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ABSTRACT

Gonadosomatic index (GSl!), oogenesis and
reproductive cycle of Glossaulax didyma were
investigated by the  cytological histological
obserbations and morphometric data. Samples were
collected monthly from the intertidal zone of Biin Bay,
Seocheon, Korea, for one year. Monthly variations in
the GSI showed similar patterns with gonadal
development. [n the early vitellogenic oocyte, the Golgi
complex and mitochondria were invovled in the
formation of lipid droplet and yolk precursor. In the late
vitellogenic oocytes, the rough endoplasmic reticulum
and multivesicular bodies were involved in the
formation of proteid yolk granules in the cytoplasm. A
mature yolk granule was composed of three
components: main body (central core), superficial
layer, and the limiting membrane. The spawning
season was from early June to late August, and the
main spawning occurred between July and August
when the seawater temperature was above 19C. The
female reproductive cycle can be classified into five
successive stages: early active stage (December to
February), late active stage (February to March), ripe
stage (April to July), spawning stage (June to August),
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recovery stage (August to November). Fully mature
oocytes were approximately 250-270 itm in diameter.
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23453 o), Glossaulax didyma® TE$Ho|T
(Naicidae) ol &3k A8 5572 3, 48, 5% 54
o Bx3la e, 53] Syl Me 2d¢M 4 10
m w2} e] zstef A el Aalgkx gict (Yoo, 1976; Kwon
et al, 1993).

Ut A 27eedole A F38 fARRl o)A
ok 32 MBS FALE Al dout o A A
A7} G2 i glon, FEEE dPor i) A2
ko] HAF) AZks]a o] £ F2 HAY AP} &
WEe For BAs glok AFUkR] ErEE el w3
A7 Baud Aoegs dEat 3'?*°a‘°]°ﬂ Bt A2 A
€83 A7 (Amio, 1963) 2} & (Habe, 1969; Higo et
al, 1999)7} B.1ns=lef glu, -ra]\.}a}oﬂx—]‘- A & Hed gl
441571 (Chung et al, 2001), Ao A 2 3 A4
(Kwon et al. 2001) , R94x Bx2lo] 7}dA7 220 u}&
FA93} (Lee ef al, 1984; Lee and Kim, 1985) 5o} 4

T Baslel glovl & Fo| YAEEe] 72T A2
Tof gt A4 gtolE 4 glodvh AMFAE HalAE A
7|15 Zapstelof sl ol F HeiME 4 dAEAAA
F AAAE dT o3 G4 9 EaaAe AR
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Qogenesis and Reproductive Cycle of Glossaulax didvma

of o) AAstA gl Bast glok 2eln & B AAF)

g oA =R AR ], 490 2w 7jiA 1% *

A 4 gx AGSAAIE AT 4 o] BEA B

Z 43 AP ARE 4% 5 gl ofF 24 287 Yo
gt & e 5

Aajh 2resaels 4954
W 5gdd AABAE 43 72 ARLA, YA A
34 3 dREAE TASNST, BYE AW WA A
AEAE 2R,

Me o U

1. 32489 54

a27s5golx 20059 19%¥ 1280717] 1497k BA
R A wjelat FasEd 2ddla 94U Ak
(Fig. . 42€ AR 5 2474 6.10-7.16 em 2718 AAE
2R 3040 MAH FEste] FHANA F IFIAAA
3 B43E Ax 2Ry A APd 29E
2ol Aolglt Abilz A¥AR gutslel 2y, AEL
Vernier cahperw o]&3lel 0.1 coZbA] &g, ARAA
28 2%& 0.01 g7hA 5339,

2. A} £ Z 224 (Gonadosomatic index)

B A7E e & 478 AAE AEsigich A 2Ee
23pM3 FHLEs 2 B Aot HEsigich 49 YAag
2kR4e (GSD) wWah 2Ale olellsl 22 Ao o) Falgch
AN EFTHAE (GSD = QA4 54 (@ x 100 / 42
% 284E 28 AN £% (@

3 ANAE FH4e AR 24
aps oe{al,,] L;__}?%Aéjq.ﬂg .?Si L&%%Aé;y_}yg% 79.1}"‘3“]7324

Mr"fi>§ 5
P &
AN 5
s i J
“n, o
P N Y Muchangpo
A % i {
£ :
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& ; {\) Chungcheongnam-do
‘,\.‘a; ’r! £ ~{36° 10
s /I ;
e F Churjangtae
3 \\5 'M!tng area
Biin Bay
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) Seochean-gun
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& b
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3 . g ot i .
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Fig. 1. Map showing the sampling area.

Aol os zalslr] gisbe] el AF-F A3 4T
oA 2417t £+ 2.5% paraformaldehyde-glutaraldehyde
(0.1 M phosphate buffer (pH 7.4)) 2o #HuA
{per-fixation) ¥ %, 4TA 142k F¢ 1% osmium
tetroxide (0.2 M phosphate buffer solution (pH 7.4))
gl F314 (post-fixation) FHch FLAFE AH
uranylacetated} lead citrate £ ©]& HHsted JEM
100CX-2 (80 kV) AxdAr|A e Fadslgich

4. 3N 4 Ao G AAF]

el xaey T ERE AREr] s Pl
& =gl 9 3B (posterior appendage) ¥
#&3le] Bouin &8¢ 2447 wstgich mARl Al
$1%= paraffin Yo 3] 5.7 ¢ym FAR AH4HVE “-}
E % Mayer's haematoxylin® 0.5% eosin® 8l Q43
et

4

1. 420 g R HA

27L&l ASlMTA B AA e szt o]
A AR FakRe] $fAEbe 43 (digestive gland)
< e st (Fig. 2). A4t wddte s 23pds
Eesbe 2 A4 ot vEggeh 27¢8Eele A%
oo AFPHer o 0 Fx7b wigsh) £3% B
genital organ®] &4 ZASA el o Ale] 7o)

o

Fig. 2. Anatomy of Glossaulax didyma removed from its
shell.
Abbreviations: AN, anus; DI, digestive gland; FO,
foot; G, gitt, GO, gonad; MA, mantle, MO, mouth;
OP, operculum; OS, osphradium; PA, posterior
appendage; ST, stomach; TE, tentacle.
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ok 2AE W AL o, F2 47 Prel Folsh
ANLTL 4SS A7olE ANLY 994 SHosE P
Hi, AL w3, SAL $RAL Ho] Tl A
s ek,

2. 4 25 4 (GS) o ¥4 i3t

20054 1¥%¢ 129704 ARG Z7-&7-el 47 GSI
9 oy W3S o o8 AT AuE Fig 39 2t
GSI 3 dukxom 129%5E XA3] F718te 54 (5.32)
of AE o] F, Agte] dejur] AFsE 64 RaE
FA% 245 Bl 7 & 114 (1.64) o} 235 el
otk GSI Zhe] H2 AV 2AE s i) Aselg
1, GSI #eol 43 #Fa=E Arlde 28y 2AA
ARl dejus Al7)ejglem, A&dle yhe ke vglle
A7l A & zliﬂi GSH W3k Aas i Ade At
) dxjshe ARE

3.AAMNE £33 o] AAANF A A%
1) 223844314 (oogonesis)

AAEr e BAR 27Eeold AT B
Hejd AL AR Gy AT @A, A3y
4 B, A8 D, A% dole 4 Sl wrgles), o

APl At 27) d3gA dAle o1dsE A B
2 oA vhegich

JUN XA (oogonial phase): AT DAl YA
B zofe] e el (L 15 wm) oY, A w2
oA A7t galdeld A S3sigie HAEE & 84S oA
= o] 2geiele] ks o] depyiclh AT A2d
Helle o3 78 mezsefoje) 3 Ax S| I3 ¥ 4
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Fig. 3. Monthly changes in gonadosomatic index of

Glossaulax didyma from January to December,
2005. Vertical bars represent standard error.

274 WFe wepshech (Fig. 4A).

J3 A (previtellogenic phase): R AR moke
F/P “3 1™, 271 dAe] 25-90 pmelgich YAz o
el =3 3 A9 Q& 7HA AIEA Yol EAA, 9
EZceel, X 9 4¥Ee] £33)30c} (Fig. 4B).

FFA DA (vitellogenic phase): WA DAlE EEA
o Az o) Edsle ARAar| BT Pkt 54
ule} B4 27] W3HA) A (early vitellogenic phase)
8} F7) G334 A (late vitellogenic phase) & Y73
c}.

27 J3¥A gl GRAZ A ZA Y= “]Ei‘:?b}
o} FAA, 22z FAA ] 3 P4 FE L &
#algled 2 4o A4 (lipid droplet) E+

Ago] A= o] Yepgtown, dut syl 7‘“44374‘7[' &
Halgleh w3 3t o Gos YA AT ks FTF3
22 227 LA (follicle cell) 7} £¥3l¢i=), °‘1£
Az e AAse] ZAv HEAR doe A4k (lipid
droplet)Eo] #&= gt} (Fig. 4C, D). °| ¥ m|EE=2ole}
Fe2A A& 28a A gl GEA A Ao Befdkg]
o} (Fig. 4E).

7] G334 gAY duAEE @ £ A2 2w
g ZHAEA7} et oo G wAzE faE gl
(Fig. 4F), 3 78 AzAe <9 e 434 vEg=q
olg°] Ro thEA| (multivesicular body) & A3ttt
(Fig. 5A). of F ctZzA g} YA TAEo| DAY G373
(protied yolk granule) ¥A¢l| #3lgic} (Fig. 5B). 18]
I olF A4 W3Sl R HAA v JEE
(immature yolk granule)s ¥Astgc} (Fig. 5C).

A&aA (mature phase): A% DAY GRAEA Yol
vlAs dagl o] A F o 2 AsdSgier e
o, A5 £ o AA4gs]o] Fotol F44 (main
body) 7} 7H4Ate]el &% (superficial layer) of Z#|x
0|2 2% A9}t (limiting membrane) 2| Al 7} A&

L2 F4gs]e] glr} (Fig. 5D).

4. AR L BEDA 2 ANF7]

27e4eole] AAL B WA BE 4R B
qel7 sholn B30 YA Yeln B vt 2] @
B2, ¥7) 247, $47), A7), 3719 AR 5 D)
& 7EE Qo (Fig. 6).

2nbo
s e &t

271847] (Early active stage):
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Glossautax didyma

Oogenesis and Reproductive Cycle of

Fig. 4. Electron micrographs of the previtellogenic and early vitellogenic oocytes during oogenesis of Glossaulax didyma
(A-F). A, Oogonia in the oogonial stage. B, An oocyte in the previtellogenic phase and an follicle cell, with the Golgi
complex near the nucleus; C-D, An oocyte in the early vitellogenic phase, with lipid droplets and glycogen particles;
E, An oocyte in the early vitellogenic phase, with a number of lipid droplets, glycogen particles and yolk precursor; F,
An oocyte in the late vitellogenic phase, with endoplasmic reticula near several yolk precursors.

Abbreviations: FC, follicle cell; G, Golgi complex; GP, glycogen particle; LD, lipid droplet; M, mitochondria; N,
nucleus; Nu, nucleolus, OG, oogonium; PVO, previtellogenic oocyte; RER, rough endoplasmic reticulum; V, vacuole;

YP, yolk precursor.
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(oogenic follicle)S E o|FolA ok Widg A4 Als
(germicnal epithelium) & ¥|®3 Fejfch o] A7) &
Hole WA ZE Ga] YA E o SR, =9
A Al GRAEE AT F-Atete] 2@
38l UM Z B F 15 pm AR, Z‘i‘&%h‘é
A A Llﬂxﬂiéﬂl W 30-45 pm FEe|gic) 27|%
3718} AAEL 42o] vy & 1294 29 Ao &
a3lglot (Fig. 7A).

e

_,_4

371847] (late active stage): ‘G4 *M*M% o7k

go} Fom dasdg e e 27) @ 7] sl

A drAE 5 (3 90-130 pm AR &

(egg-stalk) & Yazrq Avle] Bae A 2asigch 1
A249 $ad YEAEE Faad Wit T

T Gz AEA
FNEA71 AMAEL 2

ownj 7o) 150-180 pm ¢l kg
ole ok WakElo] E¥snl
43} 34 Aboofl Uelytel (Fig. 7B).

$57] (ripe stage): AA149] 80% o|AHE AX = Wi
d& As Bt 453 V5 AYA glan, 2494
o} gkolzich 18l YA o] 180-220 #ml 7] W3y
Al YR AEET G0l 250-270 pmAE oh45 e 2k
GEAEE] Jeltn, GAZA el B Asdaay
o] 715 AYA drAze wdgs ok 19 AAHE
o] Azl golale 4YelA] 74 Apolo| Edsigict (Flg.
70).

> ox rir P~

lo jn

A7) (spawning stage): HAage Y7}k Fekilo] zle

Fig. 5. Electron micrographs of the late previtellogenic and mature oocytes of Glossaulax didyma (A-D). A, An oocyte
in the late vitellogenic phase, with modified mitochondria and multivesicular bodies; B, An oocyte in the late
vitellogenic phase, with proteid yolk granules near the muiltivesicular bodies; C, An oocyte in the late vitellogenic
phase, with proteid yolk granules and immature yolk granules; D, An mature oocyte, with immature and mature
yolk granules in the cytoplasm.
Abbreviations: IYG, immature yolk granule; LM, limiting membrane; MB, main body; MM, modified mitochondria;
MVB, multivesicular body; MYG, mature yolk granule; PYG, proteid yolk granule; SL, superficial layer.
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TR HASTEE ARtE o] Aqe] FoR Huld Y
o} o] A7)9) Pt dele 27 2 %7 GSYADA

EAER o} 449 w|ubes As duAEEe] &3
shgloh Alzle] e 59 slatE] 84 Alold| HHsl
, AAZ|E 0] 19-26T oAl 7-8¥elgiT) (Fig.
7D).

(L 3L o

et

3]27] (recovery stage): Ak uhil £ Sz ¥ &
dasqd e njbds A% JRAEEe] XA 23
do E3l, FEeh 2 5 aAEY ARz ol
THE oA AT AlE B3 oA AlgkEle] AR FHA
dadq Alulo] a4 GAAEEo] F8ste AEsgc)
35719 AAEE $20] MA3] Yolzl 84 114717
Uehge} (Fig. 7E, F).

e 2o (O

n

E&F9 A47]5 (reproductive mechanism) -7ol4,
GRAEY] W3] A AANHE 23} A7 2 59 A
AlEA (reproductive characterictics) ©|t} ®& AJA5-3
(reproductive made) & g7sh=v] oS- 23 ook

g

53], E5F dRAZ YA HA (vitellogenesis) o &
slol= o7tz olE2 o2 o] gl ool & v AAEk
A77F gL glct

Wy o] AAsA ww WdRAEY W a7} S
ol 27 WEEARA Fele mHAEAL] s[EEsgoly
T 7 AEL7| AT FAlsle] Adbd Ao Bejsle
EAE Yeldsr 9ok Fig. 8¢l Yebd vlg) o] 27449
off] 7] W3YA DA GRAZAAE BAA I} A FH A
ZA el g T2} AL £XEE A sk Bosle
Aoz AZE of w w43kE A (ZElzAl 42 Eel
FEE 7S AvH, AES ARG Ee] FAA N 4
# P49 Fxel 2¥o F715c) o]e] #3lo] Taylor and
Anderson (1969) & £23% llyanassa obsoleta®lAl, de
Jong-Brink et al (1976) < Biomphalaria glabrata®)~,
Chung et al (2002) & 9|¥ 7% (Rapana venosa) °l|A,
28]3 Chung et al (2006) & ZAulvlE5 (Neptunea
artheitica cumingip) A AEFALE 7H53igch delA
2 Ao 27] A A R A E Yo A9} o
g 2719 Fxge] Aubd YA dofla gl Ao 24
ok g, 27 G4 dA GEARAA 24HE Thrte]

W. TEMP. {TC)

FREQUENCY (%)

N
§§
.
.
|
.
.
|
.

JFRH AMI JI ASONDJIFMAMKI I ASOND
2004 2005
MONTH
Early active stage 3 Late active stage B Ripe stage
03 Partially spawned Recoverystage

Fig. 6. Frequency of the gonad developmental phases of Glossaulax didyma
and variations of the mean seawater temperature from January to

December, 2005.
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o 98 sz REols) 2
e Aoz 2Asgc,

2 Aol Bl Aslsle] ZuaEAS WY o
grajol 72 (GEAl) Fboldld veptid, of Yk
Hpypselodoris tricolorst Godiva banyulensis (Medina et
al, 1986)9) A2 W A FHME FAH 3} (Medina
et al, 1986). Wetd ZRLFAY EA S DAY &
3 PAo et Y-S & Aok wehA mHas
Aot chEAE Ay FEGY YA Aejste Ao F
R g}, ol9pzko] M} chxAz} S AA FRAHY
Ao Besle HAle| 3lA+ Ilyanasa obsoleta (Tayler

HAZAE 2|4 Ao o

and Anderson, 1969) S} Neptunea arthritica cumingii

(Chung et al, 2006) M5 FARE Axpr} 43 215 o

et

2 AFelA, vl JEHAAA A E] AR st F-
o] A LAHE (follicle cell) 7} Az} Wx A Ea} 2|3
st JErts WY ATA dRAER gulse T
7w WA 4 ek webA E7EsHele Y
AA ST s 52 oA | 7 B S

(Planorbarius Lymnaea

2
=
=
.

>S‘f. mlo

stagnalis,
Hypselodoris tricolor, Godiva banyulensis, Siphonaria
capensis, 183 S serrata) & A|¢|3li (Bottke et al,
1982; Medina et al, 1986; Pal and Hodgson, 2002),
235 (Rapana venosa) °|\} ZAue|E1F (Neptunea
arthritica cumingip) |4}t 7o) WaE AL A-&35HA ol 9
3 dejube Aoz 23slcl (Chung et al, 2002, 2006).

corneus,

Fig. 7. Photomicrographs of the gonadal phases of female Glossaulax didyma. A, early active
stage; B, late active stage; C, ripe stage; D, spawning stage; E-F, recovery stage.

19 -



Oogenesis and Reproductive Cycle of Glossaulax didyma

et o) 2 T R T JHEYA 9 erlAl Aol B
}ME F o AAE A3l et

AATES] A4 it g Adee dutros Al
& (Chung et al, 1991, 1994) I} 2o] o]&% (Maru,
1976; Griffiths, 1977; Chung et al, 1991) 4 dxF 7
g Wz aglel 22F (Boolootian et al, 1962; Fretter,
1984) Soll o3 43S wevky g2 dFAEol EuEq
c},

£ A7edA 2750l AL 5.0C o &
EoA dojutn, 4oL ety Asdjale AVe o2
of EolAla AFEFZES g FHE 499 A=)
Kim (1999) © &spd, AEEYaE9] F& 520] A3}
7} A&l 446l S8 0 64 Faol Aol E3tge
U g2o] EohAlE 7-84 Abo|ol AEEFAE ] vl P
e Rolctn R3Eqid.

AukH o o|njsF Y442 A3t AL B 2AE
o wl$- #A veled, o] A& o] A7l 24 IR 4
EEFaE] FHEA o1F oluyFrt Heo|& o]-&3l7] W&
olgtx Azl (Kim ef al, 1977; Lee, 1995; Chung et
al, 1994). 2755509 Aol AEFYaE0] oYz o]
el F (R, B, FF5 5) 0)2R o] Al7le] FR3 o)l
HHE Qalste E7E-3ol AAar) W At =
o} w2bx] EFE5ole Qa4 iy A 28 o}

vz} glo] oj&-% (food availability) ¢} o5 UAH3ZF AA S
7 e Aoz Algsd.

Boolootian ef al (1962) ol <js}®, cji-&o] sjoF A
FEES 77] 249 HASAE veda sl o5 A
A AAAR wEol wel #zskcln skl Amio (1963)
v AR d-Ee FF BEF $2 s (19T o4
of Akte] dojupr, dolH oy Wyl £ FA (19T ol3h
off Akgho] dojdc Rstgich 7 F9 BEEF A&
v|25}e] Table 1] Yejulgich. 22383 4+, d=pik 27
£+%90]9 2k 64 24 839 WrkA dojyton U
A 275 H A8 E5FY ALE o] 19T
ojarel o dejutm Sle] ¥ A7 Axtes YA A3 Amio
(1963) 9] zAMEZS} A28t 955 ¢ + ek

£ 39 A=7)E s)7] Y3 233 248 @ A, &
3 AEaE 27453 0]9] Ate 649 2EoA 847A] dof
et Amio (1963) © Z7-E5-0ls 9 424 &35
$-3o| Neverita didyma (Habe, 1969; Higo et al, 1999)
+ Ariake SeaA] 59ellA 947}A] At dcky Hwe e]g)
o] Akl A AT Farl AedroR x| de 234 2
o7t U gle A& & + dedl, ol 42l Ariake 3
A2 sles} fEueiic & o ol ARt SH4Re0] U
o] Folx & ©] o]& A7l Abghe] A FE|glov AERT
IASE) F o] 2AA] dofut AlRbr|Ze] E o] AR

Formations Lipid droplet
GC q> of Va or Ve q> formation E—:j> P
/\ g /\3\ MvB |
Mt + rER + @
GP PYG formation
MM @
G | > mve
; Previtellogenic Early vitellogenic Late vitellogenic Mature
: oocyte oocyte oocyte oocyte

Previtellogenic
i phase

Early vitellogenic
hase

Late vitellogenic
hase

Mature
phase

Fig. 8. Viteliogenesis during oogenesis in female Glossaulax didyma.
Abbreviations: GC, Golgi complex; GP, glycogen particle; IYG, immature yolk granule;
MM, modified mitochondrion; Mt, mitochondrion; MVB, multivesicular body; MYG,
mature yolk granule; PYG, proteid yolk granule; rER, endoplasmic reticulum; Va,

vacuole; Ve, vesicle; YP, york protein
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Table 1. Comparison of the spawning season and egg size in Naticidae species (Mesogastropoda).

Species Spawning season

Egg size (mm)

Locality

References

Glossaulax didyma June-August
G. didyma

G. vesicalis

May-September
April-June
G. rainiana February-April

Natica maculosa March-September

N. adamsiana December-March

Polinices sagamiensis June-August

0.25-0.27 Biin Bay, Korea Present study
0.27 Ariake, Japan Amio, 1963
0.48 Ariake, Japan Amio, 1963
0.19 Ariake, Japan Amio, 1963
0.17 Shimonoseki, Japan Amio, 1963
0.16 Ariake, Japan Amio, 1963
0.34 Yamaguchi, Japan  Amio, 1963

Rog Ags)

Wb 2 A7-A3e Amio (1963) &) Azkel fAElge
] Boolootian et al. (1962) 2] |¢F B-55F HAIA7]q &
Asle E-R3lH & F& 514 Aletate) &3t o] ¥ z]d9
A7) Zhell F7he] B f50) O 229 A=A Ao
o} Ao e 7o ARH (Chung ef al, 1993).

2 o

20054 1495 129702 2Ad= AAFE wAnk shijot
ZZdeA AR E27E5HoiE e AaFFgAe
(GSD), FAHA F 3347 @ A E A, 24
A #43 Yel&A AR o3 Akt GSIe] 94 ¥
S ANl SR b sglch 2] Gk a4
G AN FAA Y v|EEEe]olr) Ak D skl g
FA ol Foisl ok 371 A Al dRAEAA =
22 A9 ch2A7E AZA delld A dakaFe] 3
ok s G3HYL £24 (FUFA, M A 24
Z, 22|1 o]EE Fe4t dAY) 3 kx| AEo R FAE 9
et Agrle 69 2-89 W Alo] o|Slm, FAERE $2o]
19°C oAkl 7-8¥el Aoyttt o] PAFy|E= 27| A
7} (12-29), 7] 4] (2-39), 957 (4-79), A7)
(6-89), 3571 (8-119) 9 d44d 5 dAR = ek
SsduAlEe] 37)5 H70] 250-270 xme) el
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