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Sexual Maturation of the Turban Shell, Lunella coronata coreensis
(Gastropoda: Turbinidae), on the West Coast of Korea

Ju Ha LEE
School of life Science, Jeonju University, Jeonju 560-759, Korea

Gonadal development, gametogenesis, reproductive cycle, gonad index, flesh weight rate, and first sexual maturity of the turban shell,
Lunella coronata coreensis were investigated by histological observation. The materials used were collected monthly from the rocky
intertidal zone of Daehang-ri, Buan-gun, Jeollabuk-do, on the west coast of Korea, from July 1998 to June 1999. Sex of L. coronata
coreensis was separate. The gonad was widely located in the spirals of the visceral mass buried in the digestive gland. The ovary
and testis were composed of a number of oogenic follicles and spermatogenic follicles, respectively. Monthly variations in the gonad
index increased from March (23.86+3.73) when the water temperature increased and reached the maximun in July (49.76+6.47).
And then, the gonad index sharply decreased in September (15.58+2.33). The flesh weight rate ranged from 25.2% to 32.1%, and
its variation showed a similar pattern to the gonad index. Individuals <5.9 mm in shell height could not take part in reproduction
in both sexes. Percentages of first sexual maturity of female and male specimens ranging from 7.0~7.9 mm in shell heights were
84.6% and 91.7%, respectively, and 100% in those over 8.0 mm in shell height in both sexes took part in reproduction. By studying
the monthly changes of the morphological features and sizes of germ cells during gametogenesis in the gonad, the reproductive cycle
of this species could be devided into five successive stages: early active (December to April), late active (January to July), ripe (May
to August), spawning (July to September), and recovery (September to March). The spawning period of this species was once a
year between July and September, and the main spawning occurred in July when the seawater temperature reached above 24.8C.
The fully ripe eggs were 150~160 ym in diameter.
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T¢3% (Lunella coronata coreensis) e YA EZFE (Archae- MZ L Hhd
gastropoda) 2227 (Turbinidac) ol &3}, Aglgd B¢ A+
AHF7] 2 BA2A% (Lee, 1980; Yamamoto and Yamakawa, E Ayo AMLE ARe 19989 7EHH 19993 687X A

1985), 43 AE (Yoshiya et al, 1986), &9 vAFZ & Hx B dige guirte] 22hd ug A AH3AT (Fig
WAZA (Watabe et al, 1986), 214 (Yoshiya et al, 1987a), 3| D. g 1~234 HY¥ AEE vernier caliperS °]&3te] 21
o) Aol ujAe #7327 (Yoshiya et al, 1987b), 334 &3 S AEL 0.l mm7A AEFYLr, ARAALE & FF
(Tkuta, 1987) 5 F2 &2}, Turbo (Batillus) comutus®) & 4 %, 5% % (flesh weightt FW) 2 2433 (shell weight: SW)&
F7F dRBolt, B, $ue dAHY R A& A%y 2 001 g7A FAE F, g Ao 9dte 5 Fu| (flesh weight
ZHd) ghwtoly E9e) Mdle 23259 F74 (operculum)& rate: FWR)E 73¢9t} (Momoyama and Iwamoto, 1979).
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3 = - _Fw(
W e 2530 o8 4455 499 Hdde F2 #Yo| FWR (%)= FW () + SW (g) X100
13 %257 o Ak (Kon cf al, 1999). ol% 2o] Y2 N
$ol BY A7TE BF % BE (Lee, 195 Kwon et al, 1993), 3388 ZANA A8S A7 Aghel, 4429 dE7S
nﬂ_rarg] _E_Eg} :‘E-;‘IJ_‘TL}_ (LCC 1991: Lee and Hyun 1991 Lee é‘!i’]fs}'ai Bouin%‘?qq] 24"]2_’.' F—Jgiﬂ' ‘7‘, alcohol-ﬂ’é% %8]'01
and Kim, 1993), SA5&9) $2% o8 e, 1989), A¥EAe o 712 panaflin TARFE AH 5~6mef FA2 A43

o AW (Lee and Back 1982)°) ¥ A7 $o] Y B o) HE e AHE Bohmer's haematoxylin® 1% 9 alcoholic
S0 4 A4 Y ANZI Y B AFE A9 Q= Aol eosinC 2 o] FGAE o2 FdnjFo g FAPon, dutd
B 2 ATAE 8409 S0z osted A AAas S AHEHI Qe o dd 3] 4AsuduAY 42 &
A% gon $evte Aot HAde ¥2n5e] AdR T (frequency: )& 784t
A, F8YA dopord A 27] FF 2R AYBEFH ANz F (%)= ANaded 4 9
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Fig. 1. Map showing the sampling area.

AAAe ddozry Tl Wy (stomachal caecum)7HA
IFEE 3 (Fig. 2), & Aol ot 44244 (gonad index:
GDE 73459 (Yamamoto and Yamakawa, 1985).

Gl= Ase A
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B2 Uy S5 BE6) gk 23 Ede) ANy
AAZ7} ASEE TE 2 FAE SAGAE, AL 54 Tk
w24, FAS PUA EE SUNS JENRE 9BY ¢

47 FHE ¢ QU 22 FE - $Y £ HALE 958

A9, 3% A ¥xE $2AE dehiEE g} ¢
TEE & U '

At

1245H o538 497AY diE § B& dAFAALY (oo-
genic follicle) 2.8 TAHA ¢z, FAAEE BAFHLAY
oA BwalA REFAsL YAt 7EY dLAEY /AL
9~10mol® AEHo] w4 WAtz FF FF T
S Jehlle A& A 8 (FF 5~6um)o] A hFELE
AAEL AU FABY2GY W Hole BFAF T4
FPAZE ] YA G2 dgs i I 7 Ja 7
A5, 27 gd ¢ BEAX (37 25~30mm)T 3Y
(egg stalk) 2 FAIEAN 299 3¢ WZe Fsto B@3in,
HZAde dgago] ta yehpr] stk (Fig. 3A).
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Fig. 2. Posterior appendage showing the gomad and adjacent
regions of the turban shell, Lunella coronata coreensis.
Symbols e, f and g denote the sections for measure-
ment of the gonad index. These three sections were
spaced equally. GO, gonad; LI, liver; SC, stomachal
caecum. Scale bar=3 mm.

W2e it e E239 70~80m= $EF GEA L
o ye wEoz o/gdglon, ¥ FHRE haema-
toxylin®l RatA gA5E 98 ALY £ YUY (Fig 3B). &%
Yol & dBEEe GRAZES 2g9d $35o yA #
27 AR 98 IRAHAEZE WES A4 FF PR &

- A

5ol A 897A, A4 150~160 yme] $&TEo] Fa Y ¥R
AL WAL 715 AS, 29 #H 9F Z4RG2 AT &
of AAh 2¢9 ddFe b Hozth 2g¥de 259
GOAE 27 2g U GEAE 4 7| Y $U GEAEE
ZARAD AFH LG 5 BAGA ZAsAT (Fig 30).
4T ATAL £ B FFRFPOR 7S AYAR, @Ry
gze Agedz ¢A HLH AUt 5B FYode A
g# F9E (A7 50~60pm)7t Ron, I e Y F&
Hatel A $G714 & A dehlle A (373 15~
20um)E ¥ & A (Fig. 3D).

7994 94MA, FAFRALY del D g5dE0] AYE
waguA 29 ARy Fe] BolAW, AF AR FU ¢
EAXY 3 FQ GRALE P4 BZE & AN (Fig. 3B).
B 3 dAe] 9% FAR%e A HFET dAFYLE
de A2e FdAEs Bd34sEA dae I 7%e A
38 (Fig. 3F).



ool i A ane Az Y AT AF 535

ey
-

D NG
e @
o

Fig. 3. Photomicrographs of gonadal phases of female turban shell, Lunella coronata coreensis. A, section of the
oogenic follicles in the early active stage collected in February, scale bar=40 ym; B, section of the oocytes
in the late active stage collected in April, scale bar=20 ym; C, section of the ripe oocytes in the ripe stage
collected in June, scale bar=80 ym; D, section of the fully ripe oocytes in the ripe stage collected in August,
scale bar=40 ym; E, section of the follicles in the spawning stage collected in September, scale bar=40 ym;
F, section of the follicles in the recovery stage collected in November, scale bar=40 ym.
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Fig. 4. Photomicrographs of gonadal phases of male turban shell, Lunella coronata coreensis. A, section of the
spermatogenic follicles in the early active stage collected in January, scale bar=20 ym; B, section of the
“follicles in the late active stage collected in March, scale bar=40 ym; C and D, sections of the follicles in
the ripe stage collected in June and July, respectively, scale bar=80 um (C) and 20 m (D); E, section of
the follicles in the spawning stage collected in September, scale bar=20 ym; F, section of the follicles in the
recovery stage collected in December, scale bar=20 ym.

2 540 HUAE, FRAE 2 AT SFE ZARADG PR AAE ous BIY £ AUG (Fig 4B).
(Figs. 4C and D). 58 329 92 244%a Adde 4 wael 9ol ¥, 999 AAHLY tele ¥ o193 3
SohE wR, Jo FAE Y FA9 A A7k o8 ZAHAY, JAE oA AEHAN o9 9% 2

790 Ho) FUM, A WEL AAYAL FF WAD ARLE AR FAY Aok 2Pl H2e AU} ¥
ARE dolutnl, £1de) 3% el Fuslel AW RE 3 FHen Qow, 344 FYALY BFAE A FReA U
Agol Adz WEHLE WAL 9 B AAUA, 4% BT (Fig 4F).
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Fig. 5. Monthly changes in the gonad index and flesh weight
rate of the turban shell, Lunella coronata coreensis.
Vertical bar denotes a standard deviation about mean.
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Fig. 6. Frequency of gonadal phases of the turban shell, Lune-
lla coronata coreensis and monthly changes in the
mean seawater temperature from July 1998 to June

1999.
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Table 1. Shell height of first sexual maturity of Lunella coronata coreensis during the ripe and spawning periods from June to

August
. Female Male
Shell height o o , . o ,
(mm) No. of mfimduals No. of individuals  Maturity No. of mflmduals No. of individuals  Maturity
examined matured (%) examined matured (%)
30~ 39 9 0 0 10 0 0
40~ 49 12 0 0 11 0 6
50~ 59 11 0 0 10 0 0
6.0~ 69 14 5 35.7 13 5 385
70~ 179 13 11 84.6 12 11 91.7
8.0~ 89 13 13 100 11 11 100
9.0~ 99 7 7 100 7 7 100
10.0~109 7 7 100 8 8 100
11.0~119 8 8 100 7 1 100
Total 94 51 89 49

FSPEE NMEAAT AF 4 FA GRALE 3 dEHe
A7lelth gae o] A7ld Hdz uF HUo £R9 B4, 3
A WAE g E v AAEE ASAAT 47 3
BEAMES FHAZE $A 28 5 Sle A7lold st ot
e Aae 3% Az uF HYdoh o] A7le F£&0] 18T
olgEHE SYTH A B £ Aen M 4 Al
7424 2@NIE7} 88% oAUt

A2
A AgT FAEAL
@3} ZAE0] YRE A2 A7)ol A A% 4G &
A drAFEs e AR FA FLAE FAX L o
ARE A B 5 AE A7l o] A7E 19%E 947A
ALHAT 7HE S48 A7 882 45%9 FENEE e
Wi

A =

o

3ol WAL IS AR AW 4
PES % %

2
3

ox Ar

Holl= Hst 58 g2t AF
AE 353 2 eosinl G4HE FAHHEE)
olth #7319 A% AAYHLYlx EHI} §
A% MEA g4He BEAE, 5 2 FH
AEFo] 34 FEEHE A7e)BE o] AV]d= H3ile BB
FAl doju Stk o] A7l 9YRE o] E3d) 3¥7A B
ek 10293 1189 100% 9] AA7E FE7)e AU

i A

A AAFE AT DH s, e R AT
AF #4203 HR g2l 93ty 2HHe Ao ¢AA Y
o 93 BAgQeRE F2o] A Bo| =odHu dor
(Brousseau, 1995; Lee, 1999a, b), W] (Jara-millo and Navarro,
1995), #FA (Webber and Giese, 1969), A&& A (Glovani
and Diana, 1994) 5°| &2 Az, Wy 2dadeze WEuA
(Euler and Heller, 1963)7F €&4 ok &2 Turbo cornutuss

ol g2 7~8¥Ud A% MA BHEHY (Lee, 1980), e,
Reishia clavigerad] 355 6~79°) A% MA7F 747 Fo] &2
g} (Lee, 1999a). 284 Yamamoto and Yamakawa (1985)€
F2 ool At 4 Aol BASIE AT & FH 4
B A dxge AL olvdn Bud v ) W B
ASYE & 453 dB8o) Wi A& Ado] dof
¢4 21222 (Chintala and Grassle, 1995; Lee, 1999b;
Lee et al, 1999), &9 A%e 23 T A7 e8¢ ¢
F 8t B At M 143 290 F2 EEFAEY dEAE
g AYAZE £& A5l AFdHe 34RH w2A A3std,
187CHE SEREH A% MA7E derdn] 24T o4 T7¥4H
Aete] dojues Aoz Bel £UnTY AAirwd, 4AF7)
2 A £23 o U A USS ¢+ AU

22 T comnutus® 7%, GEAE7 29248 27 84
719 A 2AFE GAG YR AFEE $7] A7)
A3 S48t A&7lde #1gE Yere (Yamamoto and
Yamakawa, 1985), @ %27, Haliotis diversicolor aquatilis®] 7
$, FRol ¥ AL ANAAFIL EAY, GEA X ¢l
ZHSHUAN AN3 FriEse gs7)de Hngs JveEdg
(Okuno et al., 1978). £3 Brousseau (1995)= =, Crassostrea
virginica®l AAA2AFE A570d HAANE JEd F APH
o] §73) wopddtn Yug v} 3low Sasaki (1987)€ %
Wil ¥}, Spisula sachalinensis®] 25718 A aA 5 wet 4
@A & 437 (growing phase), 4% 7] (maturing phase), 2+&
7} (spawning phase) ¥ FA7] (resting phase) & T&& =
tx B3 33k 38 Webber and Giese (1969)€ H%, H. cra-
cheroidii®) BAF71& AALALZ FHgte 2L FRojzy
B v o B A9 Ay AANLAFE GEALL §
Al Aaste 39 (37] §47DRH Frt87] st g
of B2 7Y (&=x7Ddle 497616472 HNAE vebd F 4}
@717 A9 £ 1089 c 1459434602 713 @2 ¢E Ve
Wl meEld 24aFol oM, A g Wile 4
AF19 Ag gAde Aoz YHdEd

3o DEste g5719 ALt §o] 2¥se 189
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21+23%2 7MF & @& B U 343 Zas, o %
357 FAL B¢ FAE YepTst MM F718 % oe
AAie Agn dEo SFFU Y ydee Sy, 4 ¥
ol oAt Lee (1999b) 8} Lee et al. (1999)9] A7 %E A
o fAME G wEld £ Fuje 99 e QxS ¢
g w3 a3 AHAE zFFgHoz #AT FAFIIY A
I A=

AAEEY AL dF A4AE (year round breeder), ¥
BHE o8 718 Atold] A AdEle oF 4#E (summer
breeder) LB & 71T U3 o] B Ao} AR Adde
AL A&2 (winter breeder) .2 FEH1 (Boolootian et al,
1962), A& 5% AF 13 A4F3H= F (Brousseay, 1995), 23]
Atddhe £ (Kim et al, 1999; Lee, 1999b) % 338 4tdste £
(Sarasquete et al, 1990) 5 T4 Aoz dejd o £ 47
A EILE HLE 2HGH 2 ZAN A3 F2 450l
NFEE 39RE GRAIY FRAX7) w2 438t 24T 9
go] 249 7ERH 94 Alolo] W - WAL e Ao Ho}
oL oF AdFoH, d4F 189 HWIE Re £9E 4G
HAuh

A A7 A, - F AL deop 9 HEES
3 HgEAAe 3 F4HEA i AT IS =
A9 W37t g FA712 071X (Brousseau, 1995; Kim et
al, 1999; Lee et al, 1999), AEF (Webber and Giese, 1969),
Q¥ A7, Sulculus diversicolor aquatilis (Lee and Lee, 1982), ™
%2, Reishia chavigera (Lee, 1999a) 52 &7 /M=, Saxi-
domus purpuratus (Kim, 1969), AZE=2/M, Potamocorbula
amuresis (Lee, 1999b) 59 £Z£H:= FA77F 9lo] wg - w3
3 Zolo] EV|Z Eo7tdA ARE AAHEE F4de A
oz dA v, & A7 A, w¥2FY YFie 21 &
A7, 371 €47), &%), wEV] 2 512 FEEHNeH,
T -0y Fo HAhE FAVE AAA g3 Zolof IHEIZ
g 7te Aoz AdH

243 59mm o Fte] FUILFE AH Ago] dojuA fdste
o, 60~69mme AATNNE 4 87 357% 9 385%, 41
70~79mm9 AAZANE &5 42 846% 9 91.7% 9] &2
AE Aol dojd A& & F U wekA AYBHY 24H
Ao W 5oz sty 22 AAFrt BAHY Qe £
duFo ALBYE A5, FTAEE} 0% E 9A REIte &
3 69mm °}3e] AT 5E3 YA Tojold Ao A
Ze,

Q of
oF

19983 7EHE 19999 6¥7A AET FE e ot
the] =2t e AP £L¢LF, Lunella coronata coree
nisis® A 2dg, AAMLEAY A 2F7], AHA2AF, §F5 %4
2 ZAEEE 2AFHLE ZARIY,

FEAFL AFolA Gy, AHie WG U I YR

g she 7hae Edol WA B dad Fre 474 £
Be dREALEH AAGLBLE FAHY AN

AL 98 A3 £20] 453te 39 (2386+3.73)%
B AA3 F713te 79 (4976+647) 0 X E yed ¥, 94
(155822330 FAA ZasHh §53v9 €9 dde
252%~321% 2, LA 48 Wil FAS A4S vE
Wald 43 59mm ©13he] AATE AP AF Fo3iA
@ron 70~79mme AATL ¢+ 47 846% 9 91.7% 7}
Ak FASEL, 80 mm |49 AL 100% Fe

Ayre dg, AANZTHIRA, ZHLARAY g AL
EA wa}, AAFETe 271847 (128~49), 371847 (1
4~79), ¢#47] (5~89), A7) (7~949) ¥ &7 (9~39)
59 @39 sHAZ TRHJAG, AFL 20} 248C o]F<
7935 98 Atold] dojute, FAEE 83U ATy FJA L
150~ 160 um©l % tt.
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