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Sexual Maturation and the Sex Ratio of the Jedo Venus,
Protothaca jedoensis (Bivalvia: Veneridae)
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ABSTRACT

The gonad index (Gl), reproductive cycle with gonad
developmental phases, first sexual maturity and the
sex ratio of the jedo venus, Profothaca jedensis, on
the coastal waters of Boryeong, Korea were
investigated by histological study. Samples were
collected from the subtidal zone of Boryeong, Korea
from January to December, 1999. Monthly changes in
the gonad index in femal and male clams gradually
increased from February and reached the maximum in
May, and then the values rapidly decreased from June
and reached the minimum in November as seen in
variations of the reproductive cycle. The spawning
period of this species was once a year between May
and July, there was a spawning peak between June
and July when seawater temperature was over 20°C.
The reproductive cycle of this species in female and
male clams can be classified into five successive
stages: early active stage (December to March), late
active stage (February to June), ripe stage (April to
July), partially spawned stage (May to July) and spent/
inactive stage (July to January). Percentages of first
sexual maturity of female and male clams of 30.1-35.0
mm in shell length were 52.6% and 60.0%,
respectively, and 100% for the clams over 45.1 mm in
shell length. The sex ratio of individuals > 30.1 mm in
shell length was 1:1 (x* = 0.40, p > 0.05).
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Az7) (Protothaca jedoensis) = &3} (Veneridae) il
Zsh= 2oz uelAE 5, A, FElY] Ao 25 &
wafxnt, 2 AFeioke] 209 s-E 24 10 m7HA)
o] SAHAE LA} AR 2 A Gel) M2Ask, T A,
AR Iyjelx FAlol® BE3I v}t (Kwon ef al., 1993).
AzNE F2 QA7 AR BRG] AAsk= A4 2
gk A8 ojmigelrh. 2 U} Asigtel A W AR
o7 old & £ A4 wEo] Ztawn =g F-LHd ¢
o2 Q) Aol A=A glck Wk £ Fof ARl
EAF s Qlol S 9l oFA] gt For FEHe} g
o1} ojof] gk Azl g F7} W He) 2T FAE
g 7|ZATE ok wEg AAelrt

2274 Protothaca 4 N5l #sle A7, Rugl A
o Z& rdo) AR e} T4k Protothaca 4ol #gt
QrRie: g¥H 259 9¥ (Era, 1985), 42
(Harrington, 1987), 5<] Aelo] #3 ¥ 319 Protothaca
grata®] 2157 (Pizarro and Cruz, 1987), P asperrima
o] A WA (Ewart et al., 1988), P pectorina A2 v]A|
F3% (Matos ef al., 1997) 52| A7 Aol Agt K7}
olow 1 Hte] At fA4 EA4 (Parjerm, 2000) of 43|
A7 wl glok, gy FuUpat Azole) Bsle s Ak A
z4o) B PAF7) (Kim, 1996, 2002) 7} 2.15ef Q&
WoR Zo) MALo] Pk G AT o)Fo|AA] gksieh

Az B3 Ao AAFIE @A =, A HAHA|
7o) AP B A7 E YA 5E 4 5 Ao A
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=4 PSR ulE FASHA HE o) 3 FA)A)7)9} ojF 7
A A7NE AR glol ¥R FEE g+ gl 2}
ABE 5EHOT F 5 ork o]F FHAL =A 4
sobg i3 wnhe A% W3E At ofge
el oo A2 ARt YA L) B 4% 2 Al
e A8 2eot Yok 2 AT Sohe) 394
N2ARE A7) G 2N o] % Hete A
A, 2ASES IS At 2 2ol 04, el
B &2 ARE daAsigd

e o Uy
1.4 3

A8l A&7 225N (Protothaca jedoensis) = 24 ¥
FA <l s FelA 1999 1€9¥%E 12472 Y¥R 30-50
AR F 451 NAF MRSt 2 Aol A3t (Fig.
1).

2, %) 2=4] 4> (Gl, Gonad index)

AN VE A8 98 228w o) wkSo]z]
AL =AHAE o438l Mann (1979) 9 WP A¥
Hysto] Palxo] A Yl E 0-5949 6578 FE3)
otk &, 0 = FA7] (resting stage), 1 = =3}7] (spent
stage), 2 = %7[&47] (early active stage), 3 = E7|8A4
7] (late active stage), 4 = F#47] (partially
spawned stage), 5 = 57| (ripe stage) & F¥3}1gich

LR *3’4‘."91 el wE YA 54 2 A
9] e Soll o8 A= gE wAsidon, 3 A WA
B9 Aswrt "}F/}‘* Afelle A HHe] g £S5

ek A2 AE g} 2e) Foige.
5 RVS, X8,
Gr=

GI = gonad index

RVS; = stage ranking value of stage i

Si = number of individual of stage i

N = total number of individual in a month

3. ¥] 5k 5.2} £>(Condition index)

B|1 % 24+ Momoyama and Iwamoto (1979) ol wlz}
o3t Zo] Aldlslel dE wise zAlskgich
Condition index = meat weight (g0 x 100/ (shell
length (cm) x shell height (cm) x shell width (cm))
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Fig. 1. Map showing the sampling area.

A 25 AH3H Bouin £l 2447 AP o, 1A
A& 4= paraffin AHYLZ 5.7 pm#B ‘ﬂﬁ S
Hansen's hematoxylin®} 0.5% Eosinol| ¥z A3}
AzxAD ZxAL FEsb7] 5 Mallory triple 44
3shgict.
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5. t4=2] Adu| =4

Az A 2AE AU of g0 A RS}
2, st Flshl TEEAE 21712 19994 344 84
71x] 2H4 30.1 mm °]4 (FASE 50% ©|4) 2l & 205 7
A (A 98 A, #2107 AA) § o she Az=l
AT 22 BEE vt s 7 A A 7R
g F, AR AANEY Au7E L1l A1 o)), o)E
5% Chi square test® <=2 An]& zAbslg)

4 I

1. A4 &0 959 R Y RTF2

AN zE W 2 5 EEAE
A S5-9 oy %@%"# Aolo) Q= WMJ =45
o fAsk2 ok &5 9 AR T AR dak 37
A, Ade FRAE depo] e 7o) Thsslgle
I 271w Frrstel Wahde] dii-EE EeA dek alw)
ol AT At SAAAE i Ado] &=, ¢
2 FeoMe B drAlESe] FeA. 27
FHom YALT WM, dae UL AFA e U
Ao oA Qo dasdd o3 AR A%
=49 ot Y] Az 741 759 Bz A
o AEE SU A2AROR olFolA glon, v 2
°l 5159 244 2EEAY 9 WS Adele 14

O
0_1_4 f'

(

_10_



Korean Journal of Malacology, Vol. 1

9(1): 9-17, June, 2003

5
4
b3
]
c 3
el
©
5
S 2 —e—Female
—£&+-Male
1 -
0 L - L e L .

Jan Feb Mar Apr May Jun

Month

Aug Sep Oct Nov Dec
1999

Fig. 2. Monthly changes in the gonad index of Protothaca jedoensis.
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Fig. 3. Monthly changes in the condition index of
Protothaca jedoensis.

Az whdy) A5 o)y AR Yehils QAR
o o W3l Fig 29 2ok o319 A5 A LAeE 2
ARE 3} S7k= o] 599 Ao (4.50) o °|& ¥, 6¥€5H
F3% FaHs] A3Fsle 129717 B & X4 #£79
73%5 ﬁ A 2955 F71E]o] 540 &dl (4.50) o °]& F,
T3] ] AREe 129717 W g B3l

3. Hjgx A
HjTbE = 9% 0.123-0.212 HHE 295F A3} A5l

. WEary actve  Late active B Ripe
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Fig. 4. Frequency of gonadal phases of male Protothaca
jedoensis from January to December, 1999.

590 0.212 + 0.076% HuXE 2Q7, 694 343
ol &, 129710 A8 2aske A3 23ic (Fig. 3.

4. A A F7]
Axhe] AL dETAls) EHE (%) M3k Fig. 49

BERPCIEE D DI R PP R ED
P AEg Fed 54 Aol 5 2AR £7184),
FI1RA7), B57), SEARD), TeT HmIBgs)] A%
el 5 WAZ b 4 990 (Figs. 4, 5).
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1) 27)84) 7] (Early active stage)

Y] AS, YAt AP} B e dasger 74
=Hol gon, diid Yol Fele AN E ue} A
EEo] ey, mgk 27 F9l oY A YEAXES
Z8819ich AN ES] WS diFF 10-11 ym ojglew,
Z7] g FA GEAZEY] WAL 15-35 y4m olgth &
3], o} Al7ldle vt AN TSI ZAYHH A EE o)
WaAGE AbololA Edstgc} (Fig. 6A).

PR A5, Ary 27V AL sYS ArABOR T4
Hol gon, AT Yol v Fe& A A A
DA F| 23T, AR AT AT P4 F
Hel] thert el AQMEE o A7 o) o 8.9 4
moli, AEAEE 6-7 pmAE|g) o] A)7ld) 49
FA FAZET TFAAEE] ALADE AloldlA &
#ich 27] #4719 g AAELS 12-3€¢ Yehgch
(Fig. 6G).

2) 7184 7] (Late active stage)

G2 A, daade] QA FAE & o gz,
oy W72 el ANZER A, duAze o

< 50-60 pm E ARsiglon], Zzte drAEES W
< ATl FAsiGld. A9 Yelle 4 g8 dehE
7t daad uizeld Edsigich 53], o Alvlel slx
(germinal vesicle)At2] # el F8lgk <lo] Yelz|at 3
A AHAEET] DFAAEE] HAF 2 Qo) (Fig. 6B).

TR AL, AR WF delle 259 AYAAEE,
T B ARAEER JAEE 282 4¥ HeFe AAE
o] FAuide] sof yelyict

FNEA71 o, 5 AAES 2-699 £FIPT} (Fig

] E;)'yr active BLate active
OPartially spawned 8 Spent-inactive

E Ripe

100%

80%

60%

Frequency

401%

20%
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Fig. 5. Frequency of gonadal phases of female Protothaca
Jedoensis from January to December, 1999.

6H).

3) ¢%7] (Ripe stage)

ozl S, Aaho) 80% o)A sk sy W
e AEEQ By 95 YEATER /1S AA o &Y
o) AN ] A ol gholn). s dm Az i UAL
o 60-70 gmeo|w, Azel How FemoA gy, HMEA
el @ W3kaglEo] E4slgic) (Figs. 6C, 6D).

TR A5, F5AARY X o= Fh49] HUMET
el 7 Sl HRMNTEY 9L AMEEC] A
g sk glov dsHAE AaAwe] Y $d39
o} (Figs. 61, 6J).

4) }-5-21gk7] (Partially spawned stage)

e A, ¥R v Atow olE Yo &
R ¥ uA ok AR das dh adollA 2oed
FU A B op o] v) WEE FE YEAEE
o] £43lgich.

T3 A5, AaAne] WG Tl 7S YA Y-
A= 60% °le] WAs o) 7] FdF | wnle) Jehyt
ok e 4 v wEE JRAXES YAEE 18 o
T2 v HE3 AL RS ARG o FHsgch

FEAer)e o, £ AAEE 5-790) Yepton, Ay
71 6, 74°]3lt} (Figs. 6E, 6K).

5) 513} 2 8)§4)7)(Spent and inactive stage)

WA AS, S A Wele =3l 53 £ 2
E dRARE] A2 §AF 4o HakEEid o &
A zAARES dasto] uw xA S0 BEHA gf 4
Ao o] oA =k 1§ AxlzaEe] dave =3l
TAE & oA A AEEste} wde] oha] AREe
W, A2 P49 daade] Audels 2] FAAEE0
b E&3Ach (Fig. 6F).

TR A9 4AT =3, 5 FA A dells 9
AEse 249 ARAEENR AAEE 223 O xS
ol Hatg A=Yt 1 F A2 PR 2T AlBAo) o
T AAxA 0] Az on, YA L) A
AZEo] oh] vk

=3t 9 w7 ok AREL 7-199 Uit} (Fig.
6L).

5. &L

AxAe] Alg 9 Ak1riQ) 49 3E 87kl Zhake] wiels)
25.2-64.9 mme %5 & 219 MA (A 113 JHA|, 5
106 AANE oo AAAE 2AtEo 2 2], Balsiy
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=, A5 L HAAZRIE AAE Sl o2 Arlae
WETAZE 27184715 Vel A 9 Ak sl
7} o & AR weEE S AT 37847
o] ARl MAEL Aol 7iEE 4+ e HAoE: Aslgin)
AALTE gt Akl ThdElr) AFshRs 9bg A
7] (Ex 4%) £ 24 49, 2% 30.1-85.0 mmQ) o4
WAL FASEE 27 52.6%% 60.0%% Uehyo] o4
BRI FASE 50%01 48 Yehilgln, 2 451 mmeola}
oA 7t BF 100%E HEFH AT} (Table 1).

6. st A

ob=o] Ao 2AAF= Table 29 2t 24 30.1 mm
ol (FA5% 50% ©)4) 2 F 205 A (3R 98 AA|, 4
71107 HA) & oo ® ko] AN Er) FRsA 8
S 345 847k AL 2AA 0 F4% A, o
A7 AvlE LR £o8 Aol g o)A dgir} (2 =
0.40, P > 0 .05).

0 #H

Ak o2 sFo) AAaE 23t 53 2R 283
Apololl it AkzA o] thgre] Al# B Ao E FAE A
o2 UdA gt} (Mackie, 1984; Chung et al., 1988,
1994). & ZAlA Azfe] HAaE FF oz Yrhdel
A 9158 Fea gt oY A 09 o)y
AT Aeldl] Qe AR A Apolo)] A4} adog
TAHY Y Ao Yy Az dubA Q) olujeF9
AL F2E 2 Fe® At

W7o A4S drbHe g A-FA|, AFgelAd] 27iAFPor
A ot gt s YPHoRE gk A9 FHo)

AFARL, AE, A T L dFelAE Ak Asd
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A 2o YT weoke] Aolg dd R 4 Qv B
=of 9ot (Chung, 1997). A= 549 o]F AL} A%
A HA it FYA dhe FAA 0T Qo] Aol
7hFsstgla, A FRlA dad) HAE I JAE A
SEAF0] §le AR veht Azl A2 AgolAR
Z= ¢t} Pizarro and Cruz (1987)% AR 7}o) A48}
< Protothaca gratalA 42 A¥l: 1:1.22 AA3L
g Agojdely  ANElgsw  Profothaca 2 P
Pectorina, P staminea, P asperrima®. Ago|Aely 21
=je] gict (Ewart et al., 1988; Matos ef al., 1997). we}
A AzNE 38 Protothaca & ZAFEL A-0A F4
2o FARS)

Uk o2 ofmjslFo] Ay dife H¢ WA &l
9] 3o Aalanks #2377t o Hek o gt Aole A
Aart Al e Sl a4 FriEL Al ga

£ £ Wl g} Ao Asn) Ak Ao
B3 Y A2FFA 4 (GSI, gonadosomatic index) +=
TE 4 oy, oAl AL g DAl wE PAa wg
54 242 Yehlls Y2474 (gonad index, GD £
vehd 4 91tk (Mann, 1979). dubEo g Akely]) 94 3
3 P AL FEg A 4L Asee I
A3l ®l glo] & o] o]&3l ik o] of {2 A4
2R g e ALY g Y geg Yehe, 1 o] F Yl
e W g ARk JEllE AEE 2 A g
(Jaramillo et al., 1993; Kanti ef al., 1993; Chung,
1997). & 7oA Az A& FE PA4 wdgde] &
ofubs EAl¢l F¥o] SV AFB T A4} SEE
4-590 FHvjo] =@t 2 & YAaAee Ay HilE
71 doju= 64 119714 Al asEE AE B

Table 2. Monthly variation in sex ratios of adult jedo venus,

Protothaca jedoensis.
Table 1. Shell length of first sexual maturity of Protothaca
N . ; . Number of Sex
Jedoensis during the breeding season. .. : 2
Individual  Total  ratio z
Shell Female Male Female Male (FIF =M)
lzengtil Number Ma(t;;'lty Number Ma(f;;l;‘lty March 1999 17 23 40 0.43 0.9
mm ° ° April 1999 14 20 34 041 1.06
25.1-30.0 10 20.0 12 33.3 May 1999 16 19 35 0.46 0.26
30.1-35.0 19 52.6 15 60.0 5
35.1-40.0 17 705 1 90.9 une 1999 18 13 31 0.58 0.81
40.1-45.0 18 88.8 17 94.1 July 1999 13 17 30 0.43 0.53
45.1-50.0 16 100.0 15 100.0 August 1999 20 15 35 057 071
50.1-55.0 15 100.0 17 100.0 98 107 205 0.48 0.40
55.1-60.0 17 100.0 15 100.0 The critical value for z° goodness of the test of equal
60.1-64.9 1 100.0 4 100.0 numbers of female and males, (1 df) at 95% significance

Al 113 106

3.84.
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o} uebA] Ay YA LA Mk PAde] ud As A HE 2)4= (condition index, CI) + Alet7|&
oy Hskgae UAE BAE Reln gk 233)7] $j8) Fepd), o] x|4gky 7k WA

Fig. 6. Photomicrographs of gonadal phases of the jedo venus Protothaca
jedoensis (A-L). A and B: Section of the ovarian sacs in the late
active stage, C and D: an ovarian sac and a ripe oocyte in the ripe
stage, E: ovarian sacs in the partially spawned stage, F: ovarian
sacs in the spent/inactive stage, G: testicular tubules in the early
active stage, H: testicular tubules in the late active stage, | and J:
tubules in the ripe stage, K: tubules in the partially spawned stage,
L: tubules in the spent inactive stage. Scale bars = 50 um except for
fig. D (25 um).



Wil gEise] gle] o] gor A&rE FAste ot
(Chang and Lee, 1982; Chung et al., 1988). Az}
58 814 AletEel 427 (Chang and Lee, 1982) 9 5%
(Chung et al., 1988) ¢ |3t A|4=9] 944 W3l= YA
o} A vjge] Fof) mig xR Fulsle 5.6 7}
A B3I k] FR o, =20) sl 10-1190) o}
I 32 e Rk Az wdy &4 Slsha At

< A% WA Bl gl Ho® BiEe] ItkChang
and Lee, 1982; Chung et al., 1988). ¥ T Ao A Az} <)
H[REE A| = (CD) o) 9 Wshe A4 whgo] dojul= 24
HE F7kE7) ARt S e At 2 A<l 590 Aot
0.21) o °]& F, 645 T3] AFslS 997kA) W&
s 29 F 12€9) &4 (0.1231) & Rolm Yok &z
N wRkE Ao A H3he A g gl Akeka)7)9) U A
g BAE A "alskr g5 & 5 Yok

2 el AL AL FAz7)e] Faid A
AT el AN ES FHEE SAARIA EET ol R
AN ZE ] wo| AU} A4y} dgAlgshs
A7leE 2 e7F FRE YT =3 2 e A ) dEE 9
oA A EE Halabe] AR, ol Alad A7
H3lAbo] #8te) Chang and Lee (1982) & A%/ (Fulvia
mutiro)ol] A A& o PAA 2} = HHEE] A
AAEIL SN 1 a7t hasEE A RSl 018 A
Ego] AAMTEY A5S A% JUEAR ATEr 9=
Aoz 7Fsiglel & oje} 22 #ARL §5 (Chung ef al.,
1988; Chung and Ryou, 2000)°4 % H-EG M4 FAHA]
S velle w3t 527 AZEY SAARAES
RAAE 34 z7)9 tlgrt S0l Ao ashke
Ao® Rol o)F NEEC] AAAE A Fof dofEA
B AFEe Ao A=Y ¥z glu) uleby Az
M= YAME BA 270 FHs= SAAAHYAEES 7
EINTAAEEL YAAE dF Fofl AAAEE g
FAEAR AT Ao FA=n

AxNE S vhRE A Y A AEs 44
AEEL 192715 AWM 43 =3}, Fo=a, vE4
7) AelE FrA st AR Al Hojgd AR =
2l A AN AT HAAshe AR 5 gt
ojuisio] alFr] wi AREr]9) A= ARE g3 o
T (5, 48414 9 714717 Bal ohe) AER A 97
< M= 5ol

Sastry (1970) ol ojshd, o]uijsf&-o] A7/ 7242
2 F 270 AR YA oJsle Alojsin], Lx9} wo] o
£, 3 5 37384 ME 2 93E veon, QA
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T B4 20 R A Aol ote] WHHT
shglct.

AT E AL g, Akt J QA 29 gl o2
A7 o2 (Chung, 1997), o|wisiFe] AAFrlet Aty
Atolole Azgallel] w2}, sjoel] whe} 12|y o wiet o}
E2A Ve, o]A 37z Wiskel WAG Hulo] g
< o FAEc)

Rand (1973) & @} 71F A FelA= A=7)7} od 13]9]
2, & 71F Ageide o 23] oy, g 7]F A Gel A=
A5 Akghol dojubm glo} Y=ol wle) YA HTe] thE
A vepdela 2usigicl §3], upAge] Aol FUFel

&= A o] thE AMATY A5, AlA o A A4
HpRRre] alFr] (i ARE]) Abojele 2 AlolE Ho|w
Rzt 7hdele] British Columbia (Quayle and Bourne,
1972), "= Washington®] Hood Canal (Holland and
Chew, 1974), 4¥ 5% (Yoshida, 1953), Z18]7 53l &
#}%-91 Vostok Bay (Ponurovsky and Yakovlev, 1992) il
AE 1319 A=P1E 7Y 48 A dRelA s 2389
212}7] (Tanaka, 1954; Ohba, 1959) = Vel 4ty 2o
Hoj ek & Aol = B Ak Axle 42 57
ke BR-A e sgEl= $me] AAstar Qlef, ghHe Akt
718 7RIt w22 AxfdAgs 259 450} o E
Aol AzF ARb7)9] B4r) d2A) Yepd Aoz 54
=}, Protothaca gratats Y2717} 1-393) 6-849) 232
B3l Sl P staminea® Aol wEha] Eolu o Ed
Atglcty ¥ v Ee] 9lv} (Pizarro and Cruz, 1987). °|%
FEL PAHY Ao vparix g, 5UFYA R $E, A
A wte} A% A7) 57} O E AA™, B3], 2AE
2]7foll Masle 4x0F4 P stamineas 4 F7uke] »
Ao A Yelvks #@47 Zo] d F 2309 g ZE
o, olF dA2 A4 FHa]l (52, Hol, 4F F) o] AY
of me} vp2A vehd a7 AR d2A] Yepls R
F7g%ct (Sastry, 1963, 1966, 1968, 1970; Sastry and
Blake, 1971; Chung et al., 1998; Chung and Ryou,
2000).

[

-

2 o

19999 195¥ 129714 3= 2.8 Akl A48k Atz
7} (Protothaca jedoensis) & WS s Aajia)p, PAi
e g Al wtE A5, A, FASE, 283 A
5 AAAEHE 2B

AN Le WS 534 958 EHRz g Y 2
Artte 2 Re FH9 oy A{ut Alolo) gl wWAFAA

A% Aolol ol A Bt AT BRI WA

A=s
x
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FRE WG o R Hae el HAATER Ao
21‘4. o2 A AAS (GD o] 9 W3l 295 AR
Ao x F718l7] Al&ste, 590 #ujef o]& & 6d¥E F
3] zHaste] 1190 Haof o]2 7 9le] AJAF7)9] Hsle}
frAkkleh £ Fo) Al 1900 132 5-794 0]l o]
e, A7 sl g-&0] 20T oj4]l 697} 744 o]
Act. dxA k] YAFIE £271847] (12-39), /1%
37] (2-69), B%7) (4-79), AR (5-89), H3 W ¥
FA7) (7-19) 9 9549 5RAR 7R = U

S AR ZASE (%) = 2 30.1-835.0 mm °l 7o
TAEE (%) = 27 52.6%9} 60.0%°]907, 74 45.1 mm

ojakal ¢k 4= AL A+ L1R F93 A5 Kol ¢
gH x% = 0.40, p > 0.05).

INEREE

AR A8 9 A AL A9 =35 & oA 4y
2y FHrzFolA A=, & %‘% A g
FATa 2002495 & A9 dyule Ay
gk
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