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ABSTRACT

Annual gonad development of the rock shell, Thais clavigera distributed in Jeju Port was investigated over a 12
month period from March 1998 to February 1999. Monthly change in gonad development was examined using
histology. Gametogenesis of T. clavigera in the study area initiated as early as in October and fully ripe eggs could

be observed from May to July. Percent gonad area (PGA) a

Iso increased rapidly from May to July then dropped in

August when the water temperature remained 22.6-24.5 °C, suggesting that rock shell released their eggs during

this period. All female rock shell collected during the course

of study exhibited pseudo-penis in the head, indicating

that a certain level of imposex had progressed in the study site. Relative penis size index (RPSI), an indicator of

level of imposex phenomenon varied 59.5-173.4% and thi

s value was relatively higher than the index reported

from elsewhere. It was believed that such imposex phenomenon observed in T. clavigera was caused by

endocrine disruption by chemical contaminants such a
environment.

s TBTs released from biocidal paints in the port
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tj4=2], Thais clavigera= QAEEE (Phylum
Mollusca), £=7} (Class Gastropoda), Al1E-=Z- (Order

Neogastropoda)dl] &3}= TEHZ S-S v)Fel oJx,
%, vt SAL] A Ak 274 A Gl MFE xstd 4
20 m Aojoll FEa}m wlslEol} $ole] WAla) AAlsl
IAA dfjFo|c} (Choe, 1992 Horiguchi et al., 1997;
Blackmore, 2000; Hung et al., 2001). gjel= AlESH
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Reproduction of rock shell, Thais claviger
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Fig. 1. Location of the sampling site (V).

SEEPE
Imposexst F7]F4388HE 5o] 479 YEu|AlEol o]4F
= st AESFe] le] $71e] 47 (penis)E 2t
fﬂ/*}O]E]— (Gibbs and Bryan, 1996 An, 1998). Bryan et

, (1986)> fr71FA3kE& Holu &5 &3 555l
—Zr‘ﬂff}‘“% Adg 27, tributyltin (TBT)o] o] &R
imposexE &sl= S 213 v} 9t} Gibbs and

Bryan (1996)9] < Zz}e] w=w, AlAACR oF 16352

A B-ZFo) 4 imposex #Ao] 7= glct. Imposex| %13y
AR S ZA3= vhHo g 7] penis Zo]o] o3t imposex

s} 51 Sl dhekhe penis 4919) A Vg A
A= RPSI (relative penis size index, RPSI) & 7|54
spghael 23 AES7F2] imposex #/E skt 29
2o]a 9lt} (Stewart et al., 1992; Stroben et al., 1992;
Wilson et al., 1993; Horiguchi et al., 1997).

AT Pl A4} 28 ojAo] o]geh= Fo
2 3 o] 27t shitell= i)zt AAlska glok Alsidd
7 Az}, ATl Ak ol de]e] A5, 7 (true
male)¥} imposex3} = <7 (psuedo male)®F Y27}
olo] Seke gl tigg]e] A FRo] ] okt wlelA], o]
3T AUA BIE B § £ 3 PA
ERERE

Fgol AT AREF gl Hd@ oo =)
EAL QY E 7124 A7 ARE AFsH=d 1 3ol
ek
ME Y
LAZ AL A7AY
AFGE AFE] TF el GAskn glon, Aol

I e w ko] A AUEAl A 1 kel A A
9 F3EET AT T Q2T AdE ) A

7.904 x 106 m?, SJEAT WAL 4404 m?, | A
1.5-14.3 m o|ct}. EAo] o]&= de], T. clavigera+=
19984 39E 1999 29744 o] 7o) ShitolA
(Fig. 1) oA wjd 22-517)A4)2 AR} o, Ags 24
AFAZ 27 27 (Shell Length, SL) W Zx (Shell
Width, SW) = vernier caliperg ©|-$3}s] A3} ) A
%% (tissue wet weight, g) 2 29} WAL o] &3l %
A2 A7 AAR F 17 o) §29) 48E F89) A
A3 F AAAELS o]gste] FAs

2. 273 2%

gland) ¥} A4 (gonad )7} 23 = §l=5 A% vtz |
HES Adsigict. 222 222 Bouin's 1
FA3l 12 AZF Fot B2F Eol] FAIRE o] ¥

22 A A7 0% oehgel w4 RS
gt 2 &elo]=+= Powell et al. (1993) 2] ¥y

A GEE o] 83te] 2t F shete] 2 sigivh 2
W 24 ARL vl 22 B AHEH 6 pm TR Aeke)
o] AHAL A|Zs %, Harris' Hematoxylin?} Eosin Y
(Howard and Smith, 1983; Powell et al., 1993) & v
QAT olF B3 AelAE olaste] ALY B}
A wANGS dede ANE RRRAE FA7]

(resting stage), Z7]'%d7| (early developing stage), 3

oZi
2
=
)
~
L
EOa

71¥7] (late developing stage), A%7] (ripe stage), At

Z+7] (spawning stage), &~%7] (spent stage) 5, = 6 &

A2 FE3Sc (Byrne, 1990). AAA @A x4

(Percent gonad area, PGA) ¢ =42 xzska #ag 9

o) A= Zefolmold ARl SAT AT Ak G

Aol nlEs AFE SPEA AZE S o83t
A

(Image Pro®) £43}311, Axtal o) (D3 2k

1z

AR (PGA)= A%
(mm?)x100 ..... 1)

A (mm®)/ A A A

3. Relative penis size index (RPSI)

Imposex @4-9] A3} AL 2As)7] slal Z7te] ojs-e]
oA wojd penisE 10 mm scale bar7} #2t= Leloj=
Fehne] melo] 7w aekag 9 ¥, 271U E scanning
slo] ZHE BHEA 2ZEGIE o] 83}e] AolE ZA3}
g}t (Fig. 2). Imposex rate= t]2]2] 7] (true male)
7} imposex 3% 9471 (pseudo male) & )AHC 2 penisZ]
o]Z =43 %, Gibbs et al., (1987) ] "l w2} true
male?] penis Z¢]¢} imposex3} = pseudo male penis<)
ARl vleE sk en, ALtAl o (2) ¢ .
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Fig. 2. Scanned image of penis used in the analysis of penis length using Image Pro® image analyzing software.

Scale bar = 10 mm.

Table 1. Shell length (SL, mm), shell width (SW, mm) and tissue wet weight (TWT, g) of Thais clavigera collected
from Jeju Port from March 1998 to February 1999. SD=standard deviation

Date SL (mean+SD) SW (mean+SD) TWT (mean+SD)
980328 27.8 £ 2.9 17.3 + 1.7 1.01 + 0.28
980425 26.5 + 3.1 16.6 + 1.7 1.10 £ 0.32
980524 25.8 £ 2.3 17.0 £ 1.5 0.87 £ 0.25
980625 27.1 £ 3.5 17.7 £ 2.0 1.05 + 0.37
980720 27.8 £ 2.2 178 + 1.4 1.09 + 0.27
980820 24.3 + 2.3 150 + 1.5 0.85 + 0.22
980923 22.0 £ 3.7 13.4 £ 2.2 0.55 + 0.22
981031 24.8 + 3.1 15.0 + 1.7 0.77 £ 0.25
981124 20.1 £ 5.0 12.9 + 3.2 0.57 £ 0.39
981228 19.2 + 3.5 11.1 £ 2.0 0.29 + 0.18
990128 19.9 + 2.7 11.6 £ 1.5 0.31 £ 0.13
990228 21.4 + 2.8 12.7 £ 2.2 0.43 +£ 0.16

RPSI (%) = (female penis length (mm))3/(male penis
length (mm))*x100 .....(2)

Az ¥ n@

1. Biometry of rock shell used in the experiment

A 27be)el A el F 54270415 19984 3
2136] 19994 297b4) ARste] Az wbdahy 2 gz
2 JAE W A, o] 2410A, $710] 206704 =
vepgen 2 sFlelA Biyir) B3] Sl bl

4 A 2F SLF A4F SW)e Hele= 44 19.2
(December)-27.8 (July) mm<e} 11.1 (December)-17.8
(July) mm=z A= Qie). A55F (tissue wet weight)2] <
H A7 3= 0.29-1.10 go & 984 49 AAE A=
o] ¢ 1.10 go7 7P =4 vehyta, 98 124 (0.29)
o ARF AAGIA 71 WA 2A=Igieh (Table 1),

2. ATA 99 523}
Q7 Aele] +2 doles FYarARle) Qe B
=285 ¢l83}9c} (National Oceanographic Research
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Fig. 3. Monthly fluctuations of water temperature in Jeju
during the course of study.
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Akt o) &, dirE]e] AJald A2 feko g FHEE| of 74
At

g5ele] A% i e Fig. 49} 2t} Fig. 4A: o4
gl 1o 27] wdr] AezA, FAE (Oogonia, Og)
7h 2Q4EEe] E23ln

sk sl obY el WEAE
(Oocyte, Oc) < A9

32

W3}#}e]  (Eosionphilic yolk
granules, Eyg) o] £ W &8} glch Fig. 4B&= $7]

W)z, o] Alelt 29} v} BRET GEALE 49
Fope ol 09T glow UPe FAT S B
=tk Fig. 4C A7) AHE Uediz olon, &9 W37t
2 WPA= . &3 4 (Mature oocyte, Mo) 3} 37
23 e BgRe] AL A4S A3 e Zo] B2
ek Atrlells Akt §A| Asdo] wmhA UL 33te] Hl
27450] vehty, el Waakalzh o3 zo] b (Relict
oocyte, Ro)Eo| #2=t) (Fig. 4D). £=7dl& &4 49

Lz

o] FFo] ddojuta A o] I (Ro)# 449
(Eyg)o] #=c} (Fig. 4E).

vy Aie] AHe W d%F Wi Fig. 59 2k
Fig. 5A= AR AL (Spermatocyte, Sc) 7} A£GA] F9
of X3tz glu, &9 FUdde AL £ AR
(Spermatid, St) 7} 2= 27| W27] AHE Vel
Stk 371 W] oM 24do] FAE FARAE (Sc), 4
AAE (St) 7} 29 A9 F9eA =L, 29 Sl
A)%3 A2} (Spermatozoa, Sz) 7} A5 Uehtr] A2Ee
(Fig. 5B). 45719 292 = WA=lolx, B34 &
el 458 A4+ (Sz) 2 715 YA} (Fig. 5C). W A
7] ol &g WiRelAFE AR ARRe] BrEe] AlFkE o] 1l
7] FAET &9 Hol= FEE A g2 AAEe] A
3la Qlt} (Fig. 5D). B ¥ ol &gl F43H +35
X, 252 zhe] FAEo] WA= (Fig. 5E). F471¢] 7
T, | AAAE BEE A o} Y4 g GAE 3t
7] o84} (Fig. 4F, 5F).

FA71ZE St AR e Aol Al A
HE = Fig. 69} 2k dige] va wgke] 739 47} A
= 1998 3€7 449 7§ F=2 279 3]
o] QA4 Fo] WAH G 49 A 453 /A (3.8%) 7
Euta, 5ol - A5 AAIEelR e (92%) A A
o] FA= I} (4.0%). AEHe 643E 8YU7kx] E3] A
y=]glon, 8€o] A A3r] HFEQl £57] (36.1%)
o} F217] (38.9%) AFefe] AMA7F =9l
A7) Zele] JHA| (89.83%) ¢ AFA oz YEtoH, 104
ol oAl 278 (29.4%) & AR o]F AA 1%
7} 718k

] Aa b A4S, 39 27] W] (40%)<t 37
7] (60%) el Aol e 2|8ttt st A
A 49 (40.9%)° A5 Uebski, 69712 A& o] =
ek 592 A5 -2 At AAER Bl YA o]
o] 25 WAe] Yelytt 69 (52.6%)3 T4 (80.8%)°l
o] AAENA S S, 897 9ol 4£nv)e
FA7] "2 AAEo] F-Eolglck e Ao 27w
2 d gy e A 210960 obA] A ZE Sl

s

<

o

4, A A 2 A R 5 (Percent Gonad Area: PGA)

<4 PGA®] W3k= Fig. 79 7t} 19984 3€2] PGA:
W A7 10.8%3 17.8%% WEpt, o)F 747k 573
Z7kehe e Btk 79 AF PGAE g 47 44.2%
9} 50.3%% A%F HIL FAE YW, 84 o5 BF 54
3] Golxl= Aoz Rol 797} 84 Alo]o] Algte] Tt Ao
2 AtgHh 949 o]F PGAE A7 T& A4<l 19994 2
7HA] A (10.7-14.7%) 2} 71 (11.5-16.6%) E5F )5

ol |
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Fig. 4. Photomicrographs of ovarian development of Thais clavigera. (A) Early development stage: Oogonia
(OG), Oocytes (Oc); (B) Late development stage: Nuclear (N), Eosinophilic yolk granules (Eyg) (C) Ripe
stage: Mature oocyte (Mo) (D) Spawning stage: Relict Oocyte (Ro), Lumen (Lu); (E) Spent stage;
(F)Resting stage. Scale bar = 50 pm.

FE9 Fh= Bl glaltt. 3} o} vpepd h7ie] 4 37 penis 40]£4.1-14.6 mm=
yebsteh. RPSIE 7713 4 4 100%5 A3)ste gl
5. RPSI o, W9l 59.5-173.4%% 1998\ 124 (173.4%)] 714

dis=2] 7zt 9719 4 37 penis 7|9} imposex2] % w7 2AE| Q. o AT 2AME 9o AL RE A
55 YeP=RPSIS| 9% 3k Fig 87 vk £701] & gof| 4] penis7} #o] Ho] AAE gL o & wlgw it
H penis Zo]= 3.4-15.7 mme] HYE 291, imposex A% A ook
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Fig. 5. Photomicrographs of testicular development of Thais clavigera. (A) Early development stage: Spermatocyte
(Sc), Spermatid (St) (B) Late development stage; Spermatozoa (Sz), Lumen (Lu) (C) Ripe stage; (D)
Spawning stage; (E) Spent stage: Relict spermatozoa (Rs); (F) Resting stage. Scale bar = 50 ym.

o A Az}t ATl MAsk= gl A Algk 544
ooyt o]F 897hA] Abksl= JAIEC] A&A o7 i
Aok F ARPE #dEE 799 89 Aol £
22.6-24.5C% A7717 5 7P g0 =2 7ol o
F 2] H3he sk o T wi A A ol gt st Akt
FEo| g3 F= 291074 (Jaramillo et al. 1993;

Villalejo-Fuerte et al. 1996), A= dAglol] 1A=
Paphies subtriangulata2] 7340l 14T o]5}d 7A-$ A=t
o] W31, Akgte| HQ gt i £%7} 15Co) o] oo} &
iz ®u=E v} 9t} (Grant and Creese, 1995). Lee
(1999)= Aaligtel] AAlsl= 2] T. clavigera 2] WA]e]
Wt A7 AHAE sk Asietel] AAlss digE]e] A

- 102 -



O Early developing O Late developing E Ripe B Spawning 8 Spent O Resting

(Female)

'n'!m:m:«";\eh-'

(Male)

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb
1998 1999
Sampling period

Fig. 6. Frequency distribution of gametogenic stagesin
female and male Thais clavigera.
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T, Abgho] 74-84 Alolof elofyton o] 7|7ke] #2-E A%
Hu1zA 248C ¢ 7oz yepgt. Lily and Tong
(1988) A ol AA3k= T. clavigera?] WA ol A3 v]
wA7E Wu Kwai Sha 293} Cape d’ Aguilar x| <] A]
Fasigin ¥ A9 TF 20] 9% Hnel 26:27C AWl
of Abgto] o]FojAltky H sty glr}. o] AFeAx oA
Aot rRIA R AT 717 F P o] =2 797 8¢
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Fig. 8. Seasonal variation of penis length in male and female
Thais clavigera and RPSI.

(22.6-24.5°C) Afolel] Algho] o]Fo)A Al d7-s} Ak 2
7= Jepf 2 glc}. Lily and Tong (1988) ¢l 98l &2
o AAsk= T. clavigerad] wi¢-A43 4L -20] 7P wto}
A AE&Ad (November in Wu Kwai Sha area and
January in Cape d’ Aguilar area) °f A]2F3lc}y ¥ w3}
QAAEE Hol 27 A wiAF AN AR 29l F
sl Akl Alslictell AAlske w2l A5 Akgk
o] By AFal 9¢ F2o] ¢ 25Tl A7l wl-AFEH Aol
AIAE QL ol A A9 A5l 104 (19C) wi$-A+
Fado] dojub= Zlo] EFHT QIGle} o] A7 A= gl
A Augk Wi AR A7E AR 89l F Holgk B9l
= Zo® ok, AMsfete] AFAY e Ho| 2 =
o £ Zler Amd

Imposex+ 715482l 93] 7] 4472l penis7}
7 AA == HAbolt}l (Gibbs and Byran, 1996;
Shim, 1996). Gibbs et al., (1987) | W=, RPSI7} 30
%D W o] Ff AAste] 5F (Vulva) & ZropH v,
50% o)A+ Wl 2k (oviduct) el 742 4o A=l
S 2.25}9i0) 2], imposex7} A3 A5 A$ol
7% (vas deference) o] A= o] Wby whom E4]9
AL wEA =gy 2u FHgt} (Gibbs and Bryan,
1986). sl AT (1997) A7 Aol wpzwl, o)
Fxety gle o] el imposexr@ A HAN, Al W
S A S AL A AANA 100% = 2gt 6t 9l
o}. ®3l imposex AEE Yeld= Adzkel RPL index

AN
2
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7} AAA R w3, ARHESAE E33tly 2l )
t}. Kahng et al. (1996)2 A sj|ute] AqA3= T. clavigera

S} T. luteostomadlq 7] 3824 TBTS TPTE &
Mg Az, Adel e 771FAEEY sEE ol
imposex &7} WA #o| Q= AoT Wyl o

2o AL T. clavigera®} T. bronnlE 2R 327 A4
X imposex E38E2 100% 92 RPSI7} Isozakiai #|
o] A9 1.4%, Akiya 24.4%, Futamigaura 41.7%= 7}
7} zA}Elgict (Horiguchi et al., 1994). T3l AJAlsl=
T. clavigera 9 A] imposex #4to] Ueh}i glgiEd|, o]&
A9e] RPSI #W4E 0.09-41.27%%5 Holx gt}
(Blackmore, 2000; Li, 2005). =3}, Hung et al. (2001)-2
Elo]¢t  Shiangsan, Chikuel] AJAlsk= T.
clavigera® imposex A& FA}319 1, o]& A <9<] RPSI
T 29.8-682%% Hslgth oy AFAY] AT
imposex E¥&2  100%c°]v, <€ IFHT RPSI=
59.5-173.4%% o]= t}2 x99 RPSIXt} =2 7k JE
Witk 3], 19984 1299 RPSIE 173.4%% 2A}se] o]
= A3} Aty f71543EE o) AZAYE wreal=
Aew dHsc,

Imposex AAle] 47] 7o) ZAskzd] Qo] olele 4
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ol sle] R4 2B Agsigion, 1 2e Aol
3460 90 Ydn A TS 9% - 51 ¢
??_

Lukang,

2 .
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