y) Ale] =} (Fig. 3).
ZAFE A12HgE 19984 94Ul 23.3°C, 10¥9) 16.8°C, 11
Yol 16.7°Cz Az} YFobx) 1999 244 5.7°C2 943
Vg e £ MGH O Fol, 394l 9.4°C, 440
12.5°CR Az} AA43ste] 699l 20.2°CE BT 19994
8490l 24.2°CZ 1 $2F e

ez A dagt vutsr FHA 9.6(8Y), 3
a1 20.6(2¥)e s vEelgden] 19989 9ol 12, 104l
15, 119¢) 18.82 Al Arsdle] 246 20608 I3
Hazkdl =gdear 23, 349 203004 442) 1743
7t ol AEe Byovt 54 B4 18.8= A
23} v} 6ol 1158, 7Yl E 1142 FH4sle]on
8ol 9.69 9A4F HA3E e} (Fig. 3).
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9. Ao We) W WRTEZ A4 (Fig. 6-D). oM 8] FEAEL FHoz Ax
i . Aol thare] kel FAE e} glond At Wiz

ANEE WAYS Al ARE FEAR AT 4o Lo oo sag zer AXsd o) 9
W douly = W Adomk o = T

tL xn%lw =3.0] oM 44 *P°l°ﬂ]%lL ¥ gz g6 St Aes uel a4z 24

ArAH] ZAR =26 X|F)L1 9 Fig. 2). AV A7) A

TAR AT R WA D AN gm Qn A 19 @300ms o3t 2e P

% agEhR] udsrsdE o % 2 dael A4 F & nyg

B 2ol 3 o), Alekr) o) 2 AH YA4a= 3 .o )
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$&0] 7.8~5.7°CE P} 12¥e|A o]F3) 29 &
AN daadd) AT AN EE By 27
7.5~10ume] &27] FHAMNZEZ FTAHS Qg vz
A 2 odgel A3 Aol FAY 1A del sle,

t 4% dRMEE
ES 7] %}Hﬂg
Zl
znquq ‘ilaiu}(Flg 6~A) o] A]71¢] *B*—! % 3]
Hae] el E7Fss
'é(83 Crle dasade AAAIe I 23
A7 156~20pm 37]9) & FEA £} B}—r e
3tHd.em (Fig. 6-B), #20] A5dl nel duA =z
A7) kst 49(12.5°C)ll A 40~50pum 27|
of =2t o] Al7]9) dRAE AzAed: kAt
220 ZAHAE Aoz Azl I So] B
ojef, Mz} moF AyH Aokl FefH /\% %
AFeE AN 2RE fElE dRMlEs AR
3 A EE gezieh =¥, 432 v FHY ﬂ?lﬂ
Z7FE 5o} (Fig. 6-C). o] Al7}ell= Frs 27} whg A
e Hole 7oz Hel 37) A7)z IR
o] sl 397 49 (9.4~125°C)e W2
2 ZE 54 (16.2°C)ell= 24 50~60 um
Az At o A1719] s
AAGT R feld s dEAzz

o

l-l:l

AN L8} v R332 5L A HelA] st (Fig.
6-E). o] Al7|= W2 FAEY g3 A
M 89 (24.2°C)ell = o)} 22 FAkE Rk

AR Eot uiate] £m ¥ TYRE 10Y4(234~168
Ol AAME daAGY] e H2E vA gl
], daidliel delle A dEMEE A F
$E3H 3 dhasag A o2 FAYAY, &
A Az AEET G4 HAY = s €43 &
o] 5-9}c} (Fig. 6-F, G). 104 7} 114 (16.8~16.7°C)ol] A
o] W, dAd vtz HAaFHAA gHIT8Z3 7HA
o] Al FEIHAZ] AZE T, o] A7) wdho) e d
A 2EL 78 LA Adskort Mz} v) 23}t
FEAEe] WE3tr] Azt (Fig. 6-H). o] A]7]
a3 9 w72 FAFHE AR AAHAME 14
(1.8°C)ol| = o] &} Zh-e A& Byot =8 A A7
3 1998y 9¢HE] 19999 8U7A Y] adA YA S
A3t FHt RS 2A S (Fig. 4).

1299 149 daele A% 10~20pm A Z9}
Z71GEAN 27} 10% o] X3, 29 RE] AR e]
AlZtE o] 39U} 4ol AXA 27 40~50 um7}t 40%
olAtom @3l on, 27 50~60pum 7|9 &
= 2~3% A= velgel 215, AREAAQ 59 Ao
E9HA] 50~60 um (mature oocyte)?} =3} 40%, 60
~ 70 um (ripe oocyte) = 31%el =23} 712} 642 AF
Z7)e =gsbe 214 60~ 70 um (ripe oocyte)2] =27)7}
#x8] ZFasido 8%?% 99 Fellx diRE] FEA
222 vulEd FH3Eq WA 2eln 109 %
Bl 19717 davded £ WHEglel 37 10~20ume)
M Ee} 2GR A 2 2AE B

A=)
By A

e A4

=
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1 AARAAY 2 B277)

0] 7.8~5.7°CE P2 12%eA o]Fs| 24 2
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Fig. 4. Frequency distribution of the ovarian eggsodiame-
ter in the venus clam, Protothaca jedoensis collect-
ed from Dumunpo.

AN AAE Ga9} vlErlx) 2wl A 2] Aol
e = ‘f‘rE}‘;&U} Jaads AT AL YA E=

27 75~10um 27] AQHNZER FAE] gt
ojufe] MMz vlmA Z A3 13 1Y A&
ZHAZ glem M EAL wlokslydvh IEm QAN =
9| Foll = el A Rad g AN =2 v Rz

F23 50| EAsT YUt Fig. T-A). Fatdo] A
AN ZEo| BL3] YA 2 471 Frlehs Fe

Hol o] A7 27] G472 FA G

o] F o]E AHUMEEE 19U (8.3°C)ol] Hade] ¥
ANA =717t FrkshaA ande] Feohde e of
5um 7)o AmAz2 WHilsle] JR= Zihide B
Act o] Apdtel] wrel ARAEr} o 3um =7
o] AN E2 W33, 39 (9.4°C)ll= A4 Abg)
2R ARAZZ Wi AMETe] A Do) B
don, B Lo HﬁEH%H 7hHe AAEe] &ds
o (Fig. 7-B). ¢] A7)& 37] 84712 FAEY dn
NA M= 49 (12.5°C)7HA] o9} 7H-& oFAFS Bl

397 49 (9.4~125°0)2 HolBwA, ALrd7re]
A o] F& AGAEZ) Wil gkolx] #As)7) ¥
A &Sl 9B AuAzEg A EZ
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Fig. 5. Relationéhip between shell length and rate of gro-
up maturity of Protothaca jedoensis.

Bout 2832 HasdE A WRFGE ASEA
EARYE AAEES PAsdd (Fig. 7-C, D). 54
(16.2°C)2] k7)ol Aol EA] =W andelSol] xoldd
AuAZo| Frastdr YA shrtol7lx] wWEl®
HAAEZ 71EAE S Bl (Fig. 7-E). ARAM=E
o] AR FAlol w2 Az A3 WHelE n}
2 AAEE F9EE Aoz no} o] A7) S&v)
FAET dRAAANME 64 (202°C)74A] o] ¢ e
F %

20)01]“ WAl o] dejupA] A aande] o
FH o] AW Azbge] WwEEH] &g Foplirt
NE A2 AASe] 3EHA T (Fig. 7-
F). %1—‘?— ke AAE A3 Qe o] A7|E B
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Fig. 6. Histological identification of internal morphology and developmental phases of ovary in Protothaca jedoensis. A,
Transverse section of ovarians sacs in the early active stage; B, Section of early growing ovary; C, Section of the
late active stage; D, Section of the ripe stage; E, Section of the partially spawned stage; F, Section of ovarian sac of
the spent stage; G, Section of ovarian sac of the spent stage; H, Section of ovary of the inactive stage. Doc, degene-
rating oocyte; Es, egg-stalk; Ge, germinal epithelium; Gv, germinal vesicle; Lu, lumen; N, nucleous; Oc, oocyte; Og,

oogonia; S, somatic cell. Scale bars indicate 50 pm.
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Fig. 7. Histological identification of internal morphology and developmental phases of testis in Protothaca jedoensis. A,
Section of the testicular sacs in the early active stage; B, Section of the testicular sacs in the growing stage; C, Sec-
tion of the testicular sacs in the late active stage; D, Section of the testis ripe stage; E, Section of the ripe testicular
sacs; F, Section of the partially spawned stage; G, Section of the of the spent stage; H, Section of the inactive stage.
Dsz, degenerating spermatozoa; Ge, germinal epithelium; Sc, spermatocyte; Sg, spermatogonia; St, spermatid; Sz,
spermatozoa; S, somatic cell. Scale bars indicate 50 pm.
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&= 9o} (Fig. 7-G). 1043} 1141 (16.8°C)oll o]

o, A4l vz a4 T 8-F5 1A el
Al FEHA ) ARbEg A, A del s AU EE] A
AR A dorent &g F9ddle v EEEE
o] Attt ofge AHAvl 2XZ WAE FE
AN (Fig. 7-H). 49 ¥z FAHAA JHIE
=3 ZhAA el Al FEHA7] Al Zlem Rl
o] AlZ7]1& E3 % w72 FAEY ENA AN
= 14 (B0l = o] g} & ks el ik

fﬂlf1 FlF o) rﬂ
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Lo

ki 2

5. TASE

AAAY Feste S 47 Y3 FARPIR F
AE = 6~792 4719 1667 (ZA 35.9~50.0 mm)2}
2=7) 137v] (ZH&} 35.9~50.0 mm)E WjAlo s F< Ab
B ol AAE GelAsel Al Felshe Ao
Zb3sta o - = 2 AlFE 5 A oY As
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Fig. 8. Frequency of gonad developmental phase of Proto-
thaca jedoensis from September 1998 to August
1999.

= 47.8%, 40 mmol|A] 69.2%, 42 mm °|AdAE 100%
ol £ A%, A%AAE 22 38 mm olsel A
= 0%, 38.0 mmol A= 40.0%, 40 mmol| A= 77.3%, 42
mm ©] Al A& 100%°] T}

FFH Y 50% A5 AR o) AFE AAe
A o] W) &L logistic Aol A8-3le] F3 Ax} k-
T YA 4R 38.42mmz FAHAH

6. AAAE W3 2 AN

AAAES GAHRE 2AH
Z23r3sle] Azl AAFIE 243

SRR
ENR L
o} (Fig. 8).

32

—u &

res e gAae a2 953 =
Ca Aol VYA A9l B me oy
2 FAHE"E Aoz odxx 9lvl (Mackie 1984; A

1986; o] 1972; o] 1980; Chung et al. 1988; A 1994).
Aol Azolel AAsE S8 Wit E

4 fxe AT v IUITHfuT 29 9
A1 Alold 3},‘—‘- AR =A Afele] x4k
Aoz vehdch 393 oS
2] ‘ﬂ—‘i‘—-r?-:%’ i’—lip‘—i—i A, ZF a2
AR AAzA L] 3 WS YA R 25
T F22 FAE gle], Azx dubHel 2 Fe
e Aoz A (Fig. 2).

HFe) AP Qurkos A3FA, Aol
2714 ez oA A (FES - M4 1989). B RE9
AFe AR L o o) 4 Tl oYL, U
RN ARAS AEE AAze] A wope)
Holz ¢, 48 TEY 4 dvkn wusel qlch(d
1980; Sasaki 1981; -§ 1989). Azl gl = 5Y o
A E7) AR Qo] FaS et BB, A4

Bue) AgE AR Ao 439 4 o
FFestach Telm 24 BN dhsh Yo
A A AEARY AAE P Aoz veht,
BaAE AP AgolAe AL, Piarro
and Cruz (1987)= F2ele]7}el A{Alsl= Protothaca
grata A 442 Au]= 1:1.28 AAILS ga A2
ofAlo] A}2-olAets W r8}g] AL, Protothaca 42| P.
pectorina, P. staminea, P. asperrima 5% A}-2-o] A2}l
B 515 o] S{l‘#(Matos et al. 1997; Ewart et al. 1988).
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&42) kol A AnHE HE]Ely] ofis], A4 A
A Z74Ee TA9) W] we AH A5E Aagte
2 x¥3te YNLEFAFGSDE F317] el w
2hA, vint=e] zh Wske A4 O FHAAA
Ae&Eg FA3E s A=Ee] AT (A 5 1986; Chung
et al. 1988; Chang and Lee 1982). A7 2] vlglz = A}
A 2] AT vlie] o] e A7)l 94
(23.3°C)RE] Az} ZF7)sted 24 (5.7°C)ell = 20.62] 3
T E el 2 AR 21#19) 54 (16.2°C)e] A% 77k
HEA & 184 o)Ate] £AE BoH o] F 64 At
ol AAHHA FAH3] FFadte, AE whzl 8¢
(24.2°C)9] Hl¥t=E 9.69] FHAZHE Hedh a2z 9
Y (23.2°C)F Bl ANz} v Rtz o] A ulf=]H
= E3 g uEA7IE AU oA At oh(Fig.
3). Abzsl 9} wls=& sAlAErEe]l EZF (Chung et al.
1988), A} 27} (Chang and Lee 1982)<|41 2] H|ql= A
Az o] QAT vl o wE L2 Zr)sle
5~6%el 7MY ¥ AlRte] F83 o, 20 3173}
£ 10~11Y0) 713 22 S ez A £ %
@3 A Al Frkee Aoz Mol A A A
I owRtEE s YA AR ] ol Aoz At
At ol Az B, Adzlx oF F |y
HlRhE MRS Holu, H 17k 24 20602 1}
ehten, A%7|71q 5Y7HAlE o|BY 2 W 184
o) 4e] e Bolk 5 o) FolE vhehAgich ol
@ atole F Foldel B uA ol gmE % A
g Aolol] mE Aoz FARG AT AL 919
Ne gtez A%del FAATA SuHoior & Aol
o 2 AN A4S AN FHz] das
@3 Aaandiiel ANAES} PEHE AME} v)E
E} 711.%_}_;5)'%.0] u}o] %3:];‘;].0:11;].7]. xg}\l/\g/] Hzl—jq-
deel 1 47 Zastw, 9% 9 w247 Az o
WA ThAl AAEE W sHbe] B350} (Figs. 6, 7). |
3 AAME AR A Wl s mE - &

¥ (197002 S golA Ao Az 7+E5
£ AL A2 BRI 2 ) a2
S So] AAA Ao HA3lw Q)& Aot Aoks)t

Aot =3 Stz e} F& (A 5 1986), AFF2) (o]
1972), A28k (o] 1980), %HPZHXJ(o] = 1980), 5=
(Chung et al. 1988) 18] 22 F=+x] (A 1994)o M = o] &
2l Gl 3AS el e v BEEERA Y AE2E
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Al s fl oK Paker 2000).

WA & aREAAN 7 BAEE Q) g 4%
o oA ekt Ae AR9 BEoz B
N el et A% BE Aoz FEsY YA
v ARE 2ol AAA el WEel qet ok
o) Aol ol Aoz Apmgch

Boolootian et al. (1962)2 HAA|EE2] AIEAS
Z A1EHsl= Z(year-around breeder), =83} o|& 7}
2 Alojol] AtEHE}= 3}A| AFSEE (summer breeder),
7F& g8l o] BF Abolol| ARRMsl= FA AN
(winter breeder)©. 2 B 13} on] E o Fojlr]e] A
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