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/3,*(!/-,40:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F!2(.!\;!/*4!%(0+$.,(.!

%.(1/1,',+,$0!2(.!PA!D1/0$4!(*!'/0+!ZJj!(2!+.$$0F!.$0%$-+,6$'&:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!

/*4!%(0+$.,(.!%.(1/1,',+,$0!'$00!+#/*!d:Z!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!

%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!MLN!
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='>#$)C<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!$+!/':!DNdMZF:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!MZ!

='>#$)C<C<!X.,3$.0!50$4!2(.!XOG!/3%',2,-/+,(*!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!NZ!

='>#$)C<I<!;,0+!(2!/31,)5(50!-(4$0!2(.!/31,)5(50!0,+$0!,*![HI!0$Y5$*-$0!DO(.*,0#CP(=4$*7!McKJF:

!:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!LN!

='>#$)C<J<!"#$!-.,+,-/'!6/'5$0!(2!>,'',0!i!>5$'0$*1$-<!DMccNF!Xld:dJ:!::::::::::::::::::::::::::::::::::::::::::::::!LL!

='>#$)I<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!$+!/':!DNdMZF:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!]a !

='>#$) I<C<! g1 0+/+,0+,-7! +(+/'! *531$.! (2! 6/.,/1'$! 0,+$07! /*4! 1((+0+./%! 05%%(.+! 2(.! *(4$0! ,*! +#$!

0+&'(33/+(%#(./*!%#&'()$*&!2(.!$/-#!)$*$f!)$*$!%/.+,+,(*:!H(4/'!05%%(.+!6/'5$0!=$.$!(1+/,*$4!2(.!+$*!

-'/4$0!,*!+#$!0+&'(33/+(%#(./*!+.$$U!-'/4$!'$++$.0!-(..$0%(*4!+(!DIF!8+&'(33/+(%#(./!3(*(%#&'&7!DPF!

%.,*-,%'$!0%',+!(2!+#$!0+&'(33/+(%#(./*!+.$$!1$+=$$*!+#$!8-('(4(*+,4/$!/*4!/''!(+#$.!0+&'(33/+(%#(./*!

).(5%07! DOF! Q/-#/+,*(,4! -'/4$R7! D[F! Q*(*C/-#/+,*(,4! -'/4$R7! DSF! X5%,''(,4$,! Tl@.+#5.$+#./V7! D`F!

;,3/-(,4$,7!DbF!I.,(*(,4$,7!D>F!@.+#/',-(,4$,7!DAF!>$',-(,4$,!/*4!D_F!8-('(4(*+,4/$!D-'/4$0!0#(=*!(*!

`,)5.$!L:MF:!h#$.$!/!-'/4$!,0!.$0('6$4!+#$!1((+0+./%!05%%(.+!6/'5$!,0!0#(=*!,*!+#$!+/1'$:!O'/4$0!*(+!

.$-(6$.$4!50,*)!+#$!)$*$!5*4$.!2(-50!/.$!0#(=*!/0!4/0#$0!DCF:!`(.!+#$!)M!0+/+,0+,-7!/!-.,+,-/'!6/'5$!(2!C

d:Md!/+!Xld:dJ!'$6$'!(2!0,)*,2,-/*-$!=/0!50$4!2(.!+#$!;8E!MCJ!2./)3$*+7!88E7!>L!/*4!O@M!D+#$!M0+!/*4!

+#$!N*4!-(4(*!%(0,+,(*0F:!`(.!+#$!25''C'$*)+#!;8E!)$*$!/!-.,+,-/'!6/'5$!(2! Cd:dK!/+!Xld:dJ!=/0!50$4:!`(.!

+#$!-(31,*$4!4/+/0$+!(2!+#$!2(5.!)$*$07!/!-.,+,-/'!6/'5$!(2!Cd:dZ!/+!Xl!d:dJ!=/0!50$4:!O.,+,-/'!6/'5$0!/.$!

4$%$*4$*+!(*!+#$!*531$.!(2!+/9/!/*4!+#$!+(+/'!*531$.!(2!6/.,/1'$!0,+$0!D-.,+,-/'!6/'5$0!2.(3!>,'',0!i!

>5$'0$*1$-<7!MccNF:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!J] !

='>#$)J<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!$+!/':!DNdMZF:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!ZM!

='>#$)K<E<! [$+/,'0! (2! 0%$-,3$*0! 0$Y5$*-$4! ,*! +#,0! 0+54&7! 0/3%',*)! '(-/',+,$07! -(''$-+(.0! /*4! 0*/,'!

-#,./',+&:!O'/00,2,-/+,(*! 2(''(=0!P(5-#$+!$+! /':!DNdMZF:!8*/,'! -#,./',+&!D4$9+./',+&! /*4!0,*,0+./',+&F! ,*!

O#,',*,4/$7!P5.*5%,,4/$7!;&3*/$,4/$7!X#&0,4/$!2(''(=0!>51$*4,-<!DMcZKF7!P5',*,4/$!/*4!X'/*(.1,4/$!

2(''(=0!P5.-#!DMcKNF7!I-.('(9,4/$!2(''(=0!P5.-#!DMcKNF!/*4!;/+,,4/$!2(''(=0!85+$.!DMcMLF:!O#,./',+&!

,0!4$2,*$4!1/0$4!(*!0#$''!-(,',*)!4,.$-+,(*!/*4f(.!1/0$4!(*!/0&33$+.&!(2!+#$!,*+$.*/'!/*/+(3&: !::::::::!cZ!

='>#$)L<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!$+!/':!DNdMZF:!::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::!MNM!
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N+'10$()EP!Q.0("6&%08".)

)
E<E!3$.$('#) Q.0("6&%08".) )

)
"#$!X/*%5'3(*/+/ !/.$!/! 3/?(.!).(5%!(2!0*/,'0!/*4!0'5)0 !=,+#,*!+#$!b/0+.(%(4/:!" #$&!/.$!2(5*4!)'(1/''& !

D$9-$%+!,*! I*+/.-+,-/F ! /*4! ,*! /! =,4$! ./*)$! (2! #/1,+/+07! ,*-'54,*)! +$..$0+.,/'7! 2.$0#=/+$.! /*4!3/.,*$ !

D8-#.m4'!et al:7! NdMMF:!X/*%5'3(*/+$! +/9/! #/6$! 1$$*! 50$4!/0! 0+54&! (.)/*,030!,*! %#&'()$*$+,-! /*4!

$6('5+,(*/.&!0+54,$0!0,*-$!+#$&!#/6$!'(*)!/*4!.,-#!2(00,'!.$-(.4 0!+#/+!.$6$/'!$9+,*-+,(*!%$.,(40!DX(*4$.!

i !;,*1$.)7!MccZU!g'5003/**Cg('1! et al:7!NddKU!_m.)$.!et al:7!NdMdU!g(-(+!et al:7!NdMLU!^/%/+/!et al:7!

NdM]F:!"#$&!#/6$!/'0(! %.(6$4!+(!1$!$9-$''$*+!3(4$'!0&0+$30!,* !0+54,$0!(2!1,()$()./%#&7!%(%5'/+,(*!

)$*$+,-07!1,(4,6$.0,+&7!%#&0,('()&7!*$5.(%#&0,('()&!/*4!1$#/6,(5./'!$-('()& !Db((4/-.$!i!h/4$!NddMU!

[/6,0(*7!NddNU!X,*-$$'!et al:7!NddJU!g/./*(6/!i!A6',-#$6/7!NdMaU!P5.0n+&</!et al:7!NdMKU!O/.(!et al:7!

NdMcU!O#5<=5</!i!S?$.$7!NdMcU!h$*4$1(5.)!i!>/504(.27!NdMcF:!\/*&!%/*%5'3(*/+$!0%$-,$0!#/6$!

-(*0,4$./1'$! $-(*(3,-! ,3%(.+/*-$ :! 8(3$! /.$! -(*0,4$.$4!+(! 1$!/! 6/'5/1'$! 0(5.-$! (2! 2((4 ! 05-#! /0!

Achatina fulica /*4  Helix pomatia! DE%/+#/3!et al:7! McKKU!b#$(-/7! NdMLF7!(+#$.0! 05-#! /0"Limax 

cinereoniger!/*4! Helix aspersa!/.$!50$4!,*!%#/.3/-('(),-/'!%.(45-+0 !D"#(3/07!NdMJU!O(*+$7!NdMaU!

b(*n/'$n7! NdMZU! ;/*$.,!et al:7! NdMcF:!8$6$./'!%/*%5'3(*/+$! 0%$-,$0! /.$ ! (2!3$4,-/'! /*4! 6$+$.,*/.&!

,3%(.+/*-$! /0! +#$&! /-+! /0!6$-+(.0! (2! 4,0$/0$7! ,*-'54,*)! Biomphalaria! /*4! Bulinius! +#/+! +./*03,+!

8-#0,+(0(3,/0,07!Lymnaea!+#/+!+./*03,+0!2/0-,(',/0,0!DP.(=*7!Mcc]U!\(.)/*! et al:7!NddNF!/*4!Achatina 

fulica +#/+!+./*03,+0!I*),(0+.(*)&',/0,0 !D\/.Y5/.4+!et al:7!NdddF:!"#$&!/'0(! ,*-'54$!*53$.(50!,*6/0,6$!

0%$-,$0!05-#!/0 Achatina fulica7"Arion lusitanicus!/*4 "Deroceras reticulatum!=#,-# !/.$!-(*0,4$.$4!/0!

/ !3/?(.! -.(%!%$0+!D"#,$*)( et al:7!NddZU!g(n'(=0<,! i!g(n'(=0</7!NddN U!g(no(=0<,! i!g(no(=0<,7!

NdMM:F!/*4 "Physa acuta =#,-#!#/0!/!0$.,(50!,3%/-+!(*!+#$!1,(4,6$.0,+&!(2!2.$0#=/+$.!#/1,+/+0!DI'1.$-#+!

et al:7!NddcU"S110!et al:7!NdMKF:!

\ (0+!%/*%5'3(*/+ $!+/9/!=$.$!(.,),*/''&! %'/-$4!=,+#,*!+#$!X5'3(*/+/:! "#$!X5'3(*/+/!=/0!4$2,*$4!

1/0$4!(*!+#.$$!/*/+(3,-/'!-#/. /- +$.0B!+#$!%5'3(*/.&!-/6,+&!(%$*,*)!1&!3$/*0!(2!/!%*$53(0+(3$7!+#$!

%.$0$*-$! (2! /! %.(-$.$1.53! /*4! +#$! $9,0+$*-$! (2! 3$4,(C4(.0/'! D-$.$1./'F! 1(4,$0! DW/*! \('7! McaZU!
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>/0n%.5*/.7!McKKU!>/0n%.5*/.!i!>51$.7!MccdF:!" #$0$!-#/./-+$.0!=$.$!)$*$./''&! -(*0,4$.$4!+(!1$!+.5$!

0&*/%(3(.%#,$0!(2! +#$! X5'3(*/+/! D[/&./+! i! ",'',$.7! NddNU! \(.4/*! i! h/4$7! NddKF :! >(=$6$.7!

G5+#$*0+$,*$.!DMccZF!%(,*+$4! (5+!+#/+!+#$!%5'3(*/.&! -/6,+&! ,*!%5'3(*/+$0! ,0!#(3('()(50!=,+#!+#$!

3/*+'$!D(.!%/'',/'F!-/6,+,$0!(2!(+#$.!)/0+.(%(40!,*-'54,*)!+#$!(%,0+#(1./*-#0:!;,<$=,0$7!+#$!%.(-$.$1.53!

,*!%5'3(*/+$0!,0!#(3('()(50!+(!+#$!.#,*(%#(./'!)/*)',(*!(2!(%,0+#(1./*-#0 :!I'+#(5)#7!+#$!3(*(%#&'&!

(2!+#$!X5'3(*/+/!#/0!1$$*!/--$%+$4!,*!0(3$!3(.%#('() ,-/'!0+54,$0!D>/0n%.5*/.7!McKJU!>/0n%.5*/.!i!

>51$.7!MccdU!H(.40,$-<7!MccNU![/&./+!i !",'',$.7!NddNF7!+#$&!#/6$!*(+!1$$*!.$-(6$.$4!/0!/!3(*(%#&'$+,-!

).(5%!,*!3(0+!3('$-5'/.! /*/'&0$0!D[/&./+! et al:7!NddMU!b./*4$! et al:7!Ndd]U!g'5003/**Cg('1! et al:7!

NddKU! [,*/%(',!i! g'5003/** Cg('17!NdMdU!_m.)$.! et al:7!NdMdU!bm11$'$.! i!g'5003/** Cg('17!NdMMU!

G(3$.(! et al:7!NdMaF:!

_m.)$.! et al:!DNdMdF!,*!+#$,.!3('$-5'/.!%#&'()$*&!(2!+#$!>$+.(1./*-#,/7!2(.3/''&!,*+.(45-$4!+#$!).(5%!

X/*%5'3(*/+/ 7! 5*,+,*)! /''! %.$6,(50!%5'3(*/+$! ).(5%0! D+#$!8,%#(*/.,(,4$/7! I3%#,1('(,4$/7!

>&).(%#,'/7!8+&'(33/+(%#(./7!8&0+$''(3/+(%#(./7!S''(1,(,4$/7!@+,*(,4$/!/*4!".,350-5'(,4$/F!=,+#!

0$6$./'!',*$/)$0!+#/+!=$.$!+./4,+,(*/''&!%/.+!(2!+#$!@%,0+#(1./*-#,/!D+#$!I-(-#',4,/!/*4!8/-()'(00 /F!(.!

%/.+! (2! +#$! Q;(=$.! >$+$.(1./*-#,/R! D+#$!X&./3,4$''(,4$/! /*4! b'/-,4(.1(,4$/F:! "#$! .$05'+0! (2!

0510$Y5$*+!3('$-5'/.!0+54,$0!1/0$4!(*!0+/*4/.4!3/.<$.0!Dbm11$'$.!i!g'5003/** Cg('17!NdMMF!/*4!(*!

%#&'()$*(3,-!/*/'&0$0!Dg(-(+!et al:7!NdMLU!^/%/+/!et al:7!NdM] U!G(3$.(!et al:7!NdMaU!X/10+!i!g(-(+7!

NdMKF!#/6$! 1$$*! -(*0,0+$*+! =,+#! _m.)$.!et al:! DNdMdF! %.(6,4,*)! 0+.(*)! 05%%(.+! 2(.! X/*%5'3(*/+/!

3(*(%#&'&:!"#$!+/9(*(3& !(2!_m.)$.! et al:!DNdMdF!#/0!1$$*!/4(%+$4!,*!+#$!3(0+!.$-$*+!-'/00,2,-/+,(*!(2!

P(5-#$+!et al:!DNdMZF7!%'/-,*)!+#$!X/*%5'3(*/+/!/+!+#$!./*<!(2!051-(#(.+!=,+#,*!+#$!-(#(.+!"$-+,%'$5./:!

\('$-5'/.!+$-#*,Y5$0!#/6$!$0+/1',0#$4!+#$,.!6/'5$!(6$.!+#$!%/0+!4$-/4$!,*!.$0('6,*)!+#$!%#&'()$*$+,-!

.$'/+,(*0#,%0!/*4!4$+$.3,*,*)!+#$!+,3$!(2!$6('5+,(*/.&!4,6$.)$*-$!=,+#,*!+#$!X/*%5'3(*/+/:! >(=$6$.7!

+#$! %#&'()$*$+,-! .$'/+,(*0#,%0! (2! 0$6$./'! 051).(5%0! =,+#,*! +#$! X/*%5'3(*/+/! #/6$! *(+! 1$$*! =$''!

.$0('6$4!%/.+,-5'/.'&!+#$!1/0/'! .$'/+,(*0#,%0!=,+#,*!+#$!8+&'(33/+(%#(./!/*4!+#$!4$$%!.$'/+,(*0#,%0!

=,+#,*! +#$! >&).(%#,'/:! "#$.$2(.$7! /! .(150+! %#&'()$*$+,-! 2./3$=(.<! ,0! .$Y5,.$4! +(! /44.$00! +#$!
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0#(.+-(3,*)0!,*!+#$0$!.$'/+,(*0#,%0:!"#$!=(.<!,*!+#,0!+#$0,0!2(-50$0!(*!+=(!%/*%5'3(*/+$!).(5%07!+#$!

8+&'(33/+(%#(./!/*4!+#$!>&).(%#,'/ :)

E<C!50,#"22'0"1+"(' )

"#$!8+&'(33/+(%#(./!/.$!+#$!'/.)$0+!%/*%5'3(*/+$!).(5%7!-(3%.,0,*) !3(.$!+#/*!Mdd!2/3,',$0!DP(5-#$+!

et al:7!NdMZF!/*4! .$%.$0$*+,*) !+#$!6/0+!3/?(.,+&!(2!+$..$0+.,/'!)/0+.(%(40!=,+#!/*! $0+,3/+$4!*531$.! (2!

0%$-,$0!1$+=$$*!Ld7ddd!/*4! LJ7ddd!D8('$37!McK] F:!8+&'(33/+(%#(./*!+/9/!%.,3/.,'&! %(00$00!+=(!%/,.0!

(2!+$*+/-'$0!(*!+#$!#$/4!=,+#!$&$0!/+!+#$!+,%0!(2!+#$!%(0+$.,(.!%/,.!/*4! +#$&!4(!*(+!#/6$!/*!(%$.-5'53!

DP/.<$.7! NddMU![/&./+! i! ",'',$.7! NddN F:! " #$!2,.0+!1.(/4! -'/00,2,-/+,(*! (2! +#$!8+&'(33/+(%#(./! =/0!

%.(45-$4!1&!X,'01.&!DMcddF7!=#(!4,0+,*)5,0#$4!+#.$$!%.,3/.&!4,6,0,(*0!=,+#,*!+#$!8+&'(33/+(%#(./!

D+#$! @.+#5.$+#./7! >$+$.5.$+#./!/*4! 8,)35.$+#./ F! 1/0$4! (*! 4,22$.$*-$0! ,*! +#$! /*/+(3& ! (2! +#$!3/,* !

$9-.$+(.&!(.)/*0!D*$%.#,4,53!/*4 !5.$+$.F:!@2!+#$0$!4,6,0,(*07!+#$!@.+#5.$+#./!%(00$00!1(+#!(.+#5.$+$.!

/*4! *$%#.,4,537!15+!,*!3(0+!,*0+/*-$0!(*'&!+#$!%.(9,3/'!%/.+!(2!+#$!5.$+$.!4$6$'(%$4!/0!/!).((6$!/'(*)!

+#$!.$-+/'!2/-$!(2!+#$!*$%#.,4,53!D`,)5.$!M:MF:!"#$!>$+$.5.$+#./!'/-<!/*!(.+#5.$+$.!/*4!+#$!*$%#.,4,53!

$9+$*40!+./*06$.0$'&!=,+#!%.,3/.&!/*4!0$-(*4/.&!/.30!(2!+#$!5.$+$.!4$6$'(%,*)!/+!.,)#+!/*)'$0!+(!$/-#!

(+#$.!D`,)5.$!M:MF:!̀ ,*/''&7!+#$!8,)35.$+#./!=$.$!4$2,*$4!1$,*)!=,+#(5+!/*!(.+#5.$+$.!15+!4(!#/6$!5.$+$.!

+#/+!$9+$*40!/'(*)!+#$!/*+$.,(.!%/.+!(2!+#$!*$%#.,4,53!+(!+#$!+(%!(2!+#$!%5'3(*/.&!-/6,+&!/*4!/4?(,*,*)!

+(!+#$!.$-+53!5*+,'!,+!.$/-#$0!+(!+#$!%*$53(0+(3$!D`,)5.$!M:MF:!"#$!+/9(*(3&!(2!X,'01.&!DMcddF!=/0!

,*,+,/''&!.$?$-+$4!1&!8,3.(+#!DMcMdF!/*4!"#,$'$!DMcLMF:!>(=$6$.7!P/<$.!DMcJJF!4$6$'(%$4!+#$!+/9(*(3&!

(2!X,'01.&!25.+#$.!1&!/44,*) !/!2(5.+#!4,6,0,(*7!+#$!\$05.$+#./!/'0(!1/0$4!(*!+#$!/*/+(3&!(2!+#$!$9-.$+(.&!

0&0+$3:!"#$!\$05.$+#./!=$.$!4$2,*$4!1&!%(00$00,*)!*$,+#$.!/!-'(0$4!5.$+$.!*(.! /*!(.+#5.$+$.!(*!+#$!

*$%#.,4,53! D`,)5.$! M:MF:! >$! /'0(! %'/-$4! /''! +#$!0+&'(33/+(%#(./ *! +/9/! +#/+! #/6$! /! +./*06$.0$!

*$%#.,4,53!5*4$.!+#$!+$.3!>$+$.5.$+#./:!!

"#$!4,6,0,(*!(2!+#$!8+&'(33/+(%#(./! ,*+(!2(5.!%.,3/.&!4,6,0,(*0!D-(33(*'& !<*(=*!/0! +#$!X,'01.&C

P/<$.!8&0+$3F!=/0! /--$%+$4!1&!^,'-#!DMcJcCMcadF! /*4!8('$3!DMcZKF:!>(=$6$.7!+#$!X,'01.&CP/<$.!

8&0+$3!=/0!Y5$0+,(*$4!1&!8-#,'$&<(!DMcZa7!McZcF7!H(.40,$-<!DMcKaF! /*4! ",'',$.!DMcKcF:!8-#,'$&<(!

DMcZcF! %.(45-$4! /! 4,22$.$*+! -'/00,2,-/+,(*! 2(.! +#$! 8+&'(33/+(%#(./! 1/0$4! 3/,*'&! (*! +#$! 0#$''! /*4!

.$%.(45-+,6$!3(.%#('()&!,*!=#,-# !0$6$*!,*2./(.4$.0!=$.$!.$-()*,0$4!=,+#,*!+#$!8+&'(33/+(%#(./B!+#$!



( "
"

X5%,'',*/7! I-#/+,*,/7! @'$/-,*,*/7! S*4(4(*+,*,/7! >$',9,*,/7! ^(*,+,*,/ ! /*4! ;,3/9,*,/ 7! /0! =$''! /0! +=(!

2/3,',$0B! +#$! 85--,*$,4/$! /*4! I+#(./-(%#(.,4/$ :! H(.40,$-<! DMcKaF! %.(45-$4!-'/4,0+,-!

0+&'(33/+(%#(./*!+/9(*(3&!1&!.$,*+$.%.$+,*)!+#$!$9+$*0,6$'&!%51',0#$4!',+$./+5.$!(*!+#$!3(.%#('()&!

(2!+#$!0#$''!/*4!0$6$./'!(.)/*!0&0+$30!=,+#,*!+#$!8+&'(33/+(%#(./:!A*!H(.40,$-<R0!-'/00,2,-/+,(*7!+#$!

8+&'(33/+(%#(./!=$.$!4,6,4$4!,*+(!+#.$$!3/,*!-'/4$0 B!+#$!@.+#5.$+#./7!8,)35.$+#./!/*4!S'/03()*/+#/:!

I!#,)#$.!-'/00,2,-/+,(*!(2!+#$!*(* C(.+#5.$+#./*!+/9/!=,+#,*!+#$!8+&'(33/+(%#(./!=/0!%.(%(0$4!'/+$.!1&!

",'',$.!DMcKcF!1/0$4! (*!4,22$.$*-$0!=,+#,*!+#$!.$*/'! (.)/* 0:!A*!+#,0!+/9(*(3&7!+#$!@.+#5.$+#./!=$.$!

.$+/,*$4! =#,'$! +#$! *(*C(.+#5.$+#./*! 0+&'(33/+(%#(./*! +/9/! =$.$! 4,6,4$4!,*+(! +=(! 4,6,0,(*0!

P./-#&*$%#./ !/*4![(',-#(*$%#./ :!A*!+#$!2(.3$.!4,6,0,(*7!+#$!4$4,22$.$*+,/+,(*!(2!+#$!<,4*$&!+((<!%'/-$!

2,.0+!/*4!=/0! +#$*!2(''(=$4!1&!/!%/.+,/'!-'(05.$!(2!+#$!5.$+$.!=#,'$!,*!+#$!'/+$.!4,6,0,(*!+#$!-'(05.$!(2!

+#$!5.$+$.!+((<!%'/-$!2,.0+!/*4!=/0!+#$*!2(''(=$4!1&!/!%/.+,/'!4$4,22$.$*+,/+,(*!(2!+#$!<,4*$&:!>(=$6$.7!

+#,0!-'/00,2,-/+,(*!=/0! '/+$.!.$?$-+$4!1&!H(.40,$-<!DMccNF!=#(! %.(45-$4! /*! /'+$.*/+,6$!+/9(*(3&!,*!

=#,-#!+#$!8+&'(33/+(%#(./!=$.$!4,6,4$4!,*+(!+=(!-'/4$0!D+#$!@.+#5.$+#./!/*4!8,)35.$+#./F!1/0$4!(*!

+#$!$9-.$+(.&!0&0+$3:!!

[5$!+(!+#$!#,)#'&!-(*2',-+,*)!.$05'+0!(2!+#$!3(.%#('(),-/'!0+54,$0!D8-#,'$&<(7!McZcU!H(.40,$-<7!McKaU!

",'',$.7! McKcU! H(.40,$-<7! MccNU! P/.<$.7! NddMU! [/&./+! i! ",'',$.7! NddNF! +#$! .$'/+,(*0#,%0! (2!+#$!

8+&'(33/+(%#(./! #/6$! 0#(=*! #,)#! -(*+.(6$.0&:! "#,0! -(5'4! 1$! /++.,15+$4! +(! +#$! .$'/+,6$'&! ./%,4!

./4,/+,(*07!+#$! '(*)!$6('5+,(*/.&!#,0+(.&! /*4! -(*6$.)$*-$0! (2! '/*4!0*/,'0! /0!=$''! /0!+#$! ,*0522,-,$*+!

+/9(*!.$%.$0$*+/+,(*!(2!+#$0$!0+54,$0!Dh/4$!et al:7!NddMU!g'5003/*Cg('1! et al:7!NddKF:!!

"#$!50$!(2!3('$-5'/.!3/.<$.0!,*!+#$!%#&'()$*$+,-!/*/'&0$0!(2!+#$!8+&'(33/+(%#(./!#/0!%.(6$*!+(!1$!

$00$*+,/'! 2(.! .$0('6,*)! +#$! %#&'()$*$+,-! .$'/+,(*0#,%0! =,+#,*! +#$! ).(5%:! "#$! 3(*(%#&'&! (2! +#$!

8+&'(33/+(%#(./! #/0! 1$$*! 05%%(.+$4! 1&!0$6$./'!3('$-5'/.! 0+54,$0! Dg'5003/** Cg('1! et al:7! NddKU!

[,*/%(',! et al:7!NdMdU!_m.)$.! et al:7!NdMdU!bm11$'$.! i!g'5003/** Cg('17!NdMMU!G(3$.(!et al:7!NdMaU!

"$/04/'$ !et al:7!NdMaF:!h/4$!et al:!DNddM7!NddaF!5*4$.+((<!+#$!3(0+!-(3%.$#$*0,6$!3('$-5'/.!0+54,$0!

(2! +#$! 8+&'(33/+(%#(./! ,*! +$.3! (2! 0%$-,$0! *531$.:! I*! ,*+$.$0+,*)! 2,*4,*)! ,*! +#$0$! 0+54,$0! ,0! +#$!

%.,*-,%'$!0%',+!(2!+#$!8+&'(33/+(%#(./!,*+(!+=(!3(*(%#&'$+,-!).(5%0B!+#$!Q/-#/+,*(,4!-'/4$ R!/*4!+#$!



) "
"

Q*(*C/-#/+,*(,4 !-'/4$ R:!h#,'$!+#$!%.,*-,%'$!4,6,0,(*!(2!+#$!8+&'(33/+(%#(./!,*+(!+#$!Q/-#/+,*(,4R!/*4!

Q*(*C/-#/+,*(,4R!-'/4$0!#/0!1$$*!/--$%+$4!1&!P(5-#$+!et al:7!DNdMZF7!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!/+!

+#$! 1/0$! (2! +#$! 8+&'(33/+(%#(./! #/6$! .$3/,*$4! -(*+.(6$.0,/'! %/.+,-5'/.'&! +#$! %(0,+,(*! (2! +#$!

8-('(4(*+,4/$:!@*'&!(*$!3('$-5'/.!0+54&!DG/3p.$n!et al:7!NdMNF!#/0!/44.$00$4!+#$!%#&'()$*$+,-!%(0,+,(*!

(2!+#$!8-('(4(*+,4/$!/*4!+#$,.!.$'/+,(*0#,%!+(!+#$!Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$07!+#(5)#!+#$,.!

.$05'+0! 0#(=$4! ,*-(*0,0+$*+! %'/-$3$*+! 2(.! +#$! 8-('(4(*+,4/$: ! "#$! 4$$%!%#&'()$*$+,-! .$'/+,(*0#,%0!

=,+#,*!+#$!8+&'(33/+(%#(./!/.$!4,0-500$4!,*!4$+/,'!,*!-#/%+$.!L:!!

"#$! %#&'()$*$+,-! .$'/+,(*0#,%0! =,+#,*! +#$! Q/-#/+,*(,4! -'/4$R! #/6$! 1$$*! ,*6$0+,)/+$4! +#(.(5)#'&! ,*!

.$-$*+!3('$-5'/.!/*/'&0$0!1&!`(*+/*,''/! et al:!DNdMZF!=#$.$!+#$!+/9(*(3,-!'$6$'!(2!+#$!2/3,'&!).(5%0!

=,+#,*! +#$!Q/-#/+,*(,4! -'/4$R!#/0!1$$*! .$C$6/'5/+$4:! ;,<$=,0$7!+#$!3(*(%#&'&! (2!+#$!3/?(.! ).(5%0!

=,+#,*!+#$!Q*(*C/-#/+,*(,4!-'/4$R!#/6$!1$$*!-(*2,.3$4!1/0$4!(*!3('$-5'/.!0+54,$0!Dh/4$!et al:7!NddM7!

NddaU!"$/04/'$!et al:7!NdMaF:!" #$!4$$%!%#&'()$*$+,-!.$'/+,(*0#,%0!/3(*)!+#$!3/,*!).(5%0!(2!+#$!Q*(*C

/-#/+,*(,4!-'/4$R!D;,3/-(,4$/7!@.+#5.$+#./7!>$',-(,4$/!/*4!G#&+,4,4/$F!#/6$!1$$*!=$''!05%%(.+$4!,*!

.$-$*+!%#&'()$*(3,-!/*/'&0$0!1&!"$/04/'$!et al:!DNdMaF:!>(=$6$.7!+#$!,*+$..$'/+,(*0#,%0!=,+#,*!0$6$./'!

).(5%0!(2!+#$!Q*(*C/-#/+,*(,4!-'/4$R!.$3/,*!%((.'&!.$0('6$4:!

h#,'$!+#$!3(*(%#&'&!(2!+#$!@.+#5.$+#./!#/0!1$$*!05%%(.+$4!1&!0$6$./'!3('$-5'/.!/*/'&0$0!Dh/4$!et 

al:7! NddM7! NddaU! \/4$,./!et al:7! NdMdU! H$<('/! i! O('$07! NdMJU! >/.'!et al:7!NdMaF7! +#$!2/3,'&C).(5%!

,*+$..$'/+,(*0#,%0!=,+#,*!+#$!@.+#5.$+#./!/.$!0+,''! *(+! -'$/.'&! .$0('6$4!%/.+,-5'/.'&!+#$!1/0/'!4,6,0,(*!

=,+#,*! +#$! ).(5%:! "#$! %#&'()$*$+,-!.$'/+,(*0#,%0! =,+#,*! +#$! @.+#5.$+#./! /.$! 4,0-500$4! ,*! 4$+/,'! ,*!

-#/%+$.!]:!

A*!+#$!3(0+!.$-$*+!+/9(*(3&!(2!P(5-#$+!et al:!DNdMZF7!+#$!8+&'(33/+(%#(./!=$.$!4,6,4$4!,*+(!+#.$$!

051(.4$.0B!+#$!I-#/+,*,*/!DQ/-#/+,*(,4!-'/4$RF7!8-('(4(*+,*/ !/*4!>$',-,*/!DQ*(* C/-#/+,*(,4!-'/4$RF:!"#$!

051(.4$.! I-#/+,*,*/! ,*-'54$0! +=(! 05%$.2/3,',$0B! +#$! I-#/+,*(,4$/! /*4!8+.$%+/9(,4$/! =#,'$! +#$!

8-('(4(*+,*/! ,*-'54$0! (*$! 05%$.2/3,'&! +#$! 8-('(4(*+(,4$/:! "#$! 051(.4$.! >$',-,*/! ,*-'54$0! 2,6$!

,*2./(.4$.0B!+#$!85--,*$(,4$,! TS'/03()*/+#/V 7!G#&+,4(,4$,7!@.+#/',-(,4$,7! X5%,''(,4$,! T@.+#5.$+#./V7!



* "
"

O'/50,',(,4$,7! I.,(*(,4$, 7! ;,3/-(,4$,! Tq;,3/-(,4! O'/4$rV7! @'$/-,*(,4$,! /*4! >$',-(,4$,! Tq>$',-(,4!

O'/4$rV!/0!=$''!/0!,+!,*-'54$0!/!).(5%!*/3$4!Q+/9/!(2!5*-$.+/,*!X(0,+,(*R:!!

!

!

O8-&($)E<E<!X,'01.&CP/<$.!0&0+$3!(2!0+&'(33/+(%#(./*!-'/00,2,-/+,(*!1/0$4!(*!+#$!4,22$.$*-$0!,*!+#$!

/*/+(3&!(2!+#$!3/,*!$9-.$+(.&!(.)/*0:! "#$!2(5.!%.,3/.&!4,6,0,(*0!(2!+#$!8+&'(33/+(%#(./! /.$!DIF!

@.+#5.$+#./7!DPF!\$05.$+#./7!DOF!8,)35.$+#./! /*4!D[F!>$+$.5.$+#./:! "#$!0+.5-+5.$0!(2!+#$!$9-.$+(.&!

(.)/*!/.$!DgF! *$%#.,4,537!DEF!5.$+$.7!Dg@F!.$*/'!(.,2,-$!(.!*$%#.(%(.$7!D@F!(.+#5.$+$.7!D>bF!#,*4)5+7!

D>WF!%.,*-,%/'!%5'3(*/.&!6$,*!/*4!>!#$/.+!D`.(3!8('$37!McJcF:!

E<I!7,-("1+8#') )

"#$! >&).(%#,'/! .$%.$0$*+!+#$!%.,*-,%'$!).(5%!(2!2.$0#=/+$.! /Y5/+,-!0*/,'0!=,+#,*!+#$!X/*%5'3(*/+/7!

- (3%.,0,*) ! $,)#+! 2/3,',$0! ,*! +#$! 3(0+! .$-$*+! -'/00,2,-/+,(*! (2! P(5-#$+!et al:! DNdMZF:! "#$&! /.$!

A

DC

B



+"
"

-#/./-+$.,0$4!1&!+#$!%.$0$*-$!(2!/!4$6$'(%$4!/*+$.,(.!),nn/.47!*$%#.,4,/'!5.$+$.!/*4!+#$!$&$0!/.$!%.$0$*+!

/+!+#$!$9+$.,(.!1/0$0!(2!+#$!+$*+/-'$0!=,+#,*!+#$!O#,',*,4/$!=#,'$!+#$&!/.$!%.$0$*+!/+!+#$!,*+$.,(.!1/0$0!(2!

+#$!+$*+/-'$0!,*!+#$!'&3*/$(,4$/*!2/3,',$0! DH(.40,$-<7!MccNF:!"#$!/10$*-$!(2!/ !2.$$C0=,33,*)!'/.6/'!

0+/)$!/*4!+#$!$31.&(*,-!(%$.-5'53!/.$!/'0(!2$/+5.$0!+#/+!-#/./-+$.,0$!/+!'$/0+!0(3$!(2!+#$!#&).(%#,'/*!

+/9/!D>51$*4,-<7!McZKF:!h ,4$!6/.,/+,(*0!,*!0#$''!2(.3 !/.$!2(5*4!=,+#,*!+#$!>&).(%#,'/7!*(+!(*'&!/3(*)!

2/3,',$0! 15+! /'0(!=,+#,*! +#$! ,*4,6,45/'! 2/3,',$07! ,*-'54,*)! #,)# C0%,.$47! 4,0-(,4/'! D%'/*,0%,./'F! (.!

%/+$'',2(.3! D',3%$+C',<$F! 0#$''07! =,+#! 1(+#! 4$9+./'! D.,)#+C#/*4F! (.! 0,*,0+./'! D'$2+C#/*4F! 0#$''! -(,',*)!

D>51$*4,-<7!McZKF:!!

>&).(%#,'/*!0*/,'0!(--5%&!/! =,4$!6/.,$+&!(2!#/1,+/+0!,*-'54,*)! '/.)$!.,6$.07!'/<$07!03/''!4,+-#$0!/*4!

%(*40!/*4! +#$&! #/6$! /!=(.'4=,4$! 4,0+.,15+,(*:! 8(3$ !#&).(%#,'/*! 0%$-,$0!/.$! /1'$! +(! ',6$! ,*! 6$.&!

5*0+/1'$!%(*40!(.!,*!#53/*C3/4$!#/1,+/+0!05-#!/0!,..,)/+$4!/.$/0!,*!=#,-#!=/+$.!,0!/6/,'/1'$!2(.!(*'&!

',3,+$4!+,3$!%$.!&$/.!D_/.*$!et al:7!NdMdF:!"#$!>&).(%#,'/!,*-'54$!0$6$./'!+/9/!+#/+!/-+!/0!,*+$.3$4,/+$!

#(0+0! (2! %/./0,+$0! (2! 3$4,-/'! /*4! 6$+$.,*/.&! ,3%(.+/*-$7! ,*-'54,*)!Biomphalaria! /*4! Bulinus! +#/+!

+./*03,+!Schistosoma!D1'((4!2'5<$0F!/*4!Lymnaea!+#/+!+./*03,+0!Fasciola!D',6$.!2'5<$0F!DP.(=*7!Mcc]F:!

8-#,0+(0(3,/0,0!,0!-(*0,4$.$4!+(!1$!+#$!0$-(*4!3(0+!,3%(.+/*+!+.(%,-/'!%/./0,+,- !4,0$/0$!/2+$.!3/'/.,/!

=,+#! /%%.(9,3/+$'&! Ndd! 3,'',(*! ,*2$-+$4! ,*4,6,45/'0! =(.'4=,4$! DO#,+05'(!et al:7! NdddF:! 8,3,'/.'&7!

`/0-,(',/0,0! ,0! -(*0,4$.$4! /0! /*! ,3%(.+/*+! #53/*! %/./0,+,- ! 4,0$/0$! =,+#! /%%.(9,3/+$'&! Nd! 3,'',(*!

,*2$-+,(*0!/.(5*4!+#$!=(.'4!DO(..$/!et al:7!NdMdF:!"#$.$2(.$7!4$+$.3,*,*)!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!

(2!0(3$!#&).(%#,'/*!+/9/!+#/+!/-+!/0!6$-+(.0!(2!4,0$/0$0!/.$!,3%(.+/*+!+(!1$++$.!5*4$.0+/*4!+#$!#(0+C

%/./0,+$!.$'/+,(*0#,%0!/*4!+#$,.!+./*0,+,(*!3$+#(40!1&!3/%%,*)!+#$!%#&'()$*&!(2!+#$!%/./0,+$0!(*+(!+#$!

#&).(%#,'/* !%#&'()$*$+,-!+.$$!D\(.)/* !et al:7!NddNF:!

@.,),*/''&7!/''! +#$!2.$0#=/+$.!%/*%5'3(*/+$!0*/,'0!=$.$!%'/-$4!,*!+#$!2/3,'&";,3*/$,4/$ !1&!P,**$&!

DMKaJF!,*!=#,-#!+#.$$!0512/3,',$0!=$.$!.$-()*,0$4!D+#$!;,3*/$,*/$7!X'/*(.1,*/$ !/*4!I*-&',*/$F !=,+#!

Physa 1$,*) ! ,*-'54$4! =,+#,*! +#$! 0512/3,'&! ;,3*/$,*/$:! `,0- #$.! DMKKdCMKKZF! +#$*! 0$%/./+$4! +#$!

X#&0,4/$!/0!/!2/3,'& !(2!+#$,.!(=*:!;,<$=,0$7!P/<$.!DMcdNF!%'/-$4!Ancylus ,*!/!0$%/./+$!2/3,'&!*/3$4!

+#$!I*-& ',4/$:!A*!+#$!-'/00,2,-/+,(*! (2!+#$!P/0(33/+(%#(./! (2![&1(=0<,!DMcdLF!0,9!2/3,',$0!=$.$!

.$-()*,0$4! D+#$!;,3*/$,4/$7! ;,3*(%#&0,4/$7!X'/*(.1,4/$7!I*-&',4/$7!X#&0,4/$!/*4!I3%#,%$%',4/$F:!

"#,$'$!DMcLMF!./*<$4!+#$!>&).(%#,'/!/0!/!0+,.%0!Tl05%$.2/3,'&V!=,+#,*!+#$!(.4$.! P/ 0(33/+(%#(./ !,*!



, "
"

=#,-# !0,9!2/3,',$0B!+#$!O#,',*,4/$7!;/+,,4/$7!X#&0,4/$7!;&3*/$,4/$7!X'/*(.1,4/$!/*4!I*-&',4/$!=$.$!

.$-()*,0$4 :!A*!"#,$'$R0!DMcLMF!-'/00,2,-/+,(*7!+#$!I-.('(9,4/$!=$.$!+.$/+$4!/0!/!0512/3,'&!DI-.('(9,*/$F!

=,+#,*!+#$!I*-&',4/$:!A*!^,'-# R0!DMcJcCMcadF!-'/00,2,-/+,(*!(2!+#$!b/0+.(%(4/ 7!/''! +#$!#&).(%#,'/*!+/9/!

=$.$!%'/-$4!=,+#,*!+#$!05%$.2/3,'&!;&3*/$/-$/!=,+#,*!+#$!(.4$.!P/0(33/+(%#(./:! " #$!;&3*/$/-$/!

=$.$! 4,6,4$4! ,*+(!+$*! 2/3,',$0B!+#$!O#,',*,4/$7! ;/+,,4/$7! X#&0,4/$7! ;&3*/$,4/$7! X'/*(.1,4/$7!

H$(%'/*(.1,4/$7!G#(4/-3$,4/$7!`$..,00,,4/$7!I*-&',4/$!/*4!I-.( '(9,4/$:! "#$!>&).(%#,'/!=$.$ !+#$*!

./*<$4!1&!8+/.(1()/+(6!DMcZdF!/0!/*!(.4$. !,*!=#,-#!+#.$$!05%$.2/3,',$0B!+#$!O#,',*(,4$/7!;/+,(,4$/! /*4!

;&3*/$(,4$/!=$.$!.$-() * ,0$4:!>(=$6$. 7!>51$*4,-<!DMcZKF!+.$/+$4!+#$!>&).(%#,'/! /0!/!05%$.2/3,'&!

D;&3*/$/-$/F!= ,+#,*!+#$!(.4$.! P/0(33/+(%#(./ !=,+#!+#$!X'/*(.1,4/$! /*4! I*-&',4/$! 5*,+$4! ,*! (*$!

2/3,'&! */3$4! +#$!QI*-&'(%'/*(.1,4/$R! Dl! X'/*(.1,4/$F! /*4! =,+#! +#$!>&).(%#,'/! -(3%.,0,*)! 0,9!

2/3,',$0B!! +#$!O#,',*,4/$7! ;/+,,4/$7!I-.('(9,4/$7! X#&0,4/$7! ;&3*/$,4/$ 7! QI*-&'(%'/*(.1,4/$R! Tl!

X'/*(.1,4/$ V:!A*!W/5)#+R0!!DMcKcF!-'/00,2,-/+,(*!(2!',6,*)!\(''50-/ 7!+#$!+$.3!>&).(%#,'/ !=/0!*(+!50$47!

15+! ,*0+$/4!+#$!#&).(%#,'/*!+/9/!=$.$! /00,)*$4!+(!2(5.!05%$.2/3,'$0B!+#$!O#,',*(,4$/! D,*-'54,*) !+#$!

O#,',*,4/$! /*4! ;/+,,4/$F7! I-.('(9(,4$/! D,*-'54 ,*) ! +#$!I-.('(9,4/$F7! ;&3*/$(,4$/! D,*-'54 ,*) ! +#$!

;&3*/$,4/$! /*4! ;/*-,4/$F ! X#&0,(4$/! D,*-'54,*) ! +#$!X#&0,4/$F! /*4! X'/*(.1(,4/$! D,*-'54,*)! +#$!

X'/*(.1,4/$ 7!P5',*,4/$!/*4!I*-&',4/$F! =,+#,*!+#$!P/ 0(3 3/+(%#(./!(.4$.: !

!H(.40,$-<! DMccNF! +#$*!./*<$4!+#$! >&).(%#,'/! /0! /* ! (.4$.! =,+#,*! +#$! 05%$.(.4$.! P/0(33/+(%#(./!

-(3%.,0,*) !+=(!051(.4$.0B!+#$!O#,',*(,4$,!/*4!;&3*/$(,4$,:!"#$!'/+ +$.!051(.4$.!-(3%.,0$0!+#.$$!).(5%0!

/../*)$4! 0$Y5$*+,/''&! /0! ,*2./(.4$.0B!+#$!I-.('(9(,*$,7! ;&3*/$(,*$,! /*4! X'/*(.1(,*$,: ! \(.$(6$. 7!

P(5-#$+! i! G(-.(,! DNddJF!-'/00,2,$4! +#$! >&).(%#,'/! /0! /! -'/4$! =,+#,*! +#$! ,*2(.3/'! ).(5%!

P/0(33/+(%#(./! ,*! =#,-#! +#$! >&).(%#,'/! =$.$! 4,6,4$4! ,*+(! 2(5.! 05%$.2/3,',$0B! +#$!O#,',*(,4$/!

D,*-'54,*) ! +#$!O#,',*,4/$! /*4! ;/+,,4/$F7! I-.('(9(,4$/! D,*-'54 ,*)! +#$! I-.('(9,4/$F7! ;&3*/$(,4$/!

D,*-'54,*)!+#$!;&3*/$,4/$F !/*4!X'/*(.1(,4/$!D ,*-'54 ,*)!+#$!X'/*(.1,4/$ !/*4!X#&0,4/$F:!A*!P(5-#$+!i!

G(-.(,R0!DNddJF!-'/00,2,-/+,(*7!+#$!P5',*,4/$!=$.$!+.$/+$4!/0!/!0512/3,'&!=,+#,*!+#$!X'/*(.1,4/$!=#,'$!

+#$!I*-&',4/$!=$.$!-'/00,2,$4!/0!/!+.,1$!/'0(!=,+#,*!+#$!X'/*(.1,4/$:!A*!+#$!3(0+!.$-$*+!-'/00,2,-/+,(*!(2!

P(5-#$+!et al:!DNdMZF7!+#$!*/3$!P/0(33/+(%#(./!=/0 !*(+!50$4!/*4!/''!+#$,.!051).(5%0!=$.$!3(6$4!+(!

+#$!051-(#(.+!X/*%5'3(*/+/!2(''(=,*)!+#$!+/9(*(3&!(2!_m.)$.! et al:!DNdMdF:!A*!P(5-#$+!et al:!DNdMZF7!
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+#$! >&).(%#,'/! =$.$! ./*<$4! /0! /! 05%$.(.4$.! -(3%.,0,*)! +=(! 05%$.2/3,',$0B!+#$!O#,',*(,4$/!

D,*-(.%(./+,*)! +#$! O#,',*,4/$! /*4! ;/+,,4/$F! /*4! +#$! ;&3*/$(,4$/! D,*-(.%(./+,*)! +#$! I-.('(9,4/$7!

X#&0,4/$7!;&3*/$,4/$7!P5',*,4/$7!P5.*5%,,4/$!/*4!X'/*(.1,4/$F:!

" #$!3(*(%#&'&!(2!+#$!>&).(%#,'/!#/0!1$$*!05%%(.+$4!,*!$/.'&!3(.%#('(),-/'!0+54,$0!D>51$*4,-<7!McZKU!

H(.40,$-<7!MccNU!P/.<$.7!NddMF!/0!=$''!/0!,*!3(0+!3('$-5'/.!/*/'&0$0!D[/&./+!et al:7!NddMU!g'5003/**C

g('1! et al:7!NddKU![,*/%(',! et al:7!NdMdU!_m.)$.!et al:7!NdMdU!b($11$'$.!i!g'5003/**Cg ('17!NdMMU!g(-(+!

et al:7! NdMLF:! >(=$6$.7!+#$! ,*+$..$'/+,(*0#,%0! (2! +#$! #&).(%#,'/*! 2/3,',$0!.$3/,*! %((.'&! .$0('6$4:!

;,<$=,0$7!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!/*4!+#$!0512/3,'&!./*<0!=,+#,*!+#$!;&3*/$,4/$7!X#&0,4/$!/*4!

%/.+,-5'/.'&!+#$!X'/*(.1,*/$!.$3/,*! 5*- $.+/,*:!"#507!/!.(150+!%#&'()$*$+,-!/*/'&0,0!,0!.$Y5,.$4!+(!0#$4!

3(.$!',)#+!(*!+#$!0#(.+-(3,*)0!,*!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!=,+#,*!+#$!>&).(%#,'/:!

"#,0!0+54&!2(-50$0!(*!+#$!2/3,'&!).(5%!.$'/+,(*0#,%0!=,+#,*!+#$!>&).(%#,'/!D-#/%+$.!JF!/*4!,+!2(-50$0!

(*!+#$!%.(1'$3/+,-!,*+$..$'/+,(*0#,%0!/3(*)!+#$!I-.('(9,4/$7!X#&0,4/$7!;&3*/$,4/$!/*4! X'/*(.1,4/$!

D-#/%+$.!aF!

E<J!5&22'(,)"/)0+$) !'8.) :8 2 4))

N+'10$()I) /,30!+(!.$0('6$!+#$!1/0/'!4,6,0,(*0!=,+#,*!+#$!8+&'(33/+(%#(./!1&!$9/3,*,*)!+#$!%(0,+,(*!

(2!+#$!8-('(4(*+,4/$!/*4!+#$,.!.$'/+,(*0#,%!+(!+#$!Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0:!X#&'()$*$+,-!

/*/'&0$0! /.$! 1/0$4! (*! 35'+,%'$! 3('$-5'/.! 3/.<$.0 :! I44,+,( */''&7! +#$! %#&'()$*$+,-! 5+,',+&!(2! +#$!

3('$-5'/.!3/.<$. 0!50$4!/.$!$9/3,*$4 !1&!$9%'(.,*)!/*4!-(3%/.,*)!+#$!%#&'()$*$+,-!0,)*/'0!-/..,$4!1&!

+#$!4,22$.$*+!)$*$0:!

N+'10$()J!/,30!+(!$9/3,*$!+#$!2/3,'&C).(5%!,*+$..$'/+,(*0#,%0!=,+#,*!+#$!@.+#5.$+#./!/*4!+(!4,0-500!

+#$!(10$.6$!%/++$.*0!(2!.$'/+,(*0#,%!3(.$!25''&!=,+#!0%$-,/'!$3%#/0,0!(*!+#$!%.,*-,%'$!4,6,0,(*!=,+#,*!

+#$!@.+#5.$+#./:!!

A*!%+'10$()K7!/!-(3%.$#$*0,6$!%#&'()$*&!(2!+#$!>&).(%#,'/!,0!5*4$.+/<$*!=,+#!+#$!/,30!(2!$9/3,*,*)!

+#$!6/',4,+&!(2!+#$!2/3,',$0!/*4!0512/3,',$0!=,+#,*!+#$!>&).(%#,'/!/*4!3/%%,*)!+#$!$6('5+,(*!(2!-(,',*)!

4,.$-+,(*!(*+(!+#$!#&).(%#,'/*!%#&'()$*$+,-!+.$$:!!



%."
"

N+'10$()L!/,30!+(!$9/3,*$!+#$!%(0,+,(*!(2!+#$!>&).(%#,'/!,*!.$'/+,(*!+(!(+#$.!%/*%5'3(*/+$!).(5%0!

/*4!+(!4$+$.3,*$!+#$!,*+$..$'/+,(*0#,%0!/3(*)!+#$!#&).(%#,'/*!2/3,',$0!D1/0$4!(*!35'+,%'$!3/.<$.0F!

=,+#!0%$-,/'!$3%#/0$0!(*!+#$!%.(1'$3/+,-! ,*+$..$'/+,(*0#,%0!/3(*)!+#$!3/,*! '&3*/$(,4$/* !2/3,',$0!

DI-.('(9,4/$7!X#&0,4/$7!;&3*/$,4/$!/*4!X'/*(.1,4/$F !1/0$4!(*!%#&'()$*(3,-!/*/'&0 $0:!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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R$/$($.%$4)

I'1.$-#+7! O:7! g.(''7! @:7! "$../n/07! S:\:7!h,'<$7! ":7! Nddc:!A*6/0,(*! (2! /*-,$*+! ;/<$! ",+,-/-/! 1&! +#$!

)'(1/''&!,*6/0,6$! Physa acuta!Db/0+.(%(4/B!X5'3(*/+/B!>&).(%#,'/F:!P,(':!A*6/0,(*0:!MM7!MKNMC

MKNa:!

P/<$.7!`:O:7!McdN:!"#$!\(''50-/!(2!+#$!O#,-/)(!/.$/:!!X/.+!N7!"#$!b/0+.(%(4/:!O#,-/)(!I-/4:!8-,:!H/+':!

>,0+:!85.6$&7!L7!MLMC]Md:!

P/<$.7!>:!P:7!McJJ:!>$+$.5.$+#.(50!/*4!/5'/-(%(4:!*/5+,'50!aK7!MdcCMMN:!!

P/.<$.7!b:\:7!NddM:!b/0+.(%(40!(*!'/*4B!%#&'()$*&7!4,6$.0,+&!/*4!/4/%+,6$!3(.%#('()&:!P,(':!"$..$0+:!

\(''50-0:!%%:!MCM]a:!

P,**$&7!h:b:7!MKaJ:!;/*4!/*4!2.$0#C=/+$.!0#$''0!(2!H(.+#!I3$.,-/:!X/.+!AA:!X5'3(*/+/!;,3*(%#,'/!/*4!

"#/'/00(%#,'/:!83,+#0(*,/*!\,:0-$':!O('':7!H(:!M]L7! %%:!,C,97!MCMaM7!NaM:!!

P(5-#$+7!X:7!G(-.(,7!_:CX:7!NddJ:!O'/00,2,-/+,(*!/*4!*(3$*-'/+(.!(2!+#$!)/0+.(%(4!2/3,',$0:!\/' /-('(),/!

]Z7!MCLcZ:!

P(5-#$+7!X:7!G(-.(,7!_:X:7!>/504(.27!P:7!g/,37! I:7!g/*(7!s:7!Ht+n$'7! I:7!X/.<#/$67!X:7!8-#.m4'7! \:7!

8+.(*)7! S:S:7! NdMZ:! G$6,0$4! -'/00,2,-/+,(*7! *(3$*-'/+(.! /*4! +&%,2,-/+,(*! (2! )/0+.(%(4! /*4!

3(*(%'/-(%#(./*!2/3,',$0:!\/'/-('(),/ !aM7!MCJNZ:!

P.(=*7! [:7!Mcc]:! `.$0#=/+$.!8*/,'0! (2! I2.,-/! /*4!"#$,.! \$4,-/'!A3%(.+/*-$:!8$-(*4!$4:! "/&'(.! i!

`./*-,0!;+47!;(*4(*7!E*,+$4!g,*)4(3: !

P5.0n+&</7!X:7! ;/2(*+C;$-5$''$7!O:7! "$.5$'7!S:7! ;$-'$.-Y7!_:7!P.,*7! I:7!X/)$/+7!X:7!NdMK:!P$#/6,(5./'!

.$0%(*0$! (2! 9$.(%#,'(50! '/*4! 0*/,'! /*4! 0'5)! 0%$-,$0! +(! -#$3,-/'! -5$0! 2.(3! ).(5*4 C1$$+'$!

%.$4/+(.0B!+#$!.('$!(2!$-('(),-/'!.$'$6/*-$:!_:!\(''50:!8+54:!K]7M]MCM]Z:!

O/.(7! I:7! H$,1$.7! \:":7! bu3$nC\(',*$.7! P:_ :7!\/4$,./7! \:_:7! NdMc:! \('$-5'/.! %#&'()$*&! /*4!

1,()$()./%#&! (2! +#$! '/*4! 0*/,'! 0512/3,'&! ;$%+/9,*/$! Db/0+.(%(4/B! >&).(3,,4/$F:!\(':!

X#&'()$*$+:!S6(':!MdaJZd:!

O#,+05'(7!;:7!S*)$'07![:7!\(*+.$0(.7!I:7!8/6,(',7!;:7!Nddd:!"#$!)'(1/'!0+/+50!(2!0-#,0+(0(3,/0,0!/*4!,+0!

-(*+.(':!I-+/!+.(%,-/!ZZ7!]MCJM:!

O#5<=5</7!O:@:7!S?$.$7!W:O:7!NdMc:!X#&0,('(),-/'!/4?50+3$*+!(2!+#$!)$*50!Limicolaria!Db/0+.(%(4/B!

X5'3(*/+/F!45.,*)!/$0+,6/+,(*!/*4!/-+,6,+&!,*!+.(%,-/'!/).(C$-(0&0+$3:!\(''50-/*!G$0:!Lc7!KcC

cZ:!

O(*+$7! G:7! NdMa:! G$-$*+!/46/*-$0! (*! */*(! 4$',6$.&! (2! Helix! 35-50! %#/.3/-('(),-/''&! /-+,6$!

-(3%(*$*+0:!A*+!_!H/*(![,3$*0:!Z7!MKMCMKJ:!

O(..$/7!I:O:7!S0-(1/.7!_:8:7![5./*47!X:7!G$*/547!̀ :7![/6,47!X:7!_/.*$7!X:7!X(,*+,$.7!_:X:7!>5.+.$nCP(500v07!

8:7! NdMd:! P.,4),*)! )/%0! ,*! +#$! 3('$-5'/.! %#&'()$*&! (2! +#$! ;&3*/$,4/$! Db/0+.(%(4/B!

X5'3(*/+/F7!6$-+(.0!(2!`/0-,(',/0,0:!P\O!S6(':!P,(':!Md7!LKM:!

[/6,0(*7!I:7!NddN:!;/*4!0*/,'0!/0!/!3(4$'!+(!5*4$.0+/*4!+#$!.('$!(2!#,0+(.&!/*4!0$'$-+,(*!,*!+#$!(.,),*0!

(2!1,(4,6$.0,+&:!X(%5':!S-(':!]]7!MNcCMLa:!
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[/& ./+7! P:7!",'',$.7! 8:7! NddN:! S6('5+,(*/.&! .$'/+,(*0#,%0! (2! $5+#&*$5./*! )/0+.(%(40! D\(''50-/FB! /!

-'/4,0+,-!.$C$6/'5/+,(*!(2!3(.%#('(),-/'!-#/./-+$.0: !^((':!_:!;,**:!8(-: !MLJ7!]dLC]Zd:!!

[/&./+7! P:7! ",'',$.7! I:7! ;$-(,*+.$7! b:7! ",'',$.7! 8:7! NddM:! H$=! O'/4$0! (2! S5+#&*$5./*b/0+.(%(40!

D\(''50-/F!2.(3!NK8!.GHI!8$Y5$*-$0:!\(':!X#&'()$*$+:!S6(': !Mc7!NNJCNLJ:!

[,*/%(',7!I:7!g'5003/** Cg('17!I:7!NdMd:!"#$!'(*)!=/&!+(!4,6$.0,+&wX#&'()$*&!/*4!$6('5+,(*!(2!+#$!

>$+$.(1./*-#,/!D\(''50-/B!b/0+.(%(4/F:! \(':!X#&'()$*$+:!S6(': !S6(':!JJ7!adCZa:!

[,*/%(',7! I:7! ^,*003$,0+$.7!O:7!g'5003/** Cg('17! I:7!NdMd:!H$=! ,*0,)#+0! ,*+(!+#$!%#&'()$*&! (2!+#$!

X&./3,4$'',4/$!Db/0+.(%(4/F:!_:!\(''50:!8+54:!ZZ7!MCZ:!

[&1(=0<,! h:7! McdL:! P$3$.<5*)$*! t1$.! 4,$! )$)$*=x.+,)$! 8&0+$3/+,<! 4$.! 8t00=/00$.0-#*$-<$*:!

H/-#.,-#+01'/++!4$.![$5+0-#$*!\/'/<(n(('(),0-#$*!b$0$''0#/2+!LJ7MLdCM]]:!

S1107!S:":7!;(<$.7!S:8:7!P./*+7!8:W:7!NdMK:!X#&'()$()./%#&!/*4!)$*$+,-0!(2!+#$!)'(1/''&!,*6/0,6$!0*/,'!

Physa acuta! [./%/.*/54! MKdJ7! /*4! ,+0! %(+$*+,/'! +(! 0$.6$! /0! /*! ,*+$.3$4,/+$! #(0+! +(! '/.6/'!

4,)$*$+,-!+.$3/+(4$0:!P\O!S6(':!P,(':! MK7!MdL:!

`,0-#$.7! X/5'7! >:7! MKKdCMKKZ:! \/*5$'! 4$! -(*-#&',('(),$! $+! 4$! %/'y(*+('(),$! -(*-#&',('(),Y5$! (5!

#,0+(,.$!*/+5.$''$!4$0!3(''50Y5$0!6,6/*+0!$+!2(00,'$0:!MKKd:!

`(*+/*,''/7!A:g:7!H/))07!` :7!h/4$7!O:\:7!NdMZ:!\('$-5'/.!%#&'()$*&!(2!+#$!I-#/+,*(,4$/!D\(''50-/B!

b/0+.(%(4/F:!\(':!X#&'()$*$+:!S6(': !MM]7!LKNCLKJ:"!

b#$(-/7! W:7! NdML:!S4,1'$! '/*4! 0*/,'! Helix pomatia’s! $9%'(,+/+,(*! ,*! O$*+./'! G(3/*,/ C'$),0'/+,(*7!

$6('5+,(*7!%$.0%$-+,6$0:!I46/*-$0!,*!S*6,.(*3$*+7!S-(0&0+$30!/*4!850+/,*/1'$!"(5.,03!M]]C

M]c:!

b m11$'$.7! g:7! g'5003/** Cg('17! I:7! NdMM:!\('$-5'/.! %#&'()$*&! (2! +#$! S5+#&*$5./! D\(''50-/7!

b/0+.(%(4/F! =,+#! 0%$-,/'! 2(-50! (*! @%,0+#(1./*-#,/! /0! /! 2./3$=(.<! 2(.! .$-(*0+.5-+,(*! (2!

$6('5+,(*!(2!4,$+:!"#/'/00/0!NZ7!MNMCMJ]:!

b(*n/'$n7! S:\:7! NdMZ:! X#/.3/-$5+,-/'! -(3%(0,+,(*! 2(.! %.$6$*+,*)7! +.$/+,*)7! /*4! -5.,*)! %0(.,/0,0!

,*-'54,*)!0*/,'!0',3$7!-#/3(3,'$7!/*4!#(*$&:!E:8:!X/+$*+!I%%',-/+,(*!MJfJdM7MNc:!

b((4/-.$7! 8:; :7!h/4$7! O:\:7! NddM:! X/++$.*0! (2! )$*$+,-! 6/.,/+,(*! ,*! X/-,2,-! ,0'/*4! '/*4! 0*/,'0B! +#$!

4,0+.,15+,(*! (2!-&+(-#.(3$!b! ',*$/)$0!/3(*)!8(-,$+&!A0'/*4! Partula:!P,(':!_:! ;,**:!8(-:!ZL7!

MLMCMLK:!

b./*4$7! O:7! "$3%'/4(7! _:7! O$.6$./7! _:;:7!̂ /.4(&/7! G:7! Ndd]:!X#&'()$*$+,-! .$'/+,(*0#,%0! /3(*)!

@%,0+#(1./*-#,/!D\(''50-/B!b/0+.(%(4/F!1/0$4!(*!3,+(-#(*4.,/'!-(9!M7!+.*W7!/*4!..*;!)$*$0:!

\(':!X#&'()$*$+:!S6(': !LL7!LZKCLKK:!

>/.'7! _:7! >/.,*)7! S:7! I0/3,7! ":7! 8,++$*+#/'$.7! \:7! 8/++3/**7! >:7!Xz''Cb$.)$'&7! P:7! NdMZ:! \('$-5'/.!

0&0+$3/+,-0!(2!+#$!'/*4!0*/,'!2/3,'&!@.-5',4/$!.$6$/'!%('&%#&'&!/*4!4$$%!0%',+0!=,+#,*!+#$!-'/4$!

@.+#5.$+#./!Db/0+.(%(4/B!X5'3(*/+/F:!^((':!_:!;,**:!8(- :!MKM7!ZZKCZc]:!

>/0n%.5*/.7!b:7!McKJ:!"#$!>$+$.(1./*-#,/w/!*$=!-(*-$%+!(2!+#$!%#&'()$*&!(2!+#$!#,)#$.!b/0+.(%(4/:!

_:!^((':!8&0+:!S6(':!G$0:!NL7!MJCLZ:!
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>/0n%.5*/.7!b:7!McKK:!@*!+#$!(.,),*!/*4!$6('5+,(*!(2!3/?(.!)/0+.(%(4!).(5%07!=,+#!0%$-,/'!.$2$.$*-$!+(!

+#$!8+.$%+(*$5./:!_:!\(''50:!8+54:!J]:!LaZC]]M:!

>/0n%.5*/.7!b:7!>51$.7!b:7!Mccd:!@*!+#$!-$*+./'C*$.6(50C0&0+$3!(2!83$/)(',4/$!/*4!G#(4(%,4/$7!N!

2/3,',$0!Y5$0+,(*/1'&!/'',$4!=,+#!+#$!b&3*(3(.%#/ !Db/0+.(%(4/7!S5+#&*$5./F:!_:!^((':!NNd7!

MKJCMcc!

>51$*4,-<7!P:7!McZK:!O#/%+$.!MB!0&0+$3/+,-0!/*4!-(3%/./+,6$!3(.%#('()&!(2!+#$!P/0(33/+(%#(./:!A*B!

`.$++$.7! W:7! X$/<$7!_:`:! DS40:F7! X5'3(*/+$0B! 6(':! NI! 8&0+$3/+,-07! S6('5+,(*7! /*4! S-('()&:!

I-/4$3,-!X.$007!;(*4(*7!%%:!MC]Z:!

_/.*$7!X:7! [/6,47!X:7!X(,*+,$.:!_:7!g($*$:!_:\:7!NdMd:!P/0(33/+(%#(./*!b/0+.(%(40:!A*!X(,*+,$.7!X:7!

g($*$7! _:\: ! "#$! S6('5+,(*! (2! X.,3/.&! 8$95/'! O#/./-+$.0! ,*! I*,3/'0 :! @92(.4! E*,6$.0,+&!

X.$00:MZLCMca:!

_m.)$.7!g:\:7!8+m)$.7!A:7!g/*(7!s:7!`5<54/7!>:7!g*$1$'01$.)$.7!":7!8-#.m4'7!\:7!NdMd:!@*!+#$!(.,),*!(2!

I-(-#',4,/!/*4!(+#$.!$*,)3/+,-!$5+#&*$5./*!)/0+.(%(407!=,+#!,3%',-/+,(*0!2(.!+#$!0&0+$3/+,-0!

(2!>$+$.(1./*-#,/:!P\O!S6(' :!P,(':!Md7!LNL:!

g/./*(6/7!\:W :7!A6',-#$6/7!H:I:7!NdMa:!X(('!(2!%#(0%#($+#/*('/3,*$!/*4!%#(0%#(0$.,*$!,*!+#$!1./,*!

(2!+#$!0*/,'!Lymnaea stagnalis!;:! ,*!0533$.! /*4!1$2(.$!=,*+$.!4(.3/*-&:! _!S6('!P,(-#$3!

X#&0,(':!JN7!MNZCMLN:!

g'5003/** Cg('17! I:7! [,*/%(',7! I:7! g5#*7! g:7! 8+.$,+7! P:7!I'1.$-#+7! O:7! NddK:!`.(3! 0$/! +(! '/*4! /*4!

1$&(*4w*$=! ,*0,)#+0! ,*+(!+#$!$6('5+,(*! (2!$5+#&*$5./*!b/0+.(%(4/!D\(''50-/F:!P\O!S6(':!

P,(':!K7!JZ:!

g(-(+7! g:\:7! >/'/*&-#7! g:\ :7! g.5)7! X:_:7! NdML:! X#&'()$*(3,-0! 05%%(.+0! X/*%5'3(*/+/B!

@%,0+#(1./*-#! %/./%#&'&! /*4! <$&! $6('5+,(*/.&! 0+$%0! ,*! /! 3/?(.! ./4,/+,(*! (2! )/0+.(%(4!

3(''50-0:! \(':!X#&'()$*$+:!S6(' :!ac7!Za]CZZM:!

g(n'(=0<,7! _:7! g(n'(=0</7! \:7! NddN:! I00$00*$+! (2! %'/*+! 4/3/)$0! /*4! ,*+$*0,+&! (2!Deroceras 

reticulatum!D\6''$.F!(--5..$*-$!,*!=,*+$.!(,'0$$4!./%$!/*4!=,*+$.!=#$/+:!_:!X'/*+!X.(+:!G$0:!]N7!

NNcwNLZ:!

g(no(=0<,7!_:7!g(no(=0<,7!G:_:7!NdMM:!S9%/*0,(*!(2!+#$!,*6/0,6$!0'5)!0%$-,$0!Arion lusitanicus!\/1,''$7!

MKaK! Db/0+.(%(4/B! X5'3(*/+/B! 8+&'(33/+(%#(./F! /*4! 4/*)$.0! +(! )/.4$*! -.(%0C/! ',+$./+5.$!

.$6,$=!=,+#!0(3$!*$=!4/+/:!`(',/!\/'/-(':Mc7!N]c CNJK:!

!;/*$.,7! 8:7! ;(.$*n(7! G:[:7! 8/--#,7! I :7![,*,7! A:7! NdMc:! [(0/)$! (2! P,(/-+,6$! \('$-5'$0! ,*! +#$!

H5+.,-(03$-$5+,-/'!Helix aspersa! \5''$.! \5-50! /* 4! `(.35'/+,(*! (2!H$=!O(03$+,-!O.$/3!

=,+#!\(,0+5.,n,*)!S22$-+:!H/+:!M]7!NCZ:!

\/4$,./7!\:_:7!S'$?/'4$7!\:I:7!O#5$-/7!;:_ :7!bu3$nC\(',*$.7!P:_:7!NdMd:!X#&'()$*$+,-!%(0,+,(*!(2!+#$!

)$*50! O.&%+/n$-/! /*4! +#$! 2/3,'&! In$-,4/$! =,+#,*! +#$! 0&0+$3! (2! +#$!8+&'(33/+(%#(./:!

\/'/-('(),/!JN7!MaL CMac:!

\/.Y5/.4+7! h:O:7! [$3/.$$7! G:8:7!b.,$6$7! G:P:7! Nddd:! X/./0,+('()&! /*4! W$-+(.! P,('()&7! N*4! $4:!

I-/4$3,-!X.$007!8/*![,$)(7!O/',2(.*,/7!E:8:I:!ZdN!%%:!



%("
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\(.4/*7!X :7!h/4$7!O:\:7!NddK:!>$+$.(1./*-#,/!AAB!"#$!X5'3(*/+/:!A*B!X(*4$.7!h:`:7!;,*41$.)7![:G:!

DS40:F7!X#&'()$*&! /*4!S6('5+,(*! (2!+#$! \(''50-/:!E*,6$.0,+&! (2!O/',2(.*,/!X.$007!P$.<$'$&7!

E8I7!]dc C]Na:!

\(.)/*7!_:I:":7![$_(*)7!G:_:7!_5*)7!s:7!g#/''//&(5*$7!g:7!g(-<7!8:7!\<(?,7!b:\:7!;(<$.7!S:8:7!NddN:!

I!%#&'()$*&!(2!%'/*(. 1,4!0*/,'07!=,+#!,3%',-/+,(*0!2(.!+#$!$6('5+,(*!(2!Schistosoma!%/./0,+$0:!

\(':!X#&'()$*$+:!S6(': !NJ7!]ZZC]KK:!

H$<('/7! _:O:7! O('$07! P:`:7! NdMa:! 85%./0%$-,2,-! +/9(*(3&! ,*! +#$! W$.+,),*,4/$! Db/0+.(%(4/B!

8+&'(33/+(%#(./F:!_:!\(''50:!8+54:!KN7!NdKCNMN:!

H(.40,$-<7! >:7! McKa:! "#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./! D)/0+.(%(4/F7! =,+#! 0%$-,/'! .$)/.4! +(! +#$!

0&0+$3/+,-!%(0,+,(*!(2!+#$!-'/50,',,4/$7!AA:!A3%(.+/*-$!(2!+#$!0#$''!/*4!4,0+.,15+,(*:!I.-#,6!2t.!

\(''50<$*<5*4$: !MMZ7!cLCMMa:!

H(.40,$-<!>:!MccN:!X#&'()$*&!/*4!0&0+$3!(2!+#$!X5'3(*/+/!Db/0+.(%(4/F:!I.-#,6!2t.!\(''50<$*<5*4$:  

MNM7!LMCJN:"!

X/10+7! S:I:7!g(-(+7! g:\:7! NdMK:! X#&'()$*(3,-0! -(*2,.30! 3(*(%#&'&! (2! H54,%'$5./! Db/0+.(%(4/B!

>$+$.(1./*-#,/F:!_:!\(''50:!8+54:!K]7!NJcCNaJ:!

X,'01.&7! >:! I:7! Mcdd:! @*! +#$! n(('(),-/'! %(0,+,(*! (2!Achatinella /*4! Partula:! X.(-$$4,*)0! (2! +#$!

I-/4$3&!(2!H/+5./'!8-,$*-$07 !X#,'/4$'%#,/!JN7!JaMCJaZ:!!

X,*-$$'7!_:7!_(.4/$*07!g:7!W/*!>(5++$7!H:7!P$.*(*7!b:7!P/-<$'?/57!":7!NddJ:!X(%5'/+,(*! )$*$+,-0! /*4!

,4$*+,+&!(2!/*!,*+.(45-$4!+$..$0+.,/'!0'5)B!Arion subfuscus!0'!,*!+#$!*(.+#C$/0+!E8I!Db/0+.(%(4/7!

X5'3(*/+/7!I.,(*,4/$F:!b$*$+,-/!MNJ7!MJJCMZM:!

X(*4$.7!h:` :7!;,*41$.)7![:G:7!MccZ:!"(=/.40!/!%#&'()$*&!(2!)/0+.(%(4!3(''50-0B!/*!/*/'&0,0!50,*)!

3(.%#('(),-/'!-#/./-+$.0:! ^((' :!_:!;,**$/*!8(-:!MMc7!KLCNaJ:!

G/3p.$n7!G:7!P(.4/7!W:7!G(3$.(7!X:7!G/3,.$n7!_:7!O(*)./,*07!O:7!O#,.,*(07!_:7!G/3p.$n7!X:7!W$'z0Y5$n7!

;:S :7!\$?p/7! g:7! NdMN:!P,(4,6$.0,+&! /*4! $*4$3,03! (2! +#$! =$0+$.*! I3/n(*,/! '/*4! 0*/,'0!

Megalobulimus /*4! Systrophia:!G$6:!X$.5:!P,(':!Mc7!dJcCdZ]:!

G(3$.(7!X:S:7!h$,)/*47!I:\ :7!X2$**,*)$.7!\:7!NdMa:!X(0,+,6$!0$'$-+,(*!(*!%/*%5'3(*/+$!3,+()$*(3$0!

%.(6,4$!*$=!-'5$0!(*!/4/%+/+,(*0!+(!+$..$0+.,/'!',2$:!P\O!S6(':!P,(':!Ma7!Ma]:!

G5+#$*0+$,*$.7!P:7!MccZ:!>(3('()&!(2!+#$!%/'',/'!/*4!%5'3(*/.&!-/6,+&!(2!)/0+.(%(40:!_:!\(''50:!8+54:!

aL7!LJLCLaZ:!

8-#,'$&<(7! I:I:7! McZa:! X5+,! $6('?5-,,! $<0<.$+(.*()(! /%%/./+/! X5'3(*/+/! A! $)(! 2,'()$*$+,-$0<($!

n*/-$*,$:!^(('(),-#$0<,,!n#5.*/'!JJ7!NMJCNNJ:!

8-#,'$&<(7! I:I:7! McZc:! 8,0+$3/! (+.&/4/! b$(%#,'/! Dl! >$',-,4/F! Db/0C! +.(%(4/! X5'3(*/+/F:! A*B!

\(.%2('(),&/7! 8,0+$3/+,</! A! `,'()*,&/! \(''&50<(6:! ".54&! ^(('(),0-#$0<(! A*0+,+5+/7!

I</4$3,&/!H/5<!Kd7!]] Cac:!

8-#.m4'7!\:7!_m.)$.7!g:\:7!g'5003/**Cg('17!I :7!h,'0(*7!H:b :7!NdMM:!P&$!1&$!q@%,0+#(1./*-#,/r{!I!

.$6,$=!(*!+#$!-(*+.,15+,(*!(2!3$0(%0/33,-!0$/!0'5)0!+(!$5+#&*$5./*!0&0+$3/+,-0:!"#/'/00/0 !

NZ7!MdMCMMN:!
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8,3.(+#7!>:7!McMd:![,$!;/*4*/-<+0-#*$-<$*!4$.![$5+0-#$*!854%('/.CS9%$4,+,(*!McdMCMcdL:!A*B!S:!6(*!

[.&)/'0<,7![$5+0-#$!854%('/.CS9%$4,+,(*!McdMCMcdL7!MN7!̂ (('(),$7!]:!P$.',*7!G$,3$.:!X%:!MLKC

MKd7!M!%':!

8('$37!I:!McJc:!8&0+$3/+,-0!(2!+#$! '/*4! /*4!2.$0#C=/+$.! \(''50-/! (2!+#$!H$=!>$1.,4$0:!`,$'4,/*/B!

^(('()&!]L7!M CLJc:!

8('$37! I:7! McK]:! I! =(.'4! 3(4$'! (2! '/*4! 0*/,'! 4,6$.0,+& ! /*4! /15*4/*-$:! h(.'4 C=,4$! 8*/,'07!

P,()$()./%#,-/'!0+54,$0!(*!*(* C3/.,*$!(''50-/ . P.,''!i!P/-<#5&07!;$,4$* 7!%%:aCNN:!

8('$37! I:7McZK:! O'/00,2,-/+,(*! (2! +#$! '/*4! \(''50-/:! X%:! ]cCcZ! A*B! W:! `.$++$.! i! _:! X$/<$! D$40F7!

X5'3(*/+$07!W(':!NI7!8&0+$3/+,-07!$6('5+,(*!/*4!$-('()&:!;(*4(*7!I-/4$3,-!X.$00: !

8+/.(1()/+(67! |:A:7! McZd:!Fauna mollûskov i zoogeografičeskoe rajonirovanie kontinental'nyh 

vodoemov zemnogo šara:!An4/+$'}0+6(!H/5</:!;$*,*)./40<($!(+4$'$*,$:!

"$/04/'$7! ;:O:7! g($#'$.7! `:7! \5../&7! g:[:7! @R>/./7! ":7!\(500/'',7! I:7! NdMa:! A4$*+,2,-/+,(*! /*4!

Y5/',2,-/+,(*!(2!Jdd!*5-'$/.7!0,*)'$~-(%&7!(.+#('()(50!)$*$0!2(.!+#$!S5%5'3(*/+/!Db/0+.(%(4/F!

50,*)!+./*0-.,%+(3$!0$Y5$*-,*)!/*4!$9(*!-/%+5.$:!\(':!S-(':!G$0(5.:!Ma7!MMdZCMMNL:!

"#,$'$7!_:7!McLM:!>/*415-#!4$.!8&0+$3/+,0-#$*!h$,-#+,$.<5*4$:!W(':!A:!I30+$.4/3B!I:!I0#$.!i!O(:!

ZZa!%%:!

"#,$*)(7!8:O:7!`/./-(7!`:I:7!8/')/4(7!H:O:7!O(=,$7!G:> :7!̀$.*/*4$n7!\:I:7!NddZ:! G/%,4!0%.$/4!(2!/*!

,*6/0,6$! 0*/,'! ,*! 8(5+#! I3$.,-/B! +#$! ),/*+! I2.,-/*! 0*/,'7! Achatina fulica7! ,*! P./0,':!P,(':!

A*6/0,(*0:!!c7!acLCZdN:!

"#(3/07!8:7!NdMJ:!\$4,-,*/'!50$!(2!+$..$0+.,/'!3(''50-0!D0'5)0!/*4!0*/,'0F!=,+#!%/.+,-5'/.!.$2$.$*-$!+(!

+#$,.! .('$! ,*! +#$! +.$/+3$*+! (2! =(5*40! /*4! (+#$.! 0<,*! '$0,(*0:!h(.'4! =,4$ ! h(5*40:!

#++%Bff===:=(.'4=,4$=(5*40:-(3fNdMLf_5'&f"#(3/0f0'5)C0+$6$C+#(3/0:#+3':! I--$00$4!

_5'&:!

",'',$.7! 8:7! McKc:! O(3%/./+,6$! 3(.%#('()&7! %#&'()$*&! /*4! -'/00,2,-/+,(*! (2! '/*4! 0*/,'0! /*4! 0'5)0!

Db/0+.(%(4/B!X5'3(*/+/B!8+&'(33/+(%#(./F:!\/'/-('(),/!Ld7! MC!LdL:!!

E%/+#/37!8:S:7!g.5/+./-#5$7!\:7!P/,4,<5'7!W:7!McKK:!O5'+,6/+,(*!(2!+#$!),/*+!I2.,-/*!0*/,'7!Achatina 

fulica.!_:!8-, :!8(- :"#/,'/*4!M]7!NJC]d: !

W/*!\('7!_:_:7!McaZ:!•+54$!3(.%#('(),Y5$!$+!%#&'()y*y+,Y5$!45!)/*)',(*!-y.y1.(€4$!4$0!b/0+y.(%(4$0!

X5'3(*y0!D\(''50Y5$0F:!\y3:!I-/4:!G(&:!P$'):!DO'/00$!4$0!8-,:F:!LZ7!MwMaK:!

W/5)#+7! g:O:7! McKc:! I! O'/00,2,-/+,(*! (2! +#$! ;,6,*)! \(''50-/:! I3$.,-/*! \/'/-('(),0+0 !

A*-7!\$'1(5.*$7!`;: !

h/4$7!O:\:7!\(.4/*7!X:P:7!O'/.<$7!P:7!NddM:!I!%#&'()$*&!(2!+#$!'/*4!0*/,'0!Db/0+.(%(4/B!X5'3(*/+/F:!

X.(-:!G(&:!8(-:!;(*4:!P!P,(':!8-,: !NaK7!]MLC]NN:!

h/4$7!O:\:7! \(.4/*7!X:P:7!H/))07! `:7!Ndda:!S6('5+,(*/.&! .$'/+,(*0#,%0! /3(*)!+#$!%5'3(*/+$! '/*4!

0*/,'0!/*4!0'5)0!DX5'3(*/+/7!8+&'(33/+(%#(./F:!P,(':!_:!;,**$/*:!8(-:!KZ7!JcLCaMd:!

h$*4$1(5.)7!P :7!>/504(.27!P:7!NdMc:!"#$!'/*4!0*/,'!2/5*/!(2!/!8(5+#!I3$.,-/*!./,*2(.$0+!1,(4,6$.0,+&!

#(+0%(+B!+#$!X/*)5/*/!-(*0$.6/+,(*!/.$/!,*!+#$!X$.56,/*!I3/n(*:!_:!\(''50:!8+54:!
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^/%/+/7! `:7! h,'0(*7! H:b:7! >(=,0(*7! \:7! I*4./4$7! 8:O:8:7! _m.)$.7! g:\:7! 8-#.m4'7! \:7!b($+n7! `:b:7!

b,.,1$+7!b:7![5**7!O:h:7!NdM]:!X#&'()$*(3,-!/*/'&0$0!(2!4$$%!)/0+.(%(4!.$'/+,(*0#,%0!.$?$-+!

@.+#()/0+.(%(4/:!X.(-:!G(&:!8(-:! ;(*4:!P!P,(':!8-,:! NdM]MZLc:!

^,'- #7!I:!McJcCMcad:!b/0+.(%(4/7!S5+#&*$5./:!A*B!h:!h$*n7!b/0+.(%(4/:!>/*415-#!4$.!X/' x(n(('(),$!

a:!P$.',*7!b$1.t 4$.!P(.*+./$)$.:!KL]!%%:!

!

! !
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N+'10$()CP!!'0$(8'#4)'.6)!$0+"64 )

C<E!98"#"-8%'#)!'0$(8'#4))

"#$!)/0+.(%(4!0%$-,3$*0!50$4!,*!+#,0!0+54&!/.$!0#(=*!,*!"/1'$!N:M:!

='>#$)C<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!et al:!DNdMZF:!

Taxonomic rank Species Collection/Location Collector  

Phylum Mollusca, Class Gastropoda, Subclass Heterobranchia, Cohort Tectipleura, Subcohort Panpulmonata 

Superorder Sacoglossa 
   Superfamily Oxynooidea!
!!!!!!̀ /3,'&!O&',*4.(15'',4/$ ! Cylindrobulla beauii DX:!`,0-#$.7!

MKJZF 
`g CcMa7!_$22.$&!g$&7!HS!+,%!(2!
_$22.$&!g$&7!`'(.,4/!g$&07!E8I !

X.(6,4$4!1&!̀,$'4 !350$53!
O#,-/)(• LNaJNaG!

!!!!!!W('6/+$'',4/$! Volvatella sp. X$/0$7!MKad \/4/*)!X.(6,*-$7!I0+.('/1$!1/&7!
X/%5/!H$=!b5,*$/!

X.(6,4$4!1&!\50y53!
*/+,(*/'!4}>,0+(,.$!*/+5.$''$!
D\H>HF: !\H>H CA\ CNdMLC
M]NKM!

    Superfamily Plakobranchoidea 

!!!!!!̀ /3,'&!>$.3/$,4/$ ! Hermaea bifida!D\(*+/)57!MKMaF O(**$3/./7!A.$'/*4 ! P$.*/.4!X,-+(* !

!!!!!!̀ /3,'&!;,3/%(*+,,4/$ ! Limapontia depressa!DI'4$.!i!
>/*-(-<7!MKaNF!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

! Placida dendritica DI'4$.!i!
>/*-(-<7!MK]LF 

O(**$3/./7!A.$'/*4 ! P$.*/.4!X,-+(* !

! Ercolania margaritae DP5.*7!McZ]F X/+$.0(*7!O/%$7!W,-+(.,/7!I50+./',/! X.(6,4$4!1&!\50$530 !
W,-+(.,/:!"!_:!>/'$0:!H\W !` !
MLLdKL!

!!!!!!̀ /3,'&!X'/<(1./*-#,4/$ ! Elysia viridis D\(*+/)57!MKd]F [(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

Superorder Siphonarimorpha, Order Siphonariida 
   Superfamily Siphonarioidea 
!!!!!!̀ /3,'&! 8,%#(*/.,,4/$! Siphonaria pectinata!D;,**/$507!MZJKF ^/3/./!;(0! I+5*$07!8%/,*! 8:!>/=<,*0 !

 Siphonaria zelandica De5(&!/*4!
b/,3/.47!MKLLF 

\/*5!P/&7!3/.,*$!1(.4$.!0#(.$7!H$=!
^$/'/*4 !

b:!P/.<$. !

Superorder Pylopulmonata 
   Superfamily Pyramidelloidea 
!!!!!!̀ /3,'&!X&./3,4$'',4/$ ! Boonea sp: G:!G(1$.+0(*7!McZK 8(5+#!O#,*/!0$/! X.(6,4$4!1&!\H>H7!

\H>H CA\ CNdMLCJddJZ!
! Turbonilla cummingi!D>(.,!i!

@<5+/*,7!MccZF 
8+:!_(#*R0!A0'/*47!"\8A!),/*+!-'/3!
#/+-#$.&7!8,*)/%(.$!

;$$!g(*)!O#,/*!H/+5./'!
>,0+(.&!\50$53;!
D^GO:\@;:ZLZcF!

   Superfamily Glacidorboidea!

!!!!!!̀ /3,'&!b'/-,4(.1,4/$ ! Tasmodorbis punctatus!X(*4$.!i!
I6$.*7!Nddd 

\5.-#,0(*!>=&7![$$%!b5''&!O.$$<7!
"/03/*,/7!I50+./',/ !

I50+./',/*!350$53!
DO:]aLc]cF!

 Glacidorbis hedleyi!A.$4/'$7!Mc]L P'5$!\(5*+/,*07!P(&4!G,6$.7!H$=!
8(5+#!h/'$07!I50+./',/ !

I50+./',/*!350$53 !
DO:]aLc]ZF!

   Superfamily Amphiboloidea 

!!!!!!̀ /3,'&! I3%#,1(',4/$ ! Salinator tecta!b('4,*)7!X(*4$.!i!
P&.*$7!NddZ 

P(.(*,/!X/.<7!;/*$!O56$!G,6$.7!
8&4*$&7!I50+./',/!

G:b(n4,*) !

 Phallomedusa!0%!b('4,*)7!X(*4$.!i!
P&.*$7!NddZ 

P(.(*,/! X/.<7!;/*$!O56$!G,6$.7!
8&4*$&7!I50+./',/!

G:b(n4,*) !

 Amphibola crenata!Db3$',*7!MZcMF h/,#,!S0+5/.,*$7!H$=!^$/'/*4 ! b:!P/.<$. !

Superorder Acochlidimorpha,  
   Superfamily Acochlidioidea 
!!!!!!̀ /3,'&!>$4&'(%0,4/$!
!

Hedylopsis spiculifera Dg(=/'$=0<&7!
McdMF 

G(6,*?7!g'$,*$!8/',*$15-#+7!A0+.,/! X.(6,4$4!1&!^(('(),0-#$!
8+//+00/33'5*)!\t*-#$*!
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D^8\F7!\:!8-#.($4'7!^8\!
\('!NdMdd]Jd !

!!!!!!̀ /3,'&!I-(-#',4,,4/$ ! Strubellia wawrai!P.$*n,*)$.7!
H$500$.7!_m.)$.!i!8-#.m4'7!NdMM 

X/%5/!H$=!b5,*$/! X.(6,4$4!1&!\H>H7 !A\ C
NdMLCJ]ZLc!

   Superfamily Parhedyloidea 

!!!!!!̀ /3,'&!X/.#$4&',4/$!l !
!!!!!!!!!!!!!!!T\,-.(#$4&',4/$V 

Pontohedyle milatchevitchi 
Dg(=/'$=0<&7!McdMF 

8h!(2!^/4/.7!X/n3/*! A0'/*47!O.(/+,/! X.(6,4$4!1&!^8\7!\:!
8-#.($4' !
^8\!\('!NdMLdc]K !

Superorder Hygrophila 
   Superfamily Chilinoidea 
!!!!!!!!!!!!̀/3,'& !O#,',*,4/$! Chilina patagonica Db:!P:!8(=$.1&!AA7!

MKZ]F 
b('2( !S'$2/*+$07!G$),(*!‚A7!O#,'$! [/6,4!G$,4 !

!!!!!!!!!!! `/3,'& !;/+,,4/$ ! Latia neritoides Db./&7!MKJdF h/,*5,7! H$=!^$/'/*4 ! b:!P/.<$. !

!!!!!!Superfamily Lymnaeoidea 

!!!!!!!!!!!!̀/3,'&! I-.('(9,4/$ ! Acroloxus lacustris D;,**/$507!MZJKF h$0+!0,4$!(2!G,6$.!g(n,*</7!
g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Pseudancylastrum sp.!;,*4#('37!Mcdc ;/<$!P/,</'7!G500,/! ":!8,+3,<(6/ !

!!!!!!!!!!!!̀/3,'&! X#&0,4/$!
!!!!!!!!!!!!!!!!!!!

Physa fontinalis!D;,**/$507!MZJKF S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Physella gyrina D8/&7!MKNM) E*<*(=* ! E*<*(=* !

! Haitia mexicana!DX#,',%%,7!MK]MF %>/<$!;/<$7!;(0!I*)$'$0!O(5*+&7!OI7!
E8I !

[:h:!"/&'(. !

! Mayabina!sp:"[:!h:!"/&'(.7!NddL  8/-#/!;(4)$7!85-531p(07!S-5/4(. ! [:h:!"/&'(. !

! Stenophysa minor!D4R@.1,)*&7!MKLZF! [$%/.+/3$*+(!O/*$'(*$07!P/../!4$!
O/../0-(7!E.5)5/& !

[:h:!"/&'(. !

! Sibirenauta elongatus!D8/&7!MKNMF @</*/)/* C8,3,'</3$$*![,0+.,-+7!
X$*+,-+(*7!P.,+,0#!O('531,/7!O/*/4/!

[:h:!"/&'(. !

!!!!!!!!!!!!̀ /3,'& !;&3*/$,4/$ !
!

Bakerilymnaea bulimoides!D;$/7!
MK]MF!Tl!Fossaria bulimoidesV 

O(.*$.!(2!I'6/4(.$!G(/47!;/*$!
O(5*+&7!@.$)(*7!E8I!

[:h:!"/&'(. !

! Corvusiana sp."8$.6/,*7!MKKN! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Lymnaea stagnalis"D;,**/$507!MZJKF b/.4$*!X(*47!\(.%$+#7!
H(.+#531$.'/*47!Eg!

I*)50![/60,(* !

! Omphiscola glabra!D@:!`:!\t''$.7!
MZZ]F 

S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Pseudosuccinea columella D8/&7!MKMZF 8/-#/!;(4)$7!85-531p(07!S-5/4(. ! [:h:!"/&'(. !

! Stagnicola!sp:!_$22.$&07!MKLd! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Polyrhytis!apicina!D\$$<7!MKZaF E*<*(=* ! E*<*(=* !

! Myxas glutinosa D@:!`:!\t''$.7!MZZ]F ;'&*!"$),47!b=&*$447!Eg ! \:! h,'',*) !

! Radix sp.!\(*+2(.+7!MKMd X/''/*)!8+.$/37 !b/31,/ ! S1.,3/!_((2! !

! Peregriana!sp:!8$.6/,*7!MKKN X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Lanx!subrotundata D".&(*7!MKaJF!
 

H(.+#!E3%Y5/!G,6$.7!8,*)'$+(*!X/.<7!
[(5)'/0!O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

!!!!!!!!!!!!̀/3,'& !P5',*,4/$ !
!!!!!!!!!!!!!!!!!!!

Bulinus natalensis Dg./500!,*!g50+$.7!
MK]MF 

;/<$!8,1(&/7!8(5+#!I2.,-/ ! X.(6,4$4!1&!P,(3$4,-/'!
X/./0,+('()&!8$-+,(*7!H/+5./'!
>,0+(.&!\50$53!DH>\F!
D2.(3!-5'+5.$!*(:!NZNF!

!!!!!!!!!!!!̀/3,'& !P5.*5%,,4/$! Burnupia sp.!P:!h/'<$.7!McMN 8(5+#!I2.,-/ ! X.(6,4$4!1&!H/+/'!\50$53!

!!!!!!!!!!!!̀/3,'& !X'/*(.1,4/$ !
!

Anisus vortex!D;,**/$507!MZJKF S31/&3$*+!2.(3!=$0+!0,4$!(2!.,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Bathyomphalus contortus D;,**/$507!
MZJKF 

S31/&3$*+!2.(3!$/0+!0,4$!(2!.,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

 Choanomphalus maacki b$.0+2$'4+7!
MKJc 

;/<$! P/,</'7!P$.$n(6,&7!G500,/! ":!8,+*,<(6/ !
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 Gyraulus parvus!D8/&7!MKMZF @</*/)/* C8,3,'</3$$*![,0+.,-+7!=$0+!
$*4!(2!s$''(=!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

 Ceratophallus sp."[:!8:!P.(=*!i!
\/*4/#' CP/.+#7!McZL! 

X/-#/..!A..,)/+,(*!O/*/'7!b/31,/ ! S1.,3/!_((2 !

 Planorbis planorbis!D;,**/$507!MZJKF h$0+!0,4$!(2!G,6$.!g(n,*</7!=$0+!(2!
6,''/)$!;$+<,7!g,$60</&/!@1'/0+7!
E<./,*$ !

[:h:!"/&'(. !

 Segmentina nitida!D@:!`:!\t''$.7!MZZ]F h$0+!0,4$!(2!G,6$.!g(n,*</7!=$0+!(2!
6,''/)$!;$+<,7!g,$60</&/!@1'/0+7!
E<./,*$ !

[:h:!"/&'(. !

 Biomphalaria glabrata!D8/&7!MKMKF X5$.+(!G,-(! X.(6,4$4!1&!\,<$![($*#(227!
P,(3$4,-/'!X/./0,+('()&!
8$-+,(*7!8-#(('!(2!;,2$!
8-,$*-$07!E*,6$.0,+&!(2!
H(++,*)#/3 !

 Menetus callioglyphus!DW/*/++/7!MKcJF! [$-<$.!O.$$<!/+!\/+'(-<7!P./4&!G(/47!
\/0(*!O(5*+&7!h/0#,*)+(*7!E8I !

[:h:!"/&'(. !

 Planorbarius corneus!D;,**/$507!MZJKF S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

 Planorbella subcrenata DO/.%$*+$.7!
MKJZF 

@</*/)/* C8,3,'</3$$*![,0+.,-+7!=$0+!
$*4!(2!s$''(=!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

 Planorbula campestris"D[/=0(*7!
MKZJF 

[HI!Z7!"$+(*!O(5*+&7!h&(3,*)7! E8I ! [:h:!"/&'(. !

 Promenetus exacuous!D8/&7!MKNMF @</*/)/* C8,3,'</3$$*![,0+.,-+7!HS!
0,4$!(2!W/0$/59!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

 Vorticifex effusus!DA:!;$/7!MKJaF [HI!M]7![$0-#5+$0!G,6$.7!h/0-(!
-(5*+&7!@.$)(*7!E8I!

[:h:!"/&'(. !

 Ancylus fluviatilis!@:!`:!\t''$.7!MZZ]  P.(5)#+(*7!8-(+'/*47!Eg ! ! b:\:!P/.<$. !

 Ferrissia!californica DG(=$''7!MKaLF "d] C]Nd]7!`$.*!G,4)$!G$0$.6(,.7!;/*$!
O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

  ! !

Superorder Eupulmonata, Order Ellobiida 
   Superfamily Ellobioidea 
!!!!!!̀ /3,'&! S''(1,,4/$ ! Melampus luteus!De5(&!i!b/,3/.47!

MKLN 
8(5,''/7!\/5.,+,50 ! @:!b.,22,+#0!

! Laemodonta!sp:! 85./'/&/7!h$0+!_/6/7!A*4(*$0,/! P:![#/.3/ !

! Blauneria heteroclita!D\(*+/)5 7!
MKdKF!

! X.(6,4$4!1&!H>\ !

! Myosotella myosotis D[./%/.*/547!
MKdMF!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

! Leucophytia bidentata D\(*+/)57!
MKdKF!!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

! Cassidula nucleus!Db3$',*7!MZcMF! S/0+!%(,*+7![/.=,*7!H(.+#$.*!
"$..,+(.&7!I50+./',/!

X.(6,4$4!1&!H>\: !
H>\•NLc] !

! Ophicardelus sulcatus D>:!I4/30!i!
I:!I4/307!MKJ]F!

I50+./',/7!H54)$$7!P.,01/*$! b:!P/.<$. !

! Carychium tridentatum!DG,00(7!MKNaF! I1$'#$,./7!8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

!!!!!!̀ /3,'&! @+,*,4/$! Otina ovata D":!P.(=*7!MKNZF ! O/6$!/+!h$0+!S*4!(2!`.$0#=/+$.!P/&:!
A0'$!(2!h,)#+7!Eg!

[/6,4!G$,4 !

!!!!!!̀ /3,'&!".,350-5',4/$ ! Trimusculus sp.! X'/)$!4$!;/6/*(*(7!\/4/)/0-/. !
!

X.(6,4$4!1&!\H>H: !A\ C
NddcCMaLcc!

Clade Geophila, Order Stylommatophora, Suborder Achatinina [‘Achatinoid Clade’] 
   Superfamily!Achatinoidea 
 
!!!!!!̀ /3,'&! `$.500/-,,4/$! Ferussacia folliculus!Db3$',*7!MZcMF ;(0!I'-(.*/'$07!X.(6!O/4,n7!8%/,* ! \:!8$44(* !

!!!!!!̀ /3,'&! 8515',*,4/$! Subulina striatella!DG/*)7!MKLMF g$=!b/.4$*0!D,*+.(45-$4F! `:!H/))0 !

!!!!!!̀ /3,'&! b'$005',4/$! Glessula ceylanica!DX2$,22$.7!MK]JF O('(31(7!8.,! ;/*</ ! X:!g/.5*/./+*$ !

!!!!!!̀ /3,'&! I-#/+,*,4/$ ! Lissachatina fulica!DP(=4,-#7!MKNNF!
Tl Achatina fulicaV 

E*<*(=*!D^((':!8(-:!;(*4:!O(''*:F ! X:!X$/.-$Cg$''&!



&."
"

!!!!!!̀ /3,'&! O($',/9,4/$ ! Coeliaxis blandii!DX2$,22$.7!MKJNF H$=!P./42(.47!8(5+#!I2.,-/! H:!83,+#!

!!!!!!̀ /3,'&! "#&.(%#(.$'',4/$! Thyrophorella thomensis!Db.$$227!
MKKNF 

^/3%/'/7!8ƒ(!"#(3y7!h$0+!I2.,-/ ! I:!b/0-(,)*$ !

   Superfamily Streptaxoidea 

      Streptaxidae Gonaxis quadrilateralis!DX.$0+(*7!
McMdF 

G$5*,(* ! @:!b.,22,+#0!

Suborder Helicina [‘Non-Achatinoid Clade’], Infraorder Pupilloidei [Orthurethra] 
    Superfamily Pupilloidea 
!!!!!!I-#/+,*$'',4/$ ! Elasmias luakahaense!X,'01.&!/*4!

O((<$7!McMJ 
g(('/5!G/*)$7!@/#57!>/=/,, ! G:!G5*4$''!i!g:!@',6/' !

! Partulina proxima!DX$/0$7!MKaNF \/5,7!>/=/,, ! P:!>(''/*4 !

!!!!!!̀ /3,'&! O(-#',-(%,4/$! Cochlicopa lubricella!DX(..(7!MKLKF 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

!!!!!!̀ /3,'&! I3/0+.,4/$ ! Leptachatina lepida!O((<$7!McMd >/=/,,!A0'/*47!>/=/,, ! X:!\(.4/*!i!G:!O(=,$ !

!!!!!!̀ /3,'&! X5%,'',4/$! Pupoides albilabris!DI4/307!MK]MF h,'0(*!O(5*+&7!"$**$00$7!E8I! _:!8'/%-,*0<&!i!P:!O('$0!

! Pupilla muscorum D;,**/$50!MZJKF b/.4$*7!W,-+(.,/!b.(6$7!;(*4(*7!Eg ! S''$*!b./51/.+ !

!!!!!!̀ /3,'&! ;/5.,,4/$ ! Lauria cylindracea!D4/!O(0+/7!MZZKF \5''/)#3(.$7!O(:!8',)(7!A.$'/*4 ! S:!X'/++0!

!!!!!!̀ /3,'&! W/''(*,,4/$ ! Vallonia excentrica!8+$.<,7!MKcN 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

! Acanthinula aculeata D@:!`:!\t''$.7!
MZZ]F 

P(9!>,''7!85..$&7!Eg! _:!I1'$++!

!!!!!!̀ /3,'&! W$.+,),*,4/$! Vertigo antivergo!D[./%/.*/547!MKdMF O#5$++7!I.*('40+$,*7!I50+.,/! X:!\,'+*$. !

! Pronesopupa acanthinula!I*-$&7!
MKcN 

g(('/5!G/*)$7!@/#57!>/=/,, ! G:!G5*4$''!i!g:!@',6/' !

!!!!!!̀ /3,'&! b/0+.(-(%+,4/$! Gastrocopta armifera!D8/&7!MKNMF h,'0(*!O(5*+&7!"$**$00$7!E8I! _:!8'/%-,*0<&!i!P:!O('$0!

!!!!!!̀ /3,'&! @.-5',4/$! Orcula austriaca!^,33$.3/*7!McLN  g5#1$.)7!I50+.,/! X:!\,'+*$. !

!!!!!!̀ /3,'&! 8+.(1,'(%0,4/$! Eostrobilops nipponica!DX,'01.&7!McdKF @0/</7!_/%/*! A:!\/+0535./ !

!!!!!!̀ /3,'&! X&./3,45',4/$ ! Pyramidula rupestris!D[./%/.*/547!
MKdMF 

\5''/)#3(.$7!O(:!8',)(7!A.$'/*4 ! S:!X'/++0!

!!!!!!̀ /3,'&! O#(*4.,*,4/$ ! Chondrina clienta!Dh$0+$.'5*47!MKKLF W,''/-#7!I50+.,/! X:!\,'+*$. !

! Solatopupa similis!DP.5)5,v.$7!MZcNF W$.4(*!b(.)$7!`./*-$ ! I:![/6,0(* !

! Abida secale D[./%/.*/547!MKdMF X5'%,+![(=*7!P5-<,*)#/30#,.$7!Eg! X:!\(.4/* !

! Granaria frumentum D[./%/.*/547!
MKdMF 

X$'0,6$-!X'/+$/57!8'(6/<,/! _:!b.$)( !

!!!!!!̀ /3,'&! S*,4/$! Buliminus labrosus!D@',6,$.7!MKd]F 8/'/4,*}0!O/0+'$7!8&.,/! X:!\(.4/* !

 Pene sidonensis!D`y.500/-7!MKNMF 8/'/4,*}0!O/0+'$7!8&.,/! X:!\(.4/* !

 Luchuena reticulata!DG$$6$7!MK]cF g,</,!A0'/*47!G&5<&57!_/%/*! 8:!O#,1/!

 Napaeus pruninus!Db(5'47!MK]aF 8ƒ(!\,)5$'7!In(.$0 ! I:!X('/0-n$< !

 Macaronapaeus vulgaris!D\(.$'$+!i!
[.(5$+7!MKJZF 

8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

 Ena obscura @'-*/6/ 7!P,$'/!6(4/!Nad:!8'(6/<,/ ! '$):!_:!8+$22$<!

 Mastus pupa!DP.5)5,v.$7!MZcNF 8,-,'&! I:![/6,0(* !

 Mirus stalix DP$*0(*7!MKaLF I)./7!8.,!;/*</ ! [:!G/#$$3 !

 Chondrula albolimbata DX2$,22$.7!
MK]KF 

8%,00<&!+'./47!8'(6/<,/! _:!b.$)( !

!!!!!!̀ /3,'&! O$./0+,4/$! Cerastus schweinfurthi!D\/.+$*07!
MKcJF 

I' C\/#5,+7!H:!s$3$* ! X:!\(.4/* !

! Pachnodus silhouettanus!6/*!\('!i!
O(%%(,07!McKd 

8,'#(5$++$!A0'/*47!8$&-#$''$0! _:!b$.'/-# !

! Amimopina macleayi!DP./n,$.7!MKZaF e5$$*0'/*47!I50+./',/ ! X:!\(.4/* !

!!!!!!̀ /3,'&! [./%/.*/54,,4/$ ! Draparnaudia singularis!G$$6$7!MKJ] \(*+!g()#,07!H$=!O/'$4(*,/ ! O:!h/4$!i!g:!P(=3/* !

!!!!!!̀ /3,'&! X/.+5',4/$! Samoana conica!Db(5'47!MK]ZF 8/3(/ ! G:!O(=,$!

 Eua zebrina!Db(5'47!MK]ZF 8/3(/ ! G:!O(=,$!

 Partula tohiveana O./3%+(*7!McN] \((.$/ ! E*<(=* !

Infraorder Clausilioidei 
    Superfamily Clausilioidea 
!!!!!!̀ /3,'&! O'/50,',,4/$! Albinaria xanthostoma!DP($++)$.7!

MKKLF 
O.$+$! [:!"#(3/n !

 Infraorder Orthalicoidei 
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    Superfamily Orthalicoidea 

!!!!!!̀ /3,'&! @.+#/',-,4/$! Drymaeus discrepans!D8(=$.1&7!
MKLLF 

b5/+$3/'/ ! E*<*(=* !

!!!!!!̀ /3,'&! I3%#,15',3,4/$ ! Gaeotis nigrolineata!D8#5++'$=(.+#7!
MKJ]F 

S'!s5*Y5$7!X5$.+(!G,-(! E*<*(=* !

Infraorder Oleacinoidei  
    Superfamily Oleacinoidea 
!!!!!!̀ /3,'&! 8%,./9,4/$! Euglandina rosea!D`y.500/-7!MKNMF \((.$/!D^((':!8(-:!;(*4:!O(''*:F ! X:!X$/.-$Cg$''&!

   Superfamily Haplotrematoidea       

!!!!!!̀ /3,'&! >/%'(+.$3/+,4/$! Haplotrema vancouverense!D;$/7!
MKLcF 

S5)$*$7!@.$)(*7!E8I! [:!"/&'(. !

Infraorder Rhytidoidei 
   Superfamily Rhytidoidea 
!!!!!!̀ /3,'&! G#&+,4,4/$! Rhytida stephenensis!DX(=$''7!McLdF \/*//<,!h#$*5/7!H$=!^$/'/*4 ! [:!b'$$0(* !

!!!!!!̀ /3,'&! \$)/'(15',3,4/$!l!!!!! !
!!!!!!8+.(%#(-#$,',4/$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Megalobulimus oblongus!D@:!`:!
\t''$.7!MZZ]F 

I*+,)5/!D^((':!8(-:!;(*4:!-(''*:F ! X:!X$/.-$Cg$''&!

!!!!!!̀ /3,'&! [(.-/0,,4/$ ! Dorcasia alexandri!Db./&7!McLKF h,*4#($<7!H/3,1,/ ! O:!P(,9C>,*n$* !

!!!!!!̀ /3,'&! O/.&(4,4/$! Caryodes dufresnii!D;$/-#7!MKMJF \+!h$'',*)+(*7!>(1/.+7!"/03/*,/ ! P:!83,+#!

Infraorder Limacoidei [‘Limacoid Clade’] 
   Superfamily Limacoidea 
!!!!!!̀ /3,'&! S5-(*5',4/$ ! Euconulus fulvus!D@:!`:!\t''$.7!MZZ]F H$=!`(.$0+7!>/3%0#,.$7!Eg! X:!\(.4/* !

   Superfamily Helicarionoidea 

!!!!!!̀ /3,'&! I.,(%#/*+,4/$ ! Cryptozona bistrialis!DP$-<7!MKLZF 8.,!;/*</ ! X:!g/.5*/./+*$ !

   Superfamily Limacoidea 

!!!!!!̀ /3,'&! W,+.,*,4/$! Vitrina pellucida!D@:!`:!\t''$.7!MZZ]F g,.<4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

   Superfamily Gastrodontoidea 

!!!!!!̀ /3,'&! @9&-#,',4/$! Oxychilus alliarius!D\,''$.7!MKNNF [$$%4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

Infraorder Helicoidei [‘Helicoid Clade’] 
   Superfamily Helicoidea 
!!!!!!̀ /3,'&! O/3/$*,4/$ ! Satsuma japonica DX2$,22$.7!MK]ZF @0/</!O,+&7!_/%/*! X:!O/''(3(* !

!!!!!!̀ /3,'&! >&).(3,,4/$ ! Trochulus striolatus!DX2$,22$.7!MKNKF [$$%4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

!!!!!!̀ /3,'&! P./4&1/$*,4/$!
!!!!!!!!!!!!!!!!lO/3/$*,4/$ !

Bradybaena similaris!D`y.500/-7!MKNMF 8.,!;/*</ ! X:!g/.5*/./+*$ !

!!!!!!̀ /3,'&! >$'3,*+#()'&%+,4/$!
!!!!!!!!!!!!!!!!l‚/*+#(*&-#,4/$: !

Monadenia fidelis!Db./&7!MKL]F @.$)(*! [:!"/&'(. !

Infraorder Arionoidei  
   Superfamily Arionoidea 
!!!!!!̀ /3,'&! I.,(*,4/$ ! Arion hortensis!D`y.500/-7!MKMcF g,.<4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

!!!!!!̀ /3,'&! X#,'(3&-,4/$ ! Meghimatium bilineatum!DP$*0(*7!
MK]NF 

\/5.,+,50 ! @:!b.,22,+#0!

Taxa of uncertain Position  
   Superfamily Testacelloidea 
!!!!!!̀ /3,'&  "$0+/-$'',4/$! Testacella scutulum!D8(=$.1&7!MKNMF H(.+#!;(*4(*7!Eg ! G:!>5.0+!

   Superfamily Plectopyloidea 

!!!!!!Family Corillidae  Corilla adamsi!Db54$7!McM]F 8.,!;/*</ ! [:! G/#$$3!

Suborder Scolodontina  
   Superfamily Scolodontoidea 
!!!!!!̀ /3,'&! 8-('(4(*+,4/$!!!!!! !
!!!!!!l8&0+.(%#,,4/$ 

Guestieria sp. O.(00$7!MKZN S-5/4(. ! >,'/.&!g,*)0+(* !

 Systrophia sp. X2$,22$.7!MKJJ S-5/4(. ! >,'/.&!g,*)0+(* !

Order Systellomatophora  
   Superfamily Onchidioidea 
!!!!!!̀ /3,'&!@*-#,4,,4/$ ! Onchidella celtica!DO56,$.7!MKMZ)! X('n$/+#!P$/-#7!O(.*=/''7!S*)'/*47!

Eg !
\,<$!g$*+ !
!

   Superfamily Veronicelloidea 

!!!!!!̀ /3,'&! W$.(*,-$'',4/$ ! Laevicaulis alte!D`y.500/-7!MKNLF! [51/,7!E*,+$4!I./1!S3,./+$0 ! I:!b.$$* !



&&"
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 Semperula maculata D"$3%'$+(*7!
MKJKF!

;(0!P/„(07!-('7!X#,',%%,*$0! \:!O/./*4/*) !

Cohort Acteonimorpha  
   Superfamily Acteonoidea 
!!!!!!̀ /3,'&!I%'50+.,4/$ !
 

Hydatina sp:!
!D8-#53/-#$.7!MKMZF 

I31/+(1$7!%.v0!8(/3/*,+0$7!
\/4/)/0-/. !!

X.(6,4$4!1&!\H>H: !A\ C
NddcCMaLJN!

Subclass Caenogastropoda, Grade Architaenioglossa 
   Superfamily Ampullarioidea 
!!!!!!̀ /3,'&!I3%5''/.,,4/$ ! Pomacea!sp:! `.(3!;(*4(*!^(( ! E*<*(=*! !

   Superfamily Cyclophoroidea 

!!!!!!̀ /3,'&!O&-'(%#(.,4/$ ! Cyclophorus herklotsi D\/.+$*07!
MKaMF 

P(0Y5$!S0+/+/'!4$!b5/-/+/-/7!X$5.+(!
G,-( !

I*)50![/6,0(* !
!

)

C<C!!"#$%&#'()M'>)!$0+"64 )

C<C<E!BA:)'.6)RA:)ST0('%08". )

C<C<E<E!BA:)ST0('%08".)"/)5.'8#)=844&$4)?48.-)0+$)N=:9)*("0"%"#)

"#,0!%.(+(-('!,0!/4/%+$4!2.(3!>,'',0!et al:!DMccaF!/*4!,0!4$0-.,1$4!,*!b((4/-.$!i!h/4$!DNddM F:!b$*(3,-!

[HI!=/0!$9+./-+$4!2.(3 !+#$!=#('$!0*/,'!D2(.!03/''!0%$-,3$*0F!(.!2.(3!/!03/''!DMCN!33 OF!+,005$!0/3%'$!

+/<$*!2.(3!+#$!2((+!(2!+#$!0*/,':!\/+$.,/'!,*-'54$4!',6,*)!0*/,'07!2.$0#!2.(n$*!0*/,'!+,005$!/*4!$+#/*('C

%.$0$.6$4!0%$-,3$*0:!S+#/*('C%.$0$.6$4!3/+$.,/'!=/0!0(/<$4!,*!M!3'!"S!1522$.!DMd!3\!".,0C>O'7!M3\!

S["IF!2(.!/1(5+!(*$!#(5.!1$2(.$!$9+./-+,(*:! !

MC "#$!0/3%'$!=/0!%'/-$4!,*!%'/0+,-!+51$0!/*4!).(5*4!50,*)!0+$.,'$!)'/00!1$/40!/*4!/!%'/0+,-!%$0+'$:!

"#$*7!,33$.0$4!,*!Jdd!…'!(2!O"IP!0('5+,(*!TMdd!3\!".,0 C>O'!%>!K7!Nd!3\!S["I!%>!K7!M:]!

3 \!H/O'7!O"IP!Nj!D=f6FV: !

NC Md!…'!(2!X.(+$,*/0$!g!DMd!3)f3'F!/*4!M!…'!†C3$.-/%+($+#/*('!=$.$!+#$*!/44$4!+(!$/-#!0/3%'$!/*4!

+#$!+51$0!=$.$!+#$*!,*-51/+$4!/+!JJ!J!O!2(.!/+!'$/0+!+=(!#(5.0!5*+,'!+#$!+,005$!0',-$0!=$.$!-(3%'$+$'&!

4,)$0+$4:!!

LC Jdd!…'!(2!,-$C-('4!-#'( .(2(.3 C,0(/3&'!/'-(#('!DN]BMF!=$.$!/44$4!+(!.$3(6$!%.(+$,*0:!"#$!+51$0!

=$.$!)$*$./''&!,*6$.+$4!2(.!J!3,*5+$0!/*4!+#$!0/3%'$!=/0!+#$*!-$*+.,25)$4!2(.!Md!3,*5+$0!/+!ML7ddd!

.%3:!!"#$!/Y5$(50!%#/0$!D‡]dd!…'F!=/0!+./*02$..$4!+(!/!*$=!+51$:!!

] C 8+$%!]!=/0!.$%$/+$4!(*-$!/*4!=#$.$!*$-$00/.&!D$9-$00,6$!%.(+$,*0F!0+$%!]!.$%$/+$4!/!+#,.4!+,3$:!!

JC N:J!6('53$0!D‡M!3'F!(2!,-$C-('4!cJj!$+#/*('!/*4!]!…!(2!L!\ C0(4,53!/-$+/+$!DH/@I-F!=$.$!/44$4!

+(!+#$!3,9!2(''(=$4!1&!(6$.*,)#+!,*-51/+,(*!/+!CKd!JO!+(!%.$-,%,+/+$!+#$![HI:!
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aC "#$!+51$0!=$.$! -$*+.,25)$4!2(.!MJ!3,*5+$0! /+!ML7ddd! .%37! /*4!+#$*!+#$!05%$.*/+/*+!=/0! )$*+'&!

.$3(6$4:!

ZC "#$!.$3/,*,*)!%$''$+0!=$.$!=/0#$4!=,+#!Jdd!…'!(2!,-$C-('4!Zdj!$+#/*('!/*4!-$*+.,25)$4!2(.!2,6$!

3,*5+$0!/+!ML7ddd!.%3:!I2+$.=/.47!+#$!$+#/*('!=/0!)$*+'&!.$3(6$4:!!

KC "#$!%$''$+0!=$.$!+#$*!/,.!4.,$4!2(.!MJ!3,*!/+!]J!ˆO!/*4!=$.$!+#$*!.$050%$*4$4!,*!MJdCNdd!…'!"S!

1522$.!DMd!3\!".,0C>O'7!M!3\!S["I7!%>!K:JF: !

cC !S/-#!+51$!=/0!+#$*!1(,'$4!2(.!MJ!3,*!/+!cJ!̂ O!+(!4$*/+5.$!/*&!.$0,45/'!$*n&3$0!,*!(.4$.!+(!$9+$*4!

+#$!',2$!(2!+#$![HI!$9+./-+:!"#$![HI!$9+./-+0!=$.$!0+(.$4!/+!CNd!̂O!5*+,'!50$:!

C<C<E<C!RA:)ST0('%08".)

GHI! =/0! $9+./-+$4! 2.(3! Acroloxus lacustris! 50,*)! G$',/X.$%‰! GHI! ",005$! \,*,%.$%! 8&0+$3!

%.(6,4$4!1&!X.(3$)/:!"#$!%.(+(-('!2(''(=0!+#$!3/*52/-+5.$0!,*0+.5-+,(*0:!!

MC P$2(.$!0+/.+,*)!GHI!$9+./-+,(*7!+#$!2(''(=,*)!2(5.!.$/)$*+0!=$.$!%.$%/.$4B!!

/ C [H/0$!A7!NJd!%.$%!0,n$!DO/+:Š!^aMMNFB!NZJ!…'!(2!*5-'$/0$C2.$$!=/+$.!D%.(6,4$4F!/0!,*4,-/+$4!(*!

+#$!6,/'!'/1$'!=/0!/44$4!/*4!+#$*!)$*+'&!3,9$4:!

1C ;PI!‹!"b!1522$.7!NJd!%.$%!0,n$!DO/+:Š!^aMMNFB!L7ddd!…'!(2!MC+#,()'&-$.('!!=/0!/44$4!+(!MJd!3'!

(2!;PI!1522$.:!!

-C GHI!=/0#!0('5+,(*7!NJd!%.$%!0,n$!DO/+:Š!^aMMNFB!LJd!3'!(2!cJj!$+#/*('!=/0!/44$4!+(!/!1(++'$!

-(*+/,*,*)!Nd !a3'!(2!-(*-$*+. /+$4!GHI!=/0#!0('5+,(*!DGhIF:!

4C O('53*!=/0#!0('5+,(*7!NJd!%.$%!0,n$!DO/+:Š!^aMMNFB!La!3'!(2!cJj!$+#/*('!=/0!/44$4!+(!/!1(++'$!

-(*+/,*,*)!N] !3'!(2!-(*-$*+./+$4!-('53*!=/0#!0('5+,(*!DOhSF: !

NC Jdd!…'!(2!;PI!‹"b!1522$.!=/0!/44$4!+("0"+)1<&."Acroloxus lacustris"+4.:)2.1 :!"#$!+,005$!=/0!

+#$*!).(5*4!50,*)!/!0+$.,'$!%'/0+,-!%$0+'$7!2(''(=$4!1&!%,%$++,*)!ZwMd!+,3$0!+(!0#$/.!+#$!GHI!50,*)!

/!XNdd!(.!XMddd!%,%$++(.:!!

LC "(! -'$/.!#(3()$*/+$07!+#$!0/3%'$0!=$.$! -$*+.,25)$4!2(.!L!3,*5+$0! /+!M]7ddd!Œ!)! /*4!+#$*7!+#$!

#(3()$*/+$0!=$.$!+./*02$..$4!+(!/!-'$/*!+51$!/*4!MZd!…'!(2!,0(%.(%/*('!=/0!/44$4!+(!+#$!+51$:!!
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] C I!G$',/X.$%‰!\,*,-('53*!=/0!%'/-$4!,*!/!N!3'!-(''$-+,(*!+51$!/*4!+#$!0/3%'$!=/0!+./*02$..$4!+(!

+#$! \,*,-('53*! /*4!-$*+.,25)$4! /+!MN7dddCM]7ddd!Œ!)!2(.!M!3,*5+$! /+!NdCNJ!ˆO:! I2+$.!+#/+7!+#$!

',Y5,4!=/0!4,0-/.4$4!2.(3!+#$!-(''$-+,(*!+51$:!

JC !Jdd…'!(2!GHI!=/0#!0('5+,(*!=/0!/44$4!+(!+#$!G$',/X.$%‰!\,*,-('53*!+(!=/0#!+#$!-('53*!/*4!

-$*+.,25)$4!/+!MN7dddCM]7ddd!Œ!)!2(.!Ld!0$-(*40:!!

aC "#$![H/0$!A!,*-51/+,(*!3,9!=/0!%.$%/.$4!1&!-(31,*,*)!+#.$$!.$/)$*+0!D&$''(=!-(.$!1522$.!N]!…'7!

\*O'N7!d:dc!\!/*4! [H/0$!A!L!…'F!/*4!3,9,*)!+#$3!1&!)$*+'$!%,%$++,*):!"#$*7!Ld!…'!(2!+#,0!3,9!=/0!

/%%',$4!+(!+#$!3,*,-('53*!3$31./*$!/*4!,*-51/+$4!2(.!MJ!3,*5+$0!/+!NdCNJ!ˆO:!!

ZC Ndd!…'!(2!-('53*!=/0#!0('5+,(*!=/0!/44$4!+(!+#$!3,*,-('53*!/*4!-$*+.,25)$4!/+!MN7dddCM]7ddd!Œ!

)!2(.!MJ!0$-(*40:!I2+$.!+#/+7!Jdd!…'!(2!GHI!=/0#!0('5+,(*!=/0!/44$4!/*4!-$*+.,25)$4!/+!MN7dddC

M]7ddd!Œ!)!2(.!Ld!0$-(*40:!!

KC "#$!G$',/X.$%‰!3,*,-('53*!=/0!%'/-$4! ,*+(! /! *$=! -(''$-+,(*!+51$! /*4!Ldd!…'! (2!GHI!=/0#!

0('5+,(*!=/0!/44$4!/*4!-$*+.,25)$4!/+!#,)#!0%$$4!2(.!N!3,*5+$0:!!

cC A*! (.4$.! +(! $'5+$! +#$! GHI7! +#$! 3,*,-('53*! =/0! %'/-$4! ,*! /! *$=! -(''$-+,(*! +51$! /*4! MJ!…'! (2!

*5-'$/0$C2.$$!=/+$.!=/0!/44$4!+(!+#$!3$31./*$!/*4!-$*+.,25)$4!/+!MN7dddCM]7ddd!Œ!)!2(.!M!3,*5+$:!

"#$*7!+#$!-('53*!=/0!.$3(6$4!/*4!4,0-/.4$47!/*4!+#$!%5.,2,$4!GHI!=/0!0+(.$4!/+!CKd!ˆO:!

C<C<C!*NR):21#8/8%'08".)'.6)5$U&$.%8.-))

C<C<C<E!)M'(-$)5&>&.80)VM5?W)(RA:)3$.$ )V8.%"(1"('08.-)K<X4)'.6)Q=5YCW)

"#$!/3%',2,$4!'/.)$!0515*,+!D;8EF!.,1(0(3/'!D.F!GHI!)$*$!2./)3$*+!,*-'54$4!/'3(0+!+#$!=#('$!'$*)+#!

(2!+#$!;8E!.GHI!)$*$!/0!=$''!/0!,*-(.%(./+,*)!/1(5+!Kd!*5-'$(+,4$0!(2!+#$!J:K8!.GHI!)$*$!/*4!+#$!

,*+$.*/'!+./*0-.,1$4!0%/-$.!N!DA"8CNF!.$),(*!D0$$!`,)5.$!N:MF:!"#$!;8E!.GHI!)$*$!=/0!/3%',2,$4!,*!/!

*$0+$4! XOG! .$/-+,(*! 50,*)! %.,3$.0! ;8ECM,,! /*4! ;8E CMN! ,*! +#$! 2,.0+! .(5*47! =,+#! +#$! %.,3/.&! XOG!

%.(45-+0!+#$*!50$4!/0!+$3%'/+$!2(.!+#$!0$-(*4/.&!XOG!+(!/3%',2&!0,9!,*+$.*/'!2./)3$*+0!DI7!P7!O7![7!S7!

/*4!`F!D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!h#$.$!*$-$00/.&!/'+$.*/+,6$!%.,3$.0!=$.$!50$4:!;8E!M,,!

/*4!;8E!L,,!=$.$!+&%,-/''&!50$4!2(.!+#$!8+&'(33/+(%#(./!=#$.$/0!;8E!M,,,!/*4!;8E!L,,,!=$.$!50$4!

2(.!+#$!>&).(%#,'/!/*4!(+#$.!%/*%5'3(*/+$!).(5%0:!;,<$=,0$7!;8E!],,!/*4!;8E!Z!=$.$!+&%,-/''&!50$4!

2(.! 8+&'(33/+(%#(./! =#$.$/0! ;8E! ],,,! /*4! ;8E! Z,! =$.$! 50$4! 2(.! +#$! >&).(%#,'/! /*4! (+#$.!
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%/*%5'3(*/+$!).(5%0:!;8E!a,!/*4!;8E!c,!=$.$!+&%,-/''&!50$4!2(.!+#$!8+&'(33/+(%#(./!=#$.$/0!;8E!

a,,!/*4!;8E!c,,!=$.$!50$4!2(.!+#$!>&).(%#,'/!/*4!(+#$.!%/*%5'3(*/+$!).(5%0:!XOG!/3%',2,-/+,(*!2(.!

+#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!e,/)$*! "/Y! [HI!%('&3$./0$! /*4!e!1522$.!0&0+$3!DM‚!

1522$.7!M‚!eC0('5+,(*7!d:L!3\!4H"X7!M:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!%.,3$.!/*4!ME!"/Y!

,*! /!Jd !…;!2,*/'!6('53$F:!8$-(*4/.&!XOG!/3%',2,-/+,(*!=/0! ,4$*+,-/'!+(!+#$!%.,3/.&!XOG!=,+#!+#$!

$9-$%+,(*!+#/+!/!'(=$.!d:N!3\!-(*-$*+./+,(*!(2!4H"X0!=/0!50$4:!"#$!-&-',*)!-(*4,+,(*0!D=,+#!/!X$.<,*!

S'3$.!-&-'$.F!(2!+#$!%.,3/.&!XOG!=$.$!/0!2(''(=0B!ca!̂ O!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!̂ O!2(.!

Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*! /*4!+#$*! /!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! "#$!

0$-(*4/.&!XOG!-&-'$!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!

Ld!0$-7!]J!ˆO!2(.!M!3,*7!ZN!ˆO!2(.!N!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

)

)

O8-&($)C<E<!8-#$3/+,-!4,/)./3!(2!$5</.&(+,-!.,1(0(3/'!GHI!D.GHIF!)$*$!-'50+$.!0#(=,*)!+#$!%.,3$.0!

(2!+#$! ;8E! .GHI! )$*$!D,*-(.%(./+,*)!J:K8!/*4!A"8CNF!50$4! ,*!+#,0!0+54&:! "#$!2,.0+! ',*$!1$'(=!+#$!

4,/)./3! -(..$0%(*40! +(! +#$! '$*)+#! (2! +#$! (.,),*/'! ;8E! MCJ! 2./)3$*+! (2! h/ 4$!et al:! DNddaF:! "#$!

.$3/,*,*)!',*$0!-(..$0%(*4!+(!+#$!'$*)+#!(2!+#$!2./)3$*+0!/3%',2,$4!=,+#!$/-#!%.,3$.!%/,.:!

0 725 1450 2175 2900 3625 4350 5075 5800 6525 7250 8700 7975 

SSU rRNA ITS-1 ITS-2 LSU rRNA 

A 

5.8S 

ITS-2 LSU rRNA 5.8S 

Primary PCR 

Fragment A 

Fragment B 

Fragment C 

Fragment D 

Fragment E 
Fragment F 

Original Wade  
et al. (2006) 
 fragment 

LSU 1 LSU 2 LSU 4 LSU 6 LSU 8 LSU 10

LSU 12LSU 11LSU 9LSU 7LSU 5LSU 3
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C<C<C<C!52'##)5&>&.80)V55?W)(RA:)3$.$)

"#$!03/''!0515*,+!D88EF!.GHI!)$*$!=/0!/3%',2,$4!,*!/!*$0+$4!XOG!.$/-+,(*!=,+#!%.,3$.0!MKS!/*4!MKX!

50$4!2(.!+#$!2,.0+!.(5*4!/*4!=,+#!+#$!%.,3/.&!XOG!%.(45-+0!+#$*!50$4!/0!+$3%'/+$!+(!/3%',2&!/!0,*)'$!

2./)3$*+!=,+#!%.,3$.0!M`!/*4!cG!D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!I!0$.,$0!(2!0,9!,*+$.*/'!%.,3$.0!

=$.$!50$4!+(!0$Y5$*-$!+#,0!2./)3$*+!D0$$!̀ ,)5.$!N:N!/*4!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!8(3$!0/3%'$0!

%.(6$4!4,22,-5'+!+(!/3%',2&!/0!/!0,*)'$!2./)3$*+!/*4!,*!+#$0$!-/0$0!,*+$.*/'!%.,3$.!0$+0!=$.$!50$4!+(!

/3 %',2&!+#$!88E!)$*$:!I3%',2,-/+,(*!=/0!%$.2(.3$4!50,*)!PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!

1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!

6('53$F:!"#$!XOG!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca!̂ O!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!̂ O!

2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!cd!0$-!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!(2!/+!ZN!ˆO!2(.!J!3,*! 2(.!

1(+#!%.,3/.&!/*4!0$-(*4/.&!XOG:!

)

O8-&($)C<C<!8-#$3/+,-!4,/)./3!(2!$5</.&(+,-!.,1(0(3/'!GHI!D.GHIF!)$*$!-'50+$.!0#(=,*)!+#$!%.,3$.0!

(2!+#$!88E!.GHI!)$*$!50$4!,*!+#,0!0+54&:!;,*$!1$'(=!+#$!4,/)./3!-(..$0%(*40!+(!+#$! '$*)+#!(2!+#$!

2./)3$*+!/3%',2,$4!,*!+#,0!0+54&:!

C<C<C<I!7840".$)I)3$.$ )

I!LLM!1%!2./)3$*+!(2!+#$!#,0+(*$!L!D>LF!)$*$!=/0!/3%',2,$4!/0!/!0,*)'$!2./)3$*+! 50,*)!%.,3$.0!>L/`!

/*4!>L/G!/0!4$2/5'+!%.,3$.07!+#(5)#!4,22$.$*+!-(31,*/+,(*0!(2!%.,3$.0!=$.$!50$4!=,+#!0(3$!0/3%'$0!

=#$.$!+#$&!4,4!*(+!/3%',2&!=,+#!+#$!4$2/5'+!%.,3$0!D0$$!"/1'$!N:N!2(.!-(3%'$+$!',0+!(2!%.,3$.0F:!"#$!

XOG!/3%',2,-/+,(*!(2!+#$!>L!)$*$!=/0!%$.2(.3$4!50,*)!PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!
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1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!

6('53$F:!"#$!+#$.3/'!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca !̂ O!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!

ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! )

C<C<C<J!N,0"%+("2$)N)ZT86'4$)5&>&.80)Q)3$.$))

F/.":3,$:/*$2."$E)'0+." H"B8KHD"<.1."#0+"0&+$"024&)().'"0+"0"+)1<&."(*0<2.1,"%+)1<"4*)2.*+"

P8K"HQRJ"01'"?8K"GHRS"($*",/."20M$*),3"$("+024&.+7">"(.#"+024&.+"')'"1$,"024&)(3"#),/"

,/.+."4*)2.*+",/%+"')((.*.1,":$2=)10,)$1+"$("4*)2.*"#.*."%+.'"B+.."F0=&."G7G"($*"0":$24&.,."

&)+,"$("4*)2.*+D:!"#$!XOG! /3%',2,-/+,(*! (2!+#$!O@M!)$*$!=/0!%$.2(.3$4!50,*)!PA@"Ie FL ! [HI!

%('&3$./0$!DM‚!.$/-+,(*!1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!%.,3$.!/*4!

ME!"/Y!,*!/!NJ!…;!2,*/'!6('53$F:!"#$!+#$.3/'!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca !ˆO!2(.!N!3,*7!

2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!

0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

='>#$)C<C<!X.,3$.0!50$4!2(.!XOG!/3%',2,-/+,(*!

*(82$(4 ) )))R$/$($.%$) O('-2$.0)
58[$)V>1W)

M'(-$)5&>&.80)(RA:)VM5?W)Q.%"(1"('08.-)K<X5)'.6)Q=5C)
)
X.,3/.&!
XOG!

;8E CM,,!D0$*0$FB!JRCO"IbO"bObIbII""II"b"bI CLR!
T;/1$''$4!/0!X.,3$.!;8E CM!,*!h/4$!$+!/':!DNddaFV!
;8E CMN!D/*+,C0$*0$FB!JRC""O"bIO""IbIbbOb""OIb CLR!

h/4$! i! \(.4/*! DNdddFU!
h/4$! et al:!DNddM7!NddaF!
`(*+/*,''/! et al:!DNdMZF!

]ddd!

I ! ;8E CM,,!D0$*0$FB!JRCO"IbO"bObIbII""II"b"bI CLR!
T;/1$''$4!/0!X.,3$.!;8E CM!,*!h/4$!$+!/':!DNddaFV!
;8E CL,,!D/*+,C0$*0$FB!JRCIO"""OOO"OIObb"IO""b CLR!
T;/1$''$4!/0!X.,3$.!;8E CL!,*!h/4$!$+!/':!DNddaFV!

I'+$.*/+,6$!%.,3$.0!

;8E CM,,,!D0$*0$FBJRC"bObIbII""II"b"bII""bO CLR!

;8E CL,,,!D/*+,C0$*0$FB!JRCIObb"IO""b"OObO"I"Ob CLR!

h/4$! i! \(.4/*! DNdddFU!
h/4$! et al. DNddM7!NddaF!
h/4$! i! \(.4/*! DNdddFU!
h/4$! et al. DNddM7!NddaF!
!
!
`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!
!

‡cddC
MNdd!
!

P! ;8E CN,,!D0$*0$FB!JRCbbb""b"""bbbII"bOIbO CLR!
T;/1$''$4!/0!X.,3$.!;8E CN!,*!h/4$!$+!/':!DNddaFV!
;8E CJ,,!D/*+,C0$*0$FB!JRCb""IbIO"OO""bb"OOb"b CLR!
T;/1$''$4!/0!X.,3$.!;8E CJ!,*!h/4$!$+!/':!DNddaFV!

h/4$! i! \(.4/*! DNdddFU!
h/4$! et al. DNddM7!NddaF!
h/4$! i! \(.4/*! DNdddFU!
h/4$! et al. DNddM7!NddaF!

‡JKd!

O! ;8E C],,!D0$*0$FB!JRCb"ObbOI""OOIOOObIOO CLR!
;8E CZ!D/*+,C0$*0$FB!JRC!bOIbb"bIb""b""IOIOIO"O CLR!
I'+$.*/+,6$!%.,3$.0!!
;8E C],,,!D0$*0$FB!JRCObb"bbObIb"O"b"ObbO CLR!
;8E CZ,!D/*+,C0$*0$FB!JRCb""b""IOIOIO"OO""IbObb CLR!

`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!
!
[$0,)*$4!,*!+#,0!0+54&!
`(*+/*,''/! et al:!DNdMZF!

‡Zdd!

[ ! ;8E Ca,!D0$*0$FB!J}Cb"bOOIIIObO"bIObO"OI CL}!
;8E Cc,!D/*+,C0$*0$FB!J}CIOOOIb"OO"OIbIbOOII"O CL}!
I'+$.*/+,6$!%.,3$.0!!
;8E Ca,,!D0$*0$FB!JRCb"bOOIIIObO"bIObO"OI CLR!

`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!

!
`(*+/*,''/! et al:!DNdMZF!

‡KJd!
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;8E Cc,,!D/*+,C0$*0$FB!JRCIOOOIb"OO"OIbIbOOII"O CLR! `(*+/*,''/! et al:!DNdMZF!

S! ;8E CK,,!D0$*0$FB!JRCb"bOIOIbOO"O"Ib"ObI"I CLR!
;8E CMM,,!D/*+,C0$*0$FB!JRC"OO"OO"bIbO"ObOO""Ib CLR!

`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!

‡KJd!

` ! ;8E CMd,!D0$*0$FB!JRCbbOObObI"OOb"O"bIIbI CLR!
;8E CMN,!D/*+,C0$*0$FB!JRCbbO""O"bIO""IbIbbOb"" CLR!

`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!
!

‡Jdd!
!

52'##)5&>&.80)(RA:)V55?W))
)
! MKS!D0$*0$FB!JRCO"bb""bI"OO"bOOIb" CLR!

M`!D0$*0$FB!J•C"IO!O"b!b""!bI"!OO"!bOO!Ib"! Ib CL•!
MK;D/*+,C0$*0$F!JRCbII""IOObObbO"bO"bbOIOO CLR!
MK@!D0$*0$F!JRCbbII"GI"bbII"IbbIOO CLR!
MKG!/*+,C0$*0$F!JRCb"OOOO""OOb"OII""sO"""IIb CLR!
MK`L!D0$*0$F!JRCObIIbIObI"OIbI"IOOb CLR!
cG!D/*+,C0$*0$F!J•CbI"OO""OObOIbb""OIOO"IO CL!
MKX!D/*+,C0$*0$FB!JRC"II! "bI"OO""OObOIbb""OIOO!" CLR!

>,'',0!i![,9(*!DMccMF!!
b,.,1$+!et al:!DMccaF!
>/'/*&-#! et al:!DMccKF!!
>/'/*&-#! et al:!DMccKF!
X/00/3/*$-<! et al:!DNdd]F!!
X/00/3/*$-<! et al:!DNdd]F!
b,.,1$+!et al:!DMccaF!!
>/'/*&-#! et al:!DMccKF!

‡MKdM!

7840".$)V7IW)

! >L/`!D0$*0$FB!JRCI"bbO"Ob"IOOIIbOIbIOWbO CLR!
>L/G!D/*+,C0$*0$FB!JRCI"I"OO""GbbOI"GI"GIb"bIO CLR!

O(')/*! et al.!DMccKF!
O(')/*! et al.!DMccKF!

LNK!

! I'+$.*/+,6$!>L!%.,3$.0B!
>L`3!D0$*0$FB!JRCI"bbO"Ob"IOOIIbOIbIO CLR!
>L`3M!D0$*0$FB!JRCI"bbO"IbIIObIIbOIbIO CLR!
>LG3!D/*+,C0$*0$FB!JRC"OO""bbbOI"bI"bb"bIO CLR!
>LG3M!D/*+,C0$*0$FB!JRCOOIIO"bII"I"O"""bbbOI" CLR!
!

!
`(*+/*,''/! et al:!DNdMZF!!
`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!

LLMCL]d!
!

N,0"%+("2$)ZT86'4$)5&>&.80)Q)VNZEW!

! ;O@!M]cd!D0$*0$FB!JRCbb"OIIOIII"OI"IIIbI"I""bb wLR!!
>O@!NMcK!D/*+,C0$*0$FB!JRC"IIIO""OIbbb"bIOOIIIIII"OI wLR!

`('3$.! et al.!DMcc]F!
`('3$.! et al.!DMcc]F!
!

aJJ!
!

! I'+$.*/+,6$!O@M!X.,3$.0B!
8"s•;O@,!D0$*0$FB!JRC"OIIObII"OI"IIbbI"I""bb CLR!
8"s•;O@,,!D0$*0$FB!JRwIObII"OI"IIbbI"I""bb"IO wLR!
8"s•;O@,,,!D0$*0$FB!JRC"""bb"I"""bI"b"bbb""Ib" CLR!
8"s•>O@!D/*+,C0$*0$FB!JRCbII""IIII"I"I"IO""O"bbb"b CLR!

!
`(*+/*,''/! et al:!DNdMZF!!
`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!
`(*+/*,''/! et al:!DNdMZF!

!
aNKCaaZ!

)

C<C<I!:-'("4$)3$#)S#$%0("1+"($484))

"(!6,05/',0$!+#$!XOG!%.(45-+07!+#$!XOG!%.(45-+0!=$.$!.5*!(*!/*!/)/.(0$!)$':!`(.!+#$!;8E!.GHI!)$*$7!

+#$!=#('$!6('53$!(2!Jd!…'!=/0!'(/4$4!,*!+#$!)$'!,*!(.4$.!+(!0$%/./+$!/*4!!$9+./-+!+#$!!.,)#+!1/*4!(2!+#$!

XOG!%.(45-+0!(2!+#,0!)$*$!=#,'$!2(.!+#$!88E!.GHI!)$*$7!>L!)$*$!/*4!O@M!)$*$7!(*'&!J!…'!(2!NJ!…'!

=/0! '(/4$4!,*!+#$!)$'!/*4!+#$!.$3/,*,*)!XOG!%.(45-+0!=$.$!<$%+!2(.!XOG!%5.,2,-/+,(*:!"#$!)$*$./'!

%.(+(-('!2(.!/)/.(0$!)$'!$'$-+.(%#(.$0,0!=/0!/0!2(''(=0B!!

MC M:J!)!/)/.(0$!=/0!4,00('6$4!,*!Mdd!3'!"PS!1522$.!DJ]!)!".,07!NZ:J!)!1(.,-!/-,4!/*4!Nd!3'!d:J!S["I!

4,00('6$4!,*!Mddd!3' !4,0+,''$4!=/+$.!+(!3/<$!J‚!"PS!1522$.!/*4!+#$*!4,'5+$4!+(!M‚!1$2(.$!50$F:!

"#$!/)/.(0$!=/0!+#$*!#$/+$4!,*!/!3,-.(=/6$!(6$*:!I2+$.=/.47!,+!=/0!'$2+!+(!-((':!
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NC L!…'!(2!$+#,4,53!1.(3,4$!DMd!3)f3'F!=/0!/44$4!+(!+#$!)$'! /*4!3,9$4!)$*+'&:!"#$!)$'!=/0!+#$*!

%(5.$4!,*+(!/!+./&!=,+#!-(310!0$+!5%!+(!3/<$!+#$!=$''0:!!

LC @*-$!+#$!)$'!#/4!0$+7!+#$!-(310!=$.$!.$3(6$4!/*4!+#$!XOG!%.(45-+0!=$.$!'(/4$4!(*!+#$!=$''07!/*4!

+#$!)$'!0513$.)$4!,*!/!+/*<!-(*+/,*,*)!M‚!"PS: !

] C I!- 5..$*+!(2!KdCMdd!W!=/0!/%%',$4!+#.(5)#!+#$!)$'!2(.!N!#(5.0!50,*)!/!%(.+/1'$!%(=$.!05%%'&:!

JC h#$*!+#$!XOG!%.(45-+0!#/4!.5*!+#$,.!-(5.0$!+#.(5)#!+#$!)$'7!+#$!)$'!=/0!.$3(6$4!2.(3!+#$!+/*<!

/*4!%'/-$4!(*!/!EW!+./*0,''53,*/+(.!+(!6,05/',n$!+#$!1/*40:!!

C<C<J!3$#)ST0('%08".))

I0! 3(0+! (2! +#$! XOG! /3%',2,-/+,(*0! (2! +#$! ;8E! .GHI! )$*$! %.(45-$4! 3(.$! +#/*! (*$! 1/*47! ,+! =/0!

*$-$00/.&!+(!0$'$-+!+#$!.,)#+!1/*4!/3(*)!+#$0$!1/*40!1&!)$'!$'$-+.(%#(.$0,0!%.,(.!+(!%5.,2,-/+,(*:!

eAIe5,-<! )$'! $9+./-+,(*! <,+! =/0! 50$4! 2(.! )$'! $9+./-+,(*:! "#$! %.(+(-('! 2(''(=0! +#$! 3/*52/-+5.$.0R!

,*0+.5-+,(*0!2(.!+#$!eAIe5,-<!)$'!$9+./-+,(*!<,+!%.(+(-(':)

MC XOG!%.(45-+0!=$.$!$9-,0$4!2.(3!+#$!/)/.(0$!)$'!=,+#!/!-'$/*7!0#/.%!0-/'%$'!/*4!%'/-$4!,*!/!-'$/*!

M:J!3'!3,-.(25)$!+51$:!!

NC "#$!)$'!0',-$!=/0!=$,)#$4!/*4!+#.$$!6('53$0!(2!+#$!1522$.!eb!=$.$!/44$4!+(!$/-#!6('53$!(2!+#$!

$9-,0$4!)$':!!

LC "#$!)$'!0',-$0!=$.$!,*-51/+$4!/+!Jd!JO!2(.!Md!3,*!D(.!5*+,'!+#$!)$'!0',-$0!-(3%'$+$'&!4,00('6$4F:!"(!

#$'%!4,00('6$!+#$!)$'7!+51$0!=$.$!,*6$.+$4!$6$.&!NCL!3,*!45.,*)!+#$!,*-51/+,(*:! !

] C @*-$!)$'!0',-$0!=$.$!-(3%'$+$'&!4,00('6$47!(*$!)$'!6('53$!(2!,0(%.(%/*('!=/0!/44$4!/*4!3,9$4:!!

JC I!0%,*!-('53*!=,+#!/!3$31./*$!2,'+$.!=/0!%'/-$4!,*!/!N!3'!-(''$-+,(*!+51$:!"#$*7!+#$!0/3%'$!=/0!

/%%',$4!+(!+#$!0%,*!-('53*!/*4!-$*+.,25)$4!/+!ML7ddd!.%3!2(.!M!3,*!+(!1,*4!+#$!XOG!%.(45-+0:!"#$!

2'(= C+#.(5)#!=/0!4,0-/.4$4! /*4!+#$! -('53*!=/0!%'/-$4!1/-<! ,*! +#$!0/3$! -(''$-+,(*! +51$:! "#$!

3/9,353!6('53$!(2!+#$!-('53*!.$0$.6(,.!,0!Kdd!…':!"#$.$2(.$7!+#$!0/3%'$0!=,+#!6('53$!3(.$!+#/*!

Kdd!…'!=$.$!'(/4$4!/)/,*!,*!+#$!0/3$!0%,*!-('53*!5*+,'!/''!+#$!0/3%'$!=/0!50$4!5%:!

aC "(!=/0#!+#$!0/3%'$07!ZJd!…'!(2!+#$!=/0#,*)!1522$.!DP522$.!XSF!=/0!/44$4!/*4!-$*+.,25)$4!/+!ML7ddd!

.%3!2(.!M!3,*:!"#$!2'(=C+#.(5)#!=/0!4,0-/.4$4!/*4!+#$!0/3%'$0!=$.$!-$*+.,25)$4!2(.!/*!/44,+,(*/'!

M!3,*!/+!ML7ddd!.%3!+(!.$3(6$!+#$!.$0,45/'!$+#/*('!2.(3!P522$.!XS!-(3%'$+$'&:!
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ZC "#$!0%,*!-('53*!=/0!%'/-$4!,*+(!/!-'$/*!N!3'!-(''$-+,(*!+51$:!Ld!…'!(2!S'5+,(*!P522$.!SP!=/0!/44$4!

+(!+#$!-$*+.$!(2!+#$!3$31./*$!2,'+$.7!/*4!+#$!-(''$-+,(*!+51$!=/0!-$*+.,25)$4!/+!ML7ddd!.%3!2(.!M!

3,*!+(!$'5+$!+#$!XOG!%.(45-+0:!!

KC "#$!0%,*!-('53*!=/0!4,0-/.4$47!/*4!+#$![HI!=/0!0+(.$4!/+!CNd!JO!5*+,'!25.+#$.!50$:!!

C<C<K!*&(8/8%'08".)"/)*NR)*("6&%04)

"#$! .$3/,*,*)! XOG! %.(45-+0! DNd! …'F! (2! +#$! 88E! .GHI! )$*$7! >L! )$*$! /*4! O@M! )$*$! /2+$.! +#$!

6,05/',n/+,(*!,*!)$'!$'$-+.(%#(.$0,0!=$.$!%5.,2,$4!50,*)!eAIY5,-<!XOG!%5.,2,-/+,(*!<,+:!"#$!%.(+(-('!

2(''(=0!+#$!3/*52/-+5.$.0R!,*0+.5-+,(*0!2(.!+#$!eAIY5,-<!XOG!%5.,2,-/+,(*!<,+!%.(+(-(':!

MC J!6('53$0!(2!+#$!XP!1522$.!=$.$!/44$4!+(!M!6('53$!(2!+#$!XOG!%.(45-+0:!!

NC I!eAIY5,-<!0%,*!-('53*!=,+#!/!3$31./*$!2,'+$.!=/0!%'/-$4!,*!/!N!3'!-(''$-+,(*!+51$:!"#$*7!+#$!

0/3%'$!=/0!/%%',$4!+(!+#$!0%,*!-('53*!/*4!-$*+.,25)$4!/+!ML7ddd!.%3!2(.!LdCad!0$-(*40:!

LC "#$!2'(= C+#.(5)#!=/0!4,0-/.4$4!/*4!+#$!0%,*!-('53*!=/0!%'/-$4!1/-<!,*!+#$!0/3$!-(''$-+,(*!+51$:!

] C d:ZJ!3'!(2!XS!1522$.!=/0!/44$4!+(!=/0#!+#$!0%,*!-('53*!/*4!+#$!0%,*!-('53*!=/0!-$*+.,25)$4!2(.!

Ldwad!0$-(*40:!"#$*7!+#$!2'(=C+#.(5)#!=/0!4,0-/.4$4!/*4!+#$!0%,*!-('53*!=/0!%'/-$4!1/-<!,*!+#$!

0/3$!+51$!/*4!-$*+.,25)$4!2(.!/*!/44,+,(*/'!M!3,*5+$!+(!.$3(6$!+#$!.$0,45/'!$+#/*('!-(3%'$+$'&:!

JC "#$!0%,*!-('53*!=/0!%'/-$4!,*!/!-'$/*!-(''$-+,(*!+51$!/*4!Ld!…'!(2!1522$.!SP!=/0!/44$4!+(!+#$!

-$*+.$!(2!+#$!eAIY5,-<!3$31./*$!+(!$'5+$!+#$![HI!/*4!+#$!0%,*!-('53*!=/0!-$*+.,25)$4!2(.!M!3,*:!

C<C<L!BA:)\&'.08/8%'08".)'.6)5$U&$.%8.- )

XOG! %.(45-+0! =$.$! Y5/*+,2,$4! 50,*)! /! H/*([.(%Ž !H[ CMddd! 0%$-+.(%#(+(3$+$.! 1$2(.$! 0$*4,*)! +(!

\/-.()$*!A*-!2(.!0$Y5$*-,*) :!P(+#!0$*0$!/*4!/*+,0$*0$!0+./*40!=$.$!0$Y5$*-$4!4,.$-+'&!(*!/*!I%%',$4!

P,(0&0+$30!LZLd![HI!0$Y5$*-$.!50,*)!P,)![&$!+$.3,*/+(.!-&-'$!0$Y5$*-,*)!-#$3,0+.,$0!/+!\/-.()$*!

A*-:!

C<C<]!=('.4%(810"2$)5$U&$.%8.-)

I!*(6$'!+./*0-.,%+(3$!2(.! Acroloxus lacustris!=/0!)$*$./+$4!,*!+#,0!0+54&:!GHI!Y5/*+,+&!/*4!Y5/',+&!

=$.$!-#$-<$4!50,*)!+#$!e51,+!̀ '5(.(3$+$.!/*4!+#$!e51,+!GHI!PG!I00/&!g,+!D"#$.3(!̀ ,0#$.!8-,$*+,2,-U!
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eMdNMMF:!!"#$!,*+$).,+&!(2!GHI!=/0!3$/05.$4!50,*)!+#$!I),'$*+!P,(/*/'&n$.!NMdd!/*4!+#$!I),'$*+!

GHI!addd!H/*(!g,+!DI),'$*+U!JdaZCMJMMF:!"#$!HSPH$9+!X('&!DIF!3GHI!\/)*$+,-!A0('/+,(*!\(45'$!

DSZ]cdF!=/0!50$4!+(!%5.,2&!3GHI!2.(3!d:J!µ)!(2!+(+/'!GHI:!"#$*7!,*4$9$4!0$Y5$*-,*)!',1./.,$0!=$.$!

%.$%/.$4!50,*)!+#$!HSPH$9+!E'+./![,.$-+,(*/'!GHI!;,1./.&!X.$%/./+,(*!g,+!2(.!A''53,*/!DHSPU!SZ]NdF!

/*4!HSPH$9+!\5'+,%'$9!@',)(0!2(.!A''53,*/7!A*4$9!X.,3$.!8$+!M!DHSPH$9+U!SZLLJF:!;,1./.,$0!=$.$!

Y5/*+,2,$4! 50,*)! +#$! e51,+! `'5(.(3$+$.! /*4! +#$! e51,+! 40[HI! >8! g,+! D"#$.3(`,0#$.! 8-,$*+,2,-U!

eLNKJ]F:!;,1./.&!2./)3$*+!'$*)+#!4,0+.,15+,(*0!=$.$!/*/'&0$4!50,*)!+#$!I),'$*+!P,(/*/'&n$.!NMdd!/*4!
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4$2/5'+!0$++,*)0:!@.+#('()&!%.$4,-+,(*!1&!X(.+#(\O;!,0!0,3,'/.!+(!+#/+!(2!+#$!3(.$!2/3,',/.!@.+#(\O;!
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/*4!=/0!-( *45-+$4!50,*)!+#$!2(''(=,*)!0+$%0:!
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1$!'(/4$4!,*+(!+#$!(.+#(3-'!4/+/1/0$!50,*)!Q%(.+#(3-'P'/0+X/.0$.R:!
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`,*/''&7!+.,33$4!/',)*3$*+0!=$.$!2,'+$.$4!1&!'$*)+#!$9-'54,*)!/*&!0$Y5$*-$!0#(.+$.!+#/*!NJ!/3,*(!/-,40!
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and a self-hit file for paralogy-finding. Third, the algorithm finds reciprocal best hits
between every two genomes and calculates the normalized score in parallel using For-
mula 2. This is the most computationally intensive step in the algorithm, so we used
a sparse file for storage in addition to parallel processing, similar to the strategy used
in orthAgogue [9]. Specifically, for each parallel process, PorthoMCL loads at most
two best-hit files at the same time to reduce the memory footprint, and every best-hit
file is only loaded once to lower the I/O costs. Finally, PorthoMCL finds within-
genomes reciprocal best hits and normalizes the score with the average score of all
the paralog pairs that have an orthologs in other genomes.
These step are embarrassingly parallel computing problems and do not require

shared memory, process coordination or data exchange platform [10] as used in orthA-
gogue. Hence, these steps are readily designed to be executed in parallel on a variety of
high performance computing (HPC) environments. However, these steps are not totally
independent as each step needs the output of the preceding step. The output of these
steps are eventually collated to construct a sequence similarity graph that is then cut by
the MCL program to predict orthologous and paralogous gene groups.

High performance computing support

PorthoMCL is designed to predict orthologs in a very large number of sequenced genomes
in a HPC environments, such as computing clusters or cloud computing platforms without
the need of a database server or Message Passing Interface, which is an advantage over
OrthoMCL and orthAgogue. We have included a TORQUE script in the repository to facili-
tate its use in such environments. However, PorthoMCL also runs on a desktop or a server
with minimal requirement using the provided wrapper script.

Fig. 1 Flowchart of PorthoMCL. Original OrthoMCL steps are shown in white, and PorthoMCL steps are in grey
shades. Black boxes are the external applications that PorthoMCL requires
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3('$-5'/.!$6('5+,(*: !I50+:!_:!^((': !]a7!]McC]LZ:"!

O(.*,0#CP(=4$*7!I:7!McKJ:!H(3$*-'/+5.$!2(.!,*-(3%'$+$'&!0%$-,2,$4!1/0$0!,*!*5-'$,-!/-,4!0$Y5$*-$0B!

.$-(33$*4/+,(*0!McK]: !H5-'$,-!I-,40!G$0:!ML7!LdNM:"!
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8$Y!4/+/!=,+#(5+!/!.$2$.$*-$!)$*(3$:!H/+:!P,(+$-#*(':!Nc7!a]]:"!

b./5.7![:7!;,7 !h C>:!Nddd:!̀ 5*4/3$*+/'0!(2!\('$-5'/.!S6('5+,(*7!N!$4:! 8,*/5$.!I00(-,/+$07!A*-:7!E:8:I:7!

]KM!%%:!!

b57!‚:7!`57!s:‚:7!;,7!h:>:7!MccJ:!\/9,353!',<$', #((4!$0+,3/+,(*!(2!+#$!#$+$.()$*$,+&!(2!0510+,+5+,(*!

./+$!/3(*)!*5-'$(+,4$!0,+$0:!\(':!P,(':!S6(':!MN7!J]aCJJZ:""
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b5,*4(*7! 8:7! [52/&/.47! _:`:7! ;$2(.+7! W:7! I*,0,3(6/7! \:7! >(.4,?<7! h:7! b/0-5$'7! @:7! NdMd:! H$=!

/')(.,+#30! /*4! 3$+#(40! +(! $0+,3/+$! 3/9,353C',<$',#((4! %#&'()$*,$0B! /00$00,*)! +#$!

%$.2(.3/*-$!(2!X#&\;!L:d: !8&0+:!P,('7!Jc7!LdZCLNM:"!

>/'/*&-#7!g:\:7!;5+n7!G:I:7!W.,?$*#($<7!G:O:7!MccK:!S6('5+,(*/.&!(.,),*0!/*4!/)$!(2!6$0+,3$*+,2$./*!

+51$!=(.30:!O/#:!P,(':!\/.:!Lc7!LJJ CLJK:""

>$4)$07!8:P:7!MccN:!"#$!*531$.!(2!.$%',-/+,(*0!*$$4$4!2(.!/--5./+$!$0+,3/+,(*!(2!+#$!1((+0+./%!X!6/'5$!

,*!%#&'()$*$+,-!0+54,$0:!\@;!PA@;!SW@;:!c7!LaaCLac:!

>,'',07! [:\:7! >5$'0$*1$-<7! _:X:7! MccN:! 8,)*/'7! *(,0$7! /*4! .$',/1,',+&! ,*! 3('$-5'/.! %#&'()$*$+,-!

/*/'&0$0:!_:!>$.$4:!KL7!MKcCMcJ:""

>,' ',07![:\:7![,9(*7!\:":7!MccM:!G,1(0(3/'![HIB!3('$-5'/.!$6('5+,(*!/*4!%#&'()$*$+,-!,*2$.$*-$:! e:!

G$6:!P,(':!aa7!]MMC]JL: ""

>,'',07! [:!P5''!_:7!MccL:! I*!$3%,.,-/'!+$0+!(2!1((+0+./%%,*)! /0! /!3$+#(4!2(.! /00$00,*)! -(*2,4$*-$! ,*!

%#&'()$*$+,-:!8&0+:!P,(':!]N7MKNCMcN:!

>,'',07![:\:7!\/1'$7!P:g:7!;/.0(*7!I:7![/6,07!8:g:7!^,33$.7!S:I:!Mcca:!H5-'$,-!I-,40!AWB!8$Y5$*-,*)!

/*4!O'(*,*):!A*B!>,'',07![:\:7!\(.,+n7!O:7!\/1'$7!P:g:!D$4:F7!\('$-5'/.!8&0+$3/+,-07!N*4!$4:!

8,*/5$.!I00(-,/+$07!A*-:7!E8I7!%%:!LNMCLKM:!

>('4$.7!\:7! ;$=,07!X:@:7!NddL:!X#&'()$*&!$0+,3/+,(*B!+./4,+,(*/'!/*4!P/&$0,/*!/%%.(/-#$0:!H/+:!G$6:!

b$*$+:!]7!NZJCNK]:!

>5/*)7!‚:7!\/4/*7!I:7!Mccc:!OIXLB!I![HI!0$Y5$*-$!/00$31'&!%.()./3: !b$*(3$!G$0:!c7!KaKCKZZ:"!

_,/*)7!>:7!;$,7!G:7![,*)7!8:h:7!^#57!8:7!NdM]:!8<$=$.B!/!2/0+!/*4!/--5./+$!/4/%+$.!+.,33$.!2(.!*$9+C

)$*$./+,(*!0$Y5$*-,*)!%/,.$4C$*4!.$/40:!P\O!1,(,*2(.3/+,-07 !MJ7!MKN:"!

g$.<6',$+7!_:7!4$!P($.7!":7!8-#,'+#5,n$*7!\:7!g.//,?$6$'47!g:7!NdMZ:!O/*4,4/+$!)$*$0!2(.!0#$''! -('(5.!

%('&3(.%#,03!,*!O$%/$/!*$3(./',0:!X$$._:!J7!$LZMJ:"!

g(-(+7!g:\:7!O/**(*7!_:":7!"(4+7!O:7!O,+/.$''/7!\:G:7!g(#*7!I:P:7!\$&$.7!I:7!8/*+(07!8:G:7!8-#/*4$.7!

O:7! \(.(n7! ;:;:7! ;,$17! P:7! >/'/*&-#7! g:\:7! NdMM:! X#&'()$*(3,-0! .$6$/'0! 4$$%! 3(''50-/*!

.$'/+,(*0#,%0:!H/+5.$!]ZZ7!]JN:"!

;/*/6$7!O:7!X.$%/./+/7!b:7!8/-(*$7!O:7!8$.,(7!b:7!McK]:! I! *$=!3$+#(4!2(.! -/'-5'/+,*)!$6('5+,(*/.&!

0510+,+5+,(*!./+$0:!\(':!X#&'()$*$+:!S6(':!Nd7!KaCcL:"!

;/.)$+7!P:7!8,3(*7! [:;:7!Mccc:! \/.<(6! -#/,*! \(*+$!O/.'(! /')(.,+#30!2(.!+#$!P/&$0,/*! /*/'&0,0! (2!

%#&'()$*$+,-!+.$$0:!\( ':!X#&'()$*$+:!S6(':!Ma7!ZJdCZJc:"!

;$2(.+7!W:7!;(*)5$6,''$7!_:S:7!b/0-5$'7!@:7!NdMZ:!8\8B!03/.+!3(4$'!0$'$-+,(*! ,*!X#&\;: !\(':!P,(':!

S6(': !L]7!N]NNCN]N]:!!

;,7!;:7!8+($-<$.+7!O:_:7!G((07![:8:7!NddL:!@.+#(\O;B!,4$*+,2,-/+,(*!(2!(.+#('()!).(5%0!2(.!$5</.&(+,-!

)$*(3$0: !b$*(3$!G$0: ML:!NMZKCNMKc:"!

;,7!h:7!b(4n,<7!I:7!Ndda:!O4C#,+B!/!2/0+!%.()./3!2(.!-'50+$.,*)!/*4!-(3%/.,*)!'/.)$!0$+0!(2!%.(+$,*!(.!

*5-'$(+,4$!0$Y5$*-$0:!P,(,*2(.3/+,-0!NN7!MaJKCMaJc:"!
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H,-#,(7!P:":7!\/.-#/5<(0<,7!_:H:7!G/,++n7!G:":7!NdMZ:!H$=!+(('0!,*!(.+#('()&!/*/'&0,0B!I!1.,$2!.$6,$=!

(2!%.(3,0,*)!%$.0%$-+,6$0:!`.(*+!b$*$+:!K7!MaJ:"!

X/00/3/*$-<7!s:_:7!8-#/*4$.7!O:!i!>/'/*&-#7!g:\:7!Ndd]:! A*6$0+,)/+,(*!(2!3(''50-/*!%#&'()$*&!50,*)!

'/.)$ C0515*,+!/*4!03/''C0515*,+!*5-'$/.!.GHI!0$Y5$*-$0:!\( ':!X#&'()$*$+:!S6(':!LN7!NJCLK:"!

G(3,)5,$.7!_:7!b/&./'7!X:7!P/''$*)#,$*7!\:7!P$.*/.47!I:7!O/#/,07!W:7!O#$*5,'7!I:7!O#,/.,7!s:7![$.*/+7!G:7!

[5.$+7!;:7!`/,6.$7!H:7!;(,.$7!S:7!NdM]:!O(3%/./+,6$!%(%5'/+,(*!)$*(3,-0!,*!/*,3/'0!5*-(6$.0!

+#$!4$+$.3,*/*+0!(2!)$*$+,-!4,6$.0,+&:!H/+5.$:!JMJ7!NaM:"!

G(*Y5,0+7! `:7! >5$'0$*1$-<7! _:X:7! NddL:! \.P/&$0! LB! P/&$0,/*! %#&'()$*$+,-! ,*2$.$*-$! 5*4$.! 3,9$4!

3(4$'0:!P,(,*2(.3/+,-0!Mc7!MJZNCMJZ]:!!

8/4/3(+(7! >:7! "/</#/0#,7! >:7! @</4/7! ":7! g$*3(<57! >:7! "(&(+/7! \:7! I0/</=/7! s:7! NdMN:! [$! *(6(!

0$Y5$*-,*)! /*4! +./*0-.,%+(3$! /*/'&0,0! (2! +#$! -$*+./'! *$.6(50! 0&0+$3! (2! 3(''50-! ;&3*/$/!

0+/)*/',0!1&!4$$%!GHI!0$Y5$*-,*):!X'(8!(*$: !Z7!$]NJ]a:"!

8/,+(57!H:7!H$,7!\:7!McKZ:!"#$!*$,)#1(.C?(,*,*)!3$+#(4B!/!*$=!3$+#(4!2(.!.$-(*0+.5-+,*)!%#&'()$*$+,-!

+.$$0:!\(':!S-(':!G$0(5.: !]7!]daC]NJ:"!

8#$*7!h:7!;$7!8:7!;,7!s:7!>57!`:7!NdMa:!8$Yg,+B!/!-.(00C%'/+2(.3!/*4!5'+./2/0+!+(('<,+!2(.!`I8"Ife!2,'$!

3/*,%5'/+,(*: !X;(8!@*$:!MM7!$dMaLcaN:"!

8#,3(4/,./7!>:7!>/0$)/=/7! \:7!Mccc:! \5'+,%'$! -(3%/.,0(*0! (2! '() C',<$',#((40!=,+#! /%%',-/+,(*0!+(!

%#&'()$*$+,-!,*2$.$*-$:!\(':!X#&'()$*$+:!S6(': !Ma7!MMM]CMMM]:"!

83,+#7! 8:h:7! @6$.1$$<7! G:7! h($0$7! O:G:7! b,'1$.+7! h:7! b,''$6$+7! X:\:7! Mcc]:! ! "#$! )$*$+,-! 4/+/!

$*6,.(*3$*+7!/*!$9%/*4/1'$!bEA!2(.!35'+,%'$!0$Y5$*-$!/*/'&0,0:!!O(3%5+:!I%%':!P,(0-,:!Md7!

aZMCaZJ:!!

8+/4$*7!G:7!P$/'7!g:`:7!P(*2,$'47!_:g:7!Nddd:!!"#$!8+/4$*!%/-</)$7!MccK:!!\$+#(40!\(':!P,(':!MLN7!MMJC

MLd:!!

8=(22(.47![:;:7!NddN:!XIEX•:!X#&'()$*$+,-!/*/'&0,0!50,*)!%/.0,3(*&!D•/*4!(+#$.!3$+#(40F7!W$.0,(*!

]:d1Md:!85*4$.'/*47!\IB!8,*/5$.!I00(-,/+$0: !

"/1/.,7!S:7!857!^:7!NdMZ:!X(.+#(\O;B!%/./''$'!(.+#('()&!%.$4,-+,(*!50,*)!\O;!2(.!+#$!.$/'3!(2!3/00,6$!

)$*(3$!/6/,'/1,',+&:!P,)![/+/!I:!N7!]: !

h/4$7!O:\:7!\(.4/*7!X:P:7!Nddd:!S6('5+,(*!=,+#,*!+#$!)/0+.(%(4!3(''0-0U!50,*)!+#$!.,1(0(3/'!GHI!

)$*$C-'50+$.!/0!/*!,*4,-/+(.!(2!%#&(')$*$+,-!.$'/+,(*0#,%0:!_:!\(''50:!8+54:!aa7JaJCJac:"!

h/4$7!O:\:7!\(.4/*7!X:P:7!O'/.<$7!P:7!NddM:!I!%#&'()$*&!(2!+#$!'/*4!0*/,'0!Db/0+.(%(4/B!X5'3(*/+/F:!

X.(-:!G(&:!8(-:!;(*4:!P!P,(:!NaK7!]MLC]NN:"!

h/4$7!O:\:7! \(.4/*7!X:P:7!H/))07! `:7!Ndda:!S6('5+,(*/.&! .$'/+,(*0#,%0! /3(*)!+#$!%5'3(*/+$! '/*4!

0*/,'0!/*4!0'5)0!DX5'3(*/+/7!8+&'(33/+(%#(./F:!P,(':!_:!;,**$/*:!8(-:!KZ7!JcLCaMd:""

!

! !
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N+'10$()IP!R$4"#@8.-)0+$)9'4'#)B8@848".4)8.)0+$)

50,#"22'0"1+"('.)M'.6)5.'8#4)'.6)5#&-4)H80+)51$%8'#)S21+'484)

".)0+$)*"4808".)"/)0+$)5%"#"6".086'$E)

)

:>40('%0))

"#$! 4$$%! 4,6,0,(*0! /+! +#$! 1/0$! (2! +#$! 0+&'(33/+(%#(./*! '/*4! 0*/,'0! /*4! 0'5)0! #/6$! %.(6$4! +(! 1$!

-(*+.(6$.0,/'7! =,+#! +#$! %#&'()$*$+,-! %(0,+,(*! (2! +#$! 8-('(4(*+,4/$! .$3/,*,*)! 5*.$0('6$4:! >$.$! =$!

%.$0$*+!/!%#&'()$*$+,-! /*/'&0,0!(2!L]!0+&'(33/+(%#(./*!)$*$./!1/0$4!(*! /! -(31,*$4!4/+/0$+!DJZKN!

0,+$0F!(2!2(5.!'(-,!=,+#!+#$!/,3!(2!.$0('6,*)!+#$!%(0,+,(*!(2!+#$!8-('(4(*+,4/$!/*4!+#$,.!.$'/+,(*0#,%!+(!

+#$!Q/-#/+,*(,4R! /*4! Q*(*C/-#/+,*(,4R! -'/4$0:! h$! /'0(! $6/'5/+$! +#$! %#&'()$*$+,-! 5+,',+&! (2! 4,22$.$*+!

)$*$0!/*4!)$*$!%/.+,+,(*0:!"#$!4$$%!%#&'()$*$+,-!.$'/+,(*0#,%0!=,+#,*!+#$!8+&'(33/+(%#(./!/.$!*(=!

-'$/.'&! .$0('6$4:! "#$! 8-('(4(*+,4/$! /.$! 0#(=*! -/+$)(.,-/''&! +(! 1$! +#$! 0,0+$.! ).(5%! +(! /''! (+#$.!

0+&'(33/+(%#(./*! ).(5%0!=,+#! .(150+!05%%(.+! /*4!=,+#! /''!%#&'()$*&! .$-(*0+.5-+,(*!3$+#(40:! "#$!

Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0!/.$!/'0(!0+.(*)'&!05%%(.+$4!,*!+#$!+.$$:!"#$!(.,),*/'!;8E!MCJ!

2./)3$*+!50$4!$9+$*0,6$'&!,*!0+54,$0!(2!+#$!8+&'(33/+(%#(./!=/0!2(5*4!+(!1$!+#$!3(0+!,*2(.3/+,6$!

)$*$!2./)3$*+!/*4!=(.<0!=$''!/+!.$0('6,* )!.$'/+,(*0#,%0!/+!3(0+!'$6$'0!,*!+#$!8+&'(33/+(%#(./!15+!4($0!

*(+!.$',/1'&!.$0('6$!+#$!4$$%!'$6$'!.$'/+,(*0#,%0!/+!+#$!6$.&!1/0$!(2!+#$!-'/4$:!"#$!-(*-/+$*/+$4!4/+/0$+!

(2!2(5.!)$*$0!$3%'(&$4!,*!+#,0!0+54&!,0!*(+!(*'&!,*2(.3/+,6$!/+!'(=$.!'$6$'0!15+!/'0(!.$0('6$0!+#$!4$$%!

'$6$'!.$'/+,(*0#,%0!/+!+#$!1/0$!(2!+#$!8+&'(33/+(%#(./!=,+#!.(150+!05%%(.+:!

!

!!

!

!

!

!

!
1This chapter is published as “Saadi, A.J. and Wade, C.M., 2019. Resolving the Basal Divisions in the 

Stylommatophoran Land Snails and Slugs with Special Emphasis on the Position of the Scolodontidae. Mol. 

Phylogenet. Evol.139,"106529”. 
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"#$!0+&'(33/+(%#(./*! '/*4!0*/,'0!/*4!0'5)0!/.$!+#$! '/.)$0+!).(5%!=,+#,*!+#$!%5'3(*/+$!)/0+.(%(407!

-(3%.,0,*)!/%%.(9,3/+$'&!Ld7dddCLJ7ddd!0%$-,$0!D8('$37!McK]F:!"#$&!/.$!+#$!3/?(.!).(5%!(2!+$..$0+.,/'!

)/0+.(%(40!/*4!/.$!2(5*4!,*!/!4,6$.0$!./*)$!(2!#/1,+/+0!D\(.4/*!i!h/4$7!NddKF:!8+&'(33/+(%#(./*!

+/9/!/.$!-#/./-+$.,0$4!3(.%#('(),-/''&!1&!+#$!/10$*-$!(2!/*!(%$.-5'53!/*4!)$*$./''&!1&!+=(!%/,.0!(2!

+$*+/-'$0!(*!+#$!#$/4!DP/.<$.7!NddMU![/&./+!i!",'',$.7!NddNF:!"#$!3(.%#('(),-/'!-(3%'$9,+,$0!(2!+#$!

.$%.(45-+,6$! (.)/*0! #/6$! %.(6$4! +(! 1$! 6/'5/1'$! 2(.! .$-()*,n,*)! 0%$-,$0! /*4! )$*$./! ,*! 3/*&!

0+&'(33/+(%#(./*!).(5%0!DH(.40,$-<7!McKJU!",'',$.7!McKcU!P/.<$.7!NddMU!8-#,'$&<(7!NddL7!Ndd]U!\$/47!

Ndd]U!>$.1$.+!i!\,+-#$''7!NddKU!85+-#/.,+!et al:7!NdMdF:!"#$!8+&'(33/+(%#(./!=$.$!(.,),*/''&!4,6,4$4!

,*+(!+#.$$!%.,3/.&!4,6,0,(*0!1&!X,'01.&!DMcddF7!+#$!@.+#5.$+#./7!+#$!>$+$.5.$+#./!/*4!+#$!8,)35.$+#./7!

1/0$4!(*!+#$!/*/+(3&!(2!+#$!$9-.$+(.&!0&0+$37!=,+#!/!2(5.+#!4,6,0,(*7!+#$!\$05.$+#./7!/44$4!1&!P/<$.!

DMcJJF:!@2!+#$0$7!(*'&!+#$!@.+#5.$+#./!/.$!0+,''!5*,6$.0/''&!.$-()*,n$4:!",'',$.!DMcKcF!%.(%(0$4!/!+#.$$C

=/&!4,6,0,(*! (2!+#$!8+&'(33/+(%#(./! ,*+(!@.+#5.$+#./7!P./-#&*$%#./! /*4! [(',-#(*$%#./!1/0$4! (*!

4,22$.$*-$0!=,+#,*!+#$,.!.$*/'!(.)/*:!H(.40,$-<!DMccNF!%.(45-$4!/*!/'+$.*/+,6$!+/9(*(3&!,*!=#,-#!#$!

4,6,4$4! +#$! 8+&'(33/+(%#(./! ,*+(! +=(! -'/4$07! +#$! @.+#5.$+#./! /*4! +#$! 8,)35.$+#./7! 1/0$4! (*! +#$!

$9-.$+(.&!0&0+$3:!P(5-#$+!i!G(-.(,!DNddJF!4,6,4$4!+#$!8+&'(33/+(%#(./!,*+(!+#$!S'/03()*/+#/7!+#$!

@.+#5.$+#./!/*4!+#$!8,)35.$+#./7!1/0$4!(*!+#$!3(.%#('(),-/'!/*4!3('$-5'/.!4/+/!/6/,'/1'$!/+!+#$!+,3$:!

A*!+#$!3(0+!.$-$*+!+/9(*(3&!DP(5-#$+!et al:7!NdMZF7!+#$!8+&'(33/+(%#(./!#/6$!1$$*!4,6,4$4!,*+(!+#.$$!

051(.4$.0U!+#$!I-#/+,*,*/!DQ/-#/+,*(,4!-'/4$RF7!>$',-,*/!DQ*(*C/-#/+,*(,4!-'/4$RF!/*4!8-('(4(*+,*/ :!!

\('$-5'/.! 0+54,$0! #/6$! 0,)*,2,-/*+'&! $*#/*-$4! (5.! .$-$*+! 5*4$.0+/*4,*)! (2! 0+&'(33/+(%#(./*!

.$'/+,(*0#,%0:!\(0+!(2!+#$0$!0+54,$0!#/6$!2(-50$4!(*!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!(2!/!%/.+,-5'/.!2/3,'&!

Db((4/-.$! i! h/4$7! NddMU! >(''/*4! i! >/42,$'47! Ndd]U! 85+-#/.,+!et al:7! NdMdU! >$.1$.+!et al:7! NdMJU!

\(500/'',!i!>$.1$.+7!NdMaF!(.!=,+#,*!/!%/.+,-5'/.!05%$.2/3,'&!DI.31.50+$.!et al.7!NddJU!h/4$!et al:7!

NddZU!P.$5.$!et al:7!NdMdU!gm#'$.!i!O.,0-,(*$7!NdMJU!G/n<,*!et al:7!NdMJU!`(*+/*,''/!et al:7!NdMZF:!I!

#/*425'!(2!3('$ -5'/.!0+54,$0!Dh/4$!et al:7!NddM7!NddaU!G/3,.$n!et al:7!NdMNU!;,*!et al:7!NdMaU!"$/04/'$!

et al:7!NdMaF!#/6$!2(-500$4!(*!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!(2!+#$!8+&'(33/+(%#(./!/0!/!=#('$:!
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"#$!3(0+!-(3%.$#$*0,6$!3('$-5'/.!0+54,$0!(2!+#$!8+&'(33/+(%#(./!=$.$!%$.2(.3$4!1&!h/4$! et al:!

DNddM7!NddaF7!1/0$4!(*!%/.+,/'!0$Y5$*-$0!2.(3!+#$!.,1(0(3/'!GHI!D.GHIF!)$*$C-'50+$.:!"#$,.!/*/'&0$0!

4$2,*$4! +=(! ).(5%0! =,+#,*! +#$! 8+&'(33/+(%#(./7! +#$! Q/-#/+,*(,4R! /*4! +#$! Q*(*C/-#/+,*(,4R! -'/4$0:!

"#$0$! -'/4$0! /.$! *(=! =$''! /--$%+$4!/*4! #/6$! 1$$*! /4(%+$4! ,*! +#$! 3(0+! .$-$*+! +/9(*(3&! (2! +#$!

8+&'(33/+(%#(./!1&!P(5-#$+!et al:!DNdMZF:!!

"#$!8-('(4(*+,4/$!DP/<$.7!McNJF7!%.$6,(50'&!<*(=*!/0!+#$!8&0+.(%#,,4/$7!#/0!/!-(3%'$9!+/9(*(3,-!

#,0+(.&U!+#$!%'/-$3$*+!(2!+#$!2/3,'&!,*!0+&'(33/+(%#(./*!+/9(*(3,$0!#/0!%.(6$*!+(!1$!%.(1'$3/+,-!45$!

+(!+#$!03/''!0,n$!/*4!.$'/+,6$'&!0,3%'$!0#$''0!(2!0*/,'0!=,+#,*!+#$!2/3,'&!D>/504(.27!NddaF:!G/3p.$n!et 

al:! DNdMNF! 5*4$.+((<! /! 3('$-5'/.! %#&'()$*&! (2! +#$! 8-('(4(*+,4/$! ,*! =#,-#! +#$&! %'/-$4! +#$!

8-('(4(*+,4/$! =,+#,*! +#$! 0+&'(33/+(%#(./*! %#&'()$*&! (2! h/4$!et al:! DNddaF:! "#$,.! %#&'()$*$+,-!

/*/'&0$0!=$.$!,*-(*0,0+$*+!,*!+#$!%'/-$3$*+!(2!+#$!8-('(4(*+,4/$:!A*!+#$,.!*$,)#1(.C?(,*,*)!/*/'&0,07!

+#$!8-('(4(*+,4/$!2$''!/+!+#$!6$.&!1/0$!(2!+#$!8+&'(33/+(%#(./!/*4!(5+0,4$!(2!1(+#!+#$!Q/-#/+,*(,4R!/*4!

Q*(*C/-#/+,*(,4R! -'/4$0:! >(=$6$.7! ,*! +#$,.! P/&$0,/*! /*/'&0,07! +#$! 8-('(4(*+,4/$! 2$''! 1$+=$$*! +#$!

Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0!/0!+#$!0,0+$.!+/9(*!+(!+#$!Q*(*C/-#/+,*(,4R!-'/4$:!P(5-#$+!et al:!

DNdMZF!%'/-$4!+#$!8-('(4(*+,4/$!,*!/!*$=!051(.4$.7!8-('(4(*+,*/7!/'(*)0,4$!+#$!051(.4$.!I-#/+,*,*/!

DQ/-#/+,*(,4!-'/4$RF!/*4!+#$!051(.4$.!>$',-,*/!DQ*(*C/-#/+,*(,4!-'/4$RF:!

\(.$! .$-$*+'&7! "$/04/'$! et al:!DNdMaF!5*4$.+((<! /!%#&'()$*(3,-! /*/'&0,0! (2!+#$!8+&'(33/+(%#(./:!

"#$,.! 0+54&! %.(6,4$4! 05%%(.+! 2(.! +#$! 3(*(%#&'&! (2! +#$! >$',-(,4$/7! ;,3/-(,4$/7! @.+#5.$+#./! /*4!

G#&+,4(,4$/!15+!4,4!*(+!/44.$00!+#$!1/0/'!4,6,0,(*0!=,+#,*!+#$!8+&'(33/+(%#(./!/0!,+!4,4!*(+!,*-'54$!

/*&!.$%.$0$*+/+,6$0!(2!$,+#$.!+#$!Q/-#/+,*(,4R!-'/4$!(.!+#$!8-('(4(*+,4/$:!;,*!et al:!DNdMaF!,*-'54$4!/!

0,*)'$!Q/-#/+,*(,4R!+/9(*7!Achatina fulica7!,*!+#$,.!%#&'()$*$+,-!+.$$!(2!+#$!8+&'(33/+(%#(./!1/0$4!(*!

ML!3,+(-#(*4.,/'!)$*$0:!"#$!%'/-$3$*+!(2!Achatina ,*!+#$,.!+.$$!,0!-(*0,0+$*+!=,+#!+#$!h/4$!et al!DNddM7!

NddaF!0%',+!(2!+#$!8+&'(33/+(%#(./!,*+(!Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0:!"#$&!4,4!*(+!,*-'54$!

+#$!8-('(4(*+,4/$:!

"#$!%.$0$*+!0+54&!/,30!+(!.$0('6$!+#$!1/0/'!4,6,0,(*0!=,+#,*!+#$!8+&'(33/+(%#(./!1&!$9/3,*,*)!+#$!

%(0,+,(*! (2!+#$!8-('(4(*+,4/$! /*4!+#$,.! .$'/+,(*0#,%!+(!+#$!Q/-#/+,*(,4R! /*4!Q*(*C/-#/+,*(,4R!-'/4$0:!
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X#&'()$*$+,-!/*/'&0$0!/.$!1/0$4!(*!2(5.!3('$-5'/.!3/.<$.0B!/'3(0+!+#$!25''C'$*)+#!'/.)$!0515*,+!D;8EF!

.GHI!)$*$!D/'0(!,*-(.%(./+,*)!%/. +!(2!+#$!J:K8!)$*$!/*4!+#$!-(3%'$+$!A"8CN!.$),(*F7!/'3(0+!+#$!25''C

'$*)+#!03/''!0515*,+!D88EF!.GHI!)$*$7!%/.+!(2!+#$!#,0+(*$!+#.$$!D>LF!)$*$!/*4!%/.+!(2!+#$!-&+(-#.(3$!

(9,4/0$!0515*,+!A!DO@AF!)$*$:!"#$0$!.$%.$0$*+!/!0$6$*C2('4!,*-.$/0$!,*!0$Y5$*-$!4/+/!(6$.!+#$!%.$6,(50!

3('$-5'/.! %#&'()$*$+,-! 0+54,$0! (2! +#$! 8+&'(33/+(%#(./! 1&! h/4$!et al:! DNddaF! /*4! G/3p.$n!et al:!

DNdMNF:!I44,+,(*/''&7!=$!$9/3,*$!+#$!%#&'()$*$+,-!5+,',+&!(2!+#$0$!)$*$0!1&!$9%'(.,*)!/*4!-(3%/.,*)!

+#$!%#&'()$*$+,-!0,)*/'0!-/..,$4!1&!+#$!4,22$.$*+!)$*$0:!!

I<C!!$0+"64 )

I<C<E!98"#"-8%'#)!'0$(8'#)

I!+(+/'!(2!L]!)$*$./!(2!0+&'(33/+(%#(./*!'/*4!0*/,'0!/*4!0'5)0!1$'(*),*)!+(!LL!2/3,',$0!=$.$!,*-'54$4!

,*! +#,0! 0+54&:! `(5.! )$*$./! (2! *(*C0+&'(33/+(%#(./*! %5'3(*/+$0! =$.$! /'0(! ,*-'54$4:! Siphonaria 

pectinata!=/0!50$4!/0!/*!(5+).(5%!+(!.((+!+#$!%#&'()$*$+,-!+.$$0:![$+/,'0!(2!+#$!0%$-,3$*07!0/3%',*)!

'(-/',+,$0!/*4!+#$!-(''$-+(.0!/.$!),6$*!,*!"/1'$!L:M:!!

='>#$)I <E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!et al:!DNdMZF:!

Classification  Species Collection Location Collector!

 
Order Stylommatophora 
     Suborder Achatinina [‘Achatinoid Clade’] 
            Superfamily Achatinoidea 
                 Family!`$.500/-,,4/$ Ferussacia folliculus!Db3$',*7!MZcMF! ;(0!I'-(.*/'$07!X.(6!O/4,n7!8%/,* !\:!8$44(* !

                 Family!8515',*,4/$! Subulina striatella!DG/*)7!MKLMF! g$=!b/.4$*0!D,*+.(45-$4F! `:!H/))0 !

                 Family!b'$005',4/$! Glessula ceylanica!DX2$,22$.7!MK]JF! O('(31(7!8.,!;/*</ ! X:!g/.5*/./+*$ !

                 Family!I-#/+,*,4/$ ! Lissachatina fulica!DP(=4,-#7!MKNNF!

Tl Achatina fulicaV!

E*<*(=*! D^((':! 8(-:! ;(*4:!

O(''*:F!

X:!X$/.-$Cg$''&!

                 Family!O($',/9,4/$ ! Coeliaxis blandii!DX2$,22$.7!MKJNF! H$=!P./42(.47!8(5+#!I2.,-/! H:!83,+#!

                 Family!"#&.(%#(.$'',4/$! Thyrophorella thomensis!Db.$$227!MKKNF! ^/3%/'/7!8ƒ(!"#(3y7!h$0+!I2.,-/ !I:!b/0-(,)*$ !

            Superfamily Streptaxoidea  ! !

                 Family!8+.$%+/9,4/$! Gonaxis quadrilateralis!DX.$0+(*7!McMdF! G$5*,(* ! @:!b.,22,+#0!

 
     Suborder Helicina [‘Non-Achatinoid Clade’] 
         Infraorder Pupilloidei [Orthurethra] 
            Superfamily Pupilloidea 
                 Family!O(-#',-(%,4/$! Cochlicopa lubrica!D@:!`:!\t''$.7!MZZ]F! P(9!>,''7![(.<,*)7!Eg ! X:! \(.4/*! i! S:!

X'/++0!

                 Family!W/''(*,,4/$ ! Vallonia excentrica!8+$.<,7!MKcN! 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

                 Family!O#(*4.,*,4/$ ! Chondrina clienta!Dh$0+$.'5*47!MKKLF! W,''/-#7!I50+.,/! X:!\,'+*$. !
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                 Family!S*,4/$! Buliminus labrosus!D@',6,$.7!MKd]F! 8/'/4,*}0!O/0+'$7!8&.,/! X:!\(.4/* !

         Infraorder Clausilioidei 
            Superfamily Clausilioidea 
                 Family!O'/50,',,4/$! Albinaria xanthostoma!DP($++)$.7!MKKLF! O.$+$! [:!"#(3/n !

         Infraorder Orthalicoidei 
            Superfamily Orthalicoidea 

 ! !

                 Family!@.+#/',-,4/$! Drymaeus discrepans!D8(=$.1&7!MKLLF! b5/+$3/'/ ! E*<*(=* !

                 Family!I3%#,15',3,4/$ ! Gaeotis nigrolineata!D8#5++'$=(.+#7!MKJ]F! S'!s5*Y5$7!X5$.+(!G,-(! E*<*(=* !

        !Infraorder Oleacinoidei 
            Superfamily Oleacinoidea!

                 Family!8%,./9,4/$! Euglandina rosea!D`y.500/-7!MKNMF! \((.$/!D^((':!8(-:!;(*4:!O(''*:F ! X:!X$/.-$Cg$''&!

            Superfamily Haplotrematoidea       ! !

                 Family!>/%'(+.$3/+,4/$! Haplotrema vancouverense!D;$/7!MKLcF! S5)$*$7!@.$)(*7!E8I! [:!"/&'(. !

         Infraorder Rhytidoidei 
            Superfamily Rhytidoidea!

                 Family!G#&+,4,4/$! Rhytida stephenensis!DX(=$''7!McLdF! \/*//<,!h#$*5/7!H$=!^$/'/*4 ! [:!b'$$0(* !

                 Family!\$)/'(15',3,4/$ !

!!!!!!!!!!!!!!!!!!!!!!!l!8+.(%#(-#$,',4/$!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Megalobulimus oblongus! D@:! `:! \t''$.7!

MZZ]F!

I*+,)5/!D^((':!8(-:!;(*4:!-(''*:F ! X:!X$/.-$Cg$''&!

                 Family![(.-/0,,4/$ ! Dorcasia alexandri!Db./&7!McLKF! h,*4#($<7!H/3,1,/ ! O:!P(,9C>,*n$* !

                 Family!O/.&(4,4/$! Caryodes dufresnii!D;$/-#7!MKMJF! \+!h$'',*)+(*7!>(1/.+7!"/03/*,/ ! P:!83,+#!

         Infraorder Limacoidei [‘Limacoid Clade’] 
            Superfamily Trochomorphoidea!

                 Family!S5-(*5',4/$ ! Euconulus fulvus!D@:!`:!\t''$.7!MZZ]F! H$=!`(.$0+7!>/3%0#,.$7!Eg! X:!\(.4/* !

            Superfamily Helicarionoidea  ! !

                 Family!I.,(%#/*+,4/$ ! Cryptozona bistrialis!DP$-<7!MKLZF! 8.,!;/*</ ! X:!g/.5*/./+*$ !

            Superfamily Limacoidea  ! !

                 Family!W,+.,*,4/$! Vitrina pellucida!D@:!`:!\t''$.7!MZZ]F! g,.<4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

            Superfamily Gastrodontoidea  ! !

                 Family!@9&-#,',4/$! Oxychilus alliarius!D\,''$.7!MKNNF! [$$%4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

         Infraorder!Helicoidei [‘Helicoid Clade’] 
            Superfamily Helicoidea!

                 Family!O/3/$*,4/$ ! Satsuma japonica DX2$,22$.7!MK]ZF! @0/</!O,+&7!_/%/*! X:!O/''(3(* !

                 Family!>&).(3,,4/$ ! Trochulus striolatus!DX2$,22$.7!MKNKF! [$$%4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

                 Family!P./4&1/$*,4/$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!lO/3/$*,4/$ !

Bradybaena similaris!D`y.500/-7!MKNMF! 8.,!;/*</ ! X:!g/.5*/./+*$ !

                 Family!>$'3,*+#()'&%+,4/$!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!l‚/*+#(*&-#,4/$: !

Monadenia fidelis!Db./&7!MKL]F! @.$)(*! [:!"/&'(. !

         Infraorder Arionoidei 
            Superfamily Arionoidea!

                 Family!I.,(*,4/$ ! Arion hortensis!D`y.500/-7!MKMcF! g,.<4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

                 Family!X#,'(3&-,4/$ ! Meghimatium bilineatum!DP$*0(*7!MK]NF! \/5.,+,50 ! @:!b.,22,+#0!

        Taxa of uncertain Position 
            Superfamily Testacelloidea 
                 Family!"$0+/-$'',4/$! Testacella scutulum!D8(=$.1&7!MKNMF! H(.+#!;(*4(*7!Eg ! G:!>5.0+!

            Superfamily Plectopyloidea  ! !

                 Family!O(.,'',4/$! ! Corilla adamsi!Db54$7!McM]F! 8.,!;/*</ ! [:!G/#$$3 !

 
     Suborder Scolodontina 
            Superfamily Scolodontoidea 
                 Family!8-('(4(*+,4/$!!!!!! !

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!l8&0+.(%#,,4/$!

Guestieria sp. O.(00$!MKZN S-5/4(. ! >,'/.&!g,*)0+(* !

! Systrophia sp. X2$,22$.!MKJJ S-5/4(. ! >,'/.&!g,*)0+(* !

Non-Stylommatophoran Pulmonates:  
Order Ellobiida 
            Superfamily Ellobioidea 
                 Family!S''(1,,4/$ ! Laemodonta!sp.! 85./'/&/7!h:!_/6/ ! P:![#/.3/ !



(, "
"

                 Family!O/.&-#,,4/$! Carychium tridentatum!DG,00(7!MKNaF! I1$'#$,./7!8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/*  
     Suborder Systellomatophora 
            Superfamily Veronicelloidea!

                 Family!W$.(*,-$'',4/$ ! Laevicaulis alte!D`y.500/-7!MKNLF! [51/,7!E*,+$4!I./1!S3,./+$0 ! I:!b.$$* !

Order Siphonariida 
            Superfamily Siphonarioidea 
                 Family!8,%#(*/.,,4/$! Siphonaria pectinata!D;,**/$507!MZJKF! ^/3/./!;(0!I+5*$07!8%/,* ! 8:!>/=<,*0 !

)

I<C<C!BA:)ST0('%08".^)*NR):21#8/8%'08".)'.6)5$U&$.%8.-)

[HI!=/0!$9+./-+$4!2.(3!/!03/''!DM CN!33 OF!+,005$!0/3%'$!+/<$*!2.(3!+#$!2((+!(2!+#$!0*/,'!50,*)!/!O"IP!

[HI!$9+./-+,(*!%.(+(-('!Db((4/-.$! i! h/4$7!NddMF:! `(5.!3('$-5'/.! 3/.<$.0!=$.$!XOG! /3%',2,$4!

,*-'54,*)!+#.$$!*5-'$/.!3/.<$.0B!/%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!;8E!.GHI!)$*$!D,*-'54,*)!

%/.+!(2!+#$!J:K8!)$*$7!+#$!-(3%'$+$!A"8CN!.$),(*7!/*4!/'3(0+!+#$!25''C'$*)+#!'/.)$!0515*,+!D;8EU!NK8F!

)$*$F7!/%%.(9,3/+$'&!MKdd!*5-'$(+,4$0!(2!+#$!03/''!0515*,+!D88E7!MK8F!.GHI!)$*$7!/%%.(9,3/+$'&!LZd!

*5-'$(+,4$0!(2!+#$!#,0+(*$!L!D>LF!)$*$U!/*4!(*$!3,+(-#(*4.,/'!3/.<$.B!/%%.(9,3/+$'&!aJd!*5-'$(+,4$0!

(2!-&+(-#.(3$!(9,4/0$!0515*,+!A!DO@AF:!!

"#$!;8E!.GHI!)$*$!D/'0(!,*-(.%(./+,*)!%/.+!(2!+#$!J:K8!)$*$!/*4!A"8CNF7!=/0!/3%',2,$4!,*!/!*$0+$4!

XOG!.$/-+,(*!50,*)!%.,3$.0!;8ECM,,!/*4!;8E CMN!,*!+#$!2,.0+!.(5*47!=,+#!+#$!%.,3/.&!XOG!%.(45-+0!

+#$*!50$4!/0!+$3%'/+$!2(.!+#$!0$-(*4/.&!XOG!+(!/3%',2&!0,9!,*+$.*/'!2./)3$*+0!DI7!P7!O7![7!S7!/*4!`F!

D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!XOG!/3%',2,-/+,(*!2(.!+#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!

e,/)$*!"/Y![HI!%('&3$./0$!/*4!e!1522$ .!0&0+$3!DM‚!1522$.7!M‚!eC0('5+,(*7!d:L!3\!4H"X7!M:J!3\!

3/)*$0,53! -#'(.,4$7! d:N! …\! $/-#! %.,3$.! /*4! ME! "/Y! ,*! /! Jd !…;! 2,*/'! 6('53$F:! 8$-(*4/.&! XOG!

/3%',2,-/+,(*!=/0!,4$*+,-/'!+(!+#$!%.,3/.&!XOG!=,+#!+#$!$9-$%+,(*!+#/+!/!'(=$.!d:N!3\!-(*-$*+./+,(*!

(2!4H"X0!=/0!50$4:!"#$!-&-',*)!-(*4,+,(*0!D=,+#!/!X$.<,*!S'3$.!-&-'$.F!(2!+#$!%.,3/.&!XOG!=$.$!/0!

2(''(=0B!ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!

/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!̂ O!2(.!J!3,*:!"#$!0$-(*4/.&!XOG!-&-'$!-(*4,+,(*0!=$.$!/0!2(''(=0B!

ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!]J!ˆO!2(.!M!3,*7!ZN!ˆO!2(.!N!3,*!/*4!+#$*!

/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

8,3,'/.'&7!+#$!88E!.GHI!)$*$!=/0!/3%',2,$4!,*!/!*$0+$4!XOG!=,+#!%.,3$.0!MK$!/*4!MK%!50$4!2(.!+#$!

2,.0+!.(5*4!/*4!=,+#!+#$!%.,3/.&!XOG!%.(45-+0!+#$*!50$4!/0!+$3%'/+$!+(!/3%',2&!/!0,*)'$!2./)3$*+!=,+#!
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%.,3$.0!M`!/*4!cG:!I!0$.,$0!(2!a!,*+$.*/'!%.,3$.0!=$.$!50$4!+(!0$Y5$*-$!+#,0!2./)3$*+!D0$$!"/1'$!N:N!

2(.!4$+/,'0!(2!%.,3$.0F:!8(3$!0/3%'$0!%.(6$4!4,22,-5'+!+(!/3%',2&!/0!/!0,*)'$!2./)3$*+!/*4!,*!+#$0$!-/0$0!

+#$! ,*+$.*/'! %.,3$.0! =$.$! 50$4! +(! /3%',2&! +#$! 88E! )$*$:! I3%',2,-/+,(*! =/0! %$.2(.3$4! 50,*)!

PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!

…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!6('53$F:!"#$!XOG!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca!

ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!cd!0$-!/*4!+#$*!/!

2,*/'!$9+$*0,(*!0+$%!(2!/+!ZN!ˆO!2(.!J!3,*! 2(.!1(+#!%.,3/.&!/*4!0$-(*4/.&!XOG:!

"#$!>L!)$*$!=/0!/3%',2,$4!/0!/!0,*)'$!2./)3$*+! 50,*)!%.,3$.0!>L/`! /*4!>L/G!/0!4$2/5'+!%.,3$.07!

+#(5)#!4,22$.$*+!-(31,*/+,(*0!(2!%.,3$.0!=$.$!50$4!=,+#!0(3$!0/3%'$0!=#$.$!+#$&!4,4!*(+!/3%',2&!

=,+#!+#$!4$2/5'+!%.,3$.0!D0$$!"/1'$!N:N!2(.!/!-(3%'$+$!',0+!(2!%.,3$.0F:!"#$!O@M!)$*$!=/0!/'0(!/3%',2,$4!

/0!/!0,*)'$!2./)3$*+!50,*)!%.,3$.0!;O@!M]cd!/*4!>O@!NMcK!2(.!+#$!3/?(.,+&!(2!0/3%'$0:!I!2$=!0/3%'$0!

4,4!*(+!/3%',2&!=,+#!+#$0$!%.,3$.0!+#50!4,22$.$*+!-(31,*/+,(*0!(2!%.,3$.!=$.$!50$4!D0$$!"/1'$!N:N!2(.!

/!-(3%'$+$!',0+!(2!%.,3$.0F:!"#$!XOG!/3%',2,-/+,(*!(2!+#$!>L!/*4!O@M!)$*$0!=$.$!%$.2(.3$4!50,*)!

PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!

…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!6('53$F:!"#$!+#$.3/'!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!

ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!/*4!+#$*!

/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

I3%',2,-/+,(*! %.(45-+0! =$.$! %5.,2,$4! 50,*)! $,+#$.! /! e,/)$*! )$'! $9+./-+,(*! <,+! (.! e,/)$*! XOG!

%5.,2,-/+,(*!<,+:!8$*0$!/*4!/*+,0$*0$!0+./*40!=$.$!0$Y5$*-$4!4,.$-+'&!(*!/*!I%%',$4!P,(0&0+$30!LZLd!

[HI!0$Y5$*-$.!50,*)!P,)![&$!+$.3,*/+(.!-&-'$!0$Y5$*-,*)!-#$3,0+.,$0!/+!\/-.()$*!A*-:! !

I<C<I!5$U&$.%$)*("%$448.-)'.6)*+,#"-$.$08%):.'#,4$4)

[HI!0$Y5$*-$0!=$.$!/00$31'$4!50,*)!6$.0,(*!M:J:L!(2!+#$!8"I[SH!%/-</)$!D8+/4$*!et al:7!NdddF:!

8510$Y5$*+'&7!+#$!0$Y5$*-$0!=$.$!3/*5/''&!/',)*$4!50,*)!6$.0,(*!N:N!(2!+#$!b$*$+,-![/+/!

S*6,.(*3$*+!Db[SF!%/-</)$!D83,+#!et al:7!Mcc]F:!"#$!;8E!D,*-(.%(./+,*)!J:K8!/*4!A"8CNF!/*4!88E!

.GHI!0$Y5$*-$0!=$.$!/',)*$4!50,*)!+#$!0$-(*4/.&!0+.5-+5.$!/0!/!)5,4$:!"#$!/',)*3$*+!(2!+#$!>L!/*4!

O@M!)$*$0!=/0!)5,4$4!1&!+./*0'/+,*)!+#$![HI!0$Y5$*-$0!+(!/3,*(!/-,4!0$Y5$*-$0:!b1'(-<0!6:d:cM1!



). "
"

DO/0+.$0/*/7!NdddF!=,+#!4$2/5'+!0$++,*)0!=/0!50$4!/0!/!)5,4$!+(!0$'$-+!+#$!.$',/1'&!/',)*$4!0,+$0!2.(3!

+#$!/',)*3$ *+0!(2!/''!)$*$0:)

X#&'()$*$+,-!+.$$0!=$.$!-(*0+.5-+$4!50,*)!3/9,353!',<$',#((4!D\;F!D`$'0$*0+$,*7!McKMF7!*$,)#1(.C

?(,*,*)!DH_F!D8/,+(5!i!H$,7!McKZF!/*4!P/&$0,/*!,*2$.$*-$!DPAF!D;/.)$+!i!8,3(*7!McccF:!"#$!)$*$./'!

+,3$!.$6$.0,1'$!3(4$'!,*-(.%(./+,*)!)/33/!Db "G‹ ! F!D;/*/6$!et al:7!McK]U!b5!et al:7!MccJF!=/0!50$4!

+(!-(..$-+!2(.!35'+,%'$!0510+,+5+,(*0:!\;!+.$$0!=$.$!-(*0+.5-+$4!50,*)!+#$!X#&\;!D6$.0,(*!L:dF!%/-</)$!

Db5,*4(*!et al:7!NdMdF!=,+#!+.$$!0$/.-#,*)!2(''(=,*)!/!#$5.,0+,-!%.(-$45.$!=,+#!Md!./*4(3!0+/.+!+.$$0!

/*4!1$0+!(2!*$/.$0+C*$,)#1(5. C,*+$.-#/*)$!/*4!051+.$$C%.5*,*)C.$)./2+,*)!1./*-#!0=/%%,*):!H_!/*/'&0,0!

=/0!%$.2(.3$4!50,*)!+#$!XIEX•!D6$.0,(*!]:d1MdF!%/-</)$!D8=(22(.47!NddNF:!`(.!H_!/*/'&0,07!3(4$'!

%/./3$+$.0!=$.$!$0+,3/+$4!2(''(=,*)!/*!,+$./+,(*!%.(-$00U!2(.!$/-#!+.$$!+#$!%/./3$+$.0!=$.$!$0+,3/+$4!

/*4!50$4!+(!15,'4!+#$!*$9+!+.$$!5*+,'!+#$.$!=/0!*(!25.+#$.!,3%.(6$3$*+!(2!+#$!',<$',#((4!0-(.$:!P((+0+./%!

.$0/3%',*)!D`$'0$*0+$,*7!McKJF!=,+#!Mddd!.$%',-/+$0!=/0!5*4$.+/<$*!2(.!\;!/*4!H_!+.$$0:!PA!/*/'&0,0!

=/0!5*4$.+/<$*!50,*)!+#$! \.P/&$0!D6$.0,(*!L:M:NF!%/-</)$!DG(*Y5,0+! i!>5$'0$*1$-<7!NddLF:! "=(!

,*4$%$*4$*+!.5*0!=,+#!2(5.!-#/,*0!(2!/!\/.<(6!O#/,*!\(*+$!O/.'(!D\O\OF!/')(.,+#3!=$.$!50$4!+(!

$9%'(.$!+#$!+.$$!0%/-$:!PA!/*/'&0,0!=/0!-(*45-+$4!2(.!J!3,'',(*!)$*$./+,(*0!=,+#!+.$$!0/3%',*)!$6$.&!

Mdd!)$*$./+,(*0:!"(!$*05.$!/4$Y5/+$!-#/,*!0=/%%,*)7!/!./*)$!(2!#$/+,*)!%/./3$+$.0!=$.$!+$0+$4!=,+#!

+#$!(%+,3/'!%/./3$+$.!50$4!+(!-(*0+.5-+!+#$!2,*/'!+.$$0:!@*'&!/2+$.!+#$!P/&$0,/*!\O\O!0$/.-#$0!#/4!

.$/-#$4!/!0+/+,(*/.&!%#/0$!D,*4,-/+,*)!-(*6$.)$*-$!(2!+#$!-#/,*0!(*+(!+#$!+/.)$+!4,0+.,15+,(*F!=/0!+#$!

.5*!$*4$4:!I!-(*0$*050!+.$$!=/0!15,'+!50,*)!+#$!'/0+!ZJj!(2!+.$$0!D15.*,*lMNJdMF:!

I<C<J!:44$448.-)0+$)*+,#"-$.$08%)?08#80,)"/)B8//$($.0)3$.$4)

"#.$$! 3$+#(40! =$.$! 50$4! +(! $9%'(.$! +#$! 5+,',+&! (2! $/-#! )$*$f! )$*$! %/.+,+,(*! 2(.! %#&'()$*&!

.$-(*0+.5-+,(*B!MF!X#&'()$*$+,-!0,)*/'!=/0!3$/05.$4!50,*)!+#$!+.$$!'$*)+#!4,0+.,15+,(*!0<$=*$00!+$0+!

Dg1!0+/+,0+,-F!D>,'',0!i!>5$'0$*1$-<7!MccNF!,3%'$3$*+$4!,*!XIEX•!50,*)!+#$!./*4+.$$0!-(33/*4!=,+#!

Md7ddd!.$%',-/+$0:!NF!"(+/'!*531$.!(2!6/.,/1'$!0,+$0!=/0!4$+$.3,*$4!,*!XIEX•:!LF!P((+0+./%!05%%(.+!2(.!

<$&!*(4$0!,*!+#$!%#&'()$*$+,-!+.$$!=/0!3$/05.$4!=,+#!3/9,353!',<$',#((4!1((+0+./%!05%%(.+!$6/'5/+$4!

2(.!+#$!2(''(=,*)!-'/4$0B!8+&'(33/+(%#(./!3(*(%#&'&!DIF7!%.,*-,%'$!0%',+!(2!+#$!0+&'(33/+(%#(./*!



)%"
"

+.$$!1$+=$$*! 8-('(4(*+,4/$! /*4! +#$! .$3/,*,*)! ).(5%0! DPF7! Q/-#/+,*(,4! -'/4$R! DOF7! Q*(*C/-#/+,*(,4!

-'/4$R! D[F7! X5%,''(,4$,! Tl@.+#5.$+#./V! DSF7! ;,3/-(,4$,! D`F7! I.,(*(,4$,! DbF7! @.+#/',-(,4$,! D>F7!

>$',-(,4$,!DAF!/*4!8-('(4(*+,4/$!D_F:!O(3%/.,*)!%#&'()$*$+,-!0,)*/'!1/0$4!(*!*(4/'!05%%(.+!#/0!1$$*!

50$4!,*!0$6$./'!%#&'()$*$+,-!0+54,$0!DH/.$-#/*,/!et al:7!NdMMU!P(+$.(CO/0+.(!et al:7!NdMLU!8#/.3/! et al:7!

NdM]U!;u%$nCG51,(!et al:7!NdMZF:!!

I<I !A&%#$"086$)5$U&$.%$):%%$448".)A&2>$(4))

H5-'$(+,4$! 0$Y5$*-$0! )$*$./+$4! ,*! +#,0! 0+54&! #/6$! 1$$*! ),6$*! +#$! b$*P/*<! /--$00,(*! *531$.0!

\HdNNaJaC\HdNNZKN:!`5''!4$+/,'0!(2!/''!0$Y5$*-$!/--$00,(*0!/.$!),6$*!,*!I%%$*4,9!L:M:!

I<J!R$4&#04)

8$Y5$*-$0!(2!2(5.!)$*$0B!/%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!;8E!.GHI!)$*$!D/'0(!,*-(.%(./+,*)!

/%%.(9,3/+$'&!Kd!*5-'$(+,4$0!(2!+#$!J:K8!/*4!+#$!-(3%'$+$!A"8CNF7!/%%.(9,3/+$'&!MKdd!*5-'$(+,4$0!(2!

+#$!88E!.GHI!)$*$7!/%%.(9,3/+$'&!LZd!*5-'$(+,4$0!(2!+#$!>L!)$*$!/*4!/%%.(9,3/+$'&!aJd!*5-'$(+,4$0!

(2!+#$!O@M!)$*$!#/6$!1$$*!)$*$./+$4!2(.!L]!0+&'(33/+(%#(./*!)$*$./!/*4!]!*(*C0+&'(33/+(%#(./*!

)$*$./:! !

I<J<E!*+,#"-$.$08%):.'#,484)

X#&'()$*$+,-!+.$$0!2(.!+#$!8+&'(33/+(%#(./!=$.$! -(*0+.5-+$4!50,*)! /! -(*-/+$*/+$4!4/+/0$+!(2!JZKN!

5*/31,)5(50'&!/',)*$4!*5-'$(+,4$!0,+$0:!"#,0!4/+/0$+!-(*0,0+0!(2!LNcd!*5-'$(+,4$0!(2!+#$!;8E!D/*4!J:K8F!

)$*$7!MZ]K!*5-'$(+,4$0!(2!+#$!88E!)$*$7!LNK!*5-'$(+,4$0!(2!+#$!>L!)$*$!/*4!]Ma!*5-'$(+,4$0!(2!+#$!M0+!

/*4! N*4! -(4(*! %(0,+,(*0! (2! +#$! O@M! )$*$:! "#$!0,%#(*/.,,4!Siphonaria pectinata! =/0! 50$4! /0! /*!

(5+).(5%!+(!.((+!+#$!%#&'()$*$+,-!+.$$0:!"#$!A"8CN!.$),(*!(2!+#$!.GHI!-'50+$.!=/0!.$3(6$4!-(3%'$+$'&!

2.(3!/''!/*/'&0$0!/0!,+!-(5'4!*(+!1$!/',)*$4!/-.(00!/''!+/9/!45$!+(!,+0!#,)#!6/.,/1,',+&:!;,<$=,0$7!+#$!+#,.4!

-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$!=$.$!$9-'54$4!2.(3!/*/'&0$0!45$!+(!0/+5./+,(*!/+!+#$0$!%(0,+,(*0:!)

"#$!P/&$0,/*! ,*2$.$*-$!+.$$!(2!+#$!8+&'(33/+(%#(./!1/0$4!(*!+#$!-(*-/+$*/+$4!4/+/0$+!,0!0#(=*!,*!

`,)5.$!L:M:!>,)#'&!-(*0,0+$*+!+(%('(),$0!=$.$!(10$.6$4!=,+#!/''!%#&'()$*&!.$-(*0+.5-+,(*!3$+#(40!50$4!

DPA7! `,)5.$! L:MU! \;7!I%%$*4,9! L:NU! H_7!I%%$*4,9! L:LF:! "#$! 8+&'(33/+(%#(./! /.$! 05%%(.+$4! /0! /!



)&"
"

3(*(%#&'$+,-! ).(5%! ,*! Mddj! \;7! ccj! H_! 1((+0+./%! .$%',-/+$0! /*4!=,+#! /! P/&$0,/*! %(0+$.,(.!

%.(1/1,',+&!(2!M:dd:!"#$!%#&'()$*$+,-!+.$$!0#(=0!/!%.,*-,%'$!4,6,0,(*!1$+=$$*!+#$!8-('(4(*+,4/$!(*!+#$!

(*$!#/*4!/*4!/''!(+#$.!0+&'(33/+(%#(./*!).(5%0!(*!+#$!(+#$.:!"#,0!4,6,0,(*!,0!0+.(*)'&!05%%(.+$4!DcLj!

\;7!ZJj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/*4!=,+#!/''!%#&'()$*$+,-!/*/'&0,0!3$+#(40!DI%%$*4,9!L:]F:!

h$!/'0(!2,*4!/*!,4$*+,-/'!%#&'()$*$+,-!%(0,+,(*!2(.!+#$!8-('(4(*+,4/$!=#$*!/''!%/.+,/'!8-('(4(*+,4/$!

0$Y5$*-$0! /6/,'/1'$! (*! b$*1/*<! D2.(3! G/3,.$n! et al:7! NdMNF! /.$! ,*-'54$4! DI%%$*4,9! L:JF:! "#$!

3(*(%#&'&!(2!+#$!8-('(4(*+,4/$!,0!/'0(!.(150+'&!05%%(.+$4!DMddj!\;7!cKj!H_!1((+0+./%0!/*4!XXlM:dd!

PAF:!I3(*)!+#$!.$3/,*,*)!0+&'(33/+(%#(./*!).(5%07!+#$!Q/-#/+,*(,4R!/*4!+#$!Q*(*C/-#/+,*(,4R!-'/4$0!

/.$! -'$/.'&! .$0('6$4! =,+#! #,)#! 05%%(.+! DMddj! \;7! cNj! H_! 1((+0+./%0! /*4! XXlM:dd! PA! 2(.! +#$!

Q/-#/+,*(,4!-'/ 4$R!/*4!KNj!\;7!cLj!H_!1((+0+./%0!/*4!XXlM:dd!PA!2(.!+#$!Q*(*C/-#/+,*(,4!-'/4$RF:!A*!

+#$!Q/-#/+,*(,4!-'/4$R!+#$.$!,0!/!1/0/'!4,-#(+(3&!1$+=$$*!+#$!8+.$%+/9(,4$/!(*!+#$!(*$!#/*4!/*4!+#$!

I-#/+,*(,4$/!(*!+#$!(+#$.!DcNj!\;7!ZKj!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!"#$!,*+$.*/'!.$'/+,(*0#,%0!

=,+#,*!+#$!I-#/+,*(,4$/!/.$!*(+!-'$/.!$9-$%+!2(.!+#$!%(0,+,(*!(2!+#$!`$.500/-,,4/$!=#,-#!,0!=$''!.$0('6$4!

,*!+#$!+.$$!=,+#!cNj!\;7!cNj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!h,+#,*!+#$!Q*(*C/-#/+,*(,4!-'/4$R!+#$!

X5%,''(,4$,! Tl@.+#5.$+#./V!/.$! 6$.&! =$''! 05%%(.+$4! /0! /! 3(*(%#&'$+,-! ).(5%! DcNj! \;7! cZj! H_!

1((+0+./%07!XXlM:dd!PAF:!"#$!I.,(*(,4$,!/*4!+#$!;,3/-(,4$,!/.$!25''&!05%%(.+$4!DMddj!\;7!Mddj!H_!

1((+0+./%07!XXlM:dd!PAF!/0!3(*(%#&'$+,-!).(5%0:!"#$!I.,(*(,4$,!#/0!/!0,0+$.!).(5%!.$'/+,(*0#,%!=,+#!

+#$! ;,3/-(,4$,7! +#(5)#! 05%%(.+! 2(.! +#,0! ,0! $Y5,6(-/'! Daaj! \;! 1((+0+./%0! /*4! XXlM:dd! PAF:! "#$!

3(*(%#&'&!(2!+#$!@.+#/',-(,4$,!,0!6$.&!=$''!05%%(.+$4!Dc]j!\;7!cLj!H_!1((+0+./%07!XXlM:dd!PAF:!"#$!

>$',-(,4$,! 2(.3! /! -'$/.! 3(*(%#&'$+,-! ).(5%! ,*!+#$!+.$$7!25''&!05%%(.+$4!=,+#!Mddj! \;7!Mddj!H_!

1((+0+./%0!/*4!XXlM:dd!PA:!"#$!>/%'(+.$3/+(,4$/!/*4!@'$/-,*(,4$/!-'50+$.!=,+#!+#$!>$',-(,4$/!=,+#!

0+.(*)!05%%(.+!DKZj!\;7!caj!H_!1((+0+./%0!/*4!XXld:cc!PA!/*4!K]j!\;7!K]j!H_!1((+0+./%0!/*4!

XXlM:dd!PA!.$0%$-+,6$'&F:!"#$!G#&+,4(,4$/!/.$!*(+!-'$/.'&!.$0('6$4!,*!+#$!+.$$!15+!+#$.$!,0!=$/<!05%%(.+!

DJLj! \;! 1((+0+./%0! /*4! XXlM:dd! PAF! 2(.! /! ).(5%! ,*-'54,*)! +#$! O/.&(4,4/$7! [(.-/0,,4/$! /*4!

G#&+,4,4/$:! `,*/''&7! +#$! X5%,''(,4$,7! I.,(*(,4$,7! ;,3/-(,4$,7! X'$-+(%&'(,4$/7! G#&+,4(,4$,7!

"$0+/-$''(,4$,!/*4!O'/50,'(,4$,!0$$3!+(!0%',+!2.(3!(+#$.!Q*(*C/-#/+,*(,4R!+/9/!=,+#!3(4$./+$!05%%(.+!

DZdj!\;7!adj!H_!1((+0+./%0!/*4!XXld:ca!PAF:!
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!

O8-&($)I <E<)P/&$0,/*!%#&'()$*$+,-!+.$$!(2!+#$!8+&'(33/+(%#(./!1/0$4!(*!-(*-/+$*/+$4!0$Y5$*-$0!(2!

JZKN!5*/31,)5(50'&!/',)*$4!*5-'$(+,4$0!2.(3!+#$!-(31,*$4!4/+/0$+!(2!+#$!;8E!D/*4!J:K8F!)$*$7!+#$!

88E!)$*$7!+#$!>L!)$*$!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:!W/'5$0!(*!+#$!*(4$0!

.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F!2(.!\;7!H_!/*4!%(0+$.,(.!%.(1/1,',+,$0!2(.!PA!D1/0$4!(*!

'/0+!ZJj!(2!+.$$0F7!.$0%$-+,6$'&:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!/*4!%(0+$.,(.!%.(1/1,',+,$0!'$00!

+#/*!d:Z!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!

H(4$0!50$4!+(! /00$00! *(4/'! 05%%(.+! ,*! /*/'&0$0! (2!+#$!%#&'()$*$+,-!5+,',+&! (2!4,22$.$*+! )$*$0f! )$*$!

%/.+,+,(*0!/.$!0#(=*!/0!'$++$.0!(*!+#$!-(..$0%(*4,*)!*(4$0!DIC_F: A*2./(.4$.!./*<!=/0!50$4!+(!'/1$'!+#$!

%#&'()$*$+,-!+.$$!2(.!3(0+!).(5%0:!>(=$6$.7!05%$.2/3,'&!./*<!=/0!/'0(!50$4!=,+#!0(3$!).(5%0!,2!+#$&!

=$.$!*(+!/00,)*$4!+(!,*2./(.4$.0!(.!+#$&!1$'(*)$4!+(!*(*C3(*(%#&'$+,-!,*2./(.4$.0:!

0.01

92/92/1.00

Laevicaulis

‘non-stylommatophoran
Pulmonates’

0.011%

Siphonaria
Carychium

Laemodonta

Systrophia
Guestieria Scolodontina

Gaeotis
Drymaeus Orthalicoidei

Haplotrema

Gonaxis
Ferussacia

Subulina
Glessula
Thyrophorella

Achatina
Coeliaxis

Trochulus
Monadenia
Bradybaena
Satsuma

Corilla

Megalobulimus [Megalobulimidae]
Testacella

Albinaria

Rhytida [Rhytididae] 
Dorcasia [Dorcasiidae] 

Caryodes [Caryodidae]

Oxychilus

Meghimatium
Vitrina

Euconulus
Cryptozona

Arion

Cochlicopa
Vallonia

Buliminus

Chondrina

Limacoidei

Arionoidei

Pupilloidei
[= Orthurethra]

Helicina
[‘non-achatinoid clade’]

Achatinina
[‘achatinoid clade’] 

St
yl

om
m

at
op

ho
ra

76/76/0.99

100/99/1.00

93/75/1.00

100/92/1.00

100/98/1.00

82/93/1.00

94/93/1.00

92/97/1.00

100/100/1.00

Helicoidei100//100/1.00

100/100/1.00

70/60/0.96

100/100/1.00

100/97/1.00

82/84/0.95

53/-/1.00

93/98/1.00

93/61/1.00
87/96/0.9984/84/1.00

92/78/1.00

66/-/1.00

Euglandina

Scolodontoidea

Achatinoidea

Streptaxoidea

Rhytidoidei

Testacelloidea
Clausilioidei

Oleacinoidea
Haplotrematoidea

Plectopyloidea

A

B

J

C

D

E

F

G

H

I
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I<J<C!*+,#"-$.$08%)?08#80,)"/)B8//$($.0)3$.$4)'.6)*'(0808".4)

"#$!%#&'()$*$+,-!5+,',+&!(2!+#$!4,22$.$*+!)$*$0!50$4!,*!+#,0!0+54&!=/0!$6/'5/+$4!+(!/00$00!+#$,.!

50$25'*$00!2(.!,*2$..,*)!0+&'(33/+(%#(./*!%#&'()$*&:!I''!2(5.!)$*$0!50$4!,*!+#,0!0+54&7!+#$!;8E!

D/'0(!,*-(.%(./+,*)!+#$!J:K8F7!88E7!>L!/*4!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!O@M7!/0!=$''!/0!+#$!

-(*-/+$*/+$4!4/+/0$+!(2!/''!2(5.!)$*$0!=$.$!$6/'5/+$4:!!I44,+,(*/''&7!2(.!+#$!;8E!)$*$7!+#$!5+,',+&!(2!

+#$!25''C'$*)+#!2./)3$*+!D;8E!MCMNF!=/0!-(3%/.$4!=,+#!+#/+!(2!+#$!(.,),*/'!;8E!MCJ!2./)3$*+!50$4!

1&!h/4$!et al:!DNddM7!NddaF:)

"#$!6/'5$0!(2!+#$!g1 0+/+,0+,-!2(.!/''!)$*$0!/*4!)$*$!%/.+,+,(*0!D;8E!MCJ7!25''C'$*)+#!;8E7!88E7!>L7!M0+!

/*4!N*4!-(4(*!%(0,+,(*0!(2!O@MF!/0!=$''!/0!+#$!-(*-/+$*/+$4!4/+/0$+!(2!/''!2(5.!)$*$0!=$.$!-(*0,4$./1'&!

'(=$.!+#/*!+#$!-(..$0%(*4,*)!-.,+,-/'!6/'5$0!(2!>,'',0!i!>5$'0$*1$-<!DMccNF!,*4,-/+,*)!+#$!%.$0$*-$!(2!

0+.(*)!%#&'()$*$+,-!0,)*/'!D"/1'$!L:NF:!!

S9/3,*,*)!+#$!*531$.!(2!6/.,/1'$!0,+$0!D"/1'$!L:NF!.$6$/'$4!+#/+!=,+#,*!+#$!;8E!)$*$7!+#$!3/?(.,+&!(2!

+#$!6/.,/1'$!0,+$0!DNLa!0,+$0F!-/3$!2.(3!+#$!(.,),*/'!;8E!MCJ!2./)3$*+:!S9%/*4,*)!+#$!0$Y5$*-$!'$*)+#!

(2!+#$!;8E!2(5.2('47!(*'&!1.(5)#+!,*!/*!/44,+,(*/'!MZa!0,+$0:!"#$!88E!)$*$!1.(5)#+!,*!/*!/44,+,(*/'!

M]d!6/.,/1'$!0,+$07!=,+#!MLN!6/.,/1'$!0,+$0!-(3,*)!2.(3!+#$!>L!)$*$!/*4!MNN!6/.,/1'$!0,+$0!2.(3!+#$!

O@M!)$*$!DM0+!/*4!N*4!-(4(*!%(0,+,(*0F:!!

P/0$4!(*!+#$!*(4/'!05%%(.+!2(.!-'/4$0!,*!+#$!%#&'()$*$+,-!+.$$!D"/1'$!L:NF7!+#$!25''C'$*)+#!;8E!)$*$!

.$0('6$4!/''!+$*!0+&'(33/+(%#(./*!-'/4$0!5*4$.!2(-50:!"#$!;8E!MCJ!2./)3$*+!.$0('6$4!*,*$!(2!+#$!+$*!

-'/4$07!/'1$,+!=,+#!0',)#+'&!'(=$.!05%%(.+!2(.!0(3$!-'/4$0:!@2!+#$!(+#$.!)$*$07!(*'&!+=(!(2!+$*!-'/4$0!

=$.$!.$0('6$4!50,*)!+#$!88E7!+#.$$!(2!+$*!-'/4$0!=$.$!.$0('6$4!50,*)!>L!/*4!+=(!(2!+$*!-'/4$0!=$.$!

.$0('6$4!50,*)!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!O@M:!h#$*!/''!2(5.!)$*$0!=$.$!-(31,*$47!/''!+$*!

0+&'(33/+(%#(./*!-'/4$0!=$.$!.$-(6$.$4!50,*)!+#$!-(*-/+$*/+$4!4/+/0$+7!=,+#!/!0,)*,2,-/*+!,*-.$/0$!,*!

1((+0+./%!05%%(.+!2(.!+#$!4$$%!*(4$0!=,+#,*!+#$!8+&'(33/+(%#(./!=#$*!-(3%/.$4!+(!,*4,6,45/'!)$*$0:!

='>#$) I <C<! g1! 0+/+,0+,-7! +(+/'! *531$.! (2! 6/.,/1'$! 0,+$07! /*4! 1((+0+./%! 05%%(.+! 2(.! *(4$0! ,*! +#$!

0+&'(33/+(%#(./*!%#&'()$*&!2(.!$/-#!)$*$f!)$*$!%/.+,+,(*:!H(4/'!05%%(.+!6/'5$0!=$.$!(1+/,*$4!2(.!+$*!

-'/4$0!,*!+#$!0+&'(33/+(%#(./*!+.$$U!-'/4$!'$++$.0!-(..$0%(*4!+(!DIF!8+&'(33/+(%#(./!3(*(%#&'&7!DPF!



)) "
"

%.,*-,%'$!0%',+!(2!+#$!0+&'(33/+(%#(./*!+.$$!1$+=$$*!+#$!8-('(4(*+,4/$!/*4!/''!(+#$.!0+&'(33/+(%#(./*!

).(5%07! DOF! Q/-#/+,*(,4! -'/4$R7! D[F! Q*(*C/-#/+,*(,4! -'/4$R7! DSF! X5%,''(,4$,! Tl@.+#5.$+#./V7!D`F!

;,3/-(,4$,7!DbF!I.,(*(,4$,7!D>F!@.+#/',-(,4$,7!DAF!>$',-(,4$,!/*4!D_F!8-('(4(*+,4/$!D-'/4$0!0#(=*!(*!

`,)5.$!L:MF:!h#$.$!/!-'/4$!,0!.$0('6$4!+#$!1((+0+./%!05%%(.+!6/'5$!,0!0#(=*!,*!+#$!+/1'$:!O'/4$0!*(+!

.$-(6$.$4!50,*)!+#$!)$*$!5*4$.!2(-50!/.$!0#(=*!/0!4/0#$0!DCF:!`(.!+#$!g1!0+/+,0+,-7!/!-.,+,-/'!6/'5$!(2!C

d:Md!/+!Xld:dJ!'$6$'!(2!0,)*,2,-/*-$!=/0!50$4!2(.!+#$!;8E!MCJ!2./)3$*+7!88E7!>L!/*4!O@M!D+#$!M0+!/*4!

+#$!N*4!-(4(*!%(0,+,(*0F:!`(.!+#$!25''C'$*)+#!;8E!)$*$!/!-.,+,-/'!6/'5$!(2! Cd:dK!/+!Xld:dJ!=/0!50$4:!̀ (.!

+#$!-(31,*$4!4/+/0$+!(2!+#$!2(5.!)$*$07!/!-.,+,-/'!6/'5$!(2!Cd:dZ!/+!Xl!d:dJ!=/0!50$4:!O.,+,-/'!6/'5$0!/.$!

4$%$*4$*+!(*!+#$!*531$.!(2!+/9/!/*4!+#$!+(+/'!*531$.!(2!6/.,/1'$!0,+$0!D-.,+,-/'!6/'5$0!2.(3!>,'',0!i!

>5$'0$*1$-<7!MccNF:!

3$.$4_)3$.$)*'(0808".4)

!

5$U&$.%$)

M$.-0+)

!

g1 

50'08408%)

`'(8'>#$)

580$4 

9""040('1)5&11"(0)O"()N#'6$4)VaW)

I ! P! O! [ ! S! ` ! b ! > ! A! _!

;8EMCJ!2./)3$*+! Kdd! Cd:ac! NLa! c] ! C! cd! a] ! ZL! cd! ]M! KN! Mdd! cZ!

;8E!25'' C'$*)+#! LNcd! Cd:Za! ]MN! Mdd! JK! cM! aJ! Kc! cL! JJ! KK! Mdd! cc!

88E! MZ]K! Cd:JN! M]d! Ja! C! C! C! C! C! La! C! C! C!

>L! LNK! Cd:L]! MLN! C! C! C! C! C! cZ! KZ! C! C! N]!

M0+!i!N*4!-(4(*!%(0,+,(*0!

(2!O@M!

]Ma! Cd:MK! MNN! C! C! C! ! C! C! JM! LZ! C! C!

;8E‹88E ! JdLK! Cd:ZZ! JJN! Mdd! aK! cK! JZ! ZZ! cZ! ac! K]! Mdd! Mdd!

;8E‹88E‹>L ! JLaa! Cd:aM! aK]! Mdd! KJ! Mdd! ZJ! Ka! Mdd! ca! cL! Mdd! cc!

;8E‹88E‹>L‹M0+!i!N*4!

-(4(*!%(0,+,(*0!(2!O@M!

JZKN! Cd:aJ! Kda! Mdd! cL! Mdd! KN! cN! Mdd! Mdd! c] ! Mdd! Mdd!

)

I<K!B84%&448".)

h$!#/6$!$9/3,*$4!+#$!1/0/'!4,6,0,(*0!,*!+#$!0+&'(33/+(%#(./*!'/*4!0*/,'0!/*4!0'5)0!/*4!+#$!6/',4,+&!

(2!+#$!3/?(.! +/9(*(3,-! ).(5%0!=,+#,*!+#$! -'/4$!1/0$4! (*! /! .(150+!4/+/0$+! (2! JZKN!0,+$0!2.(3!2(5.!

-(*-/+$*/+$4!)$*$07!.$%.$0$*+,*)!/!0$6$*C2('4!,*-.$/0$!,*!0$Y5$*-$!4/+/!(6$.!+#$!%.$6,(50!3('$-5'/.!

%#&'()$*$+,-!0+54,$0!(2!+#$!8+&'(33/+(%#(./!1&!h/4$!et al:!DNddaF!/*4!G/3p.$n!et al:!DNdMNF:!

I<K<E!*+,#"-$.$08%)R$#'08".4+814)"/)0+$)50,#"22'0"1+"(')

@5.! %#&'()$*$+,-! +.$$0! -'$/.'&! 0#(=! /! 1/0/'! 4,-#(+(3&! ,*! +#$! 8+&'(33/+(%#(./! 1$+=$$*! +#$!

8-('(4(*+,4/$!(*!(*$!#/*4!/*4!/!-'/4$!-(3%.,0,*)!/''!.$3/,*,*)!0+&'(33/+(%#(./*!+/9/!(*!+#$!(+#$.:!



)* "
"

"#$!+/9(*(3,-!%(0,+,(*! (2!+#$!8-('(4(*+,4/$!#/4!%.$6,(50'&! .$3/,*$4!-(*+.(6$.0,/':! ",'',$.!DMcKdF!

%'/-$4! +#$! 8-('(4(*+,4/$! =,+#! +#$! S*4(4(*+,4/$! ,*! #,0! 3(.%#('(),-/'! +/9(*(3&! (2! +#$!

8+&'(33/+(%#(./:!\(0+!(+#$.!3(.%#('()& C1/0$4!+/9(*(3,-!0+54,$0!%'/-$4!+#$!8-('(4(*+,4/$!=,+#!+#$!

G#&+,4(,4$/!DH(.40,$-<7!McKaU!W/5)#+7!McKcU!8-#,'$&<(7!NdddU!P(5-#$+!i!G(-.(,7!NddJF7!=#,'$!P/.<$.!

DNddMF! %'/-$4! +#$!8-('(4(*+,4/$! /0! +#$! 0,0+$.! ).(5%! (2! /! -'/4$! ,*-'54,*)! +#$! >/%'(+.$3/+,4/$! /*4!

W,+.$,4/$:!X.$6,(50!3('$-5'/.!%#&'()$*$+,-! /*/'&0$0!#/4! /'0(!2/,'$4!+(! .$0('6$!+#$!%'/-$3$*+!(2!+#$!

8-('(4(*+,4/$7!=,+#!G/3,.$n!et al:!DNdMNF!0#(=,*)!/!4,0-.$%/*-&!,*!+#$!%(0,+,(*!(2!+#$!8-('(4(*+,4/$!

/--(.4,*)!+(!+#$!%#&'()$*&!.$-(*0+.5-+,(*!3$+#(4!50$4:!@5.!3('$-5'/.!/*/'&0$0!*(=!%5+!+#,0!3/++$.!

1$&(*4!4(51+!=,+#!+#$!8-('(4(*+,4/$!2/'',*)!/0!+#$!0,0+$.!).(5%!+(!/''!(+#$.!0+&'(33/+(%#(./*!).(5%0!

/+!+#$!1/0$!(2!+#$!0+&'(33/+(%#(./*!-'/4$!=,+#!/''!+.$$!-(*0+.5-+,(*!3$+#(40:!!

@5.!%#&'()$*$+,-! /*/'&0$0!/.$!-(*0,0+$*+!=,+#!+#$!%.$6,(50!Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0!

$0+/1',0#$4!1&!h/4$!et al:!DNddM7!NddaF:!"#$0$!).(5%0!.$3/,*!0+/1'$!,*!+#$!-5..$*+!/*/'&0$07!+#(5)#!

=,+#! /! 0,)*,2,-/*+! ,*-.$/0$! ,*! +#$! 1((+0+./%! 05%%(.+! 2(.! +#$! Q*(*C/-#/+,*(,4R! -'/4$:! A*! $/.',$.!

3(.%#('(),-/'!0+54,$07!+#$!Q/-#/+,*(,4R!/*4!+#$!Q*(*C/-#/+,*(,4R!-'/4$0!=$.$!*(+!%.$4,-+$4!D8-#,'$&<(7!

McZKU! H(.40,$-<7! McKaU! ",'',$.7! McKcU! P/.<$.7! NddMU! [/&./+! i! ",'',$.7! NddNF:! X,'01.&! DMKca7! McddF!

.$-()*,n$4! +=(! 3/,*! 4,6,0,(*0! =,+#,*! +#$! 8+&'(33/+(%#(./! (*! +#$! 1/0,0! (2! 2((+! 3(.%#('()&B! +#$!

#('(%(4!/*4!+#$!/5'/-(%(4:!"#$!-5..$*+!Q/-#/+,*(,4R!-'/4$!,*-'54$0!(*'&!#('(%(4!).(5%07!15+!#('(%(4!

+/9/!/'0(!,*-(.%(./+$!=,+#!/5'/ -(%(4!).(5%0!D;,3/-(,4$/7!I.,(*( ,4$/!/*4!S*4(4(*+(,4$/F!,*!+#$!Q*(*C

/-#/+,*(,4R! -'/4$! 05))$0+,*)! +#/+! +#$! #('(%(4! 2((+! ,0! %'$0,(3(.%#,-:! "#$! Q/-#/+,*(,4R! /*4! Q*(*C

/-#/+,*(,4R! -'/4$0! /.$! =$''! /--$%+$4! /*4! #/6$! 1$$*! /4(%+$4! ,*! +#$! 3(0+! .$-$*+! +/9(*(3&! (2! +#$!

8+&'(33/+(%#(./! 1&! P(5-#$+!et al:! DNdMZF! /+! +#$! 0/3$! 051(.4$.! '$6$'! /0! 8-('(4(*+,*/7! =,+#! +#$!

Q/-#/+,*(,4R!-'/4$!.$*/3$4!/0!+#$!051(.4$.!I-#/+,*,*/!/*4!+#$!Q*(*C/-#/+,*(,4R!-'/4$!.$*/3$4!/0!+#$!

051(.4$.!>$',-,*/:!h#,'$!(5.!-5..$*+!%#&'()$*$+,-!/*/'&0,0!-( *2,.30!+#$!6/',4,+&!(2!+#$0$!-'/4$0!(5.!

2,*4,*)0!=(5'4!05))$0+!+#/+!+#$!Q/-#/+,*(,4R!/*4!Q*(*C/-#/+,*(,4R!-'/4$0!0#(5'4!1$!-'/00,2,$4!/+!/!'(=$.!

'$6$'! +#/*! +#$! 8-('(4(*+,*/! ,*! (.4$.! +(! %.(%$.'&! .$2'$-+! +#$! 4$$%C'$6$'! .$'/+,(*0#,%0! =,+#,*! +#$!

8+&'(33/+(%#(./:! !
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h,+#,*!+#$!Q/-#/+,*(,4!-'/4$R7!+#$!%.,*-,%'$!4,-#(+(3&!1$+=$$*!+#$!8+.$%+/9,4/$!/*4!I-#/+,*(,4$/!,0!

=$''!.$0('6$4!=,+#!#,)#!1((+0+./%!05%%(.+:!"#,0!2,*4,*)!/).$$0!=$''!=,+#!+#$!%.$6,(50!3('$-5'/.!0+54,$0!

Dh/4$!et al:7!NddM7!NddaU!85+-#/.,+!et al:7!NdMdF:!"#$!,*+$.*/'!.$'/+,(*0#,%0!=,+#,*!+#$!I-#/+,*(,4$/!/.$!

*(+!$9/3,*$4!#$.$!15+!#/6$!1$$*!$9/3,*$4!,*!4$%+#!1&!`(*+/*,''/!et al:!DNdMZF:!A*!+#$!Q*(*C/-#/+,*(,4!

-'/4$R7!+#$.$!,0!.(150+!05%%(.+!2(.!+#$!X5%,''(,4$,7!I.,(*(,4$,7!;,3/-(,4$,7!@.+#/',-(,4$,!/*4!>$',-(,4$,:!

"#$!I.,(*(,4$,!/*4!+#$!;,3/-(,4$,!0#(=!/!0,0+$.!).(5%!.$'/+,(*0#,%!,*!+#$!+.$$!/0!%.$6,(50'&!(10$.6$4!

Dh/4$!et al:7!NddM7!NddaF!+#(5)#!05%%(.+!,0!$Y5,6(-/':!"#$!>/%'(+.$3/+(,4$/!/*4!@'$/-,*(,4$/!2/''!/0!

0,0+$.!+/9/!(2!+#$!>$',-(,4$/!/0!(10$.6$4!1&!h/4$! et al:!DNddaF7!+#(5)#!*(=!=,+#!.(150+!05%%(.+:!"#$!

>/%'(+.$3/+(,4$/!/*4!@'$/-,*(,4$/!=$.$!+$*+/+,6$'&!%'/-$4!,*!/!*$=!,*2./(.4$.!*/3$4!+#$!@'$/-,*(,4$,!

1&!P(5-#$+!et al:!DNdMZF!15+!+#$!3(*(%#&'&!(2!+#,0!,*2./(.4$.!,0!*(+!05%%(.+$4!,*!+#$!-5..$*+!%#&'()$*&:!

"#$!G#&+,4(,4$/!/.$!.$%.$0$*+$4!1&!2(5.!2/3,',$0!(2!=#,-#!+#$!O/.&(4,4/$7![(.-/0,,4/$!/*4!G#&+,4,4/$!

2(.3!/!-'/4$!+#/+!,0!%((.'&!05%%(.+$4!,*!PA!/*4!\;!/*/'&0$07!=#,'$!,*!+#$!H_!/*/'&0,0!+#$!G#&+,4(,4$/!

/.$!.$0('6$4!/0!/!3(*(%#&'$+,-!).(5%7!15+!=,+#(5+!0,)*,2,-/*+!05%%(.+:!"#$!G#&+,4,4/$!/*4!/''!/-/6(,4!

2/3,',$0!=$.$!-(31,*$4!,*!(*$!05%$.2/3,'&!*/3$4!G#&+,4(,4$/!1&!P(5-#$+!et al:!DNdMZF!1/0$4!(*!+#$!

3('$-5'/.!0+54,$0!(2!>$.1$.+!et al:!DNdMJF!/*4!"$/04/'$!et al:!DNdMaF!/0!-,+$4!,*!P(5-#$+!et al:!DNdMZF!

=#$.$! +#$&! 0#(=$4! +#$!G#&+,4,4/$! /.$! *$0+$4! ,*! +#$! I-/6(,4$/:! >(=$6$.7! +#$! 3(*(%#&'&! (2! +#$!

G#&+,4(,4$/!,*!(5.!%#&'()$*$+,-!+.$$0!,0!*(+!-'$/.:!!

I<K<C!*+,#"-$.$08%)?08#80,)"/)B8//$($.0)3$.$4)'.6)*'(0808".4))

"#$!%#&'()$*$+,-!0,)*/'!=/0!$9/3,*$4!4,.$-+'&!,*!/''!)$*$0f!)$*$!%/.+,+,(*0!/*4!,*!+#$!-(31,*$4!4/+/0$+!

50,*)!+#$!g1!0+/+,0+,-:!"#$!.$05'+0!,*4,-/+$4!+#$!%.$0$*-$!(2!0,)*,2,-/*+!%#&'()$*$+,-!0,)*/'!,*!/''!)$*$0f!

)$*$!%/.+,+,(*0!/0!=$''!/0!,*!+#$!-(*-/+$*/+$4!4/+/0$+:!I*/'&0,0!(2!+#$!*531$.!(2!6/.,/1'$!0,+$0!.$6$/'0!

+#/+!=,+#,*!+#$!;8E!)$*$7!+#$!(.,),*/'!;8E!MCJ!2./)3$*+!-(*+/,*0!+#$!3/?(.,+&!(2!+#$!6/.,/1'$!0,+$0:!

I'+#(5)#!+#$!;8E!MCJ!2./)3$*+!,0!(*'&!/!Y5/.+$.!(2!+#$!'$*)+#!(2!+#$!25''C'$*)+#!;8E!)$*$7!+#$!;8E!MC

J!2./)3$*+!#/0!3(.$!+#/*!JZj!(2!+#$!+(+/'!*531$.!(2!6/.,/1'$!0,+$0:!"#$!;8E!MCJ!2./)3$*+!#/0!1$$*!

50$4!$9+$*0,6$'&!,*!%#&'()$*$+,-!0+54,$0!(2!+#$!8+&'(33/+(%#(./!Dh/4$!i!\(.4/*!NdddU!h/4$!et al:7!

NddM7!NddaU!h/4$!et al:7!NddZU!>$.1$.+!i!\,+-#$''7!NddKU!P.$5.$!et al:7!NdMdU!P.$5.$!i!G(3$.(7!NdMNU!



), "
"

G/3p.$n!et al:7!NdMNU!>$.1$.+!et al:7!NdMJU!H$<('/!i!O('$07!NdMJU!\(500/'',!i!>$.1$.+7!NdMaF!=#$.$!

,+0!5+,',+&!,0!=$''!$0+/1',0#$4!,*!.$0('6,*)!%#&'()$*$+,-!.$'/+,(*0#,%0!/3(*)!+#,0!).(5%:!

A+!#/0!1$$*!05))$0+$4!+#/+!+#$!*531$.!(2!6/.,/1'$!0,+$0!,*!*5-'$/.!)$*$0!%(0,+,6$'&!-(..$'/+$0!=,+#!+#$!

%#&'()$*$+,-! 0,)*/'! D\$&$.!et al:7! NdMJF:! >(=$6$.7! g,31/''! /*4! P./5*! DNdM]F! 4$3(*0+./+$4! +#/+!

$9%/*4,*)!+#$!0$Y5$*-$!'$*)+#!+(!/%%.(9,3/+$'&!+#.$$2('4!2.(3!+#$,.!%.$6,(50!0+54&!Dg,31/''!i!P./5*7!
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4/+/:!P/0+$.,/!Z]7!NJCLM:!!

P.$5.$7! I:8:7! G(3$.(7! X:S:7! NdMN:! 85%%(.+! /*4! 05.%.,0$0B! 3('$-5'/.! %#&'()$*&! (2! +#$! '/*4! 0*/,'!

05%$.2/3,'&!@.+#/',-(,4$/!50,*)!/!+#.$$C'(-50!)$*$!/*/'&0,0!=,+#!/!4,6$.)$*-$!+,3$!/*/'&0,0!

/*4! /*-$0+./'! /.$/! .$-(*0+.5-+,(*! Db/0+.(%(4/B! 8+&'(33/+(%#(./F:!I.-#,6! 2t.!

\(''50<$*<5*4$B!A*+:!_:!\/'/-(': !M]M7!MCNd:!!

O/0+.$0/*/7! _:7! Nddd:! 8$'$-+,(*! (2! -(*0$.6$4! 1'(-<0! 2.(3! 35'+,%'$! /',)*3$*+0! 2(.! +#$,.! 50$! ,*!
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McNJ!Db/0+.(%(4/B!X5'3(*/+/F:!^(('(),0-#$.!I*n$,)$. CI!_:!O(3%/.:!^((': !N]J7!MaMCMaJ:!!

>$.1$.+7! [:b:7! \,+-#$''7! I:7! NddK:! X#&'()$*$+,-! .$'/+,(*0#,%0! (2! +#$! $*,)3/+,-! '/*4! 0*/,'! )$*50!

X.$0+(*$''/B! +#$! 3,00,*)! I2.,-/*! $'$3$*+! ,*! +#$! b(*4=/*/*! 05%$.2/3,'&! @.+#/',-(,4$/!

D\(''50-/B!8+&'(33/+(%#(./F:!P,('!_!;,**$/* !8(-: !ca7!NdLCNNM:!!
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(.!-(*?$-+5.$’:!_:!\(''50:!8+54: KM7!NJcCNaK:!!

>,'',07! [:\:7! >5$'0$*1$-<7! _:X:7! MccN:! 8,)*/'7! *(,0$7! /*4! .$',/1,',+&! ,*! 3('$-5'/.! %#&'()$*$+,-!

/*/'&0$0:!_:!>$.$4:!KL7!MKcCMcJ:!!

>(''/*47!P:8:7!>/42,$'47!\:b:7!Ndd]:!@.,),*!/*4!4,6$.0,2,-/+,(*!(2!+#$!$*4$3,-!>/=/,,/*!+.$$!0*/,'0!

DI-#/+,*$'',4/$B!I-#/+,*$'',*/$F!1/0$4!(*!3('$-5'/.!$6,4$*-$: !\(':!X#&'()$*$+:!S6(':!LN7!JKKC

add:!!

g,31/''7!G:":7!P./5*7!S:;:7!NddK:!I!35'+,)$*$!%#&'()$*&!(2!b/'',2(.3$0!05%%(.+0!/!0,*)'$!(.,),*!(2!

$.$-+,'$!/1,',+&!,*!*(*~2$/+#$.$4!2/-,/'!+./,+0:!_:!I6,/*!P,(':!Lc7!]LKC]]J: !!

g,31/''7!G:":7 !P./5*7!S:;:7!NdM]:![($0!3(.$!0$Y5$*-$!4/+/!,3%.(6$!$0+,3/+$0!(2!)/'',2(.3!%#&'()$*&’!

I*/'&0$0!(2!/!./%,4!./4,/+,(*!50,*)!/!-(3%'$+$!4/+/!3/+.,9:!X$$._:!N7!$LaM:!
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gm#'$.7!`:7!O.,0-,(*$7!`:7!NdMJ:!I!3('$-5'/.!%#&'()$*&!(2!-/3/$*,4! '/*4!0*/,'0!2.(3!*(.+#C=$0+$.*!

I50+./',/! 5*./6$'0! =,4$0%.$/4! #(3(%'/0&! ,*! 3(.%#('(),-/'! -#/./-+$.0! Db/0+.(%(4/7!

>$',-(,4$/F:!\(':!X#&'()$*$+:!S6(':!KL7!]] CJJ:!!

;/*/6$7!O:7!X.$%/./+/7!b:7!8/-(*$7!O:7!8$.,(7!b:7!McK]:! I! *$=!3$+#(4!2(.! -/'-5'/+,*)!$6('5+,(*/.&!

0510+,+5+,(*!./+$0:!\(':!X#&'()$*$+:!S6(':!Nd7!KaCcL:!!

;/.)$+7!P:7!8,3(*7! [:;:7!Mccc:! \/.<(6! -#/,*! \(*+$!O/.'(! /')(.,+#30!2(.!+#$!P/&$0,/*! /*/'&0,0! (2!

%#&'()$*$+,-!+.$$0:!\(':!X#&'()$*$+:!S6(':!Ma7!ZJdCZJc:!!

;,*7!_:>:7!^#(57!h:O:7![,*)7!>:;:7!h/*)7!X:7!I,7!>:\:7!NdMa:!"#$!3,+(-#(* 4.,/'!)$*(3$!(2!+#$!'/*4!

0*/,'!O$.*5$''/!6,.)/+/!D[/!O(0+/7!MZZKFB!+#$!2,.0+!-(3%'$+$!0$Y5$*-$!,*!+#$!2/3,'&!>&).(3,,4/$!

DX5'3(*/+/7!8+&'(33/+(%#(./F:!^((g$&0!JKc7!JJCac!

;u%$nCG51,(7!I:7!85/n/7!_:[:7!X(.+$.7!O:7!E.,1$7!8:7!P$4(&/7!b:7!Wy'$n7!A:[:7!NdMZ:!X#&'()$*$+,-!0,)*/'!
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[&/.!i!g*/17!McML: !P,(3y4,-/ !LZ7!M]LCMJ]:!!

\$/47! I:G:7! Ndd]:! O(3%/./+,6$! .$%.(45-+,6$! /*/+(3&! ,*! +#$! 8(5+#! I2.,-/*! ),/*+! '/*4! 0*/,'0!

Db/0+.(%(4/B!X5'3(*/+/B!I-#/+,*,4/$F:!^((':!\$4$4:!ZK7!]MZC]]c: !!

\$&$.7! P:8:7! \/+0-#,*$.7! \:7! 8/'n15.)$.7! h:7! NdMJ:! I! +.,1/'! '$6$'! %#&'()$*&! (2! ;/<$! "/*)/*&,</!

-,-#',4!2,0#$0!1/0$4!(*!/!)$*(3,-!35'+,C3/.<$.!/%%.(/-#:!\(':!X#&'()$*$+:!S6(':!KL7!JaCZM:!!

\(.4/*7!X:7!h/4$7!O: \:7!NddK:!>$+$.(1./*-#,/!AAB!"#$!X5'3(*/+/:!A*B!X(*4$.7!h:`:7!;,*41$.)7![:G:!

DS40:F7!X#&'()$*&! /*4!S6('5+,(*! (2!+#$! \(''50-/:!E*,6$.0,+&! (2!O/',2(.*,/!X.$007!P$.<$'$&7!

E8I7!]dc C]Na:!!

\(500/'',7!I:7!>$.1$.+7![:b:7!NdMa:![$$%!3('$-5'/.!4,6$.)$*-$!/*4!$9-$%+,(*/'!3(.%#('(),-/'!0+/0,0!

,*!4=/.2!-/**,1/'!0*/,'0!H/+/!0$*05!'/+(!h/+0(*7!McL]!DG#&+,4,4/$F!(2!0(5+#$.*!I2.,-/:!\(':!

X#&'()$*$+:!S6(':!cJ7MddCMMJ:!!

H/.$-#/*,/7! I:7! P/<$.7! G:>:7! 8,+7! G:7! g('(<(+.(*,07! 8:@:7! [$8/''$7! G:7! X'/*$+7! X:_:7! NdMM:! G/*4(3!

/44,+,(*!-(*-/+$*/+,(*!/*/'&0,0B!/!*(6$'!/%%.(/-#!+(!+#$!$9%'(./+,(*!(2!%#&'()$*(3,-!0,)*/'!

.$6$/'0! 0+.(*)! /).$$3$*+! 1$+=$$*! -(.$! /*4! 0#$''! )$*(3,-! %/.+,+,(*0! ,*! +#$! -&/*(1/-+$.,/:!

b$*(3$!P,(':!S6(': !]7!LdC]L: !!

H$<('/7! _:O:7! O('$07! P:`:7! NdMJ:! 85%./0%$-,2,-! +/9(*(3&! ,*! +#$! W$.+,),*,4/$! Db/0+.(%(4/B!

8+&'(33/+(%#(./F:!_:!\(''50:!8+54:!KN7!NdKCNMN:!!

H(.40,$-<7!>:7!McKJ:! "#$!0&0+$3! (2!+#$!8+&'(33/+(%#(./!Db/0+.(%(4/F7!=,+#!0%$-,/'! .$)/.4!+(!+#$!

0&0+$3/+,-!%(0,+,(*! (2!+#$!O'/50,',,4/$7!A:!A3%(.+/*-$! (2!+#$!$9-.$+(.&! /*4! )$*,+/'! 0&0+$30:!

I.-#:!\(''50<$*<:!MMa7!MCN]:!

H(.40,$-<7! >:7! McKa:! "#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./! Db/0+.(%(4/F7! =,+#! 0%$-,/'!

.$)/.4! +(! +#$! 0&0+$3/+,-! %(0,+,(*! (2! +#$! O'/50,',,4/$7! AA:! A3%(.+/*-$! (2! +#$! 0#$''!

/*4!4,0+.,15+,(*:!I.-#:!\(''50< $*<4:!MMZ7!cLCMMa:!

H(.40,$-<!>:!MccN:!X#&'()$*&!/*4!0&0+$3!(2!+#$!X5'3(*/+/!Db/0+.(%(4/F:!I.-#,6!2t.!\(''50<$*<5*4$: 

MNM7!LMCJN:!!
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X,'01.&7!>:I:7!MKca:!"#$!I5'/-(%(4/B!/!%.,3/.&!4,6,0,(*!(2!+#$!3(*(+.$3/+$!'/*4!X5'3(*/+/:!H/5+,'50!

c7!MdcCMMM:!

X,'01.&!>:I:7!Mcdd:!@*!+#$!n(('(),-/'!%(0,+,(*!(2!Achatinella /*4! Partula:!X.(-$$4,*)0!(2!+#$!I-/4$3&!

(2!H/+5./'!8-,$*-$07!X#,'/4$'%#,/!JN7!JaMCJaZ:!

G/3p.$n7!G:7!P(.4/7!W:7!G(3$.(7!X:7!G/3,.$n7!_:7!O(*)./,*07!O:7!O#,.,*(07!_:7!G/3p.$n7!X:7!W$'z0Y5$n7!

;:S:7! \$?p/7! g:7! NdMN:! P,(4,6$.0,+&! /*4! $*4$3,03! (2! +#$! =$0+$.*! I3/n(*,/! '/*4! 0*/,'0!

Megalobulimus!/*4! Systrophia:!G$6:!X$.5:!P,(':!Mc7!dJcCdZ]:!!

G/n<,*7!@:7!bu3$nC\(',*$.7!P:_:7!X.,$+(7!O:S:7!\/.+p*$nC@.+p7!I:7!I..y1('/7!_:G:7!\5„(n7!P:7!O#5$-/7!

;:_:7! \/4$,./7 ! \:_:7! NdMJ:! \('$-5'/.! %#&'()$*&! (2! +#$! =$0+$.*! X/'/$/.-+,-! >$',-(,4$/!

Db/0+.(%(4/7!8+&'(33/+(%#(./F:!\(':!X#&'()$*$+:!S6(':!KL7!ccCMMZ:!!

G(*Y5,0+7! `:7! >5$'0$*1$-<7! _:X:7! NddL:! \.P/&$0! LB! P/&$0,/*! %#&'()$*$+,-! ,*2$.$*-$! 5*4$.! 3,9$4!

3(4$'0:!P,(,*2(.3/+,-0!Mc7!MJZNCMJZ]:!!

8/,+(57!H:7!H$,7!\:7!McKZ:!"#$!*$,)#1(.C?(,*,*)!3$+#(4B!/!*$=!3$+#(4!2(.!.$-(*0+.5-+,*)!%#&'()$*$+,-!

+.$$0:!\(':!S-(':!G$0(5.: !]7!]daC]NJ:!!

8-#,'$&<(7!I:I:!McZK:!X$-5',/.,+,$0!(2!+#$!0+.5-+5.$!(2!+#$!$9-.$+(.&!0&0+$3!(2!+#$!X5'3(*/+/!,*!.$'/+,(*!

+(!051-'/00!-'/00,2,-/+,(*:!\/'/-(':!G$6:!MM7!aKCZd:!

8-#,'$&<(7! I:I:7! Nddd:! ".$/+,0$! (*! G$-$*+! "$..$0+.,/'! X5'3(*/+$! \(''50-0B! G#&+,4,4/$7!

O#'/3&4$%#(.,4/$7!8&0+.(%#,,4/$7!>/%'(+.$3/+,4/$7!8+.$%+/9,4/$7!8%,./9,4/$7!@'$/-,*(,4/$7!

"$0+/-$'',4/$:!G5+#$*,-/7!05%%:!N7!X/.+aB!ZLMCKKd:!

8-#,'$&<(7! I:I:7! NddL:! ".$/+,0$! (*! G$-$*+! "$..$0+.,/'! X5'3(*/+$! \(''50-0B! ".,)(*(-#'/3&4,4/$7!

X/%,''(4$.3,4/$7! W,+.,*,4/$7! ;,3/-,4/$7! P,$'n,,4/$7! I).,(',3/-,4/$7! P($++)$.,'',4/$7!

O/3/$*,4/$:!"$0+/-$'',4/$:!G5+#$*,-/7!05%%:!N7!X/.+MMB!M]aZCMaNa:!

8-#,'$&<(7! I:I:7! Ndd]:! ".$/+,0$! (*! G$-$*+! "$..$0+.,/'! X5'3(*/+$! \(''50-0B! P./4&1/$*,4/$7!

\(*/4$*,,4/$7! ‚/*+#(*&-#,4/$7! S%,%#./)3(%#(.,4/$7! >$'3,*+#()'&%+,4/$7! S'(*,4/$7!

>531('4+,/*,4/$7!8%,*-+$.(-#,',4/$7!O(-#',-$'',4/$:!"$0+/-$'',4/$:!G5+#$*,-/7!05%%:!N7!X/.+!MNB!

MaNZCMZa]:!!

8#/.3/7!X:X:7!g/'5n,/<7!8:":7!X$.$nCX(..(7!I:G:7!b(*n/'$n7!W:;:7!>(.3,)/7!b:7!h#$$'$.7!h:O:7!b,.,1$+7!

b:7!NdM]:!X#&'()$*(3,-!,*+$..()/+,(*!(2!I./-#*,4/!.$6$/'0!0&0+$3,-!-(*2',-+0!,*!%#&'()$*$+,-!

0,)*/': !\(':!X#&'()$*$ +:!S6(':!LM7!NcaLCNcK]:!!

83,+#7! 8:h:7! @6$.1$$<7! G:7! h($0$7! O:G:7! b,'1$.+7! h:7! b,''$6$+7! X:\:7! Mcc]:! ! "#$! )$*$+,-! 4/+/!

$*6,.(*3$*+7!/*!$9%/*4/1'$!bEA!2(.!35'+,%'$!0$Y5$*-$!/*/'&0,0:!!O(3%5+:!I%%':!P,(0-,:!Md7!

aZMCaZJ:!!

8('$37! I:7! McK]:! I! =(.'4! 3(4$'! (2! '/*4 ! 0*/,'! 4,6$.0,+&! /*4! /15*4/*-$:!World-wide Snails, 

Biogeographical studies on non-marine 64ollusca. P.,''!i!P/-<#5&07!;$,4$*7!%%:aCNN:!

8+/4$*7!G:7!P$/'7!g:`:7!P(*2,$'47!_:g:7!Nddd:!!"#$!8+/4$*!%/-</)$7!MccK:!!\$+#(40!\(':!P,(':!MLN7!MMJC

MLd:!!
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85+-#/.,+7!O:7!H/))07!`:7!h/4$7!O:\:7!`(*+/*,''/7!A:7!X/*#/7!8:7!NdMd:!"#$!*$=!2/3,'&![,/%#$.,4/$7!/!

*$=!0%$-,$0!(2!Diaphera Albers!2.(3!"#/,'/*47!/*4!+#$!%(0,+,(*!(2!+#$![,/%#$.,4/$!=,+#,*!/!

3('$-5'/.! %#&'()$*&! (2! +#$! 8+.$%+/9(,4$/! DX5'3(*/+/B! 8+&'(33/+(%#(./F:!^((':! _ :! ;,**:!

8(-: !Mad7!MCMa:!!

8=(22(.47![:;:7!NddN:!XIEX•:!X#&'()$*$+,-!/*/'&0,0!50,*)!%/.0,3(*&!D•/*4!(+#$.!3$+#(40F7!W$.0,(*!

]:d1Md:!85*4$.'/*47!\IB!8,*/5$.!I00(-,/+$0: !

"$/04/'$7! ;:O:7! g($#'$.7! `:7! \5../&7! g:[:7! @R>/./7! ":7! \(500/'',7! I:7! NdMa:!A4$*+,2,-/+,(*! /*4!

Y5/',2,-/+,(*!(2!Jdd!*5-'$/.7!0,*)'$~-(%&7!(.+#('()(50!)$*$0!2(.!+#$!S5%5'3(*/+/!Db/0+.(%(4/F!

50,*)!+./*0-.,%+(3$!0$Y5$*-,*)!/*4!$9(*!-/%+5.$:!\(':!S-(':!G$0(5.: !Ma7!MMdZCMMNL:!!

",'',$.7!8:7!McKd:!b/0+$.(%(4$0!+$..$0+.$0!$+!2'56,/+,'$0!4$!b5&/*$!`./*-/,0$:!\$3:!\50:!H/+:!>,0+:!*/+7!

X/.,0:MMK7!MCMZJ:!

",'',$.7! 8:7! McKc:! O(3%/./+,6$! 3(.%#('()&7! %#&'()$*&! /*4! -'/00,2,-/+,(*! (2! '/*4!

0*/,'0!/*4!0'5)0!Db/0+.(%(4/B!X5'3(*/+/B!8+&'(33/+(%#(./F:!\/'/-('(),/!Ld7!M CLdL:!

W/5)#+7! g:O:7! McKc:! I! O'/00,2,-/+,(*! (2! +#$! ;,6,*)! \(''50-/:! I3$.,-/*! \/'/-('(),0+0 !

A*-7!\$'1(5.*$7!`;: !

h/4$7!O:\:7!\(.4/*7!X:P:7!Nddd:!S6('5+,(*!=,+#,*!+#$!)/0+.(%(4!3(''0-0U!50,*)!+#$!.,1(0(3/'!GHI!

)$*$C-'50+$.!/0!/*!,*4,-/+(.!(2!%#&(')$*$+,-!.$'/+,(*0#,%0:!_:!\(''50:!8+54:!aa7!JaJCJac:!!

h/4$7!O:\:7!\(.4/*7!X:P:7!O'/.<$7!P:7!NddM:!I!%#&'()$*&!(2!+#$!'/*4!0*/,'0!Db/0+.(%(4/B!X5'3(*/+/F:!

X.(-:!G(&:!8(-:!;(*4:!P!P,(:!NaK7!]MLC]NN:!!

h/4$7!O:\:7! \(.4/*7!X:P:7!H/))07! `:7!Ndda:!S6('5+,(*/.&! .$'/+,(*0#,%0! /3(*)!+#$!%5'3(*/+$! '/*4!

0*/,'0!/*4!0'5)0!DX5'3(*/+/7!8+&'(33/+(%#(./F:!P,(':!_:!;,**$/*:!8(-:!KZ7!JcLwaMd:!

h/4$7!O:\:7!>54$'(+7!O:7![/6,0(*7!I:7!H/))07!`:7!\(.4/*7!X:P:7!NddZ:!\('$-5'/.!%#&'()$*&!(2!+#$!

#$',-(,4!'/*4!0*/,'0!DX5'3(*/+/B!8+&'(33/+(%#(./B!>$',-(,4$/F7!=,+#!0%$-,/'!$3%#/0,0!(*!+#$!

O/3/$*,4/$:!_:!\(''50:!8+54:ZL7!]MMC]MJ:!!

!

! !
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N+'10$()JP!!"#$%&#'()1+,#"-$.,)"/)0+$)Z(0+&($0+(')

V*'.1&#2".'0'P)50,#"22'0"1+"('W E)

)

:>40('%0))

h$! #/6$! 5*4$.+/<$*! /! 3('$-5'/.! /*/'&0,0! (2! +#$! @.+#5.$+#./7! (*$! (2! +#$! 3/?(.! ).(5%0! (2!

0+&'(33/+(%#(./*!'/*4!0*/,'0!/*4! 0'5)0!1/0$4!(*!LLZd!0,+$0!(2!+#$!'/.)$!0515*,+!/*4!J:K8!.,1(0(3/'!

GHI!)$*$0 :!I!%.,3/.&!4,6,0,(*!,*!+#$!+.$$!0$%/./+$0!+#$!O#(*4.,*,4/$!2.(3!+#$!.$0+!(2!+#$!@.+#5.$+#./:!

`(.!+#(0$!2/3,',$0! .$%.$0$*+$4!1&!3(.$!+#/*! (*$!)$*507!+#$!O#(*4.,*,4/$7!O$./0+,4/$7!W$.+,),*,4/$7!

I-#/+,*$'',4/$! /*4!X/.+5',4/$! /.$! .$-(6$.$4! /0!0+.(*)'&!05%%(.+$4!3(*(%#&'$+,-! 5*,+07!=#$.$/0!+#$!

X5%,'',4/$7! S*,4/$7! /*4! W/''(*,,4/$! /.$! 5*05%%(.+$4! ,*! +#$! +.$$:! I'+#(5)#! +#$.$! ,0! .$'/+,6$'&! ',++'$!

05%%(.+! 2(.! +#$! 4$$%C'$6$'! .$'/+,(*0#,%0! /3(*)! +#$! 3/,*! (.+#5.$+#./*! ).(5%07! 0(3$! ).(5%,*)0! /.$!

0+.(*)'&!05%%(.+$4:!"#$!0,0+$.C).(5%!.$'/+,(*0#,%!(2!+#$!O(-#',-(%,4/$!=,+#!+#$!I3/0+.,4/$!,0!0+.(*)'&!

05%%(.+$4!,*!(5.!3('$-5'/.!/*/'&0$07!/*4!+#$.$!,0!/'0(!0(3$!05%%(.+!2(.!+#$!).(5%,*)!(2!+#$!@.-5',4/$!

=,+#!+#$!X&./3,45',4/$:!!
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"

"

"

"

"
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1This chapter is submitted as “Saadi, A.J., Mordan P.B., Wade, C.M., 2019. Molecular phylogeny of the 

Orthurethra (Panpulmonata: Stylommatophora). Zool. J. Linn. Soc.”. "
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J<E!Q.0("6&%08".))

"#$!@.+#5.$+#./!-(3%.,0$!/%%.(9,3/+$'&!addd!0%$-,$07!/00,)*$4!+(!0(3$!Ndd!)$*$./:!"#$!/*/+(3&!(2!

+#$!$9-.$+(.&!0&0+$3!2(.3$4!+#$!1/0,0!(2!+#$!-'/00,-!X,'01.&CP/<$.!0&0+$3!2(.!+#$!8+&'(33/+(%#(./!

DX,'01.&7!McddU!P/<$.7!McJJF7!=,+#!+#$!@.+#5.$+#./!-#/./-+$.,0$4!1&!#/6,*)!/!0,3%'$7!0+./,)#+!5.$+$.!+#/+!

.5*0!2.(3!+#$!/*+$.,(.!$*4!(2!+#$!<,4*$&!+(=/.40!+#$!%*$53(0+(3/'!/.$/!(2!+#$!'5*)7!/*4!(%$*0!/0!/!

1/-<=/.4 C%(,*+,*)!%(.$:!A*!3(0+!-/0$0!/!0$-(*4/.&!0+.5-+5.$!,0!4$6$'(%$4!=#,-#!6/.,$0!2.(3!/!0#(.+!

).((6$!,*!3/*&!0%$-,$07!/!0#(.+!+51$!D$:):!AcanthinulaF7!/!'(*)$.!+51$!.5**,*)!3(0+!(2!+#$!'$*)+#!(2!+#$!

<,4*$&!D$:):!AbidaF7!(.!/44,+,(*/''&!1/-<!/'(*)!+#$!.$-+53!D+#$!0(C-/''$4!%0$54(0,)35.$+#.(50!-(*4,+,(*!

2(5*4!,*!AmimopinaF:!A*!+#,0!+./4,+,(*/'!-'/00,2,-/+,(*7!+#$!@.+#5.$+#./!/.$!(*$!(2!2(5.!%.,3/.&!4,6,0,(*0!

(2!+#$!8+&'(33/+(%#(./:!X,'01.&!DMcddF!-(*0,4$.$4!+#$!@.+#5.$+#./!+(!1$!/* !/*-$0+./' !).(5%!+(!/''!(+#$.!

8+&'(33/+(%#(./:!"#,0!=/0!1/0$4!(*!+#$!1$',$2!+#/+!+#$!(.+#5.$+#./*!%/'',/'!0&0+$3!=,+#!,+0!'(*)!<,4*$&!

/*4!4,.$-+!5.$+$.!3(0+!-'(0$'&!.$0$31'$4!+#/+!(2!+#$!05%%(0$4'&!3(.$!/*-,$*+!P/0(33/+(%#(./7!/*4!

+#,0!6,$=!#/0!)$*$./''&!%$.0,0+$4!D$:):!8-#,'$&<(7!McZcU!H(.40,$-<!McKaU!X(<.&0n<(7!Mcc]F:!"#$!0#/%$!

(2!+#$!5.$+$.!4($0!*(+!/''(=!=/+$.!.$/10(.%+,(*7!=#,-#!=/0!05))$0+$4!1&!8('$3!DMcZKF!/0!+#$!.$/0(*!+#$!

@.+#5.$+#./!4($0!*(+!-(*+/,*!/*&!0'5)0:!

"#$!@.+#5.$+#./!./*)$!2.(3!S5.(%$!/*4!.$),(*0!1(.4$.,*)!+#$!\$4,+$../*$/*!+(!_/%/*!/*4!#/6$!.$/-#$4!

3(0+!(2!I2.,-/7!A*4,/7!35-#!(2!I0,/7!H(.+#!I3$.,-/7!+#$!,0'/*40!(2!+#$!X/-,2,-!/*4!$6$*!I50+./',/:!A*!

+#$!X/-,2,-!,0'/*407!(.+#5.$+#./*0!-/*!.$%.$0$*+!/0!35-#!/0!adj!(2!+#$!'/*4!0*/,'!4,6$.0,+&:!"#$!2(5.!

(.+#5.$+#./*!2/3,',$07!X/.+5',4/$7!I3/0+.,4/$7!I-#/+,*$'',4/$!/*4![./%/.*/54,,4/$7!/.$!$*4$3,-!+(!+#$!

,0'/*40!(2!+#$!X/-,2,-:!"#$&!#/6$!6$.&!*/..(=!4,0+.,15+,(*/'!./*)$0!/*4!/.$!5*4$.!0$6$.$!+#.$/+!2.(3!

#/1,+/+!4$0+.5-+,(*! /*4!,*+.(45-$4!%.$4/+(.0:!A*4$$47!+#$!I3/0+.,4/$7!=#,-#!/.$!$*4$3,-!+(!>/=/,,7!

#/6$!/'3(0+!/''!1$-(3$!$9+,*-+!/*4!+#$!'(00!(2!*53$.(50!/-#/+,*$'',4!/*4!%/.+5',4!+/9/!#/0!/'0(!1$$*!

=$''!4(-53$*+$4!D0$$!O(=,$7!MccNU!O((+$!i!;($6$7!NddLU!>(''/*4!i!>/42,$'47!Ndd]U!Gy)*,$.!et al:7!

NdMJ!2(.!/!.$6,$=F:!

!
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A*!#,0!-'/00,-!%/%$.!4$/',*)!=,+#!+#$!/22,*,+,$0!(2!+#$!X/-,2,-!)$*$./!Achatinella!/*4! Partula7!X,'01.&!

DMcddF! .$-()*,0$4! 2,6$! 2/3,',$0! =,+#,*! #,0! *$=! ).(5%! @.+#5.$+#./B! +#$! I-#/+,*$'',4/$7! X/.+5',4/$7!

X5%,4/$! DlX5%,'',4/$F7!/*4! Y5$0+,(*/1'&! +#$! W/''(*,,4/$! /*4! O(-#',-(%,4/$:! ;/+$.! #$! %51',0#$4! /!

%.(6,0,(*/'!',0+!(2!0512/3,',$0!,*!#,0!X5%,'',4/$!/0!2(''(=0B!+#$!b/0+.(-(%+,*/$7!X5%,'',*/$7!X/)(4,*,*/$7!

I-/*+#5',*/$7!W$.+,),*,*/$7!@.-5',*/$!/*4!8+.(1,'(%0,*/$!DX,'01.&7!McMaCMKF:!8510$Y5$*+'&7!#$!/44$4!

+#$!X/)(45',*,*/$!2(.!+=(!)$*$./7!Spalaeodiscus!/*4! Pagodulina7!=#,-#!=(5'4!*(+!2,+!-(*6$*,$*+'&!

$'0$=#$.$!DX,'01.&7!McNNCNaF:!>,0!=(.<!2(.3$4!+#$!1/0,0!(2!+#$!@.+#5.$+#./!/0!=$!<*(=!+#$3!+(4/&:!I+!

/*!$/.'&!0+/)$!X,'01.&!DMcMaCMKF!/43,++$4!+#/+!#,0!X5%,'',4/$!#/4!1$$*!),6$*! ./+#$.!=,4$! ',3,+07!15+!

h/+0(*!DMcNdF!=/0!+(!)(!35-#!25.+#$.!,*!05))$0+,*)!+#/+!/''!15+!/!2$=!)$*$./!(2!(.+#5.$+#./*0!0#(5'4!

1$!-(31,*$4!,*+(!/!0,*)'$!1.(/4!-(*-$%+!(2!+#$!2/3,'&!X5%,'',4/$:!!

A*! -(*+./0+7! +#$! 4$+/,'$4! /*/+(3,-/'! 0+54,$0! (2! 8+$$*1$.)! DMcNJF! '$4! #,3! +(! .$-()*,0$! /! +(+/'! (2! Ma!

2/3,',$0!,*!+#$!@.+#5.$+#./!/0!/!=#('$:!>(=$6$.7!+#$!',3,+0!(2!+#$!).(5%!#/6$!*(+!-#/*)$4!0,)*,2,-/*+'&!

0,*-$!3(0+!(2!+#$0$!/44,+,(*/'!2/3,',$0!#/6$!.$05'+$4!2.(3!+#$!0%',++,*)!(2!$9,0+,*)!(.+#5.$+#./*!).(5%07!

%.,*-,%/''&!+#$!X5%,'',4/$!sensu lato:!I*/+(3,-/'!05%%(.+!2(.!+#$!6/.,(50!2/3,'&C).(5%!+/9/!=,+#,*!+#$!

@.+#5.$+#./!#/0!/'=/&0!1$$*!%((.:!P/<$.!D,*!X,'01.&7!McNZCLJF!)/6$!/!-(3%.$#$*0,6$!.$6,$=!(2!+#$!

',3,+$4!/*/+(3,-/'!,*2( .3/+,(*!/6/,'/1'$!/+!+#$!+,3$7!15+!-(*-'54$4!+#/+!,*!.$0%$-+!(2!+#$!X5%,''(,4$/B!

Q/*&!4$45-+,(*0!1/0$4!(*!+#$!/*,3/'!/'(*$!=(5'4!1$!=$/<!/*4!+#,0!=(5'4!1$!$0%$-,/''&!+.5$!(2!/!).(5%!

,*!=#,-#!+#$!0#$''!-#/./-+$.0!“!/%%$/.!3/*,2$0+!=#,'$!+#(0$!(2!+#$!0(2+!%/.+0!/.$!4,22,-5'+!+(!0+54&!/*4!

3(.$! 0(! +(! $6/'5/+$R:! I0! H(.40,$-<! DMcKaF! %(,*+$4! (5+7! +#$! .$'/+,(*0#,%0! =,+#,*! +#$! @.+#5.$+#./!

$0+/1',0#$4!1&!X,'01.&!/*4!P/<$.!DX,'01.&7!McNZCLJF!/.$!$00$*+,/''&!1/0$4!(*!-(*-#('(),-/'!-#/./-+$.07!

=#,-#!#$!1$',$6$4!(6$.6/'5$4!+#$!,3%(.+/*-$!(2!+#$!0#$'':!"#,0!0,+5/+,(*!-#/*)$4!',++'$!5*+,'!+#$!=(.<!

(2!",'',$.!DMcKcF!=#(!05.6$&$4!/!2.$0#!05,+$!(2!-#/./-+$.0!(2!+#$!%/'',/'7!*$.6(50!/*4!/',3$*+/.&!0&0+$30:!

",'',$.! DMcKcF! /*4! P/.<$.! DNddMF! .$%.$0$*+! +#$! (*'&! +=(! /++$3%+0! /+! /! 3(.%#('(),-/'! %#&'()$*$+,-!

/*/'&0,0!(2!+#$!@.+#5.$+#./:!",'',$.!-(*0,4$.$4!+#$!@.+#5.$+#./!+(!1$!3(*(%#&'$+,-!/*4!+#$!0,0+$.!).(5%!

(2!/''!(+#$.!8+&'(33/+(%#(./!D",'',$.7!McKcU!S31$.+(*!i!",'',$.7!MccJF:!"#(5)#!",'',$.R0!+.$$!4,6,4$4!

+#$! @.+#5.$+#./! ,*+(! +=(!-'/4$07! #,0! -'/00,2,-/+,(*! .$-()*,0$4! +#.$$! 05%$.2/3,',$0B! +#$! X5%,''(,4$/7!

O#(*4.,*(,4$/! /*4! X/.+5'(,4$/:! >(=$6$.7! ",'',$.! DMcKcF! -(*0,4$.$4! #,0! (=*! -'/00,2,-/+,(*! (2! +#$!
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@.+#5.$+#./!+(!1$!5*0/+,02/-+(.&:!A*!P/.<$.R0!5*-(*0+./,*+!/*/'&0,0!(2!+#$!8+&'(33/+(%#(./!D,*-'54,*)!

MN!(.+#5.$+#./*!2/3,',$0F!1/0$4!(*!JZ!3/,*'&!3(.%#('(),-/'!-#/./-+$.07!+#$!(.+#5.$+#./*0!2$''!,*+(!+=(!

4,0+,*-+!/*4!.$3(+$!-'/4$07!$/-#!(2!=#,-#!0#(=$4!-'(0$!/22,*,+&!=,+#!*(*C(.+#5.$+#./*!2/3,',$0B!(*$!(2!

+#$0$!-'/4$0!,*-'54$4!+#$!8%#,*-+$.(-#$,',4/$!/*4!E.(-(%+,4/$7!+#$!0$-(*4!,*-'54$4!+#$!O(.,'',4/$!/*4!

I-/6,4/$:! "#$0$! .$05'+0! /%%$/.! +(! 1$! $6$*! '$00! 0/+,02/-+(.&! +#/*! ",'',$.R0! -'/00,2,-/+,(*:! A*! +#$!

-'/00,2,-/+,(*!(2!P(5-#$+!i!G(-.(,!DNddJF7!+#$!@.+#5.$+#./!/.$!-(*0,4$.$4!/0!/*!,*2(.3/'!).(5%!/*4!

051-'/4$! (2! +#$! 8+&'(33/+(%#(./7! =,+#! +#$! @.+#5.$+#./! %/.+,+,(*$4! ,*+(! 2,6$! 05%$.2/3,',$0B! +#$!

X/.+5'(,4$/7!I-#/+,*$''(,4$/7!O(-#,',-(%(,4$/7!X5%,''(,4$/!/*4!S*(,4$/7!/*4!Nd!2/3,',$07!(*$!(2!=#,-#7!

+#$!O&',*4.$'',*,4/$7! ,0!$9+,*-+:! \(0+! .$-$*+'&7!P(5-#$+!et al:!DNdMZF! .$6,0$4!+#$!$/.',$.!P(5-#$+! i!

G(-.(,!DNddJF!-'/00,2,-/+,(*7!.$-()*,0,*)!/!+(+/'!(2!Na!2/3,',$0!%'/-$4!=,+#,*!/!0,*)'$!05%$.2/3,'&7!+#$!

X5%,''(,4$/!QD3/<,*)!@.+#5.$+#./!/*4!X5%,''(,4$/!0&*(3&30FR:!!

8$6$./'! 3('$-5'/.! 0+54,$0! (2! +#$! @.+#5.$+#./! #/6$! 1$$*! -(*45-+$4:! \(0+! (2! +#$3! 2(-50$4! (*!

%#&'()$()./%#&!(2!/!%/.+,-5'/.!)$*50!Db((4/-.$! i!h/4$7!NddM/U!b((4/-.$7!NddNU!"(*)<$.4!et al:7!

Ndd]U!g$+3/,$.!et al:7!NddaU!8,0-#(!i">/42,$'47!NdMZF!(.!=,+#,*!/!2/3,'&!Db((4/-.$!i!h/4$7!NddM1U!

>(''/*4!i!>/42,$'47!Ndd]U!;$$! et al:7!Nddc7!NdM]U!8'/%-,*0<&!i!g./507!NdMaU!gm#'$.!et al:7!NdMZF:!"#$!

2,.0+!-(3%.$#$*0,6$!3('$-5'/.!0+54,$0!(2!+#$!@.+#5.$+#./!/,3$4!+(!0('6$!1(+#!+#$!.$'/+,(*0#,%0!=,+#,*!

+#$!@.+#5.$+#./!/*4!+(!%'/-$!+#$3!=,+#,*!+#$!0+&'(33/+(%#(./*!%#&'()$*&!/0!/!=#('$!Dh/4$!et al:7!

NddM7!NddaF:!>(=$6$.7!+#$0$!%#&'()$*,$0!=$.$!1/0$4!(*!(*'&!KNL!*5-'$(+,4$0!(2!+#$!.GHI!)$*$!-'50+$.:!

"#$!.$05'+,*)!(.+#5.$+#./*!+.$$!=/0!%((.'&!.$0('6$4!/*47!$9-$%+!1$+=$$*!-'(0$'&!.$'/+$4!+/9/7!05%%(.+!

2(.!).(5%,*)0!=/0!.$'/+,6$'&!'(=:!"#$!3(*(%#&'&!(2!+#$!@.+#5.$+#./!=/0!.$-(6$.$4!/*4!+#$!@.+#5.$+#./!

2$''!=,+#,*!+#$!Q*(*C/-#/+,*(,4R!-'/4$!Dh/4$!et al:7!NddM7!NddaU!\(.4/*!i!h/4$7!NddKF:!I.31.50+$.!et 

al:!DNddJF!50$4!#,0+(*$!)$*$0!+(!/*/'&0$!+#$!.$'/+,(*0#,%0!(2!ML!0+&'(33/+(%#(./*!)$*$./!D)1:&%')1<"

1)1."$*,/%*.,/*01"<.1.*0D7!"#$!@.+#5.$+#./!=$.$!*(+!.$-(6$.$4!/0!/!3(*(%#&'$+,-!).(5%!,*!+#$,.!0+54&7!

/*4!+#.$$!(.+#5.$+#./*!2/3,',$07!+#$!O(-#',-(%,4/$7!W$.+,),*,4/$7!/*4!W/''(*,,4/$!=$.$!%/./%#&'$+,-!,*!

+#$,.! +.$$:! \/4$,./!et al:! DNdMdF! $9/3,*$4! +#$! %#&'()$*$+,-! %(0,+,(*! (2! +#$! (.+#5.$+#./*! )$*$./!

Cryptazeca7!Azeca!/*4! Hypnophila!D+#$!In$-,4/$F7!$00$*+,/''&!,*-(.%(./+,*)!+#$0$!+/9/!=,+#,*!+#$!h/4$!
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et al!DNddaF!.GHI!0$Y5$*-$!4/+/0$+:!"#$,.!/*/'&0,0!%.(6,4$4!0+.(*)!05%%(.+!2(.!/!3(*(%#&'$+,-!).(5%!

-(3%.,0,*)! Cryptazeca7!Azeca!/*4! Hypnophila,!=#,-#!'$4!+#$3!+(!%.(%(0$!/!*$=!2/3,'&7!+#$!In$-,4/$:!!

!H$<('/! i! O('$0! DNdMaF! 5*4$.+((<! /! 3('$-5'/.! /*/'&0,0! /,3$4! /+! $'5-,4/+,*)! +#$! 05%./0%$-,2,-!

+/9(*(3&!(2!+#$!W$.+,),*,4/$7!15+!+#/+!/'0(!,*-'54$4!/!*531$.!(2!(+#$.!(.+#5.$+#./*!0$Y5$*-$07!0(3$!

*$=!/*4!0(3$!2.(3!$/.',$.!0+54,$07!%.,*-,%/''&!+#(0$!(2!h/4$!et al:!DNddM7!NddaF:!"#$,.!%#&'()$*$+,-!

-(*-'50,(*0!=$.$!$00$*+,/''&!1/0$4!(*!NK8!0$Y5$*-$0!(2!0(3$!Kdd!1/0$!%/,.07!/*4!.$%',-/+$4!3/*&!(2!

+#$!.$05'+0!(2!h/4$!et al:!DNddM7!NddaFU!/!Q6$.+,),*,4R!-'/4$!=/0!.$-(6$.$4!=#,-#!1.(/4'&!-(..$0%(*4$4!

=,+#!+#$!W$.+,),*,4/$!/0!(5+',*$4!,*!P(5-#$+!i!G(-.(,!DNddJF:!!"#$!(6$./''!-(*-'50,(*!=/0!+#/+!+#$,.!

.$05'+0! Q0+.(*)'&! 05))$0+! +#/+! 2(.3/'! .$-(*0,4$./+,(*! (2! 05%./0%$-,2,-! -(*-$%+0! /-.(00! +#$! $*+,.$!

,*2./(.4 $.!/.$!=/../*+$47!1/0$4!5%(*![HI!0$Y5$*-$!4/+/R:!Truncatellina!/*4! Columella!=$.$!$9-'54$4!

2.(3 !+#$!W$.+,),*,4/$!/0!+#$&!-'50+$.!=,+#!+#$!O#(*4.,*,4/$ :!"#$!3('$-5'/.!0+54&!(2!>/.'! et al:!DNdMZF!

+/.)$+$4!+#$!2/3,'&!@.-5',4/$7!15+!,*-'54$4!3/*&!*(*C(.-5',4!+/9/U!=#,'0+!-'/.,2&,*)!+#$!3(*(%#&'&!(2!

+#$! (.-5',407! +#$,.! (+#$.! 3/,*! -(*+.,15+,(*! =/0! +#$! $.$-+,(*! +=(! *$=! (.+#5.$+#./*! 2/3,',$0B! +#$!

I)/.4#,$'',4/$!/*4!`/595',4/$:  

>$.$!=$!%.$0$*+!+#$!.$05'+0!(2!/!).$/+'&!$*'/.)$4!3('$-5'/.!/*/'&0,0!+#/+!,*-'54$0!+#$!0$Y5$*-$0!(2!LJ!

)$*$./!.$%.$0$*+,*)!Ma!2/3,',$0!(2!@.+#5.$+#/7!2(.!+#$!.,1(0(3/'!D.F!GHI!)$*$!-'50+$.!T,*-'54,*)!%/.+!

(2!+#$!J:K8!)$*$7!+#$!-(3%'$+$!A"8CN!.$),(*7!/*4!/'3(0+!+#$!25''C'$*)+#!'/.)$!0515*,+!D;8EU!NK8F!)$*$V7!

/*4!4,0-500!3(.$!25''&!+#$!(10$.6$4!%/++$.*0!(2!.$'/+,(*0#,%!=,+#,*!+#$!).(5%:!

J<C!!'0$(8'#4)'.6)!$0+"64 )

J<C<E!98"#"-8%'#)!'0$(8'#)

I!+(+/'!(2!LJ!)$*$./7!.$%.$0$*+,*)!Ma!(.+#5.$+#./*!2/3,',$0!=$.$",*-'54$4!,*!+#,0!0+54&:![$+/,'0!(2!+#$!

0%$-,3$*07!0/3%',*)! '(-/',+,$07!/*4!-(''$-+(.0!/.$!),6$*!,*!"/1'$!]:M:!h$!/4(%+!+#$!-'/00,2,-/+,(*!(2!

P(5-#$+!et al:!DNdMZF!+#.(5)#(5+:!

!

!

!
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='>#$)J<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!et al:!DNdMZF:!

O'28#,! 51$%8$4! N"##$%08".)M"%'08".! N"##$%0"(!

)

Z(0+&($0+('.)='T' )

I-#/+,*$'',4/$ ! Elasmias luakahaense!X,'01.&!/*4!O((<$7!

McMJ!

g(('/5!G/*)$7!@/#57!>/=/,, ! G:!G5*4$''!i!g:!@',6/' !

! Partulina proxima!DX$/0$7!MKaNF! \/5,7!>/=/,, ! P:!>(''/*4 !

O(-#',-(%,4/$! Cochlicopa lubricella!DX(..(7!MKLKF! 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

I3/0+.,4/$ ! Leptachatina lepida!O((<$7!McMd! >/=/,,!A0'/*47!>/=/,, ! X:!\(.4/*!i!G:!O(=,$ !

X5%,'',4/$! Pupoides albilabris!DI4/307!MK]MF! h,'0(*!O(5*+&7!"$**$00$7!E8I! _:!8'/%-,*0<&!i!P:!O('$0!

! Pupilla muscorum D;,**/$50!MZJKF b/.4$*7!W,-+(.,/!b.(6$7!;(*4(*! ! S''$*!b./51/.+ !

;/5.,,4/$ ! Lauria cylindracea!D4/!O(0+/7!MZZKF! \5''/)#3(.$7!O(:!8',)(7!A.$'/*4 ! S:!X'/++0!

W/''(*,,4/$ ! Vallonia excentrica!8+$.<,7!MKcN! 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

! Acanthinula aculeata D\t''$.7!MZZ]F! P(9!>,''7!85..$&7!Eg! _:!I1'$++!

W$.+,),*,4/$! Vertigo antivertigo!D[./%/.*/547!MKdMF! O#5$++7!I.*('40+$,*7!I50+.,/! X:!\,'+*$. !

! Pronesopupa acanthinula!DI*-$&7!MKcNF g(('/5!G/*)$7!@/#57!>/=/,, ! G:!G5*4$''!i!g:!@',6/' !

b/0+.(-(%+,4/$! Gastrocopta armifera!D8/&7!MKNMF! h,'0(*!O(5*+&7!"$**$00$7!E8I! _:!8'/%-,*0<&!i!P:!O('$0!

@.-5',4/$! Orcula austriaca!̂ ,33$.3/*7!McLN! g5#1$.)7!I50+.,/! X:!\,'+*$. !

8+.(1,'(%0,4/$! Eostrobilops nipponica!DX,'01.&7!McdKF! @0/</7!_/%/*! A:!\/+0535./ !

X&./3,45',4/$ ! Pyramidula rupestris!D[./%/.*/547!MKdMF! \5''/)#3(.$7!O(:!8',)(7!A.$'/*4 ! S:!X'/++0!

O#(*4.,*,4/$ ! Chondrina clienta!Dh$0+$.'5*47!MKKLF! W,''/-#7!I50+.,/! X:!\,'+*$. !

! Solatopupa similis!DP.5)5,v.$7!MZcNF! W$.4(*!b(.)$7!`./*-$ ! I:![/6,0(* !

! Abida secale D[./%/.*/547!MKdMF! X5'%,+![(=*7!P5-<,*)#/30#,.$7!

Eg !

X:!\(.4/* !

! Granaria frumentum D[./%/.*/547!MKdMF! X$'0,6$-!X'/+$/57!8'(6/<,/! _:!b.$)( !

S*,4/$! Buliminus labrosus!D@',6,$.7!MKd]F! 8/'/4,*}0!O/0+'$7!8&.,/! X:!\(.4/* !

! Pene sidonensis!D`y.500/-7!MKNMF! 8/'/4,*}0!O/0+'$7!8&.,/! X:!\(.4/* !

! Luchuena reticulata!DG$$6$7!MK]cF! g,</,!A0'/*47!G&5<&57!_/%/*! 8:!O#,1/!

! Napaeus pruninus!Db(5'47!MK]aF! 8ƒ(!\,)5$'7!In(.$0 ! I:!X('/0-n$< !

! Macaronapaeus vulgaris!D\(.$'$+!i!

[.(5$+7!MKJZF!

8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

! Ena obscura!D\t''$.7!MZZ]F P,$'/!6(4/7!@'-*/6/7!8'(6/<,/ ! !_:!8+$22$<!

! Mastus pupa!DP.5)5,v.$7!MZcNF! 8,-,'&! I:![/6,0(* !

! Mirus stalix DP$*0(*7!MKaLF! I)./7!8.,!;/*</ ! [:!G/#$$3 !

! Chondrula albolimbata DX2$,22$.7!MK]KF! 8%,00<&!+'./47!8'(6/<,/! _:!b.$)( !

O$./0+,4/$! Cerastus schweinfurthi!D\/.+$*07!MKcJF! I' C\/#5,+7!H:!s$3$* ! X:!\(.4/* !

! Pachnodus silhouettanus!6/*!\('!i!

O(%%(,07!McKd!

8,'#(5$++$!A0'/*47!8$&-#$''$0! _:!b$.'/-# !

! Amimopina macleayi!DP./n,$.7!MKZaF! e5$$*0'/*47!I50+./',/ ! X:!\(.4/* !

[./%/.*/54,,4/$ ! Draparnaudia singularis!G$$6$7!MKJ]! \(*+!g()#,07!H$=!O/'$4(*,/ ! O:!h/4$!i!g:!P(=3/* !
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X/.+5',4/$! Samoana conica!Db(5'47!MK]ZF! 8/3(/ ! G:!O(=,$!

! Eua zebrina!Db(5'47!MK]ZF! 8/3(/ ! G:!O(=,$!

! Partula tohiveana O./3%+(*7!McN]! \((.$/ ! E*<*(=* !

A".) Z(0+&($0+('.)='T' !

`$.500/-,,4/$! Ferussacia folliculus Db3$',*7!MZcMF! ;(0!I'-(.*/'$07!X.(6!O/4,n7!8%/,* ! \:!8$44(* !

I-#/+,*,4/$ ! Lissachatina fulica!DP(=4,-#7!MKNNF!

Tl Achatina fulicaV!

E*<*(=*!D^((':!8(-:!;(*4:!-(''*:F ! X:!X$/.-$Cg$''&!

8+.$%+/9,4/$! Gonaxis quadrilateralis!DX.$0+(*7!McMdF! Gy5*,(* ! @:!b.,22,+#0!

)

J<C<C!)BA:)ST0('%08".^)*NR):21#8/8%'08".)'.6)5$U&$.%8.-)

[HI!=/0!$9+./-+$4!2.(3!/!03/''!DM CN!33LF!+,005$!0/3%'$!+/<$*!2.(3!+#$!2((+!(2!+#$!0*/,'!(.!+#$!=#('$!

0*/,'! D2(.! 03/''! 0%$-,3$*0F! 50,*)! /! O"IP! [HI! $9+./-+,(*! %.(+(-('! Db((4/-.$! i! h/4$7! NddM1F:!

I%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!.,1(0(3/'!D.F!GHI!)$*$!-'50+$.!T,*-'54,*)!%/.+!(2!+#$!J:K8!)$*$7!

+#$!-(3%'$+$!A"8CN!.$),(*7!/*4!/'3(0+!+#$!25''C'$*)+#!'/.)$!0515*,+!D;8EU!NK8F!)$*$V!=$.$!0$Y5$*-$4!

50,*)!/!*$0+$4!XOG!/%%.(/-#7!=,+#!+#$!%.(45-+!(2!+#$!%.,3/.&!XOG!1$,*)!50$4!/0!/!+$3%'/+$!2(.!+#$!

0$-(*4/.&!XOG:!"#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!%.,3$.0!;8ECM,,!/*4!;8E CMN!2(''(=$4!1&!

0,9!,*+$.*/'!2./)3$*+0!DI7!P7!O7![7!S7!/*4!`F!D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!

!XOG!/3%',2,-/+,(*!2(.!+#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!e,/)$*!"/Y![HI!%('&3$./0$!/*4!e!

1522$.!0&0+$3!DM‚!1522$.7!M‚!eC0('5+,(*7!d:L!3\!4H"X7!M:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!

%.,3$.!/*4!ME!"/Y!,*!/!Jd…;!2,*/'!6('53$F:!8$-(*4/.&!XOG!/3%',2,-/+,(*!=/0!,4$*+,-/'!+(!+#$!%.,3/.&!

XOG!=,+#!+#$!$9-$%+,(*!+#/+!/!'(=$.!d:N!3\!-(*-$*+./+,(*!(2!4H"X0!=/0!50$4:!"#$!-&-',*)!-(*4,+,(*0!

D=,+#!/!X$.<,*!S'3$.!-&-'$.F!(2!+#$!%.,3/.&!XOG!=$.$!/0!2(''(=0B!ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!

-&-'$0!(2!c]!̂ O!2(.!Ld!0$-7!Jd!̂ O!2(.!Ld!0$-7!ZN!̂ O!2(.!L!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!̂ O!2(.!

J!3,*:!"#$!0$-(*4/.&!XOG!-&-'$!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca!̂ O!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!

c] !ˆO!2(.!Ld!0$-7!]J!ˆO!2(.!M!3,*7!ZN!ˆO!2(.!N!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

I3%',2,-/+,(*!%.(45-+0!=$.$!%5.,2,$4!2.(3!/*!/)/.(0$!)$'!50,*)!/!e,/)$*!)$'!$9+./-+,(*!<,+:!P(+#!

0$*0$!/*4!/*+,0$*0$!0+./*40!=$.$!0$Y5$*-$4!4,.$-+'&!(*!/*!I%%',$4!P,(0&0+$30!LZLd![HI!0$Y5$*-$.!

50,*)!P,)![&$!+$.3,*/+(.!-&-'$!0$Y5$*-,*)!-#$3,0+.,$0!/+!\/-.()$*!A*-: !
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J<C<I!5$U&$.%$)*("%$448.-)'.6)*+,#"-$.$08%):.'#,4$4)

[HI!0$Y5$*-$0!=$.$!/00$31'$4!50,*)!+#$!8"I[SH!%/-</)$!6$.0,(*!M:J:L!D8+/4$*!et al:7!NdddF!/*4!

/',)*$4!50,*)!6$.0,(*!N:N!(2!+#$!b$*$+,-![/+/!S*6,.(*3$*+!Db[SF!%/-</)$!D83,+#!et al:7!Mcc]F:!"#$!

;8E! D,*-(.%(./+,*)! J:K8! /*4! A"8 CNF! .GHI! 0$Y5$*-$0! =$.$! /',)*$4! 3/*5/''&! 50,*)! +#$! 0$-(*4/.&!

0+.5-+5.$!/0!/!)5,4$:!b1'(-<0!6:d:cM1!DO/0+.$0/*/7!NdddF!=,+#!4$2/5'+!0$++,*)0!=/0!50$4!/0!/!)5,4$!+(!

0$'$-+!+#$!.$',/1'&!/',)*$4!*5-'$(+,4$!0,+$0:!

X#&'()$*$+,-!+.$$0!=$.$!-(*0+.5-+$4!50,*)!3/9,353!',<$',#((4!D\;F!D`$'0$*0+$,*7!McKMF7!*$,)#1(.C

?(,*,*)!DH_F!D8/,+(5!i!H$,7!McKZF!/*4!P/&$0,/*!,*2$.$*-$!DPAF!D;/.)$+!i!8,3(*7!McccF:!"#$!)$*$./'!

+,3$!.$6$.0,1'$!3(4$'!,*-(.%(./+,*)!)/33/!Db"G‹ ! F!D;/*/6$!et al:7!McK]U!b5!et al:7!MccJF!=/0!50$4!

+(!-(..$-+!2(.!35'+,%'$!0510+,+5+,(*0!2(.! /''! 3(4$'C1/0$4!3$+#(40!D\;7!H_! /*4!PAF:! \;!+.$$0!=$.$!

-(*0+.5-+$4!50,*)!+#$!X#&\;!D6$.0,(*!L:dF!%/-</)$!Db5,*4(*!et al:7!NdMdF!=,+#!+.$$!0$/.-#,*)!2(''(=,*)!

/!#$5.,0+,-!%.(-$45.$!=,+#!Md!./*4(3!0+/.+!+.$$0!/*4!1$0+!(2!*$/.$0+C*$,)#1(5. C,*+$.-#/*)$!/*4!051+.$$C

%.5*,*)C.$)./2+,*)!1./*-#!0=/%%,*):!H_! /*/'&0,0!=/0!%$.2(.3$4!50,*)!+#$!XIEX•!D6$.0,(*! ]:d1MdF!

%/-</)$!D8=(22(.47!NddNF:!`(.!H_!/*/'&0,07!3(4$'!%/./3$+$.0!=$.$!$0+,3/+$4!2(''(=,*)!/*!,+$./+,(*!

%.(-$00U!2(.!$/-#!+.$$!+#$!%/./3$+$.0!=$.$!$0+,3/+$4!/*4!50$4!+(!15,'4!+#$!*$9+!+.$$!5*+,'!+#$.$!=/0!*(!

25.+#$.! ,3%.(6$3$*+! (2! +#$! ',<$',#((4! 0-(.$:! P((+0+./%! .$0/3%',*)! D`$'0$*0+$,*7! McKJF! =,+#! Mddd!

.$%',-/+$0!=/0!5*4$.+/<$*!2(.!\;!/*4!H_!+.$$0:!PA!/*/'&0,0!=/0!5*4$.+/<$*!50,*)!+#$!\.P/&$0!D6$.0,(*!

L:M:NF!%/-</)$!DG(*Y5,0+!i!>5$'0$*1$-<7!NddLF:!"=(!,*4$%$*4$*+!.5*0!=,+#!2(5.!-#/,*0!(2!/!\/.<(6!

O#/,*!\(*+$!O/.'(!D\O\OF!/')(.,+#3!=$.$!50$4!+(!$9%'(.$!+#$!+.$$!0%/-$:!PA!/*/'&0,0!=/0!-(*45-+$4!

2(.!J!3,'',(*!)$*$./+,(*0!=,+#!+.$$!0/3%',*)!$6$.&!Mdd!)$*$./+,(*0:!"(!$*05.$!/4$Y5/+$!-#/,*!0=/%%,*)7!

/!./*)$!(2!#$/+,*)!%/./3$+$.0!=$.$!+$0+$4!=,+#!+#$!(%+,3/'!%/./3$+$.!50$4!+(!-(*0+.5-+!+#$!2,*/'!+.$$0:!

@*'&!/2+$.!+#$!P/&$0,/*!\O\O!0$/.-#$0!#/4!.$/-#$4!/!0+/+,(*/.&!%#/0$!D,*4,-/+,*)!-(*6$.)$*-$!(2!+#$!

-#/,*0!(*+(!+#$!+/.)$+!4,0+.,15+,(*F!=/0!+#$!.5*!$*4$4:!I!-(*0$*050!+.$$!=/0!15,'+!50,*)!+#$!'/0+!ZJj!(2!

+.$$0! D15.*,*lMNJdMF:! I'+$.*/+,6$! %#&'()$*$+,-! #&%(+#$0$0! =$.$! $6/'5/+$4! 1&! ',<$',#((4! 50,*)! /!

8#,3(4/,./ w>/0$)/=/! GS;;! +$0+! D8#,3(4/,. /! i! >/0$)/=/7! McccF! (*! H_! )$*$./+$4! +(%('(),$0! /0!

,3%'$3$*+$4!,*!XIEX•:!
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8$Y5$*-$0!(2!/%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!.GHI!)$*$!-'50+$.!=$.$!)$*$./+$4!2(.!LJ!)$*$./!

1$'(*),*)!+(!Ma!(.+#5.$+#./*!2/3,',$0:!X#&'()$*$+,-!+.$$0!2(.!+#$!@.+#5.$+#./!=$.$!-(*0+.5-+$4!50,*)!

LLZd!5*/31,)5(50'&! /',)*$4!*5-'$(+,4$!0,+$0! (2!+#$! ;8E! .GHI! )$*$!D/'0(! ,*-(.%(./+,*)!+#$!J:K8F:!

"#.$$! 0%$-,$0! (2! +#$! Q/-#/+,*(,4R! -'/4$! Dh/4$!et al:7! NddM7! NddaF7!Lissachatina fulica7!Ferussacia 

folliculus /*4! Gonaxis quadrilateralis,!=$.$!50$4!/0!/*!(5+).(5%!+(!.((+!+#$!%#&'()$*$+,-!+.$$0:!

"#$!P/&$0,/*!,*2$.$*-$!+.$$!(2!+#$!@.+#5.$+#./!,0!0#(=*!,*!`,)5.$!]:M:!P./*-#$0!05%%(.+$4!,*!•Jdj!(2!

1((+0+./%!.$%',-/+$0!/*4!=,+#!P/&$0,/*!%(0+$.,(.!%.(1/1,',+,$0!•d:Zd!/.$!-(*0,0+$*+!/-.(00!/''!%#&'()$*&!

.$-(*0+.5-+,(*!3$+#(40!DPA7!`,)5.$!]:MU!\;7!I%%$*4,9!]:MU!H_7!I%%$*4,9!]:NF:!"#$!@.+#5.$+#./!2(.3!

/!=$''!.$0('6$4!3(*(%#&'$+,-!).(5%!,*!+#$!+.$$!05%%(.+$4!,*!Mddj!\;7!Mddj!H_!1((+0+./%!.$%',-/+$0!

/*4!=,+#!/!P/&$0,/*!%(0+$.,(.!%.(1/1,',+&!(2!M:dd:!"#$!2,.0+!4,6,0,(*!,*!+#$!@.+#5.$+#./!0$%/./+$0!+#$!

O#(*4.,*,4/$!2.(3!+#$!.$3/,*,*)!(.+#5.$+#./*!2/3,',$0:!"#$!O#(*4.,*,4/$!/.$!0+.(*)'&!05%%(.+$4!DK]j!

\;7!cJj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/*4!/.$!+#$30$'6$0!4,6,4$4!,*+(!/!25.+#$.!+=(!).(5%0U!+#$!2,.0+!

-(3%.,0$0!Chondrina clienta!/*4! Abida secale!DMddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/*4!

+#$!0$-(*4!-(3%.,0$0!Solatopupa similis!/*4! Granaria frumentum!DMddj!\;7!Mddj!H_!1((+0+./%0!/*4!

XXlM:dd!PAF:!"#$!.$3/,*,*)!(.+#5.$+#./*0!D0#/4$4!/.$/!(*!+.$$7!`,)5.$!]:MF!-'50+$.!+()$+#$.!,*!/!25''&!

05%%(.+$4! ).(5%! DMddj! \;7! Mddj! H_! 1((+0+./%0! /*4! XXlM:dd! PAF! +#(5)#! +#$! %#&'()$*$+,-!

.$'/+,(*0#,%0! =,+#,*! +#,0! ).(5%!/.$! )$*$./''&! %((.'&! .$0('6$4! =,+#! ?50+! /! 2$=! ).(5%,*)0! 0+.(*)'&!

05%%(.+$4:!"#$!O$./0+,4/$!/.$!=$''!05%%(.+$4!=,+#!Zaj!\;7!KJj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!h,+#,*!

+#$!O$./0+,4/$!+#$.$!,0!0+.(*)!05%%(.+!2(.!+#$!0,0+$.!.$'/+,(*0#,%!1$+=$$*!Pachnodus silhouettanus!/*4!

Cerastus schweinfurthi!Dcaj! \;7! cJj! H_! 1((+0+./%0! /*4! XXlM:dd! PAF:! "#$! W$.+,),*,4/$! /.$! /'0(!

0+.(*)'&! 05%%(.+$4! ,*! +#$! +.$$)Dc]j! \;7! Mddj! H_! /*4! XXlM:dd! PAF:! "#$! I-#/+,*$'',4/$! /.$! 25''&!

05%%(.+$4!,*!+#$!+.$$!=,+#!Mddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXl!M:dd!PA:!"#$!X/.+5',4/$!/'0(!2(.3!/!

-'$/.!).(5%!,*!+#$!+.$$7!25''&!05%%(.+$4!,*!Mddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!h,+#,*!+#$!

X/.+5',4/$7!+#$!0,0+$.!.$'/+,(*0#,%!1$+=$$*!Samoana conica!/*4! Partula tohiveana!,0!05%%(.+$4!,*!ZJj!

\;7!aKj!H_!1((+0+./%0!/*4!XXld:Kc!PA:!!
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"#$!0,0+$.!.$'/+,(*0#,%!1$+=$$*!Lauria cylindracea!D;/5.,,4/$F!/*4!Pupilla muscorum!DX5%,'',4/$F!,0!

25''&! 05%%(.+$4! ,*! +#$! +.$$! DMddj! \;7! Mddj! H_! /*4! XXlM:dd! PAF:! ;,<$=,0$7! +#$! O(-#',-(%,4/$!

DCochlicopa lubricellaF!/*4!I3/0+.,4/$!DLeptachatina lepidaF!/.$!-'(0$'&!.$'/+$4!=,+#!+#$,.!0,0+$.!).(5%!

.$'/+,(*0#,%!0+.(*)'&!05%%(.+$4!,*!ccj! \;7!cKj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!"#$.$!,0!/'0(!#,)#!

05%%(.+!2(.!+#$!0,0+$.!.$'/+,(*0#,%!(2!Chondrula albolimbata!DS*,4/$F!/*4!Mastus pupa DS*,4/$F!DKcj!

\;7!ccj!H_!/*4!XXlM:dd!PAF:!`,*/''&7!+#$!0,0+$.!.$'/+,(*0#,%!1$+=$$*!Orcula austriaca!D@.-5',4/$F!

/*4! Pyramidula rupestris!DX&./3,45',4/$F!,0!/'0(!05%%(.+$4!,*!+#$!+.$$7!+#(5)#!(*'&!=$/<'&!DJJj!\;7!

aZj!H_!1((+0+./%0!/*4!XXld:ca!PAF:!

!

!

!

!
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O8-&($)J<E<! P/&$0,/*! %#&'()$*$+,-! +.$$! (2! +#$! @.+#5.$+#./! 1/0$4! (*! LLZd! 5*/31,)5(50'&! /',)*$4!

*5-'$(+,4$!0,+$0!(2!+#$!;8E!.GHI!D/*4!J:K8F!)$*$:!W/'5$0!(*!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!

.$%',-/+$0F!2(.!\;7!H_!/*4!%(0+$.,(.!%.(1/1,',+,$0!D1/0$4!(*!'/0+!ZJj!(2!+#$!+.$$0F!2(.!PA7!.$0%$-+,6$'&:!

P((+0+./%!05%%(.+!'$00!+#/*!Jdj!/*4!%(0+$.,(.!%.(1/1,',+,$0!'$00!+#/*!d:Z!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!

.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!!

 

"

"

Lauria cylindracea [Lauriidae]
Pupilla muscorum !Pupillidae]

Eostrobilops nipponica [Strobilopsidae]
Amimopina macleayi

Pachnodus silhouettanus

Cerastus schweinfurthi
Cerastidae

Pronesopupa acanthinula

Vertigo antivertigo
Orcula austriaca [Orculidae]

Pyramidula rupestris [Pyramidulidae]

Partulina proxima
Elasmias luakahaense

Draparnaudia singularis [Draparnaudiidae]
Gastrocopta armifera [Gastrocoptidae]

Achatinellidae
Eua zebrina
Partula tohiveana

Samoana conica
Partulidae

Pene sidonensis [Enidae]

Luchuena reticulata [Enidae]
Macaronapaeus vulgaris [Enidae]
Mirus stalix [Enidae]

Napaeus pruninus [Enidae]
Mastus pupa

Chondrula albolimbata Enidae

Buliminus labrosus [Enidae]
Acanthinula aculeata [Valloniidae]

Pupoides albilabris [Pupillidae]

Vallonia excentrica [Valloniidae]
Leptachatina lepida [Amastridae]

Cochlicopa lubricella [Cochlicopidae]

Chondrinidae
Solatopupa similis

Granaria frumentum

Chondrina clienta

Abida secale

Ferussacia folliculus [Ferussacidae]
Lissachatina fulica !" Achatina fulica#$[Achatinidae]

Non orthurethran outgroup
Gonaxis quadrilateralis [Streptaxidae]
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Vertiginidae

Ena obscura [Enidae]
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)"#$.$!,0!/!-'$/.!1/0/'!4,-#(+(3&!1$+=$$*!+#$!O#(*4.,*,4/$!(*!+#$!(*$!#/*47!/*4!/!-'/4$!-(3%.,0,*)!

/''!+#$!.$3/,*,*)!(.+#5.$+#./*!+/9/!(*!+#$!(+#$.!,*!(5.!(.+#5.$+#./*!+.$$:!"#,0!,0!-(*0,0+$*+!=,+#!h/4$!

et al:!DNddM7!NddaF!15+!#$.$!,0!1/0$4!(*!/!3(.$!.(150+!4/+/!0$+:!\/4$,./!et al:!DNdMdF!0#(=$4!/!1/0/'!

+.,-#(+(3&!=,+#,*!+#$!@.+#5.$+#./!1$+=$$*!+#$!O#(*4.,*,4/$7!In$-,4/$!/*4!+#$!.$3/,*,*)!(.+#5.$+#./*!

+/9/:!@5.!0+54&!,0!-(*0,0+$*+!=,+#!+#$0$!2,*4,*)0!,*!.$0%$-+!(2!+#$!O#(*4.,*,4/$!15+!=$!4,4!*(+!,*-'54$!

+#$! In$-,4/$! ,*! (5.! /*/'&0$0:! ;,<$=,0$7! H$<('/! i! O('$0! DNdMaF! /*4! >/.'! et al:! DNdMZF! 0#(=$4! /!

%.,*-,%'$! 4,6,0,(*! =,+#,*! +#$! @.+#5.$+#./! 1$+=$$*! +#$! O#(*4.,*,4/$! %'50! ".5*-/+$'',*,4/$! /*4! +#$!

.$3/,*,*)! (.+#5.$+#./*! +/9/:! I)/,*7 ! (5.! 0+54&! ,0! -(*0,0+$*+! =,+#! +#$0$! 2,*4,*)0! ,*! .$0%$-+! (2! +#$!

O#(*4.,*,4/$!15+!=$!4,4!*(+!,*-'54$!+#$!".5*-/+$'',*,4/$!,*!(5.!/*/'&0$0:!

h,+#,*!+#$!(.+#5.$+#./*!+.$$!%.$0$*+$4!#$.$7!+#$!%#&'()$*$+,-!0,)*/'!,0!6$.&!0+.(*)!=#$.$!,+!$9,0+0B!+#$!

.$0('6$4!).(5%,*)0!/.$!0+.(*)'&!05%%(.+$47!/*4!+#$!5*.$0('6$4!(*$0!/.$!#/.4'&!05%%(.+$4!/+!/'':!"#$0$!

/.$/0!(2!+#$!+.$$!'/-<,*)!.$0('5+,(*!.$2'$-+!+#$!$9+.$3$!4,22,-5'+&!+#/+!3(.%#('(),-/'!+/9(*(3,0+0!#/6$!

$*-(5*+$.$4!(6$.!+#$!&$/.0!,*!-'/00,2&,*)!/*4!5*4$.0+/*4,*)!.$'/+,(*0#,%0!=,+#,*!+#$!@.+#5.$+#./:!h#$*!

X,'01.&!DMcddF!2,.0+!%.(%(0$4!#,0! -'/00,2,-/+,(*7!#$! /43,++$4!+#/+!Q+#$! ).(5%!@.+#5.$+#./! -(*0,0+0! (2!

2/3,',$0!*(+!0$%/./+$4!1&!-#/./-+$.0!(2!).$/+!,3%(.+/*-$R:!h/+0(*!DMcNdF!$3%#/0,0$4!+#$!%.(1'$3!(2!

4$2,*,*)!(.+#5.$+#./*!2/3,',$0!/*/+(3,-/''&:!"#$!(*'&!2/3,',$0!$9-'54$4!2.(3!#,0!X5%,'',4/$!sensu lato!

=$.$!+#$!I-#/+,*$'',4/$!/*4!X/.+5',4/$7!/*4!%(00,1'&!/'0(!+#$!O$./0+,4/$:!P/<$.!D,*!X,'01.&7!McNZCLJF!

=/0!,*!/).$$3$*+!=,+#!h/+0(*7!0+/+,*)!+#/+!Q+#$!+(+/'!./*)$!(2!/*/+(3,-/'!4,22$.$*+,/+,(*!0$$30!35-#!

'$00!+#/*!,*!3(0+!2/3,',$0!(2!%5'3(*/+$0R:!\(0+!(2!+#$!(.+#5.$+#./*0!=$.$!+#$.$2(.$!,*-'54$4!,*!/!1.(/4!

-(*-$%+!(2!+#$!2/3,'&!.$2$..$4!+(!6/.,(50'&!/0!+#$!X5%,'',4/$!D$:):!X,'01.&7!McMaCMKF7!X5%,''(,4$/!D$:):!

X(<.&0n<(7!Mcc]F7!(.!X5%,'',*/!D$:):!8-#,'$&<(7!McK]F:!G$-$*+!3('$-5'/.!0+54,$0!(2!(.+#5.$+#./*0!#/6$!

+$*4$4!+(!-(*-$*+./+$!(*!%/.+,-5'/.!2/3,',$0B!H$<('/!i!O('$0!DNdMaF!(*!05%./0%$-,2,-!+/9(*(3&!,*!+#$!

2/3,'&!W$.+,),*,4/$U!\/4$,./!et al:!DNdMdF!(*!+#$!%#&'()$*$+,-!%(0,+,(*!(2!+#$!In$-,4/$U!/*4!>/.'!et al:!

DNdMZF!(*!+#$!@.-5',4/$:!!



+, "
"

@2!+#$!Na!2/3,',$0!.$-()*,0$4!,*!+#$!-'/00,2,-/+,(*!(2!P(5-#$+!et al:!DNdMZF7!Ma!/.$!.$%.$0$*+$4!,*!(5.!

+.$$!3(.$!+#/*!,*!/*&!(+#$.!3('$-5'/.!/*/'&0,0:!I!*531$.!(2!,*+$.$0+,*)!%(,*+0!#/6$!$3$.)$4!/*4!/.$!

4,0-500$4!1$'(=:!"#$!2/3,'&!).(5%0!4,0-500$4!1$'(=!/.$!+#(0$!.$-()*,0$4!1&!P(5-#$+!et al:!DNdMZF:!

J<J<E!N+".6(8.86'$ )

"#$!-#(*4 .,*,40!/.$!03/''!D0#$''!k!Md!33F!0*/,'0!3/,*'&!.$0+.,-+$4!+(!+#$!A1$.,/*!%$*,*05'/7!0(5+#!(2!

`./*-$7!A+/'&!/*4!+#$!P/'</*0:!"#$&!/.$!0+.(*)'&!05%%(.+$4!/0!/!3(*(%#&'$+,-!2/3,'&!,*!(5.!3('$-5'/.!

/*/'&0,0! D`,)5.$! ]:MF:! "#$! 0,0+$.C).(5%! .$'/+,(*0#,%! (2! +#$! O#(*4.,*,4/$! .$'/+,6$! +(! +#$! .$3/,*,*)!

@.+#5.$+#./!,0!0+.(*)'&!05%%(.+$4!,*!(5.!3('$-5'/.!+.$$0:!8+$$*1$.)!DMcNJF!=/0!+#$!2,.0+!+(!%.(%(0$!+#$!

O#(*4.,*,4/$! /0! /! 2/3,'&! ,*! ,+0! (=*! .,)#+:! "#$! (*'&! .$-$*+! ',*$! (2! $6,4$*-$! 05%%(.+,*)! +#$!0,0+$.!

.$'/+,(*0#,%!(2!+#$!O#(*4.,*,4/$!+(!(+#$.!@.+#5.$+#./7!-(3$0!2.(3!/!%/%$.!4,0-500,*)!+#$!25*-+,(*/'!

3(.%#('()&! (2! +#$! (.+#5.$+#./*! 0#$''! /%$.+5.$! D856(.(67! MccLF:! 856(.(6! -(*-'54$4! +#/+! +#$! 3(0+!

/*-$0+./' !%/++$.*!(2!(.+#5.$+#./*!4$*+,+,(*!D,:$:!+#/+!3(0+!0,3,'/.!+(!+#$!S''(1,,4/$F!,0!+(!1$!2(5*4! ,*!

3$31$.0! (2! +#$! O#(*4.,*,4/$:! X,'01.&! DMcMaCMKF! ).(5%$4! +#$! -#(*4.,*,40! /*4! )/0+.(-(%+,40! (*!

-(*-#('(),-/'!-#/./-+$.07!=#,'0+!P/<$.!D,*!X,'01.&7!McNZCLJF!'/+$.!/44$4!0$6$./'!/*/+(3,-/'!-#/./-+$.0B!

0#(.+!0%$.3/+#$-/7!-(*6('5+$4!5+$.507!%.(0+/+$!/0!'(*)!/0!5+$.507!'(*)!/*4!+#,*!(6,45-/'!-5'C4$C0/-7!/*4!

0,3%'$!%$*,0:!H(.40,$-<!DMcKaF!$9-'54$4!+#$!)/0+.(-(%+,*$0!2.(3!+#$!-#(*4.,*,40!=#,'0+!",'',$.!DMcKcF!

5*,+$4! #,0! O#(*4.,*,4/$! D,*-'54,*)! +#$! )/0+.(-(%+,40F! ,*! /! -'/4$! =,+#! +#$! S*,4/$7!X/.+5',4/$7!

W$.+,),*,4/$7!@.-5',4/$!/*4!O(-#',-(%,4/$fI3/0+.,4/$7!1/0$4!(*!/!0,*)'$!*$.6(50!0&0+$3!-#/./-+$.!D+#$!

'$*)+#! (2!+#$! -$.$1.(C%$4/'! -(**$-+,6$0F:! "#$! .$'/+,(*0#,%0!%.(%(0$4!1&!X,'01.&! /*4! ",'',$.! /.$! *(+!

05%%(.+$4!,*!(5.!3('$-5'/.!+.$$0:!!

J<J<C!:%+'08.$##86'$))

"#$! I-#/+,*$'',4/$! /.$! =,4$'&! 4,0+.,15+$4! (*! +#$! ,0'/*40! (2! +#$! X/-,2,-7! 15+! .$/-#,*)! +#$,.! #,)#$0+!

4,6$.0,+&!,*!+#$!>/=/,,/*!A0'/*40:!"#$&!/.$!.$%.$0$*+$4!,*!+#$!+.$$!1&!Partulina!/*4! Elasmias7!=#,-#!

=$.$!'(*)!+.$/+$4!/0!1$'(*),*)!,*!0$%/./+$!2/3,',$07!.$0%$-+,6$'&!+#$!I-#/+,*$'',4/$!/*4!"(.*/+,*$'',4/$!

DX,'01.&! i! O((<$7! McMNCM]U! 8+$$*1$.)7! McNJF:!Partulina! 1$'(*)$4! +(! +#$! I-#/+,*$'',4/$! =#$.$/0!

Elasmias!=/0!%'/-$4!=,+#,*!+#$!"(.*/+$'',*,4/$:!;/+$.!O((<!i!g(*4(!DMcadF!0+54,$4!+#$!0(2+!/*/+(3&!
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"

(2!+#$0$!+=(!).(5%0!/*4!-(*-'54$4!+#$&!0#(5'4!1$!5*,+$4:!"#$!3('$-5'/.!/*/'&0$0!05%%(.+!O((<!/*4!

g(*4(R0! 3(.%#('(),-/'! ,*+$.%.$+/+,(*0! =,+#! +#$! I-#/+,*$'',4/$! .$0('6$4! /0! /! 0+.(*)'&! 05%%(.+$4!

3(*(%#&'$+,-!2/3,'&!,*!(5.!3('$-5'/.!+.$$0!D`,)5.$!]:MF:!

J<J<I!N$('4086'$)

"#$!O$./0+,4/$!=$.$!2,.0+!.$-()*,0$4!/0!/!4,0+,*-+!).(5%!(2!(.+#5.$+#./*!'/*4!0*/,'0!1&!h/+0(*!DMcNdF!

/*4! -(*0,0+0! (2! /%%.(9,3/+$'&!MJ! )$*$./! /*4! ,*-'54$0!+#$! '/.)$0+! )$*$./!$9-$$4,*)! ]d!33! ,*!0#$''!

#$,)#+:!"#$&!.$/-#!+#$,.!).$/+$0+!4,6$.0,+&!,*!+#$!I2.(+.(%,-/'!n(*$!/*4!+#$&!/'0(!$9+$*4!$/0+=/.40!,*+(!

+#$! A*4,/*! 051-(*+,*$*+7! =,+#! (*$! )$*507!Amimopina7! 2(5*4! ,*! I50+./',/! /*4! /! %.(1/1'$! -$./0+,47!

Bulimus subangulatus!X2$,22$.!.$-(.4$4!2.(3!O/31(4,/!D\(.4/*7!McK]7!MccNU!H(.40,$-<7!McKaU!8('$37!

McZKF:! "#$! 3(*(%#&'&! (2! +#$! O$./0+,4/$! ,0! =$''! 05%%(.+$4! ,*! (5.! 3('$-5'/.! /*/'&0,0! D`,)5.$! ]:MF:!

X#&'()$*$+,-! .$'/+,(*0#,%0! =,+#,*! +#$! O$./0+,4/$! =$.$! /*/'&0$4! 1&! \(.4/*! DMccNF! 1/0$4! (*! /!

3(.%#('()(),-/'!-'/4,0+,-!/*/'&0,0:!"#$!2/3,'&!,0!-#/./-+$.,0$4!1&!=#/+!8('$3!DMcZKF!,*!/!4,0-500,(*!

(2!+#$!/*/+(3&!(2!Amimopina!#/0!-/''$4!/!Q%0$54(0,)35.$+#.(50R!%/'',/'!0&0+$37!,*!=#,-#!+#$!5.$+$.!

,*,+,/''&!.5*0!0+./,)#+!+(=/.40!+#$!%*$53(0+(3$!2.(3!+#$!/*+$.,(.!+,%!(2!+#$!<,4*$&7!+#$*!$9+$*40!1/-<!

/'(*)!+#$!$4)$!(2!+#$!<,4*$&!/*4!+#$*!.$+5.*0!+(=/.40!+#$!%*$53(0+(3$!/'(*)!+#$!0,4$!(2!+#$!.$-+53:!

"#,0!/44,+,(*/'!0+.5-+5.$!+/<$0!+#$!2(.3!(2!/!).((6$!(.!25''&!$*-'(0$4!+51$!+#.(5)#(5+!,+0!'$*)+#:!A+!,0!

-'$/.'&! /! 0&*/%(3(.%#,-! -#/./-+$.! (2! +#$! 2/3,'&7! /*4! Y5,+$! 4,0+,*-+! 2.(3! +#$! +.5$! 0,)35.$+#.(50!

-(*4,+,(*!2(5*4!,*!3(0+!8+&'(33/+(%#(./:!! !

J<J<J!*'(0&#86'$)

"#$!%/.+5',4/$!/.$!3$4,53C0,n$47!(6(6,6,%/.(50!D',6$C1$/.,*)F!+.$$!0*/,'0!$*4$3,-!+(!+#$!#,)#!,0'/*40!

(2!+#$!X/-,2,-!@-$/*!DO(=,$7!MccNF!2.(3!X/'/5!/*4!+#$!\/.,/*/0!+(!+#$!\/.Y5$0/0!/*4!8(-,$+&!A0'/*407!

15+! /10$*+! 2.(3! >/=/,,:! S9+$*0,6$! $6('5+,(*/.&! 0+54,$0! (2! +#$! %/.+5',40! #/6$! 1$$*! 5*4$.+/<$*! +(!

5*4$.0+/*4!#(=!+#$0$!0%$-,$0! -('(*,0$4!+#$!4,22$.$*+! ,0'/*40! (2!+#$!X/-,2,-! /*4!#(=!+#$!0%$-,/+,(*!

%.(-$00$0!(--5..$4!DO(=,$7!MccNU!b((4/-.$! i!h/4$7!NddM/U!b((4/-.$! i!h/4$!NddM1U!b((4/-.$7!

NddNU!;$$!et al:7!Nddc7!NdM]U!8,0-#(!i !>/42,$'47!NdMZF:!I'+#(5)#7!=$!*(=!#/6$!/!1$++$.!5*4$.0+/*4,*)!

(2!%/.+5',4!$6('5+,(*7!=$!0+,''!4(!*(+!<*(=!=#$.$!+#$&!-/3$!2.(3:!"#$!/*/+(3&!(2!+#$!X/.+5',4/$!,0!
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-#/./-+$.,0$4!1&!/!.$'/+,6$'&!0#(.+7!+.,/*)5'/.!<,4*$&!=,+#!/!0#(.+$*$4!5.$+$.7!/!%$*,0!'/-<,*)!/*!/%%$*4,9!

/*4!/!0%$.3/+#$-/!=,+#!/!).$/+'&!+#,-<$*$4!0+/'<7!(*!=#,-#!+#$!*/..(=!(6,45-+!,*0$.+0!'/+$./''&!DX,'01.&7!

McdcCMdF:!8-#,'$&<(!DMcZcF!/'0(!$9/3,*$4!+#$!/*/+(3&!(2!Partula, ,*+$.%.$+,*)!+#$!).(5%!+(!1$!(*$!(2!

+#$!3(0+!/*-$0+./' !=,+#,*!+#$!8+&'(33/+(%#(./:! "#,0! -(*-'50,(*!=/0!1/0$4! (*!+#$! /*/+(3&! (2!+#$!

<,4*$&7! 2((+! /*4! .$%.(45-+,6$! 0&0+$3:! H(.40,$-<! DMcKJF! /'0(! $9-'54$4! +#$! X/.+5',4/$! 2.(3! +#$!

@.+#5.$+#./!/*4!,*-'54$4!+#$3!,*!#,0!Q/-#/+,*(,4!8,)35.$+#./R!(*!+#$!1/0,0!(2!+#$!%/'',/'!0&0+$37!/0!=$''!

/0!/0%$-+0!(2!+#$!3/'$!.$%.(45-+,6$!/*/+(3&7!=#,-#!#$!-(*0,4$.$4!+(!.$0$31'$!3(.$!-'(0$'&!+#(0$!(2!

+#$!@.+#/',-,4/$:!"#$!0&*+#$+,-!-'/00,2,-/+,(*!(2!W/5)#+!DMcKcF!2(''(=0!H(.40,$-<!,*!+#,0!.$0%$-+7!=#,'$!

",'',$.!DMcKcF!2(''(=$4!8('$3!DMcZKF!,*!5*,+,*)!+#$!X/.+5',4/$!=,+#!+#$!S*,4/$!1$-/50$!(2!0,3,'/.,+,$0!

,*! +#$! '$*)+#! (2! +#$! -$.$1./'! -(33,005.$:! @*! +#$! 1/0,0! (2! 0,3,'/.,+,$0! ,*! 1(+#! +#$! *$.6(50! /*4!

.$%.(45-+,6$!0&0+$307!",'',$.!/*4!\(.4/*!DMccJF!05))$0+$4!+#/+!+#$![./%/.*/54,4/$!3,)#+!1$!+#$!0,0+$.!

).(5%!(2!+#$!X/.+5',4/$:!A*!+#$!3('$-5'/.!+.$$!D`,)5.$!]:MF7!+#$!%/.+5',40!/%%$/.!/0!/!0+.(*)!3(*(%#&'$+,-!

2/3,'&!#(=$6$.7!+#$,.!%(0,+,(*!=,+#,*!+#$!@.+#5.$+#./!,0!*(+!.$0('6$4:!

J<J<K!*&18##86'$_M'&(886'$)

"#$!%5%,'',40!/*4!'/5.,,40!/.$!)$*$./''&!3,*5+$!0*/,'0!Dk]!33!,*!'$*)+#F!',6,*)!,*!1(+#!+$..$0+.,/'!/*4!

/.1(.$/'! #/1,+/+0!D8('$37!McZKF:!"#$!+/9(*(3&! (2!+#$!X5%,'',4/$!=/0!3/,*'&!4$6$'(%$4!1&!X,'01.&!

DMcMaCMKF7!8+$$*1$.)!DMcNJF!/*4!P/<$.!DMcLJF7!1/0$4!(*!+#$!0#$''!3(.%#('()&!/*4!0$6$./'!/*/+(3,-/'!

2$/+5.$0:!"#$!X5%,'',4/$!/.$!*(+!.$0('6$4!/0!/!3(*(%#&'$+,-!).(5%!,*!+#$!3('$-5'/.!+.$$!D`,)5.$!]:MF!/*4!

+#$,.! 3(*(%#&'&! ,0! *(+!.$?$-+$4!,*! 8#,3(4/,./ C>/0$)/=/! ',<$',#((4! +$0+,*)! TC'*! ;,<$',#((4! D;F!

KcdN:JdZNc!D1$0+!+.$$!0#(=*!,*!`,):MF!6$.050!C'*! ;lKccL:ZKdJM!DX5%,'',4/$!3(*(%#&'$+,-F7!Xk!d:dJV:!

"#$!;/5.,,4/$!/.$!4,0+.,15+$4!,*!S5.(%$7"O/5-/050!/*4!I2.,-/!D>$.1$.+7!NdMdF:!"#$!2/3,'&!,0!.$%.$0$*+$4!

1&!?50+!(*$!+/9(*7!Lauria cylindracea,!,*!(5.!+.$$!=#,-#!#/0!/!0,0+$.!).(5%!.$'/+,(*0#,%!=,+#!Pupilla 

muscorum!DX5%,'',4/$F!=,+#!0+.(*)!05%%(.+!D`,):MF:!"#$!0&0+$3/+,-!%(0,+,(*!(2!+#$!;/5.,,4/$!#/0!1$$*!

,*+$.%.$+$4! 6/.,(50'&:! P(5-#$+! i! G(-.(,! DNddJF7! 2(.! $9/3%'$7! +.$/+$4! +#$3! /0! /! 2/3,'&! =,+#,*! +#$!

X5%,''(,4$/!/*4!+#$!3('$-5'/.!+.$$!(22$.0!*(!?50+,2,-/+,(*!2(.!$9-'54,*)!+#$3:!>(=$6$.7!,*!+#$!>]f>L!

+.$$! (2! >/.'!et al:! DNdMZF!P. muscorum! 4($0! *(+! -'50+$.! =,+#! +#$! %5+/+,6$! '/5.,,4! )$*50!Leiostyla!

05))$0+,*)!+#/+!+#$!%(0,+,(*!(2!+#$!'/++$.!,*!+#$!;/5.,,4/$!0#(5'4!1$!Y5$0+,(*$4:!
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J<J<L!`$(08-8.86'$)

"#$!W$.+,),*,4/$!/.$!/!'/.)$ !2/3,'&!(2!03/''!0*/,'0!+#/+!/.$!=,4$0%.$/4!,*!+#$!H(.+#$.*!>$3,0%#$.$:!A*!

+#$! %.$0$*+! /*/'&0,07! +#$! 2/3,'&! ,0!.$%.$0$*+$4! 1&! +=(! +/9/7 Vertigo antivertigo! /*4! Pronesopupa 

acanthinula!=#,-#!-'50+$.!+()$+#$.!2(.3,*)!/!3(*(%#&'$+,-!5*,+!=,+#!.(150+!05%%(.+!D`,)5.$!]:MF:!"#,0!

/).$$0!=,+#!2,*4,*)!(2!H$<('/!i!O('$0!DNdMaF:!!

J<J<]!3'40("%"1086'$)

Gastrocopta #/0! 1$$*! )$*$./''&! -(*0,4$.$4! /0! /! 6$.+,),*,4"BT:/)&.3-$;" HRSQU" V$*'+).:-;" HRSWU"

P(5-#$+! i!G(-.(,7!NddJF!(.! -#(*4.,*,4!DX(<.&0n<(!et al:7!NddcF!15+7!,+!=/0!$9-'54$4!1&!H$<('/! i!

O('$0! DNdMaF! /0! ,+! 0#(=$4! *(! -'$/.! /22,*,+&! =,+#! $,+#$.! +#$! 6$.+,),*,407! (.! +#$! -#(*4.,*,40:! "#$!

.$'/+,(*0#,%!(2!+#$!b/0+.(-(%+,4/$!+(!(+#$.!(.+#5.$+#./*!+/9/!.$3/,*0!5*-'$/.!,*!(5.!+.$$!D`,)5.$!]:MF:!

J<J<X!N"%+#8%"186'$_:2'40(86'$)

"#$!O(-#',-(%,4/$ !/.$!/!03/''!2/3,'&!(2!3,*5+$!D0#$''!kMd!33F!0*/,'0!2(5*4!,*!h$0+$.*!S5.(%$!=#,'$!

+#$!I3/0+.,4/$!/.$!/!3(.$!4,6$.0$!2/3,'&!$*4$3,-!+(!+#$!>/=/,,/*!A0'/*40:!I'+#(5)#!+#$0$!+=(!2/3,',$0!

#/6$!/'=/&0!1$$*!-(*0,4$.$4!+(!1$!4,0+,*-+7!+#$,.!0,0+$.C).(5%!.$'/+,(*0#,%!#/0!'(*)!1$$*!.$-()*,0$4:!

X,'01.&!DMcdZCKF!.$3/.<$4!+#/+B!Q*(!-#/./-+$.!(2!,3%(.+/*-$!0$%/./+$0!Cochlicopa!2.(3! LeptachatinaR:!

"#,0! '$4!h/+0(*!DMcNdF!+(!+#$! -(*-'50,(*!+#/+!+#$.$!=/0! *(!?50+,2,-/+,(*! ,*!%'/-,*)!+#$0$! )$*$./! ,*!

4,22$.$*+!2/3,',$0!O(*2,.3/+,(*!(2!+#$!0,0+$.C).(5%!.$'/+,(*0#,%!(2!+#$!I3/0+.,4/$!/*4!O(-#',-(%,4/$!

#/0!1$$*!(1+/,*$4!,*!0510$Y5$*+!3(.%#('(),-/'!0+54,$0!D$:):!",'',$.7!McKcF!/*4!+#$&!#/6$!1$$*!).(5%$4!

,*!+#$!O(-#',-(%(,4$/:!"#$!3('$-5'/.!4/+/!D`,)5.$!]:MF!05%%(.+!+#$0$!3(.%#('(),-/'!/*/'&0$07!=,+#!+#$!

O(-#',-(%,4/$!/*4!I3/0+.,4/$!-'50+$.,*)!0+.(*)'&!,*!(5.!+.$$0:!

J<J<F!S.886'$)

Enidae 

"#$!S*,4/$!/.$!/!'/.)$!2/3,'&!(2!3$4,53 C0,n$4!0*/,'07!=,+#!/!)$()./%#,-/'!./*)$!$9+$*4,*)!+#.(5)#(5+!

35-#!(2!+#$!X/'/$/.-+,-!/*4!H(.+#!I2.,-/!+(!_/%/*7!=,+#!/!#,)#!4,6$.0,+&!,*!+#$!`/.!/*4!\,44'$C$/0+!/*4!

/.(5*4! +#$! \$4,+$../*$/*! 8$/:! "#$&! /'0(! $9+$*4! ,*! ' (=! 4,6$.0,+&! ,*+(! S/0+! /*4! 8(5+#! I2.,-/! /*4!
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05..(5*4,*)!,0'/*407!/0!=$''!/0!A*4,/:!"#$!3(*(%#&'&!(2!+#,0!2/3,'&!#/0!*(+!1$$*!/!%/.+,-5'/.!%(,*+!(2!

4$1/+$!/*4!,+!,0!+#$.$2(.$!05.%.,0,*)!+#/+!+#$!3('$-5'/.!4/+/!2/,'!+(!.$-(6$.!,+!/0!/!3(*(%#&'$+,-!5*,+:!

I'+# (5)#! /''! %#&'()$*$+,-! 3$+#(40! 2/,'! +(! .$0('6$!+#$! 3(*(%#&'&! (2! +#$!S*,4/$7! *(*$! .$?$-+! ,+!

5*$Y5,6(-/''&:! \(.$(6$.7! +#$! 3(*(%#&'&! (2! S*,4/$! ,0! *(+! .$25+$4! ,*! +#$! 8#,3(4/,./C>/0$)/=/!

',<$',#((4! +$0+,*)! TC'*! ;,<$',#((4! D;F! KcdN:JdZNc! D1$0+! +.$$! 0#(=*! ,*! `,)5.$! ]:! MF! 6$.050!C'*!

;lKcdJ:JdZNc!DS*,4/$!3(*(%#&'$+,-F7!Xl!d:aZaV:!!

J<J<ED!Z(%&#86'$_*,('286&#86'$)

"#$!@.-5',4/$!/.$!/!2/3,'&!(2!03/''!D0#$''!kMd33F!0*/,'0!=,+#!/!3/,*!4,0+.,15+,(*!,*!S5.(%$:!"#$&!

$9+$*4!,*!+#$!=$0+$.*!X/'/$/.-+,-!2.(3!8%/,*!,*!+#$!=$0+!+(!+#$!X/3,.!\(5*+/,*0!,*!+#$!S/0+:!"#$&!(--5.!

/'0(! ,*! H(.+#! I2.,-/! /*4! #/6$! +#$,.! #,)#$0+! 4,6$.0,+&! ,*! I0,/! /*+$.,(.! D>/504(.27! MccaF:! "#$!

X&./3,45',4/$! -(3%.,0$! /! 0,*)'$! )$*50! Pyramidula7! .$%.$0$*+$4! ,*! +#$! +.$$! 1&! ,+0! +&%$! 0%$-,$0!

Pyramidula rupestris7! /! 3,*5+$! (6(6,6,%/.(50! D',6$C1$/.,*)F! 0*/,'! +#/+! ',6$0! ,*! .(-<&! /.$/0! ,*! +#$!

0(5+#$.*!X/'/$/.-+,-!2.(3!=$0+$.*!S5.(%$!+(!_/%/*:!"#$!).(5%,*)!(2!+#$!@.-5',4/$!/*4!X&./3,45',4/$!

#/0!=$/<!05%%(.+ D`,)5.$!]:MF:!P(+#!/.$!)$*$./''&!,*-'54$4!,*!+#$!X5%,'',4/$!sensu lato7!+#(5)#!+#$!+=(!

=$.$!*(+!$9%',-,+'&!%/,.$4!/0!0,0+$.!).(5%0!5*+,'!+#$!3('$-5'/.!/*/'&0$0!(2!h/4$!et al:!DNddM7!NddaF:!

>/.'! et al:!DNdMZF!/'0(!-(*2,.3$4!+#$!0,0+$.!).(5%,*)!(2!+#$!@.-5',4/$!=,+#!+#$!X&./3,45',4/$7!+#(5)#!

50,*)!0$6$./'!(.-5',4!+/9/!/*4!/!0,*)' $7!15+!4,22$.$*+7!0%$-,$0!(2!Pyramidula:!!

P/<$.!D,*!X,'01.&7!McNZCLJF!%'/-$4!@.-5',4/$!/*4!X&./3,45',4/$!,*!0$%/./+$!0512/3,',$0!D+#$!X5%,'',*/$!

/*4! W/''(*,,*/$! .$0%$-+,6$'&F:! 8+$$*1$.)! DMcNJF! ,*-'54$4!Pyramidula! ,*! +#$! W/''(*,,4/$7! /*4! +#$!

(.-5',40!,*!/!4 ,0+,*-+!2/3,'&!(2!+#$,.!(=*:!h/+0(*!DMcNdF!$9/3,*$4!+#$!/*/+(3&!(2!Pyramidula!,*!4$+/,'!

/*4!,*+$.%.$+$4!,+!/0!/!%/$4(3(.%#,-!3$31$.!Db(5'47!McZZF!(2!+#$!X5%,'',4/$7!4$6$'(%$4!1&!%.()$*$0,0!

D0$95/'!3/+5.,+&!/++/,*$4!/+!/!'/.6/'!(.!?56$*,'$!0+/)$F:!A*!+#$!%#&'()$*$+,-!/*/'&0,0!(2!",'',$.!DMcKcF7!

=#,-#!50$4! /! ./+#$.!4,22$.$*+!05,+$! (2! /*/+(3,-/'! -#/./-+$.07!+#$!X&./3,45',4/$!2$''! /0!2/.!2.(3!+#$!

@.-5',4/$!/0!=/0!%(00,1'$!=,+#,*!+#$!@.+#5.$+#./:!A+!,0!4,22,-5'+!+(!$0+/1',0#!/*&!%/.+,-5'/.!/*/+(3,-/'!

?50+,2,-/+,(*!2(.!5*,+,*)!@.-5',4/$! /*4!X&./3,45',4/$U!-$.+/,*'&!3/*&!(2!+#$!.$%.(45-+,6$!-#/./-+$.0!

4,22$.7!15+!+#$0$!3/&!#/6$!1$-(3$!3(4,2,$4! ,*!+#$! '/++$.! /0! /! .$05'+! (2! (6(6,6,%/.,+&:! "#$!0#$''! (2!

Pyramidula!'/-<0!/*&!,*+$.*/'!'/3$''/7!15+!=#,'0+!(.-5',40!/.$!-#/ ./-+$.,0$4!1&!'/3$''/$!,*!+#$!*$/*,-!
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0#$''!DX,'01.&7!McNNCNaF7!,+!/%%$/.0!+#/+!+#$&!/.$!/10$*+!2.(3!+#$!$31.&(*,-!0#$''!(2!Orcula!DG$,*#/.4+7!

MKZZF7!=#,-#!=(5'4!1$!-(*0,0+$*+!=,+#!/!%.()$*$+,-!(.,),*!(2!+#$!X&./3,45',4/$:!

J<J<EE!`'##".886'$ ))

"#$!6/''(*,,40!/.$!/!).(5%!(2!03/''!'/*4!0*/,'0!=,+#!4,6$.0$!0#$''!2(.307!%.,*-,%/''&!4,0+.,15+$4!,*!H(.+#!

I3$.,-/7!S5.(%$7!H(.+#!I2.,-/7!-$*+./'!I0,/!/*4!_/%/*7!-(3%.,0,*)!/%%.(9,3/+$'&!NJ!0%$-,$0!DP/.<$.7!

McKJF:! "=(! )$*$./7!Vallonia! /*4! Acanthinula! /.$! . $%.$0$*+$4! ,*! (5.! +.$$!15+! *(! -'$/.! 0,0+$.C).(5%!

.$'/+,(*0#,%!$3$.)$4:!I-/*+#,*5',40!=$.$!$/.',$.!.$-()*,0$4!/0!/!0512/3,'&7!$,+#$.!=,+#,*!+#$!X5%,'',4/$!

DX,'01.&7! McMaCMKF! (.! W/''(*,,4/$! D8+$$*1$.)7! McNJF7! /*4! +#$.$! .$3/,*0! 4,0/).$$3$*+! /0! +(! +#$,.!

%'/-$3$*+U!",'',$.!DMcKcF!/*4!P(5-#$+!i!G(-.(,!DNddJF!2/6(5.$4!8+$$*1$.)7!-'/00,2&,*)!+#$3!,*!+#$!

W/''(*,,4/$:!>(=$6$.7!*(!0,0+$.C).(5%! .$'/+,(*0#,%!1$+=$$*!Acanthinula! /*4! Vallonia7!*(.!1$+=$$*!

$,+#$.!=,+#!/*&!(+#$.!).(5%7!=/0!4$3(*0+./+$4!,*!+#$!/*/'&0,0:!"#$!3(*(%#&'&!(2!+#$!W/''(*,,4/$!,0!*(+!

.$?$-+$4! ,*! +#$! 8#,3(4/,./C>/0$)/=/! ',<$',#((4! +$0+,*)! TC'*! ;,<$',#((4! D;F! KcdN:JdZNc! D1$0+! +.$$!

0#(=*!,*!`,) 5.$!]: MF!6$.050!C'*! ;lKcMN:aMcML!DW/''(*,,4/$!3(*(%#&'$+,-F7!Xl!M:ddV:!

J<J<EC!B('1'(.'&6886'$ )

"#$! [./%/.*/54,,4/$! /.$! /!#(3()$*(50! ).(5%!(2!ML! .$-()*,0$4!0%$-,$0!$*4$3,-!+(!+#$! -(*+,*$*+/'!

X/-,2,-! ,0'/*4!(2!H$=!O/'$4(*,/!D",'',$.! i! \(.4/*7!MccJF:!"#$!0&0+$3/+,-!%(0,+,(*!(2!+#$!2/3,'&!,0!

5*-$.+/,*7!/'+#(5)#!",'',$.!/*4!\(.4/*!05))$0+$4!,+!/%%$/.$4!/*/+(3,-/''&!-'(0$0+!+(!+#$!X/.+5',4/$:!A*!

+#$!-5..$*+!/*/'&0,0!+#$!.$'/+,(*0#,%!(2!Draparnaudia!,*!+#$!3('$-5'/.!+.$$!,0!5*.$0('6$4!D`,)5.$!]:MF:!

J<J<EI!50(">8#"1486'$)

"#$! 8+.(1,'(%0,4/$! /.$! 4$2,*$4! 1&! +#$! %$-5',/.! 0+.5-+5.$! (2! +#$! '/0+! =#(.'! (2! +#$! 0#$''7! 15+! ,+! '/-<0!

0522,-,$*+! /*/+(3,-/'! -#/./-+$.0! +(! 4,0+,*)5,0#! ,+! 2.(3! (+#$.! 2/3,',$07! 05-#! /0! +#$! X5%,'',4/$! (.!

W/''(*,,4/$:! "#$! 8+.(1,'(%0,4/$! #/6$! /! =,4$! )$()./%#,-/'! 4,0+.,15+,(*! DI3$.,-/07! O#,*/7! _/%/*7!

X#,',%%,*$0! /*4! H$=! b5,*$/F! =,+#! 2(00,'! 0%$-,$0! +#/+! 4/+$! 1/-<! +(! +#$! $/.'&! "$.+,/.&! (2! S5.(%$!
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D\/*)/*$'',! et al:7!McKcF:!8+.(1,'(%0,40!/.$!.$%.$0$*+$4!1&!/!0,*)'$!+/9(*7!Eostrobilops nipponica,!,*!

+#$!3('$-5'/.!+.$$!D`,)5.$!]:!MF7!+#$!%(0,+,(*!(2!=#,-#!.$3/,*0!5*.$0('6$4:!

J<J<EJ!5&1$(/'28#8$4)

@2! +#$! 2,6$! (.+#5.$+#./*! 05%$.2/3,'&! ).(5%0! 4$0-.,1$4! ,*!P(5-#$+! i! G(-.(,! DNddJF7! (*'&! +#$!

I-#/+,*$''(,4$/!/*4!+#$!O(-#',-(%(,4$/!/.$!3(*(%#&'$+,-!,*!(5.!+.$$:!"# $!05%$.2/3,'&!X5%,''(,4$/!,0!

*(+!3(*(%#&'$+,-7!=,+#!3$31$.0!(2!+#,0!).(5%!2/'',*)!0$%/./+$'&!,*!35'+,%'$!'(-/+,(*0!(2!+#$!+.$$!/*4!

3(*(%#&'&! (2! +#$! 05%$.2/3,'&! ,0! 0+.(*)'&! .$25+$4! ,*! 8#,3(4/,./C>/0$)/=/! ',<$',#((4! +$0+,*)! TC'*!

;,<$',#((4! D;F! KcdN:JdZNc! D1$0+! +.$$! 0#(=*! ,*! 2,)5.$! ]:MF! 6$.050!C'*! ;lKcJJ:]a]Ld! DX5%,''(,4$/!

3(*(%#&'$+,-F7!Xk!d:dJV:!"#$!S*(,4$/!,0!/'0(!*(+!.$0('6$4!/0!/!3(*(%#&'$+,-!).(5%!,*!+#$!+.$$!15+!+#$,.!

3(*(%#&'&!,0!*(+!.$?$-+$4!,*!8#,3(4/,./C>/0$)/=/!',<$',#((4!+$0+,*)!TC'*!;,<$',#((4!D; F!KcdN:JdZNc!

D1$0+!+.$$!0#(=*!,*!2,)5.$!]:MF!6$.050!C'*!;lKcMN:LZcdN!DS*(,4$/!3(*(%#&'$+,-F7!Xl!d:J]ZV:!;,<$=,0$7!

+#$! 05%$.2/3,'&! X/.+5'(,4$/! ,0! *(+! .$0('6$4! /0! /! 3(*(%#&'$+,-! ).(5%! ,*! (5.! +.$$7! =,+#! +#$!

[./%/.*/54,4/$!2/'',*)!0$%/./+$'&!2.(3!+#$!X/.+5',4/$:!>(=$6$.7!%/.+5'(,4!3(*(%#&'&!,0!*(+!.$?$-+$4!

,*!8#,3(4/,./ C>/0$)/=/!',<$',#((4!+$0+,*)!TC'*!;,<$',#((4!D;F!KcdN:JdZNc!D1$0+!+.$$!0#(=*!,*!2,)5.$!

]:MF!6$.050!C'*!;lKcNN:KZKMc!DX/.+5'(,4$/!3(*(%#&'$+,-F7!Xl!d:dcMV:!>/.'!et al:!DNdMZF!#/6$!/.)5$4!

/)/,*0+!+#$!4$0,)*/+,(*!(2!05%$.2/3,',$0!,*!+#$!@.+#5.$+#./!,*!(5.!%.$0$*+!0+/+$!(2!<*(='$4)$7!/*4!=$!

=(5'4! -(*-5.!=,+#!+#,0!6,$=U!P(5-#$+!et al:!DNdMZF!0,3,'/.'&! .$2./,*! 2.(3!4$0,)*/+,*)! 05%$.2/3,'&!

).(5%,*)0!=,+#,*!+#$!@.+#5.$+#./:!

J<J<EK!98"-$"-('1+, )

@.+#5.$+#./*0! /.$!%.,*-,%/''&!4,0+.,15+$4! ,*!S5./0,/7!15+!0,)*,2,-/*+! ./4,/+,(*0!#/6$! /'0(! (--5..$4! ,*!

I2.,-/! DO$./0+,4/$F! /*4! (*! +#$! ,0'/*40! (2! +#$! X/-,2,-! DX/.+5',4/$7! I3/0+.,4/$7! I-#/+,*$'',4/$! /*4!

[./%/.*/54,,4/$F:!"#$!X/-,2,-!2/3,',$0!/.$!%/.+,-5'/.'&!=$''!.$%.$0$*+$4!,*!(5.!+.$$:!!I-#/+,*$'',40!#/6$!

/!%.$4(3,*/*+'&!X/-,2,-!4,0+.,15+,(*!/*4!0(3$!/.$!$*4$3,-!+(!>/=/,,!DO((<$!i!g(*4(7!McadF:!"#$!

I3/0+.,4/$!/.$!>/=/,,/*!$*4$3,-07!15+!+#$,.!0,0+$.!).(5%7!+#$!O(-#',-(%,4/$!D`,)5.$!]:MF7!/.$!+#(5)#+!

+(!#/6$!/!>('/.-+,-!(.,),* !DS5./0,/!/*4!H(.+#!I3$.,-/F!/*4!+(!#/6$!0%.$/4!=,4$'&!/0!/!.$05'+!(2!#53/*!

/-+,6,+&:! "#$! >/=/,,/*! (.+#5.$+#./*! 2/5*/! =(5'4! +#$.$2(.$! /%%$/.! +(! 1$! 4,%#&'$+,-! ,*! (.,),*:! "#$!
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[./%/.*/54,,4/$!D[./%/.*/54,/F!/.$!$*4$3,-!+(!H$=!O/'$4(*,/7!/*4!+#$!X/.+5',4/$!/.$ !.$0+.,-+$4!+(!+#$!

#,)#!,0'/*40!(2!+#$!X/-,2,-!@-$/*!DO(=,$7!MccNF:!"#$!+.$$!05))$0+0!+#/+!+#$!X/-,2,-!(.+#5.$+#./*!2/3,',$0!

#/6$!$6('6$4!,*4$%$*4$*+'&!0$6$./'!+,3$0:!!

P(+#! H(.40,$-<! DMcKaF! /*4! ",'',$.! DMcKcF! (22$.! 1,()$()./%#,-/'! ,*+$.%.$+/+,(*0! (2! (.+#5.$+#./*!

4,0+.,15+,(*!%/++$.*0:! ",'',$.!4,0+,*)5,0#$4! *(.+#$.*! /*4!0(5+#$.*! ).(5%0!2.(3!#,0!%#&'()$*$+,-!+.$$7!

/00(-,/+,*)!+#$3!=,+#!;/5./0,/*!/*4!b(*4=/*/'/*4!-$*+.$0!(2!(.,),*:!H(.40,$-<7!(*!+#$!(+#$.!#/*47!

1$',$6$4!+#$!@.+#5.$+#./!+(!1$!$00$*+,/''&!/!*(.+#$.*!).(5%!=,+#!3(.$!.$-$*+!./4,/+,(*0!,*!+#$!0(5+#$.*!

#$3,0%#$.$:!"#$!+.$$!4($0!*(+!0#(=!/*&!0+.(*)!$6,4$*-$!(2!/*&!b(*4=/*/*!%/++$.*!(2!4,0+.,15+,(*7!/*4!

+#$!Q0(5+#$.*R!).(5%0!2.(3!I2.,-/!DO$./0+,4/$F!/*4!+#$!X/-,2,-!-/*!/''!1$!4$.,6$4!2.(3!>('/.-+,-!2(.30:!!

!

!

!

!

!

!

!

!

!

!
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J<K!N".%#&48".)

"#$!)$*$./'!%,-+5.$!(2!2/3,'&C).(5%!,*+$..$'/+,(*0#,%0!=,+#,*!+#$!@.+#5.$+#./!=#,-#!#/0!$3$.)$4!(6$.!

+#$!'/0+!#5*4.$4!&$/.0!,0!(*$!(2!-(*250,(*B!(.,),*/''&!+#$!0&0+$3!.$',$4!(6$.C#$/6,'&!(*!-(*-#('(),-/'!

-#/./-+$.0!DH(.40,$-<7!McKaF7!15+!+#$!0+$/4,'&! ,*-.$/0,*)!1(4&!(2! /*/+(3,-/'!<*(='$4)$!#/0!*(+7! ,*!

)$*$./'7! ).$/+'&! ,3%.(6$4! (5.! 5*4$.0+/*4,*)! (2! (.+#5.$+#./*! .$'/+,(*0#,%0:! h#,'0+! .(150+! ).(5%,*)0!

#/6$! 1$$*! $0+/1',0#$4! 1/0$4! (*! 3(.%#('()&7! +#$! $6('5+,(*/.&! .$'/+,(*0#,%0! (2! +#$0$! ).(5%0! #/6$!

)$*$./''&!.$3/,*$4!(10-5.$:!A*!3(0+!-/0$0!+#$!$9,0+,*)!2/3,'&!).(5%,*)0!#/6$!1$$*!05%%(.+$47!(.! /+!

'$/0+! *(+! 4,0%.(6$47! 15+! 0(3$! (2! +#$! '/.)$.! 2/3,',$0! 05-#! /0! +#$! S*,4/$! /%%$/.! *(+! +(! 1$! .(150+:!

S9-$%+,(*/''&7!/0!,*!+#$!-/0$!(2!+#$!I3/0+.,4/$fO(-#',-(%,4/$!%/,.,*)!D$:):!",'',$.7!McKcF!/*4!+#$!.$C

$6/'5/+,(*! (2!+#$! I-#/+,*$'',4/$f"(.*/+$'',*,4/$! .$'/+,(*0#,%!DO((<$! i!g(*4(7!McadF7! .(150+!0,0+$.C

).(5%!%/,.,*)0!#/6$!$3$.)$4!/0!/!.$05'+!(2!/*/+(3,-/'!0+54,$07!/*4!=#$.$!+#$0$!$9,0+7!+#$&!#/6$!1$$*!

0+.(*)'&!-(*2,.3$4!1&!+#$!3('$-5'/.!+.$$:!!>(=$6$.7!'/-<!(2!.$0('5+,(*!+#.(5)#(5+!(+#$.!%/.+0!(2!+#$!

+.$$7!/*4!+#$!/10$*-$!(2!50$25'!3(.%#('(),-/'!-#/./-+$.0!+(!4$2,*$!.$'/+,(*0#,%0!,*!3/*&!-/0$07!,0!3(0+!

%.(1/1'&!45$!+(! /! ./%,4!$6('5+,(*/.&!4,6$.0,2,-/+,(*! (2!+#$! ).(5%! /0! /!=#('$:! "#$.$2(.$7!+#,0!0+54&!

0+.(*)'&!/46(-/+$0!2(.!+#$!*$$4!(2!1(+#!$9+$*4$4!3(.%#('(),-/'!/*4!3('$-5'/.!0+54,$0!+#/+!=,''!1.,*)!

,*+(! ',)#+! *$=! (.! 5*4$.0+/+$4! 3(.%#('(),-/'! -#/./-+$.0! /0! =$''! /0! *$=7! 3(.$! 6/.,/1'$! 3('$-5'/. !

3/.<$.0: !

!

!

!

!

!

!

!

!

!

!

!
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R$/$($.%$4))

I.31.50+$.7!b:`:7!Pm#3$7!\:7!P$.*#/.47![:7!8-#'$)$'7!\:7!NddJ:!"#$!>Lf>]!#,0+(*$!)$*$!-'50+$.!(2!

'/*4! 0*/,'0! Db/0+.(%(4/B! 8+&'(33/+(%#(./FB! +0f+6! ./+,(7! bOL! 4.,6$! /*4! 0,)*/'0! ,*!

8+&'(33/+(%#(./*!%#&'()$*&:!_:!\(''50:!8+54:!ZM7!LLcCL]K:!

P/<$.7!>:P:7!McLJ:!G$6,$=!(2!+#$!/*/+(3&!(2!X5%,'',4/$!/*4!.$'/+$4!).(5%0:!\/*5/'!(2!O(*-#('()&:!

8$.:!N7!NKB!McMwNdc7!NMawNNd:!I-/4$3&!(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/:!

P/<$.7!>:P:7!McJJ:!>$+$.5.$+#.(50!/*4!I5'/-(%(4:!H/5+,'507!JK7!MdcCMMN:!!

P/.<$.7!b:\:7!McKJ:!I0%$-+0!(2!+#$!1,('()&!(2!Vallonia excentrica!D\(''50-/ CW/''(*,,4/$F!,*!h/,</+(!

%/0+5.$0:!A*!X.(-$$4,*)0!(2!+#$!]+#!I50+./'/0,/*!O(*2$.$*-$!(*!b./00'/*4!A*6$.+$1./+$!S-('()&:!

O/9+(*!X.$007!O#.,0+-#5.-#7!H$=!^$/'/*47!a]CZd:!

P/.<$.7!b:\:7!NddM:!b/0+.(%(40!(*!'/*4B!%#&'()$*&7!4,6$.0,+&!/*4!/4/%+,6$!3(.%#('()&:!P,(':!"$..$0+:!

\(''50-0:!XX:MCM]a:!

P(5-#$+7! X:7! G(-.(,7! _:X:7! `.”4/7! _:7! >/504(.27! P:7! X(*4$.7! h:7! W/'4y07! •:!/*4! h/.y*7! I:7! NddJ:!

O'/00,2,-/+,(*!/*4!*(3$*-'/+(.!(2!+#$!)/0+.(%(4!2/3,',$0:!\/'/-('(),/!]Z7!M CLcZ:!!

P(5-#$+7!X:7!G(-.(,7!_:X:7!>/504(.27!P:7!g/,37! I:7!g/*(7!s:7!Ht+n$'7! I:7!X/.<#/$67!X:7!8-#.m4'7! \:7!

8+.(*)7! S:S:7! NdMZ:! G$6,0$4! -'/00,2,-/+,(*7! *(3$*-'/+(.! /*4! +&%,2,-/+,(*! (2! )/0+.(%(4! /*4!

3(*(%'/-(%#(./*!2/3,',$0:!\/'/-('(),/!aM7!M CJNa:!!

O/0+.$0/*/7! _:7! Nddd:! 8$'$-+,(*! (2! -(*0$.6$4! 1'(-<0! 2.(3! 35'+,%'$! /',)*3$*+0! 2(.! +#$,.! 50$! ,*!

%#&'()$*$+,-!/*/'&0,0:!!\(':!X#&'()$*$+:!S6(':MZ7!J]dCJJN:"!

O((<$7!O:\:7!g( *4(7! s:7!Mcad:!G$6,0,(*! (2! "(.*/+$'',*,4/$! /*4! I-#/+,*$'',4/$:!P$.*,-$!X:!P,0#(%!

\50$53!P5''$+,*7!NNM7!MCLdL:!

O((+$7!":7!;($6$7!S:7!NddL:!`.(3!aM!0%$-,$0!+(!2,6$B!$*4$3,-!+.$$!0*/,'0!(2!+#$!8(-,$+&!A0'/*40!2/''!%.$&!

+(!/*!,'' C?54)$4!1,('(),-/'!-(*+.('!%.() ./33$:!@.&97!LZ7!cMCca:!

O(=,$7! G:>:7! MccN:! S6('5+,(*! /*4! $9+,*-+,(*! (2! X/.+5',4/$7! $*4$3,-! X/-,2,-! ,0'/*4! '/*4! 0*/,'0:!

X#,'(0(%#,-/'!"./*0/-+,(*0!(2!+#$!G(&/'!8(-,$+&!(2!;(*4(*:!8$.,$0!PB!P,('(),-/'!8-,$*-$0!LLJ7!

MaZCMcM:!

S31$.+(*7!g:O:7!",'',$.7!8:7!MccJ:!O'/.,2,-/+,(*!/*4!$6/'5/+,(*!(2!",'',$.R0!DMcKcF!0+&'(33/+(%#(./*!

3(*()./%#:!\/'/-('(),/!La7!NdL CNdK:!

`$'0$*0+$,*7!_:7!McKM:!!S6('5+,(*/.&!+.$$0!2.(3![HI!0$Y5$*-$0B!/!3/9,353!',<$',#((4!/%%.(/-#:!!_:!

\(':!S6(':!MZ7!LaKCLZa:!!

`$'0$*0+$,*7!_:7!McKJ:!O(*2,4$*-$!',3,+0!(*!%#&'()$*,$0B!/*!/%%.(/-#!50,*)!+#$!1((+0+./%:!S6('5+,(*!Lc7!

ZKLCZcM:!

b,++$*1$.)$.7! S:7! McZL:! P$,+.x)$! n5.! g$**+*,0! 4$.! X5%,''/-$/! AAA:! O#(*4.,*,*/$:! ^(('(),0-#$!

W$.#/*4$',*)$*!MNZ7!MCNaZ:!

b((4/-.$7!8:;:7! h/4$7!O:\:7!NddM/:!X/++$.*0! (2!)$*$+,-! 6/.,/+,(*! ,*!X/-,2,-! ,0'/*4! '/*4!0*/,'0B!+#$!

4,0+.,15+,(*!(2!-&+(-#.(3$!1!',*$/)$0!/3(*)!8(-,$+&!A0'/*4!Partula:!P,(':!_:!;,**$/*:!8(-:!ZL7!

MLMCMLK:!
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b((4/-.$7!8:;:7!h/4$7!O:\:7!NddM1:!\('$-5'/.!$6('5+,(*/.&!.$'/+,(*0#,%0!1$+=$$*!%/.+5',4!'/*4!0*/,'0!

(2!+#$!X/-,2,-:!X.(-!G!8(-!;(*4!TP,('V:!NaK7!MCZ:!

b((4/-.$7!8:;:7!NddN:!X(%5'/+,(*!0+.5-+5.$7!#,0+(.&!/*4!)$*$!2'(=!,*!/!).(5%!(2!-'(0$'&!.$'/+$4!'/*4!

0*/,'0B!)$*$+,-!6/.,/+,(*!,*!X/.+5'/!2.(3!+#$!8(-,$+&!A0'/*40!(2!+#$!X/-,2,-:!\(':!S-(':!MM7!JJC

aK:!!

b( 5'47!8:_:7!McZZ:!@*+()$*&!/*4!%#&'()$*&:!>/.6/.4!E*,6$.0,+&!X.$00:!

b57!‚:7!`57!s:‚:7!;,7!h:>:7!MccJ:!\/9,353!',<$',#((4!$0+,3/+,(*!(2!+#$!#$+$.()$*$,+&!(2!0510+,+5+,(*!

./+$!/3(*)!*5-'$(+,4$!0,+$0:!\(':!P,(':!S6(':!MN7!J]aCJJZ:!

b5,*4(*7! 8:7! [52/&/.47! _:`:7!;$2(.+7! W:7! I*,0,3(6/7! \:7! >(.4,?<7! h:7! b/0-5$'7! @:7! NdMd:! H$=!

/')(.,+#30! /*4! 3$+#(40! +(! $0+,3/+$! 3/9,353C',<$',#((4! %#&'()$*,$0B! /00$00,*)! +#$!

%$.2(.3/*-$!(2!X#&\;!L:d:!8&0+:!P,(':!Jc7!LdZCLNM:!

>/.'7! _:7! >/.,*)7! S:7! I0/3,7! ":7! 8,++$*+#/'$.7! \:7! 8/++3/**7!>:7! Xz''Cb$.)$'&7! P:7! NdMZ:! \('$-5'/.!

0&0+$3/+,-0!(2!+#$!'/*4!0*/,'!2/3,'&!@.-5',4/$!.$6$/'!%('&%#&'&!/*4!4$$%!0%',+0!=,+#,*!+#$!-'/4$!

@.+#5.$+#./!Db/0+.(%(4/B!X5'3(*/+/F:!^((':!_:!;,**:!8(-:!MKM7ZZKCZc]:!

>$.1$.+7! [:b:7! NdMd:! "#$! ,*+.(45-$4! +$..$0+.,/'! 3(''50-/! (2! 8(5+#! I2.,-/:! 8(5+#! I2.,-/*! H/+,(*/'!

P,(4,6$.0,+&!A*0+,+5+$7!X.$+(.,/:!

>/504(.27! P:7! Mcca:! [,$! @.-5',4/$! I0,$*0! Db/0+.(%(4/B! 8+&'(33/+(%#(./F:! I.-#,6! 2t.!

\(''50<$*<5*4$!MNJ7!MCKa:!

>(''/*47!P:8:7!>/42,$'47!\:b:7!Ndd]:!@.,),*!/*4!4,6$.0,2,-/+,(*!(2!+#$!$*4$3,-!>/=/,,/*!+.$$!0*/,'0!

DI-#/+,*$'',4/$B!I-#/+,*$'',*/$F!1/0$4!(*!3('$-5'/.!$6,4$*-$:!\(':!X#&'()$*$+:!S6(':!LN7!JKKC

add:!

G(*Y5,0+7! `:7! >5$'0$*1$-<7! _:X:7! NddL:! \.P/&$0! LB! P/&$0,/*! %#&'()$*$+,-! ,*2$.$*-$! 5*4$.! 3,9$4!

3(4$'0:!P,(, *2(.3/+,-0!Mc7!MJZNCMJZ]:!!

g$+3/,$.7!W:7!b,50+,7!`:7!O/--(*$7!I:7!Ndda:!\('$-5'/.!%#&'()$*&!/*4!#,0+(.,-/'!1,()$()./%#&!(2!+#$!

'/*4!0*/,'!)$*50!8('/+(%5%/!DX5'3(*/+/F!,*!+#$!%$.,C"&..#$*,/*!/.$/:!\(':!X#&'()$*$+,-0!S6(':!

Lc7!]LcC]JM:!

gm#'$.7!`:7!O.,0-,(*$7!`:7!P5.)#/.4+7!A:7!g$00*$.7!W:7!NdMZ:!"#$!S*,4/$!(2!",3(.!D8+&'(33/+(%#(./B!

@.+#5.$+#./F:!\(''50-/*!G$0$/.-#!LZ7!KCMa:!

;/*/6$7!O:7!X.$%/./+/7!b:7!8/-(*$7!O:7!8$.,(7!b:7!McK]:! I! *$=!3$+#(4!2(.! -/'-5'/+,*)!$6('5+,(*/.&!

0510+,+5+,(*!./+$0:!\(':!X#&'()$*$+:!S6(':!Nd7!KaCcL:!

;/.)$+7!P:7!8,3(*7! [:;:7!Mccc:! \/.<(6! -#/,*! \(*+$!O/.'(! /')(.,+#30!2(.!+#$!P/&$0,/*! /*/'&0,0! (2!

%#&'()$*$+,-!+.$$0:!\(':!X#&'()$*$+:!S6(':!Ma7!ZJdCZJc:!

;$$7! ":7! P5.-#7! _:P:7! O((+$7! ":7! X$/.-$Cg$''&7! X:7! >,-<3/*7! O:7! \$&$.7! _:s:7! `(,)#,'7! [:–:7! Nddc:!

\((.$/*!+.$$!0*/,'!05.6,6/'!.$6,0,+$4B!/!35'+,C,0'/*4!)$*$/'(),-/'!%$.0%$-+,6$:!P\O!S6(':!P,(':!

c7Nd]:!
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;$$7! ":7! ;,7!_:7!O#5.-#,''7!O:g:7! `(,)#,'7! [:–:7!NdM]:!S6('5+,(*/.&!#,0+(.&! (2! /! 6/*,0#,*)! ./4,/+,(*B!

,0('/+,(* C4$%$*4$*+!%$.0,0+$*-$!/*4!4,6$.0,2,-/+,(*!,*!X/-,2,-!A0'/*4!%/.+5',4!+.$$!0*/,'0:!P\O!

S6(':!P,(':!M]7!NdN:!

\/4$,./7!\:_:7!S'$?/'4$7!\:I:7!O#5$-/7!;:_:7!bu3$nC\(',*$.7!P:_:7!NdMd:!X#&'()$*$+,-!%(0,+,(*!(2!+#$!

)$*50! O.&%+/n$-/! /*4! +#$! 2/3,'&! In$-,4/$! =,+#,*! +#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./:!

\/'/-('(),/!JN7!MaL CMac:!

\/*)/*$'',7! b:7! [$''$! O/6$7! ;:7! b,50+,7! `:7! McKc:! H(+5'/$! 3/'/-('(),-/$7! ‚;AA:! 8+.(1,'(%0,4/$!

Db/0+.(%(4/7!X5'3(*/+/F7! /!2/3,'&!*$=!+(!+#$!W,''/2./*-#,/*! '/*4!0*/,'!2/5*/! (2! I%$**,*,-!

A+/'&:!P/0+$.,/!JL7!LCML:!

\(.4/*7!X:P:7!McK]:!"/9(*(3&!/*4!1,()$()./%#&!(2!0(5+#$.*!I./1,/*!S*,4/$!D0$*05!'/+(FDX5'3(*/+/B!

X5%,''/-$/F:!h(.'4 Ch,4$!8*/,'0:!P/-<#5&07!;$,4$*7!MN]CMLL:!

\(.4/*7! X:P:7! MccN:! "#$! 3(.%#('()&! /*4! %#&'()$*&! (2! +#$! O$./0+,*/$! DX5'3(*/+/7! X5%,''(,4$/F:!

P5''$+,*!(2!+#$!P.,+,0#!\50$537!H/+5./'!>,0+(.&:!^(('()&7!JK7!MCNd:!

\(.4/*7!X:7!h/4$7!O:\:7!NddK:!>$+$.(1./*-#,/!AAB!"#$!X5'3(*/+/:!A*B!X(*4$.7!h:`:7!;,*41$.)7![:G:!

DS40:F7!X#&'()$*&! /*4!S6('5+,(*! (2!+#$! \(''50-/:!E*,6$.0,+&! (2!O/',2(.*,/!X.$007!P$.<$'$&7!

E8I7!]dc C]Na:!!

H$<('/7! _:O:7! O('$07! P:`:7! NdMa:! 85%./0%$-,2,-! +/9(*(3&! ,*! +#$! W$.+,),*,4/$! Db/0+.(%(4/B!

8+&'(33/+(%#(./F:!_:!\(''50:!8+54:!KN7!NdKCNMN:!

H(.40,$-<7! >:! McKJ:! "#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./! Db/0+.(%(4/F7! =,+#! 0%$-,/'! .$)/.4! +(! +#$!

0&0+$3/+,-!%(0,+,(*! (2!+#$!O'/50,',,4/$7!A:!A3%(.+/*-$! (2!+#$!$9-.$+(.&! /*4! )$*,+/'! 0&0+$30:!

I.-#:!\(''50<$*<:!MMa7!MCN]:!

H(.40,$-<7!>:7!McKa:! "#$!0&0+$3! (2!+#$!8+&'(33/+(%#(./!Db/0+.(%(4/F7!=,+#!0%$-,/'! .$)/.4!+(!+#$!

0&0+$3/+,-! %(0,+,(*! (2! +#$! O'/50,',,4/$7! AA:! A3%(.+/*-$! (2! +#$! 0#$''! /*4! 4,0+.,15+,(*:! I.-#:!

\(''50<$*<4:!MMZ7!cLCMMa:!

X,'01.&7!>:I:7!Mcdd:!@*!+#$!n(m'(),-/'!%(0,+,(*!(2!X/.+5'/!/*4!I-#/+,*$''/:!X.(-$$4,*)0!(2!+#$!I-/4$3&!

(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/7!JN7!JaMCJaZ:!

X,'01.&7!>:I:7!McdZCK:!\/*5/'!(2!O(*-#('()&:!8$.:!NB!@' $/-,*,4/$7!̀ $..500/-,4/$7!6('7!Mc:!X#,'/4$'%#,/B!

O(*-#('(),-/'![$%/.+3$*+7!I-/4$3&!(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/: !

X,'01.&7!>:I:7!McdcCMd:!\/*5/'!(2!O(*-#('()&!8$.:!NB!!O/$-,',(,4$07!b'$005'/!/*4!X/.+5',4/$7!6(':!Nd:!

X#,'/4$'%#,/B!O(*-#('(),-/'![$%/.+ 3$*+!I-/4$3&!(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/:!

X,'01.&7!>:I:7!O((<$7!O:\:7!McMNCM]:!\/*5/'!(2!O(*-#('()&!8$.:!NB!b$*$/'()&!/*4!\,)./+,(*0!(2!+#$!

I-#/+,*$'',45$7!6(':!NN:!X#,'/4$'%#,/B!O(*-#('(),-/'![$%/.+3$*+!I-/4$3&!(2!H/+5./'!8-,$*-$0!

(2!X#,'/4$'%#,/:!

X,'01.&7! >:I:7! McMaCMK:! \/*5/'! (2! -(*-#('()&! 8$.:! NB! X5%,'',4/$! Db/0+.(-(%+,*/$F7! W(':! N]:!

X#,'/4$'%#,/B!O(*-#('(),-/'![$%/.+3$*+!I-/4$3&!(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/: !
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X,'01.&7! >:I:7! McNNCNa:! \/*5/'! (2! -(*-#('()&! 8$.:! NB! X5%,'',4/$! D@.-5',*/$7! X/)(45',*/$7!

I-/*+#,*5',*/$7!$+-:F7!W(':!NZ:!X#,'/4$'%#,/B!O(*-#('(),-/'![$%/.+3$*+!I-/4$3&!(2!H/+5./'!

8-,$*-$0!(2!X#,'/4$'%#,/:!

X,'01.&7! >:I:7! McNZCLJ:! \/*5/'! (2! O(*-#('()&! 8$.:! NB! b$()./%#,-! 4,0+.,15+,(*! (2! X5%,'',4/$U!

8+.(1,'(%0,4/$7! W/''(*,,4/$! /*4! X'$5.(4,0-,4/$7! W(':! NK:! X#,'/4$'%#,/B! O(*-#('(),-/'!

[$%/.+3$*+!I-/4$3&!(2!H/+5./'!8-,$*-$0!(2!X#,'/4$'%#,/:!

X(<.&0n<(7! P:\:7! Mcc]:! @*! +#$! 3(*(! T’V! %#&'&! /*4! -'/00,2,-/+,(*! (2! +#$! @.+#5.$+#./CX5%,''(,4$/!

Tb/0+.(%(4/B! X5'3(*/+/B! 8+&'(33/+(%#(./V:! b$*50:! A*+$.*/+,(*/'! _(5.*/'! (2! A*6$.+$1./+$!

"/9(*(3&7!J7!LZMCLcd:!

Gy)*,$.7!O:7!P(5-#$+7!X:7!>/&$07!g:I:7!s$5*)7!H:h:7!O#.,0+$*0$*7!O:O:7!O#5*)7! [:_:7! `(*+/,*$7!P:7!

O(=,$7! G:>:7! NdMJ:! S9+,*-+,(*! ,*! /! #&%$.4,6$.0$! $*4$3,-! >/=/,,/*! '/*4! 0*/,'! 2/3,'&! /*4!

,3%',-/+,(*0!2(.!+#$!5*4$.$0+,3/+,(*!(2!,*6$.+$1./+$!$9+,*-+,(*:!O(*0$.6:!P,(':!Nc7MZMJCMZNL:!

G$,*#/.4+7! @:7! MKZZ:! P$3$.<5*)$*! t1$.! $,*,)$! 0,-,',/*,0-#$! >$',9CI.+$*:! _/#.1t-#! 4$.! [$5+0-#$*!

\/'/<n(('(),0-#$*!b$0$''0-#/2+!]7!NZZ CNKZ:!

8/,+(57!H:7!H$,7!\:7!McKZ:!"#$!*$,)#1(. C?(,*,*)!3$+#(4B!/!*$=!3$+#(4!2(.!.$-(*0+.5-+,*)!%#&'()$*$+,-!

+.$$0:!\(':!S-(':!G$0(5.:!]7!]daC]NJ:!

8-#,'$&<(7! I:I:! 7McZc:! "#$! 0&0+$3! (2! +#$! @.4$.! b$(%#,'/! Dl>$',-,4/F! Db/0+.(%(4/! X5'3(*/+/F:!

X.(-$$4,*)0!(2!+#$!^(('(),-/'!A*0+,+5+$7!I-/4$3&!(2!8-,$*-$0!(2!+#$!E88G7!Kd7!]]Cac:!

8-#,'$&<(7!I:I:7!McK]:!H/n$3*&$!3('{&50<,!%(4(+./4/!X5%,'',*/!2!/!5!6!888G!Db/0+.(%(4/7!X5'3(*/+/7!

b$(%#,'/F:!`/5*/!888G7!\('#50<,7!AMM!DLF!DlH:!8:!MLdF:!;$*,*)./4!H/5</:!

8#,3(4/,./7!>:7!>/0$)/=/7! \:7!Mccc:! \5'+,%'$! -(3% /.,0(*0! (2! '() C',<$',#((40!=,+#! /%%',-/+,(*0!+(!

%#&'()$*$+,-!,*2$.$*-$:!\(':!X#&'()$*$+,-0!S6(':!Ma7MMM]CMMM]:!

8,0-#(7![:G:7!>/42,$'47!\:b:7!NdMZ:!X#&'()$()./%#,-!.$'/+,(*0#,%0!/3(*)!35'+,C,0'/*4!%(%5'/+,(*0!(2!

+#$!+.$$!0*/,'!X/.+5'/!),11/!DX/.+5',4/$F!,*!+#$!\/.,/*/!A0'/*40:!P,(':!_:!;,**$/*:!8(-:!MNM7!ZLMC

Z]d:!

8'/%-,*0<&7!_:7!g./507!`:7!NdMa:!G$6,0,(*!(2!X/.+5',4/$!Db/0+.(%(4/7!8+&'(33/+(%#(./F!(2!X/'/57!=,+#!

4$0-.,%+,(*!(2!/!*$=!)$*50!2(.!/*!5*505/'!).(5*4C4=$'',*)!0%$-,$0:!^((g$&0!aM]7!NZC]c: !

83,+#7! 8:h:7! @6$.1$$<7! G:7! h($0$7! O:G:7! b,'1$.+7! h:7! b,''$6$+7! X:\:7! Mcc]:! ! "#$! )$*$+,-! 4/+/!

$*6,.(*3$*+7!/*!$9%/*4/1'$!bEA!2(.!35'+,%'$!0$Y5$*-$!/*/'&0,0:!!O(3%5+:!I%%':!P,(0-,:!Md7!

aZMCaZJ:!

8('$37!I:7!McZK:!O'/00,2,-/+,(*!(2!+#$!'/*4!\(''50-/!A*B!X5'3(*/+/!DW:!`.$++$.!/*4!_:!X$/<$7!$40F7!NIB!

]c CcZ:!I-/4$3,-!X.$007!;(*4(*!/*4!H$=!s(.<: !

8+/4$*7!G:7!P$/'7!g:`:7!P(*2,$'47!_:g:7!Nddd:!!"#$!8+/4$*!%/-</)$7!MccK:!!\$+#(40!\(':!P,(':!MLN7!MMJC

MLd:!

8+$$*1$.)7!O:\:7!McNJ:!S+54$0!05.!'R/*/+(3,$!$+!'/!0&0+y3/+,Y5$!4$0!3/,''(+0!D2/3:!X5%,'',4/$!0:!'/+:F:!

W,4$*0</1$',)$!\$44$'$'0$.!2./![/*0<!H/+5.#,0+(.,0<!`(.$*,*)!,!g—1$*#/6*7!Kd7!MCNMJ:!
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856(.(67!I:H:7!MccL:!8(3$!/0%$-+0!(2!25*-+,(*/'!3(.%#('()&!(2!+#$!/%$.+5.$!,*!+#$!X5%,'',*/!051(.4$.!

Db/0+.(%(4/!X5'3(*/+/F:!G5+#$*,-/!L7M]MCMJN:!

8=(22(.47![:;:7!NddN:!XIEX•:!X#&'()$*$+,-!/*/'&0,0!50,*)!%/.0,3(*&!D•/*4!(+#$.!3$+#(40F7!W$.0,(*!

]:d1Md:!85*4$.'/*47!\IB!8,*/5$.!I00(-,/+$0: !

",'',$.7! 8:7! McKc:! O(3%/./+,6$! 3(.%#('()&7! %#&'()$*&! /*4! -'/00,2,-/+,(*! (2! '/*4! 0*/,'0! /*4! 0'5)0!

Db/0+.(%(4/B!X5'3(*/+/B!8+&'(33/+(%#(./F:!\/'/-('(),/!Ld7!M CLdL:!

",'',$.7!8:7!\(.4/*7!X:P:7!MccJ:!"#$!/*/+(3&!/*4!0&0+$3/+,-0!(2!+#$!H$=!O/'$4(*,/*!'/*4!0*/,'!)$*50!

[./%/.*/54,/!\(*+.(5n,$.7!MKJc!DX5'3(*/+/B!@.+#5.$+#./F:!^((':!_:!;,**:!8(-:!MML7!]ZCcM:!

"(*)<$.47!X:7!;$$7!":7!X/*#/7!8:7!P5.-#7!_:P:7!`(,)#,'7![:–:7!Ndd]:!\('$-5'/.!%#&'()$*&!(2!-$.+/,*!"#/,!

)/0+.(-(%+,*$! 3,-.(! '/*4! 0*/,'0! D8+&'(33/+(%#(./B! X5%,'',4/$F! ,*2$..$4! 2.(3! 3,+(-#(*4.,/'!

/*4!*5-'$/.!.,1(0(3/'![HI!0$Y5$*-$0:!_:!\(''50:!8+54:!Zd7!MLc CM]Z:!

W/5)#+7!g:O:7!McKc:!I!O'/00,2,-/+,(*!(2!+#$!;,6,*)!\(''50-/:!I3$.,-/*!\/'/-('(),0+0!A*-7!\$'1(5.*$7!

`;: !

h/4$7!O:\:7!\(.4/*7!X:P:7!O'/.<$7!P:7!NddM:!I!%#&'()$*&!(2!+#$!'/*4!0*/,'0!Db/0+.(%(4/B!X5'3(*/+/F:!

X.(-:!G(&:!8(-:!;(*4:!P!P,(:!NaK7!]MLC]NN:!!

h/4$7!O:\:7! \(.4/*7! X:P:7!H/))07! `:7!Ndda:!S6('5+,(*/.&! .$'/+,(*0#,%0! /3(*)!+#$!%5'3(*/+$! '/*4!

0*/,'0!/*4!0'5)0!DX5'3(*/+/7!8+&'(33/+(%#(./F:!P,(':!_:!;,**$/*:!8(-:!KZ7!JcLCaMd:!

h/+0(*7!>:7!McNd:!"#$!/22,*,+,$0!(2!X&./3,45'/7!X/+5'/0+./7!I-/*+#,*5/'/!/*4!W/''(*,/:!X.(-$$4,*)0!(2!

+#$!\/'/-('(),-/'!8(-,$+&!(2!;(*4(*!M]7!a CMd:!

!

! !
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N+'10$()KP!!"#$%&#'()*+,#"-$.,)"/)0+$)O($4+H'0$()5.'8#4)'.6)

M821$04)V*'.1&#2".'0'P)7,-("1+8#'WE)

!

:>40('%0))

h$!#/6$!5*4$.+/<$*!/!-(3%.$#$*0,6$!3('$-5'/.!%#&'()$*$+,-!/*/'&0,0!(2!+#$!>&).(%#,'/!1/0$4!(*!LMMN!

0,+$0!(2!+#$!'/.)$!0515*,+!/*4!J:K8!.,1(0(3/'!GHI!)$*$0 :!I!-'$/.!1/0/'!4,6,0,(*!1$+=$$*!+#$!O#,',*(,4$/!

/*4!;&3*/$(,4$/!,0!(10$.6$4:! "#$!3(*(%#&'&!(2!+#$!I-.('(9,4/$7!;&3*/$,4/$!/*4!X#&0,4/$!,0!/'0(!

=$''!$0+/1',0#$4:!>(=$6$.7!+#$!X'/*(.1,4/$!/.$!*(+!05%%(.+$4!/0!/!3(*(%#&'$+,-!).(5%7!1$-/50$!+#$!

P5',*,4/$! -'50+$.!=,+#,*!+#$!X'/*(.1,4/$:! "#$! I3%#,%$%'$,*/$!=,+#,*!+#$! ;&3*/$,4/$! /*4!1(+#!+#$!

I*-&',*/$ !/*4!X'/*(.1,*/$!=,+#,*!+#$!X'/*(.1,4/$!/.$!0+.(*)'&!05%%(.+$4!/0!3(*(%#&'$+,-!0512/3,',$0:!

>(=$6$.7! +#$! I%'$9,*/$! =,+#,*! +#$! X#&0,4/$! /*4! +#$! ;&3*/$,*/$! =,+#,*! +#$! ;&3*/$,4/$! /.$! *(+!

.$-(6$.$4:! I! *$=! +/9(*(3,-! .$6,0,(*! (2! +#$! >&).(%#,'/! ,0! %.(%(0$4! 1/0$4! (*! +#$! 2,*4,*)0! (2! +#$!

3('$-5'/.!%#&'()$*&7!/*4!+#$!,3%',-/+,(*0!2(.!+#$!$6('5+,(*!(2!-#,./',+&!/.$!4,0-500$4:!

)

)

!

)

)

)

)

)

)

)

)

1This chapter is published as “Saadi, A.J., Davison A., Wade, C.M., 2019. Molecular Phylogeny of the 

Freshwater Snails and Limpets (Panpulmonata: Hygrophila). Zool. J. Linn. Soc.”."
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K<E!Q.0("6&%08".))

"#$!>&).(%#,'/!/.$!+#$!%.,*-,%'$!).(5%!(2!2.$0#=/+$.!/Y5/+,-!0*/,'0!/*4!/.$!2(5*4!/'3(0+!=(.'4=,4$!

D\(.4/*!i!h/4$7!NddKF:!8,3,'/.!+(!(+ #$.!%5'3(*/+$!)/0+.(%(407!#&).(%#,'/*!0*/,'0!#/6$!/!'5*)!/*4!

'/-<!/*!(%$.-5'537!15+!5*',<$!+#$!+$..$0+.,/'!0+&'(33/+(%#(./*!%5'3(*/+$0!+#$,.!$&$0!/.$!%.$0$*+!/+!+#$!

1/0$! (2! +#$,.! +$*+/-'$0! ./+#$.! +#/*! /+! +#$! +,%0! DH(.40,$-<7! MccNF:! "#$&! /-+! /0! ,*+$.3$4,/+$!#(0+0! (2!

%/./0,+$0! (2! 3$4,-/'! /*4! 6$+$.,*/.&! ,3%(.+/*-$7! ,*-'54,*)!Biomphalaria /*4! Bulinus! +#/+! +./*03,+!

Schistosoma7!/*4!Lymnaea!+#/+!+./*03,+0!Fasciola!DP.(=*7!Mcc]F:!!!

A*! +#$! 3(0+! .$-$*+! -'/00,2,-/+,(*! DP(5-#$+!et al:7! NdMZF7! +#$! >&).(%#,'/! =$.$! 4,6,4$4! ,*+(! +=(!

05%$.2/3,',$0B!+#$!O#,',*(,4$/!=#,-#!-(3%.,0$!+#$!O#,',*,4/$!/*4!;/+,,4/$7!/*4!+#$!;&3*/$(,4$/!=#,-#!

-(3%.,0$! +#$! I-.('(9,4/$7! P5',*,4/$7! P5.*5%,,4/$7! ;&3*/$,4/$7! X#&0,4/$! /*4! X'/*(.1,4/$:! "#,0!

%.,*-,%/'!4,6,0,(*!(2!+#$!>&).(%#,'/!,*+(!O#,',*(,4$/!/*4!;&3*/$(,4$/!,0!=$''!05%%(.+$4!,*!3('$-5'/.!

0+54,$0! Dg'5003/**Cg('1! et al:7! NddKU! [,*/%(',!et al:7! NdMdU! _m.)$.!et al:7! NdMdU! b($11$'$.! i!

g'5003/** Cg('17!NdMMU![/6,0(*!et al:7!NdMaF:!

"#$!O#,',*,4/$!/.$!4,0+.,15+$4!3/,*'&!,*!+#$!0(5+#$.*!%/.+0!(2!+#$!H$(+.(%,-/'!.$),(*!=#$.$!+#$&!,*#/1,+!

/! 6/.,$+&! (2! 2.$0#=/+$.! #/1,+/+0! /*4! -(3%.,0$! /%%.(9,3/+$'&! MJ! 0%$-,$0! D8+.(*)!et al:7! NddKF:! "#$!

;/+,,4/$!/.$!4,0+.,15+$4!,*!H$=!^$/'/*4!/*4!/.$!3(0+!/15*4/*+!,*!'(+,-!#/1,+/+0!=,+#!+#.$$!4$0-.,1$4!

0%$-,$0!Dh/<$.'$&7!NdM]F:""#$!O#,',*,4/$!/*4!;/+,,4/$!/.$!.$-(6$.$4!/0!0,0+$.!).(5%0!,*!+#$!3('$-5'/.!

0+54,$0! (2!g'5003/**Cg('1! et al:!DNddKF7! [,*/%(',!et al:!DNdMdF7!_m.)$.!et al:!DNdMdF7!b($11$'$.! i!

g'5003/** Cg('1!DNdMMF!/*4![/6,0(*!et al:!DNdMaF:!!

"#$! I-.('(9,4/$! /.$! /! ).(5%!(2!2.$0#=/+$.! ',3%$+0!4,0+.,15+$4!3/,*'&! ,*!+#$!X/'/$/.-+,-! .$),(*! /*4!

-(3%.,0$!/%%.(9,3/+$'&!]d!0%$-,$0!+#/+!3(0+'&!,*#/1,+!'/<$0!D8+.(*)!et al:7!NddKF:!A*!+#$!3(.%#('(),-/'!

0+54&!(2!>51$*4,-<!DMcZKF7!+#$!I-.('(9,4/$!=$.$!).(5%$4!=,+#!+#$!;/+,,4/$!/0!1(+#!+#$!I-.('(9,4/$!

/*4!;/+,,4/$!#/6$!/!%/+$'',2(.3!0#/%$!/*4!+#$!%.(0+/+$!)'/*4!#/0!/!4,0+,*-+,6$!/../*)$3$*+:! ;,3,+$4!

0+54,$0! #/6$! $9/3,*$4! +#$! I-.('(9,4/$7! =,+#! 3(0+! (2! +#$0$! 1/0$4! (*! 3(.%#('(),-/'f! /*/+(3,-/'!

-#/./-+$.,0+,-0! D8#,.(</&/!et al:7! NddLU! 8#,.(</&/7! NddZU! 8#,.(</&/7!et al:7! NdMMF:! "#$! 3(0+!

-(3%.$#$*0,6$!3('$-5'/.!%#&'()$*&!(2!+#$!I-.('(9,4/$!=/0!5*4$.+/<$*!1&!8+$'1.,*<!et al:!DNdMJF!=#(!
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0/3%'$4!NJ!/-.('(9,4!0%$-,$0!(2!2,6$!)$*$./!2.(3!;/<$!P/,</'7!4$3(*0+./+,*)!/!0,0+$.!).(5%!.$'/+,(*0#,%!

1$+=$$*!Baicalancylus!/*4! Pseudancylastrum!/*4!1$+=$$*!Gerstfeldtiancylus!/*4! Frolikhiancylus:!!

"#$!X#&0,4/$!-(3%.,0$!/1(5+!Kd!0%$-,$0!4,0+.,15+$4!3(0+'&!,*!+#$!>('/.-+,-!.$),(*!=,+#!$9+$*0,(*!,*+(!

O$*+./'!/*4!8(5+#!I3$.,-/!Dh$+#,*)+(*!i!;&4$/.47!NddZF:!"#$&!/.$!2(5*4!3/,*'&!,*!'$*+,-!#/1,+/+0!

Dh$+#,*)+(*!i!;&4$/.47!NddZF:!"#$!X#&0,4/$!=$.$!(.,),*/''&!4,6,4$4!1&"8+/.(1()/+(6!DMcaZF!,*+(!+=(!

0512/3,',$0!1/0$4!(*!0#$''!/*4!/*/+(3,-/'!-#/./-+$.0B!+#$!I%'$9,*/$7!-(3%.,0,*)!+#.$$!)$*$./!/*4!+#$!

X#&0,*/$!-(3%.,0,*)!2(5.!)$*$./:!"/&'(.!DNddLF!%.(6,4$4!/*!/'+$.*/+,6$!-'/00,2,-/+,(*!0-#$3$!(2!+#$!

X#&0,4/$!1/0$4!(*!+#$!%$*,/'!-(3%'$9!,*!=#,-#!#$!4,6,4$4!+#$!I%'$9,*/$!/*4!X#&0,*/$!,*+(!0$6$*!*$=!

+.,1$0! ,*-'54,*)! MM! *$=! )$*$./:! "#$! 3(0+! -(3%.$#$*0,6$! 3('$-5'/.! /*/'&0,0! (2! +#$! X#&0,4/$! =/0!

5*4$.+/<$*!1&!h$+#,*)+(*!i!;&4$/.4!DNddZF!=#(!$9/3,*$4!aa!0%$-,3$*0!.$%.$0$*+,*)!NK!%#&0,4!+/9/:!

A*!+#$,.!%#&'()$*&7!+#$!3(*(%#&'&!(2!+#$!X#&0,4/$!=/0!05%%(.+$4!/*4!0,9!3/?(.!-'/4$0!-(..$0%(*4,*)!

+(!%$*,/'!3(.%#('()&!=$.$!.$-(6$.$4:!!

"#$!;&3*/$,4/$!/.$!+#$!0$-(*4!'/.)$0+!2/3,'&!=,+#,*!+#$!>&).(%#,'/7!=,+#!/%%.(9,3/+$'&!Mdd!4$0-.,1$4!

0%$-,$0!(--5..,*)!3/,*'&!,*!+#$!X/'/$/.-+,-!/*4!H$/ .-+,-!.$),(*0!=#$.$!+#$&!,*#/1,+!/!=,4$!6/.,$+&!(2!

2.$0#=/+$.!#/1,+/+0!D8+.(*)!et al:7!NddKF:!"#$!%#&'()$*$+,-!.$'/+,(*0#,%0!(2!+#$!;&3*/$,4/$!#/6$!'(*)!

1$$*!-(*+.(6$.0,/'!45$!+(!+#$!3(.%#('(),-/'!0,3,'/.,+,$0!(2!+#$!'&3*/$,4!+/9/!DG$3,),(!i!P'/,.7!MccZF:!

A*,+,/''&7!+#$!;&3*/$,4/$!=$.$!4,6,4$4!1&!P/<$.!DMcMMF!,*+(!+=(!0512/3,',$07!+#$!I3%#,%$%'$,*/$!/*4!

;&3*/$,*/$7!1/0$4!(*!4,22$.$*-$0! ,*!+#$! /*/+(3,-/'!0+.5-+5.$!(2!+#$! .$%.(45-+,6$!(.)/*0:!>(=$6$.7!

'/+$.!0+54,$0!DO('+(*7!McMJU!>51$*4,-<7!McJMU!g.5)'(67!NddJF!,*4,-/+$4!+#/+!+#$.$!=$.$!*(!0,)*,2,-/*+!

4,22$.$*-$0! /3(*)! +#$! .$%.(45-+,6$! (.)/*0! (2! '&3*/$,4! )$*$./:! >51$*4,-<! DMcJMF! +$*+/+,6$'&!

.$-()*,0$4! (*'&!+=(!0+.5-+5./'!+&%$0! (2! '&3*/$,4! .$%.(45-+,6$! (.)/*0! /*4!+#507!#$! /00,)*$4! /''!+#$!

'&3*/$,40!,*+(!+=(!)$*$./7!Lymnaea!/*4! Lanx:!"#$0$!+=(!)$*$./ =$.$!'/+$.!%'/-$4!$/-#!,*+(!+#$,.!(=*!

0512/3,'&B!+#$!;&3*/$,*/$!/*4!+#$!;/*-,*/$!D^,'-#7!McJcCMcadF:!!Lanx!,0!/!H(.+#!I3$.,-/*!)$*50!=,+#!

/*!5*505/'!,*+$.*/'!0+.5-+5.$!DW,*/.0<,7!NdMLF!/*4!#/0!1$$*!/00,)*$4!+(!/!0$%/./+$!2/3,'&!;/*-,4/$!,*!

0$6$./'! 0+54,$0! DP/<$.7! McNJU! >/..&7! Mca]U! 8+/.(1()/+(67! McaZU! "/&'(.7! McKMU! W/5)#+7! McKcF:! "#$!
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S5.(%$/*! '&3*/$,40!=$.$!4,6,4$4!1&!_/-<,$=,-n!DMccKF! ,*+(!+=(! )$*$./"Lymnaea! /*4! Omphiscola!

/)/,*!1/0$4!(*!+#$!.$%.(45-+,6$!(.)/*07!%/.+,-5'/.'&!+#$!%./$%5+,53!/*4!%.(0+/+$:!!

I'+#(5)#!3/*&!3('$-5'/.!0+54,$0!(2!+#$!;&3*/$,4/$!#/6$!1$$*!-(*45-+$47!3(0+!(2!+#$0$!#/6$!1$$*!

',3,+$4!1&!+#$!*531$.!(2!+/9/!0/3%'$4!DP/.)5$0 et al:7!NddLU!I'1.$-#+! et al:7!NddKU!X50'$4*,<!et al:7!

NddcU!W,*/.0<,!et al:7!NdMMU!O/3%1$''!et al:7!NdMZU!I<0$*(6/!et al:7!NdMKF:!"#$!3(0+!-(3%.$#$*0,6$!

=/0!5*4$.+/<$*!1&!O(..$/!et al:!DNdMdF!/*4!,*-'54$4!Jd!+/9/!1$'(*),*)!+(!MM!'&3*/$,4!)$*$./:!"#,0!

0+54&!4$3(*0+./+$4!+#/+!+#$.$!/.$!+#.$$!4$$%!-'/4$0!=,+#,*!+#$!;&3*/$,4/$!+#/+!-(..$0%(*4!+(!+#$!3/,*!

)$()./%#,-!(.,),*!(2!0%$-,$0!DI3$.,-/7!S5./0,/!/*4!+#$!A*4(CX/-,2,-!.$),(*F:!>(=$6$.7!+#$!/*/'&0,0!4,4!

*(+! ,*-'54$! /*&! .$%.$0$*+/+,6$0! (2! +#$! 0512/3,'&! ;/*-,*/$! /*4! +=(! -'/4$0! DOM! /*4! ONF! =$.$! *(+!

0,)*,2,-/*+'&!05%%(.+$4!,*!+#$,.!3/9,353!',<$',#((4!/*/'&0,0:!I!*$=!+/9(*(3&!(2!+#$!;&3*/$,4/$!=/0!

%.(%(0$4! ,*! /! .$6,$=! %/%$.! 1&! W,*/.0<,! DNdMLF! ,*! =#,-#! +#$! ;&3*/$,4/$! =$.$! 4,6,4$4! ,*+(! +=(!

0512/3,',$0B!+#$!;&3*/$,*/$!=,+#!MKCMc!-#.(3(0(3$!%/,.0!/*4!I3%#,%$%'$,*/$!Dl!G/4,-,*/$F!=,+#!

MaCMZ! -#.(3(0(3$! %/,.0:! >(=$6$.7! ,*! +#$! 3(0+! .$-$*+! +/9(*(3&! (2! P(5-#$+!et al:! DNdMZF7! +#$!

;&3*/$,4/$!=$.$!4,6,4$4!,*+(!+#.$$!0512/3,',$07!+#$!I3%#,%$%'$,*/$7!;/*-,*/$!/*4!;&3*/$,*/$:!

"#$! X'/*(.1,4/$! /.$! +#$! '/.)$0+! /*4! +#$! 3(0+! 4,6$.0$! ).(5%! /3(*)! +#$! #&).(%#,'/*! 2/3,',$0! =,+#!

/%%.(9,3/+$'&!NJd!0%$-,$0!4,0+.,15+$4!,*!/!=,4$!./*)$!(2!#/1,+/+0!D8+.(*)!et al:7!NddKF:!@.,),*/''&7!+#$!

X'/*(.1,4/$!/*4!I*-&',4/$!=$.$!+=(!0$%/./+$!2/3,',$0!D"#,$'$7!McLMU!̂ ,'-#7!McJcCMcadF!15+!=$.$!5*,+$4!

1&!>51$*4,-<!DMcZKF! ,*! /!0,*)'$! *$=!2/3,'&! */3$4!QI*-&'(%'/*(.1,4/$R!Dl!X'/*(.1,4/$F!1/0$4! (*!

)(*/4!/*4!%.(0+/+$!-#/./-+$.0:!"#,0!5*,2,-/+,(*!(2!+#$!+=(!2/3,',$0!=/0!*(+!/--$%+$4!1&!\/'$<!DMcKJF7!

P5.-#!DMcKNF7!P5.-#!DMcKcF!(.!P.(=*!DMcc]F!=#(!+.$/+$4!+#$!I*-&',4/$!/0!/!0$%/./+$!2/3,'&7!15+!+#$!

,*-'50,(*!(2!+#$!I*-&',4/$!=,+#,*!+#$!X'/*(.1,4/$!=/0!'/+$.!/4(%+$4!1&!\(.)/*! et al:!DNddNF7!_—.)$*0$*!

et al:! DNdd]F7! h/'+#$.!et al:! DNddaF7! I'1.$-#+!et al:! DNddZF! /*4! 8('4/+$*<(! i! X$+.(6! DNdMcF:! "#$!

X'/*(.1,4/$! =$.$! 4,6,4$4! 1&! >51$*4,-<! DMcZKF! ,*+(!+=(! 3/?(.! 0512/3,',$07! +#$! P5',*,*/$! /*4!

X'/*(.1,*/$7!/*4!(*$!3,*(.!0512/3,'&7!+#$!G#(4/-3$,*/$!1/0$4!(*!+#$!3/'$!-(%5'/+(.&!(.)/*!/*4!+#$!

./45'/:!"#$!G#(4/-3$,*/$!,0!.$%.$0$*+$4!1&!(*$!)$*50!(*'&!DRhodacmeaF!=#,-#!,0!$*,)3/+,-!/*4!6$.&!

./.$!DI'1.$-#+!et al:7!NddZF:!!
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\(0+!(2!+#$!3('$-5'/.!0+54,$0!(2!+#$!X'/*(.1,4/$!#/6$!2(-50$4!(*!+#$!%#&'()$*$+,-! .$'/+,(*0#,%0!(2!

3$4,-/''&!,3%(.+/*+!)$*$./!DX(,*+,$.!et al:7!NddJU!8+/*4'$&!et al:7!NdMMU!>/00/*!et al:7!NdMaF7!=,+#!2$=!

3('$-5'/.!0+54,$0!/44.$00,*)!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!(2!+#$!X'/*(.1,4/$!/0!/!=#('$!D\(.)/*!et 

al:7!NddNU!_—.)$*0$*!et al:7!Ndd]U!h/'+#$.!et al:7!NddaU!I'1.$-#+!et al:7!NddZF:!@2!+#$0$7!+#$!0+54&!(2!

I'1.$-#+! et al:!DNddZF7!=#,-#!,*-'54$4!Na!%'/*(.1,4!)$*$./7!=/0!+#$!3(0+!-(3%.$#$*0,6$:!Burnupia!

.$0('6$4!/0!+#$!0,0+$.!+/9(*!+(!/''!(+#$.!X'/*(.1,4/$!,*!I'1.$-#+R0!+.$$!/*4!,+!=/0!05))$0+$4!+#/+!Burnupia!

0#(5'4! 1$! .$-'/00,2,$4! ,*! /! *$=! 2/3,'&! DI'1.$-#+!et al:7! NddZF:! P(5-#$+!et al.!DNdMZF! /4(%+$4! +#,0!

05))$0+,(*!,*!+#$,.!3(0+!.$-$*+!-'/00,2,-/+,(*!(2!+#$!b/0+.(%(4/7!=,+#!Burnupia!%'/-$4!=,+#,*!/!*$=!

2/3,'&!P5.*5%,,4/$:!;,<$=,0$7!+#$!P5',*,*,!=$.$!.$-'/00,2,$4!/0!+#$!2/3,'&!P5',*,4/$!1&!I'1.$-#+!et al.!

DNddZF7!=,+#!+#,0!/4(%+$4!1&!P(5-#$+!et al:!DNdMZF:!"#$!.$3/,*,*)!X'/*(.1,4/$!=$.$!4,6,4$4!,*+(!+#.$$!

0512/3,',$07!+#$!I*-&',*/$7!\,./+$0+,*/$!/*4!X'/*(.1,*/$ !DP(5-#$+!et al:7!NdMZF:!

>&).(%#,'/*!0*/,'0!$9#,1,+!/!=,4$!6/.,/+,(*!,*!0#$''!0#/%$7!,*-'54,*)!#,)#C0%,.$47!4,0-(,4/'!D%'/*,0%,./'F!

(.!%/+$'',2(.3!D',3%$+C',<$F!0#$''07!=,+#!1(+#!4$9+./'!D.,)#+C#/*4F!(.!0,*,0+./'!D'$2+C#/*4F!0#$''!-(,',*)!

D>51$*4,-<7!McZKF:!"#$!I-.('(9,4/$7!P5.*5%,,4/$!/*4!;/+,,4/$!-(*+/,*!(*'&!%/+$'',2(.3!0%$-,$07!=#,'$!

+#$! P5',*,4/$7! O#,',*,4/$7! ;&3*/$,4/$7! X#&0,4/$! /*4! X'/*(.1,4/$! #/6$! 3/,*'&! -(,'$4! 0#$''0!

D>51$*4,-<7!McZKU!P5.-#7!McKN7!McKcF:![$9+./'!/*4!0,*,0+./'!/0&33$+.&!-/*!1$!+./-$4!1/-<!+(!+#$!2,.0+!

4,6,0,(*!(2!+#$!0%,./'!-'$/6/)$!/0!,+!(.,),*/+$0!2.(3!/'+$.*/+,*)!.(+/+,(*0!(2!0,0+$.!1'/0+(3$.$0!45.,*)!

-&+(<,*$0,0! DO./3%+(*7! MKc]U! P(&-(++! i! [,6$.7! McNLF:! A*! 4$9+./'! 0%$-,$07! +#$! 0#$''! 0%,./'! +=,0+0!

-'(-<=,0$! =#$*! 6,$=$4! 2.(3! +#$! 0#$''! /%$9! =#,'$! ,*! 0,*,0+./'! 0%$-,$07! ,+! +=,0+0! /*+,-'(-<=,0$!

D8-#,'+#5,n$*!i![/6,0(*7!NddJF:!;,<$=,0$7!,*!4$9+./'!0%$-,$07!+#$!)$*,+/'!(%$*,*)!,0!(*!+#$!.,)#+C#/*4!

0,4$!(2!+#$!1(4&7!=#,'$!,*!0,*,0+./'!0%$-,$07!+#$!)$*,+/'!(%$*,*)!,0!(*!+#$!'$2+C#/*4!0,4$!D8-#,'+#5,n$*!i!

[/6,0(*7!NddJF:!h,+#,*!+#$!>&).(%#,'/7!+#$!O#,',*,4/$!/*4!;&3*/$,4/$!/.$!4$9+./'7!=#,'$!+#$!X#&0,4/$7!

P5',*,4/$!/*4!X'/*(.1,4/$!/.$!0,*,0+./'! D>51$*4,-<7!McZKF7!/'+#(5)#!+#$.$!/.$!./.$!0%(./4,-!,*0+/*-$0!

(2!0,*,0+./',+&!,*!4$9+./'!0%$-,$0!/*4!4$9+./',+&!,*!0,*,0+./'!0%$-,$0!B8-#,'+#5,n$*!i![/6,0(*7!NddJF:"I!

-(3%'$+$!(.!/'3(0+!-(3%'$+$!.$45-+,(*!(2!0%,.$!/*4!0#$''!-(,',*)!(--5.0!,*!+#$!I-.('(9,4/$7!P5.*5%,,4/$!

/*4!;/+,,4/$7!/*4!,*!+#$!0512/3,',$0!;/*-,*/$!,*!+#$!;&3*/$,4/$!/*4!I*-&',*/$!,*!+#$!X'/*(.1,4/$7!

'$/4,*)!+(!/!3(.$!(.!'$00!%/+$'',2(.3!0#$''!D>51$*4,-<7!McZKF:!>(=$6$.7!+#$!,*+$.*/'!/*/+(3& !,0!4$9+./'!
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,*!+#$!I-.('(9,4/$7!;/+,,4/$!/*4!+#$!0512/3,'&!;/*-,*/$!(2!+#$!;&3*/$,4/$!D 85+$.7!McMLU!P5.-#7!McKNF7!

/*4 !0,*,0+./'!,*!+#$!P5.*5%,,4/$! /0!=$''! /0! ,*!+#$!I*-&',*/$! /*4!X'/*(.1,*/$!=,+#,*!+#$!X'/*(.1,4/$!

D>51$*4,-<7!McZKU!P5.-#7!McKNF:!A*!+#,0!0+54&!4$9+./',+&! /*4!0,*,0+./',+&! /.$!4$2,*$4!1/0$4! (*!0#$''!

-(,',*)!4,.$-+,(*!/*4f(.!1/0$4!(*!4,.$-+,(*/'!/0&33$+.&!(2!+#$!,*+$.*/'!/*/+(3&: !

A*!+#,0!0+54&7!=$!/,3!+(!$9/3,*$!+#$!6/',4,+&!(2!+#$!2/3,',$0!/*4!0512/3,',$0!=,+#,*!+#$!>&).(%#,'/!/*4!

+(!3/%!+#$!$6('5+,(*!(2!-#,./',+&!(*+(!+#$!#&).(%#,'/*!%#&'()$*$+,-!+.$$:!!

)

K<C!!$0+"64 )

K<C<E!98"#"-8%'#)!'0$(8'#)

I!+(+/'!(2!Lc!)$*$./!(2!#&).(%#,'/*!2.$0#=/+$.!0*/,'0!1$'(*),*)!+(!$,)#+!2/3,',$0!=$.$!,*-'54$4!,*!+#,0!

0+54&:! "=(! )$*$./! (2! *(* C#&).(%#,'/*! %/*%5'3(*/+$0! 2.(3! +#$!2/3,'&! b'/-,4(.1,4/$! D Glacidorbis 

hedleyi! /*4! Tasmodorbis punctatusF =$.$! /'0(! ,*-'54$47! =,+#! +#$! b'/-,4(.1,4/$! 50$4! +(! .((+! +#$!

%#&'()$*$+,-!+.$$0:![$+/,'0!(2!+#$!0%$-,3$*0!0$Y5$*-$4!45.,*)!+#,0!0+54&7!0/3%',*)!'(-/',+,$0!/*4!+#$!

-(''$-+(.0!/.$!),6$*!,*!" /1'$!J:M:)

='>#$)K<E<! [$+/,'0! (2! 0%$-,3$*0! 0$Y5$*-$4! ,*! +#,0! 0+54&7! 0/3%',*)! '(-/',+,$07! -(''$-+(.0! /*4! 0*/,'!

-#,./',+&:!O'/00,2,-/+,(*!2(''(=0!P(5-#$+!et al:!DNdMZF:!8*/,'! -#,./',+&!D4$9+./',+&! /*4!0,*,0+./',+&F!,*!

O#,',*,4/$7!P5.*5%,,4/$7!;&3*/$,4/$7!X#&0,4/$!2(''(=0!>51$*4,-<!DMcZKF7!P5',*,4/$!/*4!X'/*(.1,4/$!

2(''(=0!P5.-#!DMcKNF7!I-.('(9,4/$!2(''(=0!P5.-#!DMcKNF!/*4!;/+,,4/$!2(''(=0!85+$.!DMcMLF:!O#,./',+&!

,0!4$2,*$4!1/0$4!(*!0#$''!-(,',*)!4,.$-+,(*!/*4f(.!1/0$4!(*!/0&33$+.&!(2!+#$!,*+$.*/'!/*/+(3&:!

Classification Genus/ Species Chirality Collection Location Collector 

Superorder Hygrophila 
      Superfamily Chilinoidea 
!!!!!!!!!!!!̀/3,'& !O#,',*,4/$! Chilina patagonica Db:!P:!8(=$.1&!AA7!

MKZ]F 
4$9+./'! b('2 (!S'$2/*+$07!G$),(*!‚A7!O#,'$! [/6,4!G$,4 !

!!!!!!!!!!! `/3,'& !;/+,,4/$ ! Latia neritoides Db./&7!MKJdF 4$9+./'! h/,*5,7! H$=!^$/'/*4 ! b:!P/.<$. !

!!!!!!Superfamily Lymnaeoidea 
!!!!!!!!!!!!̀/3,'&! I-.('(9,4/$ ! Acroloxus lacustris D;,**/$507!MZJKF 4$9+./'! h$0+!0,4$!(2!G,6$.!g(n,*</7!

g,$60</&/!@1'/0+7!E<./,*$ !
[:h:!"/&'(. !

! Pseudancylastrum sp.!;,*4#('37!Mcdc 4$9+./'! ;/<$!P/,</'7!G500,/! ":!8,+3,<(6/ !

!!!!!!!!!!!!̀/3,'&! X#&0,4/$!
!!!!!!!!!!!!!!!!!!8512/3,'&!X#&0,*/$!

Physa fontinalis!D;,**/$507!MZJKF 0,*,0+./'! S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Physella gyrina D8/&7!MKNM) 0,*,0+./'! E*<*(=* ! E*<*(=* !

! Haitia mexicana!DX#,',%%,7!MK]MF 0,*,0+./'! %>/<$!;/<$7!;(0!I*)$'$0!O(5*+&7!
E8I !

[:h:!"/&'(. !
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!!!!!!!!!!!!!!!!!!8512/3,'&!I%'$9,*/$ ! Mayabina!sp:"[:!h:!"/&'(.7!NddL  0,*,0+./'! 8/-#/!;(4)$7!85-531p(07!S-5/4(. ! [:h:!"/&'(. !

! Stenophysa minor!D4R@.1,)*&7!MKLZF!! 0,*,0+./'! [$%/.+/3$*+(!O/*$'(*$07!P/../!4$!
O/../0-(7!E.5)5/& !

[:h:!"/&'(. !

! Sibirenauta elongatus!D8/&7!MKNMF 0,*,0+./'! @</*/)/* C8,3,'</3$$*![,0+.,-+7!
X$*+,-+(*7!P.,+,0#!O('531,/7!O/*/4/!

[:h:!"/&'(. !

!!!!!!!!!!!!̀ /3,'& !;&3*/$,4/$ !
!!!!!!!!!!!!!!!!!!8512/3,'&!;&3*/$,*/$! !

Bakerilymnaea bulimoides!D;$/7!
MK]MF!Tl!Fossaria bulimoidesV!

4$9+./'! O(.*$.!(2!I'6/4(.$!G(/47!;/*$!
O(5*+&7!@.$)(*7!E8I!

[:h:!"/&'(. !

! Corvusiana sp."8$.6/,*7!MKKN! 4$9+./'! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Lymnaea stagnalis"D;,**/$507!MZJKF 4$9+./'! b/.4$*!X(*47!\(.%$+#7!
H(.+#531$.'/*47!Eg!

I*)50![/60,(* !

! Omphiscola glabra!D\t''$.7!MZZ]F 4$9+./'! S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Pseudosuccinea columella D8/&7!MKMZF 4$9+./'! 8/-#/!;(4)$7! 85-531p(07!S-5/4(.! [:h:!"/&'(. !

! Stagnicola!sp:!_$22.$&07!MKLd 4$9+./'! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Polyrhytis!apicina!D\$$<7!MKZaF! 4$9+./'! E*<*(=* ! E*<*(=* !

!!!!!!!!!!!!!!!!!!8512/3,'&!I3%#,%$%'$,*/$!! Myxas glutinosa D@:!`:!\t''$.7!MZZ]F! 4$9+./'! ;'&*!"$),47!b=&*$447!Eg ! \:!h,'',*) !

! Radix sp.!\(*+2(.+7!MKMd! 4$9+./'! X/''/*)!8+.$/37 !b/31,/ ! S1.,3/!_((2! !

! Peregriana!sp:!8$.6/,*7!MKKN 4$9+./'! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

!!!!!!!!!!!!!!!!!!8512/3,'&!;/*-,*/$! !
!

Lanx!subrotundata D".&(*7!MKaJF!
 

4$9+./'! H(.+#!E3%Y5/!G,6$.7!8,*)'$+(*!X/.<7!
[(5)'/0!O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

!!!!!!!!!!!!̀/3,'& !P5',*,4/$ !
!!!!!!!!!!!!!!!!!!8512/3,'&!P5',*,*/$ !

Bulinus natalensis Dg./500!,*!g50+$.7!
MK]MF 

0,*,0+./'! ;/<$!8,1(&/7!8(5+#!I2.,-/ ! X.(6,4$4!1&!
P,(3$4,-/'!
X/./0,+('()&!
8$-+,(*7!H/+5./'!
>,0+(.&!\50$53!
DH>\F!D2.(3!
-5'+5.$!*(:!NZNF!

!!!!!!!!!!!!̀/3,'& !P5.*5%,,4/$! Burnupia sp.!P:!h/'<$.7!McMN 0,*,0+./'! 8(5+#!I2.,-/ ! X.(6,4$4!1&!H/+/'!
\50$53 !

!!!!!!!!!!!!̀/3,'& !X'/*(.1,4/$ !
!!!!!!!!!!!!!!!!!!8512/3,'&!X'/*(.1,*/$ !

Anisus vortex!D;,**/$507!MZJKF 0,*,0+./'! S31/&3$*+!2.(3!=$0+!0,4$!(2!.,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Bathyomphalus contortus D;,**/$507!
MZJKF 

0,*,0+./'! S31/&3$*+!2.(3!$/0+!0,4$!(2!.,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Choanomphalus maacki b$.0+2$'4+7!
MKJc!

0,*,0+./'! ;/<$!P/,</'7!P$.$n(6,&7!G500,/! ":!8,+*,<(6/ !

! Gyraulus parvus!D8/&7!MKMZF 0,*,0+./'! @</*/)/* C8,3,'</3$$*![,0+.,-+7!
=$0+!$*4!(2!s$''(=!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

! Ceratophallus sp."[:!8:!P.(=*!i!
\/*4/#' CP/.+#7!McZL! 

0,*,0+./'! X/-#/..!A..,)/+,(*!O/*/'7!b/31,/ ! S1.,3/!_((2 !

! Planorbis planorbis!D;,**/$507!MZJKF 0,*,0+./'! h$0+!0,4$!(2!G,6$.!g(n,*</7!=$0+!(2!
6,''/)$!;$+<,7!g,$60</&/!@1'/0+7!
E<./,*$ !

[:h:!"/&'(. !

! Segmentina nitida!D@:!`:!\t''$.7!MZZ]F 0,*,0+./'! h$0+!0,4$!(2!G,6$.!g(n,*</7!=$0+!(2!
6,''/)$!;$+<,7!g,$60</&/!@1'/0+7!
E<./,*$ !

[:h:!"/&'(. !

! Biomphalaria glabrata!D8/&7!MKMKF 0,*,0+./'! X5$.+(!G,-(! X.(6,4$4!1&!\,<$!
[($*#(227!
P,(3$4,-/'!
X/./0,+('()&!
8$-+,(*7!8-#(('!(2!
;,2$!8-,$*-$07!
E*,6$.0,+&!(2!
H(++,*)#/3 !

! Menetus callioglyphus!DW/*/++/7!MKcJF! 0,*,0+./'! [$-<$.!O.$$<!/+!\/+'(-<7!P./4&!
G(/47!\/0(*!O(5*+&7!h/0#,*)+(*7!
E8I !

[:h:!"/&'(. !

! Planorbarius corneus!D;,**/$507!MZJKF 0,*,0+./'! S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$!

[:h:! "/&'(. !
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! Planorbella subcrenata DO/.%$*+$.7!
MKJZF 

0,*,0+./'!! @</*/)/* C8,3,'</3$$*![,0+.,-+7!
=$0+!$*4!(2!s$''(=!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

! Planorbula campestris"D[/=0(*7!MKZJF! 0,*,0+./'! [HI!Z7!"$+(*!O(5*+&7!h&(3,*)7!
E8I !

[:h:!"/&'(. !

! Promenetus exacuous!D8/&7!MKNMF! 0,*,0+./'! @</*/)/* C8,3,'</3$$*![,0+.,-+7!HS!
0,4$!(2!W/0$/59!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

! Vorticifex effusus!DA:!;$/7!MKJaF! 0,*,0+./'! [HI!M]7![$0-#5+$0!G,6$.7!h/0-(!
-(5*+&7!@.$)(*7!E8I!

[:h:!"/&'(. !

!!!!!!!!!!!!!!!!!!8512/3,'&!I*-&',*/$! ! Ancylus fluviatilis!@:!`:!\t''$.7!MZZ] ! 0,*,0+./'! P.(5)#+(*7!8-(+'/*47!Eg! ! b:\:!P/.<$. !

! Ferrissia!californica DG(=$''7!MKaLF! 0,*,0+./'! "d] C]Nd]7!`$.*!G,4)$!G$0$.6(,.7!
;/*$!O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

Non-Hygrophilan panpulmonates: 
Superorder Pylopulmonata 
      Superfamily Glacidorboidea!
            `/3,'& !b'/-,4(.1,4/$ ! Tasmodorbis punctatus!X(*4$.!i!

I6$.*7!Nddd 
C! \5.-#,0(*!>=&7![$$%!b5''&!O.$$<7!

"/03/*,/7!I50+./',/ !
I50+./',/*!
\50$53:!
O:]aLc]c !

! Glacidorbis hedleyi!A.$4/'$7!Mc]L C! P'5$!\(5*+/,*07!P(&4!G,6$.7!H$=!
8(5+#!h/'$07!I50+./',/ !

I50+./',/*!
\50$53:!
O:]aLc]Z!

K<C<C!BA:)ST0('%08".^)*NR):21#8/8%'08".)'.6)5$U&$.%8.-)

[HI!=/0!$9+./-+$4!2.(3!/!03/''! DMCN!33 OF!+,005$!0/3%'$!+/<$*!2.(3!+#$!2((+!(2!+#$!0*/,'!(.!+#$!=#('$!

0*/,'! D2(.! 03/''! 0%$-,3$*0F! 50,*)! /! O"IP! [HI! $9+./-+,(*! %.(+(-('! Db((4/-.$! i! h/4$7! NddMF:!

I%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!.,1(0(3/'!D.F!GHI!)$*$!-'50+$.!T,*-'54,*)!%/.+!(2!+#$!J:K8!)$*$7!

+#$!-(3%'$+$!A"8CN!.$),(*7!/*4!/'3(0+!+#$!25''C'$*)+#!'/.)$!0515*,+!D;8EU!NK8F!)$*$V!=$.$!0$Y5$*-$4!

50,*)!/!*$0+$4!XOG!/%%.(/-#7!=,+#!+#$!%.(45-+!(2!+#$!%.,3/.&!XOG!1$,*)!50$4!/0!/!+$3%'/+$!2(.!+#$!

0$-(*4/.&!XOG:!"#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!%.,3$.0!;8ECM,,!/*4!;8E CMN!2(''(=$4!1&!

0,9!,*+$.*/'!2./)3$*+0!DI7!P7!O7![7!S7!/*4!`F!D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:)

!XOG!/3%',2,-/+,(*!2(.!+#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!e,/)$*!"/Y![HI!%('&3$./0$!/*4!e!

1522$.!0&0+$3!DM‚!1522$.7!M‚!eC0('5+,(*7!d:L!3\!4H"X7!M:J!3\!3/)*$0,53!-#'(.,4$7!d:N!…\!$/-#!

%.,3$.!/*4!ME!"/Y!,*!/!Jd…;!2,*/'!6('53$F:!8$-(*4/.&!XOG!/3%',2,-/+,(*!=/0!,4$*+,-/'!+(!+#$!%.,3/.&!

XOG!=,+#!+#$!$9-$%+,(*!+#/+!/!'(=$.!d:N!3\!-(*-$*+./+,(*!(2!4H"X0!=/0!50$4:!"#$!-&-',*)!-(*4,+,(*0!

D=,+#!/!X$.<,*!S'3$.!-&-'$.F!(2!+#$!%.,3/.&!XOG!=$.$!/0!2(''(=0B!ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!

-&-'$0!(2!c]!̂ O!2(.!Ld!0$-7!Jd!̂ O!2(.!Ld!0$-7!ZN!̂ O!2(.!L!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!̂ O!2(.!

J!3,*:!"#$!0$-(*4/.&!XOG!-&-'$!- (*4,+,(*0!=$.$!/0!2(''(=0B!ca!̂ O!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!

c] !ˆO!2(.!Ld!0$-7!]J!ˆO!2(.!M!3,*7!ZN!ˆO!2(.!N!3,*!/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !
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I3%',2,-/+,(*!%.(45-+0!=$.$!%5.,2,$4!2.(3!/*!/)/.(0$!)$'!50,*)!/!e,/)$*!)$'!$9+./-+,(*!<,+:!P(+#!

0$*0$!/*4!/*+,0$*0$!0+./*40!=$.$!0$Y5$*-$4!4,.$-+'&!(*!/*!I%%',$4!P,(0&0+$30!LZLd![HI!0$Y5$*-$.!

50,*)!P,)![&$!+$.3,*/+(.!-&-'$!0$Y5$*-,*)!-#$3,0+.,$0!/+!\/-.()$*!A*-: !

K<C<I!5$U&$.%$)*("%$448.-)'.6)*+,#"-$.$08%):.'#,4$4)

[HI!0$Y5$*-$0!=$.$!/00$31'$4!50,*)!+#$!8"I[SH!%/-</)$!6$.0,(*!M:J:L!D8+/4$*!et al:7!NdddF!/*4!

/',)*$4!50,*)!6$.0,(*!N:N!(2!+#$!b$*$+,-![/+/!S*6,.(*3$*+!Db[SF!%/-</)$!D83,+#!et al:7!Mcc]F:!"#$!

;8E! D,*-(.%(./+,*)! J:K8! /*4! A"8 CNF! .GHI! 0$Y5$*-$0! =$.$! /',)*$4! 3/*5/''&! 50,*)! +#$! 0$-(*4/.&!

0+.5-+5.$!/0!/!)5,4$:!b1'(-<0!6:d:cM1!DO/0+.$0/*/7!NdddF!=,+#!4$2/5'+!0$++,*)0!=/0!50$4!/0!/!)5,4$!+(!

0$'$-+!+#$!.$',/1'&!/',)*$4!*5-'$(+,4$!0,+$0:!

X#&'()$*$+,-!+.$$0!=$.$!-(*0+.5-+$4!50,*)!3/9,353!',<$',#((4!D\;F!D`$'0$*0+$,*7!McKMF7!*$,)#1(.C

?(,*,*)!DH_F!D8/,+(5!i!H$,7!McKZF!/*4!P/&$0,/*!,*2$.$*-$!DPAF!D;/.)$+!i!8,3(*7!McccF:!"#$!)$*$./'!

+,3$!.$6$.0,1'$!3(4$'!,*-(.%(./+,*)!)/33/!Db"G‹ ! F!D;/*/6$!et al:7!McK]U!b5!et al:7!MccJF!=/0!50$4!

+(! -(..$-+!2(.!35'+,%'$!0510+,+5+,(*0!2(.! /''! 3(4$'C1/0$4!3$+#(40!D\;7!H_!/*4!PAF:! \;!+.$$0!=$.$!

-(*0+.5-+$4!50,*)!+#$!X#&\;!D6$.0,(*!L:dF!%/-</)$!Db5,*4(*!et al:7!NdMdF!=,+#!+.$$!0$/.-#,*)!2(''(=,*)!

/!#$5.,0+,-!%.(-$45.$!=,+#!Md!./*4(3!0+/.+!+.$$0!/*4!1$0+!(2!*$/.$0+C*$,)#1(5. C,*+$.-#/*)$!/*4!051+.$$C

%.5*,*)C.$)./2+,*)!1./*-#! 0=/%%,*):!H_! /*/'&0,0!=/0!%$.2(.3$4!50,*)!+#$!XIEX•!D6$.0,(*! ]:d1MdF!

%/-</)$!D8=(22(.47!NddNF:!`(.!H_!/*/'&0,07!3(4$'!%/./3$+$.0!=$.$!$0+,3/+$4!2(''(=,*)!/*!,+$./+,(*!

%.(-$00U!2(.!$/-#!+.$$!+#$!%/./3$+$.0!=$.$!$0+,3/+$4!/*4!50$4!+(!15,'4!+#$!*$9+!+.$$!5*+,'!+#$.$!=/0!*(!

25.+#$.! ,3%.(6$3$*+! (2! +#$! ',<$',#((4! 0-(.$:! P((+0+./%! .$0/3%',*)! D`$'0$*0+$,*7! McKJF! =,+#! Mddd!

.$%',-/+$0!=/0!5*4$.+/<$*!2(.!\;!/*4!H_!+.$$0:!PA!/*/'&0,0!=/0!5*4$.+/<$*!50,*)!+#$!\.P/&$0!D6$.0,(*!

L:M:NF!%/-</)$!DG(*Y5,0+!i!>5$'0$*1$-<7!NddLF:!"=(!,*4$%$*4$*+!.5*0!=,+#!2(5.!-#/,*0!(2!/!\/.<(6!

O#/,*!\(*+$!O/.'(!D\O\OF!/')(.,+#3!=$.$!50$4!+(!$9%'(.$!+#$!+.$$!0%/-$:!PA!/*/'&0,0!=/0!-(*45-+$4!

2(.!J!3,'',(*!)$*$./+,(*0!=,+#!+.$$!0/3%',*)!$6$.&!Mdd!)$*$./+,(*0:!"(!$*05.$!/4$Y5/+$!-#/,*!0=/%%,*)7!

/! ./*)$!(2!#$/+,*)!%/./3$+$.0!=$.$!+$0+$4!=,+#!+#$!(%+,3/'!%/./3$+$.!50$4!+(!-(*0+.5-+!+#$!2,*/'!+.$$0:!

@*'&!/2+$.!+#$!P/&$0,/*!\O\O!0$/.-#$0!#/4!.$/-#$4!/!0+/+,(*/.&!%#/0$!D,*4,-/+,*)!-(*6$.)$*-$!(2!+#$!
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-#/,*0!(*+(!+#$!+/.)$+!4,0+.,15+,(*F!=/0!+#$!.5*!$*4$4:!I!-(*0$*050!+.$$!=/0!15,'+!50,*)!+#$!'/0+!ZJj!(2!

+.$$0!D15.*,*lMNJdMF:!

K<C<J!A&%#$"086$)5$U&$.%$):%%$448".)A&2>$(4)

H5-'$(+,4$! 0$Y5$*-$0! )$*$./+$4! ,*! +#,0! 0+54&! #/6$! 1$$*! ),6$*! +#$! b$*P/*<! /--$00,(*! *531$.0!

\Ha]]KdN C\Ha]]K]N: !

K<I!R$4&#04)))

8$Y5$*-$0! (2! /%%.(9,3/+$'&! ]ddd! *5-'$(+,4$0! (2! +#$! .GHI! )$*$! -'50+$.! =$.$! )$*$./+$4! 2(.! Lc!

#&).(%#,'/*! )$*$./! /*4! +=(! *(* C#&).(%#,'/*! )$*$./:! X#&'()$*$+,-! +.$$0! 2(.! +#$! >&).(%#,'/! =$.$!

-(*0+.5-+$4!50,*)!LMMN!5*/31,)5(50'&!/',)*$4!*5-'$(+,4$!0,+$0!(2!+#$!;8E!/*4!J:K8!)$*$:!"#$!A"8CN!

.$),(*!(2!+#$!.GHI!-'50+$.!=/0!.$3(6$4!-(3%'$+$'&!2.(3!/''!/*/'&0$0!/0!,+!-(5'4!*(+!1$!/',)*$4!/-.(00!

/''!+/9/!45$!+(!,+0!#,)#!6/.,/1,',+&:!"#$!)'/-,4(.1,40!Glacidorbis hedleyi!/*4! Tasmodorbis punctatus!

=$.$!50$4!/0!(5+).(5%0!+(!.((+!+#$!%#&'()$*$+,-!+.$$:!

"#$!P/&$0,/*! ,*2$.$*-$!+.$$!(2!+#$!>&).(%#,'/!,0!0#(=*!,*!`,)5.$! J:M:!>,)#'&!-(*0,0+$*+!+(%('(),$0!

=$.$!(10$.6$4!2(.!/''!%#&'()$*&!.$-(*0+.5-+,(*!3$+#(40!50$4!DPA7!`,)5.$!J:MU!\;7!I%$*4,9!J:MU!H_7!

I%$*4,9!J:NF:!"#$!%#&'()$*$+,-!+.$$!0#(=0!/!-'$/.!1/0/'!4,6,0,(*!1$+=$$*!+#$!O#,',*(,4$/!(*!(*$!#/*4!

/*4!/!-'/4$!-(3%.,0,*)!/''!+#$!.$3/,*,*)!#&).(%#,'/*!+/9/!D;&3*/$(,4$/F!(*!+#$!(+#$. :!"#,0!4,6,0,(*!

,0! 0+.(*)'&! 05%%(.+$4!,*! Mddj! \;7! ccj! H_! 1((+0+./%! .$%',-/+$0! /*4! =,+#! /! P/&$0,/*! %(0+$.,(.!

%.(1/1,',+&!(2!M:dd:!" #$!O#,',*,4/$!/*4!;/+,,4/$!/.$! 25''&!05%%(.+$4!DMddj!\;7!Mddj!H_!1((+0+./%0!

/*4!XXlM:dd!PAF!/0!0,0+$.!+/9/:!!

"#$!I-.('(9,4/$!/.$!.$0('6$4!/0!/!3(*(%#&'$+,-!).(5%!,*!+#$!+.$$7!25''&!05%%(.+$4!,*!Mddj!\;7!Mddj!

H_!1((+0+./%0!/*4!XXlM:dd!PA:!"#,0!2/3,'&!#/0!/!0,0+$.!).(5%!.$'/+,(*0#,%!+(!/!-'/4$!-(3%.,0,*)!+#$!

P5',*,4/$7!P5.*5%,,4/$7!;&3*/$,4/$7!X#&0,4/$!/*4!X'/*(.1,4/$!DMddj!\;7!ccj!H_!1((+0+./%0!/*4!

XXlM:dd!PAF:!"#$!X#&0,4/$!/.$!25''&!05%%(.+$4!DMddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/0!/!

3(*(%#&'$+,-!).(5%!/*4!.$0('6$!/0!/!0,0+$.!).(5%!+(!/!-'/4$!-(3%.,0,*)!+#$!P5',*,4/$7!P5.*5%,,4/$7!

;&3*/$,4/$!/*4!X'/*(.1,4/$!DKdj!\;7!Zcj!H_!1((+0+./%0!/*4!XXld:cc!PAF:!"#$!X#&0,4/$!/.$! 0%',+!
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,*+(!+=(!',*$/)$07!+#$!2,.0+!-(3%.,0,*)!Sibirenauta elongatus!+#/+!1$'(*)0!+(!+#$!0512/3,'&!I%'$9,*/$!/*4!

+#$!0$-(*4!-(3%.,0,*)!Stenophysa minor!/*4! Mayabina!sp.!2.(3! I%'$9,*/$!,*!/44,+,(*!+(!Physa fontinalis7 

Physella gyrina!/*4  Haitia mexicana!2.(3!+#$ X#&0,*/$!DMddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!

PAF:!@2!+#$0$!)$*$./7!Stenophysa minor!/*4! Mayabina!sp.!-'50+$.!+()$+#$.!/0!0,0+$.!+/9/!=,+#!#,)#!05%%(.+!

DcKj!\;7!cNj!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!

"#$!;&3*/$,4/$!2(.3!/!=$''!.$0('6$4!3(*(%#&'$+,-!).(5%!,*!+#$!+.$$7!25''&!05%%(.+$4!,*!Mddj!\;7!

Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!"#$&!#/6$!/!0,0+$.!).(5%!.$'/+,(*0#,%!=,+#!/!-'/4$!-(3%.,0,*)!+#$!

P5',*,4/$7!P5.*5%,,4/$!/*4!X'/*(.1,4/$!DZNj!\;7!KLj!H_!1((+0+./%0!/*4!XXld:cZ!PAF:!h,+#,*!+#$!

;&3*/$,4/$7! +#$!0512/3,'& I3% #,%$%'$,*/$!/.$!0+.(*)'&!05%%(.+$4!Dccj!\;7!ccj!H_!1((+0+./%0!/*4!

XXlM:dd! PAF! /0! /! 3(*(%#&'$+,-! ).(5%! =,+#,*! =#,-#!+#$! 0,0+$.! .$'/+,(*0#,%! 1$+=$$*!Radix sp:! /*4!

Peregriana!sp:!,0!=$''!05%%(.+$4!,*!1(+#!+#$!\;!/*4!PA!/*/'&0$0!!DKaj!\;!1((+0+./%0!/*4!XXlM:dd !PAF7!

/'+#(5)#! ,+! ,0! *(+! 05%%(.+$4! ,*! +#$! H_! +.$$:! "#$! 0512/3,'&! ;&3*/$,*/$! ,0! *(+! 05%%(.+$4! /0! /!

3(*(%#&'$+,-! ).(5%! 45$! +(! +#$! *$0+,*)! (2! ;/*-,*/$! =,+#,*! +#$! ).(5%:!h,+#,*! +#$! ;&3*/$,*/$ 7!

Bakerilymnaea bulimoides! /*4! Polyrhytis apicina! -'50+$.! +()$+#$.! /0!0,0+$.! +/9/!DZdj! \;7! aZj! H_!

1((+0+./%0!/*4!XXld:K]!PAF:!;,<$=,0$7!Stagnicola!sp.!#/0!/!0,0+$.!+/9(*!.$'/+,(*0#,%!+(!Corvusiana sp.!

=,+#!3(4$./+$!05%%(.+!DZJj!\;7!ZLj!H_!1((+0+./%0!/*4!XXld:ca!PAF:!!

"#$!P5.*5%,,4/$!#/6$!/!0,0+$.!).(5%!.$'/+,(*0#,%!=,+#!/!-'/4$!-(3%.,0,*)!+#$!P5',*,4/$!/*4!X'/*(.1,4/$!

=,+#!.(150+!05%%(.+!DMddj!\;7!cKj!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!"#$.$!,0!3(4$./+$!05%%(.+!DZdj!

\;7!adj!H_!1((+0+./%0!/*4!XXld:cK!PAF!2(.!/!).(5%!+#/+!-(3%.,0$0!+#$!X'/*(.1,4/$!/*4!P5',*,4/$:!

"#,0!).(5%!,0!4,6,4$4!,*+(!+=(!25.+#$.!-'/4$0U!(*$!3/?(.!/*4!(*$!3,*(.:!"#$!3/?(.!-'/4$!-(..$0%(*40!

+(!+#$!0512/3,'&!X'/*(.1,*/$!/*4!,0!25''&!05%%(.+$4!DMddj!\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!

"#$!3,*(.!-'/4$!-(3 %.,0$0!+#$!2/3,'&!P5',*,4/$!/*4!+#$!0512/3,'&!I*-&',*/$ !/*4!,0!05%%(.+$4!,*!aKj!

\;7!Jaj!H_!1((+0+./%0!/*4!XXlM:dd!PA:!"#$!3(*(%#&'&!(2!+#$!I*-&',*/$!,0!25''&!05%%(.+$4!DMddj!

\;7!Mddj!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!!

"#$!+.,1$!.$'/+,(*0#,%0!=,+#,*!+#$!X'/*(.1,*/$!/.$!0#(=*!,*!`,)5.$!J:!N:!"#$!3(*(%#&'&!(2!+#$!+.,1$!

X'/*(.1,*,!,0!=$''!05%%(.+$4!,*!+#$!+.$$!DKdj!\;7!Zcj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/*4!+#$.$!,0!/!
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=$''!.$0('6$4!0,0+$.!.$'/+,(*0#,%!1$+=$$*!Choanomphalus maacki!/*4! Planorbis planorbis!DKaj!\;7!

KKj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!=,+#,*!+#,0!+.,1$:!"#$!3(*(%#&'&!(2!+#$!+.,1$!>$',0(3/+,*,!/'0(!

.$-$,6$4!#,)#!05%%(.+!DcMj!\;7!cKj!H_!1((+0+./%0!/*4!XXlM:dd!PAF!/*4!=,+#,*!+#,0!+.,1$7!+#$.$!,0!/!

0,0+$.!.$'/+,(*0#,%!1$+=$$*!Planorbula campestris!/*4! Promenetus exacuous!=,+#!3(4$./+$!05%%(.+!Dacj!

\;7! ZMj! H_! 1((+0+./%0! /*4! XXld:cc! PAF:! "#$! 8$)3$*+,*,*,7! .$%.$0$*+$4! 1&! (*'&! /! 0,*)'$! 0%$-,$0!

DSegmentinina nitidaF!-'50+$.0!=,+#!+#$!X'/*(.1,*,!,*!+#$!+.$$!=,+#!#,)#!05%%(.+!DMddj!\;7!cKj!H_!

1((+0+./%0! /*4! XXlM:dd! PAF:! "#$! O/3%+(-$./+,*,! ,0! /'0(! .$%.$0$*+$4! 1&! ?50+! /! 0,*)'$! 0%$-,$0!

DPlanorbarius corneusF!,*!+#$!+.$$!-'50+$.0!=,+#!+#$!>$',0(3/+,*,!=,+#!3(4$./+$!05%%(.+!Daaj!\;7!Kdj!

H_!1((+0+./%0!/*4!XXld:KK!PAF:!!

!

O8-&($)K<E<! P/&$0,/*! %#&'()$*$+,-! +.$$! (2! +#$! >&).(%#,'/! 1/0$4! (*! LMMN! 5*/31,)5(50'&! /',)*$4!

*5-'$(+,4$! 0,+$0! (2! +#$! ;8E! D/*4! J:K8F! )$*$:!W/'5$0! (*! *(4$0! .$%.$0$*+! 1((+0+./%! 05%%(.+! DMddd!

.$%',-/+$0F! 2(.! 3/9,353! ',<$',#((4! /*4! *$,)#1(5. C?(,*,*)! /*4! %(0+$.,(.! %.(1/1,',+,$0! 2(.! P/&$0,/*!

,*2$.$*-$!D1/0$4!(*!+#$!'/0+!ZJj!(2!+.$$0F7!.$0%$-+,6$'&:!P((+0+./%!05%%(.+!6/'5$0!k!Jdj!/*4!%(0+$.,(.!

%.(1/1,',+,$0!k!d:Z!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!(*$!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!*5-'$(+,4$!

%(0,+,(*0:!O'/00,2,-/+,(*0!2(''(=!P(5-#$+!et al:!DNdMZF:!

Pseudancylastrum
Acroloxus lacustris

Chilina patagonica [Chilinidae]
Latia neritoides [Latiidae] 

Tasmodorbis punctatus 
Glacidorbis hedleyi

Sibirenauta elongatus [Aplexinae]

Physa fontinalis

Haitia mexicana
Physella gyrina

Mayabina sp.
Stenophysa minor

Omphiscola glabra
Corvusiana sp.
Stagnicola sp. 

Pseudosuccinea columella

Radix sp. 
Peregriana sp. 

Myxas glutinosa

Lanx subrotundata [Lancinae]
Polyrhytis apicina
Bakerilymnaea bulimoides

Lymnaea stagnalis

Bulinus natalensis [Bulininae]   [Bulinidae] 
Ancylus fluviatilis

Ferrissia californica

Promenetus exacuous
Planorbula campestris

Menetus callioglyphus

Vorticifex effusus

Biomphalaria glabrata

Planorbarius corneus

Planorbella subcrenata

Gyraulus parvus

Anisus vortex 

Bathyomphalus contortus
Choanomphalus maacki

Planorbis planorbis

Ceratophallus sp.

Segmentina nitida

Burnupia sp. [Burnupiidae]

100/98/1.00 

70/60/0.98 

100/100/1.00 

80/79/1.00 

100/100/1.00 

100/98/1.00 

100/100/1.00 

100/100/1.00 

100/100/1.00 

100/100/1.00 

80/79/0.99 

100/99/1.00 

72/83/0.97 

91/98/1.00

99/99/1.00 

100/100/1.00 

100/100/1.00 

98/92/1.00 

86/88/1.00 

66/80/0.88 

68/56/1.00 

86/-/1.00 

75/73/0.96 

69/71/0.99

70/67/0.84 
59/-/0.80 

Planorbinae

Ancylinae

Physinae

Aplexinae

Amphipepleinae

Lymnaeinae

Lymnaeinae

Acroloxidae

Lymnaeidae

Physidae

Planorbidae

Glacidorbidae outgroup

Planorbidae

Lymnaeoidea

Chilinoidea

H
yg

ro
ph

ila

1%0.01
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O8-&($)K<C<!P/&$0,/*!%#&'()$*$+,-!+.$$!(2!+#$!X'/*(.1,4/$!/*4!P5',*,4/$!D4$.,6$4!2.(3!`,)5.$!MF!0#(=0!

+.,1$0!=,+#,*!+#$!0512/3,'&!X'/*(.1,*/$:!W/'5$0!(*!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F!

2(.! 3/9,353! ',<$',#((4! /*4! *$,)#1(5. C?(,*,*)! /*4! %(0+$.,(.! %.(1/1,',+,$0! 2(.! P/&$0,/*! ,*2$.$*-$!

D1/0$4! (*! '/0+! ZJj! (2! +.$$0F7! .$0%$-+,6$'&:! P((+0+./%! 05%%(.+! 6/'5$0! '$00! +#/*! Jdj! /*4! %(0+$.,(.!

%.(1/1,',+,$0! '$00!+#/*! d:Z! /.$! *(+!0#(=*:! "#$!0-/'$!1/.! .$%.$0$*+0!M!0510+,+5+,(*/'! -#/*)$!%$.!Mdd!

*5-'$(+,4$!%(0,+,(*0:!8512/3,'&!/*4!+.,1$!-'/00,2,-/+,(*0!2(''(=!P(5-#$+!et al:!DNdMZF:!

K<J!B84%&448".))

"#$!%#&'()$*$+,-!.$'/+,(*0#,%0!(2!+#$!>&).(%#,'/!/*4!+#$!6/',4,+&!(2!2/3,',$0!/*4!0512/3,',$0!=,+#,*!

+#$!>&).(%#,'/!=$.$!$9/3,*$4!1/0$4!(*!LMMN!5*/31,)5(50'&!/',)*$4!*5-'$(+,4$!0,+$0!(2!+#$!;8E!/*4!

J:K8!)$*$!(2!Lc!#&).(%#,'/*!)$*$./:!"#$!%#&'()$*$+,-!0+54&!%.(6,4$0!+#$!3(0+!-(3%.$#$*0,6$!0/3%',*)!

(2!+#$!#&).(%#,'/*!-'/4$!+(!4/+$:!

K<J<E!*+,#"-$.$08%)R$#'08".4+814)"/)0+$)7,-("1+8#')

A*!(5.!%#&'()$*$+,-!/*/'&0$07!+#$.$!,0!/!-'$/.!1/0/'!4,6,0,(*!1$+=$$*!+#$!O#,',*(,4$/!(*!(*$!#/*4!/*4!/!

-'/4$! -(3%.,0,*)! /''! +#$! .$3/,*,*)! #&).(%#,'/*! +/9/! D;&3*/$(,4$/F! (*! +#$! (+#$.:! "#,0! %.,*-,%/'!

4,6,0,(*!(2!+#$!>&).(%#,'/!,*+(!O#,',*(,4$/!/*4!;&3*/$(,4 $/7!/0!=$''!/0!+#$!0,0+$.!).(5%!.$'/+,(*0#,%!

(2!+#$!O#,',*,4/$!/*4!;/+,,4/$!,0!-(*0,0+$*+!=,+#!%.$6,(50!3('$-5'/.!0+54,$0!Dg'5003/**Cg('1! et al:7!

0.01

Bulinus natalensis

Ancylus fluviatilis

Ferrissia californica

Promenetus exacuous
Planorbula campestris

Menetus callioglyphus

Vorticifex effusus

Biomphalaria glabrata

Planorbarius corneus [Camptoceratini]

Planorbella subcrenata

Gyraulus parvus

Anisus vortex 
Bathyomphalus contortus

Choanomphalus maacki

Planorbis planorbis

Ceratophallus sp.

Segmentina nitida [Segmentinini]

80/79/1.00 

100/98/1.00 

100/100/1.00

86/88/1.00 

66/80/0.88 

69/71/0.99

91/98/1.00

100/100/1.0068/56/1.00 

Planorbini

Helisomatini

Planorbinae

Ancylinae

Bulininae Bulinidae

Planorbidae

Planorbidae

1%0.01
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NddKU![,*/%(',!et al:7!NdMdU!_m.)$.!et al:7!NdMdU!b($11$'$.!i!g'5003/**Cg('17!NdMMU![/6,0(*!et al:7!

NdMaF:!"#$!,*+$..$'/+,(*0#,%0!/3(*)!+#$!I-.('(9,4/$7!P5',*,4/$7!P5.*5%,,4/$7!X#&0,4/$7!;&3*/$,4/$!

/*4!X'/*(.1,4/$!/.$!/'0(!.$/0(*/1'&!=$''!.$0('6$4:!!"#$!3(*(%#&'&!(2!+#$!I-.('(9,4/$7 !;&3*/$,4/$!

/*4 !X#&0,4/$!,0!=$''!05%%(.+$4!,*!(5.!%#&'()$*$+,-!+.$$7!-(*0,0+$*+!=,+#!%.$6,(50!3('$-5'/.!0+54,$0!D[/&./+!

et al:7!NdMMU!8('4/+$*<(!i!X$+.(6!NdMcF:!>(=$6$.7!+#$!X'/*(.1,4/$!/0!4$2,*$4!1&!P(5-#$+!et al:!DNdMZF7!

/.$!*(+!05%%(.+$4!/0!/!3(*(%#&'$+,-!).(5%!1$-/50$!+#$!P5',*,4/$!-'50+$.!=,+#,*!+#$!X'/*(.1,4/$:!"#$!

,*-'50,(*!(2!+#$!15',*,40!=,+#,*!+#$!X'/*(.1,4/$!#/0!1$$*!0#(=*!,*!%.$6,(50!3('$-5'/.!0+54,$0!D\(.)/*!

et al:7!NddNU!I'1.$-#+!et al:7!Ndd]U!_—.)$*0$*!et al:7!Ndd]U!I'1.$-#+!et al:7!NddZF7!15+!+#$!+/9(*(3,-!'$6$'!

(2!+#$!15',*,40!,0!-(*+.(6$.0,/':!P/<$.!DMc]JF7!W/5)#+!DMcKcF7!I'1.$-#+!et al:!DNddZF!/*4!3(0+!.$-$*+'&!

P(5-#$+!et al:! DNdMZF! -'/00,2,$4! +#$3! /0! /! 2/3,'&7! =#,'$! >51$*4,-<! DMcJJF7! ^,'-#! DMcJcCMcadF7!

>51$*4,-<!DMcZKF! /*4!P(5-#$+! i!G(-.(, !DNddJF!+.$/+$4!+#$3! /0! /! 0512/3,'&:!A*! (5.! /*/'&0$07!+#$!

X'/*(.1,4/$!=(5'4!1$!/!3 (*(%#&'$+,-!).(5%!,2!+#$!P5',*,4/$!=$.$!-'/00,2,$4!/0!/!0512/3,'&!./+#$.!+#/*!

/! 2/3,'&! /0! +#$&! =$.$! ,*! +#$! %.$6,(50! -'/00,2,-/+,(*0! (2! >51$*4,-<! DMcJJF7! ^,'-#! DMcJcCMcadF7!

>51$*4,-<!DMcZKF!/*4!P(5-#$+!i!G(-.(, !DNddJF:!!!

"#$!/*-&',40!#/6$!/'0(!6/.,(50'&!1$$*!-'/00,2,$4!/0!/!2/3,'&!D"#,$'$7!McLMU!^,'-#7!McJcCMcadU!P5.-#7!

McKN7!P5.-#7!McKcU!W/5)#+7!McKcF7!0512/3,'&!D>51$*4,-<7!McZKF!/*4!+.,1$!DP(5-#$+!i!G(-.(, 7!NddJF:!

A*! +#$! 3(0+! .$-$*+! -'/00,2,-/+,(*! (2! P(5-#$+!et al:! DNdMZF7! +#$! I*-&',4/$! /.$! *(=! -'/00,2,$4!/0! /!

0512/3,'&!=,+#,*!+#$!X'/*(.1,4/$:!A*!(5.!+.$$7!+#$!4$$%!-'50+$.,*)!(2!Ancylus /*4  Ferrissia .$'/+,6$!+(!

(+#$.!%'/*(.1,40!/*4!+#$,.!0,0+$.!).(5%!.$'/+,(*0#,%0!+(!Bulinus!,0!%$.#/%0!05%%(.+,6$!(2!+#,0!).(5%!1$,*)!

4,0+,*-+!2.(3!+#$!(+#$.!X'/*(.1,4/$7!-(*0,0+$*+!=,+#!2(.3$.!-'/00,2,-/+,(*0!,*!=#,-#!+#$!I*-&',4/$!=$.$!

-'/00,2,$4!/0!/!0$%/./+$!2/3,'&!+(!+#$!X'/*(.1,4/$:!!

P/0$4! (*! (5.! %#&'()$*&! +=(! /'+$.*/+,6$! .$6,0,(*0! +(! +#$! +/9(*(3&! (2! +#$! >&).(%#,'/! 350+! 1$!

-(*0,4$.$4B!DMF!.$+/,*!+#$!P5',*,4/$!/0!/!2/3,'&!15+!.$-'/00,2&!+#$!I*-&',*/$!/0!/!2/3,'&!(5+0,4$!+#$!

X'/*(.1,4/$! -(*0,0+$*+!=,+#!%.$6,(50! -'/00,2,-/+,(*0U! (.!DNF! '(=$.!+#$!P5',*,4/$!+(!0512/3,',/'! ./*<!

/'(*)0,4$!+#$!I*-&',*/$!=,+#,*!+#$!2/3,'&!X'/*(.1,4/$:! !
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"#$! P5.*5%,,4/$! #/6$! /! 0,0+$.! ).(5%! .$'/+,(*0#,%! =,+#! +#$! -'/4$! -(3%.,0,*)! +#$! P5',*,4/$! /*4!

X'/*(.1,4/$:!"#,0!%'/-$3$*+!,0!-(*0,0+$*+!=,+#!+#$!2,*4,*)0!(2!I'1.$-#+!et al:!DNddZF:!!

h$!,*-'54$!0,9!.$%.$0$*+/+,6$0!2.(3!+#$!X#&0,4/$!1$'(*),*)!+(!+=(!0512/3,',$07!+#$!I%'$9,*/$!/*4!+#$!

X#&0,*/$:!"#$!I%'$9,*/$!/.$!*(+!.$-(6$.$4!/0!/!3(*(%#&'$+,-!).(5%!,*!(5.!+.$$7!=,+#!Stenophysa minor 

/*4  Mayabina! sp:! .$0('6,*)! 0$%/./+$'&! 2.(3!Sibirenauta elongatus7! /*4! ,*0+$/4! ).(5%,*)! =,+#! +#$!

X#&0,*/$:!"#$!-'50+$.,*)!(2!Stenophysa DI%'$9,*/$F =,+#!+#$!X#&0,*/$!=/0!/'0(!.$%(.+$4!,*!h$+#,*)+(*!

i!;&4$/.47!DNddZF7!=#(!05))$0+$4!+#/+!+#$!0$%/./+,(*!(2!+#$!X#&0,4/$!,*+(!I%'$9,*/$!/*4!X#&0,*/$!,0!

6/',4!(*'&!,2!Stenophysa!,0!,*-'54$4!,*!+#$!X#&0,*/$:!A*!(5.!%#&'()$*&7!Stenophysa ,0!.(150+'&!.$0('6$4!/0!

+#$!0,0+$.!+/9(*!+(!+#$!/%'$9,*,4!Mayabina!sp:!"#,0!,0!+#$!2,.0+!+,3$!+#/+!Mayabina #/0!1$$*!,*-'54$4!,*!/!

3('$-5'/.!%#&'()$*&:! I! .$-$*+! -'/00,2,-/+,(*!1&!P/*<!DNdMZF!%'/-$4!Stenophysa!=,+#,*!+#$!X#&0,*/$!

=#,-#!,0!-(*0,0+$*+!=,+#!+#$!.$05'+0!(2!+#,0!0+54&:!@5.!%#&'()$*&!05))$0+0!+#/+!Mayabina!0#(5'4!/'0(!1$!

.$-'/00,2,$4!/*4!/00,)*$4!+(!+#$!0512/3,'&!X#&0,*/$!,*0+$/4!(2!+#$!I%'$9,*/$:!

S'$6$*!'&3*/$,4!)$*$./!1$'(*),*)!+(!+#.$$ !0512/3,',$0!DI3%#,%$%',*/$7!;/*-,*/$!/*4!;&3*/$,*/$F!

/.$!,*-'54$4!,*!+#,0!/*/'&0,0:!"#$!I3%#,%$%',*/$!/.$!.(150+'&!05%%(.+$4!/0!/!3(*(%#&'$+,-!0512/3,'&!

,*!(5.!/*/'&0$0!-(*0,0+$*+!=,+#!+#$!3('$-5'/.!0+54,$0!(2!O(..$/!et al:!DNdMdF!/*4!I<0$*(6/!et al:!DNdMKF:!

>(=$6$.7!+#$!;&3*/$,*/$!/.$!*(+!.$-(6$.$4!/0!/!-'/4$!,*!(5.!+.$$:!"#,0!,0!-(*0,0+$*+!=,+#!+#$!2,*4,*)0!

(2!I<0$*(6/! et al:!DNdMKF!=#(!/'0(!2(5*4!Lanx D;/*-,*/$F!+(!-'50+$.!=,+#,*!+#$!;&3*/$,*/$!,*!+#$,.!

+.$$:!"#$!;&3*/$,*/$!=$.$!.$-(6$.$4!/0!3(*(%#&'$+,-!,*!+#$!+.$$!(2!O(..$/!et al:!DNdMdF!15+!+#$&!4,4!

*(+!,*-'54$!Lanx!D;/*-,*/$F!,*!+#$,.!0+54&:!!

"#$!.$'/+,(*0#,%!(2!Lanx subrotundata!+(!+#$!.$3/,*,*)!'&3*/$,40!=,+#,*!+#$!0512/3,'&!;&3*/$,*/$!,0!

*(+!=$''!.$0('6$4!,*!(5.!+.$$:!O/3%1$''!et al:!DNdMZF!0,3,'/.'&!2(5*4!+#/+!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!

(2! '/*-,*$0!=,+#,*!+#$! ;&3*/$,4/$!=$.$! *(+!=$''! .$-(6$.$4:!A*!$/.'&!3(.%#('(),-/'! 0+54,$07!P/<$.!

DMcNJF!4$3(*0+./+$4!+#/+!+#$!/*/+(3,-/'!-#/./-+$.0!(2!Lanx!=$.$!*(+!0,3,'/.!+(!+#$!-#/./-+$.0!(2!(+#$.!

'&3*/$,4!) $*$./:!h#,'$7!h/'+$.!DMcacF!05))$0+$4!+#/+!Lanx!=/0!-'(0$'&!.$'/+$4!+(!(+#$.!'&3*/$,40!/*4!

+#$! )$*$.,-! 0+/+50! (2! +#$! '/*-,*$0! =/0! *(+! ?50+,2,$4:! O/3%1$''!et al:! DNdMZF! ,*4,-/+$4! +#/+! +#.$$!
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3(.%#('(),-/'!0&*/%(3(.%#,$0!-(5'4!1$!.$-()*,0$4!=,+#,*!+#$!'/*-,*$ 07!q+#$!25''&!%/+$'',2(.3!0#$''7!

0#/%$!(2!+#$!%$*,/'!-(3%'$9!/*4!OC0#/%$4!+(!-,.-5'/.!-('53$''/.!350-'$r: !

h,+#,*!+#$!X'/*(.1,4/$7!+#$! I*-&',*/$! /*4!X'/*(.1,*/$! /.$! .$-(6$.$4! /0!3(*(%#&'$+,-!0512/3,',$0:!

h,+#,*!+#$!X'/*(.1,*/$7!+#$!+.,1$0!X'/*(.1,*,! /*4!8$)3$*+,*,*,! -'50+$.!+()$+#$.! /0!0,0+$.!+/9/:""#,0!

05%%(.+0!+#$!-'/4,0+,-!/*/'&0,0!,*!+#$!3(.%#('(),-/'!0+54&!(2!\$,$.CP.((<!DMcK]F!=#,-#!0#(=$4!/!0,0+$.!

).(5%!.$'/+,(*0#,%!1$+=$$*!X'/*(.1,*,!/*4!8$)3$*+,*,*,!/0!1(+#!+.,1$0!#/6$!/!0$%/./+$!%.(0+/+$!45-+:"

X.$6,(50!3('$-5'/.!0+54,$0!D\(.)/*! et al:7!NddNU!_—.)$*0$*!et al:7!Ndd]U!I'1.$-#+!et al:7!NddZF!/'0(!

05%%(.+$4!+#,0!.$'/+,(*0#,%:!"#$!%#&'()$*$+,-!.$'/+,(*0#,%0!=,+#,*!+#$!X'/*(.1,*,!/.$!*(+!=$''!.$0('6$4!

/*4!6/.&! /--(.4,*)!+(!+#$!%#&'()$*&! .$-(*0+.5-+,(*!3$+#(47!=,+#!+#$!$9-$%+,(*! (2!+#$!0,0+$.! ).(5%!

.$'/+,(*0#,%! 1$+=$$* Choanomphalus maacki! /*4! Planorbis planorbis! +#/+! ,0! =$''! .$0('6$4:! "#,0! ,0!

-(*0,0+$*+!=,+#!+#$!.$05'+0!(2!I'1.$-#+!et al:!DNddZF!=#(!0#(=$4!/!-'(0$!.$'/+,(*0#,%!1$+=$$*!Planorbis!

/*4! Choanomphalus:!!

"#$!(+#$.!+=(!+.,1$0!=,+#,*!+#$!X'/*(.1,*/$!DO/3%+(-$./+,*,!/*4!>$',0(3/+,*,F!/'0(!-'50+$.!+()$+#$.!/0!

0,0+$.!).(5%07!/'+#(5)#!+#$!05%%(.+!2(.!+#,0!.$'/+,(*0#,%!,0!$Y5,6(-/':!"#,0!/).$$0!=,+#!+#$!3('$-5'/.!

/*/'&0$0!(2!\(.)/*! et al:!DNddNF!/*4!_—.)$*0$*!et al:!DNdd]F!=#(!0#(=$4!/!-'(0$!.$'/+,(*0#,%!1$+=$$* 

Planorbarius! /*4! >$',0(3/+,*,7! /'+#(5)#! =,+#(5+! 0,)*,2,-/*+! 05%%(.+:! "#$! %#&'()$*$+,-! %(0,+,(*! (2!

Planorbarius! ,*! +#$! 3('$-5'/.! /*/'&0,0! (2! I'1.$-#+! et al:! DNddZF! =/0! *(+! -'$/.:! "./4,+,(*/''&7!

Planorbarius =/0!).(5%$4!=,+#!Helisoma!1&!>51$*4,-<!DMcJJF!1/0$4!(*!3(.%#('(),-/'!-#/./-+$.0!/0!

+#$&!0#/.$!/!'/+$./'!%$*,0!%(.$7!-(31,*/+,(*!(2!'(*)!3/.),*/'0!,*!+#$!./45'/!/*4!+#$!'/-<!(2!/!-(*6('5+$4!

%0$54(1./*-#:!h,+#,*!>$',0(3/+,*,7!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!/.$!*(+!=$''!.$0('6$4!$9-$%+!2(.!+#$!

0,0+$.! ).(5%! .$'/+,(*0#,%! 1$+=$$*!Promenetus! exacuous /*4 ! Planorbula campestris.! P/0$4! (*! +#$!

3(.%#('(),-/'! -#/./-+$.07! >51$*4,-<! DMcJJF! ,*4,-/+$4! +#/+! +#$.$! ,0! *(! /--$00(.&! 45-+! /+! /''! ,*!

Planorbula7!Promenetus!/*4! Menetus:!!

K<J<C!N+8('#)$@"#&08".))

"#$!-(*0+.5-+,(*!(2!/!-(3%.$#$*0,6$!3('$-5'/.!%#&'()$*&!2(.!+#$!>&).(%#,'/!/''(=0!+#$!3/%%,*)!(2!

+#$! $6('5+,(*! (2! -#,./',+&! =,+#,*! +#$! ).(5%:) I3(*)! +#$! #&).(%#,'/*! 2/3,',$07! +#$! I-.('(9,4/$7!
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O#,',*,4/$7!;/+,,4/$!/*4!;&3*/$,4/$!#/6$!4$9+./'!-(,',*)7!=#,'$!P5',*,4/$7!P5.*5%,,4/$7!X#&0,4/$!/*4!

X'/*(.1,4/$!#/6$!0,*,0+./'!- (,',*):!P&!3/%%,*)!-#,./',+&!(*+(!(5.!%#&'()$*&7!+=(!$Y5/''&!%/.0,3(*,(50!

#&%(+#$0$0!/.,0$!D`,)5.$!J:!LF:!"#$!2,.0+!#&%(+#$0,0!05%%(0$0!+#/+!0,*,0+./',+&!$6('6$4!(*-$!2.(3!/!4$9+./'!

-(33(*!/*-$0+(.7!=,+#!;&3*/$,4/$!0510$Y5$*+'&!.$6$.+,*)!1/-<!+(!4$9+./'!D`,)5.$!J:!LIF:!"#$!0$-(*4!

#&%(+#$0,0!/)/,*!/0053$0!+#/+!0,*,0+./',+&!$6('6$4!2.(3!/!4$9+./'!/*-$0+(.!15+!(*!+=(!0$%/./+$!(--/0,(*07!

,*!X#&0,4/$!/*4!X'/*(.1,4/$!D`,)5.$!J:!LPF:!!

I*&!4,0-500,(*!(*!-#,./'!$6('5+,(*! #,*)$0!(*!+#$!4$).$$!(2!3/+,*)!05--$0!1$+=$$*!,*4,6,45/'0!=,+#!+#$!

0/3$!-(,',*)!4,.$-+,(*!D,*+./-#,./'!3/+,*)F7!.$'/+,6$!+(!+#/+!1$+=$$*!,*4,6,45/'0!=,+#!+#$!(%%(0,+$!-(,',*)!

4,.$-+,(*!D,*+$.-#,./'!3/+,*)F:!A*!4$9+./'!0%$-,$07!+#$!)$*,+/'!(%$*,*)!'(-/+$0!(*!+#$!.,)#+C#/*4!0,4$!(2!

+#$!1(4&!=#,'$!,*!0,*,0+./'!,*4,6,45/'0!,+!'(-/+$0!(*!+#$!'$2+C#/*4!0,4$:!A+!#/0!1$$*!<*(=*!2(.!0(3$!+,3$!

+#/+! +#,0! /0&33$+.&! -(5'4! -.$/+$!Q,*05.3(5*+/1'$! 1/..,$.0R! +(! ,*+$.-#,./'! 3/+,*)! D8-#,'+#5,n$*! i!

[/6,0(*7!NddJF:!A*!0*/,'0!=,+#!0%#$.,-/'!0#$''07!05-#!/0!Arianta arbustorum!/*4! Helix pomatia7!0,*,0+./'!

/*4!4$9+./'!,*4,6,45/'0!3/&!0#(=!+(+/'!%.$3/+,*)!,0('/+,(*!Db,++$*1$.)$.7!McKKF:!\$,0$*#$,3$.!DMcMNF!

-(*2,*$4!/!4$9+./'!/*4!/ !0,*,0+./'!,*4,6,45/'!(2!H. pomatia!,*!/!- (*+/,*$.!/*4!(10$.6$4!+#/+!Q2(.!4/&0!

/*4!=$$<0!+#$!/*,3/'0!2/+,)5$!$/-#!(+#$.!,*!-(5.+0#,%7!=,+#(5+!/-#,$6,*)!/!2,*/'!-(%5'/+,(*R:!;,<$=,0$7!

>$00$!DMcM]F!%(,*+$4!(5+!+#/+!,*+$.-#,./'!-(%5'/+,(*!,0!,3%(00,1'$!,*!Helix aspersa!/*4! Helix pomatia:!

A*4,6,45/'0!D(2!/!*(*C0$'2,*)!0%$-,$0F!=,+#!/! - (,',*)!4,.$-+,(*!(%%(0,+$!+(!+#/+!(2!+#$!3/?(.,+&!(2!+#$!

%(%5'/+,(*!=,''!1$!/+!/!0$'$-+,6$!4,0/46/*+/)$!/0!+#$&!=,''!#/6$!4,22,-5'+&!,*!2,*4,*)!/!3/+$:!I0!/!.$05'+7!

4,3(.%#,03!,*!/!0,*)'$!%(%5'/+,(*!,0!*(+!/!0+/1'$!-(*4,+,(* 7!/*4!%(%5'/+,(*0!=,''!#/6$!/!+$*4$*-&!(2!

1$,*) !4.,6$*!+(!3(*(3(.%#,03!2(.!+#$!-(33(*$0+!3(.%# !DW/*!P/+$*15.)!i!b,++$*1$.)$.7!MccaF:!"#$!

3/+,*)! 1$#/6,(5.! (2! #&).(%#,'/*! 0*/,' 0! 05-#! /0!Lymnaea7! ,0! .$'/+,6$'&! 4,22$.$*+! 2.(3! +#/+! (2!

0+&'(33/+(%#(./*0:!Lymnaea! ,0!4,3(.%#,-!2(.!0#$''! -(,',*) "=,+#!3,9$4!%(%5'/+,(*0! (2!4$9+./'! /*4!

0,*,0+./'! ,*4,6,45/'07! +#(5)#! 0,*,0+./'! 0%$-,3$*0! /.$! $9+.$3$'&! ./.$! ,*! */+5.$! D>/./4/ ! et al:7! Ndd]U!

E+05*(!et al:7!NdMMF:! I'+#(5)# ! /! 6/.,/+,(* ! ,*! -(,',*)! 4,.$-+,(*!3/&! *(+!1$! /! -.,+,-/' !2/-+(.! ,*!0*/,'!

0%$-,/+,(*7!Q,+!-(5'4!/-+!/0!/!3$-#/*,03!+(!.$45-$!3/+,*)!1$+=$$*!-'(0$'&!.$'/+$4!0%$-,$0R!D8-#,'+#5,n$*!

i![/6,0(*7!NddJF :!!

!
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!

O8-&($)K<I <)"=(!$Y5/''&!3(0+!%/.0,3(*,(50!#&%(+#$0$0!2(.!$6('5+,(*!(2!-#,./',+&!=,+#,*!+#$!>&).(%#,'/!

D4$9+./'7!1'/-<U!0,*,0+./'7!).$&F:!S,+#$.!0,*,0+./',+&!$6('6$4!(*-$7!2.(3!/!4$9+./'!/*-$0+(.7!/*4!+#$*!=/0!

'(0+!,*!+#$!;&3*/$,4/$!DIF!(.!0,*,0+./',+&!$6('6$4!+=,-$7!,*!X'/*(.1,4/$!/*4!X#&0,4/$!DPF:!

!
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K<K!N".%#&48".)!

"#$!%#&'()$*$+,-!0+54&!%.(6,4$0!+#$!3(0+!-(3%.$#$*0,6$!0/3%',*)!(2!+#$!#&).(%#,'/*!-'/4$!+(!4/+$:!

"#$!%.,*-,%'$!4,6,0,(*!,*!+#$!>&).(%#,'/!,0!0#(=*!+(!1$!1$+=$$*!+#$!O#,',*(,4$/!/*4!+#$!;&3*/$(,4$/:!!

"#$!I-.('(9,4/$7!;&3*/$,4/$!/*4!X#&0,4/$!/.$!25''&!05%%(.+$4!/0!3(*(%#&'$+,-!2/3,',$0:!>(=$6$.7!

+#$!X'/*(.1,4/$!/.$!*(+!05%%(.+$4!/0!/!3(*(%#&'$+,-!).(5%!45$!+(!+#$!-'50+$.,*)!(2!P5',*,4/$!=,+#,*!+#$!

2/3,'&:! "#$! I%'$9,*/$! /.$! *(+! .$-(6$.$4! /0! /! 3(*(%#&'$+,-! 0512/3,'&! =,+#,*! +#$! X#&0,4/$:! A*! +#$!

;&3*$/,4/$7!+#$.$!,0!0+.(*)!05%%(.+!2(.!+#$!3(*(%#&'&!(2!+#$!I3%#,%$%'$,*/$7!+#(5)#!+#$!%#&'()$*$+,-!

.$'/+,(*0#,%0! =,+#,*! +#$! .$3/,*,*)! '&3*/$,40! /.$! *(+! .$0('6$4:! "#$!I*-&',*/$ ! /*4! X'/*(.1,*/$! /.$!

.$-(6$.$4!=,+#!25''!05%%(.+!/0!3(*(%#&'$+,-!0512/3,',$0!=,+#,*!+#$!X'/*(.1,4/$:!P/0$4!(*!+#$!.$05'+!(2!

+#$!3('$-5'/.!%#&'()$*&7!/!+/9(*(3,-!.$6,0,(*!350+!1$!-(*0,4$.$4!2(.!+#$!#&).(%#,'/*!2/3,',$0:!P&!

3/%%,*)!-#,./',+&!(*+(!(5.!%#&'()$*&7!+=(!$Y5/''&!%/.0,3(*,(50!#&%(+#$0$0!/.,0$:!
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I<0$*(6/7!@:W:7!P('(+(67!A:H:7!b(2/.(67! \:s:7!g(*4/<(67! I:W:7!W,*/.0<,7! \:W:7!P$0%/'/&/7!s:W:7!
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I-/4$3&!(2!8-,$*-$07!]+#!8$.,$0:!M]7!M]L CMac:!
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]Z7!MCLcZ:!
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P5.-#7! _:P:7! McKc:! H(.+#! I3$.,-/*! `.$0#=/+$.! 8*/,'0B" ,A*+.(45-+,(*! 08&0+$3/+,-0! *(3$*-'/+5.$!

,4$*+,2,-/+,(*!3(.%#('()&!#/1,+/+0!4,0+.,15+,(*:!h/'<$./*/7!N7!MCKd:!
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;&3*/$,4/$F! =,+#! /! 4$0-.,%+,(*! (2! +#$! E8! 2$4$./''&! $*4/*)$.$4! P/*15.&! 8%.,*)0! '/*9:!

^((g$&0 7!aaL7!MdZCMLN:!

O/0+.$0/*/7! _:7! Nddd:! 8$'$-+,(*! (2! -(*0$.6$4! 1'(-<0! 2.(3! 35'+,%'$!/',)*3$*+0! 2(.! +#$,.! 50$! ,*!
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O('+(*7!>:8:7!McMJ:!@*!-'/00,2,-/+,(*!,*!)$*$./'!/*4!+#$!)$*50!;&3*/$/!,*!%/.+,-5'/.:!"#$!H/5+,'50!NK7!

MMaCMMc:!

O(..$/7!I:O:7!S0-(1/.7!_:8:7![5./*47!X:7!G$*/547!̀ :7![/6,47!X:7!_/.*$7!X:7!X(,*+,$.7!_:X:7!>5.+.$nCP(500v07!

8:7! NdMd:! P.,4),*)! )/%0! ,*! +#$! 3('$-5'/.! %#&'()$*&! (2! +#$! ;&3*/$,4/$! Db/0+.(%(4/B!

X5'3(*/+/F7!6$-+(.0!(2!`/0-,(',/0,0:!P\O!S6(':!P,(':!Md7!MCMN:!

O./3%+(*7!>:S:7!MKc]:!G$6$.0/'!(2!O'$/6/)$!,*!/!8,*,0+./'!b/0+$.(%(4:!I**:!Hs!I-/4:!8-,:!K7!MaZCMZd:!

[/6,0(*7!I:7!\-[(=$''7!b:8:7!>('4$*7!_:\:7!_(#*0(*7!>:`:7!g(5+0(6(5'(07!b:[:7!;,57!\:\:7!>5'%,/57!
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[/&./+7!P:7!O(*./47!\:7!P/'/&/*7!8:7!h#,+$7!":G:7!I'1.$-#+7!O:7!b('4,*)7!G:7!b(3$07!8:G:7!>/./0$=&-#7!
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)/0+.(%(40!D\(''50-/FB!*$=!,*0,)#+0!2.(3!,*-.$/0$4!+/9(*!0/3%',*):!\(':!X#&'()$*$+: !S6(':!

Jc7!]NJC]LZ:!

[,*/%(',7! I:7! ^,*003$,0+$.7!O:7!g'5003/**Cg('17! I:7!NdMd:!H$=! ,*0,)#+0! ,*+(!+#$!%#&'()$*&! (2!+#$!

X&./3,4$'',4/$!Db/0+.(%(4/F:!_:!\(''50:!8+54:!ZZ7!MCZ:!

`$'0$*0+$,*7!_:7!McKM:!!S6('5+,(*/.&!+.$$0!2.(3![HI!0$Y5$*-$0B!/!3/9,353!',<$',#((4!/%%.(/-#:!!_:!

\(':!S6(':!MZ7!LaKCLZa:!
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I-/4$3,-!X.$007!;(*4(*7!%%:!MC]Z:!!
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P,(': !K7!JZ:!

g.5)'(67! H:[:7! NddJ:! ;&3*/$,4! 0*/,'0! (2! S5.(%$! /*4! H(.+#$.*! I0,/:! 83('$*0<B! 83('$*0<! 8+/+$!

X$4/)(),-/'!E*,6$.0,+&!X.$007!JdK!%%:!TA*!G500,/*V:!!
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\/'$<7!S:I:7!McKJ:!8*/,'!>(0+0!(2!8-#,0+(0(3,/0,0!/*4!@+#$.!8*/,'C!"./*03,++$4![,0$/0$0!,*!".(%,-/'!

I3$.,-/B!I!\/*5/':!X/*!I3$.,-/*!>$/'+#!@.)/*,n/+,(*7!h/0#,*)+(*7![O7!E8I: !
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i! I:! O:! W/*! P.5))$*! D S40F! h(.'4Ch,4$! 8*/,'07! P,()$()./%#,-/'! 8+54,$0! (*! H(* C\/.,*$!

\(''50-/!D%%:!NLwLZF:!;$,4$*B!S:!_:!P.,''fh:!P/-<#5&0:!

\$,0$*#$,3$.7!_:7!McMN:![,$!h$,*1$.)0-#*$-<$!Helix pomatia!;:!A*B!^,$)'$.!>S7!h('+$.$-<!G!D$40F!

\(*()./%#,$*!$,*#$,3,0-#$.!",$.$:!g',*<#/.4 +7!;$,%n,)7!%%!MwM]d:!

\(.4/*7!X:7!h/4$7!O:\:7!NddK:!>$+$.(1./*-#,/!AAB!"#$!X5'3(*/+/:!A*B!X(*4$.7!h:`:7!;,*41$.)7![:G:!

DS40:F7!X#&'()$*&! /*4!S6('5+,(*! (2!+#$! \(''50-/:!E*,6$.0,+&! (2!O/',2(.*,/!X.$007!P$.<$'$&7!

E8I7!]dc C]Na:!!

\(.)/*7!_:I:":7![$_(*)7!G:_:7!_5*)7!s:7!g#/''//&(5*$7!g:7!g(-<7!8:7!\<(?,7!b:\:7!;(<$.7!S:8:7!NddN:!

I!%#&'()$*&!(2!%'/*(.1,4!0*/,'07!=,+#!,3%',-/+,(*0!2(.!+#$!$6('5+,(*!(2!Schistosoma %/./0,+$0:!

\(':!X#&'()$*$+:!S6(':  NJ7!]ZZC]KK:!

H(.40,$-<7!>:7!MccN:!X#&'()$*&!/*4!0&0+$3!(2!+#$!X5'3(*/+/!Db/0+.(%(4/F:!I.-#:!\(''50<$*<4:!LM C

JN:!

X(,*+,$.7!_:X:7![$_(*)7!G:_:7!"-#5$*+y7!;:":7!g.,0+$*0$*7!":g:7!;(<$.7!S:8:7!NddJ:!I!*$(+.(%,-/'!0*/,'!

#(0+!(2!Schistosoma mansoni!,*+.(45-$4!,*+(!I2.,-/!/*4!-(*0$Y5$*-$0!2(.!+#$!0-#,0+(0(3,/0,0!

+./*03,00,(*B!Biomphalaria tenagophila ,*!g,*0#/0/!D[$3(-./+,-!G$%51',-!(2!O(*)(F:!I-+/!

+.(%,-/!cL7McMCMcc:!

X50'$4*,<7! ;:7! X(*4$.7! h:`:7! [(=+(*7! \:7! [/6,07! I:G:7! Nddc:! S9/3,*,*)! +#$! %#&'()$*&! (2! +#$!

I50+./'/0,/*! ;&3*/$,4/$! D>$+$.(1./*-#,/B! X5' 3(*/+/B! b/0+.(%(4/F! 50,*)! 3,+(-#(*4.,/'7!

*5-'$/.!/*4!3(.%#('(),-/'!3/.<$.0: !\(':!X#&'()$*$+:!S6(':! JN7!a]LCaJc:!

G$3,),(7! S:I:7! P'/,.7! [:7! MccZ:! \('$-5'/.! 0&0+$3/+,-0! (2! +#$! 2.$0#=/+$.! 0*/,'! 2/3,'&! ;&3*/$,4/$!

DX5'3(*/+/B!P/0(33/+(%#(./F!5+,',0,*)!3,+(-#(*4. ,/'!.,1(0(3/'![HI!0$Y5$*-$0: !_:!\(''50:!

8+54:!aL7MZLCMKJ:!

G(*Y5,0+7! `:7! >5$'0$*1$-<7! _:X:7! NddL:! \.P/&$0! LB! P/&$0,/*! %#&'()$*$+,-! ,*2$.$*-$! 5*4$.! 3,9$4!

3(4$'0:!P,(,*2(.3/+,-0!Mc7!MJZNCMJZ]:!

8/,+(57!H:7!H$,7!\:7!McKZ:!"#$!*$,)#1(.C?(,*,*)!3$+#(4B!/!*$=!3$+#(4!2(.!.$-(*0+.5-+,*)!%#&'()$*$+,-!

+.$$0:!\(':!S-(':!G$0(5.: !]7!]daC]NJ:!

8-#,'+#5,n$*7!\:7![/6,0(*7!I:7!NddJ:!"#$!-(*6('5+$4!$6('5+,(*!(2!0*/,'!-#,./',+&:!H/+5.=,00$*0-#/2+$*!

cN7!Jd]CJMJ:!

8#,.(</&/7! I:7! NddZ:! I! *$=! 0%$-,$0! (2! b$.0+2$'4+,/*-&'50! 8+/.(1()/+(67! McKc! DX5'3(*/+/B!

P/0(33/+(%#(./B!I-.('(9,4/$F!2.(3!;/<$!P/,</':!^((+/9/!M]aa7!JJ CaZ:!

8#,.(</&/7!I:I:7!X.(n(.(6/7!;:I:7!8,+*,<(6/7!":s:7!\/+/2(*(67![:W:7!I'1.$-#+7!O:7!NdMM:!`/5*/!/*4!

0#$''! 3(.%#('()&! (2! ',3%$+0! (2! +#$! )$*50! I-.('(950! P$-<! Db/0+.(%(4/B! X5'3(*/+/B!

I-.('(9,4/$F7!',6,*)!,*!;/<$!P/,</'!D=,+#!*(+$0!(*!"./*01/,</',/!',3%$+0F:!G5+#$*,-/!N7!ZLCKd:!



%%)"
"

8#,.(</&/7! I:I:7! Gm%0+(.27! X:7! 8,+*,<(6/7! ":7! NddL:! \(.%#('()&! (2! +#$! %.(+(-(*-#7! /45'+! 0#$''! /*4!

./45'/! (2! 0(3$! 0%$-,$0! (2! $*4$3,-! P/,</',/*! I-.('(9,4/$! DX5'3(*/+/7! P/0(33/+(%#(./F:!

G5+#$*,-/!ML7!MMJCMLK:!!

83,+#7! 8:h:7! @6$.1$$<7! G:7! h($0$7! O:G:7! b,'1$.+7!h:7! b,''$6$+7! X:\:7! Mcc]:! ! "#$! )$*$+,-! 4/+/!

$*6,.(*3$*+7!/*!$9%/*4/1'$!bEA!2(.!35'+,%'$!0$Y5$*-$!/*/'&0,0:!!O(3%5+:!I%%':!P,(0-,:!Md7!

aZMCaZJ:!

8('4/+$*<(7! S:W:7! X$+.(67! I:I:7! NdMc:! \50-5'/+5.$! (2! +#$! %$*,/'! -(3%'$9B! I! *$=! -.,+$.,(*! ,*!

5*./6$'',*)!+#$!%#&'()$*&!(2!>&).(%#,'/!Db/0+.(%(4/B!X5'3(*/+/F:!_:!\(.%#(':!NKd7!JdKCJNJ:!

8+/4$*7!G:7!P$/'7!g:`:7!P(*2,$'47!_:g:7!Nddd:!!"#$!8+/4$*!%/-</)$7!MccK:!!\$+#(40!\(':!P,(':!MLN7!MMJC

MLd:!

8+/*4'$&7!O:_:7!h/4$7!O:\:7!8+(+#/.47!_:G:7!NdMM:!I!2.$0#!,*0,)#+!,*+(!+./*03,00,(*!(2!0-#,0+(0(3,/0,0B!

/!3,0'$/4,*)!+/'$!(2! Biomphalaria!,*!;/<$!W,-+(.,/:!X'(8!(*$7!a7!$NaJaL:!

8+/.(1()/+(67! s:! A:7! McaZ:! @*! +#$! 0&0+$3/+,n/+,(*! (2! 2.$0#=/+$.! %5'3(*/+$! 3(''50-0:! ".54&!

^(('(),-#$0<()(!A*0+,+5+/!I</4$3,/!H/5<!888G7!] N7!NKdwLd]:!

8+$'1.,*<7! P:7! 8#,.(</&/7! I:I:7! O'$=,*)7! O:7! 8,+*,<(6/7! ":s:7! X.(n(.(6/7! ;:I:7! I'1.$-#+7! O:7! NdMJ:!

O(*Y5$0+!(2!+#$!4$$%7!('4!/*4!-('4B!/*!$9-$%+,(*/'!',3%$+!./4,/+,(*!,*!;/<$!P/,</':!P,(':!;$++:!

MM7!NdMJdLNM:!

8+.(*)7! S:S:7! b/.)(3,*&7! @:7! X(*4$.7! h:`:7! P(5-#$+7! X:7! NddZ:! b'(1/'! 4,6$.0,+&! (2! )/0+.(%(40!

Db/0+.(%(4/U!\(''50-/F!,*!2.$0#=/+$.:!>&4.(1,('(),/!JcJ7M]cCMaa:!

85+$.7! >:7! McML:! \/*5/'! (2! +#$! H$=! ^$/'/*4! 3(''50-/B! h,+#! /*! /+'/0! (2! Y5/.+(! %'/+$0! DW(':! MF:! _:!

\/-</&7!b(6$.*3$*+!X.,*+$.: !

8=(22(.47![:;:7!NddN:!XIEX•:!X#&'()$*$+,-!/*/'&0,0!50,*)!%/.0,3(*&!D•/*4!(+#$.!3$+#(40F7!W$.0,(*!

]:d1Md:!85*4$.'/*4B!8,*/5$.!I00(-,/+$0:!

"/&'(.7![:h:7!McKM:!`.$0#=/+$.!3(''50<0!(2!O/',2(.*,/B!I!4,0+.,15+,(*/'!-#$-<',0+:!O/',2(.*,/!`,0#!/*4!

b/3$7!aZB!M]dCMaL:!

"/&'( .7![:!h:7!NddL:!A*+.(45-+,(*!+(!X#&0,4/$!Db/0+.(%(4/B!>&).(%#,'/FU!1,()$()./%#&7!-'/00,2,-/+,(*7!

3(.%#('()&:!G$6:!P,(':!".(%:!JM7!MCNKZ:!

"#,$'$7!_:7!McLM:!>/*415-#!4$.!8&0+$3/+,0-#$*!h$,-#+,$.<5*4$:!W(':!A:!I30+$.4/3B!I:!I0#$.!iO(:!

ZZa!%%:!

E+05*(7!>:7!I0/3,7! ":7!W/*! [((.$*7! ":_:! /*4!b,++$*1$.)$.7!S:7!NdMM:!A*+$.*/'! 0$'$-+,(*! /)/,*0+!+#$!

$6('5+,(*!(2!'$2+w.,)#+!.$6$.0/':!S6('5+,(*7!aJ7!NLccCN]MM:!

W/*!P/+$*15.)7!`:>:[:!/*4!b,++$*1$.)$.7!S:7!Mcca:!S/0$!(2!2,9/+,(*!(2!/!-#/*)$!,*!-(,',*)B!-(3%5+$.!

$9%$.,3$*+0!(*!-#,./',+&!,*!0*/,'0:!>$.$4,+&7!Za7!NZKwNKa:!

W/5)#+7! g:O:7! McKc:! I! O'/00,2,-/+,(*! (2! +#$! ;,6,*)! \(''50-/:! I3$.,-/*! \/'/-('(),0+0 !

A*-7!\$'1(5.*$7!`;: !

W,*/.0<,7!\:W:7!NdML:!@*$7!+=(7!(.!0$6$./'’!>(=!3/*&!'&3*/$,4!)$*$./!/.$!+#$.$’:!G5+#$*,-/7!6(':!NL7!

] MCJK:!
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W,*/.0<,7! \:W:7! 8-#*,$107! g:7! b'm$.7! X:7! >5*404($.2$.7! I:g:7! NdMM:! "#$! +/9(*(3,-! 0+/+50! /*4!

%#&'()$*$+,-!.$'/+,(*0#,%0!(2!+#$!)$*50!I$*,)3(3%#,0-('/!g.5)'(6!/*4!8+/.(1()/+(67!McKM!

Db/0+.(%(4/B!X5'3(*/+/B!;&3*/$,4/$F:!_:!H/+:!>,0+:7!]J7!Nd]cCNdaK:!

h/< $.'$&7!b:;:_:7!NdM]:!Taxonomy of an unusual limpet: Latia neritoides (Gastropoda: Pulmonata: 

Hygrophila: Chilinoidea: Latiidae)!D[(-+(./'!4,00$.+/+,(*7!E*,6$.0,+&!(2!@+/)(F:!

h/'+$.7!>:!_:7!Mcac:!A''50+./+$4!1,(3(.%#('()&!(2!+#$!q/*)5'/+/r! '/<$!2(.3!(2!+#$!1/0(33/+(%#(./*!

0*/,'! Lymnaea!catascopium!8/&:!\/'/-(':!G$6,:!N7!MCMdN:!

h/'+#$.7! I:O:7! ;$$7! ":7! P5.-#7! _:P:7! `(,)#,'7! [:–:7! Ndda/:! S! X'5.,150! E*53B! I! %#&'()$*$+,-! /*4!

%#&'()$()./%#,-!.$/00$003$*+!(2!;/$6/%$9!DX5'3(*/+/B!I*-&',4/$F7!/!H(.+#!I3$.,-/*!)$*50!

(2!2.$0#=/+$.!',3%$+0:!\(':!X#&'()$*$+:!S6(':  ]d7!JdMCJMa:!

h$+#,*)+(*7! I:G:7! ;&4$/.47! O:7! NddZ:! I! 3('$-5'/.! %#&'()$*&! (2! X#&0,4/$! Db/0+.(%(4/B!

P/0(33/+(%#(./F!1/0$4!(*!3,+(-#( *4.,/'![HI!0$Y5$*-$0:! _:!\(''50:!8+54:!ZL7!N]MCNJZ:!

^,'-#7!I:7!McJcCMcad7!"$,'!NB!S5+#&*$5./:!A*B!@:!>:!8-#,*4$=('27!$4:7!>/*415-#!4$.!X/'x(n(('(),$7!

P/*4!a7!b/0+.(%(4/:!P(.*+./$)$.7!P$.',*:!9,,!‹!KLJ!%%:!X51',0#$4!,*!%/.+0:!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
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N+'10$()LP!R$4"#@8.-)0+$)B$$1)R$#'08".4+814)"/)0+$)O'28#8$4)

H80+8.)0+$)7,-("1+8#')H80+)41$%8'#)$21+'484)".)0+$)M,2.'$"86$')

)

:>40('%0)

"#$! ,*+$..$'/+,(*0#,%0! /3(*)! 2/3,',$0! =,+#,*! +#$! >&).(%#,'/! /.$! 5*-$.+/,*7! =,+#! 4,22$.$*+! 0+54,$0!

%.(6,4,*)!-(*2',-+,*)!.$05'+0:!h$!5*4$.+((<!/!%#&'()$*$+,-!/*/'&0,0!(2!+#$!>&).(%#,'/!1/0$4!(* !2(5.!

0+/*4/.4!3/.<$.0!T;8E!D/*4!J:K8F!)$*$7!88E!)$*$7!+#$!>L!)$*$!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!

+#$! O@M! )$*$V! 2(.! .$%.$0$*+/+,6$! +/9/! 2.(3! +#$! 3/,*! #&).(%#,'/*! ).(5%0! =,+#,*! /! 2./3$=(.<! (2!

%/*%5'3(*/+$! +/9/! -(31,*$4! =,+#! /! %#&'()$*(3,-! /*/'&0,0! 1/0$4! (*! +./*0-.,%+(3$! 4/+/! 2(.! /!

.$%.$0$*+/+,6$!+/9(*!2.(3!$/-#! (2!+#$!2(5.!3/,*! '&3*/$(,4$/*!2/3,',$0!DI-.('(9,4/$7!;&3*/$,4/$7!

X#&0,4/$!/*4!X'/*(.1,4/$F:!!!P(+#!+#$!3(*(%#&'&!(2!+#$!>&).(%#,'/!/*4!+#$!%.,*-,%'$!4,6,0,(*!(2!+#$!

>&).(%#,'/!,*+(!+=(!-'/4$07!+#$!O#,',*(,4$/!/*4!;&3*/$(,4$/!/.$!.(150+'&!05%%(.+$4!,*!(5.!/*/'&0,0!

1/0$4!(*!0+/*4/.4!3/.<$.0:!>(=$6$.7!+#$!,*+$..$'/+,(*0#,%0!/3(*)!+#$!'&3*/$(,4$/*!2/3,',$0!.$3/,*$4!

5*-'$/.:! "#$! ,*+$..$'/+,(*0#,%0! (2!+#$!I-.('(9,4/$7! ;&3*/$,4/$7!X #&0,4/$! /*4!X'/*(.1,4/$! /.$!=$''!

.$0('6$4!,*!(5.!%#&'()$*(3,-!/*/'&0,07!=,+#!+#$!I-.('(9,4/$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!+(!/!-'/4$!

-(3%.,0,*)!+#$!;&3*/$,4/$7!X#&0,4/$!/*4!X'/*(.1,4/$ 7!+#$!X#&0,4/$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!(2!/!

-'50+$.!-(3%.,0,*)!+#$!;&3*/$,4/$!/*4!X'/*(.1,4/$7!/*4!+#$!;&3*/$,4$/!/*4!X'/*(.1,4/$!.$-(6$.$4!

/0!0,0+$.!+/9/:!!

!

)

)

)

)

)
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L<E!Q.0("6&%08".))

"#$! >&).(%#,'/! /.$! +#$! %.,*-,%'$! ).(5%! (2! 2.$0#=/+$.! /Y5/+,-! 0*/,'0! =,+#,*! +#$! X/*%5'3(*/+/7!

-(3%.,0,*)!$,)#+!2/3,',$07!+#$!O#,',*,4/$7!;/+,,4/$7!I-.('(9,4/$ 7!;&3*/$,4/$7!X#&0,4/$7!X'/*(.1,4/$7!

P5',*,4/$! /*4!P5.*5%,,4/$7! ,*!+#$!3(0+! .$-$*+! -'/00,2,-/+,(*! (2! )/0+.(%(4!3(''50-0!DP(5-#$+!et al:7!

NdMZF:!"#$&! =$.$! (.,),*/''&! %'/-$4! =,+#,*! +#$! P/0(33/+(%#(./! /'(*)0,4$! +#$! I3%#,1('/-$/!

DI3%#,1(',4/$F7! X/+$'',2(.3,/! D8,%#(*/.,,4/$! /*4! b/4,*,,4/$! Dl".,350-5',4/$FF! /*4! I-+(%#,'/!

D@+,*,4/$!/*4 ! S''(1,,4/$F! D"#,$'$7! McLMF:! "#$! ".,350-5',4/$! =$.$! '/+$.! 3(6$4! 2.(3! +#$!

P/0(33/+(%#(./!+(!+#$!S5%5'3(*/+/!1&!>/0n%.5*/.!i!>51$.!DMccdF:!"#$!P/0(33/+(%#(./!=$.$!+#$*!

4,6,4$4!1&!H(.40,$-<!DMccNF! ,*+(!+=(! (.4$.0U!+#$! "#/'/00(%#,'/! -(3%.,0,*)!+#$! I3%#,1('(,4$,! /*4!

8,%#(*/.,(4$,7!/*4!+#$!>&).(%#,'/!-(3%.,0,*)!+#$!;&3*/$(,4$,!/*4!O#,',*(,4$,:!P(5-#$+!i!G(-.(,7!

DNddJF!-'/00,2,$4!+#$!P/0(33/+(%#(./!/0!/*!,*2(.3/'!).(5%!-(3%.,0,*)!+#$!-'/4$!>&).(%#,'/!/*4!+=(!

05%$.2/3,',$07!+#$!I3%#,1('(,4$/!/*4!8,%#(*/.,(,4$/7!1/0$4!(*!+#$!3(.%#('(),-/'!/*4!3('$-5'/.!4/+/!

/6/,'/1'$! /+! +#$! +,3$:! >(=$6$.7! +#$! 3(*(%#&'&! (2! +#$! P/0(3/+(%#(./! #/0! 1$$*! .$?$-+$4! ,*! +#$!

3(.%#('(),-/'! 0+54,$0!(2!P/.<$.!DNddMF!/*4![/&./+!et al:!DNddMF!/0!=$''!/0!,*!0$6$./'!3('$-5'/.!0+54,$0!

Db./*4$!et al:7!Ndd]U!g'5003/**Cg('1! et al:7!NddKU![,*/%(',!et al:7!NdMdU!>('n*/)$'!et al:7!NdMdU!_m.)$.!

et al:7! NdMdU! bm11$'$.! i! g'5003/** Cg('17! NdMMF! /*4! P(5-#$+!et al:! DNdMZF! 4.(%%$4! +#$!

P/0(33/+(%#(./!2.(3!+#$,.!)/0+.(%(4!-'/00,2,-/+,(*7!/4(%+,*)!,*0+$/4!+#$!+/9(*(3&!(2!_m.)$.!et al:!

DNdMdF!,*!=#,-#!/''!+#$!1/0(33/+(%#(./*!051).(5%0!=$.$!3(6$4!+(!+#$!X/*%5'3(*/+/!051-(#(.+:!!

"#$!>&).(%#,'/!/.$!+#$!'/.)$0+!.$3*/*+!(2!+#$!P/0(33/+(%#(./:!"#$,.!3(*(%#&'&!#/0!1$$*!05%%(.+$4!

,*!$/.'&!3(.%#('(),-/'!0+54,$0!D>51$*4,-<7!McZKU!H(.40,$-<7!MccNU!P/.<$.7!NddMF!/0!=$''!/0!,*!3(0+!(2!

+#$!3('$-5'/.!/*/'&0$0!D[/&./+!et al:7!NddMU!g'5003/**Cg( '1!et al:7!NddKU![,*/%(',!et al:7!NdMdU!_m.)$.!

et al:7!NdMdU!b($11$'$.!i!g'5003/**Cg('17!NdMMU!g(-(+!et al:7!NdMLF:!>(=$6$.7!+#$!3(*(%#&'&!(2!+#$!

>&).(%#,'/! ,0!.$?$-+$4!,*!+#$!3('$-5'/.!%#&'()$*&!(2![/&./+!et al:!DNdMMF7!=#,-#!5*4$.+((<!1.(/4!+/9(*!

0/3%',*)!(2!+#$!X5'3(*/+/!2(.!+#.$$!3('$-5'/.!3/.<$.0!DMK87!Ma8!/*4!-&+(-#.(3$!(9,4/0$!0515*,+!AF!

/*4!,*!=#,-#!+#$!O#,',*(,4$/!2/''!0$%/./+$'&!+(!+#$!>&).(%#,'/!/0!+#$!0,0+$.!).(5%!(2!+#$!I3%#,1('(,4$/:!)
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"#$!%(0,+,(*!(2!+#$!>&).(%#,'/!=,+#,*!+#$!1.(/4$.!X/*%5'3(*/+/!#/0!%.(6$*!+(!1$!-(*+.(6$.0,/':!"#$!

>&).(%#,'/!=$.$!0#(=*!+(!1$!-'(0$'&!.$'/+$4!+(!+#$!S''(1,,4/$!,*!+#$!$/.'&!3(.%#('(),-/'!/*/'&0,0!(2!

>51$*4,-<!DMcZKF!=#,'$!,*!+#$!3(.%#('(),-/'!-'/00,2,-/+,(*!(2!H(.40,$-<!DMccNF7!+#$!>&).(%#,'/!=$.$!

0#(=*!/0!+#$!0,0+$.!).(5%!+(!+#$!"#/'/00(%#,'/:!\(.$(6$.7!,*!+#$!3(.%#('(),-/'!0+54&!(2!P/.<$.!DNddMF!

1/0$4!(*!/!%/.0,3(*&!/*/'&0,0!(2!ZN!-#/./-+$.07!+#$!>&).(%#,'/!=$.$!%'/-$4!/0!+#$!0,0+$.!).(5%!+(!/!

-'/4$! -(3%.,0,*)!+#$! ".,350-5',4/$7!S''(1,,4/$! /*4!b$(%#,'/:!8,3,'/.' &7! ,*!3('$-5'/.! /*/'&0$07!+#$!

%'/-$3$*+!(2!+#$!>&).(%#,'/!=,+#,*!+#$!1.(/4$.!X/*%5'3(*/+/!/'0(!.$3/,*0!5*-$.+/,*:!"#$!>&).(%#,'/!

=$.$! 0#(=*! /0! +#$! 0,0+$.! ).(5%! +(! /! -'/4$! -(3%.,0,*)! I3%#,1('(,4$/! /*4! X&./3,4$''(,4$/! ,*! +#$!

/*/'&0$0!(2!g'5003/** Cg('1! et al:!DNddKF!1/0$4!(*!2(5.!3/.<$.0!DMK87!NK87!Ma8!/*4!O@MF:!>('n*/)$'!

et al:!DNdMdF!50,*)!L:K!<1!(2!+#$!NK8!)$*$!0#(=$4!+#/+!+#$!>&).(%#,'/!#/6$!/!0,0+$.!).(5%!.$'/+,(*0#,%!

+(!/!-'/4$!-(3%.,0,*)!8,%#(*/.,,4/$!/*4!S5%5'3(*/+/!=,+#!3(4$./+$!05%%(.+!=#,'$!_m.)$.!et al:!DNdMdF!

50,*)!NK87!MK87!Ma8!/*4!O@A!0$Y5$*-$0!0#(=$4!+#/+!+#$!>&).(%#,'/!#/6$!/!0,0+$.!).(5%!.$'/+,(*0#,%!

=,+#! /! -'/4$! -(3%.,0,*)! +#$! I-(-#',4,/! /*4! S5%5'3(*/+/7! +#(5)#! =,+#(5+! 0,)*,2,-/*+! 05%%(.+:!

\(.$(6$.7! +=(! .$-$*+! %#&'()$*$+,-! 0+54,$0! Dg(-(+!et al:7! NdMLU! G(3$.(!et al:7! NdMaF! %'/-$4! +#$!

>&).(%#,'/!/0!+#$!0,0+$.!).(5%!+(!+#$!8+&'(33/+(%#(./:!"#$!2,.0+!Dg(-(+!et al:7!NdMLF!=/0!1/0$4!(*!/!

%#&'()$*(3,-! /*/'&0,0!(2!MdN!*5-'$/.!%.(+$,*C-(4,*)! )$*$!.$),(*0!2(.!Mc!)/0+.(%(407!+#(5)#!,+!#/4!

',3,+$4!+/9(*!0/3%',*)!/*4!4,4!*(+!,*-'54$!+#$!<$&!2(.3$.!1/0(33/+(%#(./*!).(5%0!Db'/-,4(.1(,4$/7!

I3%#,1('(,4$/! (.!X&./3,4$''(,4$/F:! "#$!0$-(*4!DG(3$.(! et al:7!NdMaF!,*-'54$4!Jd!)/0+.(%(4!+/9/7!

+#(5)#!,+!=/0!1/0$4!(*'&!(*!3,+(-#(*4.,/'!0$Y5$*-$!4/+/: !

"#$! ,*+$..$'/+,(*0#,%0! (2! +#$! I-.('(9,4/$7! X#&0,4/$7! ;&3*/$,4/$! /*4! X'/*(.1,4/$! =,+#,*! +#$!

>&).(%#,'/! .$3/,*!5*-$.+/,*!=,+#!0$6$./'!0+54,$0!0#(=,*)! -(*2',-+,*)! .$05'+0:!A*!+#$!3(.%#('(),-/'!

0+54&!(2!>51$*4,-<!DMcZKF7!+#$!>&).(%#,'/!=$.$!4,6,4$4!,*+(!+=(!3/,*!).(5%0:!"#$!2,.0+!,*-'54$4!+#$!

I-.('(9,4/$7! O#,',*,4/$!/*4 !;/+,,4/$:!"#$!0$-(*4!,*-'54$4!+#$!;&3*/$,4/$7!X#&0,4/$!/*4!X'/*(.1,4/$ :!

H(.40,$<!DMccNF!/'0(!4,6,4$4!+#$!>&).(%#,'/!,*+(!+=(!).(5%0!DO#,',*(,4$,!/*4!;&3*/$(,4$,F!15+!+#,0!

+,3$!+#$!I-.('(9,*$,!=$.$!%'/-$4!=,+#!+#$!',3,*-!1/0(33/+(%#(./*!2/3,',$0!/0!+#$!0,0+$.!).(5%!+(!/!

-'/4$!-(3%.,0,*)!+#$!;&3*/$(,*$,!/*4!X'/*(.1,*$,!,*!+#$!;&3*/$(,4$,:!;,<$=,0$7!,*!+#$!3(.%#('(),-/'!

0+54&!(2!P/.<$.!DNddMF7!+#$!>&).(%#,'/!=$.$!0%',+!,*+(!+=(!',*$/)$07!+#$!2,.0+!-(3%.,0,*)!+#$!O#,',*,4/$!
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/*4!+#$!0$-(*4!-(3%.,0,*)!+#$!.$3/,*,*)!#&).(%#,'/*!2/3,',$0!15+!05.%.,0,*)'&!+#$!;/+,,4/$!=$.$!%'/-$4!

=,+#,*!+#$!',3*,-!1/0(33/+(%#(./*!2/3,',$0!,*!P/.<$.R0!+.$$:!!

\('$-5'/.!%#&'()$*$+,-!0+54,$0!(2!+#$!>&).(%#,'/!#/6$!/'0(!%.(6,4$4!-(*+./4,-+(.&!.$05'+0!.$)/.4,*)!

+#$!,*+$..$'/+,(*0#,%0!/3(*)!+#$!I-.('(9,4/$7!X#&0,4/$7!;&3*/$,4/$!/*4!X'/*(.1,4/$!Dh/'+#$.!et al:7!

NddaU!g'5003/**Cg('1! et al:7!NddKU!>('n*/)$'!et al:7!NdMdU![/&./+!et al:7!NdMMU![/6,0(*!et al:7!NdMaU!

8('4/+$*<(!i!X$+.(67!NdMcF!/*4!,*!3/*&!(2!+#$0$!0+54,$0!+#$!,*+$..$'/+,(*0#,%0!(2!+#$!'&3*/$(,4$/*!

2/3,',$0!=$.$!*(+!%.$-,0$'&!,*4,-/+$4!Dh/'+#$.!et al:7!NddaU!g'5003/**Cg('1! et al:7!NddKU!>('n*/)$'!et 

al:7!NdMdU![/&./+!et al:7!NdMMF:!>(=$6$.7!+#$!3('$-5'/.!%#&'()$*&!1&![/6,0(*!et al:!DNdMaF!50,*)!+#$!

MK8! /*4! NK8! )$*$0! %.(6,4$4! )((4! 05%%(.+! 2(.! +#$! ,*+$..$'/+,(*0#,%0! (2! I-.('(9,4/$7! X#&0,4/$7!

;&3*/$,4/$!/*4!X'/*(.1,4/$7!+#(5)#!+/9(*!0/3%',*)!=/0!',3,+$4:!I!3(.$!.$-$*+!3('$-5'/ .!/*/'&0,0!1&!

8('4/+$*<(!i!X$+.(6!DNdMcF!1/0$4!(*!/6/,'/1'$!#&).(%#,'/*!MK8!/*4!O@M!0$Y5$*-$0!2.(3!b$*P/*<!

/'0(! %.(6,4$4! .(150+! 05%%(.+! 2(.! +#$! ,*+$..$'/+,(*0#,%0! (2! +#$! #&).(%#,'/*! 2/3,',$07! +#(5)#! (*'&!

P/&$0,/*!/*/'&0,0!=/0!50$4!,*!+#,0!0+54&:!A*!1(+#![/6,0(*!et al:!DNdMaF!/*4!8('4/+$*<(!i!X$+.(6!DNdMcF7!

+#$!X#&0,4/$!/*4!;&3*/$,4/$!=$.$!.$-(6$.$4!/0!0,0+$.!).(5%07!#(=$6$.!+#$!0+54,$0!=$.$!,*-(*0,0+$*+!

,*!+#$,.!%'/-$3$*+!(2!+#$!I-.('(9,4/$!/*4!X'/*(.1,4/$: !

"#$! ,*+$..$'/+,(*0#,%0! /3(*)! +#$! #&).(%#,'/*! 2/3,',$0! /.$! .$/0(*/1'&! =$''! .$0('6$4! ,*! -#/%+$.! J:!

>(=$6$.7!+#$&!/.$!*(+!25''&!05%%(.+$4!/*4!,*-(*0,0+$*+!=,+#!+#$!.$05'+0!(2![/6,0(*!et al:!DNdMaF!/*4!

8('4/+$*<(! i! X$+.(6! DNdMcF:! "#,0! -#/%+$.! /,30! +(! 1$++$.! .$0('6$! +#$! ,*+$..$'/+,(*0#,%0! /3(*)! +#$!

'&3*/$(,4$/ *!2/3,',$0!1&!5*4$.+/<,*)!/!3(.$!4$+/,'$4!%#&'()$*$+,-!/*/'&0$0!(2!+#$!>&).(%#,'/!1/0$4!

(*!2(5.!0+/*4/.4!3/.<$.0!D;8E!D,*-(.%(./+,*)!J:K8F7!88E7!>L!/*4!O@MF!2(.!.$%.$0$*+/+,6$!+/9/!2.(3!

+#$!3/,*!#&).(%#,'/*!).(5%0!=,+#,*!/!2./3$=(.<!(2!%/*%5'3(*/+$!+/9/!-(31,*$4!=,+#!!/!%#&'()$*(3,-!

/*/'&0,0! 1/0$4! (*! +./*0-.,%+(3$! 4/+/! 2(.! /! .$%.$0$*+/+,6$! +/9(*! 2.(3! $/-#! (2! +#$! 2(5.! 3/,*!

'&3*/$(,4$/*!2/3,',$0!DI-.('(9,4/$7!X#&0,4/$7!;&3*/$,4/$!/*4!X'/*(.1,4/$F: !

!

!
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L<C!!$0+"64) )

L<C<E!98"#"-8%'#)!'0$(8'#)

I!+(+/'!(2!JM!0%$-,$0!1$'(*),*)!+(!Jd!%/*%5'3(*/+$!)$*$./!D,*-'54,*)!M]!#&).(%#,'/*!)$*$./F!=$.$!

,*-'54$4! ,*! +#,0! 0+54&:! "#.$$! *(*C%/*%5'3(*/+$! +/9/! =$.$! /'0(! ,*-'54$4! =,+#! +#$! -/$*()/0+.((40!

Pomacea sp.!/*4! Cyclophorus herklotsi 50$4!/0!(5+).(5%0!+(!.((+!+#$!%#&'()$*$+,-!+.$$0:![$+/,'0!(2!+#$!

0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!+#$!-(''$-+(.0!/.$!),6$*!,*!"/1'$!a:M:!!

='>#$)L<E<![$+/,'0!(2!0%$-,3$*07!0/3%',*)!'(-/',+,$0!/*4!-(''$-+(.0:!O'/00,2,-/+,(*!(2!0/3%'$0!2(''(=0!

P(5-#$+!et al:!DNdMZF:!

Taxonomic rank Species Collection/Location Collector  

Phylum Mollusca, Class Gastropoda, Subclass Heterobranchia, Cohort Tectipleura, Subcohort Panpulmonata 

Superorder Sacoglossa 
   Superfamily Oxynooidea!
!!!!!!̀ /3,'&!O&',*4.(15'',4/$ ! Cylindrobulla beauii DX:!`,0-#$.7!

MKJZF 
`g CcMa7!_$22.$&!g$&7!HS!+,%!(2!
_$22.$&!g$&7!`'(.,4/!g$&07!E8I!

X.(6,4$4!1&!̀,$'4 !350$53!
O#,-/)(• LNaJNaG!

!!!!!!W('6/+$'',4/$! Volvatella sp. X$/0$7!MKad \/4/*)!X.(6,*-$7!I0+.('/1$!1/&7!
X/%5/!H$=!b5,*$/!

X.(6,4$4!1&!\50y53!
*/+,(*/'!4}>,0+(,.$!*/+5.$''$!
D\H>HF: !\H>H CA\ CNdMLC
M]NKM!

    Superfamily Plakobranchoidea 

!!!!!!̀ /3,'&!>$.3/$,4/$ ! Hermaea bifida!D\(*+/)57!MKMaF O(**$3/./7!A.$'/*4 ! P$.*/.4!X,-+(* !

!!!!!!̀ /3,'&!;,3/%(*+,,4/$ ! Limapontia depressa!DI'4$.!i!
>/*-(-<7!MKaNF!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

! Placida dendritica DI'4$.!i!
>/*-(-<7!MK]LF 

O(**$3/./7!A.$'/*4 ! P$.*/.4!X,-+(* !

! Ercolania margaritae DP5.*7!McZ]F X/+$.0(*7!O/%$7!W,-+(.,/7!I50+./',/! X.(6,4$4!1&!\50$530 !
W,-+(.,/:!"!_:!>/'$0:!H\W !` !
MLLdKL!

!!!!!!̀ /3,'&!X'/<(1./*-#,4/$ ! Elysia viridis D\(*+/)57!MKd]F [(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

Superorder Siphonarimorpha, Order Siphonariida 
   Superfamily Siphonarioidea 
!!!!!!̀ /3,'&! 8,%#(*/.,,4/$! Siphonaria pectinata!D;,**/$507!MZJKF ^/3/./!;(0!I+5*$07!8%/,* ! 8:!>/=<,*0 !

 Siphonaria zelandica De5(&!/*4!
b/,3/.47!MKLLF 

\/*5!P/&7!3/.,*$!1(.4$.!0#(.$7!H$=!
^$/'/*4 !

b:!P/.<$. !

 Superorder Pylopulmonata 
   Superfamily Pyramidelloidea 
!!!!!!̀ /3,'&!X&./3,4$'',4/$ ! Boonea sp: G:!G(1$.+0(*7!McZK 8(5+#!O#,*/!0$/! X.(6,4$4!1&!\H>H7!

\H>H CA\ CNdMLCJddJZ!
! Turbonilla cummingi!D>(.,!i!

@<5+/*,7!MccZF 
8+:!_(#*R0!A0'/*47!"\8A!),/*+!-'/3!
#/+-#$.&7!8,*)/%(.$!

;$$!g(*)!O#,/*!H/+5./'!
>,0+(.&!\50$53;!
D^GO:\@;:ZLZcF!

!!Superfamily Glacidorboidea!!!
!!!!!̀ /3,'&!b'/-,4(.1,4/$ !

Tasmodorbis punctatus!X(*4$.!i!
I6$.*7!Nddd 

\5.-#,0(*!>=&7![$$%!b5''&!O.$$<7!
"/03/*,/7! I50+./',/ !

I50+./',/*!350$53!
DO:]aLc]cF!

 Glacidorbis hedleyi!A.$4/'$7!Mc]L P'5$!\(5*+/,*07!P(&4!G,6$.7!H$=!
8(5+#!h/'$07!I50+./',/ !

I50+./',/*!350$53 !
DO:]aLc]ZF!

!!!Superfamily Amphiboloidea!
!!!!!̀ /3,'&! I3%#,1(',4/$ !

Salinator tecta!b('4,*)7!X(*4$.!i!
P&.*$7!NddZ 

P(.(*,/!X/.<7!;/*$!O56$!G,6$.7!
8&4*$&7!I50+./',/!

G:!b(n4,*) !
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 Phallomedusa!0%!b('4,*)7!X(*4$.!i!
P&.*$7!NddZ 

P(.(*,/!X/.<7!;/*$!O56$!G,6$.7!
8&4*$&7!I50+./',/!

G:!b(n4,*) !

 Amphibola crenata!Db3$',*7!MZcMF h/,#,! S0+5/.,*$7!H$=!^$/'/*4 ! b:!P/.<$. !

Superorder Acochlidimorpha,  
   Superfamily Acochlidioidea 
!!!!!!̀ /3,'&!>$4&'(%0,4/$!
!

Hedylopsis spiculifera Dg(=/'$=0<&7!
McdMF 

G(6,*?7!g'$,*$!8/',*$15-#+7!A0+.,/! X.(6,4$4!1&!^(('(),0-#$!
8+//+00/33'5*)!\t*-#$*!
D^8\F7!\:!8-#.($4'7!^8\!
\('!NdMdd]Jd !

!!!!!!̀ /3,'&!I-(-#',4,,4/$ ! Strubellia wawrai!P.$*n,*)$.7!
H$500$.7!_m.)$.!i!8-#.m4'7!NdMM 

X/%5/!H$=!b5,*$/! X.(6,4$4!1&!\H>H7 !A\ C
NdMLCJ]ZLc!

   Superfamily Parhedyloidea 

!!!!!!̀ /3,'&!X/.#$4&',4/$ !
!!!!!!Tl\,-.(#$4&',4/$V  

Pontohedyle milatchevitchi 
Dg(=/'$=0<&7!McdMF 

8h!(2!^/4/.7!X/n3/*!A0'/*47!O.(/+,/ ! X.(6,4$4!1&!^8\7!\:!
8-#.($4' !
^8\!\('!NdMLdc]K !

Superorder Hygrophila 
   Superfamily Chilinoidea 
!!!!!!!!!!!!̀/3,'& !O#,',*,4/$! Chilina patagonica Db:!P:!8(=$.1&!AA7!

MKZ]F 
b('2(!S'$2/*+$07!G$),(*!‚A7!O#,'$! [/6,4!G$,4 !

!!!!!!!!!!! `/3,'& !;/+,,4/$ ! Latia neritoides Db./&7!MKJdF h/,*5,7! H$=!^$/'/*4 ! b:!P/.<$. !

!!!!Superfamily Lymnaeoidea 

!!!!!!!!!!!!̀/3,'&! I-.('(9,4/$ ! Acroloxus lacustris D;,**/$507!MZJKF h$0+!0,4$!(2!G,6$.!g(n,*</7!
g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Pseudancylastrum sp.!;,*4#('37!Mcdc ;/<$!P/,</'7!G500,/! ":!8,+3,<(6/ !

!!!!!!!!!!!!̀/3,'&! X#&0,4/$!
!!!!!!!!!!!!!!!!!!!

Physa fontinalis!D;,**/$507!MZJKF S31/&3$*+!2.(3!=$0+!0,4$!(2!G,6$.!
[$0*/7!g,$60</&/!@1'/0+7!E<./,*$ !

[:h:!"/&'(. !

! Sibirenauta elongatus!D8/&7!MKNMF @</*/)/* C8,3,'</3$$*![,0+.,-+7!
X$*+,-+(*7!P.,+,0#!O('531,/7!O/*/4/!

[:h:!"/&'(. !

!!!!!!!!!!!!̀ /3,'& !;&3*/$,4/$ !
!

Bakerilymnaea bulimoides!D;$/7!
MK]MF!Tl!Fossaria bulimoidesV 

O(.*$.!(2!I'6/4(.$!G(/47!;/*$!
O(5*+&7!@.$)(*7!E8I!

[:h:!"/&'(. !

! Stagnicola!sp:!_$22.$&07!MKLd! X(*4!(2!A*0+,+5+$!(2!`,0#!O5'+5.$7!
g,$60</&/!@1'/0+7!g,$67!E<./,*$!

[:h:!"/&'(. !

! Lanx!subrotundata D".&(*7!MKaJF!
 

H(.+#!E3%Y5/!G,6$.7!8,*)'$+(*!X/.<7!
[(5)'/0!O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

!!!!!!!!!!!!̀/3,'& !P5',*,4/$ !
!!!!!!!!!!!!!!!!!!!

Bulinus natalensis Dg./500!,*!g50+$.7!
MK]MF 

;/<$!8,1(&/7!8(5+#!I2.,-/ ! X.(6,4$4!1&!P,(3$4,-/'!
X/./0,+('()&!8$-+,(*7!H/+5./'!
>,0+(.&!\50$53!DH>\F!
D2.(3!-5'+5.$!*(:!NZNF!

!!!!!!!!!!!!̀/3,'& !P5.*5%,,4/$! Burnupia sp.!P:!h/'<$.7!McMN 8(5+#!I2.,-/ ! X.(6,4$4!1&!H/+/'!\50$53!

!!!!!!!!!!!!̀/3,'& !X'/*(.1,4/$ !
!

Planorbis planorbis!D;,**/$507!MZJKF h$0+!0,4$!(2!G,6$.!g(n,*</7!=$0+!(2!
6,''/)$!;$+<,7!g,$60</&/!@1'/0+7!
E<./,*$ !

[:h:!"/&'(. !

 Planorbella subcrenata DO/.%$*+$.7!
MKJZF 

@</*/)/* C8,3,'</3$$*![,0+.,-+7!=$0+!
$*4!(2!s$''(=!;/<$7!P.,+,0#!
O('531,/7!O/*/4/ !

[:h:!"/&'(. !

 Ferrissia!californica DG(=$''7!MKaLF "d] C]Nd]7!`$.*!G,4)$!G$0$.6(,.7!;/*$!
O(5*+&7!@.$)(*7!E8I !

[:h:!"/&'(. !

  ! !

Superorder Eupulmonata, Order Ellobiida 
   Superfamily Ellobioidea 
!!!!!!̀ /3,'&! S''(1,,4/$ ! Melampus luteus!De5(&!i!b/,3/.47!

MKLN 
8(5,''/7! \/5.,+,50 ! @:!b.,22,+#0!

! Laemodonta!sp:! 85./'/&/7!h$0+!_/6/7!A*4(*$0,/! P:![#/.3/ !

! Blauneria heteroclita!D\(*+/)57!
MKdKF!

! X.(6,4$4!1&!H>\ !

! Myosotella myosotis D[./%/.*/547!
MKdMF!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!

! Leucophytia bidentata D\(*+/)57!
MKdKF!!

[(.0$+7!S*)'/*47!Eg ! 8+$6$!".$=#$''/!
!
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! Cassidula nucleus!Db3$',*7!MZcMF! S/0+!%(,*+7![/.=,*7!H(.+#$.*!
"$..,+(.&7!I50+./',/!

X.(6,4$4!1&!H>\: !
H>\•NLc] !

! Ophicardelus sulcatus D>:!I4/30!i!
I:!I4/307!MKJ]F!

I50+./',/7!H54)$$7!P.,01/*$! b:!P/.<$. !

! Carychium tridentatum!DG,00(7!MKNaF! I1$'#$,./7!8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

!!!!!!̀ /3,'&! @+,*,4/$! Otina ovata D":!P.(=*7!MKNZF ! O/6$!/+!h$0+!S*4!(2!`.$0#=/+$.!P/&:!
A0'$!(2!h,)#+7!Eg!

[/6,4!G$,4 !

!!!!!!̀ /3,'&!".,350-5',4/$ ! Trimusculus sp.! X'/)$!4$!;/6/*(*(7!\/4/)/0-/. !
!

X.(6,4$4!1&!\H>H: !A\ C
NddcCMaLcc!

Clade Geophila, Order Stylommatophora, Suborder Achatinina [‘Achatinoid Clade’] 
   Superfamily!Achatinoidea 
 
!!!!!!̀ /3,'&! 8515',*,4/$! Subulina striatella!DG/*)7!MKLMF g$=!b/.4$*0!D,*+.(45-$4F! `:!H/))0 !

!!!!!!̀ /3,'&! I-#/+,*,4/$ ! Lissachatina fulica!DP(=4,-#7!MKNNF!
Tl Achatina fulicaV 

E*<*(=*!D^((':!8(-:!;(*4:!O(''*:F ! X:!X$/.-$Cg$''&!

  Superfamily Streptaxoidea 
!!!!!!̀ /3,'& !8+.$%+/9,4/$!!!!!!!!       

Gonaxis quadrilateralis!DX.$0+(*7!
McMdF 

G$5*,(* ! @:!b.,22,+#0!

Suborder Helicina [‘Non-Achatinoid Clade’], Infraorder Pupilloidei [Orthurethra] 
    Superfamily Pupilloidea 
!!!!!!̀ /3,'&! W/''(*,,4/$ ! Vallonia excentrica!8+$.<,7!MKcN 8ƒ(!\,)5$'7!In(.$0 ! X:!\(.4/* !

Infraorder Limacoidei [‘Limacoid Clade’] 
   Superfamily Limacoidea, Superfamily Limacoidea 
!!!!!!̀ /3,'&! W,+.,*,4/$! Vitrina pellucida!D@:!`:!\t''$.7!MZZ]F g,.<4/'$7![$.1&0#,.$7!Eg! O:!h/4$ !

Infraorder Helicoidei [‘Helicoid Clade’] 
   Superfamily Helicoidea 
!!!!!!̀ /3,'&! >$'3,*+#()'&%+,4/$!
!!!!!!!!!!!!!!!!Tl‚/*+#(*&-#,4/$ V!

Monadenia fidelis!Db./&7!MKL]F @.$)(*! [:!"/&'(. !

Order Systellomatophora  
   Superfamily Onchidioidea 
!!!!!!̀ /3,'&!@*-#,4,,4/$ ! Onchidella celtica!DO56,$.7!MKMZ)! X('n$/+#!P$/-#7!O(.*=/''7!S*)'/*47!

Eg !
\,<$!g$*+ !
!

   Superfamily Veronicelloidea 

!!!!!!̀ /3,'&! W$.(*,-$'',4/$ ! Laevicaulis alte!D`y.500/-7!MKNLF! [51/,7!E*,+$4!I./1!S3,./+$0 ! I:!b.$$* !

 Semperula maculata D"$3%'$+(*7!
MKJKF!

;(0!P/„(07!-('7!X#,',%%,*$0! \:!O/./*4/*) !

Cohort Acteonimorpha  
   Superfamily Acteonoidea 
!!!!!!̀ /3,'&!I%'50+.,4/$ !
 

Hydatina sp:!!D8-#53/-#$.7!MKMZF! I31/+(1$7!%.v0!8(/3/*,+0$7!
\/4/)/0-/. !!

X.(6,4$4!1&!\H>H: !A\ C
NddcCMaLJN!

Subclass Caenogastropoda, Grade Architaenioglossa 
   Superfamily Ampullarioidea 
!!!!!!̀ /3,'&!I3%5''/.,,4/$ ! Pomacea!sp:! `.(3!;(*4(*!^(( ! E*<*(=*! !

!!Superfamily Cyclophoroidea!
!!!!!!`/3,'&!O&-'(%#(.,4/$ !

Cyclophorus herklotsi D\/.+$*07!
MKaMF 

P(0Y5$!S0+/+/'!4$!b5/-/+/-/7!X$5.+(!
G,-( !

I*)50![/6,0(* !
!

"
"

L<C<C!BA:)'.6)RA:)ST0('%08".^)*NR):21#8/8%'08".)'.6)5$U&$.%8.- )

b$*(3,-![HI!=/0!$9+./-+$4!2.(3 !+#$!=#('$!0*/,'!D2(.!03/''!0%$-,3$*0F!(.!2.(3!/!03/''!DMCN!33 OF!

+,005$!0/3%'$!+/<$*!2.(3!+#$!2((+!(2!+#$!0*/,'!50,*)!/!O"IP![HI!$9+./-+,(*!%.(+(-('!Db((4/-.$!i!

h/4$7!NddMF:!GHI!=/0!$9+./-+$4!2.(3!Acroloxus lacustris!50,*)!G$',/X.$%‰!GHI!",005$!\,*,%.$%!

8&0+$3!%.(6,4$4!1&!X.(3$)/:!



%&("
"

`(5.! 3('$-5'/.! 3/.<$.0!=$.$!XOG! /3%',2,$4! ,*-'54,*)!+#.$$! *5-'$/.! 3/.<$.0B! /%%.(9,3/+$'&! ]ddd!

*5-'$(+,4$0!(2!+#$!;8E!.GHI!)$*$!D,*-'54,*)!%/.+!(2!+#$!J:K8!)$*$7!+#$!-(3%'$+$!A"8CN!.$),(*7!/*4!

/'3(0+!+#$!25''C'$*)+#! '/.) $!0515*,+!D;8EU!NK8F!)$*$F7!/%%.(9,3/+$'&!MKdd!*5-'$(+,4$0!(2!+#$!03/''!

0515*,+!D88E7!MK8F!.GHI!)$*$7!/%%.(9,3/+$'&!LZd!*5-'$(+,4$0!(2!+#$!#,0+(*$!L!D>LF!)$*$U!/*4!(*$!

3,+(-#(*4.,/'!3/.<$.B!/%%.(9,3/+$'&!aJd!*5-'$(+,4$0!(2!-&+(-#.(3$!(9,4/0$!0515*,+!A!DO@AF:!!

"#$!;8E!.GHI!)$*$!D/'0(!,*-(.%(./+,*)!%/.+!(2!+#$!J:K8!)$*$!/*4!A"8CNF7!=/0!/3%',2,$4!,*!/!*$0+$4!

XOG!.$/-+,(*!50,*)!%.,3$.0!;8ECM,,!/*4!;8E CMN!,*!+#$!2,.0+!.(5*47!=,+#!+#$!%.,3/.&!XOG!%.(45-+0!

+#$*!50$4!/0!+$3%'/+$!2(.!+#$!0$-(*4/.&!XOG!+(!/3%',2&!0,9!,*+$.*/'!2./)3$*+0!DI7!P7!O7![7!S7!/*4!`F!

D0$$!"/1'$!N:N!2(.!4$+/,'0!(2!%.,3$.0F:!XOG!/3%',2,-/+,(*!2(.!+#$!%.,3/.&!XOG!=/0!%$.2(.3$4!50,*)!+#$!

e,/)$*!"/Y![HI!%('&3$./0$!/*4!e!1522$.!0&0+$3!DM‚!1522$.7!M‚!eC0('5+,(*7!d:L!3\!4H"X7!M:J!3\!

3/)*$0,53! -#'(.,4$ 7! d:N! …\! $/-#! %.,3$.! /*4! ME! "/Y! ,*! /! Jd…;! 2,*/'! 6('53$F:! 8$-(*4/.&! XOG!

/3%',2,-/+,(*!=/0!,4$*+,-/'!+(!+#$!%.,3/.&!XOG!=,+#!+#$!$9-$%+,(*!+#/+!/!'(=$.!d:N!3\!-(*-$*+./+,(*!

(2!4H"X0!=/0!50$4:!"#$!-&-',*)!-(*4,+,(*0!D=,+#!/!X$.<,*!S'3$.!-&-'$.F!(2!+#$!%.,3/.&!XOG!=$.$!/0!

2(''(=0B!ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!

/*4!+#$*!/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!̂ O!2(.!J!3,*:!"#$!0$-(*4/.&!XOG!-&-'$!-(*4,+,(*0!=$.$!/0!2(''(=0B!

ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!]J!ˆO!2(.!M!3,*7!ZN!ˆO!2(.!N!3,*!/*4!+#$*!

/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:! !

8,3,'/.'&7!+#$!88E!.GHI!)$*$!=/0!/3%',2,$4!,*!/!*$0+$4!XOG!=,+#!%.,3$.0!MK$!/*4!MK%!50$4!2(.!+#$!

2,.0+!.(5*4!/*4!=,+#!+#$!%.,3/.&!XOG!%.(45-+0!+#$*!50$4!/0!+$3%'/+$!+(!/3%',2&!/!0,*)'$!2./)3$*+!=,+#!

%.,3$.0!M`!/*4!cG:!I!0$.,$0!(2!a!,*+$.*/'!%.,3$.0!=$.$!50$4!+(!0$Y5$*-$!+#,0!2./)3$*+!D0$$!"/1'$!N:N!

2(.!4$+/,'0!(2!%.,3$.0F:!8(3$!0/3%'$0!%.(6$4!4,22,-5'+!+(!/3%',2&!/0!/!0,*)'$!2./)3$*+!/*4!,*!+#$0$!-/0$0!

+#$! ,*+$.*/'! %.,3$.0! =$.$! 50$4! +(! /3%',2&! +#$! 88E! )$*$:! I3%',2,-/+,(*! =/0! %$.2(.3$4! 50,*)!

PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!1522$.7!d:N!3\!4H"X07!N:J!3\!3/)*$0,53!-#'(.,4$7!d:N!

…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!6('53$F:!"#$!XOG!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!ca!

ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!cd!0$-!/*4!+#$*!/!

2,*/'!$9+$*0,(*!0+$%!(2!/+!ZN!ˆO!2(.!J!3,*! 2(.!1(+#!%.,3/.&!/*4!0$-(*4/.&!XOG:!



%&)"
"

"#$!>L!)$*$!=/0!/3%',2,$4!/0!/!0,*)'$!2./)3$*+! 50,*)!%.,3$.0!>L/`! /*4!>L/G!/0!4$2/5'+!%.,3$.07!

+#(5)#!4,22$.$*+!-(31,*/+,(*0!(2!%.,3$.0!=$.$!50$4!=,+#!0(3$!0/3%'$0!=#$.$!+#$&!4,4!*(+!/3%',2&!

=,+#!+#$!4$2/5'+!%.,3$.0!D0$$!"/1'$!N:N!2(.!/!-(3%'$+$!',0+!(2!%.,3$.0F:!"#$!O@M!)$*$!=/0!/'0(!/3%',2,$4!

/0!/!0,*)'$!2./)3$*+!50,*)!%.,3$.0!;O@!M]cd!/*4!>O@!NMcK!2(.!+#$!3/?(.,+&!(2!0/3%'$0:!I!2$=!0/3%'$0!

4,4!*(+!/3%',2&!=,+#!+#$0$!%.,3$.0!+#50!4,22$.$*+!-(31,*/+,(*0!(2!%.,3$.!=$.$!50$4!D0$$!"/1'$!N:N!2(.!

/!-(3%'$+$!',0+!(2!%.,3$.0F:!"#$!XOG!/3%',2,-/+,(*!(2!+#$!>L!/*4!O@M!)$*$0!=$.$!%$.2(.3$4!50,*)!

PA@"Ie FL ![HI!%('&3$./0$!DM‚!.$/-+,(*!1522$.7!d:N!3\!4H"X07!N:J!3\!3 /)*$0,53!-#'(.,4$7!d:N!

…\!$/-#!%.,3$.!/*4!ME!"/Y!,*!/!NJ!…;!2,*/'!6('53$F:!"#$!+#$.3/'!-&-',*)!-(*4,+,(*0!=$.$!/0!2(''(=0B!

ca!ˆO!2(.!N!3,*7!2(''(=$4!1&!LJ!-&-'$0!(2!c]!ˆO!2(.!Ld!0$-7!Jd!ˆO!2(.!Ld!0$-7!ZN!ˆO!2(.!L!3,*!/*4!+#$*!

/!2,*/'!$9+$*0,(*!0+$%!/+!ZN!ˆO!2(.!J!3,*:!!

I3%',2,-/+,(*! %.(45-+0! =$.$! %5.,2,$4! 50,*)! $,+#$.! /! e,/)$*! )$'! $9+./-+,(*! <,+! (.! e,/)$*! XOG!

%5.,2,-/+,(*!<,+:!8$*0$!/*4!/*+,0$*0$!0+./*40!=$.$!0$Y5$*-$4!4,.$-+'&!(*!/*!I%%',$4!P,(0&0+$30!LZLd!

[HI!0$Y5$*-$.!50,*)!P,)![&$!+$.3,*/+(.!-&-'$!0$Y5$*-,*)!-#$3,0+. ,$0!/+!\/-.()$*!A*-:! !

I!*(6$'!+./*0-.,%+(3$!2(.! Acroloxus lacustris!=/0!)$*$./+$4!,*!+#,0!0+54&:!GHI!Y5/*+,+&!/*4!Y5/',+&!

=$.$!-#$-<$4!50,*)!+#$!e51,+!̀ '5(.(3$+$.!/*4!+#$!e51,+!GHI!PG!I00/&!g,+!D"#$.3(!̀ ,0#$.!8-,$*+,2,-U!

eMdNMMF:! A*4$9$4! 0$Y5$*-,*)! ',1./.,$0! =$.$! %.$%/.$4! 50,*)! +#$! HSPH$9+! E'+./! [,.$-+,(*/'! GHI!

;,1./.&!X. $%/./+,(*!g,+!2(.!A''53,*/!DHSPU!SZ]NdF!/*4!HSPH$9+!\5'+,%'$9!@',)(0!2(.!A''53,*/7!A*4$9!

X.,3$.!8$+!M!DHSPH$9+U!SZLLJF:! "#$! ',1./.&!=/0!0$Y5$*-$4! /+! [$$%!8$Y!DO$*+.$!2(.!b$*$+,-0! /*4!

b$*(3,-07!E*,6$.0,+&!(2!H(++,*)#/3F!(*!+#$!A''53,*/!H$9+8$Y!Jdd!50,*)!/*!A''53,*/!H$9+8$YJdd!6N!

\,4!@5+%5+!Ldd!-&-'$!<,+!DA''53,*/U!`OC]d] CNddLF!+(!)$*$./+$!ZJ!*5-'$(+,4$!0,+$0!%/,.$4C$*4!.$/40:)

L<C<I!5$U&$.%$)*("%$448.-)'.6)*+,#"-$.$08%):.'#,484)"/)50'.6'(6)!'(G$(4) )

[HI!0$Y5$*-$0!=$.$!/00$31'$4!50,*)!6$.0,(*!M:J:L!(2!+#$!8"I[SH!%/-</)$!D8+/4$*!et al:7!NdddF:!

8510$Y5$*+'&7!+#$!0$Y5$*-$0!=$.$!3/*5/''&!/',)*$4!50,*)!6$.0,(*!N:N!(2!+#$!b$*$+,-![/+/!S*6,.(*3$*+!

Db[SF!%/-</)$!D83,+#!et al:7!Mcc]F:!"#$!;8E!D,*-(.%(./+,*)!J:K8!/*4!A"8CNF!/*4!88E!.GHI!0$Y5$*-$0!

=$.$!/',)*$4!50,*)!+#$!0$-(*4/.&!0+.5-+5.$!/0!/!)5,4$:!"#$!/',)*3$*+!(2!+#$!>L!/*4!O@M!)$*$0!=/0!

)5,4$4!1&!+./*0'/+,*)!+#$![HI!0$Y5$*-$0!+(!/3,*(!/-,4!0$Y5$*-$0:!b1'(-<0!6:d:cM1!DO/0+.$0/*/7!NdddF!
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=,+#!4$2/5'+!0$++,*)0!=/0!50$4!/0!/!)5,4$!+(!0$'$-+!+#$!.$',/1'&!/',)*$4!0,+$0!2.(3!+#$!/',)*3$*+0!(2!/''!

)$*$0:)

X#&'()$*$+,-!+.$$0!=$.$!-(*0+.5-+$4!50,*)!3/9,353!',<$',#((4!D\;F!D`$'0$*0+$,*7!McKMF7!*$,)#1(.C

?(,*,*)!DH_F!D8/,+(5!i!H$,7!McKZF!/*4!P/&$0,/*!,*2$.$*-$!DPAF!D;/.)$+!i!8,3(*7!McccF:!"#$!)$*$./'!

+,3$!.$6$.0,1'$!3(4$'!,*-(.%(./+,*)!)/3 3/!Db"G‹ ! F!D;/*/6$!et al:7!McK]U!b5!et al:7!MccJF!=/0!50$4!

+(!-(..$-+!2(.!35'+,%'$!0510+,+5+,(*0:!\;!+.$$0!=$.$!-(*0+.5-+$4!50,*)!+#$!X#&\;!D6$.0,(*!L:dF!%/-</)$!

Db5,*4(*!et al:7!NdMdF!=,+#!+.$$!0$/.-#,*)!2(''(=,*)!/!#$5.,0+,-!%.(-$45.$!=,+#!Md!./*4(3!0+/.+!+.$$0!

/*4!1$0+!(2!*$/.$0+C*$,)#1(5. C,*+$.-#/*)$!/*4!051+.$$C%.5*,*)C.$)./2+,*)!1./*-#!0=/%%,*):!H_!/*/'&0,0!

=/0!%$.2(.3$4!50,*)!+#$!XIEX•!D6$.0,(*!]:d1MdF!%/-</)$!D8=(22(.47!NddNF:!`(.!H_!/*/'&0,07!3(4$'!

%/./3$+$.0!=$.$!$0+,3/+$4!2(''(=,*)!/*!,+$./+,(*!%.(-$00U!2(.!$/-#!+.$$!+#$!%/./3$+$.0!=$.$!$0+,3/+$4!

/*4!50$4!+(!15,'4!+#$!*$9+!+.$$!5*+,'!+#$.$!=/0!*(!25.+#$.!,3%.(6$3$*+!(2!+#$!',<$',#((4!0-(.$:!P((+0+./%!

.$0/3%',*)!D`$'0$*0+$,*7!McKJF!=,+#!Mddd!.$%',-/+$0!=/0!5*4$.+/<$*!2(.!\;!/*4!H_!+.$$0:!PA!/*/'&0,0!

=/0!5*4$.+/<$*!50,*)!+#$! \.P/&$0!D6$.0,(*!L:M:NF!%/-</)$!DG(*Y5,0+! i!>5$'0$*1$-<7!NddLF:! "=(!

,*4$%$*4$*+!.5*0!=,+#!2(5.!-#/,*0!(2!/!\/.<(6!O#/,*!\(*+$!O/.'(!D\O\OF!/')(.,+#3!=$.$!50$4!+(!

$9%'(.$!+#$!+.$$!0%/-$:!PA!/*/'&0,0!=/0!-(*45-+$4!2(.!J!3,'',(*!)$*$./+,(*0!=,+#!+.$$!0/3%',*)!$6$.&!

Mdd!)$*$./+,(*0:!"(!$*05.$!/4$Y5/+$!-#/,*!0=/%%,*)7!/!./*)$!(2!#$/+,*)!%/./3$+$.0!=$.$!+$0+$4!=,+#!

+#$!(%+,3/'!%/./3$+$.!50$4!+(!-(*0+.5-+!+#$!2,*/'!+.$$0:!@*'&!/2+$.!+#$!P/&$0,/*!\O\O!0$/.-#$0!#/4!

.$/-#$4!/!0+/+,(*/.&!%#/0$!D,*4,-/+,*)!-(*6$.)$*-$!(2!+#$!-#/,*0!(*+(!+#$!+/.)$+!4,0+.,15+,(*F!=/0!+#$!

.5*!$*4$4:!I!-(*0$*050!+.$$!=/0!15,'+!50,*)!+#$!'/0+!ZJj!(2!+.$$0!D15.*,*lMNJdMF:!

L<C<J!5$U&$.%$)*("%$448.-)'.6)*+,#"-$.$08%):.'#,4$4)"/)0+$)=('.4%(810"2$)B'0'4$04))

"#$!+./*0-.,%+(3$!/00$31'&!2(.!Acroloxus lacustris!=/0!5*4$.+/<$*!1&![$$%!8$Y!DO$*+.$!2(.!b$*$+,-0!

/*4!b$*(3,-07!E*,6$.0,+&!(2!H(++,*)#/3F:!@.+#('()(50!)$*$0!=$.$!,4$*+,2,$4!,*!+=(!4,0+,*-+!4/+/0$+0:!

"#$! 2,.0+! 4/+/0$+! ,*-'54$4!2(5.! #&).(%#,'/*! +/9/B Acroloxus lacustris7 Biomphalaria pfeifferi 

Db`\hdMdddddMCb`\hdMMKaNd]F! DP544$*1(.)!et al:7! NdMKF7!Lymnaea stagnalis! D`‚MKdMMcC

`‚Nca]ZLF!D8/4/3(+(! et al:7!NdMNF!/*4!Physa acuta!DG(3,)5,$.!et al:7!NdM]7!/00$31'&!%.(6,4$4!1&!
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_(*/+#/*!G(3,)5,$.F:!"#$!0$-(*4!4/+/0$+!,*-'54$4!+#$!2(5.!#&).(%#,'/*!+/9/!%'50!/!0+&'(33/+(%#(./*!

(5+).(5%!Cepaea nemoralis!Db`;EdMdddddMCb`;EdMM]ZLKaF!Dg$.<6',$+!et al:7!NdMZF:!

X.,(.!+(! (.+#('()5$! ,4$*+,2,-/+,(*7!+./*0-.,%+(3$!0$Y5$*-$0! (2! /''!+/9/!=$.$!2,'+$.$4!1&! '$*)+#!50,*)!

8$Yg,+!W$.0,(*B!d:Md:M!+(!(*'&!/''(=!-(*+,)0!).$/+$.!+#/*!Mdd!1%!D8#$*!et al:7!NdMaF:!"#$!*5-'$(+,4$!

0$Y5$*-$0!(2!/''!+./*0-.,%+(3$0!=$.$!+#$*!+./*0'/+$4!+(!/3,*(!/-,40!50,*)!"./*0[$-(4$.!G$'$/0$!6J:J:d!

D#++%0Bff),+#51:-(3f"./*0[$-(4$.f"./*0[$-(4$. F! .5*! 50,*)! 4$2/5'+! 0$++,*)0! =#,-#! ,4$*+,2&! (%$*!

.$/4,*)! 2./3$0! D@G`0F! +#/+! /.$! /+! '$/0+! Mdd! /3,*(! /-,40! '(*):! @.+#('()(50! 0$Y5$*-$0! =$.$! +#$*!

,4$*+,2,$4!/3(*)!+#$!+./*0'/+$4!)$*$0!50,*)!X(.+#(\O;!D"/1/.,!i!857!NdMZF!/)/,*!=,+#!4$2/5'+!0$++,*)0:!

I3,*(!/-,4!0$Y5$*-$0!(2!/''!(.+#('()5$0!=$.$!/',)*$4!50,*)!\E8O;S!6L:K:MJJM!DS4)/.7!Ndd]F!=,+#!

4$2/5'+!0$++,*)0:!"#$!/',)*3$*+0!=$.$!+#$*!.5*!+#.(5)#!b1'(-<0!6:d:cM1!DO/0+.$0/*/7!NdddF!=,+#!4$2/5'+!

0$++,*)0!+(!.$3(6$!%((.'&!/',)*$4!%(0,+,(*0!/*4!4,6$.)$*+!.$),(*0!(2!/3,*(!/-,4!/',)*3$*+0:!`,*/''&7!

+.,33$4! /',)*3$*+0! =$.$! 2,'+$.$4! 1&! '$*)+#! $9-'54,*)! /*&! 0$Y5$*-$! 0#(.+$.! +#/*! NJ! /3,*(! /-,40!

2(''(=,*)! g(-(+! et al:!DNdMMF:!

A*4,6,45/'!2(5.!+/9(*!+.$$0!1/0$4!(*! /3,*(! /-,4!0$Y5$*-$0!(2!$/-#!(.+#('()5$!,4$*+,2,$4!,*!+#$!2,.0+!

4/+/0$+!D2(5.!#&).(%#,'/*!+/9/F!=$.$!-(*0+.5-+$4!3/*5/''&!50,*)!\;!/*/'&0,0:!I44,+,(*/''&7!PA!/*4!\;!

+.$$0!=$.$!-(*0+.5-+$4!1/0$4!(*!/!-(*-/+$*/+$4!05%$.3/+.,9!(2!/3,*(!/-,4!0$Y5$*-$0!(2!/''!(.+#('()(50!

)$*$0!,4$*+,2,$4!,*!+#$!2,.0+!4/+/0$+!D2(5.!#&).(%#,'/*!+/9/F:!"#$  -50+(3!X$.'!0-.,%+!q-/+2/0+/N%#&3':%'RR!

D#++%0Bff),+#51:-(3f*&'/*4$.f-/+2/0+/N%#&3'fF!=/0!50$4!+(!-(*-/+$*/+$!2/0+/!2,'$0:!;,<$=,0$7!PA!/*4!\;!

+.$$0!=$.$!-(*0+.5-+$4!1/0$4!(*!/3,*(!/-,4!0$Y5$*-$0!(2!/!-(*-/+$*/+$4!05%$.3/+.,9!(2!/''!(.+#('()5$0!

+#/+!=$.$!,4$*+,2,$4!,*!+#$!0$-(*4!4/+/0$+!D-(3%.,0,*)!2(5.!#&).(%#,'/*!+/9/!%'50!Cepaea nemoralisF:!!

"(!-(..$-+ !2(.!35'+,%'$!0510+,+5+,(*07!+#$!1$0+C2,++,*)!3(4$'!=/0!0$'$-+$4!50,*)!83/.+!\(4$'!8$'$-+,(*!

D8\8F! D;$2(.+!et al:7! NdMZF:! P((+0+./%! .$0/3%',*)! D`$'0$*0+$,*7! McKJF! =,+#! Mddd! .$%',-/+$0! =/0!

5*4$.+/<$*!2(.!+#$!\;!+.$$0:!PA!/*/'&0$0!=$.$!-(*45-+$4!2(.!J!3,'',(*!)$*$./+,(*0!=,+#!+.$$!0/3%',*)!

$6$.&!Mdd!)$*$./+,(*0:!I!-(*0$*050!+.$$!=/0!15,'+!50,*)!+#$!'/0+!ZJj!(2!+.$$0!D15.*,*lMNJdMF:!
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L<I!R$4&#04)

L<I<E!*+,#"-$.$08%):.'#,484)9'4$6)".)50'.6'(6)!'G$(4 )

8$Y5$*-$0!(2!2(5.!)$*$0B!/%%.(9,3/+$'&!]ddd!*5-'$(+,4$0!(2!+#$!;8E!.GHI!)$*$!D/'0(!,*-(.%(./+,*)!

/%%.(9,3/+$'&!Kd!*5-'$(+,4$0!(2!+#$!J:K8!/*4!+#$!-(3%'$+$!A"8CNF7!/%%.(9,3/+$'&!MKdd!*5-'$(+,4$0!(2!

+#$!88E!.GHI!)$*$7!/%%.(9,3/+$'&!LZd!*5-'$(+,4$0!(2!+#$!>L!)$*$!/*4!/%%.(9,3/+$'&!aJd!*5-'$(+,4$0!

(2!+#$!O@M!)$*$!#/6$!1$$*!)$*$./+$4!2(.!JM!%/*%5'3(*/+$!0%$-,$0!D,*-'54,*)!M]!#&).(%#,'/*!0%$-,$0F!

/*4!L!*(* C%/*%5'3(*/+$!0%$-,$0:!!

X#&'()$*$+,-! +.$$0! 2(.! +#$! X/*%5'3(*/+/! =$.$! -(*0+.5-+$4! 50,*)! /! -(*-/+$*/+$4! 4/+/0$+! (2! JJdN!

5*/31,)5(50'&!/',)*$4!*5-'$(+,4$!0,+$0:!"#,0!4/+/0$+!-(*0,0+0!(2!LdaL!*5-'$(+,4$0!(2!+#$!;8E!D/*4!J:K8F!

)$*$7!MacJ!*5-'$(+,4$0!(2!+#$!88E!)$*$7!LNK!*5-'$(+,4$0!(2!+#$!>L!)$*$!/*4!]Ma!*5-'$(+,4$0!(2!+#$!M0+!

/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:!"#$! - /$*()/0+.(%(40!Cyclophorus herklotsi /*4! Pomacea 

sp.!=$.$!50$4!/0!(5+).(5%0!+(!.((+!+#$!%#&'()$*$+,-!+.$$0:!"#$!A"8CN!.$),(*!(2!+#$!.GHI!-'50+$.!=/0!

.$3(6$4!-(3%'$+$'&!2.(3!/''!/*/'&0$0!/0!,+!-(5'4!*(+!1$!/',)*$4!/-.(00!/''!+/9/!45$!+(!,+0!#,)#!6/.,/1,',+&:!

;,<$=,0$7!+#$!+#,.4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$!=$.$!$9-'54$4!2.(3!/*/'&0$0!45$!+(!0/+5./+,(*!/+!

+#$0$!%(0,+,(*0:!!

"#$!P/&$0,/*!,*2$.$*-$!+.$$!(2!+#$!X/*%5'3(*/+/ !1/0$4!(*!+#$!-(*-/+$*/+$4!4/+/0$+!,0!0#(=*!,*!`,)5.$!

a:M:!>,)#'&!-(*0,0+$*+!+(%('(),$0!=$.$!(10$.6$4!=,+#!+#$!PA!/*4!\;!/*/'&0$07!+#(5)#!0',)#+!4,22$.$*-$0!

,*!+(%('()&!=$.$!(10$.6$4!,*!+#$!H_!/*/'&0,0!DPA7!I%%$*4,9!a:MU!\;7!I%%$*4,9!a:N!/*4!H_7!I%%$*4,9!

a:LF:!"#$!>&).(%#,'/!/.$!.(150+'&!05%%(.+$4!/0!/!3(*(%#&'$+,-!).(5%!,*!/''!/*/'&0$0!DcJj!\;7!Zdj!

H_!1((+0+./%!.$%',-/+$0!/*4!=,+#!/!P/&$0,/*!%(0+$.,(.!%.(1/1,',+&!(2!M:ddF:!>(=$6$.7!+#$!%(0,+,(*!(2!+#$!

>&).(%#,'/!=,+#,*!+#$!X/*%5'3(*/+/!.$3/,*0!5*.$0('6$4:!!A*!+#$!PA!/*4!\;!/*/'&0$0!+#$!>&).(%#,'/!

/.$! .$-(6$.$4! /0! +#$! 0,0+$.! ).(5%! +(! /! -'/4$! -(3%.,0,*)! +#$! X&./3,4$''(,4$/7! b'/-,4(.1(,4$/! /*4!

I3 %#,1('(,4$/!DXXl!d:cM!PA!15+!(*'&!]Nj!\;!1((+0+./%0F!15+!/0!+#$!0,0+$.!).(5%!+(!/!-'/4$!-(3%.,0,*)!

?50+! +#$! b'/-,4(.1(,4$/! /*4! I3%#,1('(,4$/! ,*! +#$! H_! /*/'&0,0! D]cj! H_! 1((+0+./%0F:! h,+#,*! +#$!

>&).(%#,'/7!+#$.$!,0!/!%.,*-,%'$!4,6,0,(*!1$+=$$*!+#$!O#,',*,(,4$/!(*!(*$!#/*4!/*4!/!-'/4$!-(3%.,0,*)!

/''!+#$!.$3/,*,*)!#&).(%#,'/*!+/9/!D;&3*/$(,4$/F!(*!+#$!(+#$.:!"#,0!4,6,0,(*!,0!0+.(*)'&!05%%(.+$4!=,+#!
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+#$!;&3*/$(,4$/!05%%(.+$4!,*!cKj!\;7!cKj!H_!1((+0+./%0!/*4!XXlM:dd!PA7!15+!+#$!H_!/*/'&0,0!4($0!

*(+!05%%(.+!+#$!0,0+$.!).(5%!.$'/+,(*0#,%!1$+=$$*!+#$!I-.('(9,4/$!/*4!/!-'/4$!-(3%.,0,*)!+#$!X#&0,4/$7!

;&3*/$,4/$7!P5.*5%,,4/$!/*4!X'/*(.1,4/$!D/'0(!,*-(.%(./+,*)!+#$!P5',*,4/$F:"h,+#,*!+#$!;&3*/$(,4$/7!

+#$! I-.('(9,4/$ "#/6$! /! 0,0+$.! ).(5%! .$'/+,(*0#,%! +(! /! -'/4$! -(3%.,0,*)!+#$! X#&0,4/$7! ;&3*/$,4/$7!

P5.*5%,,4/$!/*4!X'/*(.1,4/$!D/'0(!,*-(.%(./+,*)!+#$!P5',*,4/$F!,*!+#$!PA!/*4!\;!/*/'&0$0!05%%(.+!,*!

cKj!\;!1((+0+./%0!/*4!XXlM:dd!PA:!>(=$6$.7!+#$!I-.('(9,4/$!/.$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!+(!+#$!

X#&0,4/$!,*!+#$!H_!/*/'&0,07!+#(5)#!=,+#(5+!0,)*,2,-/*+!05%%(.+:!"#$!X#&0,4/$!/.$!.$-(6$.$4!/0!+#$!0,0+$.!

).(5%! +(! /! -'/4$! -(3%.,0,*)! +#$! ;&3*/$,4/$7! P5.*5%,,4/$! /*4! X'/*(.1,4/$! D/'0(! ,*-(.%(./+,*)! +#$!

P5',*,4/$F!,*!+#$!PA!/*4!\;!/*/'&0$0!=,+#!=$/<!05%%(.+!DJMj!\;!1((+0+./%0!/*4!XXld:Zc!PAF!=#,'$!

+#$!X#&0,4/$!/.$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!+(!+#$!I-.('(9,4/$!,*!+#$!H_!/*/'&0,07!+#(5)#!=,+#(5+!

0,)*,2,-/*+! 05%%(.+:! "#$! ;&3*/$,4/$! /.$! .$-(6$.$4! /0! +#$! 0,0+$.! ).(5%! +(! -'/4$! -(3%.,0,*)! +#$!

P5.*5%,,4/$!/*4!X'/*(.1,4/$!D/'0(!,*-(.%(./+,*)!+#$!P5',*,4/$F!,*!+#$!PA!/*4!\;!/*/'&0$0!=,+#!=$/<!

05%%(.+!DJdj! \;!1((+0+./%0!/*4!XXld:ZM!PAF7!+#(5)#!+#$!;&3*/$,4/$!/.$!0#(=*!/0!/*!5*.$0('6$4!

%('&+(3&!,*!+#$!H_!/*/'&0,0:!`,*/''&7!+#$!P5.*5%,,4/$!/.$!25''&!05%%(.+$4F!/0!+#$!0,0+$.!).(5%!2(.!/!-'/4$!

-(3%., 0,*)!+#$!P5',*,4/$!/*4!X'/*(.1,4/$!DMddj!\;7!Mdd!H_!1((+0+./%0!/*4!XXlM:dd!PAF:!

!



%'. "
"

!

O8-&($)L<E<!P/&$0,/*!%#&'()$*$+,-!+.$$!(2!+#$!X/*%5'3(*/+/!1/0$4!(*!-(*-/+$*/+$4!0$Y5$*-$0!(2!JJdN!

5*/31,)5(50'&!/',)*$4!*5-'$(+,4$0!2.(3!+#$!-(31,*$4!4/+/0$+!(2!+#$!;8E!D/*4!J:K8F!)$*$7!+#$!88E!

)$*$7!+#$!>L!)$*$!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!

1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F!2(.!\;!/*4!H_!/*4!%(0+$.,(.!%.(1/1,',+,$0!2(.!PA!D1/0$4!(*!'/0+!ZJj!

(2!+.$$0F!.$0%$-+,6$'&:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!/*4!%(0+$.,(.!%.(1/1,',+,$0!'$00!+#/*!d:Z!

/.$! *(+! 0#(=*:! "#$ ! 0#/4$4! /.$/! ,*! +#$! >&).(%#,'/! ,*4,-/+$0! +#/+! +#$! ,*+$..$'/+,(*0#,%0! =,+#,*! +#$!

'&3*/$(,4$/*!2/3,',$0!/.$!*(+!=$''!.$0('6$4:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!

*5-'$(+,4$!%(0,+,(*0:!I''!%/*%5'3(*/+$!-'/4$0!/.$!-(''/%0$4!$9-$%+!+#$!>&).(%#,'/!-'/4$!+(!/''(=!1$++$.!

6,0,1,',+&:!

L<I<C!*+,#"-$.,)9'4$6)".)=('.4%(810"2$)5$U&$.%$4 )

I!+(+/'!(2!]d]!(.+#('()5$0!=$.$!,4$*+,2,$4!,*!+#$!+./*0-.,%+(3$!4/+/0$+!(2!+#$!2(5.!#&).(%#,'/*!+/9/7 

Acroloxus!DI-.('(9,4/$F7!Physa!DX#&0,4/$F7!Biomphalaria!DX'/*(.1,4/$F!/*4!Lymnaea!D;&3*/$,4/$F!

(2!=#,-#!NdM!(.+#('()5$0!%.(45-$4!0,)*,2,-/*+!+.$$0!D1((+0+./%!05%%(.+!•ZdF:!@2!+#$!0,)*,2,-/*+!+.$$0!ca!

+.$$0!05%%(.+!+.$$!M!,*!=#,-#!Acroloxus!DI-.('(9,4/$F!-'50+$.0!=,+#!Physa!DX#&0,4/$F!/*4!Biomphalaria!

0.01 

H
yg

ro
ph

ila

Lymnaeoidea

Chilinoidea

Burnupia sp. [Burnupiidae]

Bulinus natalensis [Bulinidae] 
Planorbis planorbis

Ferrissia californica [Planorbidae] 

Planorbella subcrenata
Planorbidae

Latia neritoides [Latiidae] 
Chilina patagonica [Chilinidae] 

Sibirenauta elongatus

Physella gyrina

Pseudancylastrum sp.

Acroloxus lacustris

Stagnicola sp. 

Lanx subrotundata

Bakerilymnaea bulimoides

Acroloxidae

Physidae

Lymnaeidae

Sacoglossa
Siphonarimorpha

Pyramidelloidea
Glacidorboidea

Acochlidimorpha
Amphiboloidea

Ellobiida
Stylommatophora

Systellomatophora

Caenogastropoda outgroup
Pomacea sp. 

Hydatina sp. [Acteonimorpha]

Cyclophorus herklotsi

100/100/1.00

100/100/1.00

100/100/1.00

100/100/1.00

100/100/1.00

95/70/1.00

98/98/1.00

51/-/0.79

50/-/0.71

-/-/0.91

85/58/100

-/-/0.91

50/-/0.96

100/100/1.00

97/77/1.00

-/-/0.91

100/100/1.00

1%

100/100/100

97/96/1.00

69/57/0.96
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DX'/*(.1,4/$F! -'50+$.0! =,+#!Lymnaea! D;&3*/$,4/$F7! JZ! +.$$0! 05%%(.+! +.$$! N! ,*! =#,-#!Acroloxus 

DI-.('(9,4/$F! -'50+$.0! =,+#!Biomphalaria DX'/*(.1,4/$F! /*4!Lymnaea D;&3*/$,4/$F! -'50+$.0! =,+#!

Physa DX#&0,4/$F!/*4!]K!+.$$0!05%%(.+!+.$$!L!,*!=#,-#!Acroloxus!DI-.('(9,4/$F! -'50+$.0!=,+#!Lymnaea 

D;&3*/$,4/$F!/*4!Biomphalaria!DX'/*(.1,4/$F!-'50+$.0!=,+#!Physa DX#&0,4/$F!D"/1'$!a:NF:!PA!/*4!\;!

%#&'()$*$+,-!+.$$0!-(*0+.5-+$4!1/0$4!(*!/!05%$.3/+.,9!(2!ad]JK!/3,*(!/-,40!2.(3!+#$!-(*-/+$*/+,(*!(2!

/''!]d]!(.+#('()5$0! 05%%(.+$4!+.$$!M!DMddj!\;!1((+0+./%0!/*4!XXlM:dd!PAF:!!

A*!+#$!+./*0-.,%+(3$!4/+/0$+!(2!2,6$!+/9/!D]!#&).(%#,'/*!+/9/!%'50!(5+).(5%F7!/!+(+/'!(2!MKa!(.+#('()5$0!

=$.$! ,4$*+,2,$4:! PA! /*4! \;! %#&'()$*$+,-! +.$$0! =$.$! -(*0+.5-+$4! 1/0$4! (*! /! 05%$.3/+.,9! (2! NJLNJ!

5*/31,)5(50'&! /' ,)*$4! /3,*(! /-,40! 2.(3! +#$! -(*-/+$*/+,(*! (2! /''! MKa! (.+#('()5$07! =,+#! +#$!

0+&'(33/+(%#(./*! Cepaea nemoralis!50$4!/0!+#$!(5+).(5%!+(!.((+!+#$!+.$$0:!A4$*+,-/'!+(%('(),$0!=$.$!

(10$.6$4!=,+#!1(+#!PA!/*4!\;!D`,)5.$!a:NF:!A*!+#,0!%#&'()$*&7!Acroloxus!DI-.('(9,4 /$F!#/0!/!0,0+$.!

+/9(*!.$'/+,(*0#,%!+(!/!-'/4$!-(3%.,0,*)!Physa DX#&0,4/$F7!Lymnaea!D;&3*/$,4/$F!/*4!Biomphalaria!

DX'/*(.1,4/$F!=,+#!25''!05%%(.+!DMddj!\;!1((+0+./%0!/*4!XXlM:dd!PAF:!;,<$=,0$7!Physa DX#&0,4/$F!,0!

0+.(*)'&!05%%(.+$4!/0!+#$!0,0+$.!+/9(*!+(!/!-'/4$!-(3%.,0,*)! Lymnaea!D;&3*/$,4/$F!/*4!Biomphalaria!

DX'/*(.1,4/$F! DKJj! \;! 1((+0+./%0! /*4! XXlM:dd! PAF:! `,*/''&7!Lymnaea! D;&3*/$,4/$F! /*4!

Biomphalaria!DX'/*(.1,4/$F!/.$!25''&!05%%(.+$4!DMddj!\;!1((+0+./%0!/*4!XXlM:dd!PAF!/0!0,0+$.!+/9/:!

"

"/1'$! a:NB! "#.$$! /'+$./+,6$! +.$$! +(%('(),$0! 2(.! +#$! 2(5.! #&).(%#,'/*! +/9/7! 0#(=,*)! +#$! *531$.! (2!

(.+#('()5$0!05%%(.+,*)!$/-#!+.$$!=,+#!1((+0+./%!05%%(.+!•Zdj:!X#&'()$*$+,-!+.$$0!2(.!$/-#!(.+#('()5$!

=$.$!-(*0+.5-+$4!50,*)!3/9,353!',<$',#((4!/*4!1/0$4!(*!/3,*(!/-,4!0$Y5$*-$ 0:!

"

=($$4)

=($$)E) =($$)C) =($$)I )

" " "

A&2>$()"/)
"(0+"#"-"&4)

ca! JZ! ]K!

"

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Acroloxus Biomphalaria Biomphalaria 

Lymnaea Lymnaea Physa Physa 

Acroloxus Biomphalaria 

Lymnaea Physa 

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Biomphalaria 

Lymnaea Physa 

Tree 1 Tree 2 Tree 3 

96		 57		 48		

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Acroloxus Biomphalaria Biomphalaria 

Lymnaea Lymnaea Physa Physa 

Acroloxus Biomphalaria 

Lymnaea Physa 

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Biomphalaria 

Lymnaea Physa 

Tree 1 Tree 2 Tree 3 

96		 57		 48		

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Acroloxus Biomphalaria Biomphalaria 

Lymnaea Lymnaea Physa Physa 

Acroloxus Biomphalaria 

Lymnaea Physa 

Acroloxus 

Biomphalaria Physa 

Lymnaea Acroloxus Biomphalaria 

Lymnaea Physa 

Tree 1 Tree 2 Tree 3 

96!! 57!! 48!!
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O8-&($)L<C<)P/&$0,/*!DIF!/*4!3/9,353!',<$',#((4!DPF!%#&'()$*$+,-!+.$$0!(2!+#$!+./*0-.,%+(3$!4/+/0$+!

(2!2,6$!+/9/!D]!#&).(%#,'/!%'50!(5+).(5%F7!1/0$4!(*! /!05%$.3/+.,9! (2!NJLNJ!5*/31,)5(50'&! /',)*$4!

/3,*(!/-,40:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F!2(.!\;!/*4!%(0+$.,(.!

%.(1/1,',+,$0!2(.!PA!D1/0$4!(*!'/0+!ZJj!(2!+.$$0F!.$0%$-+,6$'&:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!

/*4!%(0+$.,(.!%.(1/1,',+,$0!'$00!+#/*!d:Z!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!

%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!

!

L<J!B84%&448".)

"#$!3(*(%#&'&!(2!+#$!>&).(%#,'/7!+#$,.!0,0+$.!).(5%!.$'/+,(*0#,%!=,+#!(+#$.!%/*%5'3(*/+$!).(5%0!/*4!

+#$),*+$..$'/+,(*0#,%0!/3(*)!+#$!#&).(%#,'/*!2/3,',$0!=$.$!$9/3,*$4!1/0$4!(*!JJ]Z!5*/31,)5(50'&!

/',)*$4!*5-'$(+,4$!0,+$0!(2!2(5.!-(*-/+$*/+$4!)$*$0:!"#$!,*+$..$'/+,(*0#,%0!(2!+#$!2(5.! '&3*/$(,4$/*!

2/3,',$0! DI-.('(9,4/$7! X#&0,4/$7! ;&3*/$,4/$! /*4! X'/*(.1,4/$F! =$.$! /'0(! $9/3,*$4! 1/0$4! (*! +=(!

05%$.3/+.,-$0!(2!ad]JK!/*4!NJLNJ!/3,*(!/-,40!(2!+./*0-.,%+(3$!0$Y5$*-$0:!!

A*!(5. ! %#&'()$*&! 1/0$4! (*! 2(5.! 0+/*4/.4! 3/.<$.07! +#$! 3(*(%#&'&! (2! +#$! >&).(%#,'/! ,0! .(150+'&!

-(*2,.3$47! -(*0,0+$*+! =,+#! %.$6,(50! 3(.%#('(),-/'! /*4! 3('$-5'/.! 0+54,$0! D>51$*4,-<7! McZKU!

H(.40,$-<7!MccNU!P/.<$.7!NddMU![/&./+!et al:7!NddMU!g'5003/**Cg('1! et al:7!NddKU![,*/%(',!et al:7!NdMdU!

_m.)$.!et al:7!NdMdU!b($11$'$.!i!g'5003/**Cg('17!NdMMU!g(-(+!et al:7!NdMLF:!I'+#(5)#!+#$!>&).(%#,'/!

/.$! 0#(=*! /0! +#$! 0,0+$.! ).(5%! (2! /! -'/4$! -(3%.,0,*)! +#$! X&./3,4$''(,4$/7! b'/-,4(.1(,4$/! /*4!

I3%#,1('(,4$/!,*!+#$!PA!/*/'&0,07!+#,0!.$'/+,(*0#,%!,0!*(+!0,)*,2,-/*+'&!05%%(.+$4!1&!+#$!\;!/*/'&0,0:!

"#,0!%'/-$3$*+!,0!-(*0,0+$*+!=,+#!+#$!2,*4,*)!(2![,*/%(',!et al:!!DNdMdF7!=#(!0#(=$4!/!0,3,'/.!%'/-$3$*+!
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2(.!+#$!>&).(%#,'/!=,+#!.(150+!05%%(.+!1/0$4!(*!P/&$0,/*!/*/'&0,0:!!A*!+#$!H_!+.$$7!+#$!>&).(%#,'/!/)/,*!

-'50+$.!=,+#!+#$!b'/-,4(.1(,4$/!/*4!I3%#,1('(,4$/!15+!+#$!X&./3,4$''(,4$/!2/''!$'0$=#$.$!,*!+#$!+.$$:!

S/.'&! 3(.%#('(),-/'! 0+54,$0! %.(6,4$4! 4,22$.$*+! %'/-$3$*+0! 2(.! +#$! >&).(%#,'/! D>51$*4,-<7! McZKU!

H(.40,$-<7!MccNU!P/.<$.7!NddMF:!;,<$=,0$7!+#$!%(0,+,(*!(2!+#$!>&).(%#,'/!=,+#,*!1.(/4$.!%/*%5'3(*/+$!

+.$$0!.$3/,*0! 5*-$.+/,*!1/0$4!(*!%.$6,(50!3('$-5'/.!0+54,$0!Dg'5003/**Cg('1! et al:7!NddKU![,*/%(',!i!

g'5003/** Cg('17!NdMdU!_m.)$.!et al:7!NdMdU!b($11$'$.!i!g'5003/**Cg('17!NdMMU!g(-(+!et al:7!NdMLU!

G(3$.(! et al:7!NdMaF:!!

h,+#,*!+#$!>&).(%#,'/7!+#$.$!,0!/!-'$/.!1/0/'!4,6,0,(*!1$+=$$*!+#$!O#,',*,(,4$/!(*!(*$!#/*4!/*4!/!-'/4$!

-(3%.,0,*)! /''! +#$! .$3/,*,*)! #&).(%#,'/*! +/9/! D;&3*/$(,4$/F! (*! +#$! (+#$.:! "#,0! 2,*4,*)! 05%%(.+0!
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%.(1/1'&!45$!+(!/!./%,4!$6('5+,(*/.&!4,6$.0,2,-/+,(*!=#,+#,!+#$!3/,*!(.+#5.$+#./*!).(5%"D0#/4$4!/.$/!
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(*!+.$$7!`,)5.$!]:MF:!"#$.$2(.$7!1/0$4!(*!+#$!.$05'+0!(2!(5.!0+54&!,+!,0!0+.(*)'&!05))$0+$4!+#/+!/44,*)!+/9/!

2.(3!+#$!In$-,4/$!/*4!".5*-/+$'',*,4/$!/0!=$''!/0!50,*)!3(.$!6/.,/1'$!3('$-5'/.!3/.<$.0!/.$!*$-$00/.&!

+(!1$++$.!5*4$.0+/*4!+#$!%#&'()$*$+,-!.$'/+,(*0#,%0!=,+#,*!+#$!@.+#5.$+#./:!

"#$!2/3,'& C).(5%!,*+$..$'/+,(*0#,%0!=,+#,*!+#$!>&).(%#,'/!#/6$!1$$*!,*6$0+,)/+$4!,*!%+'10$()K!50,*)!

/'3(0+!+#$!25''C'$*)+#!(2!+#$!;8E!.GHI!)$*$!D,*-(.%(./+,*)!%/.+!(2!+#$!J:K8F:!"#$!%.,*-,%'$!4,6,0,(*!,*!

+#$! >&).(%#,'/! ,0! 0#(=*! +(! 1$! 1$+=$$*! +#$! O#,',*(,4$/! /*4! /! -'/4$! -(3%.,0,*)! /''! +#$! .$3/,*,*)!

#&).(%#,'/*!+/9/!D;&3*/$(,4$/F:!"#,0!05%%(.+0!+#$!.$05'+0!(2!%.$6,(50!3('$-5'/.!0+54,$0!Dg'5003/**C

g('1! et al:7! NddKU! [,*/%(',!et al:7! NdMdU! _m.)$.!et al:7! NdMdU! bm$11$'$.! i! g'5003/**Cg('17! NdMMU!

[/6,0(*!$+!/':!NdMaF:!"#$!3(*(%#&'&!(2!+#$!I-.('(9,4/$7!X#&0,4/$!/*4!;&3*/$,4/$!/.$!25''&!05%%(.+$4!

,*!(5.!3('$-5'/.!+.$$0:!>(=$6$.7!+#$!X'/*(.1,4/$!/0!4$2,*$4!1&!P(5-#$+!et al:!DNdMZF!/.$!*(+!.$-(6$.$4!

/0!/!3(*(%#&'$+,-!5*,+!45$!+(!+#$!-'50+$.,*)!(2!+#$!P5',*,4/$!=,+#,*!+#$!X'/*(.1,4/$:!"#$!,*-'50,(*!(2!

+#$!P5',*,4/$!=,+#,*!+#$!X'/*(.1,4/$!#/0!1$$*!0#(=*!,*!%.$6,(50!3('$-5'/.!0+54,$0!D\(.)/*!et al:!NddNU!

_—.)$*0$*!et al:!Ndd]U!I'1.$-#+!et al:7!NddZF7!+#(5)#!+#$!%(0,+,(*!(2!+#$!P5',*,4/$!,*!.$'/+,(*!+(!(+#$.!

%'/*(.1,4!+/9/!#/6$!.$-$,6$4!'(=!05%%(.+!,*!+#$0$!0+54,$0:!"#$!I3%#,%$%'$,*/$!=,+#,*!+#$!;&3*/$,4/$!

/*4!1(+#!+#$!X'/*(.1,*/$!/*4!I*-&',*/$!=,+#,*!+#$!X'/*(.1,4/$!/.$!0+.(*)'&!05%%(.+$4!/0!3(*(%#&'$+,-!

0512/3,',$0:!>(=$6$.7!+#$!;&3*/$,*/$!=,+#,*!+#$!;&3*/$,4/$!/*4!1(+#!+#$!X#&0,*/$!/*4!I%'$9,*/$!

=,+#,*!+#$!X#&0,4/$!/.$!*(+!.$-(6$.$4!/0!3(*(%#&'$+,-!0512/3,',$0:!P/0$4!(*!+#$!.$05'+0!(2!(5.!0+54&7!

,+!,0!05))$0+$4!+#/+!/!+/9(*(3,-!.$6,0,(*!2(.!+#$!>&).(%#,'/!0#(5'4!1$!-(*0,4$.$4!1&!$,+#$.!.$+/,*,*)!+#$!

P5',*,4/$! /0! /! 2/3,'&!15+! .$-'/00,2&,*)!+#$! I*-&',*,! /0! /! 2/3,'&! (.! 1&! '(=$.,*)!+#$!P5',*,4/$!+(! /!

0512/3,'&!/'(*)0,4$!+#$!I*-&',*,!=,+#,*!+#$!2/3,'&!X'/*(.1,4/$:!!

"#$! ,*+$..$'/+,(*0#,%0! /3(*)! +#$! '&3*/$(,4$/*! 2/3,',$0! DI-.('(9,4/$7! X#&0,4/$7!;&3*/$,4/$7!

P5',*,4/$7!P5.*5%,,4/$!/*4!X'/*(.1,4/$F!#/6$!1$$*!.$/0(*/1'&!=$''!.$0('6$4!,*!%+'10$()K!50,*)!/!0,*)'$!

0+/*4/.4! 3/.<$.:! >(=$6$.7!+#$&! /.$! *(+!25''&!05%%(.+$4! /*4! ,*-(*0,0+$*+!=,+#!+#$! .$05'+0! (2! .$-$*+!

0+54,$0!1&![/6,0(*!et al:!DNdMaF!/*4!8('4/+$*<(! i!X$+.(6!DNdMcF:!"#$.$2(.$7!=$!#/6$!5*4$.+/<$*!/!

3(.$! 4$+/,'$4! %#&'()$*$+,-! /*/'&0$0! ,*!%+'10$() L! 50,*)! 2(5.! 0+/*4/.4! 3('$-5'/.! 3/.<$.0! D;8E!

D,*-(.%(./+,*)!J:K8F7!88E7!>L!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M)$*$F!2(.!.$%.$0$*+/+,6$!

+/9/!2.(3!+#$!3/,*!#&).(%#,'/*! ).(5%0!=,+#,*! /!2./3$=(.<! (2!+#$!X/*%5'3(*/+/ !-(31,*$4!=,+#! /!
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%#&'()$*(3,-! /*/'&0,0!1/0$4!(*!+./*0-.,%+(3$!0$Y5$*-$0!4/+/!2(.! /! .$%.$0$*+/+,6$!2.(3!$/-#!(2!+#$!

3/,*! '&3*/$(,4$/*! 2/3,',$0! DI-.('(9,4/$7! X#&0,4/$7! ;&3*/$,4/$! /*4! X'/*(.1,4/$F: ! "#$! (10$.6$4!

,*+$..$'/+,(*0#,%0!/3(*)! +#$! I-.('(9,4/$7! X#&0,4/$7! ;&3*/$,4/$7! P5',*,4/$7! P5.*5%,,4/$! /*4!

X'/*(.1,4/$ !1/0$4!(*!+#$!2(5.!0+/*4/.4!3/.<$.0!,*!+#$!PA!/*4!\;!/*/'&0$0!/.$!-(*0,0+$*+!=,+#!+#(0$!

(1+/,*$4!,*!%+'10$()K7!+#(5)#!+#$&!/.$!0#(=*!/0!5*.$0('6$4!%('&+(3&!,*!+#$!H_!/*/'&0,0:!85.%.,0,*)'&7!

05%%(.+! 2(.! +#$! 3/?(.! 4,6,0,(*! 4$-.$/0$0! ./,0,*)! 5*-$.+/,*+&! /1(5+! +#$! +(%('()&:! >(=$6$.7! ,*! (5.!

%#&'()$*(3,-!/*/'&0$0!(2!+#$!2(5.!'&3*/$(,4$/*!2/3,',$07!+#$!,*+$..$'/+,(*0#,%0!/.$!=$''!.$0('6$47!=,+#!

+#$!I-.('(9,4/$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!+(!/! -'/4$!-(3%.,0,*)!+#$!X#&0,4/$7!;&3*/$,4/$7!/*4!

X'/*(.1,4/$7!+#$!X#&0,4/$!.$-(6$.$4!/0!+#$!0,0+$.!).(5%!(2!/!-'50+$.!-(3%.,0,*)!+#$!;&3*/$,4/$!/*4!

X'/*(.1,4/$7!/*4!+#$!;&3*/$,4$/!/*4!X'/*(.1,4/$!.$-(6$.$4!/0!0,0+$.!+/9/:!

[5.,*)! +#$! -(5.0$! (2! +#,0! %.(?$-+7! P(5-#$+!et al:! DNdMZF! %.(45-$4! /! .$6,0$4! -'/00,2,-/+,(*! (2! +#$!

>&).(%#,'/:!"#,0!-(31,*$4!=,+#!(5.!2,*4,*)0!*$-$00,+/+$!).$/+$.!0/3%',*)!(2!+#$!2/3,',$0!P5',*,4/$!/*4!

P5.*5%,,4/$!/0!=$''!/0!+#$!0512/3,'&!I*-&',*/$:!`5+5.$!0+54,$0!*$$4!+(!2(-50!(*!+#$0$!).(5%0!,*!3(.$!

4$+/,'!=,+#!1$++$.!0/3%',*)!(2!.$%.$0$*+/+,6$0!2.(3!+#$0$!).(5%,*)0:!!

!

!

!

!

!

!

!

!
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R$/$($.%$4)

I'1.$-#+7! O:7! g5#*7! g:! /*4! 8+.$,+7! P:7! NddZ:!I! 3('$-5'/.! %#&'()$*&! (2! X'/*(.1(,4$/! Db/0+.(%(4/7!

X5'3(*/+/FB!,*0,)#+0!2.(3!$*#/*-$4!+/9(*!0/3%',*):!^((':!8-.:La7!NZCLc:!

P/.<$.7!b:\:7!NddM:!b/0+.(%(40!(*!'/*4B!%#&'()$*&7!4,6$.0,+&!/*4!/4/%+,6$!3(.%#('()&:!P,(':!"$..$0+:!

\(''50-0:!%%:!MCM]a:!

P(5-#$+7!X:7!G(-.(,7!_:CX:7!NddJ:!O'/00,2,-/+,(*!/*4!*(3$*-'/+(.!(2!+#$!)/0+.(%(4!2/3,',$0:!\/'/-('(),/ !

]Z7!MCLcZ:!!

P(5-#$+7!X:7!G(-.(,7!_:X:7!>/504(.27!P:7!g/,37!I:7!g/*(7!s:7!Ht+n$'7!I:7!X/.<#/$67!X:7!8-#.m4'7!\:!/*4!

8+.(*)7! S:S:7! NdMZ:! G$6,0$4! -'/00,2,-/+,(*7! *(3$*-'/+(.! /*4! +&%,2,-/+,(*! (2! )/0+.(%(4! /*4!

3(*(%'/-(%#(./*!2/3,',$0: !\/'/-('(),/ !aM7!MCJNa:!!

[/6,0(*7!I:7!\-[(=$''7!b:8:7!>('4$*7!_:\:7!_(#*0(*7!>:`:7!g(5+0(6(5'(07!b:[:7!;,57!\:\:7!>5'%,/57!

X:7!W/*!G(&7!`:7!h/4$7!O:\:7!P/*$.?$$7!G:!/*4!s/*)7!`:7!NdMa:!`(.3,*!,0!/00(-,/+$4!=,+#!'$2+C

.,)#+!/0&33$+.&!,*!+#$!%(*4!0*/,'!/*4!+#$!2.():!O5..:!P,(':!Na7!aJ] Caad:!

[,*/%(',7!I:7!^,*003$,0+$.7!O:!/*4!g'5003/**Cg('17!I:7!NdMd:!H$=!,*0,)#+0!,*+(!+#$!%#&'()$*&!(2!+#$!

X&./3,4$'',4/$!Db/0+.(%(4/F:!_:!\(''50:!8+54:!ZZ7!MCZ:!

b m11$'$.7! g:! /*4! g'5003/** Cg('17! I:7! NdMM:! \('$-5'/.! %#&'()$*&! (2! +#$! S5+#&*$5./! D\(''50-/7!

b/0+.(%(4/F! =,+#! 0%$-,/'! 2(-50! (*! @%,0+#(1./*-#,/! /0! /! 2./3$=(.<! 2(.! .$-(*0+.5-+,(*! (2!

$6('5+,(*!(2!4,$+:!"#/'/00/0!NZ7!MNMCMJ]:!

>/.'7! _:7! >/.,*)7! S:7! I0/3,7! ":7! 8,++$*+#/'$.7! \:7! 8/++3/**7! >:7! Xz''Cb$.)$'&7! P:7! NdMZ:! \('$-5'/.!

0&0+$3/+,-0!(2!+#$!'/*4!0*/,'!2/3,'&!@.-5',4/$!.$6$/'!%('&%#&'&!/*4!4$$%!0%',+0!=,+#,*!+#$!-'/4$!

@.+#5.$+#./!Db/0+.(%(4/B!X5'3(*/+/F:!^((':!_:!;,**:!8(-:!MKM7ZZKCZc]:!

_—.)$*0$*7!I:7!g.,0+$*0$*7!":g:!/*4!8+(+#/.47!_:G:7!Ndd]:!I*!,*6$0+,)/+,(*!(2!+#$!qI*-&'(%'/*(.1,4/$r!

Db/0+.(%(4/7!X5'3(*/+/7!>&).(%#,'/FB!%.$',3,*/.&!$6,4$*-$!2.(3![HI!0$Y5$*-$!4/+/:!\(':!

X#&'()$*$+:!S6(':!LN7!ZZKCZKZ:!

_m.)$.7!g:\:7!8+m)$.7!A:7!g/*(7!s:7!`5<54/7!>:7!g*$1$'01$.)$.7!":!/*4!8-#.m4'7!\:7!NdMd:!@*!+#$!(.,),*!

(2! I-(-#',4,/! /*4! (+#$.! $*,)3/+,-! $5+#&*$5./*! )/0+ .(%(407! =,+#! ,3%',-/+,(*0! 2(.! +#$!

0&0+$3/+,-0!(2!>$+$.(1./*-#,/:!P\O!S6(':!P,(':!Md7!LNL:!

g'5003/** Cg('17!I:7![,*/%(',7!I:7!g5#*7!g:7!8+.$,+7!P:!/*4!I'1.$-#+7!O:7!NddK:!`.(3!0$/!+(!'/*4!/*4!

1$&(*4w*$=! ,*0,)#+0! ,*+(!+#$!$6('5+,(*! (2!$5+#&*$5./*!b/0+.(%(4/!D\(''50-/F:!P\O!S6(':!

P,(':!K7!JZ:!

\/4$,./7!\:_:7!S'$?/'4$7!\:I:7!O#5$-/7!;:_:7!bu3$nC\(',*$.7!P:_:7!NdMd:!X#&'()$*$+,-!%(0,+,(*!(2!+#$!

)$*50! O.&%+/n$-/! /*4! +#$! 2/3,'&! In$-,4/$! =,+#,*! +#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./:!

\/'/-('(),/!JN7!MaL CMac:!

\ (.)/*7!_:I:":7! [$_(*)7!G:_:7!_5*)7!s:7!g#/''//&(5*$7!g:7!g(-<7!8:7! \<(?,7!b:\:! /*4! ;(<$.7!S:8:7!

NddN:! I!%#&'()$*&! (2!%'/*(.1,4!0*/,'07!=,+#! ,3%',-/+,(*0!2(.!+#$!$6('5+,(*! (2!8-#,0+(0(3/!

%/./0,+$0:!\(':!X#&'()$*$+:!S6(': !NJ7!]ZZC]KK:!
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H$<('/7! _:O:7! O('$07! P:`:7! NdMa:! 85%./0%$-,2,-! +/9(*(3&! ,*! +#$! W$.+,),*,4/$! Db/0+.(%(4/B!

8+&'(33/+(%#(./F:!_:!\(''50:!8+54:!KN7!NdKCNMN:!

H(.40,$-<7! >:7! McKa:! "#$! 0&0+$3! (2! +#$! 8+&'(33/+(%#(./! D)/0+.(%(4/F7! =,+#! 0%$-,/'! .$)/.4! +(! +#$!

0&0+$3/+,-!%(0,+,(*!(2!+#$!-'/50,',,4/$7!AA:!A3%(.+/*-$!(2!+#$!0#$''!/*4!4,0+.,15+,(*:!I.-#,6!2t .!

\(''50<$*<5*4$!MMZ7!cLCMMa:!

G/3p.$n7!G:7!P(.4/7!W:7!G(3$.(7!X:7!G/3,.$n7!_:7!O(*)./,*07!O:7!O#,.,*(07!_:7!G/3p.$n7!X:7!W$'z0Y5$n7!

;:S:! /*4! \$?p/7!g:7!NdMN:!P,(4,6$.0,+&! /*4!$*4$3,03! (2!+#$!=$0+$.*! I3/n(*,/! '/*4!0*/,'0!

Megalobulimus!/*4! Systrophia:!G$6:!X$.5:!P,(':!Mc7!dJcCdZ]:!!

8-#,'$&<(7! I:I:7! Nddd:! ".$/+,0$! (*! G$-$*+! "$..$0+.,/'! X5'3(*/+$! \(''50-0B! G#&+,4,4/$7!

O#'/3&4$%#(.,4/$7!8&0+.(%#,,4/$7!>/%'(+.$3/+,4/$7!8+.$%+/9,4/$7!8%,./9,4/$7!@'$/-,*(,4/$7!

"$0+/-$'',4/$:!G5+#$*,-/7!05%%:!N7!X/.+aB!ZLMCKKd:!

8('4/+$*<(7! S:W:7! X$+.(67! I:I:7! NdMc:! \50-5'/+5.$! (2! +#$! %$*,/'! -(3%'$9B! I! *$=! -.,+$.,(*! ,*!

5*./6$'',*)!+#$!%#&'()$*&!(2!>&).(%#,'/!Db/0+.(%(4/B!X5'3(*/+/F:!_:!\(.%#(':!NKd7!JdKCJNJ:!

"#,$'$7!_:7!McLM:!>/*415-#!4$.!8&0+$3/+,0-#$*!h$,-#+,$.<5*4$:!W(':!A:!I30+$.4/3B!I:!I0#$.!i!O(:!

ZZa!%%:!

",'',$.7!8:7!McKd:!b/0+$.(%(4$0!+$..$0+.$0!$+!2'56,/+,'$0!4$!b5&/*$!`./*-/,0$:!\$3:!\50:!H/+:!>,0+:!*/+7!

X/.,0:MMK7!MCMZJ:!

W/5)#+7!g:O:7!McKc:!I!O'/00,2,-/+,(*!(2!+#$!;,6,*)!\(''50-/:!I3$.,-/*!\/'/-('(),0+0: !

h/4$7! O:\:7! \(.4/*7! X:P:! /*4! O'/.<$7! P:7! NddM:! I! %#&'()$*&! (2! +#$! '/*4! 0*/,'0! Db/0+.(%(4/B!

X5'3(*/+/F:!X.(-:!G(&:!8(-:!;(*4:!P!P,(:!NaK7!]MLC]NN:!!

h/4$7!O:\:7!\(.4/*7!X:P:!/*4!H/))07!`:7!Ndda:!S6('5+,(*/.&!.$ '/+,(*0#,%0!/3(*)!+#$!%5'3(*/+$!'/*4!

0*/,'0!/*4!0'5)0!DX5'3(*/+/7!8+&'(33/+(%#(./F:!P,(':!_:!;,**$/*:!8(-:!KZ7!JcL waMd:!

^,'-#7!I:!McJcCMcad:!b/0+.(%(4/7!S5+#&*$5./:!A*B!h:!h$*n7!b/0+.(%(4/:!>/*415-#!4$.!X/' x(n(('(),$!

a:!P$.',*7!b$1.t 4$.!P(.*+./$)$.:!KL]!%%:!

!

)

)

)

)

!

!

!

!

!

!

!
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:11$.68%$4)

:11$.68T)I<E:!b$*1/*<!0$Y5$*-$!/--$00,(*0!(2!/''!0$Y5$*-$0!50$4!,*!-#/%+$.!L:!!

!

='T') ) M5?) (RA:) -$.$) V'#4")
8.%"(1"('08.-) 1'(08'#) K<X5)
'.6)%"21#$0$)Q=5YCW)
)

55?)(RA: ) 7I ) NZE)

Ferussacia folliculus! \`]]]KZM M! \HdNNaKc! !\`]MJLLK M! \`]MJL]K M!

Subulina striatella!! \`]]]KKK !M! \HdNNacd! \`]MJLLd A! !\`]MJLJK M!

Glessula ceylanica!! \`]]]KZN MC\`]]]KZL M! \HdNNacM! \`]MJLLZ M! \`]MJL]Z M!

Lissachatina fulica!!
Tl Achatina fulicaV!

\`]]]Ka] M! \HdNNacN! \`]MJLNd M! \`]MJL] M!

Coeliaxis blandii!! \`]]]KaZ MC!\`]]]KaK M! \HdNNacL! \`]MJLLJ! M! \`]MJL]J M!

Thyrophorella thomensis!! \`]]]KcM M! \HdNNac] ! \`]MJLLc M! \`]MJL]c M!

Gonaxis quadrilateralis!! \`]]]KcL M! \HdNNacZ! \HdNNZad! \HdNNZNc!

Cochlicopa lubrica!! gEL]MLML!N! \HdNNaKN! \HdNNZJM! \HdNNZNd!

Vallonia excentrica!! \HdNNaJa! \HdNNaKL! \HdNNZJN! \HdNNZNM!

Chondrina clienta!! \HdNNaJZ! \HdNNaK]! \HdNNZJL! \HdNNZNN!

Buliminus labrosus!! \HdNNaJK! \HdNNaKJ! \HdNNZJ] ! \HdNNZNL!

Albinaria xanthostoma!! \HdNNaJc! \HdNNaKa! \HdNNZJJ! \HdNNZN]!

Drymaeus discrepans!! \HdNNaad! \HdNNaKZ! \HdNNZJa! \HdNNZNJ!

Gaeotis nigrolineata!! \HdNNaaM! \HdNNaKK! \HdNNZJZ! \HdNNZNa!

Euglandina rosea!! \HdNNaaN! \HdNNacJ! \HdNNZJK! \HdNNZNZ!

Haplotrema vancouverense!! \HdNNaaK! \HdNNZdN! \HdNNZaJ! \HdNNZL] !

Rhytida stephenensis!! \HdNNaaZ! \HdNNZdM! \HdNNZa] ! \HdNNZLL!

Megalobulimus oblongus!! \HdNNaa] ! \HdNNacK! \HdNNZaM! \HdNNZLd!

Dorcasia alexandri!! \HdNNaaJ! \HdNNacc! \HdNNZaN! \HdNNZLM!

Caryodes dufresnii!! \HdNNaaa! \HdNNZdd! \HdNNZaL! \HdNNZLN!

Euconulus fulvus!! \HdNNaZd! \HdNNZd] ! \HdNNZaZ! \HdNNZLa!

Cryptozona bistrialis!! IsdM]MdaL!i!\HdNNaZM! \HdNNZdJ! \HdNNZaK! \HdNNZLZ!

Vitrina pellucida! \HdNNaZN! \HdNNZda! \HdNNZac! \HdNNZLK!

Oxychilus alliarius! \HdNNaZL! \HdNNZdZ! \HdNNZZd! \HdNNZLc!

Satsuma japonica  \HdNNaZ] ! \HdNNZdK! \HdNNZZM! \HdNNZ]d !

Trochulus striolatus \HdNNaZJ! \HdNNZdc! \HdNNZZN! \HdNNZ]M!

Bradybaena similaris! \HdNNaZa! \HdNNZMd! \HdNNZZL! \HdNNZ]N!

Monadenia fidelis! \HdNNaZZ! \HdNNZMM! \HdNNZZ]! \HdNNZ]L !

Arion hortensis! gEL]MLMJN! \HdNNZMN! \HdNNZZJ! \HdNNZ]] !

Meghimatium bilineatum! \HdNNaZK! \HdNNZML! \HdNNZZa! \HdNNZ]J !

Testacella scutulum! \HdNNaaL! \HdNNaca! \HdNNZJc! \HdNNZNK!

Corilla adamsi! IsdM]dcML!i !\HdNNaac! \HdNNZdL! \HdNNZaa! \HdNNZLJ!

Guestieria sp.  \HdNNaZc! \HdNNZM]! \HdNNZZZ! \HdNNZ]a !

Systrophia sp. \HdNNaKd!i!\HdNNaKM! \HdNNZMJ! \HdNNZZK! \HdNNZ]Z!

Laemodonta!sp: gEL]MLMaN! \HdNNZMa! \HdNNZZc! g\NKMMMN] !

Carychium tridentatum! gEL]MLMKN! \HdNNZMZ! \HdNNZKd! \HdNNZ]K!

Laevicaulis alte! gEL]MLMcN! \HdNNZMK! \HdNNZKM! \HdNNZ]c !

Siphonaria pectinata! IsdM]M]c L!i!gEL]MLNd N! \HdNNZMc! \HdNNZKN! \HdNNZJd!
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!77

89

!77

!77
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8<

8;

!77

Helicoidei!77

66

57

!77

!77:;

=9

89

89:5

:<

8;

8;

==

!77

Pupilloidei
[= Orthurethra]

Scolodontoidea

Streptaxoidea

Rhytidoidei

Testacelloidea

Clausilioidei

Oleacinoidea
Haplotrematoidea

Plectopyloidea

‘non-stylommatophoran
pulmonates’

Scolodontina

Helicina
[‘non-achatinoid clade’]

Achatinina
[‘achatinoid clade’] 

Achatinoidea



%(,"
"

+#$!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!/.$!*(+!

0#(=*: !"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!

!

!

:11$.68T) I<I<!H$,)#1(. C?(,*,*)! %#&'()$*$+,-! +.$$! (2! +#$! 8+&'(33/+(%#(./! 1/0$4! (*! -(*-/+$*/+$4!

0$Y5$*-$0!(2!JZKN!5*/31,)5(50'&!/',)*$4!*5-'$(+,4$0!2.(3!+#$!-(31,*$4!4/+/0$+!(2!+#$!;8E!D/*4!J:K8F!

)$*$7!+#$!88E!)$*$7!+#$!>L!)$*$!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:!"#$!%#&'()$*&!

,0! .((+$4! (*!+#$!0,%#(*/.,,4!Siphonaria pectinata:!!W/'5$0! (*!+#$!*(4$0! .$%.$0$*+!1((+0+./%!05%%(.+!

DMddd!.$%',-/+$0F:!P((+0+./%!05%%(.+!6/'5$0! '$00!+#/*!Jdj! /.$!*(+!0#(=*:!"#$!0-/'$!1/.! .$%.$0$*+0!M!

0510+,+5+,(*/'!-#/*)$!%$.!Mdd!*5-'$(+,4$!%(0,+,(*0:!

!

!

0.01
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A,14%3"[Rhytididae]  

6-/&")%" [Dorcasiidae]  
0"/1-3#) [Caryodidae]  
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1/0$4!(*!2(5.!+/9(*!+.$$0! ,*-(.%(./+,*)!Siphonaria pectinata7 Guestieria sp.7 Lissachatina fulica /*4  

Monadenia fidelis:!

!

! ! !

! =($$E) =($$)C) =($$)I )

\;!1((+0+./% ! L! cL! ] !

H_!1((+0+./%! NN! ZJ! L!

\S!1((+0+./%! K! KK! ] !

`\!1((+0+./% ! J! K]! MM!

X/.0,3(*&!

,*2(.3/+,6$!

0,+$0!

MM! NN! MM!

X/.0,3(*&!

+./*06$.0,(*f!

0,+$0!

d! Md! N!

!
!

!

[Non-achatinoid  
  clade] 

Scolodontina [Achatinoid clade] 
 

Out-gruop 
 

[Non-achatinoid  
  clade] 

Scolodontina [Achatinoid clade] 
 

Out-gruop 
 

[Non-achatinoid  
   clade] 

Scolodontina [Achatinoid clade] 
 

Out-gruop 
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(2!JZKN!5*/31,)5(50'&!/',)*$4!*5-'$(+,4$0!2.(3!+#$!-(31,*$4!4/+/0$+!(2!+#$!;8E!D/*4!J:K8F!)$*$7!+#$!

88E!)$*$7!+#$!>L!)$*$! /*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:! "#$!%#&'()$*&! /'0(!

,*-(.%(./+$0!/''!%51',0#$4!%/.+,/'!.GHI!0$Y5$*-$0!D]LM1%F!(2!+#$!8-('(4(*+,4/$!2.(3!G/3,.$n! et al:!

DNdMNF!0#(=*!/0!4(++$4!',*$0:!"#$!/--$00,(*!*531$.0!(2!+#$!%51',0#$4!+/9/!/.$!DSystrophia eatoni!l!

>\daZKNL:M7!Systrophia helicycloides! Ml! _Had]ZNL:M7!Systrophia helicycloides! Nl! _Had]ZN]:M7!

Entodina jekylli!l!>\daZKN]:M7!Scolodonta sp.!l!>\daZKNJ:M!/*4! Scolodonta sp.!N!l>\MMaNNZ:MF:!

"#$!(%+,3/'!3(4$'!b"G‹ ! !=/0!50$4:!"#$!%#&'()$*&!,0!.((+$4!(*!+#$!0,%#(*/.,,4!Siphonaria pectinata:!!
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*5-'$(+,4$!%(0,+,(*0:!!

92/96/1.00

‘non-stylommatophoran
pulmonates’

0.01
1%

Siphonaria

Carychium

Laemodonta

Systrophia

Guestieria

Scolodontina

Gaeotis

Drymaeus Orthalicoidei

Haplotrema

Gonaxis

Ferussacia

Subulina

Glessula

Thyrophorella

Achatina

Coeliaxis

Trochulus

Monadenia

Bradybaena

Satsuma

Corilla

Megalobulimus [Megalobulimidae]
Testacella

Albinaria

Rhytida [Rhytididae] 
Dorcasia [Dorcasiidae] 

Caryodes [Caryodidae]

Oxychilus

Meghimatium

Vitrina

Euconulus

Cryptozona

Arion

Cochlicopa

Vallonia

Buliminus

Chondrina

Limacoidei

Arionoidei

Pupilloidei
[= Orthurethra]

Helicina
[‘non-achatinoid clade’]

Achatinina
[‘achatinoid clade’] 

St
yl

om
m

at
op

ho
ra

100/99/1.00

93/62/1.00

100/92/1.00
70/60/1.00

50/-/1.00

100/93/1.00

92/97/1.00

100/100/1.00

Helicoidei

68//60/1.00

100/100/1.00

-/60/0.92

93/100/1.00

-/-/1.00

93/91/1.00

93/94/0.70

90/87/1.00

65/-/1.00

Euglandina

Scolodontoidea

Achatinoidea

Streptaxoidea

Rhytidoidei

Testacelloidea
Clausilioidei

Oleacinoidea
Haplotrematoidea

Plectopyloidea

93/75/1.00
81/99/1.00

84/93/1.00 87/93/0.99

94/93/1.00

80/100/1.00

Laevicaulis

Systrophia helicycloides 1
Systrophia helicycloides 2 

Entodina jekylli

Scolodonta sp.1
Scolodonta sp. 2 

Systrophia eatoni

100/92/0.70

100/92/0.81

100/97/1.00
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*5-'$(+,4$!0,+$0!(2!+#$!;8E!D/*4!J:K8F!)$*$:!"#$!(%+,3/'!3(4$'!b"G‹˜!=/0!50$4:!"#$!%#&'()$*&!,0!

.((+$4!(*!+/9/!(2!+#$!Q/-#/+,*(,4R!-'/4$B!Lissachatina fulica7!Ferussacia folliculus!/*4! Gonaxis 

quadrilateralis:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F:!P((+0+./%!05%%(.+!

6/'5$0!'$00!+#/*!Jdj!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!

*5-'$(+,4$!%(0,+,(*0:!

0.01

Lissachatina fulica [=Achatina fulica] [Achatinidae]

Solatopupa similis
Granaria frumentum

Chondrina clienta
Abida secale

Vallonia excentrica [Valloniidae]
Leptachatina lepida [Amastridae]

Cochlicopa lubricella [Cochlicopidae]
Buliminus labrosus [Enidae]

Eua zebrina
Partula tohiveana

Samoana conica

100

75

99

Mastus pupa
Chondrula albolimbata

89

Pupoides albilabris [Pupillidae]
Acanthinula aculeata [Valloniidae]

Pene sidonensis [Enidae]

Luchuena reticulata [Enidae]
Mirus stalix [Enidae]

Napaeus pruninus [Enidae]
Macaronapaeus vulgaris [Enidae]

Amimopina macleayi
Pachnodus silhouettanus

Cerastus schweinfurthi
96

76

Eostrobilops nipponica [Strobilopsidae]

Orcula austriaca [Orculidae]
Pyramidula rupestris [Pyramidulidae]

55

Partulina proxima
Elasmias luakahaense

100

Draparnaudia singularis [Draparnaudiidae]
Gastrocopta armifera [Gastrocoptidae]

Pronesopupa acanthinula
Vertigo antivertigo

94

Lauria cylindracea [Lauriidae]
Pupilla muscorum [Pupillidae]

100

100

100

Achatinellidae

Cerastidae

Partulidae

100
84

100

97

Enidae

Chondrinidae

Gonaxis quadrilateralis [Streptaxidae]

O
rt

hu
re

th
ra

Non orthurethran outgroup

0.010.01

Vertiginidae

Ferussacia folliculus [Ferussacidae]

Ena obscura [Enidae]
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/',)*$4! *5-'$(+,4$! 0,+$0! (2! +#$! ;8E! D/*4! J:K8F! )$*$:! "#$! (%+,3/'! 3(4$'! b"G‹˜! =/0! 50$4:! "#$!

%#&'()$*&!,0!.((+$4!(*!+/9/!(2!+#$!Q/-#/+,*(,4R!-'/4$B!Lissachatina fulica7!Ferussacia folliculus!/*4!

Gonaxis quadrilateralis:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F:!P((+0+./%!

05%%(.+!6/'5$0!'$00!+#/*!Jdj!/.$!*(+!0#(=*:!"#$!0-/'$!1/.!.$%.$0$*+0!M!0510+,+5+,(*/'!-#/*)$!%$.!Mdd!

*5-'$(+,4$!%(0,+,(*0:!

!

!

!

!

0.01

0.01

Gonaxis quadrilateralis [Streptaxidae]
Lissachatina fulica [=Achatina fulica] [Achatinidae]

Eua zebrina

Partula tohiveana
Samoana conica Partulidae

Partulina proxima
Elasmias luakahaense Achatinellidae

Solatopupa similis
Granaria frumentum
Chondrina clienta
Abida secale

Draparnaudia singularis [Draparnaudiidae]0
Gastrocopta armifera [Gastrocoptidae]

Orcula austriaca [Orculidae]
Pyramidula rupestris [Pyramidulidae]

Amimopina macleayi

Pachnodus silhouettanus
Cerastus schweinfurthi Cerastidae

Eostrobilops nipponica [Strobilopsidae]
Lauria cylindracea [Lauriidae]
Pupilla muscorum [Pupillidae]

Pene sidonensis [Enidae]

Luchuena reticulata [Enidae]

Mirus stalix [Enidae]
Napaeus pruninus [Enidae]

Macaronapaeus vulgaris [Enidae]

Mastus pupa
Chondrula albolimbata

Pupoides albilabris [Pupillidae]
Acanthinula aculeata [Valloniidae]

Leptachatina lepida [Amastridae]
Cochlicopa lubricella [Cochlicopidae]

Vallonia excentrica [Valloniidae]

Buliminus labrosus [Enidae]

100

100

100

100
95

97

98

100
68

100

85
95

100

99

67

99
Enidae

Chondrinidae

100

Pronesopupa acanthinula
Vertigo antivertigo

0.01

O
rt

hu
re

th
ra

Non orthurethran outgroup

Vertiginidae

Ferussacia folliculus [Ferussacidae]

Ena obscura [Enidae]
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Pseudancylastrum
Acroloxus lacustris

Tasmodorbis punctatus 
Glacidorbis hedleyi

Physa fontinalis
Haitia mexicana

Physella gyrina
Mayabina sp.

Stenophysa minor

Omphiscola glabra

Corvusiana sp.
Stagnicola sp. 

Pseudosuccinea columella

Radix sp. 
Myxas glutinosa

Polyrhytis apicina
Bakerilymnaea bulimoides

Lymnaea stagnalis

Peregriana sp. 

Ancylus fluviatilis
Ferrissia californica

Promenetus exacuous
Planorbula campestris

Menetus callioglyphus
Vorticifex effusus

Biomphalaria glabrata

Planorbarius corneus

Planorbella subcrenata

Gyraulus parvus

Anisus vortex 
Bathyomphalus contortus

Choanomphalus maacki
Planorbis planorbis

Ceratophallus sp.

Segmentina nitida
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100

100

100

100

100

99
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100

100

80
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86

66

91

100

69

61
59
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98

75

Chilina patagonica [Chilinidae]
Latia neritoides [Latiidae] 

Burnupia sp. [Burnupiidae]

Planorbinae

Ancylinae

Physinae

Aplexinae

Amphipepleinae

Lymnaeinae

Lymnaeinae

Lanx subrotundata [Lancinae]

Sibirenauta elongatus [Aplexinae]

Lymnaeidae

Physidae

Planorbidae

Glacidorbidae outgroup

Planorbidae

Lymnaeoidea

Chilinoidea

H
yg
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ph

ila

Acroloxidae

86

1%

Bulinus natalensis [Bulininae] [Bulinidae] 
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Burnupia sp. 123$-3&((/*. 4

Bulinus natalensis 123)(-(/*. 45
Planorbis planorbis

Ferrissia californica 16)*-%$7(/*. 45

Pseudancylastrum sp.

Stagnicola sp. 
Lanx subrotundata

Bakerilymnaea bulimoides

Sibirenauta elongatus
Physella gyrina

Pseudancylastrum sp.
Acroloxus lacustris

89$%)%:(/*.

0.96

6'";(/*.

Latia neritoides [+*<((/*. 45
Chilina patagonica [0'()(-(/*. 45

Boonea sp .
Turbonilla cummingi 6"$*,(/.))%(/.*

Salinator tecta
Phallomedusa sp.

Amphibola crenata

Glacidorbis hedleyi
Tasmodorbis punctatus

8,&'(7%)%(/.*

=)*9(/%$7%(/.*

Pontohedyle milatchevitchi
Hedylopsis spiculifera

Strubellia wawrai
89%9')(/(,%$&'*

Subulina striatella
Gonaxis quadrilateralis

Vallonia excentrica
Vitrina pellucida
Monadenia fidelis
Lissachatina fulica ><")%,,*<%&'%$*

Siphonaria zelandica
Siphonaria pectinata >(&'%-*$(,%$&'*

Ophicardelus sulcatus

Laemodonta sp.
Cassidula nucleus

Blauneria heteroclita
Leucophytia bidentata

Myosotella myosotis ?))%7((/*
Carychium tridentatum

Trimusculus sp.
Otina ovata

Semperula maculata
Laevicaulis alte

Onchidella celtica
>";<.))%,*<%&'%$*

Placida dendritica

Ercolania margaritae
Limapontia depressa

Volvatella sp. 

>*9%#)%;;*
Cylindrobulla beauii

Elysia viridis
Hermaea bifida

Pomacea sp. 
Hydatina sp. 189<.%-(,%$&'* 4

Cyclophorus herklotsi 0*.-%#*;<$%&%/*%3<#$%3&
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Lymnaeoidea

Chilinoidea

Burnupia sp. [Burnupiidae]

Bulinus natalensis [Bulinidae] 
Planorbis planorbis

Ferrissia californica [Planorbidae] 

Pseudancylastrum sp.

Stagnicola sp. 
Lanx subrotundata

Bakerilymnaea bulimoides
Lymnaeidae

Sibirenauta elongatus
Physella gyrina

Pseudancylastrum sp.
Acroloxus lacustris Acroloxidae

Physidae

Latia neritoides [Latiidae] 
Chilina patagonica [Chilinidae] 

Turbonilla cummingi Pyramidelloidea

Salinator tecta
Phallomedusa sp.

Amphibola crenata

Glacidorbis hedleyi
Tasmodorbis punctatus

Amphiboloidea

Glacidorboidea

Boonea sp .

Pontohedyle milatchevitchi
Hedylopsis spiculifera

Strubellia wawrai

Acochlidimorpha

Ophicardelus sulcatus

Laemodonta sp.
Cassidula nucleus

Blauneria heteroclita
Leucophytia bidentata

Myosotella myosotis
Carychium tridentatum

Trimusculus sp.
Otina ovata

Ellobiida

Semperula maculata
Laevicaulis alte

Onchidella celtica

Systellomatophora

Gonaxis quadrilateralis

Vallonia excentrica
Vitrina pellucida
Monadenia fidelis
Lissachatina fulica Stylommatophora
Subulina striatella

Siphonaria zelandica
Siphonaria pectinata Siphonarimorpha

Placida dendritica

Ercolania margaritae
Limapontia depressa

Volvatella sp. 

Sacoglossa
Cylindrobulla beauii

Elysia viridis
Hermaea bifida

Pomacea sp. 
Hydatina sp. [Acteonimorpha]
Cyclophorus herklotsi Caenogastropoda outgroup
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87
85

100
100
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88

100

100

100

100
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69

97
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N_ac17.ci
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N_herb.c

O_goaq_c

N_a45.c

O_cart_c.O

N_a43.c

1%



%)+"
"

!

:11$.68T)L<I<!H$,)#1(. C?(,*,*)!+.$$!(2!+#$!X/*%5'3(*/+/!1/0$4!(*!-(*-/+$*/+$4!0$Y5$*-$0!(2!JJdN!

5*/31,)5(50'&!/',)*$4!*5-'$(+,4$0!2.(3!+#$!-(31,*$4!4/+/0$+!(2!+#$!;8E!D/*4!J:K8F!)$*$7!+#$!88E!

)$*$7!+#$!>L!)$*$!/*4!+#$!M0+!/*4!N*4!-(4(*!%(0,+,(*0!(2!+#$!O@M!)$*$:!W/'5$0!(*!+#$!*(4$0!.$%.$0$*+!

1((+0+./%!05%%(.+!DMddd!.$%',-/+$0F:!P((+0+./%!05%%(.+!6/'5$0!'$00!+#/*!Jdj!/.$!*(+!0#(=*:!"#$!0-/'$!

1/.! .$%.$0$*+0! M! 0510+,+5+,(*/'! -#/*)$! %$.! Mdd! *5-'$(+,4$! %(0,+,(*0:! "#$! 1./*-#! '$/4,*)! +(! +#$!

O/$*()/0+.(%(4/!D(5+).(5%F!=/0!0#(.+$*$4!1&!/1(5+!Jdj!+(!/''(=!1$++$.!6,0,1,',+&:"

!

!

!

!

H
yg

ro
ph

ila

Lymnaeoidea

Chilinoidea

!"#$"%&' (%)*[Burnupiidae]

Bulinus natalensis [Bulinidae] 
Planorbis planorbis

Ferrissia californica [Planorbidae] 

Planorbella subcrenata
Planorbidae

Stagnicola sp. 
+'$, ("-#./"$0'/'

Bakerilymnaea bulimoides
Lymnaeidae

Latia neritoides [Latiidae] 
Chilina patagonica [Chilinidae] 

Sibirenauta elongatus
Physella gyrina

Pseudancylastrum sp.
Acroloxus lacustris

Acroloxidae

Physidae

Siphonaria zelandica
Siphonaria pectinata

Salinator tecta
Phallomedusa sp.

Amphibola crenata
Glacidorbis hedleyi

Tasmodorbis punctatus

Amphiboloidea

Glacidorboidea
Siphonarimorpha

Volvatella sp. 

Sacoglossa
Cylindrobulla beauii

Elysia viridis
Hermaea bifida

Placida dendritica

Ercolania margaritae
Limapontia depressa

Pomacea sp. 
Hydatina sp. [Acteonimorpha]

Cyclophorus herklotsi

Boonea sp .
Turbonilla cummingi Pyramidelloidea

Caenogastropoda outgroup

Pontohedyle milatchevitchi
Hedylopsis spiculifera

Strubellia wawrai
Acochlidimorpha

Subulina striatella
Gonaxis quadrilateralis

Vallonia excentrica
Vitrina pellucida

Lissachatina fulica
Monadenia fidelis

Stylommatophora

Semperula maculata
Laevicaulis alte

Onchidella celtica
Trimusculus sp.

Otina ovata

Blauneria heteroclita
Leucophytia bidentata

Ophicardelus sulcatus

Carychium tridentatum

Laemodonta sp.

Myosotella myosotis Ellobiida

Systellomatophora

Cassidula nucleus
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