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lfl1\l nl11iiJ flll ~ ~~1l n~Yll \l I, 'V'j f'I"lJ e:J\l'V\ e:J lJYl~ I,~ t:-Jl I,~ lJl~ I,n~';ijl n ~11iJ e:J\l n'Unl1Lnl~~~"lJ e:J\l 
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nlJ~lJT~"lr'u'~ u~~nld0'~'U,l e:rrtll~ l~f1~l'Yi t1aJ1 'U,VHHJYl~l~ ~,h l~ til (imposex) L~ f) 1111' unlJ 
'IJ 

U d ~ l i1 'U, ~ fll 'U, n l J ill11~ ~ U'U, "lJ f) ~ n l J U 'U, ltf f) 'U, "lJ f) ~ ~l J 1~ J iJ 1 Yl ~ Yl 'U, u'1 L 1 ru, "lfl tI ~ ~ Yl ~ l ~ ri III 'Yl tI Yl f1 
~ 

nUtlltlU 2553 ~unlJdl~ imposex 1U'V\e:JtlYl~l~1u5uiu Neogastropoda 'illulu 13 "lflt~~lnilf)rh~ 

J~'VIaJ~ 32 "lflt~ 1~t1'V1f)t1t-Jll~t11~~unlJln~ imposex aJln~~~~f) Nassarius pullus df)~~~;}Jl~f) N. 
~ 

d d' d d "" 'ofI"" '" livescens Ll~~ Chicoreus capucinus ~~~U'Yl'Yl~UnlJl,n~ imposex ~l;}JlJfll,lU~f)f)nlLJU 3 J~~Uflf) 

J~iU~l (0 - 8.7 % imposex) l<l1'uri UlUl~-~lU~U lnl~l~ aJlU~l~~ ril~~~l U~::f'l1Jl"lfl J::iUUlU 
~ 

n~l~ (12 .2 - 20.5 % irnposex) l~uri Lnl~~i\l 'Yil1~aJ Ll~:;f1~nJ:;LUU Ll~::d::i1J~~ (47.2 - 67.7 % 
~ 'IJ 

imposex) l<l1'un Lnl:;-nl\l l~l'VI~ll LI,~:;U'VI~JH:l,U\I uf)n~lndiJ~~1JLLUl ht;}JnlJ~~~~"lJf)\lnlJdl~ 

imposex 1Ul"lJ~~~Vll~"lf~U1 (~l~~~l Lnl:;~i~ f11Jl"lfl) Li1m.y;t11JnUnlJ~n~l1unf)U'VIUld 
~ 



Abstract 
." 

Survey of pseudopenis in female marine gastropod (imposex) is conducted along the 

Eastern Gulf of Thailand for evaluating the contamination of Tributyltin (TBT) in the marine 

environments. The samples of Neogastropoda and Mesogastropoda were collected in a total of 11 

areas from Chonburi to Trad Province (Angsila, Sriracha, Koh Sichang, LaemChaBang, Koh Pai, 

Ban Pay-SuanSon, MaTaPud, Joalaw, Kungkraben, Ta Som and Koh Chang) during October 

2009 to September 2010. Results showed that the imposex was found in 13 of 32 gastropod 

species. The highest occurrence of imposex was found in Nassarius pullus, N. livescens and 

Chicoreus capucinus. The imposex phenomenon in this study can be divided in 3 levels; low level 

(0 - 8.7 % imposex) in the areas of Ban Pay-SuanSon, Koh Pai, MaTaPud, Angsila, and Sriracha; 

medium level (12.2 - 20.5 % imposex) in Koh Sichang, Ta Som, and Kungkraben; and high level 

(47.2 - 67.7 % imposex) in Koh Chang, Joalaw and LaemChaBang. The percentage of imposex 

in Chon bury province (Angsila, Sriracha , Koh Sichang) has decreased when compare with the 

previous study . 
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~ldU8~nun1'Hn1~~~"lJe:h'l~~iJlrl~ (Antifouling) t~tlLu'Vn~~ldn~:IJ Butyltins L~LLri ~ld 
~ 

Tributyltin (TBT), Dibutyltin (DBT) LLt'l ~ Momobutyltin (MBT) tfU.dJU.~ld~ iJ n1dl·ihh~ttJ"1fU8 Vl~ 

ll'l"dVl t'l1 tI t~ f.Hu~1~ 8 V1J ~~1U.8 ~~lVl nd1:IJ n11<li eH18 ~~:IJ1u.~nu.L~1t1~ Lyj 8U f1~ nu.n11Lnl~~ ~"lJ 8.,'1 
~ 

~'.JLn~t=r8:IJ'Yl1J'Yl~lt'lUt'l~~~~t'ln1~'Ylu<li8~~"ht1lLt'l~~~iJlrl~n~:IJ<li1~ 6) f11l1 n~:lJVl8t1 tl tlt'll Vl1f1 ~~1 
~ ~ 'II 

n~:IJ Crustacean ~.J "1fu,~ ~ iJ f) 11:IJ ~l f1ill 'Yl1.J Lf11H~n 'illLt'l :;1~UUUL1 f1'Yll ~ 'Yl ~ Lt'l t ~ tI ~ t'l n1~'Yl1J ~ iJ 
~ v ~ 

f)11:IJ~1 f1Cl}~ 8 n11L Wdtlll-b1iLn ~ n11ltl~ tlU.utlt'l~'Yll~ L~f1Vl18~l1t1fl'~h imposex n~ll~ 8 ;~1LWf1 

LiJtI'il:;iJ n11vr~u.11:;UU n11~uvru.TI"lJ 8~L Wf1~ (Pseudopenis) t~muW1:;f1Vl.J ~~hiV\ f1t1'Yl~Lm,h L~ til 
~ 'II 

(Marine gastropods) t~tlLLVl~~n1Lu'~"lJ8~n11tlu.Ltf8u.~111u.n~:IJ Butyltins U1nrn"1fltl~.J'Yl:;Lt'l L~uri 
~ 

culture) L~11~"1flltl1:;:IJ~u'tI:IJ1i~~iJ ~lU.~~:IJ"lJ 8~~11i~ n~ll ~lVl1Un11'Yll Lf)~ 8UIf)1J n1:;i.J~dJ'U. 

LVl ~ n l yj 8U 8.,'1 n'U.n11l nl~~~"lJ 8~ ~~ iJlrl~lh~Lll'YllW1t1.J Vl8 tI~8~~,h ~lVl11 tI O!.j t'l O!.j :H.J ~l LVl ~i~n~ll'il ~ 
~ 

tl11 n:!J n11rn Imposex V\l mn~ lLri ;~l'Yl~Lt'l"1fu'~<lil.J 6) dJ'U.~l'U.l'U.:lJl n1u.uVl ~.J.Jlrr11:1J"n1~ LLt=rl 

'il~ ~ ~ ~ t'l n1~'YlU'Yl1 ~ t'lU <li 8 n1 1~U vr'U.TIlLt'l~ nl1llW1"lJ til rJ vr'U.TI"lJ 8~ ~~1JltfU 6) n~ll~ 8 ~~l.Jl'il:;LJj 
~ ~ 

~1:IJ11tl ~uvrulhlt'l~"lJ rJ1 rJvrUfl~~l:IJU n~ t~ rJ f)11:IJ ~~tl n~'Yll~ l Wf1 (Imposex) "lJ 8.J ~~1.Jl~l:IJ11tl 
~ ~ 

ri fI1iln~ ~t'l n1~'YlU LLri Lf11H~n'il n1dlh~:IJ ~ Ut'l~1~UUu'Llf1'Yl1.J'Yl~Lt'li~d 1) Imposex ~~ ~t'l n1:;'YlU~ 8 

~1l1W;.Jf)dJLLt'l~Lf11H~n'il"lJ8J"1f~11h:;dJ~8f.h.JdJv\1f11t'l n~11~8 VllnLn~ imposex LLri;~l.Jl"1fu'~<lil.J 6) 

~ijf) rnf11'Yl1.J Lf11H~n'il Ut'l~n11U1~:lJJ 'il~~.J ~t'l n~U1dJlru~ t'l ~~~'Yll.J n111h~:IJ~ LLt'l~:IJ t'l fi1'Yl1~ Lf11H~n11 
~ ~ 'II ~ 

~ ""..... ..., .t.d'd ~ 
lh~dJ" 11:IJ tl~ 81"1fW Llt'l:; ~1l1W'Yll~ ~~ f) dJ"lJ 8J L n H~dn1"1fllU1~:IJ.J~1 tI 'Yl.JU.L U8~~1 n11 rJJ1u.n11f1n Hl 

WUll imposex ~1:IJ11tlLn~~Unu;~lJ1'Ylnn~:IJ~~ U Vl8t1~ll~rJl Vl8t1~8.J~1 Ut'l:;Ut'll ~.Jt=rl'U.ij 
, . ~ ~ 'II 

f)ll :IJ~lf1Cl}'Yll.J Lf11H~n'il"lJ 8~ n11U1:;:lJJ"n1 tI~.J LLt'l:;1..h~:IJ.J lnt=r~.J 2) Yllli~1'U.lutl1~"n1nd"lJ 8J;~lJl 

t'l~t'l~ LLt'l~Vll nLJj iJ :lJl~dn111Un11UnL"lJUillVlli.J n ~1181'ill-bLtl ~;~1,rlVl1 rJl nVl18 ~ruvru.fl~l 'U. d~tI~ 
v 'II 'II '" ~ 

rJlllu,U1n rn~ ln~ ~t'l n1:;'YlU 3) r'h1i"lJ1(j1f)11 :IJ~:IJ(jI t'l tJ"lJ f1~d~uuu'nf'l'Yl1.JYl:;Lt'l n ~11~ 8 ~t'l n1~'YlU~ 8 
~ 

V:l.J16Ji81v\ld (Food chain) 1'U.1:;UU u'llf'l Ut'l:; 4) ~~ n1:;'YlU~.J'Yll.J ~1J Ut'l~'Yl1~ 58:IJ~ ij~ 8:IJ 'i'HtJ~ 

U1tf1f)~~1,r'-Hf11H~n~<lilJ 6) ~tluLfl8u~11n~:lJdlu.1:;i1J<li1.J 6) 
~ ~ 

~hmVl(jl ~t'li~ n ~llf) rn:;Unl~tI~.JiJf)ll:IJ~u.l~~~~~nHl n11Ln(jl f)ll:IJ ~(jItl n~'Yll.J LWf'I"lJ 8.JVl f) rJ 
~ 

http:Jt=rl'U.ij
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"JJe:J Cll n~ ~ l~ n 1 in'U,~'Yn n1,U ~'1lh'l~ n ~11 TBT 1 'U, V\ ~l tJlh~ l 'Ylf'f ll~l u~ rJ~ n~ nV\ ~l rJlh~ l 'Ylf'f1l ;uJ~ 

lh~l'Ylf'fl'YltJ~l rJ ~rJ~1:JJ~n11ftllJft;Un111i~11n~;ud'e:J cil~ dJ'U,'Yll~ n11 ~~ e:Jl'il rJ~~n11hr~~na-l'U,~~;U 
~ ~ 

ftrn!ll~~~ln~~e:J;u (Bioindicator) v\1mu'U,il'u~~~!l1~U1~ie:J;u (Environmental indicator) "lJe:J~n11 
~ 

U'U,l tf e:JW'lJ e:J ~ ~111un ~;u TBT h'\'~111 'Yl rJ 11;U n~ e:Jl'illidJ U"JJe:J;U ~1un11i~ n11v\1e:J n1111~ LL~'U,n11 
~ 'U 

~111'ilfl11 JJ ~Cll U n ~ 'Yll~ L~ f'f"lJ e:J"V\ e:J rJ'Yl~l ~ ~ll~ [11 lJ1l1 rn"15l rJ~" ~111 'Yl rJ ~l'U,Cll~l'U,e:J e:J n l~U ri 

i~v\1~"ll'~1J'11~tJ e:J~ iu 'YllJ1 llb'l~i~v\1~~1l~ l~ e:J'Yl11lJ ~nlUfll~tr'il'ilUU"lJ e:J~ n11uulrJ e:JW'lJ e:J" ~111U 
~ ~ , 

n~;u TBT 1~tJn11~nMlli~nMrn~flltJUe:Jn ~e:J e:JltJd~~lJvrwlrl~f'f~\VirJ;u (Pseudopenis) l1Jui11i~~ 
, q 'U 

ftll JJ~~ Un ~ 'Yll" l ~ f'f"lJ e:J" V\ e:J tJ'Yl ~ l~ ~ll~ rJ1l u'1 tJ 1J lVi rJ lJ1~v\ ';h~ lJ111 rn~ n ~n Mrn~ n111 ilb~ t tJ"1JU 
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~l'aiJeh')n"nl'Hnl~&i(p}~f)\J~\J3jii1<PlVi~f)~n"t~~~.h'j (antifauling chemical) 


~11iJ f)>1 nUnl1I.nl~~ ~"1J f)>1 ~>1 iJ~iGlVl1f) ~nUI.l"J1rJ>1 dJ U~111un ~ 11 ~U n ~U'Y11tJ (organotin) dJU
, , 

~1 1~:JJ u~rrvr~ul~U1~ rJ ii ~U n l1JUf)>1 ffl.b~ n f) U VI t n iJ '1 'Yllh1JU~l 1~l6JJl Gl (biocide) ~1 11un ~ 11" , 
~u n ~ u'Yl1udiJ nl11iU1~ ltJ"lJuf) Ul>11.1. 'W1V1 ~1 ulGl tJ 1.11 'Wl~f) ul>1B>11 UEI~~lVln11:JJnl1~aL1al.~ at:-J~:JJ1U 

, 9 

;nul. 'W1 tJ>11. ~ f) iJ f)>1 n U nl11. nl ~~ Gl"1J E1>11. 'W1rJ~ U11.l rn1~l1a ~ 1.1 E1V11E11~~ ~l~ 'J~~ ~ Jf~1U 'Yl~ I.~Jf~ I.L~ 
9 

"1h~ nfLf'!. 1960 (Mensink, 1999; Harino, et al., 2006) lGltJl.11'Wl~~11 tributyltin (TBT) 

ua n ';ijl n ii'rY>11 i'Yll~ ~1 UI. n ~Gl 1 n 1111 lGl tJ dJ U~l U1.h~ n E1U"1J E1~ ~l1OJJl L:ff) 11 ~11OJJlllU fl'n 1.1tJ ll~~ 

~11fhiGlf1~1~"1l''WlnVlUaU''1l'U~~1~ 'J 1"1flU1~UU1.hu~JlluaGl~lV\n1111 (disinfection of 
~ 9 

circulating industrial cooling waters) ua n';ijl n d~111un ~:JJ l~ tJl n u~~L~uri ~l1 dibutyltin (OBT), 
u~~ monobutyltin (MBT) lidJu~11 stabilizer luElGl~lV1n11:JJ(:,J~~l"J~l~~nwl:n (Sudaryanto, et., 

aI., 2004; Ismail, 2006; Antizar-Ladislao, 2008) 

lGl tJ ~1 1i>1 n ~ll ~ ~f1 f) tJ 'J U l"J 1n 1~~1 tJ f) f) n :JJll ~ EIOJJl ~>1 ii~l Gl ~ l nl~ nUl1a~ 1.1 f) ';ijl nV\ ~1 rJ nl1~ n ~1 

'WU11U1:JJl rn"1J E1~ ~11 TBT 1un VI ~>1JlI.L~~/Vl1f)1U~UGl~ n auii f11~~1 UU11.l rn~iJ nl1icu';ij1"1J E1~ L1f)~"
~ QI 'U 

I. df) l U1 rJ U I. Y1 rJ U nULU 1.1. VI ~ ~ ~ ii n 1 1U 1 ~:JJ ~ 1.1 a "1J U 1 ~ L~ n LI. VI ~ ~ L'W 1 ~ L~rJ" n ~ ~ Ll V\ ~ ~ ri EI ~ l ~ rJ 1 (Ka n­

atireklap, et al., 1997; Sudaryanto, et. al., 2004; Harino et at., 2008) ~111una:JJihYl~Yludj a ii 
- , 

nl1tJUI.~ E1U~"1u~" Ll.l ~;eJ:JJ I.I.;l';ij~~l :JJl1bl~ nY;)l~ l~ltJuL1 ~1~f1 f)U-Ul~Ul U 1~ tJ~11n~:JJi~n~ll~~ 
9 

ii nl1~~~:JJ1U~ UGl~ n f) U:JJl n n 111U ttl I. ttf)~ ';ijl n ii flll:JJ ~l :JJl1bllU nl1~ ~~1 tJ Jll~,za rJ fl~~iiiGl (half­

life) "1JEI"~11 TST luJliJf)ltJU1~:JJlrn 1 f)lYlGltJ rt~d~~:ffUf)rJnunl1nn~~l-U1LU~:~:JJ1u~~iJiilGl
, 'U 'U 

(biological uptake) I.L~~ nl1U f) tJ ~~1 rJ (Wattayakorn, 2008) nl1~~1 rJil"1J f)~ ~11i~ n ~ll1UGl~n au 

~Ul"IfL 1 ~1 f1 f) U-Ul ~ U 1 un1l1U Jl~\l fl~ ~iii Gl (half-life) "1J f)\l ~11 TBT ~ ~~ ~111U~UGl:n a uii al ~ 

U1~:JJlm 2.511 (Kan-atireklap, et aI., 1997 51\l';ijln de Mora, et al., 1995) flll:JJ~1:JJ11bl"lH)"~U 

Gl~n E1'U.1unl1~~~11 ~111un ~:JJ BT Jual';ij ri a1iln Gll tJULl v\ ~\l n nl.n U~11~~n~:rJauntu:JJluultiau 
9 

1996; Wattayakorn, 2008) 

http:nUnl1I.nl
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1'Ulh~ l Ylf'lL Yl tJ ii nT'aJ 'Ultf e:J'U"IJ e:J J~11n ~:lJ U1Y1f:l'n UllVdn1~'ill tJ 1U~J U1 ~ tfe:J :lJJ'J1Ull 'V\ ~ JJ1~ ~ 
~ 

1~ tJlU'Vn~1uluhIl ~1 tJ'V\ ~n (n1:IJfll'IJfl:IJ:lJtn~~, 2552) U~~1U1~'lJlJitllW151 tJ ~JYl:;l~1~tJlJ1L1 rn15ltJ~J 
~ 

"lJ tlJ ~l1ll~ nllhJ flUlu1uu<1i ~~~U~1~ tJ ~1:lJl1rJ ~11'ilV'l'IJJ'J1 UlJ1L 1 rn~ii nl1l~UL1e:J/'YhlYi tJ'IJ L1tl U1l1 rn 

~dJ\'Hl'V\ ~JlVn~l~tJJ11:IJ ~J ~rJ1U~~ L1JUll'VI~JritlJ l~ tJl ('il1V'l1 tfe:J:IJ l:IJ~ ~l, 2544; n1:IJfllUfl:IJ:IJ ~WM, 
~ ~ 

2547; n1:IJflllJfl:IJ:IJ~~~, 2549; Kan-atireklap et al., 1997; Kan-atireklap et al., 1997; Harino, et 
~ 

al., 2006; Wattayakorn, 2008) 

U~JllilV'l1~ tJl Ul n ll~Jlril~U lh n ll~ Jl u~ n ~ tlJ Ll~:; Ul nfl ~ tlJ 12 ITU11 1U"lfl"UV'l. f'I. 2546 

nJV'l.~. 2548 V'llJiillUlhr:IJn11uulfltlu:lJln~u 1u-rilJU V'l.f'I . 2546 'V'l'IJiilJ1:IJlrn TBT e:JriJ:vdlJ 
'II 

fll 'IJ fl:IJ:IJ ~ W~, 2547; n1:lJfllU fl:IJ:IJ ~~~, 2549b) 
~ 9 

~U~"l51tJ~JJllfl~:;lUeJeJn"lJtlJ~11LYltJl~ij'nU~lunld~dl~1~tl1dJlrn TBT dldJ 19 ~rnu l~tJii 

n11~n~lnl1uultftlU"lJtlJ~11U1:ntlUU1Y1~Y1U L~uri TST, DBT ll~~ MBT 1UJ1Yl:;l~ flfJU1n 

1U"lf'"lJU 'V'l.f'I. 2543 U1l1rniJlL<1iulU'lJ1JYl11tJ ~~'VI1~15~lJ1 n\lUlnLL:lhIl~11~ ~\l'VI1~~11~ V'l'IJii 
~ 

flltlrh:;'V\11J 43 .1 nJ 277.1 ng/L, 38.5 n\l 324.7 Ll~~ 137.2 nJ 1,864.3 ~l:JJ~l~U J'~dU1:lJlrn 
'U 

TBT ~~1'"l'ill~L~iif11~\l~U1Llrn~rJ1Uf1\ln1:;llJU (277 ng/L) lL~~;~~lJ (223 ng/L) :jjJ'lJ1l1rn
'U ~ 

~J n ~lll tJ UU 'VI ~\l lV'll:; l~tJ\l U~~ l tJ Urilli1 tJlJ l1tlll~:;ii nl1ffill'il1"lJ tlJ l1tl ~\l ('il1'V'l1 ~tl:IJ l:IJ~ ~l, 2544)
OJ 'U ~ 

'ill n t:-.J~ nl1~ n~11.J1:IJ1 rn"lJ tl\l ~11 TBT 1UJ1Yl~ l~1U-rilJ <1i eJ:lJl 'V'llJ ii UullU:lJU1:IJl rnnl1uultf tlU 

~~~\l ~\lI,"lfUnlJ~n~11ul"lJ~i\l'VI1~"l5~'lJ1 il\ltJ V'l.f'I. 2546 iiU1:IJlrn~11 TBT 1UJ1'Y1~L~~~11 
~ 

"l5~U113.2 ng/L rilleJ~:lJ 45-52 ng/L rill1ml'VI~:lJUUJ 12-43 ng/L (n1:IJflllJfl:IJ:IJ~~M, 2547) U~~ 
~ ~ ~ 

(24 ng/L) ueJn'illnd'illnnl11lfl11:~U1:IJlrn~11 DST U~: MBT 'Y'llJjjflle:J~1:'VI11\l ue:Junl1 10 

nJ 93 ng/L U~: UeJtJnll 10 n\l 84 ng/L 1~tJ~11J\l~e:J\ld'V'l'IJ:lJln~~~~U1l1rlUnl~~i\l (n1:IJ 

fllUfl:IJ:IJ~~~, 2549a) Utln'illn.au\lihltJ\llUU1:IJlrn TBT ~U1l1ru,1l'VI~:lJUUJ f'l111"nl lnl:;~iJ 

1uil\lrJ tJ 2005 - 2006 :jj\liiflltlf.h~'VI11J 25 - 34 ng/L (Wattayakorn, 2008)
'II 
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lUL"lJ~i~'Vr-r(jJ1~rH)~ LL~~i~'V\1(jJ~11(jJ'V'JU11 ~ rn1uuLtI elU"lJ el~~11 TST ~~el fJ~'" l"l1UrlU n~ll~ €I 

11,!,il"tJ 'V'J.~. 2543 'V'JUiiU16Jlill TST 1UL"lJ~i~'V\1(jJ1~fJel~ (6J1U~1'V'J(jJ Uln,xl1~fJel~ U1Ul'V'l) eH] 
~ ~ 

1~vdl~ 106 - 144 n'g/L LL~~U1L1illulnLL6J,xl~11(jJ'V'JU 89 ng/L C<il1'V'J1 ~el6JL6J~~l, 2544) 91~djel 
~ 

lU1tJULYifJUrlu1uori1~tJ 'V'J.~. 2548 WUiifll TST elrh~'V\11'" 35 
'U 

- 69 ng/L ll~~ 56 ng/L (n16J 

fllUfl6J6J~~M, 2549b) 
~ 

U111 illrillL'YlfJ ~~~~lU~ nL~~ n1111 fJ ~1 U U16Jl ill"lJ el~ ~1 11 un ~ 6J ihti ~tiu11,1, 14 ~rl1 U, 1 ttl "ll ~ 
~ 

i~v\l(jJ l'V'J"151U1 U1~"illU~1"JJuli "lf6J'V'J1 ~11Mnf[ilU 'Ufl1~11f116J"lfl&i 'V'Jlr;hl'UtJ 2546 iiU16Jlill 
q q ~ d.J 

nl11l'Ulr1el'Uel~1~v\11" UelfJnll 2 ~~ 20 ng/L LL~~iiLL'Ul1U6JL~lJ6Jln.:ff'ULneliin11~11"ill~1'UiJ 
'U 

d ~I I , q,.; I d ~ x 
2548 flel 'V'JU6JfllelfJ1~'V\11" UelfJn11 5 (h'l 87 ng/L (n16JfllUfl6J6J~'V'J~, 2549b) 'Ueln"illnU"illnnl1 

'U ~ 

~11"ill~~11n~6Jillti~tiU~"lflfJ~"'Yl~L~eJU(jJl~'U (i"v\1(jJ1~'Uel~ lL~~i"Vll~flLn~) 1U"lflJtJ 2548 
~ ~ 

U1L 1 illYi ~ nl 1~ru"il1"lJ €I" L1el U~ ~ n"il n116J'Yll ~ L1 el6Jl n (n 16J fl1lJ fl6J 6J ~~ M, 2549a; n16Jfl1lJ fl6J 6J ~Vl B, 
cv ~ q 

2549b) U'<il"il U'UU1~ l 'Yl ~L 'Yl fJ L~~ n11rllV1 tt~ fll6Ji~11 ~1 U"lJ el~ ~111h~ n ellJ ~U n ~ 1,1, 'Yl1rhfu,(jJL~nulti 
q "" q 

~tittl'U,xl'Yl~L~ liiifilL6JLn'U 10 ng/L ~16JU1~nl~flill~n116Jn11~~Ll1!§l~el6JLLV;~"151&i UUlJ~ 27 

(w. ~ .2549) L~el~ rllVl 'U(jJ6Jl ~1~lUfl rnfll'V'J Jl'Yl~L~ ~ Vl6Jw1 'U11"lfn"il"ill ttllJ n ~l UUU U1~ nl ~.,tlLU
..., q q 

~u~~neluLlJu5nUVl~~'V\~"~~16Jl1blrlnd1tJ~11 TST (Sarradin, et ai., 1995; de Mora, et al., 

1995) 1 'ULL~ ~ ~~U~"il~'V'J lJ1l16Jl rnLL~ n ~11 ~ rl'U LU ~16J ~n Brn~ nl11iU1~1 tJ"lfU U16Jl rn~11n ~ 6Jill 
q 

WU1LlUU 6Jlnnl11utJ1L1rn~dJuuVl~~LW1~L~fJ~ (Kan-atireklap, et al., 1997; "il1'V'J1 ~el6JL6J~<7l1,
q 

2544) 1 UU1~ L'Yl ~6Jl W L9jfJ n'V'JU iiU16Jl rn~111 U n ~ 6J Ulti flYl 'l-t6Jl n 1 'l-tU1L1 rn~ dJWYl1 L1el1JU1!§l1VI qJ 

Ll~~ii fl"il n116J'Yll" L1el ~~ ~lUtJ1l1 rn~ ltl uu VI ~ ~r\ el~ L~ fJl LL VI ~,,1l1~6J ~"lJUl (jJ L~ n LL~ ~ UVI~" lWl~ ItfJ~ 
'U 

~~1,xl~1l16Jlrn"lJel"~11n~6JUltiflti'Ulu&i'U~~nelU~UelfJnl1 (Sudaryanto, et. al., 2004)
q 

U16Jl ill~l 1U1~ n eltJ U1Yl ~ ti U 1 'U~ U~ ~ n €I 'UtJ1 II rnrillL 'Yl fJ L~~ nl 1~ n Bl fl f~ lL1n1utJ fl .~ 1995 

('V'J .~. 2538) 1!§l fJ Kan-atireklap et al. (1997) 'V'J tJ U16Jl rnu UL tJ €I U"ll D~ TST, DST Llfl:: MST 

1::Vll1" 4 n~ 4,500, 2 nJ 1,900 LL~~ 7 n~ 410 ng/g (dry weight) ~l6J~liu 1U~U~rillL'YlfJ 

~ elutJUL<l1~ n11~ nBl~tJ1l1 rnUl n U6J,xl L 111'V'J1~ fJl LL~ ~Ul n LLdJ,xlr\l~ U 'V'IU fll TST D~1~Vll1~ 430 
'U 

n" 4500 ng/g (dry weight) (Kan-atireklap, et al., 1997) ~D6J11utJ 2004 L<l1iin11~n~1~U1L ')rn 

ulnLldJJ1~ltJVI~nJ~ 4 ~lfJ y.juiiU16Jlrn TST Dciluoril~ 10 n~ 1,246 ng/g (dry weight) (Harino,
'U 

et al., 2006) 
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U1llru,~ 'l'dl'Y1tl~~(ll~l't'\'eJeJnfieJ'U-nlJJJnl1~n~1'Vl~ltl"lilJ1:::'VlllJtJ 'V'I.f'f. 2538 ilJ 'V'I.f'f. 2548 

l'U~1,1,~ 16 1;Hl1it t~tll'U"lhJtJ f1.f'f. 1995 JJnl1~n~1~U1nru, ~lJ~hn thnti'11:::rJeJJ lhnti'11h~ 

ll~f f1Jn1~lU'U thnll:JJti'1(ll11(ll ll~~f1~eJ~lV1nJ 'V'IUJJtJ1~1ru,nl1tJ'UlrreJW'lJeJJ TBT eJrh:::VlllJ 4 ilJ 
q QI 'IJ 

480 ng/g (dry weight) t~tl'V'luijnl1tJ'UltreJ'U~J~~(ll~lhnll:JJti'1(ll11~ (Kan-atireklap et al., 1997)
'IJ q 

TBT 11'V'1UeJ~1~VlllJ 2 il" 115 ng/g (dry weight) ('<u1V-n ~eJJH~(ll(lll, 2544) ~eJ~11'UtJ 'V'I.f'f. 2547 
'IJ q 

tJ'Ultrtl'U"lIeJJ TBT 1'U~'U(ll~ntl'UeJ~1~'Vlll" 3 ilJ 285 ng/g (dry weight) 'V'IU~ln~eJ~~l'JeJ~:JJ U~::: 
'IJ q 

IV 1 ~I VI ...,.,. "" • I .JI
ll'Vl~:JJUUJ (Harino, et al., 2006) 'Uu 'V'I.f'f. 2548 b~:JJnl1(ll~(ll1:JJ(ll1T<u~eJunl1u1,1,lueJ1,1,"lIeJ"~11 

TBT t~rJn1:JJf11Uf1:JJ:JJti~~~~ll"1l'~U1lnl:::~i" ~lleJ~:JJ UVl~JJUU" 'V'IU~U1:JJlrn"lltl"~11~"nfill 
q q q 

(n 1JJ f11U f1 JJ JJ ~ ~~, 2549a) 'Ul n-neJ JJ ~~" n filll~ eJ l U1tl U l Vi tl U U1aJl rn"ll eJ J ~11n ~ JJ1J1Yl ~ Yl 'UnU 
q 'IJ q 

nl1~n~11'U"lJ1Jll1nt~tl Kan-atireklap et al., (1997) 'V'IUll~ll'UltUJJ~~~J 

U1L 1 rn"1l'l rJ~" 51,1,~1 JJ1,1,fi eJ'U.vl J ij11 rJ Jl 'Ul ~ tll n U f111U 'Ulfl eJ'U"lI eJ" ~11n fi JJ ihYi ~ Yi'Ufi eJ'U"JJ1" UeW 
q 

t ~ tJ 1 ~ij11 tl J 1 'U n 1 1 ~ n ~1 t ~ tl n 1 JJ f11U f1 JJ JJ ~ ~ ~ (2549) 1'U U1ll rn 'Yi II Yl rJ U l1 eJ 1 'U l"ll (ll-:ilJ Vll~ I1l n ~ 
q 'IJ 

"lilJtJ 'V'I.f'f. 2548 'V'IU~U1JJlru,~11 TBT DBT ll~~ MBT eJ~l'U"lJl~ 8 il" 14,9 ilJ 17 ll~::: 7 ilJ 15 
'IJ 

ng/g (dry weight) ~lJJ~l<jlU l'UJll'V'111JJU1:::l'Y1f'fl'Y1tlijll1,1,ltUJJnl1~~~""lIeJ~~11nfiJJihYl~Yi'UdjeJ
q 

lU1rJUlVirJununl1~n~111,1,"lil"u1nt~rJ Kan-atireklap et al. , (1997) ll~eJ~1~11n~laJU1:::l'Ylf'fL'YlrJ 

u" f1" ~ nl1U 'Ul fl eJ 1,1,"lI eJJ ~11 TBT fi eJ'U-nl J ~~ l~ eJ l U1rJU l Yi rJ U nU U1~ l 'Ylf'f~ 'U1'UllrlU l Ell~tl~:::l'UeJ El n 
'IJ 

lUrJ"l<ll (Harino, et al., 2006; 2008) 

l"lJ'U r'il1il n ~ f111 JJ~ ~ tJ n ~"lJ eJ" nl 1~11" l tJ~ eJ n 1 'UVI eJ tl'U 1 ~1JJ u~~Yil1iln ~ f111 JJ ~~ U n Gi ll~ :::nl 1(ll1 rJ 

"lI fh'l il ~ eJ'U<lll rJ ~J~ l n ~1 'U~ll Arcachon 1 'UU1::: l'Yl f'f ~~~ If'f~ Yil1iij U1JJl ru,t-J ~ t-J ~~"lI eJ"'Vl eJ tl 'U1"1aJ 

~~~JeJ~l~:JJln (Alzieu, 1991) 'UeJn'Ulndr'illi'VleJrJ'Yl:::l~ (gastropod) l'V'lf'flJJrJijnl1vr~'U1Elltll~l'V'lf'f~ 

lYl tlJJ Vl1eJ~l1tl n':htJ11 n[] nl1rn imposex (Bryan, et al., 1986; Bettin, et al., 1996) ~JU11 n!) nl1rn 

~J n fil11~ij nl1~ n ~lll~:::11 tl "l'UeJ til J II 'V'I1V1 ~1 tntl t ~ n ~~ 1'Yl:: l~1 'Un ~ JJ f11~l~ l';rJ1,1, 1<l1ij11 tlJ1U 
q 
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d1tJ\llU';h~ldi\ln~11~1:JJTHlnd~~U1itJ ~1 b'V'lfH~ tJ dl<l1n1dbtJ~ tJu~~tJ~\I bUU\' 'V'l~~:JJ1 n~u (Shimasaki , 

et al.. 2003) 

~ I 6' A n I A nl ~ 
u1"l nD nl1"ntAdl3J ~~u n<f1'Y11\) l ~ ~'lH)\)Vi f) U'Y1~t~ Hlt~Ud 

lh1n!)n1drn imposex 1~~d1tJ\l1Un1d'V'ludJUfl#"LLdnl<l1tJ Blaber (1970) lU"1il"Yl~ldd~~ 

1970 lU'VleW~,hL~tJl"15U<l1 Nucella lapillus (Bettin, et al., 1996) imposex I,UUUd1n!)n1d"rn~'Vle:WYl::I,~ 
4::::t Q Q..;o ~ Q...I 6' v ~ Q......f Q...I,....aI ~ 

I, l"I ~ L:JJ tJll n1d"l"I~U1d"::UU n1d"~U 'V'lU ~"ll f)\l1, 'V'l f'!~ 'Vl d"fl 'V'l~ U1 f)l t11~ L'V'l f'!~ l Yl tJ:JJ (pseudopenis 1,1,~::/'Vl d"8 

pseudo vas deference) ~U Ud"ln£]n1d"rn imposex dJutJd1n£]nldrn~Ln<l1Ll~11JJ~1:JJ1dn'Vllt11~ 

(irreversible) (Bryan et ai, 1987 eJ1\l-;U1n Bech et aI., 2002) ~ll'Vl~"lltl\ln1d"Ln<l1 imposex JUln~-;U1n 
~ 

nld~'V\ 8 tJYl::l~1~1U~1d"1un ~:JJ organotin 1~ t1lUvn::~ld" tributyltin (TBT) (Bryan, et al., 1986; Bech, 

et al., 2002) ll~::~ld triphenyltin (TPT) n~1:JJ1dn~'Vl~t1TI,blidl~ imposex l~liunu (Horiguchi, et 

al., 1998; Limaverde et al., 2007) tf\ldfll1lld"UUd"\I"lltl"nTHn~ imposex llUd~U'Vl1tl~Utl~nUU1:JJlrn 
~ 'U 

nld"tJULrJ8U"llf)\I~1d" TBT (Bryan et al., 1986) ~\I~1d"i\ln~lTYhliln~nldrYu5"nld~11\leJf)ft:JJULtl 

~1Yld"L -;uu (estrogen) (rJU 5\1UD n1t11~ l U~ t1UeJtlft:JJUI,Lf)Ul~d\'-;UU (androgens) lU l1JueJtlfl:JJ'\,Uf) ~1'Yld 

\,-;UU (estrogen)) y'hhK~u1:JJlrn testosterone \'~:JJ:JJ1n;ffu~\lnld"L~:JJ~U"llf)\leJf)n:JJu testosterone-;u::: 

in'\..bliln~nld~~Ulf)ltl1:::L'V'lf'!~L'YitJ:JJ (Bettin, et al., 1996) ~~-;U1nnld"vr~ulfll£.n:::I,~f'!~~'¥itl:JJ'Vlln
'U 'U 

iJ nld"~~Ul:JJl n-;u~11Jr'\11 'VlltJ"ll11\lYl1\l'YiflU1l"JJr'\11 i'Vl tl t1'Yl:: L~ l 'V'lf'!l~ t11JJ ~1 :JJ1dnl1\ll"JJ1~ Ufl n-;U1nd 

'Vl1n~n1d~::~:JJ1"JJlU'YitlU1l"JJ:JJ1 n~u-;u:::r'\ll i'Yi f)'u1l"JJu~ nL\'~:::r'\lli'Vl tltl'Yl:::l~~l rJ (Gibbs and Bryan, 

1986; ~urn~~ ii:JJ1~U U~::: flrn:::, 2549) ~\I-;U:::U1:JJ1~n1d~~~\I"llf)\lUd:::"151nd"llf)\I'VltlrJ'Yl:::li;~1~ n1d 
~ 'U 

ln~ imposex ~lllldn~n~1~1u'Vlf)u'Yl~\'~n~:JJeruiu Mesogastropoda 
~ 

U~::: Neogastropoda l~rJl~n 

dltl\llUn\lW)dl,n~ imposex rrll~n:JJlnnil 140 "15U~ (Horiguchi, et al. , 2001) 

';)1 n n1d~n~1 \'W~f1U 'V'lU"ll tl\lunl'Yl rJlf'!l ~~fr'\ll i'Yld"lUl1fll1:JJdUUd"\I"lJ tl\l nld~cnJ 'U1 tllrJl~L 'V'lf'!~ 
q 'U 

l'n t1:JJ~ tlU1:IJ1 rnflll:IJ l"JJ:JJ"JJU"ll tl\l ~ld TBT 1uu'Vl ~\lJll\'~:::~:::n tlU~U~fll1:JJ ~:JJvr'UTIn'U (Bettin, et al., 

1996) r'\11'Vl1'UlJ-;U~UUUrJlllitJd1n!Jnld"rni\ln~lllu'Ui1~1~ (bioindicator) nldu'U\,rJtl'U"llf)\I TBT 1'U 

~\I U1 ~ tttl:JJ l'iif) \I-;U1 n dJ'U1TI~jl tI ll~ ~dl ~ l11 nl1 n1 dll,fld1:::~Yl1\l Lfl ~ (Smith, 1996) -;U1 n ~ ~ nd":::YlU 

1'UYl1\l ~U~ l n~~'Utl ~l\li~ l-;U'U-;Ul n ~ld"1'Un ~ :JJUlY1 ~Y1'U ~1 :JJ~1~n ~ll III tt'Ur'\11 i'Vl ~1 rJ Ud"::: l 'Ylf'!l~iJ 
q 

nld"d":::runld"li~ld" TBT ll~:::1~£lnld"~n~1~n1'Unldrnnld"ln<l1 imposex 'Vl~\lnld"d:::ru1il"lUll 

~1:JJ1dn~~tJ1:JJlrnnldLn~ imposex ~\ll~ i\ll"1i'Unld~n~l"llf)\I Smith (1996) 1~d1rJ\ll'Unld~~~\I 

"lltl\lnldln~ imposex ll~:::nld~~~\I"lJtl\lfh relative penis size index (RPSI) l'U'VltltJ'Yl::\'~"15U~ 

Lepsiel/a scobina U1\,lrn Porirua Basin l'UUd":::L'Ylf'!Ul6fiu~'U~ 1~t1~n~1\'u1tJu\'i1tJun'Ud":::'Vlll\lU 

fl.f'!. 1988/1989 ll~::: tJ fl.f'!. 1994/1995 ~tl"1il\lritl'U\'l~:::'Vl~\lnld"i1:IJ"llltlll~:::i1;)Jli~ld TBT 1'Uu 

1993 f) ~l\lldn~l;)J-;Uln ~~ nld~n~ll:JJ'V'l1J n1d~~ ~\I"lJ f)\I \,u tlf\,;nu~n1d\'n~ imposex \'l~'V'lU nld~~ ~\I 
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"lJEl\l relative penis size index (RPSI) l'Uu1l'drn~dJ'U'Yilb'1El~'Ufll"li'UltillV1qJ (Wellington Harbor) 

ElltlbU,El\ldJltllfl ~11 T8T ~~::~dJElriu1l1rn Wellington Harbor Elltlblflfl1'U,r'UdJltllflntlfl11dJfl11 
~ ~ 

l~'Ul'1El ll~:: fl11"litil ~ El fllil 'UEl fltll flUl 'UU1:: l 'Ylf'lU 1:fi ll~ 'U~l~lil~ fll 1lnu-vEl dJ ~ l~ tJ1 nu fl111i*nu 
~ ~ 

l Y'l1 tJ \l "lJ El \l b'1 El til fl ~1 \l1fl ~ ~ \ll1 El ~\l fl ~11 Ell til 11 u u VI ~ \l "1J El \l fl 1 1U ~ El tJ ~l 1U 'U l15 El 'U 'U El fl til fl ittil fl 
11rJ\l1'U"1J€h'l Reitsema et a/. (2003) ~lil~fl~lfl11lntil imposex "lJEl\lVlEltJ'Yl::l~1fUtil Thais orbita 

U1l1rn1fltJ~\lb~El\l Perth 'Yll\l~\l@"l::1'U@"Ifl"lJEl\lU1::l'Ylf'lElEl~l(m1rJ ~1'U1'U 16 ~bllU 1'U-n1\lU 1998 ­

1999 LU1rJUb-nrJUrlUU 1993 Y'lUl1iJD@"I11fl11lntil~~~\l 11 ~bll'Cb 1~rJi.1bllii~rJ\lfl\liJtFhJlru 

imposex ~ \l ~ El tI ~~ L1J 'U 'Yill Y1 tJ U l1ElY'l1 rn1frf"lJ'U l~1VI ill ll~:: ~ ~ El L1El ~\l UUltl::ii t:-l~ dJl"'ill fl fl111::fu 
~ ~ OJ 'IJ 

fl111i~11 T8T nUL'1El~~"lJ'UltiltJl1flll 25 ldJ@"I1 <k\ln~iJ 1991 

"'ill fl11 tJ\l1'Ufl11i~tJ~r-J1UdJl U1::l 'Ylf'll 'Yl tJlil~ fl11~fl~1 n\lt:-! ~ fl1::'YlU"'il1 flfl11uUL15 El U"lJ El\l ~11 

TBT 1~ tJ~fl~l fl11Ln~ Imposex 1UVI El tJ'Yl:: b~ ~l b~ tn1UVI ~l tJ~'U~~\lU'ib1ru~111 'Yl tJ lb~::e)U~l aJU 

"'illfl~~fl11~fl~1Y'lUVlElrJ'Yl::L~~bntilfl110'<nJU1ElltJ1::l'V'lf'l~LY1rJdJEl~1\lUEltJ 35 1futil1u 10 l\lvflilLul 
~ 

6' 

l\lf'l 8uccinidae, 8ursidae, Cassidae, Melongenidae, Muricidae, Nassariidae, Littorinidae, 

Planaxidae, Turridae 

Muricidae (19 1fUtil) 

d 

fl11f'1fl~1 imposex 

~\lVlltil 1UU'iL1 rn~lll 'Yl rJIll f\@"I::1UuElfl1tilrJlu Y'll ::~\lVlltil1f~U1btJU~ fl~\lVlltilVlrt\l~ dJ'U~lil1Ufl1ldJ 
~ 

~'U1"'il1 'Ufll1@"111"'il ~ til @"II dJ f\ rnIll Y'l ~ \I LL 1 til rl'u dJ l Y'l11:: l tJ'U ~'U~~ l ~rJ \l ~ El fll1U 'Ul15 El 'U"1J El\l ~11dJ ~ ~ 'M 
• q 

~1\l6) 11dJn\l~111@"11U1Yl~Yl'U lU:El\l"'illflltJ'U~\lVll~~iJfl11"lJrJltJ~1'Yll\llf'l1'toI~n"'ildJlflll~::u'ib1rn 

"l51tJ~\I{jn"'ilfl11dJY1'VI~lflVl~lrJ ldJ'11"'il::bU'Ufl11'Yl'El\llY1'rJ1 fl11U1::dJ\l fll1bY'l1::brftJ\I UVl~'\I 

Eltil~1V1fl11dJ lb~~'Yill1u'V'llrn1frf (fl1:lJf\lUfI:lJ:lJ~~'toI, 2549a) "If1\lU fI.f'I. 1996 (Y'l.f'I. 2539) lil~ 
~ q 

u~1~Vll1\1 27 n\l 100 btlElfl~i,I,~ t~rJ~bllU~Y'lUfl11bn~ imposex ~\ldJlfl~~til?')El~cnu f'l1111fl 
~ ~ ~ 

~\ld1fU~~Y'lUl1~ltlElfb~i,I,~"lJEl\lfl110'<nJi,I,lElltJ1::lY'lfHhY1tJdJ~\I lilur1 Bursa rana, Murex sp. Lb~:: 
~ ~ 

Nassarius livescens (Swennen, et al., 1997) lui1\ltJ Y'l.f'I. 25481il~fl11@"111"'illtilfl11dltil 

imposex ~U1l1 ill 'Yill Y1 tJ U l1 Ell 'U~\I Vll~1f~ U1 U~ ~ lil11 rJ \11 'Ufl110'<nJ'U 1 EllrJ1 ~ l Y'l f'I ~LYi tJ:lJ1i,I, VI El tJ 
~ ~ 

'Yl~l~~ll~tJ1"l5Util Planaxis sulcatus ~u1b1rn'Yill1mL'V\~:lJUU\l 50 lUElfL~U~ bb~~Y'lU1ElrJ~~n11bn~ 

imposex 1'UVlElrJ'Yl~b~1fU~ Littorina ardouinian ~~fnU~lT'll'~U110 lUElfl~U~ (fl1:lJfl1UfldJ:lJ~W'toI
~ ~ 
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~i.J ~11~~~ UVl&'l~UU.J 'Yh~Y1fJU~1€JU1~'Vl lm.:nfJu ~11U1 fJ€JozJ'Vl fl~U i"ludi~ imposex 1U'~€JfJ 

'Yl~~&'l"lf'U~ Pugilina cochlidium, Ergalatax contracta, Ergalatax margariticola, Nassarius 

Iivescens ll&'l~ Cymbiola nobilis 1~fJiiel<7111nTHn~ imposex €J£h~VI'h.J 4 - 100 lU€JfL~U~ 
'\J 

U f) n ';) 1 n urr.J i"l U fll1 ~ i~ vrU TI1:: VI 11.J U1 ~1 rn n1 1~:: ~ ~ "lJ €J.J ~l 1 n ~ ~{h Yl fI YlU1 U VI €J £J 'Yl:: L&'l <71' u 
~ 

luufL~u~n11ln<71 imposex ~~&'l:: fll1~fJ1l"lJu.J pseudopenis ~1£J (vYrnru,<711 \'~fJ~~~u1~, 2550) 

Uun,;)ln1U,).JVll~"lf~U1lltfl1iii11 fJ.J1un11l n~ imposex 1u~lu~rn{h~£Jf).J ~\'&'l~~n1uJ11u ~.J'V'l1J 
~ 

iin11vr~u1ulfJl~l'V'jf'(~lY1fJ~1u~u~u£h~Vlll.J 9.0 n.J 16.4 lUufl~U~ (Swennen, etal., 2009)
'\J '\J 

1UfflU~U~~111'YlfJ<71 uU~1.Jliii11fJ.J1un11\'n~ imposex 1u~n1UU1.J<71111 ~11U<71<711ii l\'VI~:lJ 

<711"l5£J LL~~1u~u~,).JVll~U11TI11~ ~.JnTHn~ imposex iifi1u£h~Vll1.J 2 n.J 86 luafl~U~ acil.J11 
'\J 

n<711~1:u'V'lU imposex 1u~u~ l'V'l"lf1U1ll~~U1UfllU (Swennen, et al., 1997) 1U"lfl.JU fl.f'(. 2006 
~ 

Swennen et al. (2009) 1~yhn11~n~1 imposex 1U~U~l~£JlnU~~n~11u"lfl.JU fl.f'(. 1996 lL~~l~ 

LU1tJulYlfJUi€J~~'V'lurhiiLLU11u~"lJu.Jnl"'Hn~ imposex :lJln~u1u~nl'i1 iJ<71<711U L'V'l"l51U1 U1UfllU 
'\J ~ 

imposex ~.J ('V'jU:lJ1nnl1 50 Luafl~U~) ~~nl'i1 vY'VlfJ1 \,l~::f'(111"lfl U1Llrn~'V'lU1::iun11ln~ 
'\J 

imposex u1un ~1.J (15-49 LU ufL~U~) lillri ~nl'i1 U1UfllU U1"<71111 1~::iJ \,l~ lL VI ~:lJun U1 n ~11 
'\J 

iJ<71<711U ll~~1J1L1 rn~'V'ju1::iu n11Ln~ imposex Uu £..I ('V'luua £..I nl1 15 L U ufL~U~) lilLri· ~nlit 1::£..1 u" 

J11'U L'V'l"lf1U1 ~.J"lJ~1 U::U1L1:: \'\'~::<711n1u (Swennen et al. , 2009) 
~ 

~n1un11rnn11\'n~ Imposex U1nrn"lfl £..I ~.J'Yl::L&'l elU~l~U"lJ u.JU1::L 'Vlf'(1'Yl £..I 

n11fin ~1 n11ln~ imposex U1.L 1 rn"lfl £..I ~\I'Yl::LfI elU~laJU~lU1VI qJ \, uun11~n~11u~u~,).JVll~ 

IHn<711u"lfl.J1::Vl11.JU fl.f'(. 1996 n.Ju fl.f'(. 2000 1~ii11fJ\l1Un11\'n~ imposex 1~fJ\'uu~n~11u 
'\J 

VI u fJ'Yl:; L~ n ~:lJ Muricids l~LL ri Thais distinguenda, T. bitubercularis, T. rufotincta, Morula 
~ 

musiva, M. margariticora, M. granulata U~:: Chicoreus capucinus 'V'lUll iJ5<7111n11ln~ imposex 

:lJ1n~u1'U"lfl.J1::Vll1.J~Yhn11~n~1 ~u 1uu fl.f'(. 1996 'V'lULn~ imposex 22.5 LtJafl~U~ fflU1uu 

~ .J' <=: 6"~ 6"~.J'IV a IV IV OVa 

fl.f'(. 2000 'V'ltll'V'l:lJ:lJ1n"lJUlUU 62.0 LUu1l6JJU<71 'Yl.JUfJ\I'V'lU:lJn11'V'l~U1ulfJl::LWf'(~L'YW:lJ (Relative
'\J 

Penis Length Index) 1UVla£Jl'V'lf'(LiJ£JL~:lJ~ln~u5n~lfJ (Bech, 2002a) uun-;U1nd'rJ\I'V'lUl1 

LtJElfL~U~n11Ln~ imposex lL~::"lJU1~"lJEl.J pseudopenis 1uVlaLJ"lfil,~ Chicoreus capucinus ii 

fll1:lJ ~!JvrutfnU1:: £J::Vh.J1::VI11 \I'Yh L1u ll~::1:: £..I:: L 1 ~11un11lU ~1i.J1 U"lJ u \ltll L1u n ~11 ~ u U1l1 rn~ 

1ntftllL1El iiuul1u:lJn11Ln~ imposex ~.Jnllu1Llrn~ln&'luanlu LL~::'V'julL1,nlu~n11Ln~ imposex
'\J 

~1 n~U<711 ~1::fJ::\'1 ~11un11lU~1itlll1a (Bech, 2000b) u cil\ll1n <711 :lJUU n,;)l nU1l1 rntl1 L1u LLtfl 

http:IHn<711u"lfl.J1::Vl11.JU
http:1U~U~l~�JlnU~~n~11u"lfl.JU
http:1U"lfl.JU
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t!EJ tl ~.J L:ti EJ 1 ~ tl ~ 'Yll.J V; 1.J EJ EJ n 1 U 'Yll.J 'Y1 ~ L~ LtJ ~ (Bech, 

Muricids LLtfl1<ilihltl.Jlun11ln~ imposex lu'VH)tJ'Yl~L~"lfii~ Littorina ardouinian 1J1L1rn'Yil\,1EJ 

'V\ ~ 1 tl LL v\ .J 1U i.J 'V\ 1~ 11 Ln~ t ~ tl'V'l U ij L U EJ f L ~U ~n 11vr~U 1 EJ 1tll ~ L'V'l f'I ~Lrl tllJ EJ r.i 1 ~ 'V\ 11..1 3. 5 n..1 35.7 
~ ~ ~ 

LUf)fLiu~ (n1:IJfllUfI:IJ:IJ~~~, 2549) UEJn~lnn11~11T'iln11Ln~ imposex lL~l Bech et al. (2002) 
~ 

i.iYlln11'Yl~~EJ..1~n~1i1.J~~n1~'YlU"lJEJ..1n11uuLtTf)U"lJEJ.J~11 TBT t~tlU,l'V\e:Jtl"lfit~ Thais 

distinguenda ~ 1 n 1J1L 1 rn~i.3J ij n11U UL t! iJ U~l n ~11 TBT (13J ~ U nl 1l n ~ imposex) U,l i.u U ~ EJ tl O.J 

U1L1 rn~iJ n11UULtJiJU"lJ iJ.J TBT ~.J ~ iJ U1L1 rn~'V'lU1liJn11Ln~ imposex 1U'V\ e:J tl"lfii~ct.Jn ~ll 100 
~ 

LU iJfLiu~ ~l n,xuYlln11L nU<lll e:J r.il.J1U-ril.J1~ tl~L1 ~l 1 tJ 'V\ ~.J~l n~u ~ iJ tl L~ iJi Lfl11~lKVll nldLn ~ 

imposex ~ln~~nld'Yl~~ EJ.J'V'lULUtlfL~U~n11Ln~ imposex L~:IJ:lJln~U~l:IJd~tl~ll~l~i.~U~tltl'V\iJtl 

1 .¥ d&!l 
'Yl~L~ U'V'lU'Ylf'ln~l 

~l n-iTtl:IJ~ n11~n~1 n11vr~ul Errtll~L'V'lf'l~L'Yi tl:IJ~U11 n11~ flU ~UEJ.J (sensitivity) "lJ tl..1'V\ tl tl'Yl~L~ 
~ ~ 

lb~~~"lfii~~fl~ld TBT LL~n~l.Jnui.u ~~n11~nBl"lJtl..1 Bech (2002a) ~i.J'V\l~[Hn~~U1l "lfU~ Thais 
~ 

distinguenda, T. bitubercularis LL~~ Chicoreus capucinus :nn11~flU~Ufl..1fitlu-iTl.Jll~EJ~11 TBT fflU 

"lfii,~ Molura musiva, Molura granulate, Molura margariticola LL~~ Thais rufotincta :n n11~ tlU ~Utl..1 ~ e:J 

~11 TBT fi flU-iTl.J ~l L-ctfl.J~l n'V'lu:n nl1vr~u1 flltll~ L'V'lf'l~\,'n U:IJ 1UU1L1 rn~:n nl1~ill~dL1flVlU1 LL ti, U 
~ v 

L'Yh,xu (Bech, 2002a) uiJn~lnd Swenen, et al. (2009) i.<il11tl..11U1l'V\fltl'Y1::\'~"lfii~ Morula musiva 

dJu"lfu~~:n nl1~ iJU ~utl.Jfi flU-iTl..1 Utl U L -riunU\'\'~~'V'lU1l'V\ fl tl'Yl:: L~"lfii,~ Lataxiena blosvi/lei iJ nl1 

~fl1J~Ufl.JfiiJu-iTl..1~LU1UULV1tlUnU"lfii,~3u6J~i.<ilYllnl1~nBl (Swenen, et a/., 2009) EJcil..1ldn~l:IJ 

'V\ flU'Yl~L~Ul..1"lfii,~ ~1:IJ11n Ln~ imposex 1~1~ ullJ n n n11L VliitllU,l~l n i.n11 un~:IJ~ U n ~U'Yl1rJ<ll.J L"liU 
~ ~ ~ 

VI tl U'Yl::l~1ul.Jff Volutidea Ul.J"lfii,~ l<ilu ri Cymbiola nobilis, c. vespertilio , Melo amphora, M. 

melD LL~~ M. umbilicata Littl..1~ln~l:IJldnLnWl imposex l<ilLE.l.J1U~l1l'V'llfd1:IJ"lf1&1 (Natural 

phenomenon) rr..1di.<iliJ n11~n~lil EJ cil.J1U l..1ffd~1<ilL nU<lll tl cil.J ri flUU fl. f'I. 1960 ~.JdJu-ril.J~ rJ.J 

i.lJi.~:n nl1u,1 TBT :lJlliU1~n EJU 1U~11iJ tl..1 n unldL nl~~ WI"lJ tl..1 ~.JiJ;i ~n'V'lU n11vr~u1 iJltll~ L'V'l f'lir 
~ 

lV1tllJL-riunu (Swennen and Horpet, 2008) 

'ill n-iTiJ:IJ 
~ 
~ nl1~n~1~(:.hulJT'il~ L~U1~ll nld~ n~l L~ tll nUU1lJl rnn11UULt! tlU"lJ tl..1~lJ TBT 1U 

~..1LL1W1tftllJ'V\1iJ1 u~.J:n.:gi~ rJ.JfI.J dJU~.J~l LUU LiiiJ.J~l n~111un ~ :lJd~l:IJ11n~ nfll.J fl cil u~.J \,\, l~tfiJ:lJl<il 
~ ~ 

ulul~uLu'V'll~lu~~nflu~u (Sarradin, et aI., 1995; de Mora, et a/. , 1995) ~~~lnnl1~n~1~~dJu 

-iTfl lJ ~1.'hf1ill1unldu1~LiJu~nlunldn! (evaluation) n11UULt! iJU"lJ EJ.J ~11n ~ lJ ct.J n ~ll (Wattayakorn, 
~ v q 

2008) 1llJ n.J iJl~1idJU-lJfl:IJ~1un11i~ n11'V\1EJ11.J LL~UU1UU1.JfI rn111'V'l~.J lL1~ tffllJ~ EJ ltJlUflUlf1~ l<il 
~ ~ q 

rr.J drJ-l iJ~ n 'V\ ~l U U1\, 1 rn~:n n ~ n 11:IJ L ~ tll nu n11L~ UL1 tl \,\,~ ~ Luuril LYi U U \,1 fl 1U"lfl tl~..1 'Yl~\'~ ~l U 

http:U-ril.J1
http:tl"lfii~ct.Jn
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l~fl m[)l'V'j~~ ~11~~enJ (Bioindicator) 'V\1e)llJ'U<llltJ~;f~[)l'V'jU1~ ~a;u (Environmental indicator) "lJrJ~ 
~ 

nl11J'UltrfJ'U"lJa~~l11'Un~;u Tributyltin (TBT) 1'U~lllY1rJ~fJl1J 
~ 
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.J' dc!l 
VfU'Ylf'lnHl 

~U~f11e:JUfl~:UU1nrn"1JlfJ~~BllL'YlfJ~lU~~1~Hlfln lu~~Vll~"1J~U1 L~bbri Bl~~~l bnl~~-n~ 
~ ~ 

d .Id
'Yl 1 U~~1lJ'Yl 2-11 

'U 

Jll~~ 1 ~U~~ n~l~ll :u~~ll n ~'Yll~ b~ f'I"lJ fl"VI fl fJ'Yl~L~ ~l L~ fJllJ1L1 rn"1Jl fJ ~~'Yl~b~~~lUe:J e:Jn"lJ flJ e)ll 


L'YlfJ (1) Bl~~~l (2) bnl~~-n~ (3) f'l111"1Jl (4) LlVl~:UUU~ (5) bnl~L~ (6) :WllJ~l~~ 


(7) U1UlY-l (8) f1"n1~bUU (9) L~lV1~ll (10) 'Yhl~:u (11) bnl~il~ 

q 
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rlllri lJU l1eJ1_h-:::IJ" 1n ~rlllri lJtJ l1u ~u,f11"lJtn~11'\ qj 

,<\)~,<\)u~l1u11J:: ~U,~,<\)u~l1u~U,f1l Ll~::"lJu,{hrJ~u,f1l'Yll"'Yl::l~ 
~ 

rl11~:IJ 
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~ldl'<il ~~~~~nu i1 tl rh~'VI tl rJ'Yl~ W ~l ~~ rJ1 (gastropod) 1 'U~"lJ~ Jl:B'UJl ~~ (ir:ltertidal) tf~'VIl ~~ 'U 

'VIl~'YldlrJ ll~~/'VI1tl 'VIl~T~ ~'U T~rJ~nui1 tl rh~~~'VI!J<ll~VlUU~~~nui1 tl cil~1'U~"lJ~1<lfJl (subtidal) ~1 rJ 

nld~lJl~nui1 mh~'VI1tl ~nui1 tl~l~~l~'<ill n l1mJ1~!J~ (~1tl tl1'UU) L<ll rJ'VI tl tJ'Yl~ ~~~l1l nld~nui1 e:l ~l~ 
'\I 

1'Uflf~ifdJu'VI tlrJ'Yl~~~1 'Un ~!J Neogastropoda ll~~ Mesogastropoda ~~ dJ'Unri!J~~nldllrJn ~ 'V'lf'l~b~~l~ 
~ ~ 

'Yl~b~ (microhabitat) i1 tl~l~~~nul~'<il~l-b1~11l 'Unri tl~T yJ!J 1 iJl LL~~tll nlf'l~~ tl<ll~1 ~~I~ yj tl't4.l n 5ulu V~ 

~r\litl~rJ~ ~nl~~i~ '<ill ntf'Ul~~~rJ~vrnII ru ~bnit~ lyj e:ll1l nld~n~l~ e:llU ''If'U<ll'VI tl rJ'Yl~~~~Lnui1 e:l ~l~ 

l~'<il~~<ll')lll'Un"15t1,<llT<llrJ5l~B~~l!J~tln~ld"lJtl~ n~1l1 ~1d'V'llt1,"15 ~L~~flrn~ (2551) lldrn ild~'Ul1l~1~~ 

ll~~fHU~ (2551), Swennen et al. (2001) LL~~ Chen (2009) 

l-biltl~l~'VItlrJ'Yl~L~!Jl~Li1'U~l1~~~lrJ MgCI2 lyje:ll1l1i~~u (Swennen and Horpet, 2008) 

'<ill ntfuu,l'VI e:l rJ'Yl~l~ ll~ ~~il !Jll<ll"lJ'U l <llfl1l!J rJlllU~ e:l n~l rJ Ll e:lfl itrJffll~U lU tlf lW~u'lil tl til ~~l~!Jl 

lbrJ n ~1Ul'd'tl tl tl n'<ill n L tl~ tl n T<ll rJ 1ifftl'Un1~ L'Yll~ltl~ tl n'VI tl rJ tl tl n '<ill ntfwyh nl1,)lllun l 'V'lf'l"lJ tl~'VI tl rJ'Yl~L~ 

L<lltJ~~Ln(miJtl~~'U'<illnnld<ll~"lJtl~ ovary ll~~ testis <llnl1Udlnn"lJf)~tllrJ1~~uvr'U'IT 'Yitlu'l~LlJf!J (vas
'IJ '\I dJ ~ 

deference) \'~~~'Yitlu'll"ll (f1l'V'l~ 12) 1'U'VItlrJ'Yl~~~\''V'lf'l~'<il~yhnldl<ll''lJ'Ul<ll''lJtl~tllrJl~~uvruli (penis)
'IJ ~ 

~~ \, iftl~ln<ll:B'Uu1L1 ru~~ rJl nu~tldl n £J penis 'VIl n'V'lulln~~ Liftl Ln<ll:B'Un'<il~"h nlduwn n"lJUl<ll~ tlltl 

Lyj tl IIu~1~iu nl1~ n<ll Imposex '<ill ntf'UU,l"ll tl!J ~ nl1Ln<ll tllrJ1~ \, 'V'l f'ltrL Vi tJ!J 1 'UL ~ f'I L~ rJ~l~!Jll Lfl1l~~'VIl 
'IJ '\I 

LtltlfL~'U~"lJtl~tildLn<ll Imposex LL~~ relative penis length index (RPLI) i~~!Jnl1 (Bech, 2002a 5l~ 

'<illn Stewart et al., 1992) 

(2) Relative penis length index (RPLI) = mean length of female penis X 100 / mean length of 

male penis 
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(A) 

capsule gland; dg = digestive gland; f= foot; me = mantle edge; a = operculum; ov =ovary; p = 

penis; rt = right tentacle; t = testis) (1l1Vf~ln : http://www.cieh.org) 

http:http://www.cieh.org
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nlj~n 1~.n1 ufl~~dl<l1Yh nl'Hnuil tllh~VHHJ'Yl:: l~H-h l~ tJljl ~ 11 ~rl1it'ill n 4 i~'V\l~U1n ill 

"1fltJ~~.nlfl~::lu.tltln"1Jtl~~111'YltJ l.h::ntlU<l1ltJ i~'V\1~"1f~lJ1 (~l~~hn lnl::~i~ f'!1jl"1fl ll'V\~~UU~ 
~ 

ll~::lnl::l~) i~Vll~j::tJtl~ (~lU~lV'l~ U~::Ulu.ltAl) i~'V\1~iu.'YlU1 (l<Dl'V\~ll U~::~llf1~n1::LUu.) U~:: 
~ ~ ~ 

i~Vll~~11~ ('Yh1~~ U~::lnl::il~) j::Vll1~l~tlu.~~lfl~ tAl.f'!. 2552 n~ L~Elu. n1n:!Jlfl~ 2553 t.J~ 

nlj~n~1~Ul11<l1ilElcil~VlEltJ'Yl::L~~hl~tJT;(jlu.lu. 1,509 il LLU~ltJu.'V\EltJLtAlf'!LjjtJ<illUlU 947 il 

.d VJ.... = 1 .,. ..... d'0

(62.8%) 91'~~l~ljn'illLlu.n b~ 32 "1fu.~ 1,1, 10 l~f'! ~~u. 

.,. "'" 4 

l~f'! Buccinidae 1 "1fu.~ flEl Babylonia areolata 

.,. "'" 4 

l~f'I Bursidae 1 "1fu.~ fI El Bursa rana 

.,. "'" ~ 

l~f'I Cassidae 2 "1fu.~ flEl Phalium glaucum U~:: Semicassis bisulcatum 


.,. "'" 

l~f'I Melongenidae 3 "1fu.~ fl 

~ 

El Hemifusus elongates, H. ternatanus LL~:: Pugilina cochlidium 

l~fl Muricidae 13 "1fU~ l<l1uri Chicoreus capucinus, Lataxiena blosvillei, Murex altispira, 

M. occa, M. trapa, Morula margariticola, M. musiva, Laxiena sp., Thais sp. 1, Thais sp. 2, Thais sp. 

3, Thais echinata ll~:: T. lacera 

.,. "'" ~ 

l~f'I Nassariidae 5 "1fu.~ fltl Nassarius livescens, Nassarius sp. 1, Nassarius sp.2, N. 

olivaceus lL~:: N. pullus 

.,. "'" ~ 

l~f'! Naticidae 1 "1fU~ fl El Natica vitellus 


.,. "'" 

l~f'! Strombidae 3 "1fu.~ Strombus canarium, Strombus urceus Ui.'l:; Strombus sp.1 

.,. &>. 

l~f'I Turridae 1 "1fu.<jl Ptychobela kawamurai 

l~fl Volutidae 2 "1fU<jl Cymbiola nobilis U~:: Melo melD 

'V\ El tJ'Yl::l~~~UGilu.1 'V\ ill jju~tJ nl1fhl,tllV11jllUUnu.ldEl (carnivorous) 1El~ ~~ ~1~ El n ~~ nu.91'l n 
v ~ 

Vl1 El scavenger (1 <l1ll ri 1 ~ fl Nassariidae) U ~ :: n ~ ~ ~ jj ~ n ~ ill :: n 1 1 n 1,1, Ell 'V\ 1 1 lllJ 1.J 
~ 

., 
~ ft' Q.....oo , ~ &j a..,.. a.....- CJ. Q....I () Q..I c.:I Q....; 

'illn nl1llfljl::'V\~l El tJl~tAl1.J nl1l n ~ imposex 'V\ jtl V'lU nlj~~u.l Ell tJl::~U~ 1,1, ~l~ f'!~ l'Yl tJ ~ 'Yh'l 

pseudopenis ll~::/'V\1El pseudo vas deference 1u.VlEltJ'Yl::L~l~f'!ljjtJ 13 "1fU~ 11,1, 3 l~fll<l1lLri 

Cymbiola nobilis, Melo melD (l~f1 Volutidae) Murex trapa , Chicoreus capucinus, Morula musiva, 

Thais lacera , Thais sp. 1, Thais sp. 2 (lJf1 Muricidae) Nassarius livescens, Nassarius pullus, 

.,. .d d 

Nassarius olivaceus, Nassarius sp. 1 Ll~:: Nassarius sp. 2 (lJ f'! Nassariidae) 91'~11 tJ i.'l:: LEl tJ~"lI ElJ 

-liEl ~ ~1u.ll~ i.'l::~rnit~l ~11n ll'il n ll'il~ L<l1iJ ~ ElLtld 
'IJ 

http:nlj~n~1~Ul11<l1ilElcil~VlEltJ'Yl::L~~hl~tJT;(jlu.lu
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1\l~ (Family) '7$"~ (Species) 

Buccinidae Babylonia areolata b"lJ~1(~hrl Carnivorous 

2 Bursidae Bursa rana b"lJ~hi\rl Carnivorous 

3 Cassidae Phalium glaucum b"lJ~hi\rl Carnivorous 

4 Cassidae Semicassis bisulcatum b"lJ~1<?fti'l Carnivorous 

Melongenidae Hemifusus ternatanus b"lJ~1<?fti'l Carnivorous 

6 Melongenidae Hemifusus elongatus b"lJ~1<?fti'l Carnivorous 

7 Melongenidae Pugilina cochlidium b"lJ~1<?fJl Carnivorous 

8 Muricidae Chicoreus capucinus b"lJ~Jl;J'U,Jl ~Mth"l5l m~'U, Carnivorous 

9 Muricidae Lataxiena blosvillei b"lJ~1<?fti'l Carnivorous 

Muricidae Murex altispira b"lJ~1<?fJl Carnivorous 

11 Muricidae Murex occa b"lJ~1<?fti'l Carnivorous 

12 Muricidae Murex trapa b"lJ~1<?fti'l Carnivorous 

13 Muricidae Morula margariticola Carnivorous 

14 Muricidae Morula musiva 
~ j' ~ .0l"lJ ~'U,l"lJ'U,'U,l~M'V\l~'V\'U, Carnivorous 

Muricidae Laxiena sp. b"lJ~1<?fJl Carnivorous 

16 Muricidae Thais sp. 1 b"lJ~1<?fJl Carnivorous 

17 Muricidae Thais sp. 2 Carnivorous 

18 Muricidae Thais sp. 3 
~ &" ~ ~ 

l"lJ~'U,l"lJ'U,'U,l~M'V\l~'V\'U, Carnivorous 

19 Muricidae Thais echinata l"lJ~1<?fJl Carnivorous 

Muricidae Thais lacera l"lJ~1<?fJl Carnivorous 

21 Nassariidae Nassarius livescens l"lJ~l<?fJl/b"lJ~Jl;J'U,Jl~~ Scavenger 

22 Nassariidae Nassarius olivaceus 
" "d''''

l"lJ ~1<?f~bll"lJ ~'Ill"lJ'U,'ttl~~ Scavenger 

23 Nassariidae Nassarius pullus 
"d' '" l"lJ ~Ul"lJ'U,'ttl ~M'V\l~'Yl1l Ll Scavenger 

24 Nassariidae Nassarius sp. 1 
., d' " 

l"lJ ~Ul"lJ 'U,Ul ~ ~/'V\l ~'Yl1l Ll Scavenger 

Nassariidae Nassarius sp. 2 l"lJ(j11<?fJlll"lJ~Jl;J'U,Jl~~ Scavenger 

26 Naticidae Natica vitellus l"lJ~hhtl Carnivorous 

27 Strombidae Strombus canarium l"lJ~hlJl Detritivorous/Herbivorous 

28 Strombidae Strombus sp.1 l"lJ~1<?fJl Detritivorous/Herbivorous 

29 Strombidae Strombus urceus b"lJ~l~Jl Detritivorous/Herbivorous 

Turridae Ptychobela kawamurai l"lJ~l~Jl Carnivorous 

31 Volutidae Cymbiola nobilis l"lJ~hrJl Carnivorous 

32 Volutidae Melo melo l"lJ~1~Jl Carnivorous 
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~lnnl1~n~lileJ~l>1V\e:HJ'Yl~l~ 7 "15U~ Lilllrl Hemifusus ternatanus, Pugilina cochlidium, 

Murex trapa, Natica vitellus, Thais lacera, Semicassis bisulcatum LL~~ Turricula javana l"HJ';il nVl eJtJ 

'Yl~L~~ll~rJllflCil imposex ~l'Ul'U 2 "15U~ ~eJ Murex trapa LL~~ Thais lacera (<flldl>1~ 3) 

Murex trapa 'V'Junl1lflCil imposex 7.8 lU eJfl~'U~ (n =64) tCil fJ"lJ'Ul~flll:JJfJll"lJ eJ>1lU~ eJ noll eJ" 

Q..,Id.::., .01. I d ~~ d .:::..~I Q....I 

~1'YllnCil imposex :JJflleJ~1~v\ll>1 60.0 1:1>1 83.2 :JJ~~l:JJ<lI1 (lU~fJ 72.3 ± 9.7 :JJ~~L:JJ<fl1) ~lnnl11~ 

"lJ'Ul~"lH)>1 pseudopenis 'V'Jui>1u<ll L1J'UU:JJ'U'UL:JJ~l:JJl1rr1~"lJ'Ul~LCill1h'Un>1 5.6 iJ ~ ~ L:JJ<fld (lU~ fJ 4.1 ± 
~ 'U 

1.3 iJ~~L:JJ<fl1) 1'Ul'Y'lf1~nfilflll:JJtJll"lJeJ" penis eJci1~v\ll>1 4.3 n>1 8.6 iJ~~L:JJ<fld (LU~fJ 6.9 ± 1.1 
'U 'U 

iJ~~L:lJ<fld) t~fJii"lJ'Ul~flll:JJtJll"lJeJ>1LU~eJneJci1~v\ll>1 52.0 n>1 83.2 iJ~~l:JJl1Id (LU~fJ 70.1 ± 7.9 
'U 

&It. ~ ~ ~~ 0 I d I I Il.;' 

:JJ~~L:JJ<fld) 'Yl.J'Ul:JJeJfll'Ulillfll RPLI 'V'lU:JJfllL'YllnlJ 4.3 

Thais lacera 'V'lUnl1lflCil imposex 13.3 lUeJfl~'Uc;l (n = 15) "lJ'Ul~flll:JJtJll"lJeJ.JLU~eJnolleJ"~l 
, , , 

r1Ln<n imposex iifileJci1~Vlll.J 38.1 n>1 43.0 iJ~~L:JJ<fl1 (LU~tJ 40.6 ± 3.4 iJ~~L:JJ<fld) pseudopenis Yi 
'U 

'Y'll.lW1.J L~ fJ.J dJ'Uu:JJ'U'U~'U:JJllrhtt'U~.JL:JJ ~l:JJl11:1l~"lJ'Ul~ lL~~f1l'U1 illfil RPLI Lil u cil>1L1n<fll:JJ 1 'UL 'V'lf1~ 
~ 'U 'U 

~lnnld~nHlileJcil"V\ufJ'Yl~L~ 14 "15U~ LilLlrl Bursa rana, Cymbiola nobilis, Melo melo, 

Hemifusus ternatanus, Pugilina cochlidium, Morula margariticola, Morula musiva, Murex altispira, 

Murex trapa , Thais sp.4, Nassarius livescens, Nassarius pullus, Strombus canarium LL~~ Thais 

echinata 'V'l1.Jln<n imposex 5 "15UCil ~u Cymbiola nobilis, Morula musiva, Murex trap a , Nassarius 

d 
livescens, Nassarius pullus (<fll1l.J'Yl 4) 

Cymbiola nobilis 'Y'l1.Jnl1Ln~ imposex 100 LUufl~'Uc;l (n = 21) t~fJ"lJ'Ul~flll:JJtJllLtI~eJn 
, ' 

"lJu.Jv\EltJ'Yl~l~L'V'lf1LiitJrhnCil imposex iifileJci1~V\ll.J 119.3 Cl.J 172.0 iJ~~L:JJ<fl1 (lU~fJ 142.9 ± 15.7 
'U 

Q. .:::.. Q....; d I I I d ~ ,Q" cI: 

:JJ~~L:kJ<fl1) ~lnnl11Cil"lJ'UlCil"lJeJ-J pheudopenis 'V'llJ:JJflleJtJ1~Vlll" 6.9 fl>1 19.4 :JJ~~L:JJ<fl1 (LU~fJ 9.8 ± 
'IJ 

2.8 iJ~~L:kJ<fl1) ;;;fl'U1'Ul'V'lf1~1~filflll:JJtJll"lJu>1 penis LileJ~1~vdl" 25.4 n,'J 40 .2 iJ~~L:JJ<fl1 (lU~tJ 

32.8 ± 3.7 iJ~~L:JJ<fl1) 1<ntJn"lJUl~flll:JJtJll"lJEl>1LtI~eJnuci1~v\ll-J 81 .6 Cl,'J 101 .0 iJ~~l:JJ<fl1 (LU~tJ 90.6 
'II 
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± 5.3 iJ ~ ~ ldJ<7l1) ~l n nld'r<7l"lJUl~~lldJ fJlllU~ fJ n l ~'Ul~lllYH;:H~ fJ~l1Ul~1 VI ill nlll 'V'Jf'I~fJ cil\li~ l~U 
'" 'U 

~d"d I ~r Q.;'0 I 

YhlUl3Jtl~lUlrnfll RPLI 'V'JUdJfl~llYnnU 29.9 

"'" a I ,;-.. ,;­
Morula musiva ~unl1ln~ imposex 14.3 Lutl1l6Jj'U<7l (n = 14) t~fJl1Ul~f)lldJfJll11fJ\l 

LU~fJnl1fJ"il~dl~ imposex ~filfJrh~Vlll\l 2.7 n\l 3.04 iJ~~LJJ<7l1 (LU~fJ 2 .9 ± 0.3 iJ~~LdJ<7l1)
'U 

pseudopenis ~'V'lU'V'lUl~ fJ\l~~Ul dJ'U1JJJUU~UdJllyh,!'uL~ffl dJl'Hrr~l1Ul<7lL~ LL~:;Yh1Vll~ff11dJl1Cl 
~ 'U 

f1l'U 1 rnfil RPLI L~ fJ Ul\lL1f1<7l1 dJ 1Ul 'V'Jf'I~~filf)11dJ fJll11 fJ\l penis fJ U1~Vlll\l 4.5 n\l 9. 7 iJ~ ~l:IJ~1 
'U 'U 

(lU~fJ 7.2 ± 1.3 iJ~~ldJ<7l1) t<7lfJ~l1Ul~~11:IJfJll11fJ\lLll~tlnfJU1~Vlll" 25.8 n\l 32.4 iJ~~l:IJ<7l1 (lU~fJ
'U 

28.4 ± 1.5 iJ~~l:IJ<7l1) 

Murex trapa 'V'lU nl1ln ~ imposex 16.9 lU fJ'h~u~ (n = 59) t~ fJl1Ul~f)lldJ fJll11 fJ\llU~ fJ n 

Q Q....I.d&:::lo. &:I., I I d ~~ d ,Qo.':::" 

l'V'Jf'lldJtll1€l\l<7l1YHn~ imposex :lJf)lfJ~1:;Vlll\l 60.0 Cl\l 90.9 :IJ~~l:IJ<7l1 (lU~t1 78.9 ± 10.1 :IJ~~l:IJ<7l1) 

-;)lnnl11<7l11Ul~l1fJ\I pseudopenis 'V'lUi\lll~iLn~LLJ'UiJ3Ju'Un" 3.2 iJ~~l:IJ<7l1 (LU~fJ 2.7 ± 0.5 
~ 'U 

iJ~~ldJ~1) ~1'U1UVlfJtlYl~L~L'V'Jf'I~iJfilf)ll:IJfJll11fJ\l penis fJU1~Vlll" 4.4 n\l 7.0 iJ~~ldJ<7l1 (LU~rJ 6.1 ± 
'U 'U 

0.8 iJ~~L:IJ<7l1) t~rJ~l1Ul~f)11:IJfJll11fJ\llU~fJnfJU1~Vlll\l 55 n\l 83 iJ~~L:IJ<7l1 (LU~fJ 69.6 ± 7.9 
'U 

"'" a I ,;-.. ,;-
Nassarius Iivescens 'V'Junl1ln~ imposex 57.9 LufJ1L6!l'U<7l (n = 19) l1Ul~flll:IJrJll11fJ\l 

ltJ~ fJ nl1 fJ"~l~dl<7l imposex ~fil mh~Vlll\l 19.2 n\l 24.3 iJ~~ l:IJ<7l1 (lU~ rJ 21.4 ± 1.4 ij ~~ L:IJ<7l1) ~l n 
'U 

ClJ .:::::f I I d .Q.Q" .d ~.Q 

nl11~"1JU1~11 fJ\I pseudopenis 'V'JUdJl1Ul~ fJ fJ1~Vll1\l 2.0 Cl\l 8.2 :IJ ~~ LdJ<7l1 (lU~ rJ 4.8 ± 0.3 3J~~ L:IJ<7l1)
'U 

lUL'V'Jf'I~'Wujjfilf)11:IJrJll11fJ\lLtJ~fJnfJU1~Vlll\1 18.8 n\l 24.1 ij~~l:IJ<7l1 (lU~t1 20.9 ± 1.3 ij~~l:IJ<7l1)
'U 'U 

U~~"1J'U,l<7l11fJ\l penis fJU1:;Vlll\l 12.2 n\l 18.6 ij~~LdJ<7l1 (lU~rJ 15.7 ± 1.4 ij~~l:IJ<7l1) J\ld'L~fJf11Ulrn 
'U 

Nassarius pullus 'V'lUnl1ln~ imposex 100 lUfJ'hsnu~ (n =3) l1Ul~f)ll:IJrJll11fJ\llU~fJnl1fJ\I 
, . 

~l'Yhn~ imposex ~filfJU1~Vlll\l 18.3 n\l 19.8 ij~~l:IJ<7l1 (LU~rJ 19.3 ± 0.9 ij~~ldJ<7l1) "lJ'Ul~l1fJ\l 
'U . . 

pseudopenis ~1<7lL~~l1Ul~€lU1:;Vlll\l 0.7 n\l 1.95 ij~~ldJ<7l1 (lU~t1 1.34 ± 0.6 iJ~~ldJ<7l1) luL~f'lir 
'U 'U 

V'lU~filfll1JJrJll11fJ\llU~fJnfJU1~Vlll\l 18.9 n\l 20.1 iJ~~ldJ<7l1 (lU~t1 19.6 ± 0.6 iJ~~lJJ<7l1) U~:;~fil
'U 

d ~.Q. d a.C). ~A'.d 0 

flll:IJrJll11fJ\l penis fJU1~Vlll\l 11.7 Cl\l 15.9 :IJ~~LJJ<7l1 (LU~rJ 13.5 ± 2.2 :IJ~~L:IJ<7l1) Yl\lUL:lJfJfllUlrn 
'U 
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~lflfllJ~flHlilflrh~VHH.I'Y1~l~ 8 1l'U(§l l~lln Lataxiena blosvillei, Murex trap a , Nassarius 

livescens (Y-luu~h Y-lfl~), Ptychobela kawamurai, Pugilina cochlidium, Thais lacera, Thais sp. 1 LL~:: 
'II 

Thais sp. 2 Y-lUlfl(§l imposex 3 1l'U(§l ~f1 Murex trap a , Pugilina cochlidium u~:: Thais sp. 1 (~lJl~~ 

5) 

, , 

V'lflrJ'Y1~l~L~fllJJrJ'Yidl(§l imposex JJfilf1ciJ::wil~ 68.4 n~ 90.9 ii~~llJ(§lJ (LU~rJ 80.2 ± 8.2 ii~~UJ~J)
'IJ 

'Y1::li:HY-lf'l~JJfil~llJJrJll''1Jf)~ penis f)ciJ::wil~ 5.5 nJ 10.6 ii~~LJJ~J (lU~rJ 7.7 ± 1.4 ii~~LJJ~J) l~w 
'U 'IJ 

ihJU1~~11JJrJl1"lJflJlU~f1flflrh::V'l11J 61 .6 nJ 87.8 ii~~LJJ~J (LU~rJ 75.4 ± 8.9 ii~~LJJ~J) ~JitL~f1 
'IJ 

Pugilina cochlidium ~UfllJdl(§l imposex 8.3 lUfl1l;nU<l1 (n = 12) l~rJ"lJU1(§l~llJJtJl1·1HlJ 

LU~ fI n"lJ Eh'l il~ Lfl(§l imposex ijfil 72.2 ii~~ LJJ~J ~1 fl fllJl L~Jl~l-fil f1cilJl:lJ~u pseudopenis ll<ll~U 

pseudo vas deference f)cilJ1Jn~lJJ~lnfllJ~nHl~Ul1L~fl~JJfil~11JJrJl1"lJflJ penis f1rh::V'l11J 11 
'II 'IJ 

nJ 15.5 iJ~~LJJ~J (LU~rJ 13.0 ± 1.3 ii~~LJJ~J) hWJJ"lJU1(§l~11JJtJl1"lJtlJLU~f)flf)ciJ::V'l11" 61.4 nJ 
'IJ 

75.9 ~~~lJJ~J (LU~rJ 67.5 ± 4.0 ii~~LJJ~J) 

"lJU1~~lJf)J pseudopenis ~U~JU~vr~U1LtJwLlJJuunJ 0.5 ii~~lJJ~J ~.lnnl1~flHl1ULY-lfl~~u~fil~11JJ 
~ 'II 'IJ 

tJl1"lJf)J penis f1ciJ~V'l11J 3.7 nJ 7.9 jJ~~lJJ~J (LU~tJ 5.7 ± 1.2 ii~~lJJqj1) lQJtJii"lJUlqjflllJJtJl1"lJf)J 
'U 

L'Yhnu 0.5 
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"i)lnnll~n~lir.H)th~Vi€lLl'Yl~l~ 7 "1fU~ l<llUri Nassarius livescens, Melo melo, Cymbiola 

nobilis, Murex trapa, Bursa rana, Chicoreus capucinus LL~~ Thais sp. 2 lAlU d1~ imposex 3 "1fU~ ~ u 

d 
Nassarius livescens, Chicoreus capucinus ll~~ Thais sp. 2 (~lll~'Yl 6) 

Nassarius livescens lAlUnllln~ imposex 100 lU€lfl~U~ (n = 33) 1~Ll"lJ'Ul~flll:utlll"lJu~ 

lU~€lnllAl~liitl~ln~ imposex iifil€lth~Vill~ 21.5 n~ 28.0 iJ~~l:U~l (lU~Ll 24.3 ± 1.5 iJ~~l:U~l)
'II 

"i)lnnll1~"lJ'Ul~"lJu\l pseudopenis lAluiifil€l~1~Vil1\! 2 .0 n\l 12.0 :iJ~~L:U~d (lU~t1 6.2 ± 2.4 

iJ~~Uj<ild) 'U€ln"i)lndl<lll"l1Jiinllvr~'Ul pseudo vas deference fnufinunldvr~ul pseudopenis
'II 

'ill'UlU, 12 il ~~dJU,1€lLl~~ 36.4 ,r\ld1u,llAl~~iifhflll;ULlll"lJ€l\l penis €lth~Vill\l 11.0 n~ 19.5 
'II 'II 

iJ~~l:U<ill (LU~t1 16.4 ± 2 .6 :iJ~~L:U~d) 1~t./ii"lJ'Ul~flll!Jt./ll"lJ€l\!lU~f)n€lth~vdl\! 22 n\l 25.6 
'II 

A ~ d A A ~ .d'.d 0 I Q I I Q....I 

:U~~L:JJ~d (lU~Ll 24.2 ± 1.0 :JJ~~l:JJ~d) 'Yl\!U,l:U£lfllu,lrnfll RPLI lAlU:JJflll'YllnU 37.8 

Chicoreus capucinus lAlUnl1ln~ imposex 100 lU£lfl~U,~ (n = 5) t~t1"lJ'Ul~flll:utlll"lJ£l~ 

lU~£ln"lJ€l\lllAl~liit./~ln~ imposex iifil€lcil~vdl\l 45.8 n\l 60.9 iJ~~l!J~l (lU~Ll 50.4 ± 6.1 iJ~~l!J~l)
'II 

"i)lnnldl~"lJu,l~"lJ£l\l pseudopenis lAlUii"lJU,l~£lcil~Vill\l 1.6 n\J 2 .6 iJ~~LJJ~l (lU~t./ 2 .1 ± 0.4 
'II 

iJ ~ ~ L:JJ~d) 1U,oril\l~'Yll nldlnUil £1 cil\lJu,l<llil £1 cil\1Vi £1 t./'Yl~ l~ l~ ~~:Ull~ t./\J 1 il ffl :Uldrrl~ flll:JJ Llll 
'II 

"lJ£l\llU~ Elfll<ll 49.7 iJ ~~ l:lJ~l ll~~~filflll:U t11l"lJ £l\J penis 3 .8 :iJ ~ ~ l:lJ~l ~\ldln £lfll'U1 rnfil RPLI ~u ~ 

fill'Yilnu 55.3 

Thais sp. 2 lAlunlddl~ imposex 24 lU£lfl~U,~ (n = 25) t~Ll"lJU1~flll:lJtlll"lJ€l\llU~£ln"lJu\J 
QI " & o.~.::::i AA.... "" ... 

~l'Ylln~ imposex :UflluLll~Vill\J 22 .5 rl\l 24 .1 :U~~l:U~l (lU~Ll 23 .2 ± 0.8 :lJ~~l:lJ~.d) "lJU,l~"lJu\l 
'II 

'Yl~l~lW~~iifilflll:lJt./ll"lJ£l\J penis £lcid~Vil1\1 2.8 n\l 4.0 iJ~~l:lJ~d (LU~Ll 3.4 ± 0.4 iJ~~l:lJ~d) hw~ 
'II 'II 

d A ~ d A A ~.d"~
"lJU1~flll:lJt./ll"lJ£l\lltJ~un£lcid ~ Vill\l 19.4 rl~21.5 :lJ~~l:U~d (lU~Ll 20.4 ± 1.0. lJ~~l:U~d) 'Yl\JUl:Uu 

'II 

"i)lnnld~n~liluth~Vie:W'Yl ~ l~ 7 "1fU~ l<lluri Murex a itisp ira , Hemifusus ternatanus, 

Pugilina cochlidium, Thais echinata, Molura musiva, Nassarius livescens ll~~ Strombus urceus l"lU 

ln~ imposex 2 "1fU~ ~€l Nassarius livescens U~ ~ Molura musiva (~lJl\lYi 7) 
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Nassarius livescens 'Y'lUnTHn~ imposex 16.7 LUe)'fL~'U~ (n = 6) T~r.J"l.I'Ul~flllJJr.Jll"IJeJ\l 

LU~ eJ n L ~f'lLii r.J~ Ln~ imposex iifil L'Yll nu 19.9 jJ ~ ~ LJJ~d U~:;"l.I'Ul~"l.I eJ\l pseudopenis iifil Lrll nu 5.3 

jJ~~LtI~d 'illnnld~n~11'UL~f'I~iifilfllltlr.Jll"l.leJ\l penis eJ~d:;'V\'il\l 14.2 ~\l 22.7 jJ~~LJJ~d (LU~tl
~ ~ 

18.5 ± 2.9 jJ~~LJJ~d) 1~tlii"IJ'Ul~flllJJtlll"l.leJ\lLU~eJneJ~d:;Vll1\l 19.5 ~\l 23.6 jJ~~LJJ~d (LU~tJ 18.5 ± 
'II 


~ ,Q, ~ .J' dOl ~ I I Q....# 


2.9 JJ~~LJJ~d) 'Yl\l'ULJJeJfll'Ulrnfll RPLI ~UJJfllL'YllnlJ 4.9 

Mo/ura musiva ~lJnldLn~ imposex 4 .8 L1.JeJfL~'U~ (n = 21) l~tl"l.l'Ul~flllJJtlll"l.ltl\lLU~eJn 

"IJeJ\lil~Ln~ imposex iifilL'YllnlJ 33.5 jJ~~LJJ~d pseudopenis ~~U~lJiinldW~'U1LlJ'Utltl'U'U~'\.t,JJ ··1 
~ 'II 

L'Yll,f'UlJJ ~l JJldbll~"l.I 'Ul~1~'Yl11VllJJ ~1 JJldbl f11 '\.t,1 'Ufil RPLI 1~ eJ ~1\l1dn ~l JJ1 'Ul ~ f'I~iifil flll JJ tlll 
~ 

"l.IeJ\l penis eJ~d:;Vll1\l 5.3 ~\l 7.2 jJ~~LJHld (LU~tl 6.2 ± 0.8 jJ~~LJJ~d) 1~tl~"l.I'Ul~fll1JJtlll"IJeJ\l 
'II 

LU~ tl n eJ~d:;Vll1\l 26. 7 ~\l 31 . 7 jJ~ ~ LJJ~d (LU~ tl 6.2 ± 0.8 jJ~~aJ~d)
'II 

'illnnld~n~liltlrJl\lVleJtl'Yl:;L~ 11 -nu~ l~LLri Babylonia areo/ala, Phalium glaucum, 

StrC?mbus canarium, Pugilina cochlidium, Hemifusus ternatanus, Strombus sp. 1, Strombus urceus , 

Thais sp. 1, Lalaxiena sp., Murex trapa U~~ Cymbiola nobilis ~lJl.n~ imposex 3 "l5ii~ ~ eJ 

Hemifusus ternatanus, Thais sp. 1 LL~~ Cymbio/a nobilis (~ldl\lY1 8) 

Hemifusus ternatanus ~unldLn~ imposex 10 L1.JeJfL~'U~ (n = 10) l~tl"l.l'Ul~flllJJr.Jll 

LU~tln"l.leJ\lil~Ln~ imposex ~fi~IL'Yllnu 116.4 jJ~~L:IJ~d nldW~'UleJltll~L~f'I~LY1t1JJ~lJL~tI\lL~'U'U'U 
'II 'II 

U1L1 rnL~ tll nlJ~lhln n'Yi tlUl tl ~~ (pseudo vas deference) tl ~l\lldn ~1:IJ1 'UL ~f'I~iifilfll1:IJ tlll"IJ eJ\l 
~ ~ 'II 

Thais sp. 1 ~lJnldLn~ imposex 28.6 LUeJfL~'\.t,~ (n = 14) l~tl"l.l'U,l~flll:IJtlll"l.leJ\lLU~eJm'Y'lf'l 

I.~tl~dl~ imposex iifileJ~d~Vll1\l 28 .2 n\l 32.0 jJ~~L:IJ~d (LU~tI 30.5 ± 1.7 jJ~~LJJ~d) "IJ'U,l~"l.IeJ\l
'II 

pseudopenis ~~lJiifil eJ ~d~'V'I11\l 0.6 ~\l 1.6 jJ~~ L:IJ~d (LU~ tl 1.1 ± 0.5 jJ ~ ~ L:IJ~d) 1 'UL~f'I~iJfilflll:IJ 
'II 'II 

tlll"IJf)\l penis eJ~d:;Vll1\l 3.1 ~\l 7.8 jJ~~LJJ~1 (LU~tl 5.1 ± 1.5 jJ~~L:IJ~1) l~r.JiJ"l.I'Ul~flllJJtlll"l.ltl\l 
'II 

LU~f)neJ~d~Vll1\l 24.6 n\l 34.7 jJ~~L:IJ~d (LU~tl 30.3 ± 2.9 jJ~~L:IJ~d) J'\ld'L~eJf11'\.t,lrnfil RPLI ~uii 
'II 

filL'Yilnu 3.9 
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Cymbio/a nobilis ~Unl'Hn~ imposex 100 ltJe)'fl~'U~ (n = 7) 1~~1.IUl~flll1JtJl11.leh'l 

ltJ~eJn"IJeJ~'lll~ln~ imposex ~~leJth~Vdl~ 104 n~ 168 iJ~~llJ~1 (lU~tJ 139.2 ± 19.8 iJr;:!~l:IJ~1)
'lJ 

"lJ'Ul~"lJeJ~ pseudopenis ~u~~lmh~v\llJ 6.2 nJ 14.1 iJr;:!~l:IJ~1 (lU~~ 10.2 ± 2.6 iJ~~l:IJ~1) 'illn 
'lJ 

rn1lflU'll1 eJ rh~1'U~t:nii,dlJjl~'lll a rh~l~~~JlJjiJ"11'alJ r;:! 
'lJ 'lJ 

~lnnl1~n~l'lllaUl~'V\eJlJY1~l~ 5 "D'U~ l~uri Babylonia areolata, Bursa rana, Murex 

a/tispira, Pagilina cochlidium U~~ Ergalatax sp. lJj~ullln~ imposex 1'UV\eJ~Yl~l~~Yilnl1lnu 

'llleJrh~lJll~ (~l1lJ~ 9) 

~d ~ 
?ffl1't-U11 Vi1~b~1Vi~1J 

'illnnl1~n~l'llleJcil~'V\atJY1~l~ 5 "lfU~ l~uri Melo melo, Murex altisp ira , Murex trapa, 

Nassarius pullus u~':- . Nassarius sp.1 ~lJln~ imposex 4 "lfU~ ~a Melo melo, Murex trapa, 

Nassarius pullus llr;:!:; Nassarius sp. 1 (~l1l~~ 10) 

d I I I d .::::.. ~ d

.yhn~ imposex :lJflleJ~1::'V\ll~ 186 rl~ 187 :IJ~~l:IJ~1 (lUr;:!lJ 186.5 ± 0.07 

d I I I d 4:::It, ~ d .0. .::::.. 

pseudopenis ~UlJfllatJ1~'V\llJ 17.7 rlJ 27.3 :JJ~~l:JJ~1 (lU~tJ 22.5 ± 6.8 :IJ~~l:IJ~1)
'lJ 

Murex trapa ~unl1ln~ imposex 21.1 ltJeJfl~'U~ (n = 19) 1~tJ"lJ'Ul~flll:IJlJll"lJeJJltJ~an 
, , 

a..,...dA ~, I I d .c::.&:It. Q ~A Q...I 

"lJeJJ<flTYHn~ imposex :JJflla~1::'V\ll~ 73.6 rlJ 87.2 :lJr;:!r;:!l:IJ~1 (lUr;:!lJ 77.8 ± 6.3 :JJr;:!r;:!l:IJ~1) 'illnnl11~ 

"lJ'Ul~"lJeJJ pseudopenis ~U~"lJUl~eJci1~v\llJ 3.0 tlJ 3.3 iJ~~l:IJ~1 (lU~tJ 3.1 ± 0.2 iJ~~l:IJ<fl1) 1'Ul~~ 
'lJ 

~iJfhf)ll:IJlJll"lJeJ\l penis eJUj:;v\llJ 5.2 t1J 7.2 iJ~~l:IJ<flj (lQ~lJ 6.2 ± 0.9 iJ~~llJ~j) 1~tJ~"lJ'Ul(§1
'lJ 'lJ 

flll:lJtJll"lJeJJltJ~eJneJcij':-v\llJ 65.9 nJ 77.0 iJr;:!~l:IJ~j (lU~tJ 72.5 ± 4.8 iJ~~l:IJ<fl1) JJdl~eJfh'Ulrn 
'lJ 

~l RPLI ~1JiJ~ll'Yhn1J 8.1 

Nassarius pullus ~lJnl1ln~ imposex 83.3 ltJeJfl~'U~ (n = 18) 1~lJ"lJUl~flll:IJlJll"lJeJJ 

ltJ~eJm'V'J~l~lJ~ln~ imposex ~~laUj~'V\llJ 17.4 nJ 20.3 iJ~~l:IJ~j (lU~lJ 19.0 ± 0.9 iJr;:!~aJ(j1j)
'\J 
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~1u,1u,l~Y'I~~fl1fll1~HJ1l"1H)\l penis a~J::::'VI11\l 9.7 n\l 17.6 il~~l:JJ~J (lit~fJ 13.2 ± 1.8 il~~l:JJ~J) 

LL~::::~"lJU,1~fll1:JJfJ1l"lJa\lltJ~ana~J::::'VI11\l 17.0 n\l 21.0 il~~l:JJ~J (lit~fJ 18.9 ± 1.1 ii~~l:JJ~J) ~\ld 

LJJaf11u,lrufl1 RPLI ~fi1lVhfllJ 22.7 

Nassarius sp.1 ~lJn1Jdl~ imposex 100 lt1afL~u,<?f (n = 2) 1~fJ"lJU,1~fll1:JJfJ1l"lJa\lLt1~eln 
Q d e:r. • ,::::I, I, d ..:::a. .at. d .::::t. .:::=. 

L~Y'Il:JJfJVHn~ rmposex :JJfl1a~J::::'VI11\l 18.3 n\l 18.8 :JJ~~L:JJ~J (Lit~fJ 18.6 ± 0.04 :JJ~~l:JJ~J) "lJU1~ 

"lJa\l pseudopenis ~fl1a~J::::'VI11\l 1.8 n.,1 5.1 ii~~L:JJ~J (lit~fJ 3.5 ± 2.3 il~~l:JJ~J) 'lJ1nn1JLfllJ 

<?ll a ci1.,1i.JJ~lJ'VI a fJ'Yl:::: L~ L~ Y'Iir 
'U 

'lJ1nn1J~n~1<?llar.il.,1'VIafJ'Yl::::L~ 4 "1fU~ i.~uri Nassarius pullus, Nassarius olivaceus, 

Nassarius sp. 2 Ll~:::: Chicoreus capucinus ~lJdl~ imposex 3 "1fU~ ~a Nassarius pullus, Nassarius 

.d 
sp . 2 U~:::: Chicoreus capuc;nus (~lJ1.J'Yl 11) 

Nassarius pullus ~lJn1Jln~ imposex 33.3 LtJafl~u,<?f (n = 3) t~fJ"lJU,1~fll1:JJfJ1l"lJa.,1 

Lt1~ a n"lJ u.,1 <?ll~ l n ~ imposex ~ fl1 b Vll fllJ 19.5 il ~ ~ l:JJ ~J "1JU,1 ~"1J a \l pseudopenis iJfl1 bvil fllJ 1.6 

ii~~L:JJ~J 1U,l~Y'Ier~fl1fll1:JJfJll"lJU.,1 penis aciJ::::'VI11\l 14.2 n\l 14.6 ii~~l:IJ~J (bit~fJ 14.4 ± 0.3 
'U 'U 

ii~ ~ UJ ~J) ll~::::~"lJ u,1 ~ flll:JJ fJ1l"1J a.,1 bt1~ a n uciJ:;'VI11.,1 20.0 n.J 20.4 il i.'I ~ l:JJ ~J (Lit~ fJ 20.2 ± 0.03 
'U 

Ct..Q. 0 I d, I Q.....;"t.d'd 
:JJ~ ~ l:JJ~J) 'Yl.,1u,l:JJafl1u, 1 illfll RPLI :JJfl1l'Yl1 nlJ 3.5 

Nassarius sp. 2 ~lJn1Jln~ imposex 20 lt1afl~u,<?f (n = 5) t~fJfl1fll1:JJfJ1l"lJu.,1lt1~anl~Y'1 

l~tJ~Ln~ imposex ~fl1L'yhfllJ 31 ii~~l:JJ~J "lJu,l~"lJa.,1 pseudopenis ~fl1l'YhfllJ 1 ii~~l:JJ~J 'lJ1n 

nlJ~n~11u,l~Y'IiriJfllfll1:JJtJll"1Ja.,1 penis aci1:;'VI11.,1 10.1 n.,1 24.9 iii.'l~l:JJ~J (lit~tJ 18.6 ± 4.6 
'U 'U 

ii i.'I ~ l :JJ ~ J) II i.'I :; ~"lJ U,1 ~ fl 11 :JJ fJ 11 "lJ u.,1 l tJ ~ a n uci J:::: 'VI 11.,1 2 3 . 0 n \l 33. 9 il i.'I ~ l:JJ ~ 1 (l it ~ fJ 29. 9 ± 3. 4 
'U 

Ct. ~ ~ d' dOl d I I Q...../' 

:lJi.'I~l:JJ~J) 'Yl.,1u,l:JJafl1u,lillfll RPLI :JJfl1l'Yl1nlJ 1.1 

"" t1 <; t6' 6'Chicoreus capucinus ~lJn1Jln~ imposex 19.4 l ajlsnu,~ (n = 36) ~tJ"lJU,1<1lfll1:JJfJ1l 

"lJa.,1ltJ~eJn"lJa.J<?ll~ln(jl imposex iJflleJciJ::::'VI11\l 43.0 n.,1 54.1 iii.'l~l:JJ~1 (lit~fJ 47 .1 ± 4.1 ii~~l:JJ~j)
'U 

iii.'l~l:JJ~J) Ui.'l::"lJU,1~fll1:JJfJll"lJa.,1ltJ~aneJrh::'VI11.J 35.3 n.,1 50.0 ii~~l:JJ~1 (lit~fJ 42.1 ± 3.7 
'U 

A at, t. d ~ 0 I &::i I I Q...;" 

:JJ~m:JJ~J) 'Yl.,1u,l:JJafl1u,lillfl1 RPLI ~lJ:JJfl1l'Yl1nlJ 3.2 
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"illnnld~n~lile:H.h"VltlfJYl~l~ 7 "1fii,~ l~llri Bursa rana, Cymbiola nobilis, MelD melD, 

Murex trapa, Chicoreus capucinus, Molura sp. ll~~ Thais sp. 3 YHHn~ imposex 3 "1fu.~ ~tl 

Cymbiola nobilis, Murex trapa lb~~ Chicoreus capucinus (~ldl"~ 12) 

Cymbio/a nobilis wunl·Hn~ imposex 100 ltJtlfl~U~ (n = 6) "lJU1~flll:IJfJ11"lJtl"ltJ~tln 
(L..II...J.c::a.. ~I I d ~A &J- &::t.&:It.I 

"lJtl"~l'YHn~ Imposex :lJf11E1~d~Vlll" 120 f:"h'l 183 :IJ~~l:IJ~d (lU~fJ 162.9 ± 23.8 :IJ~~L:IJ~d) 'iillnnld 

G..' ~ t I I d &::to Q d 
1~"lJU1~"lJ tl" pseudopenis Y-lU:lJf11 tl~d~Vlll" 8.4 bl" 13.5 :IJ~~ L:IJ~d (LU~ tl 10.3 ± 2.0 iJ~~ l:IJ~d) "Ifl" 

~'Yhnldlnuil EI ~1"13JY-lUVI tl fJ'Yl~l~ lY-l~r~ 
'II 

Murex trapa Y-lUnldln~ imposex 15 lUElfl~U~ (n = 20) t(j)tl"lJU1~flll:IJfJ11"lJEI"ltJ~E1n"lJEI" 
. . 

LY-l~lijfJrhn~ imposex ij~hEl~d~Vlll" 75.9 (i" 121.2 iJ~~l:IJ(j)d (lU~fJ 97.0 ± 22.8 iJ~~l:IJ~d) "lJU1(j)
'II 

nld~nl~nlulY-l~~Y-luij~hflll:IJfJ11"lJtl" penis tl~1~Vlll" 6.2 (i" 12.8 iJ~~L:IJ~1 (lU~fJ 8.4 ± 2.3 
'IJ 'II 

iJ~~UJ~d) U~~ij"lJU1~flll:IJfJ11"lJtl"ltJ~E1fH)~1~Vlll" 71.9 (i" 94.3 iJ~~l:IJ(j)1 (LU~fJ 83.4 ± 6 .6 
'IJ 

iJ~~l:IJ(j)d) l~E1rllUlrnfil RPLI Y-luijfill'Yl1nU 4.8 

Chicoreus capucinus Y-lUnl1ln(j) imposex 81.5 ltJElfL~U~ (n = 27) hHJ"lJU1(j)flll:IJfJ11 

"lJEI"ltJ~E1nlY-l~LijfJ~ln(j) imposex ijfiltl~d~ Vlll" 40.4 (i" 57.7 iJ~~l:IJ~d (lU~fJ 47.1 ± 4.0 iJ~~l:IJ~1)
'II 

'iillnnld~n~11uLY-l~~ijfilflll:IJfJ11"1Jtl" penis 1.9 iJ~~l:IJ(j)d u~~ij"lJU1(j)f111:IJfJ11"lJEI"ltJ~e:lntl~~ 44.3 
'IJ 'II 

A &:It. ~ ~. dOl a I I Q.....o 

:IJ~~l:IJ(j)d Yl"Ul:IJElfllUlllif11 RPLI WU:lJflll'YllnU 26.3 

'iillnnl1~n~lilEl~1"VlElfJYl~l~ 7 "1fii,(j) l~llri Chicoreus capucinus, Hemifusus elongatus, 

Pugilina cochlidium, Murex trapa , Murex occa, Thais lacera ll~~ Nassarius olivaceus Y-lUln~ 

imposex 3 "1fii,~ ~E1 Chicoreus capucinus, Murex trapa ll~~ Nassarius olivaceus (j)111"Yl 13) 

"" .1 r;"": r;" tChicoreus capucinus Y-l1Jnl1ln~ imposex 29.2 luu1l6JfU(j) (n = 24) (j)fJ"lJU1~flll:IJU11 

"1Je:J"LtJ~tln"lJEI"il~dl~ imposex ijfiltlrh~Vlll" 41.1 (i" 43.4 iJ~~l:IJ(j)1 (lU~fJ 42.6 ± 1.3 iJ~~L:IJ(j)1)
'II 

"lJU1(j)"lJtlJ pseudopenis Y-l1Jnl1vr~ulLtJUtJ~uu:ffU:IJl'~U,(i""lJU1~ 2.1 iJ~~l:IJ(j)d ~lulULY-l~~ijfil
q 'II 'IJ 
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fll1:JJ L111"lJ €h'l penis 1~'Vdl~ 1.9 ri~ 3.3 iJ ~ ~ l:JJ(j]1 (l9J,~ LI 2.3 ± 0.4 iJ~~ l:JJ (j]1) ll~~n"lJ'Ul~fll1:JJ L111 

"lJfhHtJ~f)nf)~1~Yl';h~ 33.2 n~ 49.7 iJ~~l:JJ(j]1 (l9J,~L1 41.8 ± 4.6 iJ~~l:JJ(j]1) lntlf11Ulrnfll RPLI wun 
'U 

f11L'Yilnu 4.3 

Murex trapa wun11dl~ imposex 37.5 ltJf)fL~'U~ (n = 8) "illnnl11~"lJ'Ul~flll:JJLll1"lJf)~ 

LtJ~f)nLW~lnLl~dl~ imposex nf11€l~1~W-Jl~ 66.2 ri~ 72.2 iJ~~l:IJ(j]1 (L9J,~tJ 68.7 ± 3.1 iJ~~L:JJ(j]1)
'U 

d I I d AA e=A A&:t.. 

"lJ'Ul~"lJf)~ pseudopenis WU:JJ"lJ'Ul~f)t11::Yll1~ 2.3 n~ 2.6 :JJ~~L:JJ(j]1 (l9J,~t1 2.4 ± 0.1 :JJ~~LJJ(j]1) "illn 
'U 

nl1~n~11'UlW~~~f11flll:IJtJll"lJf)~ penis 1~Ylil~ 3.7 ri~ 7.05 iJ~~L:JJ(j]1 (L9J,~tJ 5.4 ± 2.4 iJ~~L:JJ(j]1)
'U 

~"lJU1~flll:JJtJll"lJf)~LtJ~tlnf)~1::Ylil~ 60.3 n~ 62.3 iJ~~L:JJ(j]1 (l9J,~tJ 61.3 ± 1.4 iJ~~l:JJ(j]1) Lntl 
'U 

Nassarius olivaceus wunl1dl~ imposex 20 Ltlf)fl~U~ (n = 5) l~t1"lJ'Ul~flll:JJtlll"lJtl" 

L1.J~f)n"lJt:l"il~ln~ imposex ~f11f)~~ 39.2 iJ~~l:JJ(j]1 "lJ'Ul~"lJtlJ pseudopenis 1~1~ 2.4 iJ~~L:JJ(j]1 1'U 
'U 

~Q • I & ~ A c::I ~ A .01 

LW~~:JJfllfll1:JJtll1"lJf)" penis 1::YlllJ 18.6 n~ 25.8 :JJ~~L:JJ(j]1 (l9J,~tJ 22.3 ± 3.4 :JJ~~l:JJ(j]1) ll~:::JJ 

"lJU1~flll:JJtlll"lJf)"LtJ~f)nf)~1::Ylil~ 38.4 n~ 41.4 iJ~~l:JJ(j]1 (l9J,~tJ 40.2 ± 1.3 iJ~~l:JJ~1) J~dLnf)
'U 

f11Ulrnf11 RPLI WU~f11l'Yhnu 2.2 

5) nl'H1FhJULYl ~Unl'Hn~ imposex 1.,"~,"Yi"1fl ~trJ <?l~1"t1 tI 1111 f:hH1111 'YW 

n11ln ~ imposex 1UYl f) t1'Yl::L~ LL~~::"lJit~ ~ flll:JJ ll(j]n~lJ n'U 1 UlL~ ~::~u~ 1~ t1Yl f) tJ'Yl::l~hnJ~ 

Melongenidae, Muricidae, Nassariidae lL~:: Volutidae ~1Jn11ln<1l imposex 1U1flJ 8.3 - 10,2 ­

100,16.7 - 100 Ll~:: 100 ltJf)fl~U~ (j]l:JJ~li1J 1<1ltJt-J~n111Lfl11~~iltl~1~Ylf)t1'Yl~L~1l1U.1U 1,446 

il "illn 11 ~nl'U ~1Jil dJUYltltJLW~L~t11l1U1U 911 il (63 %) ~<1l~lUlW~l~tJ/lW~~f)~1~'Vdl~ 1.3 
'U 'U 

n~ 3.1 LL~~WULtJf)fl~U~n11ln<1l imposex 1U1fl~ 0 nJ 67.7 Ltlf)fL~U~ l~t1wu imposex ~~ff<1l~ 
'1/ ~ 

~nlilLLYl~:JJ9J,UJ (<1l111"~ 14) 1tl~~":JJ1~tl ~nlUlil'v\~ll lnl~il" flJn1::Luu 'Yhl~:JJ Lnl~~i~ ~1 
~ 

1l"lJl ~l~~~l :JJ1U<1l1W<il Lnl~L~ ll~~U1UlW/~1'U~U <1l1:JJ~liu 1~L11fl~1f)t1~::"lJf)~nl1ln<1l imposex 
~ 

~l :JJ 1 1 n LL tJ ~ f) f) n1~ 3 n ~:JJ ~ f) 
~ 

, Q;::::::t A • 

n ~:JJ'Yl JJ fill :lJ1ULL 1~"lJ tl ~ nl 1L n <il Imposex 

lLYl~JJ9J,U~ ~nlUlil'v\~ll u~~~nlULnl~il~ 

n~JJYinflll:IJ1ULL1~"lJ€l"n11Ln<il imposex 1U1~i1Jl.hun~lJ (L9J,~L1 12.2 - 20.5 LtJf)fL:nU~) 
~ ~ 

l~uri ~nlUfl" n1::LU'U ~nlu'Yh lff:JJ ll~::~nlUlnl~~i~ 
~ 

http:1<1ltJt-J~n111Lfl11~~iltl~1~Ylf)t1'Yl~L~1l1U.1U
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nl1~hfl1l~~if)dJ~fl1ldJ;dJvr'U1h~'Vl1lJ1f) rJ~~nl1ln~ imposex ll~::;~~l'Ul'V'lf'll~ rJ~ €I l 'V'lf'lcYl 'U 
~ ~ 

'V'lull5~1lnl1ln~ imposex ~dJln~'Ulajr1l1i ;~~1'U"lJ f)J l 'V'lf'll~ rJ~ m'V'lf'l~~~~J (lll'V'j~ 13) 
~ 

• 1.:1 .:I .... 1 ' .f d 1 6' , • 1 6' '" 6' "'" 
nl1lu1rJUl'YlrJU"lJf)dJ~ 'Ull~~::'V'l'U'Yl"lJf)J'Vlf)rJ'Yl::l~ 'U1Jf'I Muricidae 'V'lU1lluf)1l6J5'U~nl1ln~ 

~ 

1 .fd ..... .... d I "" d.d'd 
imposex ~J 'U'V'lU'YlU'Vl~dJUlJJ ll~~Lnl~1l'lJ (lll'V'l'Yl 14) b~rJlU'V'll::"ll''U~ Chicoreus capucinus 6J5J'V'l'U'Yl 

lL'Vl~:UUUJ'V'lUnl1ln~ imposex nJ 100 lUf)fl~U~ 1f)J~JdJl~eJ lfn~"1flJ (81.5 %) 'Yht~dJ (26.1 %) 

ll~::y)'Jn1~lU'U (19.4 %) Uf)n-;UlnUrrJ'V'lU1lfh RPLl1U1l'ii,~l~rJ1nuUijfll~J~U1nrnll'Vl~:UUUJ lnl~, ~ 

"1flJ Llt'l::'Yh t~dJ l"1f'Unu (1l1'V'l~ 15) 

Y4Unl1ln~ imposex 

(16.9 %) lnl::ilJ (15.0% ) ~llf'l1111l'1 (12.5% ) Ut'l::~lJ~~l (5.0 %) ~ldJ~l~1J lih)~-;Ul1rnl~t'l"lJeJJ 

RPLI 1 'U1l'ii,~ Murex trapa ij Ll U11,xdJlu1'UUU1'YllJ L~ rJ1 nunu lU f)fl~U~nl1ln~ imposex n~ll~ €I ij 

fll RPLI ~J~~~~~tnu'Yht~dJ 1f)J~JdJl ~f) ~'nulil'Vlt'l11 Ut'l::lnl::~iJ ~ldJ~l~U (1l1'V'l~ 15)
'tI , 

'" 
lacera, Thais sp. 1, Thais sp. 2 llt'l:: Morula musiva ll<liYlUl~rJJUlJ~fllttl'yhttu 1l'U~ Thais lacera 

ttuW1Jlu 3 ~fllU Ll<liwunl1ln~ imposex ~~fllU~lJ~t'lll'Yhttu (2 %) 1l'ii,~ Thais sp. 1 'V'lu1'U~flrlU 

f'l1111l'1 Ut'l::dJ1U~1'V'l~ 1~rJijlUf)fl~u~nl1ln~ imposex 1U~fllu':U1U~lW~ 28.6 LUf){l~U~ ~"n1l, , ~ 

~fllUf'f111"ll'1 (11.8 %) UeJn-;UlnUrr"'V'jU1lfll RPLl1u~fllu'dJ1U~1'V'j~~"n1ll"1fUnU "ll'ii,~ Thais sp. 2 
, 'IJ 

~ldJl1flWU llt'l~l nui1 €I ~1"l~~eJJ ~fllU~ €I ~fllUf'l1111l'1 llt'l::U'Vl t'llJUU" t~ tJ ~fl1 u'f'f11l"ll'11aj'V'llJ 
rh iJ 

nl1vr~ul f)ltJ1~l 'V'lf'f~l ri rJdJ ll~'V'lU nl1vr~u1 f)ltJ1~l 'V'lf'l~lri tJdJ~ ~'nu'll 'Vl ~dJUU" 24 L U eJ{l~U~ "Irii,~ 
~ 'IJ 

Morula musiva ~ldJl1flln1Ji1 €I ~lJl~lU~fllU lnl~~iJut'l:;lnl:;l~ ~"-;Ul n n11lU1tJU l ri tJUWU1l ij nl1 

Ln~ imposex ~lnl:;~i"~Jn1l~f)'V'lU 14.3 lUf)fl~u~1u"lJrn:;~lnl::l~'V'l1Jl~rJJ 4.8 lUf){l~'U~ 
~ 

-;Ulnnl1~11-;U~eJU n11ln~ imposex 'V'lUln~dJln~~~ 1U~fl1Ulnl:;~i" (100 %) 1eJ"t'l"dJl~f) lil'Vl~ll, 
"" c::I I ~ 6' I ..CJ V cI. 

(83.3 %) Ut'l~fl"n1~llJU (33.3 %) (1l1'V'l'Yl 16) ll~-;Ulnnl11lfl1l::'Vlfll RPLI 'V'lU1l~fllUl-;Ul'Vlt'l11dJ, 
~~ ~1 Ufl1l dJ tJl1"lJ eJ" f) 1rJ rJ:: l 'V'l f'I ~l'Yl tJ (pseudopenis) ~J1 n n 11 ~ fllttl nl:; ~i" II t'l:; ~fll tty)'" n 1:; lUtt 

~ , 

(1l1'V'j~ 17) 1u1l'ii,~ Nassarius livescens 'V'lU~~fllUlnl~~i" ll'Vl~dJUU" ll~:;lnl:;l~ t~HJWUnl1ln~ 

imposex dJln~~~1u~fllu'll'Vl~dJUU" ~eJ ln~n" 100 lUeJfl~U~ (n =33) 1eJ.J~":lJl~eJ ~tnu'ln1::~i", 
(57.9 %) Ut'l:;~fllUln1:;1~ (16.7 %) ~.Jfll ~~~lUfl1ldJrJl1"lJf)"eJlrJ1:;l'V'jf'f~lritJdJ (fll RPLI) n~UdJln 

.yj~~1ttf.Hnu'll'Vl~dJUU"l1fUnU uf)n-;Ulnd'VleJrJ'Yl:;l~1un~dJ Nassarius 8n 3 "n'u~u~~::"n'U~WlJl~rJ", ~ 
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v\~ll (100 %) U~~ Nassarius sp. 

nl1~n~l~f~d"i)~'V'HJ nTHn~ imposex 1U"1fii,~ Nassarius livescens n~ 100 lU e:),!l~Ucyfll~ v~l!l~1J nl1 

tlniu (block) "lJtl~'Yiml,lL"1l1uv\tl~'Yl~l~l~fHi1~ 
~ 



~lJl.J~ 3 nlJdl~ imposex ane:J.JVie:JtJ'Yl~~~H.hb~tJl1J1nru~'U~~n~leh.J~~1 i.JVil~"15~lJ1 
~ 

o "'" .c.~l'Ul'U~l ~lUl'U % fll1JJtJl1LlJ~e:Jn f111 JJ tJl1 LlJ~ e:J n ~l'Ul'U'YlLn(jl % 
......, 

No "15-U~ 'Yl.JVi:JJ~ b~f'Ib~tJ b~f'I~ntJ b~f'I~ (JJJJ) L~f'Ib~tJ (JJJJ) imposex Imposex
'U 

Hemifusus ternatanus 22 10 45.5 89.8 ± 5.5 90.8 ± 6.1 o o 

2 Murex trapa "84 64 76.2 70.1 ± 7.9 75.5 ± 7.5 5 7.8 

3 Natica vitellus 17 12 70.6 28.7 ± 2.8 33.7 ± 5.3 o o 

4 Pugilina cochlidium 28 19 67.9 72.5 ± 4.7 73.0 ± 5.3 o o 

5 Thais lacera 26 15 57.7 40.5 ± 5.3 41A±3.9 2 13.3 

6 Semicassis bisulcatum 100 53.0 o o 

7 Turricula javana 2 2 100 6004 ± 8.9 o o 

W 
.t::. 



~ldl.J~ 4 nldLn~ imposex "lJ fJ.J'VI fJ tJtl::LGH-h b~ tJl1J1nrn,~'U,~~n~l bnl::~i.J i.J'VIl~"Ir~1J1 
~ 

~l'U,l'U,~l ~l'U,l'U, % flll ~ tJll btJ~ fJ n flll~tJllLtJ~fJn 
o .col ... 

"i)l'U,l'U,tlLn~ % 

No "15it~ 
0­..... 

tl.J'VI~~ 
.col 

L'V'lf'lL~ tJ b'V'lf'lLn tJ L~f'I~ (~~)
'IJ 

L'V'lf'lL~tJ (~~) imposex Imposex 

Bursa rana 

2 Cymbiola nobilis 

3 Hemifusus ternatanus 

4 Melo melo 

5 Morula margariticola 

6 Morula musiva 

7 Murex altispira 

8 Murex trapa 

9 Thais sp. 4 

10 Nassarius livescens 

11 Nassarius pullus 

12 Pugilina cochlidium 

13 Strom bus canarium 

14 Thais echinata 

27 

43 

24 

2 

12 

'32 

33 

73 

18 

56 

6 

12 

11 

60 

12 

21 

17 

o 

6 

14 

23 

59 

9 

19 

3 

6 

8 

42 

44.4 

48.8 

70.8 

0.0 

50.0 

43.8 

69.7 

80.8 

50.0 

33.9 

50.0 

50.0 

72.7 

70.0 

59.9 ± 8.6 

90.6 ± 5.3 

91.2 ± 6.3 

12.9±1 .2 

32.6 ± 2.7 

28.4 ± 1.5 

73.7 ± 9.5 

69.6 ± 7.9 

22.2±1 .9 

20.9±1.3 

19.6 ± 0.6 

79.8 ± 6.1 

62.2 ± 4.6 

43.0 ± 4.1 

73.0 ± 12.1 

142.9 ± 15.7 

109.9 ± 7.3 

31 .6 ± 4.3 

30.2 ± 2.5 

96.3 ± 17.6 

73.4 ± 9.5 

23.6 ± 1.3 

20.9 ± 1.4 

19.3 ± 0.9 

79.7 ± 7.4 

65.4 ± 3.5 

44.6 ± 4.0 

o 

21 

o 

o 

o 

2 

o 

10 

o 

11 

3 

o 

o 

o 

o 

100 

o 

o 

14.3 

o 

16.9 

o 

57.9 

100 

o 

o 

o 

w 
()l 



~ldl\l~ 5 nldLn~ imposex "lJf).J'VIeHJ'Yl::L~~lL~tJl1J1Llruvr'U,~~n~lLnl::~i\l ~.J'VI1~"1l'~1J1 
~ 

~lWd'U,~l ~lt-n'U,LY'lrr % f1lllJtJlll.1.J~f)n f1lllJ tJll L1.J~ f) n ~l'Ul'U.yhn~ % 

No "1l'U~ 

0­
Q..­

'Yl.J'VIlJ~ 
d 

LlJ tJ 
d 

LY'l rr LlJ tJ L'V'lrr~ (lJlJ)
'!J 

L'V'lrrl.ntJ (lJlJ) imposex mposex 

Lataxiena blosvillei 2 50 .0 37.0 32.5 o o 

2 Murex trapa 63 48 76.2 75.4 ± 8.9 82.1 ± 9.1 6 12.5 

3 Nassarius livescens 2 o o 22.5 ± 0.4 

4 Ptychobela kawamurai 100 49.1 o o 

5 Pugilina cochlidium 23 12 52.2 67 .5 ± 4.0 70.3 ± 5.6 8.3 

6 Thais lacera 100 41.0 o o 

7 Thais sp. 1 39 17 43.6 27 .3 ± 0.9 27.7 ± 0.9 2 11.8 

8 Thais sp. 2 26 23 88.5 21 .6 ± 0.6 22.3 ± 0.7 o o 

w 
CJ) 

'1 



~111.J~ 6 n11ln~ imposex "llel.J'VIel rJ'Yl~l~Hh L~ rJl1J1nru~tt~~n~llm ~:wU.J ~.JW1~"1l'~1J1 
~ 

o .... "" 
-;51ttltt<ll1 -;51ulUlYHi! % f111:WrJlllU~eln f111:WrJl1bU~eln 9)lttltt'Ylbn~ % 

v 
cv .... .... 

No "1l'U~ 'Yl.J'VIJJ~ lJJ rJ b~~HJJrJ b~r1~ (JJJJ) l~r1bilrJ (JJJJ) imposex Imposex
'U 

Nassarius livescens 48 33 68.8 24.2 ± 1.0 24.3 ± 1.5 33 100 

2 Melo melo o 0.0 146.4 o 

3 Cymbio/a nobilis o 0.0 86.5 

4 Murex trapa 100.0 68.3* o o 

5 Bursa rana 100.0 56.5 o o 

6 Chicoreus capucinus 6 5 83.3 49.7 50.4 ± 6.1 5 100 

7 Thais sp. 2 30 25 83.3 20.4 ± 1.0 22.8±1 .1 6 24 

*U~lrJbU~elnin 

w 
-...j 



G11dl.j~ 7 nldLn~ imposex "lJEl.jVtElLl'Yl::L~H,hL~rnU1L1ru~'\A,~~n~lLnl::1~ ~.jVtl~".l)'~1J1
~ 

o .d ""~1'\A,1'\A,~1 ~lU1U % fl116JLll1LU~Eln fl116JLll1LU~Eln -;Ul'Ul'\A,'YHn~ % 

No ".l)'\t~ " 
'Yl.jVldJ~ L~f1LnLl 

.d 

L~f1LdJ LI L~f1c.r (dJ6J)
'lJ 

L~f1LnLl (dJdJ) imposex Imposex 

Murex a/tispira 18 12 66.7 77.9 ± 9.3 92.6 ± 17.0 o o 

2 Hemifusus ternatanus o 10.0 

3 Thais echinata 14 9 64 .3 47.2 ± 6.0 49.4 ± 4.6 o o 

4 Molura musiva 27 21 77.8 29.7±1 .6 30.8±1.7 4.8 

5 Nassarius livescens 18 6 33.3 21.6±1.1 22.0 ± 1.8 16.7 

6 Pugilina cochlidium 31 11 35 .5 72.9 ± 5.3 81.0 ± 6.8 o o 

7 Strom bus urceus 10 8 80.0 38.5 ± 1.9 44.3 ± 2.5 o o 

w 
OJ 



tilldl.J~ 8 fllddltil imposex "lJEl.Jv\EltJ'Y1::L~~lL~tJl1J1nrn~'U~~fl~1:kJl1JtillY'l~ -;ij.JW1~d::tJEl.J
~ 

~l'Ul'Uil ~l'Ul'U % fill:kJ tJll btJ~ El fl fill:kJtJllbtJ~Elfl ~lUl'UYidl~ % 
... 

"""" "" No "n'U~ 'Y1.JV\:kJ~ LY'lf'!b:kJtJ bY'lf'!b:kJtJ bY'lf'!~ (:kJ:kJ) bY'lf'!L:kJtJ (:kJ~) imposex Imposex
9.J 

Babylonia areo/ata 12 7 58.3 49.8 ± 5.0 52.2 ± 9.5 0 0 

2 Phalium g/aucum 0 82.3 

3 Strombus canarium 62 37 59.7 51.8 ± 3.5 53.7±2.4 0 0 

4 Pugilina cochlidium 19 12 63.2 71.7 ± 8.3 76.5 ± 7.7 0 0 

5 Hemifusus ternatanus 19 10 52.6 91.3 ± 10.7 92.0 ± 11.9 10 

6 Strombus sp. 1 100.0 35.8 0 0 

7 Strombus urceus 2 2 100.0 45.2 ± 14.2 0 0 

8 Thais sp. 1 28 14 50.0 30.3 ± 2.9 29.8 ± 2.6 4 28.6 

9 Lataxiena sp. 9 6 66.7 38.3 ± 2.1 32.7±1.2 0 0 

10 Murex trapa 100.0 71.6 0 0 

11 Cymbio/a nobilis 7 7 100.0 134.4 ± 16.7 7 100 

eN 
(0 



~ljl\l~ 9 flljLn~ imposex anEl\l'ViEltJYl~L~~.hL~tJl1J1nru~'U,~~fl~lUl'UL~/~1'U,tnh i\l'Vil~j~tJEl\l 

0<=1 ...

~l'U,l'U,il ~l'U,l'U, % flll ~ tJll LtJ~ El fl flll ~ tJll LU~ eJn ~l'U,l'U,Ylbn~ % 

'" cv ~ <=I 

No "1rU~ 'Yl\l'Vi~~ L~¥i'fb~tJ L~¥i'fL~tJ L~¥i'f~ (~~) L~¥i'fbntJ (~~) imposex Imposex
'U 

Babylonia areolata 7 4 57.1 62.0 ± 3.3 66.8 ± 1.3 o o 

2 Bursa rana 2 50.0 57.0 67 .8 o o 

3 Murex altispira 9 7 77.8 72.9 ± 2.0 83.0 ± 9.9 o o 

4 Pagilina cochlidium 100 84.2 o o 

5 Ergalatax sp. 4 3 75.0 44.4 41.6 ± 5.3 o o 

!l1ljl\l~ 10 flTHn~ imposex anEl\l'ViEltJYl~b~~lb~tJl1J1Llru~'U,~~n~l'Vil~bil'Vi~ll i\l'Vil~i'U,YllJ1
9 

~lUl'U,il ~l'U,l'U, % flll~tJllLtJ~Elfl flll ~ tJll LtJ~ El n 
o ~ ... 

~l'U,l'U,'YlLfl~ % 

'" 
No "1rU~ 

"-' 

Yl\l'Vi~~ L~¥i'fLntJ 
~ 

b~¥i'fL~tJ L~¥i'f~ (~~)
'U 

L~¥i'fLntJ (~~) imposex Imposex 

Melo melD 2 2 100 186.5 ± 0.7 2 100 

2 Murex altispira 13 4 30.8 84.2 ± 20.4 99.3 ± 13.5 o o 

3 Murex trapa 23 19 82 .6 72.5 ± 4.8 78.7 ± 6.0 4 21 .1 

4 Nassarius pul/us 37 18 48.6 18.9±1.1 19.0 ± 1.0 15 83.3 

5 Nassarius sp. 1 2 2 100 18.6 ± 0.4 2 100 

.t::>­
o 



~ldl.J~ 11 Tlld\'n~ imposex "lJe).J'I'HlrJYl::I.1~H.h~~tlllJ1nlli~"L-t~~Tl~l~T1f1.JTl1::\'lJ"L-t ~.J'Vll~~"L-tYllJ1 
~ ~ 

o '" A~l"L-tl"L-t~l ~l"L-tl"L-t % f1ll dJ tlll ~tJ~ f) Tl f1ll dJ tlll btJ~ f) Tl "Ul"L-tl'UYlbn~ % 
... 

'"'" No 1fil,~ Yl.J'VldJ~ ~ YHiHdJ tl ~~~~dJtl \''V'l~~ (dJdJ) b~~~~tl (dJdJ) imposex Imposex
'\J 

Nassarius pullus 5 3 60.0 20.2 ± 0.3 19.5 ± 0.2 33.3 

2 Nassarius sp. 2 24 5 20.8 29.9 ± 3.4 30.5 ± 2 .1 20.0 

3 Nassarius olivaceus o 38.2 

4 Chicoreus capucinus 49 36 73.5 42 .1 ±3.7 44.5 ± 3.9 7 19.4 

.j:.>. 



~ljl.J~ 12 f11jdl~ imposex "lJu.J'VHHJ'Yl~L~t,h L~ tJl1J~"l'HU,~'U,~~f1~l Lf11~il.J ')\lVll~~jl~ 

o ... "" ~1'U,1 'U,~1 ~l'U,l'U,L~f'[ % fll1:lJ tJl1 blJ~ e)f1 flll:lJ tJll LU~ u f1 "\Jl'U,l'U,'YlLf1~ % 
..,... ... 

No "l5it~ 'Yl\lVl:lJ~ Lii tJ L~f'[L:lJtJ L~f'[ir (:lJ:lJ) L~f'[LiitJ (:lJ:lJ) imposex Imposex
'I.l 

Bursa rana 2 50.0 65 .5 67.6 o o 

2 Cymbiola nobilis 6 6 100 162.9 ± 23.9 6 100 

3 Melo melo 2 o 0.0 111 .3 ± 22.6 

4 Murex trapa 32 20 62.5 83.4 ± 6.6 87 .9 ± 12.5 3 15.0 

5 Chicoreus capucinus 28 27 96.4 44.3 46.8 ± 3.8 22 81 .5 

6 Molura musiva o 27.0 

7 Thais sp. 3 7 5 71.4 31.2±0.1 31 .9 ± 2.3 o o 

~ 
N 



~lJl-J~ 13 n1JL11~ imposex "lJ 8-JVl8 LJ'Yl~LmJ1 L~ LJ1lJ1L1ruvt'U~~n~l'Yh1~:IJ ~-JVll~~J1~ 

o .cI ...

-;)1'U1'U~1 -;)1 'U1 'U % fll1:IJr.J11LlJ~ml flll:IJ r.Jll blJ~ 8 n 'Cj)lU1U'Ylbn~ % 

'" .... .cI 

No "15-U~ 'Yl\lVl:IJ~ L~~Lnr.J L~~L:lJr.J L~~~ (:IJ:IJ) b~~b~r.J (:IJ:IJ) imposex Imposex
'U 

Chicoreus capucinus 32 24 75.0 41.8 ± 4.6 44.8 ± 3.3 7 29.2 

2 Hemifusus elongatus 3 2 66.7 66 101.5±0.7 o o 

3 Murex trapa 10 8 80.0 61.3 ± 1.4 74.8 ± 8.4 3 37 .5 

4 Murex occa 18 14 77.8 64.5 ± 4.7 70.1 ± 10.9 o o 

5 Pugilina cochlidium 38 23 60.5 71.2 ± 5.5 72.9 ± 7.3 o o 

6 Thais lacera 2 50.0 37.2 29.3 o o 

7 Nassarius olivaceus 9 5 55.6 40.2 ± 1.3 41.9 ± 2.3 20.0 

A 
W 



44 

% Imposex
imposex 

180 123 68.3 7 5.7 

390 230 59.0 28 12.2 

157 103 65.6 9 8.7 

87 65 74.7 44 67.7 

117 67 62.7 2 2.99 

154 90 58.4 5 5.6 

23 16 69.6 o o 

79 44 55.7 9 20.5 

75 43 57.3 21 48.8 

112 77 68.8 10 12.99 

70 53 75.7 25 47.2 
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• Chicoreus capucinus ~ Murex trapa 11 Morula musiva D Thais lacera 0 Thais sp. D Thais sp. 2 
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• Chico reus capucinus Ii M. trapa mThais sp. 1 CJ Thais sp. 2 

111~~ 15 fl1 Relative Penis Length Index (RPLI) "llEl\lVHH'JYl:;Lf~1'Ul\1ff Muricidae 1J1l1rn 
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• Nassarius livescens III N. pullus 0 N. olivaceus 0 Nassarius sp. 1 D Nassarius sp. 2 

111~~ 16 Llh:rfL~'U~n1dLn~ imposex "lltl\lv\EltJ'Yl~L~1'Ul\1ff Nassariidae 1J1L1rn"151tJ~\lYl:;L~ 

~11LYl tJ111 fl ~:;1'Utl El n 
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• Nassarius livescens mN. pullus I2ill N olivaceus D Nassarius sp. 2 

[nl"-l~ 17 fll Relative Penis Length Index (RPLI) "llEh:JV\ f)rJ'Y1~U;~1U,1~~ Nassariidae 1J1nru"15lrJ~~ 
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Swennen et al. 

(1997) (2550) 

Murex trapa 94 5 

(n=35) (n=64 ) 

Hemifusus ternatanus 60 o 

(n=5) (n=17) 

Murex trapa 100 16.9 

(n= 19) (n=59) 

Pagilina cochlidium 50 o 

(n=8) (n=6) 

Bursa rana 100 0 

(n= 1 ) (n= 12) 

Murex spec. * 100 

(n=19) 

Murex trapa 12.5 

(n=48) 

'VImm'VI<lJ: idbs:l"l.l~l'U,1Ju;;)e:J % imposex, idls:l'lJ'[ud-ll~1J~lu~h~;;)El~ludu~d'V\e:JrJ'Yl~ls:ll'jl>jf'llijrJflyhmJ;;;:m~l 

~~El'V\e:JrJ 'Yl~ls:l 1u ~~s:l Murex ~~1U'rid~~'YllmJf1m~nl~1~i~~lllUmuull~s:l:::'l5U~ 
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o 'W,l"I. 2538 (Kan-atireklap, et ai., 1997) 


III 'W.l"I. 2543 (~~'W1 ~m.mJ(j1m, 2544) 


• 'W.l"I. 2547 (Harino, et al., 2006)
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~%imposex ............mmru TBT 1uu~.",. 2547 (Harino, et aI., 2006) 


[ny..j~ 19 flll1JthJvrui1~Vl'-h;JbtJE)'fL~u~nl1dl~ imposex ll~~tJ11Jl ru,~l1 TBT 1u~~n ElU~UU111 ru, 

~rnU~11l"lfl Lnl~~i;J LL~~UVl ~1JUU;J ~;JVll~"n~U1 
~ 
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n 1 1 ~ n 'lj1 fl f ~ d''W U 11 V\ El LI YI ~ l ~ ~ II ~ L11l n <Jl U 11 n :D n 11 illn 11vr~ U 1 ElltJ 1 ~ l'W r'f ~ l Yi tJ :lJ 
'IJ 

(imposex) 1U'Yl n ~f:nu~ n 'lj1 LI n llU~f:nUU1 Ul'W/~lU~U t<Jl L1ll<?1 ~~~rnuiJfl11 :lJ1Ull1~1Ull1 'W11:lJ"lJ El~ 
q q 

n11~n'lj1t<JltJ Swennen et al. (1997) ll~~ vrrnrnCll1 l~tJ:lJ~El1<Jl (2550) 1U~U~r'f111"lf1 Ln1~~i~ Lu:l~ 

ri1~~~1 'WU11v\ElLl'Yl~L~U1~"lfU<JlL~LLri Murex trap a , Hemifusus tematanus, Pugilina cochlidium LL~~ 

Bursa rana iJ LU Elfl~U~n11Ln<Jl imposex ~ <Jl ~~ ~~L:kl'WU n11Ln<Jl l~ tJ nTHn<Jl LlU1t,x:lJ n11~<Jl ~~"lJ El~ 

U11 n:D n11ill imposex 11:lJ ~~olJEl ~ ~ n11Ln(jJ imposex 1Ull1'W11:lJ,.f~ 11 ~rnu i~~L~n ~h1:lJlolJl~IllU 

J'u l~ e),u'1:lJ1~~11rn1fll Uf) nUU1:l11 rnn11UUlD f)U"lJ f)~ ~11 TST ~L~Yh n11Cll11~i lfl11~~"lh~u 2538 
'IJ 

t(jJtJ Kan-atireklap ll~~flrn~ (1997) -ri1~U 2543 t(jJtJ ~1'W1 trEl:lJL:lJCllCll1 (2544) LL~~ 1uu 2547 t<JlLl 
q 

:H~iJn11~(jJ~~"lJf)~~11 TST 'inn1uu 2543 Cll11~1<JlL~ 87 ng/g dry weight ~(jJLv\~f) 3 ng/g dry weight 

1uu 2547 ~~~lnn11~~n11~n'lj1 t(jJLI Swennen LL~~ flrn~ (2009) L~11L1~lUn~n11~(jJ~""lJEl~flll:lJ~ 

"lJf)~n11Ln(jJ imposex 

U1:lJ1rn TST fiElUolJl",xElLl (2 U~~ 11 ng/g dry weight) n'WU11iJn11Ln<Jl imposex ,xEltJL1fUnU ~El1u 

111'W11:lJL:u'Wunl1Ln(jJ imposex 1u~rnu U1UL'V'I/~lU~U U~~ ~rnU:lJ1UClll'W(jJ'WuiJn11vr~U1EllLll::
q 

'V'IU Ln(jJlhl n:D n11ill imposex :lJ1 n~ ~(jJ~~ L~ 8lYi LI UU1:lJ1 rn~11 TST 1U~ULltrl'WU11iJ n11U udr f)U 

f)ElUil~:lJln1u1::v\11~~f:nU~L~111n11~n1jl (1l1'V'1~ 18 LL~:: 19) El~h~L1nCll1:lJrT~1:kliJolJEl:lJ~U1:IJ1rn 
'IJ 

~111'U,n~:lJ butyltin
q 

1u~::nElu~u~~r:nuL~1v\~11 Ln1::il" 'Yht~:lJ LL~::Ln1::Lt:.JLviEln111Lfl11::~ 

LU1 tJ U L Yi tJ lJ 

~1 n~u 11 n:D nl1 ill imposex lfl (jJ~1 n n1 1~ VI El LI 'Yl:: L~ ~1 L~ tJ1 L~1lJ ~111un ~:lJ organotin 

t(jJtJLU'V'l1::~11L(jJ11hYi~Yiv., (TBT) (Bryan et al., 1986; Sech et al. , 2002) J'u ,.f~d'n11~(jI~~"lJElJ 

nl1Ln(jJ imposex El1~ l -tiElJ :lJl~l nL~iJ nl11rn1 ~ fILL~:: nl1iJ:lJ1 (jJ1n11~1:lJ1i~111un ~ :lJlhYi ~l1udJu 
q 

~lU~~:lJ1u~nUL'W1tJ~ LL~h f) J ffn11'Yl1~'Yl:: L~1~Vl11 ~ U1:: l'Yl r'f (I MO) L~U1:: n1 r'fn11~ (jJ n111i~l 11un ~:IJ 

~lJ n ~U 'Yl1tJ1'U.~nul 'W1tJJ"lJ f) J l1f) ll~ :::n11 1 i~::~f)~ LI ~ ~ J 1 U lU~ 1 :IJ n11 fl:lJ 2551 (n1:lJ fl11J fl:IJ:lJ ~~ 'Ij, 
q q q 

2549) Uf) n~l n d'u 1::: l 'Ylr'fL 'Yl tJL~iJ n11rh VI U(jJ fi 1:lJ1 ~ 11 ~1 U"lJ El ~ ~1 1U1:: n EllJ ~U n ~U 'Yl1 rJ"lfU(jJ L~1ihl1 
"" q 

~Yiu1'UJ1'Yl::l~ 1~~filL:kllnu 10 ng/L (www.pcd.go.th) f)~1~L1n~1:IJ~11 TBT l~f)iJnl1~::~:lJ1u~u 

~::nf)'ULltrl~::1in~11un11~~lL1il (degradation) fiElui1~U1un11 2 U (Sarradin, et aI., 1995; de 

Mora, et al., 1995 51" t<Jl LI Kan-atireklap, et al., 1997) i~J'U~~LL:lT11~::iJ n11l~ n1iutrl~11iJ n ~11 

n rTJ ~1:lJ11rl ~ n ~1~ lL~:::~J~~ <?1 El ~~ iJ:n-l ~L(jJlu5 n1:: tJ::VI ~~ ~ ~ fll1:lJ ~1:lJ1 1 rl1 un11~:: ~:lJ"lJ El ~ ~1 11 U n ~:lJ 
q 

9 

http:www.pcd.go.th
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BT 1U~ 'U~ ~n rJ 'U ttUrJl ~ l n ~ lU'Ull VI ~ ~ nn L n u ~l j~ ~<71~ n ~lll~LL~~ rJ rJ un ~U:Ul tJ'UL fl rJ'U1UU VI ~ ~Jl 

~lnnljY1~nj~~lLl"lJrJ~~u~~nrJul~ (Kan-atireklap, et al., 1997 eJl~~ln Page et al., 1996; 
~ 

Wattayakorn, 2008) 1U'Lh~ l 'Ylf'!Ul6fiLl~ u~l~jl Ll~lunl j~~ ~~"lJ rJ~ nljln ~ i·mposex ll~~fllj~~ ~~ 

"lJrJ"fh relative penis size index (RPSI) luVlrJLl'Yl~l~"D'U~ Lepsiella scobina 1J1lllli Porirua 

Basin 1~Ll~n~llu1LlulYiLlunUj~Vlll~U fl.f'!. 1988/1989 ll~~ U fl.f'!. 1994/1995 ~rJ"1h~rirJUll~~ 

VI~" nljlKl:U"lJl Llll~~lKl~li~lj TBT 1UU 1993 J"dlU1Jl~~U~ (Wellington Harbor) ~1J nlj~ ~ ~~ 

"lJrJ\!fll relative penis size index (RPSI) ll~l:Jj~unlj~~~~"lJrJ~lurJ'h~u~nljln~ imposex -nuYi 

J~dEll~ l -del\! :Ul~l n1J1ll lli<71J n ~ll n nljl~Ul1rJ ~Uffl"lJUl ~1VI nJ rtJd~lj TBT ~ ~~~:u tl til'U~~ n rJU 
v ~ 

1J1llrn Wellington Harbor rJl~f1nnlu1fU:UT'iJlnn"\lnj1:unljl~Ul1tl LL~~nlj"lJ~~tln1tlJJll~ 
~ ~ 

UrJ n"lll nitlUUj~l 'Ylf'!Ul6fill~ u~1111~n nljln lJ"JJtl:U ~ l~ Lll nlJ nlj1iffnUll"41Ll\!"lJ rJ" l1tl"\ll n~l""D'l ~:fi\! 
'II 

L1rJ<71J n~ll Bl"\llUULL VI ~ ""lJ tl" nl jU ~ rJ Ll ~ljU Ulti rJ'\,1,~ n 'Yll" VI it~ (Smith, 1996) UrJ n"\ll n itlU U j~ l'Yl f'! 

rJtl~L~L1Lll~jlLl"lun"nlj~~~""lJtl"nljln~ imposex lUVltlLl'Yl~l~"D'U~ Thais orbita 1J1L1lli"D'lLl~" 

In tl" Perth 'YllJ ~"~~lU~ n"lJ f)"Uj~L 'Ylf'! tl rJ ~L~ L1LlVl~" nljj~r'lJ1i~lj TBT nu l1rJ~iJ"lJUl~ Llll nll 

25 L:U<l1d l'Uu 1991 1~Ll~n~llU1Ll1JlYiLl1Jnu1~Vlll" "1h~iJ 1998 - 1999 Ll~~ 1993 rJ~lJljn~l:U 

rJ\!fl\!iJu1~lrn imposex 

(Reitsema, et al., 2003) 

~~ ~:U"lJ f) \! ~lj TBT 1U~ ~ n f) U~U (flllAJ~ 18) l"41J IIU 1 t U~ flll ~ i:u0'u rrj~V!.il" lU rJfL;nU~fll1l n ~ 

imposex ll~~U1~lrn TBT (flll"4~ 19) n~ll~rJlJ111rnllVl~:UUU\!~l"l1Jnljln~ imposex ~~nnjlLl"lU
'II 

UUltif)U"lJrJ\!~lj TBT 1uu 2547 ~" (284 ng/g dry weight) l~tllU1tJUlYitJ1Jn1JlJ111rnlfll~ffi" (34
'II 

ng/g dry weight) Ll~~f'!11l"D'l (3 nglg dry weight) Yil"lU nljln~ imposex UrJ Ll nll ~ rJ 12.2 ll~~ 8.7 

lU tlfl~U~ UrJn"\ll ndlU~f1lii,UlUll"l/~lU~U ~l1J~ll"l~ ff" nj~llJU~~~ f) ~l 'Un~ :Uflll ~jUllj""lJ rJ" fll1 
~ q ~ q q 

ln~ imposex ~lnlAJlJll1J1llrn<71"n~llnU1~lrnnljUultirJU TBT ~f)U"JJl"~l ("\l~l"l1 ~rJlJL~~~l,
q 

2544) liunu lU~lU"lJf)"~f1lii,lnl~il" l~lVl~ll ril t~lJll~~lnl~l~ tt'Ul:Jjl~n1ltJ\!lunlj~n~l 

U1:Ul rnnl jtJ Ulti rJ U"lJ tl" TBT r~ '1 rJ ~l j ~ U G) 1U n ~ lJ ih Yi ~Yiu1 uri rJ'U VI U l d Yll1\'\L1I ~l:Ul j fI ~~ ~ 
q 

UJ~lJ"l'1tl"lJUl~l~n llVl~"llAJl~llfLl"ll~~llVl~"Yitl"l~Lll (Kan-atireklap, et al., 1997; Sudaryanto, 

et. al., 2004; Harino et aI., 2008) ~lnnlj~n~ll~r.J Bech (2002b) 1u~"Vll~1Jln~~lnl~1l"D'l 

ll~~lnl~~~ lJ1llrnjtl1J~~~nl1rJ VI'1tl~~'Ylf)~~~rJ (Mooring sites) t~Ll1J1llrn~'Yhnlj~nHl
q 'II q 

http:rrj~V!.il
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El El n lu'Yll ~ 'Yl ~ ~fH tJ III (open sea) J~de:Jl''il ~ iie:J~ dJl''ill n t-J ~ n1::'YltJ dJl'ill n ~1e:J~ l -Ul dJlr1 e:J~ l~ tll~l,fn:: 
OJ" I J l.co dQ 
Ill~nr.nl (8ech, 2002b) UEln'illnU Ten Hailers Tjabbes, et al. (2003) 1ltl~lUlltJ1llrn'YldJnl1 

l~Ul1eJ Ll~::ii nl1nlW'lJ e:J~ dJl~Jl dJl n'il::rh1iiite:J nl ~~'il::dllll imposex dJl n w:h L 'Y'l1l:: nl1nlW'1J El"dJl ~ 

Jl~ldJl1t)rh1i ~l1~uUltre:JUe:J cilU~UrJe:Jun~tJ,h~dJl~~~l tiludJl~Jll~ 
'lJ 

cochlidium, Chicoreus capucinus, Murex trap a , Morula musiva, Thais lacera, Thais sp. 1, Thais sp. 

. d .c:::. did 
2, Nassarius Ilvescens, N. olivaceus, N. pullus, Nassarius sp. 1, Nassarius sp. 2 6]'''''1fU~'Yl'Y'ltJlldJ 

nl1I,n~~"l~eJI,U1t1Ul.y)tluntJ"1fU~~ub)~1~rhnl1~n'Ml ~€1 "1fU~ C. capucinus, N. pullus ll~~ N. 
'1.1 

Lan<1lJl~uJl~"Ll~~Lan<1ll~JlJU'Y'ltJiieJ<1I1lnl1dl~ imposex ~" 1Unl1~n'Ml~f"diJ"'V'jtJ'h N.livescens 
'lJ 

iiLl"nt UdJidJ~uifltJ n'iln11dJ1u~U~U~~U1dJl rnan e:J" T8T ~1~iinl1~n'Ml:!Jl ri ElUVlUld n ~ll~ €Il U N. 

livescens 'Y'lUI, n ~ n" 100 lU eJ·h~u<1IlUtJ1l1 rnLLVI ~dJU tJ"-'''~,HUUUVI ~,,~ii1l tI"lUnl1UUlrJ eJuan e:J" T8T 

~" t~ tllJ1~1 rni" n ~llln~r1l ~ Yi tltJ ~1El"lJUl III1VI ill U~~ ~~ e:J LL~~orie:J:!J ~1e:J~"lDu5 n l~ VI ~"VI ~,,~ Ell'ilYllli 
'lJ v 'lJ 

"" v 1 .r d do..,.. ILl d
Sewnnen et al., 2009) l~~~'Y'ltJnl1~nlll imposex UEltl~":!Jl U'Y'lU'Yllnl~~"1f" (57.9 %) Ll~::'Y'ltJUe:JtI'Yl~1ll 

~ 

1U~u~ I, nl ~1~~" I,UUl,nl~~ fi e:JU-1Jl" El uvh" 'ill n"1fl tI~" ii nl11ith~ t tI"1fUtJ1l,l rn1 e:J tJ b) l nl~ l ~ eJ nl1 
'lJ 

r1€1"I,~tlll,\'~::nl11..h:::!J" (16.7 %) luuVltn UEln'illnd'fililll~lU~ll:IJtlllan€l"€I1t1l~\''Y'l¥l~lritl:IJ Vl1€1fil 

RPLI n'Y'llJ~"lu~U~\,lVl~:lJUU" 1eJ"~"dJl~€l\,nl~~i"I,~~::~nl::l~ ~1fUflU (.nl'Y'l~ 17) "1fUCll N. pullus
'lJ 

l~ mU1t1lJ ~ ri tltJ flU1::VI"h"~u~ b)'Y'ltJ 'V'jtJilii nl1~ nCll imposex dJl n~~llllU~u~l,nl::~i"~,, ~Du~lVl~" 

'il Ellll1,1eJ ~Uf1ll,l~:: ii nl1anurh tI ~'Uf1l n ~l" 'Yl:: ~~ :!Jl n nil tJ1ll rnl ilVl ~ll~" I, tJ ULlVI~" l1€1U1::dJ"~WUl U 

VI eJ tI'Yl~l~"1fUCll Chicorius capucinus L1Ju5 n"1fit~VI'i1,,~tXnl'Yltll¥ll~<1Ifli~ll:!J~Ul'<1l~n'Mlu~~ 

l~UElll 'U::il ~ uU"1fulll~ii~lldJ I, VI dJl:: ~dJ1Unl1dJu indicator species l ile:J"'<Ill n'Y'l1.Jil ij~lldJ idJ~uf 
I I d d X d Qc.t. C). ~ d'Q....I' I d I 

1::Vlll~ ~l RPLI 'Yll'V'j dJ:!Jl nanUldJ €I:!J n'<ll n11:!J nl1llllUl1€1 (yachting activity) U€I n'ill nUtI"~tJll:!J ~l 

RPLI :!Jl n~tJ1ll rn1n 5'Yh l1€1ll~~~CllUEl tI~" l~ eJii1:: tI::'Yll~~ln~ €I €I n lU (8ech, 2002b) '<Ill n nl1~n'Ml 

~f"dl~ ~l dJl1tlYll nl1lfltJ il eJ Ul" C. capucinus 11111U 'Yl n ~tllitdi€l"'ill nVl €I tI'Yl::l~i~ n ~lliln'V'JtJ1u 
~ 

tJ1ll rn~ii~"l5"l5ltl ~~u ll~'<Ill n nl1~tJ1t1lJ I, ri tltJ nl1~nlll imposex 1 U~tll u~'Vh nl1~nuil e:J ul"l~ (~tllU 

lnl::-ih" 'Vb t~:!J f1"n1~lUu l~~::LlVl~:!JUU") 'Y'ltJilii~tJeJf~~u~an€l"nl"Hnlll imposex ~'~1U'vfu~llVl~:IJ 
~ '1.1 

http:Ill~nr.nl
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n1j~nl~nllflj1~~U1:l,.n rn~lj TST 'Yl11VI"~hJ~1:IJljbl~'i)~LU1rJ1J L'Vi tJ1Jl~l~ rJ~j~ lL~'i)l flVl ~l rJ nlj~nMl 

l~~11KlV; U r,il flll:IJVI Ul LL U W'lJ f)~ n'i) njj:IJ nljL~Ul1f)1U ~u~ ~ t:-J ~~ f) nljLn ~ imposex (Sech, 2002; 

d 
Swennen, et al., 1997; Ten Hallers-Tjabbes, et al. 2003; Swennen, et al., 2009) 95J'i)lnt:-J~ 

n1j~nM11U"1fii~ C. capucinus fi f)WiJ1J~f)~fl~f)Jn1Jn1j~nM1~l~L~1-HlLLU~llrif)UVlUl'd 

lu~wY~nll~ (wide geographical area) ~~~nMrn~~U~f)Df)1«rJ"lJf)~~J~~1~~~1~nUf)1'i)1hLUU~
'U 

'i):;~el~~~~ii~l~~LUU~"1fii,~l~:lJlnnll 1 "1fii~ ~~L"lfUnlj~nMl"lJf)~ Casey et al. (1998) ~1i"1fii~ 

Uttorina littorea Ll~~ N. lapillus LuuilU\l~n1jUuLti f)U"lJ f)\l TST j~Vll1.J1J1L1 rn~ f) rJ~lU1 U"lJ f).J ~ll 
'U 

(inner harbor area) LL~~1J1nrn~dJu~lUUf)n (outer exposed part) LL~~ Schulte-Oehlmann et al. 

(1998) ~1i"1fii~ Uttorina littorea Luuil:ll~1U1J1Llru~Luu~ulfl~u (mudflats) LL~~"1fii~ H. ulvae 

Luuil~l~1J1nrn~Luu~u~Ltl~~1u~u~JJn~nf)U~U (Sech, 2002a) 'i)lnt:-J~n1j~nM1~1Jl1"1fii~ C. 

capucinus, N. pullus LL~~ N. /ivescens f)1'i)JJf1ntJ[nVn!\1f)~1:IJ1jbl1iLuuil:ll~l~:lJlnn111u"1fii~~u'1 

~lfll'Yll n1j~n~11Uflf\ld L~f)~'i)l n~ 5~j1 n1jLn~ imposex ~~ 1U~lJUj::L 'YW1Vl u tJ'Yl~ L~~n ~ Nassarius 
'U ~ 

lfllJJjl tJ~lU~~nlj1"1flUnljUj~LiJun1jUuLtf f)U"li f)\l ~lj TST l~LLri "1fil,~ Nassarius reticulates (Rato, 

et a/., 2008; Rodriguez, et aI., 2009) N. nitidus (Pavoni, et aI., 2007) Ll~~ N. Vibex (Lima-Verde, et . 

a/., 2010) dJUfllu VlurJ'Yl:;l~"1fii~ C . capucinus ,fUl~JJoiJf):IJ~~-U1J~UU11JJfll1:IJll~f)n1j~f)1J~Uf)~~f)
'U ~ 

~lj TBT rr~ rT~ lU U"1fil,~~~1Jl~:lJ1 nU1'i)~ LUU8 n"1fii,~I!\it\l~ lVI :lJl::~:IJ ~ f) nljLUU~"1fii,:ll~ f11jUUl,n f)U 

"lif)~~lj TST (Sech, 2002a) f)rJl\lljn~1unlj~nMlflf\ldrr\l"lil~oiJf):IJ~U1:IJ1rn"lif)\l~lj TBT 1u~u 
'U 

,x d ~ ,xVJ ' <=> 1 <=> 

Uf)n'i)lnUn1jf1nMlflj\lU b:IJ~1Jnljl,n~ imposex U"1fU~ Babylonia areo/ata, Murex altispira 

~~VI el tJ"1fii,~ i~ n ~lllflllfW JJj1 tJ~l U ~ 1J nljvr~U 1 f)ltil ~ l y.j f1 ~l 'Vi rJ:IJlfll rr~df)l'i) l iiel\l :lJ1'i)1 nVi f) LJ't1:: l ~ 
'U 

"1fii~diin1j~f)1J~Uf)~ (sensitivity) 1Unljln~ imposex fif)UoiJl~~l (Swennen, et al., 2009) rr\ldf11j 

~ f) U ~Uf) \l~ ll~ n ~1~ nUf)l 'i) l ~ til L~f)~ n u 11 'i),)LJ'Yl1 J fll1Uf)1 Vl1j n ~1n1h III y.j (physiology) LL~::~ f) D 
'U 

Q.J d ~.::f Q,I 

f)lf1tJ"lif)~Vlf)LJ'Yl~l~ (Tan, 1999) 'i)lnt:-J~nljf1n~lfljJUy.j1JllVlf)tJ'Yl::L~ "1fU~ Cymbio/a nobilis LL~:: 

Melo melD JJnljLn~ imposex ~J ~f)y.juLUU'Yln~l1u'Ylf1u1Llrn~'Yllnljdluilf)rJl\l1~ 'i)1f1f11j 
'U ~ ~ 

~1JflULf)n~ljlflly.jUjlLJJ1UllVlf)LJ'Yl~L~1Ul~~ Volutidea Ul\l"1fii~ lflllLrl Cymbiola nobilis, C . 

vespertilio, Melo amphora, M. melD ll~~ M. umbi/icata ~1:IJljblvr~U1f)lrJl::Ly.jf1~LYiLJ:lJl~1~LJ 

l:l.Jl~Lil~'i)lnnljlVl-ctrJl'l-b l~rJ~lj TST ll~dl~l~lu~Il1y.jITJJ:lI"l11~ (Natural phenomenon) 

l ~f)\l'i)1 n In f)~ nMlil f) Dl\l1 U lJ ~d~l~lnuil f) D1J ri uUU 1960 :BJ l UU"lfl J~rr\ll:l.Jl~iJ n1j'~b TBT 
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(Swennen and Horpet, 2008) y'h1'V11'UfllJ~fl~1f1#~ifdjE)YllfllJllflJl~tffll'Hn~ imposex l'U 

1l1l"JJ1:IJllr1r.J1JlYlr.J1Jn'UJ~'VI "h~ 11 ~rnit~~LJJ~biE):IJ~1'U"1fit~ Cymbiola nobilis ll~~ M. melD 1Jl 
'II 

Yll fllJllflJl~tfiE):IJ ~11 :IJ~l r.J E) rh~LJn~l :lJL~iiJl r.J~l'UfllJdl ~ imposex 1 'U'VI E) r.J'Yl~l~l~ fli~ fl ~11~ 
'II 

d1~'illflfllJl'VIiir.J1l-bt~r.J TBT ~E)1u"1fit~ Odontocymbio/a magellanica ll~~"1fit~ Adamelan 

brasiliana (Swennen and Horpet, 2008 51~'illfl Bigatti and Penchaszadeh, 2005; Goldberg, et 

aI., 2004; Cledon, et al., 2006) 
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"lHHJ1) :JJlU~l'V'l~ UlUl'V'l (E)ulul"1J~~~Vll~1~UE).J) l<illVl~ll f1.Jn1~lUU (E)ulul"1J~~~Vll~~utl'IJ1) til 
~ ~ 'IJ ~ 'IJ ~ 

l~JJ u~~lnl~il.J (E)ulul"1J~~.JVll~~1l~) 1~Vlll.Jl~E)Wll~lflJJ 'V'l.f'f. 2552 n.J l~E)U n1nnlflJJ 2553 L~ 
'II ~ ~ 

dlU<Y11E)Ul~VlE)U'Yl~l~lun~JJ Neogastropoda U~~ Mesogastropoda ~lU1U 32 "l5i\,~ lu 10 l\lfl 11:lJ 
~ 

1,509 <Y11 ~lnnl1;hfl1l:vfVllflllJJ~~un&l'Yll\ll'Wf'f'V'lUlld1~lUVlE)£J'Yl~l~ 13 "l5U~ lu 3 l\lfl L~LLri 

Cymbiola nobilis, Melo melD (1\lf'f" Volutidae) Murex trapa, Chicoreus capucinus, Morula musiva, 

Thais lacera, Thais sp. 1, Thais sp. 2 (1\lf'f" Muricidae) Nassarius livescens , Nassarius pullus, 

Nassarius olivaceus, Nassarius sp. 1 U~~ Nassarius sp. 2 (l\lfl Nassariidae) 

2. 1MJ ~:nl1ln~ imposex "1J E) .J,r\l 11 ~rnit 'V'lU E) cilU"1h~ 0 - 67.7 LU E)fl~U~1~ U ~l JJl1f:l 
'IJ 

utl.Jn~JJf)llJJ1UU1\l"1JE)\lnl1ln~L~dJu 3 n~JJ ~E) U1l1ru~~1:iunl1ln~ imposex ~l (0 - 8.7 %) ~E)
~ ~ ~ 

UlUlW-~lU~U lnl~Lt-l JJlU~l'V'l~ ~l\l~~l U~:f'l11l"l5l 1:<Y1UUlUnr;n\l (12.2 - 20.5 %) ~E) lnl~~i\l 
~ 

llVl~JJ9J,U\l VlE)U'Yl~l~Yl'V'lUnl1ln~ imposex ~nn~E) Nassarius pullus, N. livescens Ll~~ Chicoreus 

capucinus 

3. :rE)U~~nl1ln~ imposex lUl"1J~~\lVll~"l5~U1~uul1,xJJ~~~\l uE)n~lndu\lL:JJ~1Jf)llJJ
~ 

~~U n&l'Yll\ll 'V'l f'f1UV\ E) U'Yl~l~1Jl\l"l5i\,~~L~lfl UJJ1l U\llUII Ln~ imposex 1uri E)UVI ,xld ~\l j;-J ~ nlJ~ n ~l 

f1 E)UoVl.J ~E)~fl ~E).J flU j;-J ~Jl U.Jlunl1~ ~ ~.J"1J E).J~l1 TBT 1U.Jlul~uri E)UV\,xld E) Ul.Jl1n~l JJ U.Jfl.J~ull 
d (L,..I Q..,.; d Q...; A 

~f:llUll VI ~ JJ9J, U~ £J.J f).J JJ1~~ U nl1l n ~ imposex 



57 

'Yl1'V'J rn n11111:lJ 151 ~ ~~~::;~~ ~n ~ ~e:aJ. 40 VI ,xl. 

n1:lJf)lUf) :lJ:lJ~~M. 2549. Lf)1~ n11~~(jn:lJ(j]11~1;H)Uf) rnI11~,rl'Yl::;L~ :lJl(j]1n11LL~::;Uf-JUU nu~ n11 
q q ~ 

'V 

2552. ~lin~~ n11f) rnl11'V'JUl 2552. 
q 

'Yl1'V'Jr.nn11111:lJ151~U~::;~~LL1~~f):lJ. 136 VI,xl. 

n(j]1l1 ~11V'nii,15 TI~11~U ,xf)U1n~1 ~L:lJ(jl~ U~Uln11 U~::;~151 ~Uf)~~:lJU1rn. 2551. n11~n~1 
q q q 'lI 

<V A " 

2550. ~f11 U U1'Yl Ul fll ~(j]1'Yll~ 'Yl::; L~ 

:lJVlllYlUl~UU1'V'J1. 136 VI,xi. 
'U 

~1'V'J 1 ~tl:lJ L:lJ (j) (j)l. 2544. n11UULrr tlU"lJ tl ~ ~l dU1::; n tlU 111fl ~fl'U,'1J1L1 rn151 U~~ (jl::;1Utl tl n"ll tl ~ 811 
q 

Ylrnru,(j)l l5U:lJi;if::;tll~. 2550. n11Ln(j) Imposex LL~::;n11i;if::;i;if:lJ"lJtl~i;if111(jl1U1fl~flu 1~U1Yl~flULl~::; 

L:lJ Lulllfl ~flu1UVI tl U ~-h L~ Ul~~Vl1~15~U1. 1'Yl U1U'V'Julfl'Yl Ulfll i;if<wf:lJVllUrnYl(j] ~1"lJll151 
q 

~f11Un11rnn111i~111(j)1U1Yl~fluu~::;n11Ln~ Imposex "lJtl~Vltlun~:lJ Gastropod lu,u1::;L'Ylf'l 
q 
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fll'VfVi e:l ~'Y1~t~ri dl~ nl~~~"le:l-1~1~t~~irtri ~3-J 
Q.J 

lll~~ 20 l tJ1tJlJ l Yi tJlJ ~n Mill:: tiltJl~ lVH'Ir-Yl'n rUJ"lJ Eh'J'VHl t1Y1:: l~15it~ Cymbiola nobilis 
'IJ 

(n) l~f'fr-YtJn~ ("lJ) l~f'fl~t1~~tlltJl::l~f'fr-YlYimJ 
'IJ 'IJ 

'VI~lrH'VI<il: p = Dlr.r.l:::b'Y'lf'l~ (penis), pp = e:lltn:::b'Y'lf'ltYbl1!'J:JJ (pseudopenis) 
q ~ 'IJ 

lll~~ 21 ltJ1tJlJlYitJlJ~nMrn~tlltJl::l~f'fr-YlYitl:IJ"lJtI~VltltlYI::l~15it~ Murex trapa
'IJ 

(n) VltltI'Yl~l~lV..Jf'(trtJn~ ("lJ) VltltJ'Yl~l~l~f'(l~t1tJn~ (fl) VltltlYI~Wl'V'Jf'(lijtl~ijtlltJl~l'V'Jf'(trlYitJ:JJ
'IJ 'IJ 

'VI:JJlrH'VI<il: p = DlrJl:::bV'lf'l~ (penis), pp = DlrJl:::b'Y'lf'l~b'YirJ~ (pseudopenis), rt = 'VI'Ul<il-Ul~"lJll (right tentacle) 
q 'IJ 'lJ 
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'VI:lJlm'VI~: p = tllUd:::b'VH'I~ (penis) , pp = tllrn:::L'Y'H'I~bYiU:lJ (pseudopenis), rt = 'VIU,d~-Vl~"lJdl (right tentacle) 
~ 'lJ 'lJ 
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YlanmYl<Jl : p = er)£.n::;vwf'1~ (penis), pp = Er)Ul:::b'YmNbl1U;}J (pseudopenis), r1 = YlUl~'l1'l""lJll (right tentacle) 
q ~ ~ 

Yl;}JlrHYl<Jl: p = ErrUl::;b~f'1~ (penis), pp = EllUl::;b~f'1~bYiU;}J (pseudopenis), r1 = YlUl<Jl'l1'l\l"lJll (right tentacle) 
q ~ 'U 
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~ ~\Jlln'11\J1~1 nld~l~ij nldt~ ~U'W~U~d 

1. L~el~ "i.1'rnUnldnrnld~~Ul elllJl~L 'V'I~~LY1lJ:IJ1u'V't ellJ'Yl~LGH.hL~ lJl L'V'Hi'rdJlJ (Imposex) U111 ill 
'II 

"151lJ~~ril11'YllJ ~~~~lUel elnd~'V\11~ ~. ~. 2552-2553" nldl.h~"15:IJi"151nldl.h~:IJ~ fI~~~ 5 
~ 

n111.h;;-'QlJ1'nn'"Ur.;lJ~f\f~~ 5 r::wj1-l,rU~ B·- 9 fiU')1rUJ 2553 

f1N:;(Vil'\tULR1jnlnJr::)J~l~ft::l11"tltJ1nTln-lJl :.J\~,'i\1Ulft(J(ujH 

~rl1'\.J n1~run1~~IPl.JU1'f]1~1::;b'V'{~~bVlt.l:J-J1.'\.Jv\'f]t.lVl~L~ cJ1L~~1bY{P1bij~ 

'lJ~L1nJ'.il1t.ltr~~1'Jl'Y1~tr"I?l::;1'U'f]'f]n~~v"j9;~ '~ i f1r~ 2552 - 2553 


ru"if!.l1 tI~~'HiYl~'Vie1 ;htn~ ~£IfitJI1~VI~.1)ril~~1~mn'12 


1~Cl11Ju:WuYlfY1Ulnrm~\h "p'llft~timm~"1'ivitnRtJ 


21l1Fl~'I!11Yl!Jl"',i'WlfV11-lYl:;lft "ru:;1Y1Ull'11~~f ~-,f·liNmrulJ1-\11Yl!J1RU 


U'Y1~~e'tJ 

~m:ntJnnnm'i'nrn1'i'~~t.lifJ.-rm:;IY;P1~l'YItJl-J (Ps~Ll9Ppenis) It.1\lt:ltlVl:;I~,.hL~mlrH'\li1t1 

(imposex) U11'"HlJ~iU 6~'1li,)1VlU~-lI1l:;.-rw!lt:ln l~tlH1t.ln'l ~l.h:;lijw~rnWn1'i'nrU"l~UW'lltl-lniT 

tJwnflt.l'7JfJ ..Hli'i'l[;) 'i'fJ')~ftYiu erBT) t~ tI nl1LnlJvl')mhn,lfJEJVl:: l~c.hl~ £J') 1wn ~ ~'EiU~1J 
Neogastropoda lIft:; Mesogastropoda U1L')ru'lfluiJ~Vl:;Lfi{-l"6cn'llf/l.i1 ii-l~-l,,6i11(1]nVl f')).J 11 

~mi1 'l::WhH~fl1.JlIJWlliUJ2552 ~"H~flwnutJ1EJW 2553 tJ'Cln1'lP1mfl'flUnlTLn~ imposex lw\-1rJU 

Yl::lf/cJ1Liilm~i\J,)\J 13 "ll:W~"l1nvl')!irh-.l~-ll-l).JVl 35 'llij(jl lCi1EJ"\-ltlucJ~l~m~Yium'i'lnVl imposex l-Jln 
..J.. .. .. 
Yli'l~FlfJ Nassarius pullus "'fl-l~Nl-Ji~ll N livescens ll~:; Chicoreus capucinus r1'lllJ!Wll'l.:l'lHl.:l 

n11LTlC1l iillposex ~ll-JlrClUU-.lllilndJu 3 'l::~uFi!l 'i'::~U~i (0 - 8.74 %) 1vl'uriu"1l'"ln.nJ1WL'fl-1WI,J?lW 

lm::lcJ l-JIumyt~ th-lP1~l U~~Pl1n'l111::~u1.J1Ullfll-l (12 .17 - 20.45 %) 1tiiUriU'iL')(lJln1~~i-.l vii 

l~).J ll~::~"'n'i':::lUt.lllr;:::'i':::~U~'" (20.45 - 67.69 %) HlllriU~l')ruln1::-nl-.l 19iYlf/l') Ufl~IL"'fI).J'UU-.l 

Abstract 

The occurrence of pseudopenis in female marine gastropod (imposex) was 

investigated along the Eastern Seabbard of the Gulf of Thailand in order to study the effect of 

tributyltin (TBT) contamination in these coastar waters. Samples of Neogastropoda and 

Mesogastropoda were collected in a total of 11 areas from Chonburi to Trad Province, during 

October 2009 to September 2010. The imposex incidence was obseNed in 13 out of 35 

gastropod species collected. The highest occurrence of imposex was found in Nassan·us 

puflus, N. livescens and Chicoreus capuc/nus. The percentage of imposex in this study can 

be divided into 3 levels as follows: low level (0-8.74%) in the areas of Ban Pay·SuanSon. Koh 

Pai, MapTaPud, Angsila, and Sriracha;medium level (1217· 20.45%) in Koh Sichang, Ta Sam, 

and Kungkraben ; and high level (20.45 - 67.69%) in Koh Chang, Jaalaw and LaemChaBang. 
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along the inner part of the Eastern Gulf of Thailand (Cholburi-Trad Province)" 

Funded by : The Biodiversity R.esearch and Training Program of Thailand (1998-?'000). 

2 Project Title : "Research and Development on Production of the New Economically 

Marine Mollusc: Spotted Babylon (Babylonia areolata) for Rehabilitation and Conservation of an 

Economically Fishery Resources" 

Funded by : National Research Council of Thailand. (1998 - 2000) 



71 

3 Project Title : "(Research and Development on Production and Economic Outputs for 

growing-out 	of Juveniles Spotted Babylon Juvenile, Babylonia arealata Link 1807, to Marketable 

Size in Ponds and Muddy Flat By Using Various Types of Culture Techniques 

Funded by : National Research Council of Thailand. (2003 - 2004) 
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