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ABSTRACT

The reproductive cycle, egg capsules in the
egg-mass, first sexual maturity, and sex ratio of the
bladder moon, Glossaulax didyma (Roding) were
investigated. The gastropods collected from the
intertidal zone of Biin Bay, Seocheon, Korea were
studied by using histological analysis and
morphometric data. The gonadosomatic index (GSI) of
females and males began to increase in March and
reached maximum in May. Then their values sharply
decreased from late in May to August due to
spawning. The condition index (CI) began to increase
in February and reached maximum in May, then
gradually declined in the spawning period. The CI
calculated for determination of the spawning period
was coincided with changes in the GSI and gonadal
phases. Spawning occurred between late in May to
August in females and early in May to August in
males. Spawning peak was observed between July
and August when the seawater temperature rose to 19
C. Reproductive cycle with the gonadal development
phases of this species can be divided into five
successive stages in females and four in males: in
females, early active stage (December to February),
late active stage (February to March), ripe stage (April
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to July), spawning stage (late May to August), and
recovery stage (August to November); in males, active
stage (December to March), ripe stage (March to July),
copulation stage (early May to August), and recovery
stage (August to January). Fully matured oocytes were
approximately 250-270 um in size. The egg-mass was
a hat in shape, and a number of egg capsules were
found in an egg-mass. An egg capsule was 0.53-0.57
mm in size. An embryo (veliger larva) hatched from an
egg capsule. Percentage of first sexual maturity in
females and males were over 50% for individuals that
are 40.1-45.0 mm in shell radius, and 100% for those
that are over 45.1 mm. The sex ratio of female to male
was significantly different from 1:1 (x*> = 57.22, p <
0.05).

Keywords: Glossaulax didyma, Reproductive cycle,
Egg-mass, First sexual maturation, Sex ratio.
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F7&9-"0), Glossaulax didyma (Réding) = #5738
© 7 AAFE ¥ Mollusca), 5% 7 (Gastropoda), 7%
o] 7} (Naticidae) °l &3+ 44 EXHE 3=, U,
= A EE3k g, 53] fElvetelAs 27 edlA
T4 10 m e x3pe] ApYAe] AMAsta glet (Yoo,
1976; Kwon et al, 1993). Z7& %ol o|vslifit 55
o] Al e Fol Ak SAAESRE SR
9] HAAEE dEA St (Yoo, 1976).
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W T3 ARl o) Al A2 Mk FAe R AN
o] odoju}f o]F A1) AAA7L FR FRaE glon, T
HEk FElo g qlsf] I AdFe] #AS] AZEI Glo] &
T AAF AdHe}t eEE Fog RAE 1w gl

Aw7hA ZFE5-olel Al A7, Rud JozE i
A ZTE5-olol Bete] A4 e A7 (Amio, 1963)
9} 25 (Habe, 1969; Higo et al, 1999) 7} glom o2}
2ol M= A4 i ol QAF7] (Chung et al, 2001), A
glo] Bg BE 2 A4 (Kwon ef al, 2001), 2= Ex3
o] JpdAg 2710l g A3} (Lee et al, 1984; Lee
and Kim, 1985) 5o] a7 Ei=e] glovh HA e #
g A7+ vl rEe Aol

ALFAE S EFE5H0l AT B AR
AR5 el =, & Fo d¥A S IAE 5
g 5 glom ofFgA] A7|E AR 5 Qlv) e A
o} Au)E gl HH, & T oldgA] 27] AARA
A4S #E e A 7 E AuR AL 5 %l A
st ARE A7) 93 olF 24 Hev) ok

upebr] 2 Ao BAL g Asial Z7E-ole] Al
A 9 g5A49 ALAHE S V2 ARE A7) Sl 2
o] e ddeAle] wE AT} ARY], FASE,
Agn] 5 Aot B9 e V)2 ARE duA 24}
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Aol AR 270l 20061 1958 1297}
FAEE AA vldnt FHEES 27l A
Ad 2 A5} (Fig. 1). 47 85.0-75.0 mm Z7]2] 7
AE wi¥ 30-50 MAE Aolgl= Az AAste] APAR
$4k5}e] vernier calipers ©|-43t 27, Z+2-8 0.01 mm
7}l £33 3, electronic balance® %2 0.01 g7HA|
573kl
ARAR] S AR w)_IRE | o] 4 22 gk
k218 AlE] (Korea Oceanographic Data Center) 2] <lob
F2 54 A5E gk

2. A 2 F¥RA|$= (Gonadosomatic index)

A 2FFA G (GSD) 24 3 & 432 AAE A3
ek A A 2242 43R FAET|2HE Adse] AS
slgict. 4 A AR (GSD) AR ol Ao <3 +
skt

GSI = [Gonad weight (g) / Total weight (g)] X 100

3. ¥]9EE %] 4= (Condition index)

% 456 NAZ e ofdl A6l s ik A4
(CDH = T3kt

CI = (W/L% x 1000

W: total weight (g), L: shell length (mm)

4. AA 2 EIA o HE A7)

30-40 7HAH F 448 MAE AR F, LS 2l
3+ FHE7] (posterior appendage)
Bouing-fe] 24 A7+ uAd ¥ uvAgd AL FHE
paraffin AHHe] 23] 5-7 pm=Z AEHEAS WS ow,
9L Hansen's haematoxylin® 0.5% eosine v|Z G

s3ict.

o,
it
)
e
ok,
£

5 FASE

of, = MAES] FASE AR 121714l 20064 494-E
847Al A F 181 A (7 74 A, 7 107 NA)
5 ez 7 AL ALk 2ABREE 2 2APM
o oJsf st NATL] 50% o)/Fo] Asshe] At 7}
@l 474 2715 A

6. 23v]

of, = MAIES] Al 2A: ] $AS5E7) 50%0 =
23l 27 40.1 mm o]l AAE ez 20061 1448
¥ 129717 AA2o] A F RS B3| Aol A 778t
sh, 9] AvjE 2ARIGIYh 18y AL ASEE A
of IHE A £ FAAE o] Ak oA &

36 10N

@
Biin Bay ©

1 1
126'35E 126'30

Fig. 1. Map showing the sampling area.

- 190 -



Korean Journal of Malacology, Vol. 23(2): 189-198, December 30, 2007

AHeg® FEHA A Aulrt Lozl 7Md of
2 Chi-square (7% testell 2J3] EAFAL Axste] £-2
gk Apol7t =AIE AR

2

1. A& N ge g $x]

ZTFE590), Glossaulax didyma's A-go|A|ZA Z7ke]
A ae 7 o] YAt SARe] Fabiel] $jx]she 43}
Al (digestive gland) & 7T Qlt} (Fig. 2). A7) wgd
grogx a3lE S 2 WA FA vlFE g 2
TF&$-Fol= AgolAR FA e ¢F 40 Fx7} n|S3}
e A g QA7) S5 A A YehA] oF
x %

7o) BAolch, AT D] SN L hae] AAT
o] golsh} AL} A% Al AALe) 94 5

Aegw e, A

o] Fsehl Heh

LA, e BAAL =l

oE 1=

2. QY 2FFAS (GSI) 2] €8 A%

RS AALR FA5] S3 AALFHAS (GSD
£ 21givk 20069 1938 129704 AR 27559
o] &, 4~ GSI9| € W3E 4 Av= Fig. 33} 2tk
A GSI Hake 2958 S718b7] AlAste] 54 o|=

Fig. 2. Anatomy of Glossaulax didyma removed from its
shell. Abbreviations. AN, anus; DI, digestive gland;
FO, foot; GlI, gill; GO, gonad; MA, mantle, MO, mouth;
OP, operculum; OS, osphradium; PA, posterior
appendage; ST, stomach; TE, tentacle.
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A ASE GSI AEae 295 AN S/ A
Aele] 540 A% Hngk (4.19) & Ve F, 689714 %
adle] SPT fAE AR Uehdsleh GSI ge] £ 4]
7= zAEA 0 7 QA L7 %slela, GSI o] 243 7
sl A7l 245 2l A Algte] dejuhe Al7]e]3)
om, Aol we e Uehlhe AVl AR $ 5%
GSIe] W5l AAz 0, A%, AR} sk A% 2
k. Wb o 5 Ale) ARl 54 ke sz
A¥)3e),

XN
XU

3.¥%= A42) () < st

WEEE A4 (CD) £ A4 129 F Asiaele) B
Hebd e, A1 HlAes A9 4 S 2
= Fig. 49 2} C19) 4 sk wx, 9 C19) A4,
Aagke) WL 249714 A3 Z7lel) AAele] 5o
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Fig. 3. Monthly changes in the gonadosomatic index of
Glossaulax didyma from January to December 2006.
Vertical bars represent standard error.
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Fig. 4. Monthly changes in the condition index of Glossaulax
didyma from January to December 2006. Vertical bars
represent standard error.
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AF gk (0.35)% Yeb ¥, 6-8971A] Faslcr) o]F
94 e 12974 oA F7lsle A 2Ych

71 Cl Hake] Hals la) o), 29 A3 7}
s17] A)Ekste] 5ol Hagk (0.36) & UEhd ¥, 6-8Y7HA|
e S Bolvh wEbA vuks x5 ghe] 4 w3}
AA2FZFAF (GSD 9] A% kel fARE Aee B9
.28 E R vuke x4 HIE 2AR @ o, Akl
59 3le3E 87N R A=)

fr Lo

4. AN & TEEA | 52 A4 F7)

ZTETEole] ML TR b AN B3
74 stellAf AR AN ES] FeH Sl w9l A
= 271 2], 371 2471, 457, AP, 315719
SA91 5 AR P (Fig. 5, 1), F79] Aele
2471, =71, an)7), 35719 AEA 4 AR P
et (Fig. 6, 8).

1) ¢&

%x7] 8A47] (early active stage): WA= UL Wit
(oogenic follicle) EF ©|Fo]# it} Wi4sd A2
(germinal epithelium) & ¥|38 Fegich o] A]7]e] £
e A ZE daagde] A E we Sl
g, AdEEA A dEAEE QAo Falsle] Eds)
Aok £33l dAAEY WAL <k 15 pm A= T, A

WA oA dRAZE] WAL 30-45 4m AEo|Ych
z7] 4719 MAELE o] v]mA e 12904 249 A}
olof| 3} (Fig. 7A).

W. TEMP. (C)

FREQUENCY (%)

MONTH

mEarty active S Late active ERipe 0§ pawning EIRecovery

Fig. 5. Frequency of the gonad phases in female
Glossaulax didyma and the mean seawater
temperature, from January to December, 2006.

27] 247] (late active stage): WAiie] A4t

SFF shob Aov, kg el threl 271 9 5]
A

I 250 g3 dEAEE dAasg
o, 37o] 150-180 pm ¢l WFal
e v dstgle] Edssich 312479 AAES
47} 349 Ale]of] YRyt (Fig. 7B).

k7] (ripe stage): AJA142] 80% o4& AA|3
298 A& F deto J1E A9)A glomn], 24
o} gFobxleh 181 W] 180-220 pm<l 7] 34
) G A5 Yo] 250-270 pmAE]) thzhE o] ¢
GEAZE] Vel GA2A el W A5t
o] 715 A dEAEE vt ok 5719 AAER
FEo] AR okl 4¥olA 7Y Afolel EF™3lelt} (Fig.
7C, D).

Ak2t7] (spawning stage): A4 R U okl #He
1 Qe sksshee Akets]o] £919] Sk | vlo] e
stk o] A71e) daaq Hells 27] % 3] IR A
GEAERG ol A0 nEE s dRAEE] 3
aholct. A7) 9] RS 54 3keitE 849 Abool] &35}
I, Ak Ar)Ee $20] 19-26T o]kl 7-8€ o]t} (Fig.
TE). Atk wu)7} deofut th <F 159 F Algho] lojyich

[

ﬁo_\,
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429 el viEE AE GEAESe] AT 3T
o7 Ha}, FEch 2 F AR AAxA S0 W
7+ J- 3

=
3L
o =
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0 Active H Ripe O Copulation [ Recovery ‘

Fig. 6. Frequency of the gonadal phases in male
Glossaulax didyma and the mean seawater
temperature, from January to December, 2006.

- 192 -



Korean Journal of Malacology, Vol. 23(2): 189-198, December 30, 2007

dr2qd Aluel] Ao UAAEE0] EHdle] A&
3 &7 AMAEL F2o] AA 3] Rolx|= 8LolA 11€714
vebgtt (Fig. 7F).

2) A&

FA7) (active stage): ALE o3 A AxLY
(acinus) E% o]Fo]A t} ALANEE AL LG A

% we} gD, 1 Fie) e ATAES] Fde
o AAEs} ARALE) 27)% 27 10-11 4

m, 7-9 ¢m AE o]t} (Fig. 8A). ik <do] & o s
e

8
o AYAEET} AXALE, AAE
S Jelm A b F3 AREe] 24 wdse] et
(Fig. 8B). 24719 AAEE mawd 4-go] we 1934 3
DA ek,

Fig. 7. Photomicrographs of the gonadal phases of female Glossaulax didyma. A, Transverse section of
oogenic follicles in the early active stage; B, Section of lobules in the late active stage; C, D,
Section of fully mature oocytes in the ripe stage; E, Section of ovarian lobules in the spawning
stage; F, Section of the ovarian lobules in the recovery stage. Abbreviations: CT, connective tissue;
LU, lumen; MO, mature oocyte; N, nucleus; NU, nucleolus; OC, oocyte; OG, oogonium.
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w]7] (copulation stage): 442G Wt ol 7}
%_

AAEED 7 Fo] ARALE, AAES0] SANEE 3 5 AUA QR AASo] WAHe] e F¥E 2
T 9%, WEAAEE Arad U (umen) o FHHE Ak o] Avle] Axag el o] BE ARALE
5 kS Arade wdsAeh 2 o] Avle] Ahag  AAEE 2e3 Q1 wAE AASe] Sdsidon], i
ARSI ol5 gt (Fig. 80). 94719 S-S 39 Wike 155l 9leieh (Fig. 8D). anlvle) AAEL 59 =
¥e T4 e, ¥e] 84 Aol F@skgla, wol7) A7) S0l FA3]

Fig. 8. Photomicrographs of the gonadal phases of male Glossaulax didyma. A, Transverse section of acini
in the active stage; B, Numerous spermatids and a few spermatozoa during spermiogenesis in the
tubules in the same stage; C, Section of the tubules in the ripe stage; D, Section of the tubules in the
copulation stage; E, Resorption of degenerating spermatids and spermatocytes in the tubules in the
recovery stage; F, Section of the testicular tubules in the recovery stage. Abbreviations: CT,
connective tissues; DSZ, degenerating spermatozoon; LU, lumen; SC, spermatocyte; ST, spermatid;
SZ, spermatozoon; USZ, undischarged spermatozoon.
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7Fsle 7, 8€e]glth

3]57] (recovery stage): WA ¥ H3l, 51 F3l ik
d el 4 e 299 ARAZED AAEE 17
1 =3}, 3 Fl AAEe] Sk 1 F Arage
AxAER 715 AAA L, AriqQ Aol M2 J4
H ago] AUAAEEC] A E33le] AE3ItKFig. 8E,
F). 3]27]¢] /MAEL 843E 19744 Yelyith

A mﬁ‘

O:

5. 33 (egg-mass) W¢] ¢ & FA
27L&l Wt (egg-mass) o FAAHAS
Az, F e B mefolglon, gk sl W e
% o]foAl e s A, & A
0.53-0.57 mm) o= 3 72 #] (embryo) 7} &
o}t W &) wie oF 27 (1569) F veliger® F-3}3}
(Fig. 9).

l-fJ
i
o

¢

Ol}lt f‘l-n‘,
el

2

32 ¥

lo,
o L 2
L3e ol W

Table 1. The first sexual maturity ratio of Glossaulax didyma
by shell radius group.

Shell Female Male
radius (mm) Number x?i?]zf/g Number 11"\;[1?1?12"6/3
35.0-40.0 13 38.4 14 44.6
40.1-45.0 12 66.7 15 73.3
45.1-50.0 10 100.0 22 100.0
50.1-55.0 21 100.0 48 100.0
55.1-60.0 8 100.0 19 100.0
60.1-65.0 10 100.0 7 100.0
65.1-70.0 15 100.0 3 100.0
70.1-75.0 5 100.0 2 100.0

Total 94 130

6. THASE

A< 9l wal7]ql 20064 4-847HA] 747 85.0-75.0 mm<l
T 224 WA (A 94 AA|, F7 130 ANE Wez S
T Akste] QAo sl AAES] 470 2715 Eal
317] 98 A0 7 FAEEE £A15le] Table 19 e}
Wgich ol A, 247 35.0-40.0 mmellA 38.4%, 27
40.1-45.0 mmol| A= 66.7%7} Abgtel] Zefla glglow, 7¢
73 45.1 mm °]AelA = A A7} Abgtel] Fejgt e
g} £719) A= 247 35.0-40.0 mmol A 44.6%, 72
7 40.1-45.0 mmolAE 73.3%7F WAl #Fojsla glo] oF
Zlnc) o7k w2 A s sk glglen, A A}
Abeke]] Frolsl= AL 247 45.1 mm o)aolgitt webd 2
TFEHo] o, A B FASE 50% o34l AAIES]
a71% 27 40.1-45.0 mm ©]$ %, TASE 100%3] ¢4
NAES] Z473e] 2717} 45.1 mm °]4o 2 vEhyich

7. 4w

of, = MAIES] $45E 50% °)oldd 27 40.1 mm
olakel & 453 WA (¢ 146 WA, 7 307 AANES A+
o7 xAA W) o3 xARRE Av]e] A7E Table 2¢|
vepfigith 970 Aulrt Llojels 7 o 4P =
ASs Az} sk 529 Aur} fo3t 4E Holmg (7 >
3.84, p < 0.05), A 1:1°] /M4 o] o] FeA]A] ket
20061 1€5¥ 1297px] 197k <f, 4= Av]E 29, 71
o] gHlEY AN wo| Fdsglied e L, A
11047 o] A3 Yebsttt 2 5 20064 297 6, 7
4 2] 109§, ] Al Fofg Zolrt glo]
$719] Aulzt 1:19] Aoz yehdth (4% < 3.84, p >
0.05). 12v} AAA ez gk, 400 AnE SAF e o3 2
3 A7 gAY Auls fog ale]E B 1:1e] opd

Fig. 9. Glossaulax didyma (Rdoding). A, Feature of egg-mass; B. View of vertical section of an egg-mass with
embryos in egg capsules; C, A young veliger after hatching.
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AL Jelyt) (42 = 57.22, p < 0.05).

o 3

[l

Qs AL 9D 9 A%e Aoz 429
4% (Chung et al, 1991, 1994) #} Ho] o|&= (Maru,
1976; Griffiths, 1977; Chung et al, 1991) % dx% 1
g1 YHgqlel 322 (Boolootian et al, 1962; Fretter,
1984) 5ol fal JFge wevkn W ArAse] Rasisl
o

£ QiFeln 2E90le] MARAL 50T ole] &
Eol o, el el A%AE A7lE 2
sdole) Hol el ool A AL, 2o
SolAn AEEUage] wle Fy@ 49e AR,
Kim (1999) o] oo}, AEZFa80) ok 5-80] 453}
7) A 46l 7o, 69 F4ol AelAel Gege
o} 48] EolAlE 7.89 Aololl AEEFmE] WA ke
OB T L EEE N

Wiz oluslg AN A% AAE B} 2%
o w19 A e, 028 o] Ajel 29 S71e 4]
EE9a20] FY3NA 0|5 olulsli) Wo| olgels] W
olgly AZH} (Kim et al, 1977; Lee, 1995; Chung et
al, 1994). 275019 Yol AEEHIEC] oL A
EEYaEE Alolale ol (A, W, 5% 5 o)z
2 o] A7lel Fa olulsiig Alsle] 2Eeeole) A
Hash i, A% doh mebd 27asdels) AL

Higkyl Lo

‘l“g"%}t\[} ofvg}l HHo| o]& (food
availability) ¢} o}5 HWAZ FAE 7[xE= Aoz /\]—iﬂl’%
Boolootian et al (1962)°]] &5}, dj-¥-2] sjjeF AA%

58 ) 2hel WASAS YR Qe 059 44

& A4 W) wheh Wekn sisieh Amio (1963)
WA Oz e HF BEF FL s 19T o) of
Ao Slofuiel, ooz WH & A (19T olsh o

>

o] olojdtiy ®walgich 7 Fo| BEFo AE ¥
"’5}04 Table 3l Yepglet. £243H4 A7, P4t E74
dole] ARk 54 slE 8Y WrkA] oo, dRAk
ZT7ETH) Y UE B -rE-r/] 73§ Abgkg20] 19T o)
o wf dojufar glof & A7 A A
(1963) o] FAMA T} e} °]7<]‘5]'—L W & Aok
= 39 4‘_}?}7] urs]7] S8l =28 x2S gk A, g
= AAE Z7E5-5019] ARk 54 lellA] 8U7kA] o
‘4'1:} Amio (1963) Z7-49-8ole} Tl JdRA 27L&
3ol Neverita didyma (Habe, 1969; Higo et al,
1999)% Ariake Seacll#] 544 9¥7}A] Atgt dvfy w1
ﬂrﬂ glo] Akeke] A &w) £} A2|AoR xd wet 23
Aot v gl AL & 4 olEd, o7 Ui
Arlake 39 e] $=rt peluetEa £ o v} At a4
o] od# o]FojAH F o o]F A7l Algto] AJAE Gl oW,
AREERE 3A o] F o AT Aoy Akt 7te] &
 7AojA Aoz Agdch & JdT7AIE Amio (1963) <
ZAv}el 218193, Boolootian et al (1962)2] 3lof =7

Table 2. Monthly variations in sex ratios of the adult Glossaulax didyma.

Total Sex ratio

Data Female Male (ind.) (F/F+MD) 72
Jan. 2006 8 29 37 0.22 11.92
Feb. 2006 18 24 42 0.43 0.86
Mar. 2006 6 34 40 0.15 19.60
Apr. 2006 6 28 34 0.18 14.24
May. 2006 11 27 38 0.29 6.74
Jun. 2006 12 18 30 0.40 1.20
Jul. 2006 14 19 33 0.42 0.76
Aug. 2006 31 9 40 0.78 12.10
Sep. 2006 10 25 35 0.29 6.43
Oct. 2006 17 27 44 0.39 2.27
Nov. 2006 5 33 38 0.13 20.61
Dec. 2006 8 21 42 0.19 16.10

Total 146 307 453 0.32 57.22

The critical value for 7® goodness of fit test of equal numbers of females
and males at 95% significance was 3.84.
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HA A7) o] EA Bt EF3FH £ T2
o] F Ao Akt 7)7kel| <kt
o AA Ao} #Ho] gl A
al,, 1993).
g Al 2FE5-ole] 22 AAd, £ ok
Apole] gz Aol o3t wrl= 549 2HE eyt oy
Wrage G576 g AsdrAl Rt deastow
5 AAA =lck 59 25€] wnef] o3 A W= o
o] AL o7t = gt A £} Fo g pHe Wi}
dofu} Aot GRAEI} A=A ek e 4 %71”
4 sheollA] 8U7HAl, 7L 5Y FoA 8L eyt
w, 9 Ak wr|E & ol oF 15604 1719 zroﬂ o
ofukth. welx ole] Atekslr] A mh oF 159094 1749
WA wu)7} dejuha gle Aoz FAFY

g Afsial 2759019 g A9 W el there] b
o] #A=G =, & A9 W] 27)= 0.53-0.57 mm A
T olgleh & Ao g Sell= g A9 vt sk s
W 4 glgleon, Wd & }\-4 AL 25 (15%9) F veliger
2 HEsigich. Q¥ ZFEeEele W At
0.52-0.58 mm ©°]i, 3 7o whd el 1-3 A wj
(embryo) 7} 5¢] 9low, W &9 FA42 1569 F veliger

TR FI3lgickr BuEe] gt (Amio, 1963). whebAl
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