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5%#*&-'C#<#!C%*21-*C!(%9C-91-*'<!*<C,#1&#+!,1-#&!'(!&8#C*#&!+*$#,&*(*C1-*'<T!]$#,1%%M!-6*&!
&-9+.!+#-#C-#+!6*76!%#$#%!'(!C,.8-*C!+*$#,&*-.T!@<C#&-,1%!1,#1!,#C'<&-,9C-*'<&!,#$#1%#+!
-61-!?9<+1%1<+! (,#&631-#,! (*&6! %*<#17#&!',*7*<1-#+! (,'2!>1*<%1<+!@&*1M! 1<+! (9,-6#,!
C'%'<*&#+! -6#! ,#7*'<! &*<C#! ]%*7'C#<#T! Y6*&! ,#&9%-! $1%*+1-#+! -6#! 8,#Q5%#*&-'C#<#!
&#--%#2#<-! 6.8'-6#&*&T! Y6#&#! %*<#17#&! #<-#,#+! ?9<+1%1<+! 21*<%.! -6,'976! W',-6!
?9<+1!81%1#',*$#,!*<!C'<-#28',1,.!N',<#'!1<+!+*&8#,&#+!-'!'-6#,!81,-&!'(!?9<+1%1<+!
$*1! %'<7! +*&-1<C#! +*&8#,&1%M! '(-#<! ('%%'3#+! ).! &/! '&+3! +*$#,&*(*C1-*'<T! Y6#&#! ,#&9%-&!
&977#&-!N',<#1<!81,-!'(!W',-6!?9<+1!81%1#',*$#,!*&!-6#!2'&-!%*4#%.!C#<-,#!'(!',*7*<!(',!
?9<+1%1<+!(,#&631-#,!(*&6#&T!;'<-,1,.!-'!-6#!*<*-*1%!6.8'-6#&*&M!3#!('9<+!-61-!1%-6'976!
%'3#,#+!&#1!%#$#%!+9,*<7!7%1C*1%!8#,*'+&!,#C'<<#C-#+!31-#,&6#+&!3*-6*<!81%1#',*$#,&M!
*-! +*+! <'-! <#C#&&1,*%.! '8#<!98! *<-#,Q*&%1<+!+*&8#,&1%! C61<<#%&! (',! (,#&631-#,! (*&6#&T!
;',,*+',&! '(! &1$1<<1! 1<+! &#1&'<1%! (',#&-! #C'&.&-#2&! *<! -6#! *<-#,*',! '(! ?9<+1%1<+!
&#,$#+! 1&! )1,,*#,! -'! +*&8#,&1%T! ! @%&'M! 8#,2#1)*%*-.! '(! -6#! 86.&*C1%! )'9<+1,*#&! '(!
81%1#',*$#,a&!31-#,&6#+&!1&!3#%%!1&!7#'2',86'%'7*C1%!1<+!61)*-1-!$1,*1)*%*-*#&!3*-6*<!
81%1#',*$#,! C,#1-#+! ,#&8#C-*$#%.! 7#<#! (%'3! )#-3##<! 81%1#',*$#,&! 1<+! 1%%'81-,*C!
&8#C*1-*'<!3*-6*<!81%1#',*$#,T!>',#'$#,M!1%-6'976!&*7<*(*C1<-!8,'8',-*'<!'(!?9<+1%1<+!
(,#&631-#,! (*&6! %*<#17#&! ',*7*<1-#+! +9,*<7! 5%#*&-'C#<#M! 3#! ('9<+! -61-! 5%#*&-'C#<#!
+.<12*C&! +*+! <'-! 1((#C-! +*$#,&*(*C1-*'<! ,1-#! 1&! &#1! %#$#%Q+#8#<+#<-! +*$#,&*(*C1-*'<!
2'+#%&! 8'',%.! 1CC'9<-! (',! &8#C*#&! 8,'%*(#,1-*'<! 81--#,<&! (',! 1%%! C%1+#&! #JC#8-*<7!
"-$//$T!N#&*+#&M! <'<#!'(! -6#! -1J1!#J12*<#+!61&!+#C%*<*<7!+*$#,&*(*C1-*'<! ,1-#&!1&!
&977#&-#+!).!+*$#,&*-.Q+#8#<+#<-!+*$#,&*(*C1-*'<! KPPPL!2'+#%T! Z-! *&! &977#&-#+! -6#<!
-61-!7%')1%!5%#*&-'C#<#!#9&-1-*C!(%9C-91-*'<!1<+!,#7*'<1%!81%#',*$#,!+.<12*C&!1,#!<'-!
&'%#! +,*$#,&! (',! ?9<+1%1<+! (,#&631-#,! (*&6! +*$#,&*(*C1-*'<M! )9-! '<%.! 1! 81,-! '(! 1)*'-*C!
1&8#C-&! 1((#C-*<7! *-T! 5%#*&-'C#<#! ;%*21-*C! 0%9C-91-*'<&! %*4#%.! *<-#,1C-#+! 3*-6! '-6#,!
(1C-',&!&9C6!1&c!%1<+&C18#!7#'2',86'%'7.M!%'C1%!#C'&.&-#2e61)*-1-!$1,*1)*%*-.!1<+!%*(#!
6*&-',.!-,1*-&!'(!',71<*&2&T!f7%8949#:!;6%:9%49#<=8d!#=8%64&!8>89'?8d!@#A'&8#;#:49#<=d!
A#:4&#4=:'d! @#8B'&846d! B464'<'=A#&<=?'=98d! ;&'8CD49'&! ;#8C'8E! ?#9<$'=<?'8E!
FGHI548'@!8B':#'8!@'6#?#949#<=g!



! #"""!

56,176&

!

R<!,1*&'<!+#! %h6*&-'*,#!7i'%'7*b9#!#-!+#&!+.<12*b9#&!iC'%'7*b9#&! %'C1%#&M! %1!

)*'+*$#,&*-i!<h#&-!81&!9<*(',2i2#<-!,i81,-*#!&9,!Y#,,#M!j!%1!('*&!+1<&!%#!-#28&!#-!+1<&!

%h#&81C#T!?9,! %#! 8%1<! C6,'<'%'7*b9#M! C#,-1*<&! 7,'98#&!8#9$#<-! k-,#!21l',*-1*,#2#<-!

1)'<+1<-&!8#<+1<-!9<#!C#,-1*<#!8i,*'+#!#-!-,m&!,1,#&!'9!2k2#!+*&81,9&!j!+h19-,#&!

8i,*'+#&T!5#<+1<-!C#!-#28&M!%1!C1,-'7,186*#!&81-*1%#!+#!%1!)*'+*$#,&*-i!19!C'9,&!+h9<#!

2k2#!8i,*'+#!+#!-#28&!2'<-,#!i71%#2#<-!9<!2'+m%#!+#!+*&-,*)9-*'<!-,m&!6i-i,'7m<#T!

P1<&! C#! C'<-#J-#M! %1! )*'7i'7,186*#M! #<! 81,-*C9%*#,! %1! 86.%'7i'7,186*#M! i-9+*#! %#&!

8,*<C*8#&! #-! %#&! 8,'C#&&9&! ,i7*&&1<-! %#! 2'+m%#! +#! +*&-,*)9-*'<! 7i'7,186*b9#! +#&!

%*7<i#&!j!-,1$#,&!%#!-#28&M!C'22#!%#!2'<-,#!%#&!*<(i,#<C#&!6*&-',*b9#&!)1&i#&!&9,!%#&!

86.%'7i<*#&!2'%iC9%1*,#&T!

R<! 8%9&! +#! C#&! (1C-#9,&M! %#&! 8,#&&*'<&! 6921*<#&! &9,! %a#<$*,'<<#2#<-! '<-!

i71%#2#<-!C,ii!+#&!C61<7#2#<-&! *28',-1<-&!+#! %1!)*'+*$#,&*-iT!R%%#!1!1C-9#%%#2#<-!

-#<+1<C#! j! &h1CC929%#,! +1<&! %#&! n8'*<-&! C619+&! +#! %1! )*'+*$#,&*-ioM! +#&! D'<#&!

+h#<+i2*&2#!#JC#8-*'<<#%!C'<(,'<-i#&!j!+#&!8,#&&*'<&!1<-6,'8*b9#&!21&&*$#&T!51,2*!

%#&!=E!8'*<-&!C619+&!+#!)*'+*$#,&*-i!,#C#<&i&!+1<&!%#!2'<+#M!b91-,#!&#!-,'9$#<-!#<!

@&*#!+9!?9+QR&-!K?R@LM!j!&1$'*,c!Z<+'QN*,21<*#M!56*%*88*<#&M!?9<+1%1<+!#-!p1%%1C#1T!

51,2*!#9JM!%#!?9<+1%1<+!#&-!1C-9#%%#2#<-!%h9<!+#&!8%9&!2#<1Ci&!19!2'<+#!#-!C#%9*!

b9*! 1! C'<<9! %h1972#<-1-*'<! %1! 8%9&! ,18*+#! +#&! <*$#19J! +#! 2#<1C#! 19! C'9,&! +#&!

+#,<*m,#&!+iC#<<*#&T!;'9$,1<-!%1!8i<*<&9%#!21%1*&#M!?921-,1M!`1$1!#-!N',<i'M!C#--#!

,i7*'<! &#! &*-9#!7i'%'7*b9#2#<-! &9,! %#! 8%1-#19!+#! %1!?'<+#T!?9<+1%1<+! C'<<1q-! 9<!

C%*21-!-,'8*C1%!C619+!1$#C!9<#!C#,-1*<#!6i-i,'7i<i*-i!&81-*1%#!b9*!8#9-!k-,#!1--,*)9i#!

jc!+*((i,#<-&!&9)&-,1-!7i'%'7*b9#&d!+,1*<17#!+#!%h#19d!#-!%1!-'8'7,186*#!b9*!C'28,#<+!

9<! %1,7#!i$#<-1*%! +#!81.&17#&!1%%1<-! +#&!8%1*<#&!+a*<'<+1-*'<!19!<*$#19!+#! %1!2#,!

l9&b9a19J!C61q<#&!+#!2'<-17<#&T!W1-9,#%%#2#<-M!%#&!61)*-1-&!+9!?9<+1%1<+!C'9$,#<-!

+#!<'2),#9J!-.8#&!+hiC'&.&-m2#&M!-#%&!b9#c!(',k-!-,'8*C1%#!K+#!2'<-17<#M!+#!8%1*<#Ld!

(',k-! 21,iC17#9&#! +#! -'9,)#d! +*$#,&! 61)*-1-&! +h#19! +'9C#! C'22#! %#&! -',,#<-&! +#!

2'<-17<#M!%#&!,9*&&#19JM!%#&!,*$*m,#&!j!(1*)%#!+i)*-M!%#&!%1C&M!%#&!21,iC17#&M!%#&!8%1*<#&!

*<'<+1)%#&!+#&!)1&&#&! -#,,#&d! %#&!61)*-1-J!+h#19!&192r-,#! K81,!#J#28%#M! (',k-&!+#!

21<7,'$#&Ld!#-!+#&!2#,&!8#9!8,'('<+#&!,*C6#&!#<!)*'+*$#,&*-i!21,*<#T!

Ph9<!8'*<-!+#!$9#!)*'7i'7,186*b9#M! %#! &C6i21!7i<i,1%!+#! %1!)*'+*$#,&*-i!+9!

?9<+1%1<+!,#&&#2)%#!+1$1<-17#!j!%h@&*#!+9!?9+QR&-!C'<-*<#<-1%#!81,!,188',-!j!&#&!



! "$!

$'*&*<&!p1%%1C#1!#-!51891!K8%1-#19!+9!?169%LT!;#--#!,i7*'<!1!9<#!7,1<+#!,*C6#&&#!#<!

#&8mC#&! #-! 9<#! (',-#! #<+i2*C*-i! +#&! 8%1<-#&! &98i,*#9,#&! #-! +#&! $#,-i),i&T! 51,!

#J#28%#M!8,m&!+#!HII!+#&!/:II!#&8mC#&!+#!8'*&&'<&!+h#19!+'9C#!+aZ<+'<i&*#!&'<-!

8,i&#<-#!+1<&! %#!?9<+1%1<+M!#-!#<$*,'<!AII!+h#<-,#!#%%#&!&'<-!#<+i2*b9#&T!;'98%i!

19J!(',-#&!8,#&&*'<&!1<-6,'8*b9#&!%*i&!19!+i$#%'88#2#<-!&'C*'QiC'<'2*b9#!%'C1%!#-!

,i7*'<1%M!C#--#!&*-91-*'<!)*'%'7*b9#!8%1C#!%#!?9<+1%1<+!C'22#!%h9<!+#&!8'*<-&!C619+&!

+#!)*'+*$#,&*-i!%#&!8%9&!2#<1Ci&!19!2'<+#T!R<!'9-,#M!%#&!#((',-&!+#!C'<&#,$1-*'<!+1<&!

%1!D'<#!&'<-!i71%#2#<-!%*2*-i&!81,!%1!8,i&#<C#!+a9<#!*28',-1<-#!+*$#,&*-i!C,.8-*b9#M!.!

C'28,*&!C6#D!%#&!)*'-1&!+h#19!+'9C#T!

;#! <*$#19! +#! )*'+*$#,&*-i! ,i7*'<1%#! 1! %'<7-#28&! 9<! C#<-,#! +a1--#<-*'<! +#! %1!

)*'%'7*#! i$'%9-*$#M! <'-122#<-! #<! C'<&*+i,1<-! %#&! #((#-&! +#! %h6*&-'*,#! 7i'%'7*b9#M!

+.<12*b9#!#-!C'28%#J#M!+9!?9<+1%1<+T!R<!(',21-*'<!+#89*&! %#!;i<'D'sb9#!#<!-1<-!

b9#!8'*<-#!19!&9+!+#!%hR9,1&*#M!%#!?9<+1%1<+!1!&9)*!+#&!C61<7#2#<-&!7,1+9#%&!j!%1!

&9*-#!+#!2'9$#2#<-&! -#C-'<*b9#&M!C'2)*<i&!#<!C'9,&!+#!,'9-#!81,! %hi2#,7#<C#!+#!

<'9$#%%#&!q%#&!+1<&!%1!,i7*'<T!"#&!2#,&!,i7*'<1%#&!8#9!8,'('<+#&!19-'9,!+9!?9<+1%1<+!

'<-!C'22#<Ci!j!&h'9$,*,!j!%1!(*<!+9!>*'Cm<#!K/I!>1L!#-!%1!C'<(*79,1-*'<!C'<-#28',1*<#!

+#&! 21&&#&! -#,,#&-,#&! +9! ?9<+1%1<+! #&-! 7i<i,1%#2#<-! &-1)%#! +#89*&! %#! +i)9-! +9!

5%*'Cm<#!KS!>1LT!;'28-#!-#<9!+#!C#--#!+.<12*b9#M!*%!1!i-i!&977i,i!b9#!%#!81%i'C%*21-!

+9!?9<+1%1<+!1$1*-!i71%#2#<-!C61<7i!1$#C!%#!-#28&M!*281C-1<-!%hi-#<+9#!+#&!21&&#&!

-#,,#&-,#&!#-!+#&!2#,&!8#9!8,'('<+#&T!"#!81%i'C%*21-!+9!?9<+1%1<+!19!C'9,&!+9!>*'Q

5%*'Cm<#! K:IQS!>1L! 1! i-i! #&-*2i! C'22#! 8%9&! C619+! #-! 8%9&! 692*+#M! -1<+*&! b9h19!

5%i*&-'Cm<#M!%#!81%i'C%*21-!8'9$1*-!+*((i,#,!#<!('<C-*'<!+#!C.C%#&!7%1C*1*,#&T!

"#!?9<+1%1<+!i-1<-!#<-'9,i!+#!2#,&!8#9!8,'('<+#&M!+i81&&1<-!,1,#2#<-!/II2!

+#!8,'('<+#9,M!%hi-#<+9#!+#!&#&!21&&#&!C'<-*<#<-1%#&!1!89-!%1,7#2#<-!(%9C-9#,!#<-,#!

%#&!8i,*'+#&!7%1C*1*,#&!#-! *<-#,7%1C*1*,#&!+9!5%i*&-'Cm<#T!5#<+1<-!8,m&!+#!:!2*%%*'<&!

+h1<<i#&! +#89*&! %#! +i)9-! +9! 5%i*&-'Cm<#M! %#! <*$#19! +#&! 2#,&! 1! (%9C-9i! +1<&! 9<#!

128%*-9+#!+#!AI!j!EI!2!&'9&! %#&!<*$#19J!1C-9#%&!&9,!+#&!8i,*'+#&!+#!A/III!1<&M!

+'<<1<-!+#&!21&&#&!C'<-*<#<-1%#&!)#19C'98!8%9&!7,1<+#&!#-!9<#!2'*<+,#!8,'8',-*'<!

+#!2#,&!8#9!8,'('<+#&!8#<+1<-! %#&!8i,*'+#&!7%1C*1*,#T!@*<&*M!9<!C%*21-!8%9&!(,1*&!#-!

8%9&!&#C!1!8#,&*&-i!+1<&!%#!?9<+1%1<+!1$#C!+#!$1&-#&!)1&&#&!-#,,#&!j!%h*<-i,*#9,M!&1<&!

+'9-#!&'9&!%1!(',2#!+#!C'9%'*,&!+#!&1$1<#!!'9!+h19-,#&!-.8#&!+hiC'&.&-m2#&!+#!8%1*<#!!

#-! +#&! 8'C6#&! +#! (',k-&! -,'8*C1%#&! j! (#9*%%#&! 8#,&*&-1<-#&! +1<&! &#&! 619-#&! -#,,#&!

#J-i,*#9,#&T! 5'9,! %#&! +#,<*#,&! t! VIIIII! 1<&M! %#! ?9<+1%1<+! 1! i-i! C'<(,'<-i! j! 9<#!

8i,*'+*C*-i!8%9&!%'<79#!+#&!C.C%#&!7%')19J!7%1C*1*,#&Q*<-#,7%1C*1*,#&!+#!/IIIII!1<&!!#-!



! $!

j!+#&!128%*-9+#&!8%9&!%1,7#&!+#&!$1,*1-*'<&!+9!<*$#19!+#!%1!2#,M!b9*!'<-!1--#*<-!/:I!2!

&'9&!%#!<*$#19!1C-9#%T!5'9,-1<-M!%#!<*$#19!+#!%1!2#,!8#9-!i71%#2#<-!1972#<-#,!C'22#!

j!&'<!<*$#19!C'<-#28',1*<!8#<+1<-!%1!8i,*'+#!*<-#,7%1C*1*,#M!+'<<1<-!9<!C%*21-!8%9&!

692*+#! 21*&! +#&! 21&&#&! -#,,#&-,#&! )#19C'98! 8%9&! 8#-*-#&! #-! (,172#<-i#&M!

C',,#&8'<+1<-!j!8#9!8,m&!j!%1!2'*-*i!+#!&'<!#J-#<&*'<!21J*21%#T!

P#&!i-9+#&!,iC#<-#&!&977m,#<-!b9#!%#&!C.C%#&!+#!(%9C-91-*'<&!+9!<*$#19!+#!%1!

2#,!1*<&*!b9#!%#&!C61<7#2#<-&!C%*21-*b9#&!#-!+#!C'<<#C-*$*-i!-#,,#&-,#!'<-!*<(%9#<Ci!

%1!+*$#,&*(*C1-*'<!+#! %1!)*'+*$#,&*-i!+9!?9<+1%1<+T!R<!2'+*(*1<-! %#&!)1,,*m,#&!19! (%9J!

7i<i-*b9#M! C#&! $1,*1-*'<&! &#,1*#<-! j! %a',*7*<#! +ai$i<#2#<-&! +#! $*C1,*1<C#! #-! +#!

+*&8#,&*'<! -'9-! 19! %'<7! +9! 5%i*&-'Cm<#! ,#7*'<T! ;'<(*<i#! +1<&! %#&! 21&&#&!

C'<-*<#<-1%#&M!%hi$'%9-*'<!+#&!',71<*&2#&!+h#19!+'9C#!8#9-!k-,#!1((#C-i#!81,!9<!<*$#19!

+#!%1!2#,!8%9&!)1&!8#<+1<-!%1!8i,*'+#!7%1C*1*,#M!C,i1<-!+1$1<-17#!+#!C'<<#J*'<!+#&!

)1&&*<&!$#,&1<-&!+h#19!+'9C#!+9!?9<+1%1<+!K&.&-m2#&!+#&!81%i',*$*m,#&LM! (1C*%*-1<-!

1*<&*! %1! +*&8#,&*'<! 81,! ,188',-! 19J! )1&&*<&! $#,&1<-&! (,172#<-i&! +#&! 8i,*'+#&!

*<-#,7%1C*1*,#&T! u91-,#! +#! C#&! &.&-m2#&! +#! 81%i',*$*m,#! '<-! i-i! *+#<-*(*i! +1<&! %#!

?9<+1%1<+M!j!&1$'*,!%#&!81%i',*$*m,#&!+#!%1!?'<+#!R&-M!+#!%1!?'<+#!W',+M!+9!+i-,'*-!+#!

>1%1CC1!#-!%1!81%i',*$*m,#!+9!?*12T!;#&!81%i',*$*m,#&!-,'9$1*#<-!%#9,&!&'9,C#&!+1<&!

%#&!21&&#&!C'<-*<#<-1%#&!i2#,7#<-#&!#-!&aiC'9%1*#<-!8,*<C*81%#2#<-!+1<&!%#&!D'<#&!

+#!8%1*<#&!+#!%h*<-i,*#9,!+9!?9<+1%1<+!1$1<-!+h1--#*<+,#!%1!2#,T!

;#! -,1$1*%! +#! -6m&#! 1! 1)',+i! C#--#! b9#&-*'<! #<! 9-*%*&1<-! +#&! 188,'C6#&!

2'%iC9%1*,#&! )1&i#&! &9,! %1! C'1%#&C#<C#! 8'9,! #J8%',#,! %#&! 81-,'<&! &81-*19J! #-!

-#28',#%&! 19! C'9,&! +#! %1! +*$#,&*(*C1-*'<! +#&! #&8mC#&! +#! 8'*&&'<&! +h#19! +'9C#! +#!

?9<+1%1<+T! _<#! 1--#<-*'<! 81,-*C9%*m,#! 1! i-i! +'<<i#! 19J! 6.8'-6m&#&! +#! 8'28#! j!

#&8mC#&!+9!5%i*&-'Cm<#!#-!+#&!51%i',*$*m,#&T!?#%'<!%1!8,#2*m,#!6.8'-6m&#M!%#&!C.C%#&!

+#!C'<<#J*'<!#-!+#!+iC'<<#J*'<!+#&!21&&#&!-#,,#&-,#&!+9!?9<+1%1<+!C,ii&!81,!%#&!

(%9C-91-*'<&!+9!<*$#19!+#! %1!2#,!19!5%i*&-'Cm<#!19,1*#<-!1972#<-i! %#&!C61<C#&!+#!

C'%'<*&1-*'<! #-! 1972#<-i! %#&! -19J! +#! &8iC*1-*'<M! 7i<i,1<-! 1*<&*! 9<#! b91<-*-i!

#J-,1',+*<1*,#!+#!)*'+*$#,&*-i!19!?9<+1%1<+T!R<!81,-*C9%*#,!8'9,!%#&!)*'-1&!+h#19!+'9C#!

+9!?9<+1%1<+M!n%h6.8'-6m&#!+#!%1!8'28#!j!#&8mC#&!+9!5%i*&-'Cm<#o!1!-'9l'9,&!i-i!

i-,'*-#2#<-! %*i#! 19J! 81%i',*$*m,#&T! "h6.8'-6m&#! +#&! 81%i',*$*m,#&! 8,i+*-! b9#! %#&!

(%9C-91-*'<&!+9!<*$#19!+#!%1!2#,!+9!5%i*&-'Cm<#M!1.1<-!1)'9-*#&!j!+#&!C61<7#2#<-&!

C.C%*b9#&! +#! C'<<#C-*$*-i! +#&! 2*%*#9J! 1b91-*b9#&M! '<-! 1)'9-*-! j! 9<! -19J! +#!

+*$#,&*(*C1-*'<!8%9&!i%#$i!+#&!)*'-1&!+h#19!+'9C#T!



! $"!

P#&!188,'C6#&!2'%iC9%1*,#&!)1&i#&!&9,!%1!C'1%#&C#<C#!'<-!i-i!9-*%*&i#&!19!%*#9!

+#! %1! -1J'<'2*#! 2',86'%'7*b9#! -,1+*-*'<<#%%#M! #-! C#! 1(*<! +ai$*-#,! +#&! )*1*&! #<!

,#7,'981<-!+*((i,#<-#&!%*7<i#&!&1<&!+*((i,#<C#&!2',86'%'7*b9#&!1881,#<-#&!K+*$#,&*-i!

C,.8-*b9#LM! )*#<! b9h#%%#&! 89*&&#<-! i71%#2#<-! k-,#! +*&-*<C-#&! i$'%9-*$#2#<-T! ?9,-'9-!

+1<&!%#!?9<+1%1<+M!+#!<'2),#9&#&!i-9+#&!'<-!&977i,i!%h1)'<+1<C#!+#!C#&!%*7<i#&!

C,.8-*b9#&!C6#D!%#&!8'*&&'<&!+h#19!+'9C#T!@*<&*M!%1!+i8#<+1<C#!#<$#,&!%#&!#&8mC#&!

2',86'%'7*b9#&MM! 9-*%*&i#&! 81,! %1! -1J'<'2*#! -,1+*-*'<<#%%#M! +1<&! %hi-9+#!

86.%'7i'7,186*b9#! +9! ?9<+1%1<+! 8#9-! #<-,1q<#,! 9<#! &9,#&-*21-*'<! +9! +i%1*! +#!

&8iC*1-*'<!#-!e!'9!9<#!9-*%*&1-*'<!*<$1%*+#!+#!%1!+*&-,*)9-*'<!+#&!-1J'<&T!P1<&!C#--#!i-9+#M!

+#&! 188,'C6#&! +#! +i%*2*-1-*'<! 7i<i-*b9#! +#&! #&8mC#&! '<-! +'<C! i-i! 9-*%*&i#&! 8'9,!

+i(*<*,!+#&!_<*-i&!Y1J'<'2*b9#&!>'%iC9%1*,#&!]8i,1-*'<#%%#&!K>'%#C9%1,!]8#,1-*'<1%!

Y1J'<'2*C!_<*-&!v!>]Y_LT!5%9&*#9,&!2i-6'+#&!+#!+i%*2*-1-*'<!+#&!#&8mC#&!'<-!i-i!

9-*%*&i#&M!21*&!C61C9<#!8,i&#<-1<-!+#&! %*2*-#&M! !9<!C'<&#<&9&!#<-,#! %#&!+*((i,#<-#&!

2i-6'+#&!1!i-i!i-1)%*-!1(*<!+#!8,'+9*,#!9<#!+i%*2*-1-*'<!+#!+i%*2*-1-*'<!,')9&-#!+#&!

#&8mC#&T!@*<&*M!<'9&!1$'<&!9-*%*&i!b91-,#!2i-6'+#&!+#!+i%*2*-1-*'<M!+'<-!9<#!2i-6'+#!

)1&i#!&9,!%#&!+*&-1<C#&!7i<i-*b9#&!1$#C!@9-'21-*C!N1,C'+#!F18!P*&C'$#,.!K@NFPLM!

9<#!2i-6'+#!)1&i#!&9,! %#&! ,i&#19J!1$#C!B#(*<#+!?*<7%#!"*<417#! KBR?"LM!#-!+#9J!

2i-6'+#&!)1&i#&!&9,!%#&!1,),#&!86.%'7i<i-*b9#&M!%1!2i-6'+#!9-*%*&1<-!9<#!+*&-,*)9-*'<!

+#!8'*&&'<!+#&!i$m<#2#<-&!+#!&8iC*1-*'<!#-!29-1-*'<!K5Y5L!#-!%#!F#<#,1%*D#+!>*J#+!

X9%#!;'1%#&C#<-!KF>X;LT!_<!&C6i21!+#!+i%*2*-1-*'<!(*<1%!1!#<&9*-#!i-i!i-1)%*!&9,!%1!

)1&#!+h9<!C'<&#<&9&!+#!SI[T!

5'9,! &'9-#<*,! <'-,#! ')l#C-*(! 7i<i,1%M! <'9&! 1$'<&! +h1)',+! C6#,C6i! j! i$1%9#,!

%h1+ib91-*'<!#<-,#!%1!+*&-,*)9-*'<!+#&!%*7<i#&!2'%iC9%1*,#&!+#!8%9&*#9,&!-1J'<&!1$#C!%#&!

%*2*-#&! +#&! )1&&*<&! $#,&1<-&! +#&! 81%i',*$*m,#&M! #<! C'28*%1<-! +#&! +'<<i#&! +#!

&ib9#<C#&!#-!+#!+*&-,*)9-*'<!+#!%1!%*--i,1-9,#T!P1<&!C#--#!8,#2*m,#!i-9+#M!<'9&!1$'<&!

9-*%*&i! %#&! +'<<i#&! 2'%iC9%1*,#&! +*&8'<*)%#&! +1<&! %#&! )1&#&! +#! +'<<i#&!

*<-#,<1-*'<1%#&!8'9,!+#&!(12*%%#&!1$#C!9<#!)'<<#!C'9$#,-9,#!-1J'<'2*b9#!#-!&81-*1%#M!

,#8,i&#<-1-*$#!#<!@&*#!+9!?9+QR&-!K#-!8%9&!81,-*C9%*m,#2#<-!+1<&!%#!?9<+1%1<+LM!8'9,!

,i8'<+,#!19J!b9#&-*'<&!&9*$1<-#&c!/L!%#&!81%i',*$*m,#&!&#,$1*#<-Q#%%#&!+#!C'9%'*,&!+#!

+*&8#,&*'<! #<-,#! %#&! q%#&! 8#<+1<-! %#&! 8i,*'+#&! 7%1C*1*,#&! +9! 5%i*&-'Cm<#!wd! :L! %#&!

)1&&*<&!$#,&1<-&!+#&!81%i',*$*m,#&!'<-Q*%&!*<*-*i!9<#!+*$#,7#<C#!1%%'81-,*b9#!j!-,1$#,&!

%#9,&!(,'<-*m,#&!wd!#-!=L!%#&!(%9C-91-*'<&!C%*21-*b9#&!+9!5%i*&-'Cm<#!'<-Q#%%#&!1972#<-i!

%#&!-19J!+#!+*$#,&*(*C1-*'<!+#&!#&8mC#&T!P#&!86.%'7i<*#&!C1%*),i#&!-#28',#%%#2#<-!j!

81,-*,!+h#&8mC#&!+i%*2*-i#&!81,!%h@PW!'<-!i-i!+i+9*-#&!j!81,-*,!+#!:://!&ib9#<C#&!+#!



! $""!

/S//!*<+*$*+9&M!,#8,i&#<-1<-!//I!#&8mC#&!<'2*<1%#&!+#!&*J!7#<,#&!+#!8'*&&'<&!+h#19!

+'9C#! ,*C6#&! #<! #&8mC#&! #<! @&*#! +9! ?9+QR&-! K"#$%&$'M! "-$//$M! (#)*+,+-,%$.! #-!

O#<1,C6'8-#,*+1#LT! "#&! ,i&9%-1-&!2#--#<-! #<!i$*+#<C#!9<!<*$#19!i%#$i!+#!+*$#,&*-i!

C,.8-*b9#! 1$#C! 9<! <'2),#! -'-1%! +#! >]Y_! 8'9,! "#$%&$'M! "-$//$M!(#)*+,+-,%$.! #-!

O#<1,C6'8-#,*+1#!+#!:HM!/:IM!E/M!A=M!,#&8#C-*$#2#<-d!1%',&!b9#!%#!<'2),#!+#!%#9,&!

#&8mC#&! <'2*<1%#&! #&-! ,#&8#C-*$#2#<-! +#! /=M! =IM! SIM! /GT! 5%9&! +#! %1! 2'*-*i! +#&!

#&8mC#&!<'2*<1%#&!#-!VV[!+#&!>]Y_!-,'9$#<-!%#9,&!',*7*<#&!19!5%i*&-'Cm<#T!>1%7,i!

C#%1M! %#&! 1<1%.&#&! +#! +*$#,&*(*C1-*'<! *<+*b9#<-! b9#! %#&! 2'+m%#&! +#! +*$#,&*(*C1-*'<!

+i8#<+1<-!+9!<*$#19!+#!%1!2#,!,#<+#<-!21%!C'28-#!+#&!+.<12*b9#&!+#!8,'%*(i,1-*'<!

+#&!#&8mC#&!8'9,!-'9&!%#&!C%1+#&M!j!%h#JC#8-*'<!+9!7#<,#!"-$//$T!"#&!7#<,#&!"#$%&$'!

#-! (#)*+,+-,%$.! 8,i&#<-#<-! +#&! -19J! +#! &8iC*1-*'<! C'<&-1<&-! -1<+*&! b9#! %#&!

O#<1,C6'8-#,*+1#! 8,i&#<-#! 9<! 8,'(*%! +#! +*$#,&*(*C1-*'<! C,'*&&1<-#! 19! (*%! +9! -#28&T!

N',<i'!#&-! *+#<-*(*i!C'22#!%h',*7*<#! %1!8%9&!8,')1)%#!8'9,! %1!8%981,-!+#&! %*7<i#&!+#!

?9<+1%1<+M!1$#C!+#9J!$179#&!+#!+*&8#,&*'<!$#,&!?921-,1!#-!`1$1!19!C'9,&!+#&!S!

+#,<*#,&!2*%%*'<&!+a1<<i#&T!R<$*,'<!EI[!+#&!i$i<#2#<-&!+#!&8iC*1-*'<!&'<-!1&&'C*i&!

19J!%*2*-#&!+#&!81%i',*$*m,#&M!8%9&!&'9$#<-!b9h19J!%*2*-#&!+#&!q%#&!KAI[LT!@9!-'-1%M!9<!

-*#,&!+#&!i$i<#2#<-&!+#!&8iC*1-*'<!&#!&'<-!8,'+9*-&!19!&#*<!+#&!81%i',*$*m,#&!19!&#*<!

+#&! q%#&M!C#!b9*!&977m,#!b9#! %h6i-i,'7i<i*-i!+#! %h61)*-1-!#-!+#&! (1C-#9,&!19-,#&!b9#!

%h1%%'81-,*#!#<-,#!%#&!q%#&!'<-!C'<&*+i,1)%#2#<-!1((#C-i!%1!+*$#,&*(*C1-*'<!+#&!8'*&&'<&!

+9! ?9<+1%1<+T! ;#&! ,i&9%-1-&! &'<-! -,1*-i&! +1<&! %#!JC4B#9&'! *M! *<-*-9%i! n!Z281C-! +#&!

(%9C-91-*'<&!#9&-1-*b9#&!+9!5%i*&-'Cm<#!&9,!%#&!+.<12*b9#&!i$'%9-*$#&!+1<&!%#&!8'*<-&!

C619+&!+#!%1!)*'+*$#,&*-i!+#!%h@&*#!+9!?9+QR&-!oT!

R<!9-*%*&1<-! %#&!,i&9%-1-&!+#! %1!8,#2*m,#!i-9+#!C'22#!,i(i,#<C#M!<'9&!1$'<&!

#<&9*-#!188%*b9i!%#&!2k2#&!b9#&-*'<&!+#!,#C6#,C6#!8'9,!#&-*2#,!%hr7#!+#&!C%1+#&!#-!

%1!,i81,-*-*'<!7i'7,186*b9#!+#&!%*7<i#&!+#!%1!&'9&Q(12*%%#!+#&!B1&)',*<1#!#-!#J12*<#,!

%#9,!1+ib91-*'<!1$#C!%#&!1--#<+9&!+#!%h6.8'-6m&#!+#&!81%i',*$*m,#&T!5'9,!C#%1M!<'9&!

1$'<&!9-*%*&i!9<!#<&#2)%#!+#!+'<<i#&!#28*,*b9#&!<'9$#%%#2#<-!7i<i,i#&!C6#D! %#&!

B1&)',*<1#M!9<!7,'98#!,i81<+9!#-!#J-,k2#2#<-!+*$#,&*(*i!+#!8'*&&'<&!+h#19!+'9C#!

8,*21*,#&!+#!?9<+1%1<+M!b9*!1!i-i!&'9$#<-!C'<&*+i,i!C'22#!9<!7,'98#!2'+m%#!8'9,!

#J8%',##!%1!)*'7i'7,186*#!+#!%1!,i7*'<T!>1%6#9,#9&#2#<-M!%#&!B1&)',*<1#!C'<&-*-9#<-!

9<!7,'98#!8,')%i21-*b9#M!#<!1--#<-#!+a9<#!,i$*&*'<!-1J'<'2*b9#!1$1<-!+#!8'9$'*,!k-,#!

1<1%.&i!86.%'7i'7,186*b9#2#<-T!;#--#!8,#2*m,#!i-18#!#&-!8,i&#<-i#!19!JC4B#9&'!+M!

*<-*-9%i! n!Pi2k%#,! %1! -1J'<'2*#! +#! %1! &'9&Q(12*%%#! +#&! B1&)',*<1#! K;.8,*<*(',2#&M!

P1<*'<*+1#L!+1<&!%#!?9<+1%1<+!j!%h1*+#!+#&!C'+#&Q)1,,#&!@PW!oT!@9!C'9,&!+#!C#--#!



! $"""!

i-9+#M! 9<#! )*)%*'-6mb9#! +#! ,i(i,#<C#! +#! C'+#&Q)1,,#&! @PW! +#&! B1&)',*<1#! +#!

?9<+1%1<+!1!i-i!C,ii#!8'9,!#J12*<#,!%#&!C'<-'9,&!+#&!#&8mC#&!#-!%#9,&!,i81,-*-*'<&!

&81-*1%#&!7,rC#!j!+#&!2i-6'+#&!+#!+i%*2*-1-*'<!+#&!#&8mC#&!)1&i#&!&9,!%h@PWT!_<#!

%*&-#!+#!,i(i,#<C#!+#&!B1&)',*<1#!+#!?9<+1%1<+!1!i-i!C'28*%i#!j!81,-*,!+#!C1-1%'79#&!

#<!%*7<#!#-!9-*%*&i#!8'9,!#&-*2#,!%1!C'9$#,-9,#!-1J*<'2*b9#!+#!%ai-9+#T!_<!-'-1%!+#!HH/!

C'+#&Q)1,,#&!@PW!8,'$#<1<-!+#!/VH!&*-#&!+hiC61<-*%%'<<17#!+1<&!%#!?9<+1%1<+!'<-!

i-i!7i<i,i&!#-!C'28*%i&!1$#C!/IE!&ib9#<C#&!8,iCi+#22#<-!89)%*i#&M!1&&#2)%1<-!

9<#!)*)%*'-6mb9#!+#!,i(i,#<C#!+#!/IHG!&ib9#<C#&!b9*!C'9$,#!ES!-1J'<&M!+'<-!E/!+#&!

GH! #&8mC#&! C'<<9#&! +#! B1&)',*<1#! +#! ?9<+1%1<+T! "1! +i%*2*-1-*'<! 7i<i-*b9#! +#&!

#&8mC#&!1!+i-#C-i!/EE!>]Y_!+*&-*<C-&M! *+#<-*(*i&!81,! %a1)&#<C#!+#!C6#$19C6#2#<-!

#<-,#!%#&!+*&-,*)9-*'<&!+#&!+*&-1<C#&!7i<i-*b9#&!*<-,1&8iC*(*b9#&!#-!*<-#,&8iC*(*b9#&T!

;#&!>]Y_!'<-! #<&9*-#! &#,$*! +#! )1&#!j! %1! 86.%'7i'7,186*#! +#&!B1&)',*<1#!

8,i&#<-i#! 19!JC4B#9&'! ,M! #-! *<-*-9%i#! n!P*&8#,&*'<! %*2*-i#! #-! +*$#,&*(*C1-*'<! *<! &*-9!

+i-#,2*<#<-!%a6*&-'*,#!i$'%9-*$#!+#&!8'*&&'<&!B1&)',*<1#!+1<&!%#!?9<+1%1<+!oT!P1<&!

C#!-,1$1*%M!#<!8%9&!+h9-*%*&#,!%h#<&#2)%#!+#!+'<<i#&!+#!C'+#&Q)1,,#&!@PW!#-!%#&!>]Y_!

,i&9%-1<-&! +#! -,1$19J! 8,i&#<-i&! 19! ;618*-,#! :M! <'9&! 1$'<&! i71%#2#<-! 8,'+9*-! SV!

7i<'2#&! 2*-'C6'<+,*19J! C'28%#-&! K2*-'7i<'2#&LT! P#&! 2*-'7i<'2#&! C'28%#-&!

&988%i2#<-1*,#&!8,'$#<1<-!+#!)1&#&!+#!+'<<i#&!*<-#,<1-*'<1%#&!'<-!i-i!1l'9-i!8'9,!

,#C'<&-,9*,#!%a1,),#!+#&!B1&)',*<1#!81,!9<#!188,'C6#!+#!86.%'7i<'2*b9#T!;#-!1,),#!

1! #<&9*-#! &#,$*-! +#! )1&#! 8'9,! -#&-#,! +*$#,&#&! 8,i+*C-*'<&! +#! %a6.8'-6m&#! +#&!

81%i',*$*m,#&T! @9! -'-1%M! <'9&! 1$'<&! 17,i7i! /I/G! C'+#&Q)1,,#&! @PW! #-! GH!

2*-'7i<'2#&T!"#&!#&-*21-*'<&!+#&!1*,#&!1<C#&-,1%#&!+#&!#&8mC#&!'<-!i-i!,i1%*&i#&!#<!

9-*%*&1<-!j!%1!('*&!9<!81,-*-*'<<#2#<-!#<!q%#!#-!#<!81%i',*$*m,#&!8'9,!#J12*<#,!%h*281C-!

+#! %1!C'<<#C-*$*-i! *<&9%1*,#!8#<+1<-! %h#9&-1&*#!+9!5%i*&-'Cm<#!&9,! %1!+*&8#,&*'<T!"#&!

-#<+1<C#&! -#28',#%%#&! +#! %1! +*$#,&*(*C1-*'<! '<-! i-i! #J8%',i#&! j! %a1*+#! +a188,'C6#&!

8,')1)*%*&-#&T! "#&! ,i&9%-1-&! '<-! 2'<-,i! b9#! %#&! B1&)',*<1#! +#! ?9<+1%1<+! i-1*-!

',*7*<1*,#!+h@&*#!C'<-*<#<-1%#M!9<#!',*7*<#!+1-i!j!==MA/!>1T!u91-,#!C%1+#&!21l#9,&!

&'<-!*+#<-*(*i&!1$#C!+#&!1<Ck-,#&!+'<-!%#&!r7#&!&'<-!#&-*2i&!#<-,#!=/M/I!#-!:SMHS!>1T!

N',<i'!#-!%1!81%i',*$*m,#!+9!W',-6!?9<+1!&'<-!*+#<-*(*i&!C'22#!C#<-,#&!+a',*7*<#T!"#&!

2'+m%#&!7i'7,186*b9#&!+#!&8iC*1-*'<! *<+*b9#<-!b9#! %1!8%981,-!+#&!i$i<#2#<-&!+#!

&8iC*1-*'<! &#! &'<-! 8,'+9*-&! +1<&! %#&! q%#&! #-! b9#! %#&!2'+m%#&! j! -19J! +#! &8iC*1-*'<!

C'<&-1<-&!&'<-!%#&!8%9&!8,')1)%#&!8'9,!-'9&!%#&!C%1+#&T!

P1<&!%h#<&#2)%#M!C#&!-,1$19J!'<-!+i-#C-i!9<!<*$#19!i%#$i!+#!+*$#,&*-i!C,.8-*b9#M!

1$#C!+#&!,1-*'&!+#!>]Y_!e!#&8mC#&!<'2*<1%#&!+#!/MV=M!:MIIM!:MIIM!:M:=!M!=T/G!#-!=TE!



! $"#!

8'9,!"#$%&$'M!45%6,75/)'M!(#)*+,+-,%$.M!B1&)',*<1#M!856&%-$6*-,9,/!#-!"-$//$M!

,#&8#C-*$#2#<-T!;'<&*+i,1<-!b9#!?9<+1%1<+!6i)#,7#!#<$*,'<!GS[!+#!%h*C6-.'+*$#,&*-i!

+h#19! +'9C#! *<+'<i&*#<<#! C'<<9#! &9,! %1! )1&#! +h#&8mC#&! <'2*<1%#&! $1%*+#&M! C#%1!

2'<-,#!%h*28',-1<C#!+#!8,#<+,#!#<!C'28-#!%1!+*$#,&*-i!C,.8-*b9#T!"1!C'28-1)*%*&1-*'<!

+#! %1! +*$#,&*-i! C,.8-*b9#! 8#9-! 1972#<-#,! 21&&*$#2#<-! %#! <*$#19! -'-1%! 1--#<+9! +#!

+*$#,&*-iM!9<!)*1*&!-1J'<'2*b9#!21l#9,!b9*!+#$,1!k-,#!8,*&#!#<!C'28-#!8'9,!-'9-#!i-9+#!

9%-i,*#9,#!#-!e!'9!188%*C1-*'<&!#<!C'<&#,$1-*'<T!

;'28-#!-#<9!+#!%1!8,'8',-*'<!*28',-1<-#!+#!+*$#,&*-i!C,.8-*b9#M!%#&!-,1$19J!+#!

-1J*<'2*#!2'%iC9%1*,#! &'<-! #&&#<-*#%&! j! %hi-9+#! +#! %h*C6-.'+*$#,&*-i! +h#19! +'9C#! +#!

?9<+1%1<+T!;'22#!*%%9&-,i#!81,!C#--#!i-9+#M!C#&!,i&9%-1-&!$1%*+#<-!9<!C#,-1*<!<'2),#!

+#! -,1$19J!1<-i,*#9,&!#<!C'<(*,21<-c!/L! %1!$1%*+*-i!+#!C#,-1*<#&!#&8mC#&!,iC#22#<-!

+iC,*-#&! K81,! #J#28%#!:%5;&2,%$! 5.&#&'! "*1'! x! Y1<M! :I/ALd! #-! :L! %1! 2'<'86.%*#! +#!

C#,-1*<&!7,'98#&!K81,!#J#28%#!:,%$%$'!\'--#%1-!#-!^*+-61.1<'<M!/HH=LT!_<#!,i$*&*'<!

-1J*<'2*b9#!#&-!<iC#&&1*,#!+1<&!+#!<'2),#9JM!#<!81,-*C9%*#,c!/L!%',&b9#!%#&!%*7<i#&!

C,.8-*b9#&! +h9<! -1J'<! <#! C'<&-*-9#<-! 81&! 7,'98#!2'<'86.%i-*b9#! K81,! #J#28%#M! %#!

7#<,#! 1$'2,%$! K8'%.86.%i-*b9#LLd! :L! %',&b9#! %#&! #&8mC#&! <'9$#%%#2#<-! +iC,*-#&!

C'<-*#<<#<-!#<C',#!9<#!+*$#,&*-i! C,.8-*b9#! K81,!#J#28%#!1$'2,%$!*$+%&<=)$*&M!Y1<M!

:IIH!Q!=!>]Y_Ld!'9!%',&b9#!%#&!-1J'<&!&98i,*#9,&!<'9$#%%#2#<-!+iC,*-&!<#!&'<-!81&!

2'<'86.%i-*b9#&!K81,!#J#28%#!%#&!7#<,#&!>%&7,/,*,6$!"*1'M!\9%%1<+#,!x!01<7!:I/I!

K81,186.%i-*b9#LLT!

"#&! ,#C'<&-,9C-*'<&! +#! D'<#&! 1<C#&-,1%#&! '<-! ,i$i%i! b9#! %#&! %*7<i#&! +#!

8'*&&'<&! +h#19! +'9C#! +9! ?9<+1%1<+! 8,'$#<1*#<-! +h@&*#! C'<-*<#<-1%#M! 1$#C! 9<#!

C'%'<*&1-*'<!#<-12i!j!%h]%*7'Cm<#M!C'<(*,21<-!1*<&*!%h6.8'-6m&#!+#!%hi-1)%*&&#2#<-!8,iQ

8%i*&-'Cm<#T! ;#&! %*7<i#&! &'<-! #<-,i#&! +1<&! %#! ?9<+1%1<+! 8,*<C*81%#2#<-! 81,! %1!

81%i',*$*m,#!+#!%1!?'<+#!W',+!j!N',<i'!#-!&#!&'<-!#<&9*-#!+*&8#,&i#&!+1<&!+h19-,#&!

81,-*#&! +#! ?9<+1%1<+! $*1! 9<#! +*&8#,&*'<! j! %'<79#! +*&-1<C#M! &'9$#<-! &9*$*#! +h9<#!

+*$#,&*(*C1-*'<! &/!'&+3T!;#%1!&977m,#!b9#!%1!81,-*#!+#!N',<i'!+#! %1!81%i',*$*m,#!+#! %1!

?'<+#! W',+! #&-! %#! C#<-,#! +h',*7*<#! %#! 8%9&! 8,')1)%#! +#! %1! +*$#,&*-i! ,i7*'<1%#! +#&!

8'*&&'<&!+h#19!+'9C#T!`1$1!1!i-i!C'%'<*&i#!#<!+#,<*#,!#-!1!i-i!&'92*&#!j!9<!<*$#19!

i%#$i! +#! (,172#<-1-*'<! +#! %h61)*-1-! +h#19! +'9C#! #<! ,1*&'<! +#! &1! 7i'2',86'%'7*#M!

%1*&&1<-!%1!8%1C#!j!9<#!(',-#!+*$#,&*(*C1-*'<!&/!'&+3T!"#&!),1<C6#&!+#!%1!81%i',*$*m,#!+#!

%1!?'<+#!R&-M! %1! &#9%! 81%i',*$*m,#!b9*! -,1$#,&#! C#--#! q%#M! '<-! i-i! C'98i#&!+1<&!+#&!

)1&&*<&!$#,&1<-&!i-,'*-&!#-!C'<(*<i&M!b9*!'<-!C'<+9*-!j!9<#!+*$#,&*(*C1-*'<! &/!'&+3!+#&!

%*7<i#&! +#! 8'*&&'<&! +h#19! +'9C#T! "1! ,#C'<&-,9C-*'<! )*'7i'7,186*b9#! +#! ?921-,1!



! $#!

*28%*b9#!9<!&Ci<1,*'!C'28%*b9i!C1,!%hq%#!#&-!1<C*#<<#!KC'<-,1*,#2#<-!j!`1$1LM!8,i&#<-#!

9<#! 1C-*$*-i! $'%C1<*b9#! KC'<-,1*,#2#<-! j! N',<i'L! #-! #&-! -,1$#,&i#! 81,! -,'*&!

81%i',*$*m,#&T!Fi<i,1%#2#<-M!%1!8%981,-!+#&!%*7<i#&!+#!?921-,1!'<-!C'%'<*&i!%aq%#!81,!

%#&! 81%i',*$*m,#&! +#! %1!?'<+#!W',+! #-! +#!>1%1CC1T! "#&! %*7<i#&! %#&! 8%9&! 1<C*#<<#&!

#<,#7*&-,i#&!C6#D!%#&!B1&)',*<1#!K+#!%1!(*<!+#!%h]%*7'Cm<#!19!+i)9-!+9!>*'Cm<#L!&'<-!

1&&'C*i#&!j!C#&!&.&-m2#&!+#!81%i',*$*m,#&!#-!C'<-,1&-#<-!1$#C!%1!8%981,-!+#&!%*7<i#&M!

b9*!&'<-!8%9&! l#9<#&T!;#!&C6i21!&977m,#!+#!29%-*8%#&!i$i<#2#<-&!+#!C'%'<*&1-*'<!

&'*-!81,!%#!)*1*&!+#!%1!81,-*#!+#!N',<i'!+#!%1!?'<+#!W',+!'9!+*,#C-#2#<-!+9!C'<-*<#<-!

$*1! %1! 81%i',*$*m,#! +9! +i-,'*-! +#!>1%1CC1T! @%',&! b9#! %1! +*$#,&*(*C1-*'<! &/! '&+3! #&-M! j!

<'9$#19M! ,i$i%i#! C6#D! +#! <'2),#9&#&! %*7<i#&! +#! ?921-,1M! C#--#! q%#! 8,i&#<-#!

i71%#2#<-! 8%9&*#9,&! D'<#&! 7i'7,186*b9#&! 1$#C! 9<#! 1((*<*-i! )*'7i'7,186*b9#!

*<C#,-1*<#!8,')1)%#2#<-!#<!,1*&'<!+#!%h#J*&-#<C#!+#!81%i',*$*m,#&!$'*&*<#&!C*,C9%1<-!&9,!

%#&!2k2#&!)1&&#&!-#,,#&M!C#!b9*!+'<<#!8%9&!+#!C61<C#!+#!(%9J!7i<i-*b9#T!

>1%7,i!%1!C'<C',+1<C#!+1<&!%1!C'28'&*-*'<!+#&!#&8mC#&!19!&#*<!+a9<#!2k2#!

81%i',*$*m,#!K+1<&!%1!2k2#!q%#!'9!+#&!q%#&!+*((i,#<-#&L!#-!%h*28%*C1-*'<!1881,#<-#!+#!%1!

+*&8#,&*'<M! +h19-,#&! ,i&9%-1-&! ,#2#--#<-! #<! b9#&-*'<! %h*281C-! +#&! (%9C-91-*'<&!

#9&-1-*b9#&!+9!5%i*&-'Cm<#!&9,!%1!+*&8#,&*'<!+#&!8'*&&'<&!+h#19!+'9C#!+9!?9<+1%1<+T!

W'9&!1$'<&!C'<&-1-i!b9#M!)*#<!b9#!%h1)1*&&#2#<-!+9!<*$#19!+#! %1!2#,!8#<+1<-! %#&!

8i,*'+#&! 7%1C*1*,#&! ,#C'<<#C-#! %#&! )1&&*<&! $#,&1<-&! +1<&! %#&! 81%i',*$*m,#&M! C#%1!

<h'9$,#! 81&! <iC#&&1*,#2#<-! +#&! C1<19J! +#! +*&8#,&*'<! *<-#,Qq%#&! 8'9,! %#&! 8'*&&'<&!

+h#19!+'9C#!#<!,1*&'<!+9!C'9%'*,!+#!&1$1<#!#-!+hiC'&.&-m2#&!(',#&-*#,&!&1*&'<<*#,&!

-,1$#,&1<-!%h*<-i,*#9,!+9!?9<+1%1<+!#-!1!&#,$*!+#!)1,,*m,#!j!%1!+*&8#,&*'<!#<!,1*&'<!+9!

21<b9#!+h61)*-1-!C'<$#<1)%#T!Ph19-,#!81,-M!%1!8#,2i1)*%*-i!+#&!%*2*-#&!86.&*b9#&!+#&!

)1&&*<&!$#,&1<-&!+#&!81%i',*$*m,#&!#-!%1!$1,*1)*%*-i!19!&#*<!+#&!81%i',*$*m,#&!'<-!C,ii!

,#&8#C-*$#2#<-! 9<! (%9J! +#! 7m<#&! #<-,#! 81%i',*$*m,#&! #<! 8i,*'+#! *<-#,7%1C*1*,#! #-!

%h1%%'81-,*#!19!&#*<!+9!81%i',*$*m,#!#<!8i,*'+#!7%1C*1*,#T!R<!,1*&'<!+#!%1!7i'2',86'%'7*#!

C'28%#J#!+#!%1!,i7*'<M!%#&!%*2*#&!#<-,#!81%i',*$*m,#&!$'*&*<#&!8#9$#<-!k-,#!8',#9&#&M!

81,!#J#28%#M!%',&b9h#%%#!C'9$,#!+#&!61)*-1-&!+h#19!+'9C#!+#!8%1*<#!7i<i,1%#2#<-!8%1-&!

K81,!#J#28%#!#<-,#!%#&!81%i',*$*m,#&!+#!%1!?'<+#!W',+!#-!+#!%1!?'<+#!R&-!+1<&!%#!&9+!

+#!?921-,1LM!7i<i,1<-!1*<&*!8%9&!+#!C61<C#&!+#!(%9J!+#!7m<#&T!"1!7i'2',86'%'7*#!

8#9-!i71%#2#<-!7i<i,#,!9<#!&8iC*1-*'<!1%%'81-,*b9#!19!&#*<!+#&!81%i',*$*m,#&M!C'22#!

#<!-i2'*7<#!%#!C'<-#J-#!7i'%'7*b9#!C'28%#J#!+#!`1$1!b9*!1!(,172#<-i!%1!81%i',*$*m,#!

+#!%1!?'<+#!R&-!#-!C'<+9*-!+#&!,1+*1-*'<&!%'C1%#&T!5#<+1<-!C#!-#28&M!%1!$1,*1)*%*-i!+#!

%h61)*-1-!8#9-!+iC%#<C6#,!9<#!&8iC*1-*'<!1%%'81-,*b9#!19!&#*<!+#&!81%i',*$*m,#&!C'22#!



! $#"!

+#! <'2),#9J! -1J'<&! +h#19! +'9C#! +9! ?9<+1%1<+! %#! 2'<-,#! 8'9,! C#,-1*<&! -.8#&!

+h61)*-1-&!+h#19!+'9C#M!C,i1<-!9<#!)1,,*m,#!8'9,!%#!(%9J!7i<i-*b9#!2k2#!&*!C#&!61)*-1-&!

&'<-!C'<<#C-i&!19!&#*<!+#!%1!2k2#!81%i',*$*m,#T!

?9,! %#! 8%1<! -#28',#%M! %#&! (%9C-91-*'<&! #9&-1-*b9#&! +9! 5%i*&-'Cm<#! #-! %1!

+.<12*b9#!+#&!81%i',*$*m,#&!<h'<-!81&!i%#$i!%#!-19J!+#!+*$#,&*(*C1-*'<!+#&!8'*&&'<&!

+h#19!+'9C#!+9!?9<+1%1<+!C'22#!&977i,iM!j! %h#JC#8-*'<!+9!7#<,#!"-$//$!b9*!#&-!

'88',-9<*&-#! #-! 8,i&#<-#! 9<#! (',-#! C181C*-i! +#! +*&8#,&*'<T! 51,! 1*%%#9,&M! 19C9<! +#&!

-1J'<&! #J12*<i&M! #-! 8,i&#<-1<-! 9<#! 8,'8',-*'<! &9)&-1<-*#%%#! +#! >]Y_! +1-1<-! +9!

5%i*&-'Cm<#M!<#!8,i&#<-#!+#! -19J!+#!+*$#,&*(*C1-*'<!#<!)1*&&#!C'22#! %#!&977m,#! %#!

2'+m%#!+#!+*$#,&*(*C1-*'<!+i8#<+1<-#!+#! %1!+*$#,&*-i! KPPPLM! %1!8%981,-!+#&!7,'98#&!

&9*$1<-!9<!2'+m%#!j!-19J!C'<&-1<-!+#!&8iC*1-*'<T!P1<&!C#!C1&M!8%9-y-!b9#!+#!,i&9%-#,!

+h9<#!&8iC*1-*'<!i%#$i#!#-!%*2*-i#!81,!%1!C181C*-i!+#!C61,7#!+#&!2*%*#9JM!9<#!7,1<+#!

8,'8',-*'<!+#! %*7<i#&!+9!5%i*&-'Cm<#!,i&9%-#!+h9<#!&8iC*1-*'<!C'<&-1<-#!#-!C'<-*<9#!

+1<&!%#!-#28&T!

P*((i,#<-!+#&!,i7*'<&!-#28i,i#&!'z!%#&!(%9C-91-*'<&!C%*21-*b9#&!+9!5%i*&-'Cm<#!

'<-!7,1<+#2#<-!1((#C-i!%hi$'%9-*'<!+#!&#&!',71<*&2#&M!%1!C'#J*&-#<C#!+#&!#&8mC#&!#<!

&.&-m2#!-,'8*C1%!,#8'&#,1*#<-!+1$1<-17#!&9,!%#&!*<-#,1C-*'<&!)*'-*b9#&M!(1$',*&1<-!9<#!

1+18-1-*'<!j!+*((i,#<-#&!<*C6#&!iC'%'7*b9#&T!;#--#!6.8'-6m&#!#&-! C'<(',2#!j!<'-,#!

8,*<C*81%#! C'<C%9&*'<M! &#%'<! %1b9#%%#! %#&! (%9C-91-*'<&! #9&-1-*b9#&! +9!5%i*&-'Cm<#!<#!

&'<-!81&! %#!&#9%!2'-#9,!+#! %1!+*$#,&*(*C1-*'<!+#&!8'*&&'<&!+h#19!+'9C#T!R<!+h19-,#&!

-#,2#&M! %1!+*$#,&*-i!+#&!8'*&&'<&!+h#19!+'9C#!+#!?9<+1%1<+!#&-!i%#$i#M!<'<!81&!j!

C19&#!+#&!2iC1<*&2#&!+h*&'%#2#<-!#-!+#!,#C'<<#J*'<!8#<+1<-!%#!5%i*&-'Cm<#M!21*&!

8%9-y-!j!C19&#!+#! %1!&-1)*%*-i!j! %'<7!-#,2#M! -1<-!7i'%'7*b9#2#<-!b9hiC'%'7*b9#2#<-M!

(1C*%*-1<-! 9<#! 8,'%*(i,1-*'<! i%#$i#! #-! %1! 8#,&*&-1<C#! +#&! #&8mC#&T! {! %#9,! -'9,M! %#&!

(%9C-91-*'<&!#9&-1-*b9#&!+9!5%i*&-'Cm<#!#-!%1!+.<12*b9#!+#&!81%i',*$*m,#&!<#!&'<-!b9#!

+#&! i%i2#<-&! 1)*'-*b9#&! b9*! *<-#,17*&&#<-! 1$#C! +h19-,#&! 1&8#C-&! -#%&! b9#c! %1!

7i'2',86'%'7*#!%'C1%#M!%1!$1,*1)*%*-i!+#&!iC'&.&-m2#&!%'C19J!e!+#!%h61)*-1-!#-!%#&!-,1*-&!

+#!$*#!+#&!',71<*&2#&T!|-1<-!+'<<i!b9#!%#&!)1&&*<&!+h#19!+'9C#!+#!?9<+1%1<+!&'<-!

$1&-#&!#-!C'9$,#<-!+#&!-.8#&!-,m&!6i-i,'7m<#&!+#!-#,,1*<!86.&*b9#!#-!+h61)*-1-M!<'9&!

8'9$'<&! &'9%*7<#,! b9#! %#&! (1C-#9,&! iC'%'7*b9#&! '<-! 8#9-Qk-,#! l'9i! 9<! ,y%#! 8%9&!

*28',-1<-!+1<&!%#!21*<-*#<!+#!C#--#!+*$#,&*-i!b9#!8,i$9T!;#8#<+1<-M!%#&!(%9C-91-*'<&!

#9&-1-*b9#&!+9!5%i*&-'Cm<#!'<-!89-!k-,#!#9!9<!*281C-!&9,!%#&!+.<12*b9#&!i$'%9-*$#&M!

21*&!8#9-Qk-,#!8%9&! %*2*-i!19J! -1J'<&!1$#C!+#&! -,1*-&!+#!$*#!81,-*C9%*#,&M! -#%&!b9h9<#!



! $#""!

1+18-1)*%*-i!#-!9<#!C181C*-i!+#!+*&8#,&*'<!i%#$i#M!#-!8'9$1<-!&h1+18-#,!j!9<#!7,1<+#!

+*$#,&*-i!+a61)*-1-&!iC'%'7*b9#&T!

!

!
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!

!
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!

!

!
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!

!

! &



! %!

8%*%2"$&9*+2':14+.'*&

&

!"#$"%&'(")*+

! N*'+*$#,&*-.!*&!'<#!'(!-6#!2'&-!3*+#%.!9&#+!C'<C#8-&!*<!%*(#!&C*#<C#&!3*-6!b9*-#!

),'1+!,1<7#!'(!+#(*<*-*'<&!9&#+!-'!+#&C,*)#!*-T!F#<#,1%%.M!3#!C1<!,#(#,!N*'+*$#,&*-.!1&!

1! 36'%#! $1,*1)*%*-.! '(! 1%%! ',71<*&2&! -61-! 61$#! #$#,! %*$#+! 1-! 1%%! %#$#%&! '(! )*'%'7*C1%!
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51-#%!#-!1%T!:I//d!B91<#!#-!1%T!:I/ALT!Y'!1$'*+!-6#&#!&6',-C'2*<7&M!7#<#-*C!&8#C*#&!

+#%*2*-1-*'<! 2#-6'+&! 3#,#! 9&#+! -'! +#(*<#! >]Y_&T! ?#$#,1%! 2#-6'+&! '(! &8#C*#&!

+#%*<#1-*'<!61$#!)##<!+#$#%'8#+M!)9-!#1C6!61&!8*-(1%%&T!@7,##2#<-!12'<7!+*((#,#<-!

2#-6'+&! &977#&-! ,')9&-! +#%*2*-1-*'<! K\#44'<#<! 1<+!U#)#,-! :I/Ad! \#44'<#<! #-! 1%T!

:I/SLT!Y69&M!3#!9&#+!('9,!2#-6'+&!'(!&8#C*#&!+#%*2*-1-*'<!*<C%9+*<7!1!+*&-1<C#Q)1&#+!

2#-6'+! 3*-6! @9-'21-*C! N1,C'+#! F18! P*&C'$#,.! K@NFPM! 59*%%1<+,#! #-! 1%T! :I/:LM! 1!
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1%T!:I/HLT!@%%!&#b9#<C#&!9&#+!3#,#!1%*7<#+!9&*<7!>_?;"R!KR+71,!:IIAL!*28%#2#<-#+!

*<!>RF@G!K\921,!#-!1%T!:I/EL!1<+!21<91%%.!#+*-#+T!
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8,#%*2*<1,.!1<1%.&#&!9&*<7!-6#!29%-*8%#!-6,#&6'%+!$#,&*'<!'(!5Y5!3#,#!-''!C'<&#,$1-*$#!



! &)!
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Abstract

Biodiversity hotspots have provided useful geographic proxies for conservation efforts. Delineated from a few groups of 

animals and plants, biodiversity hotspots do not reflect the conservation status of freshwater fishes. With hundreds of new 

species described on a yearly basis, fishes constitute the most poorly known group of vertebrates. This situation urges for an 

acceleration of the fish species inventory through fast and reliable molecular tools such as DNA barcoding. The present study 

focuses on the freshwater fishes diversity in the Sundaland biodiversity hotspot in Southeast Asia. Recent studies evidenced 

large taxonomic gaps as well as unexpectedly high levels of cryptic diversity, particularly so in the islands of Java and Bali. 

The Cypriniformes genera Rasbora and Nemacheilus account for most of the endemic species in Java and Bali, however their 

taxonomy is plagued by confusion about species identity and distribution. This study examines the taxonomic status of the 

Rasbora and Nemacheilus species in Java, Bali and Lombok islands through DNA barcodes, with the objective to resolve 

taxonomic confusion and identify trends in genetic diversity that can be further used for conservation matters. Several species 

delimitation methods based on DNA sequences were used and confirmed the status of most species, however several cases 

of taxonomic confusion and two new taxa are detected. Mitochondrial sequences argue that most species range distributions 

currently reported in the literature are inflated due to erroneous population assignments to the species level, and further 

highlight the sensitive conservation status of most Rasbora and Nemacheilus species on the islands of Java, Bali and Lombok.

Keywords Conservation genetics · Taxonomy · Southeast Asia · Cryptic diversity · Population fragmentation

Introduction

Biodiversity hotspots are characterized by high propor-

tions of endemic species and high levels of anthropogenic 

threats (Myers et al. 2000). Identified to maximize con-

servation efforts in a world with finite human and funding Electronic supplementary material The online version of this 

article (https ://doi.org/10.1007/s1059 2-019-01152 -w) contains 

supplementary material, which is available to authorized users.
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resources for conservation matters, biodiversity hotspots 

have provided useful geographic proxies for conserva-

tion efforts. While those biodiversity hotspots have been 

delineated based on a limited set of well-known vertebrate 

taxa such as mammals, birds, amphibians and reptiles, the 

diversity and status of the world’s most diverse vertebrate 

group, that is fishes, is still largely unknown (Myers et al. 

2000; Lamoreux et al. 2006; Hoffman et al. 2010). With 

hundreds of new species described on a yearly basis, fresh-

water fishes suffer from an important taxonomic knowl-

edge gaps that, combined with the taxonomic impediment 

(i.e. the rarefaction of taxonomists worldwide), currently 

plagues conservation efforts in most biodiversity hotspots 

(Winemiller et al. 2016; Garnett and Christidis 2017). 

This situation arguably accounts for their exclusion from 

most of the large-scale meta-analyses conducted so far on 

global diversity patterns (Myers et al. 2000; Lamoreux 

et al. 2006; Hoffman et al. 2010).

In insular South-East Asia (SEA), the Sundaland hot-

spot exemplifies the stakes faced by conservation stake-

holders due to antagonistic interests in the use of biologi-

cal resources. Including the islands of Java, Sumatra and 

Borneo, Sundaland is currently among the largest hotspots 

in terms of number of species and endemics (Myers et al. 

2000). Recent threat analyses, however rank it as one of 

the most threatened (Lamoreux et al. 2006; Hoffman et al. 

2010). With nearly 900 species and 430 endemics, Sunda-

land accounts respectively for 74% and 48% of the total and 

endemic diversity of the approximately 1200 fish species 

cited from rivers of the Indonesian archipelago (Hubert 

et al. 2015). Within Sundaland, Java exhibits one the high-

est fish species density with 1.7 species/1000 km2 (213 

species) together with Sumatra (460 species) and ahead of 

Kalimantan (Indonesian Borneo; 1.2 species per 1000 km2 

and 646 species). Hosting 130 million of people sharing 

130,000 km2, Javanese aquatic ecosystems have faced a dra-

matic increase of anthropogenic threats during the last dec-

ade. The recent molecular inventory of the Javanese ichthyo-

fauna evidenced large discrepancies between the checklist 

of Java freshwater fishes established from historical records 

(Hubert et al. 2015) and a modern reappraisal based on 

DNA sequences (Dahruddin et al. 2017), hence highlighting 

major gaps in the taxonomic knowledge of this ichthyofauna. 

Along the same line Hutama et al. (2017) evidenced high 

levels of cryptic diversity (i.e. morphologically unnoticed 

diversity) in widespread fish species of Java deriving from a 

late Pleistocene fragmentation of the populations associated 

with population bottlenecks. Considering that Sundaland is 

currently in a refugial state and that its emerged lands rep-

resent only a small fraction of its average surface during the 

Pleistocene (Woodruff 2010; Lohman et al. 2011), the state 

of Sundaland ichthyofauna urges for an acceleration of the 

ichthyological exploration of its freshwaters.

Initially designed to circumvent the taxonomic impedi-

ment by proposing a standard molecular framework for 

species identification through the use of the mitochondrial 

cytochrome oxidase I gene as an internal species tag, DNA 

barcoding opened new perspectives in the inventory of fresh-

water fishes (Hubert et al. 2008; Ward et al. 2009; Steinke 

and Hanner 2011). While large scale fish DNA barcoding 

campaigns have been tackled during the last decade (April 

et al. 2011; Hubert et al. 2012, 2018; Pereira et al. 2013; 

Geiger et al. 2014; Knebelsberger et al. 2015; Dahruddin 

et al. 2017; Durand et al. 2017; Machado et al. 2018), it 

becomes more and more evident that the pace of species 

description is surpassed by the astonishing underestimation 

of species diversity, often referring to cryptic diversity, and 

the complexity of fish biodiversity (Hubert et al. 2012; Jaafar 

et al. 2012; Kadarusman et al. 2012; Geiger et al. 2014; Win-

terbottom et al. 2014). We focus in the present study on the 

diversity and range distribution in South Sundaland of two 

Cypriniformes genera, namely Rasbora (Cyprinidae) and 

Nemacheilus (Nemacheilidae) that constitute emblematic 

endemic lineages in Java and Lesser Sunda Islands (Bali, 

Lombok) due to their occurrence in a large array of aquatic 

ecosystems and their high levels of endemism compared to 

other genera occurring in Java. Mostly described during the 

eighteenth and nineteenth centuries, Rasbora and Nemachei-

lus taxonomy and distribution is confusing in Java due to 

the lack of traceability of the taxonomic information often 

associated with old descriptions. Type localities are avail-

able for most of these species (Kottelat 2013), however range 

distribution are currently unknown (Froese and Pauly 2014; 

Hubert et al. 2015; Eschmeyer et al. 2018), most Rasbora 

and Nemacheilus species being reported in Java and/or Bali 

without further details. With the aim to re-examine Ras-

bora and Nemacheilus diversity on the islands of Java, Bali 

and Lombok, we produced a DNA barcode reference library 

with the following objectives: (1) exploration of species bio-

logical boundaries through DNA-based species delimitation 

methods, (2) validation of species identity and taxonomy and 

precise range distribution by producing DNA barcodes from 

type localities or neighboring watersheds, (3) estimation of 

species genetic diversity and production of recommenda-

tions for conservation genetics purposes.

Materials and methods

Sampling and collection management

The authors previously conducted a large-scale DNA bar-

coding campaign across 95 sites in Java and Bali Island 

between November 2012 and May 2015 (Dahruddin et al. 

2017). During this initial inventory, a total of 3310 speci-

mens, including 162 species belonging to 110 genera and 53 
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families were collected. This was complemented by an addi-

tional campaign in Lombok island on March 2015 result-

ing in the sampling of an additional set of 367 specimens 

belonging to 54 species and 44 genera sampled across 12 

sites. With the objective to produce a DNA barcode refer-

ence library for the Java and Bali ichthyofauna, a total of 24 

specimens for 4 species of Rasbora and 15 specimens for 2 

species of Nemacheilus were previously sequenced (Dahrud-

din et al. 2017). Considering the objectives of the present 

study, an additional set of 84 specimens of Nemacheilus and 

118 specimens of Rasbora were selected at all the sites these 

genera were sampled during the initial campaign for further 

sequencing (Fig. 1). Thus, a total of 99 specimens belonging 

to 2 species of Nemacheilus and 142 specimens belonging 

to 4 species of Rasbora were analyzed in the present study 

(Table S1).

Specimens were captured using various gears including 

electrofishing, seine nets, cast nets and gill nets across sites 

encompassing the diversity of freshwater lentic and lotic 

habitats. Specimens were identified following available 

monographs (Kottelat et al. 1993), and species names were 

further validated based on several online catalogues (Froese 

and Pauly 2014; Eschmeyer et al. 2018). Specimens were 

photographed and individually labeled, and voucher speci-

mens were preserved in a 5% formalin solution. A fin clip 

or a muscle biopsy was taken for each specimen and fixed 

in a 96% ethanol solution for genetic analyses. Both tissues 

and voucher specimens were deposited in the national col-

lections at the Muzeum Zoologicum Bogoriense (MZB) in 

the Research Centre for Biology (RCB) from the Indonesian 

Institute of Sciences (LIPI).

Sequencing and international repositories

Genomic DNA was extracted using a Qiagen DNeasy 96 

tissue extraction kit following the manufacturer’s speci-

fications. A 651-bp segment from the 5  region of the 

cytochrome oxidase I gene (COI) was amplified using 

primer cocktails C_FishF1t1/C_FishR1t1 including M13 

tails (Ivanova et al. 2007). PCR amplifications were done 

on a Veriti 96-well Fast (ABI-AppliedBiosystems) thermo-

cycler with a final volume of 10.0 µl containing 5.0 µl Buffer 

2×, 3.3 µl ultrapure water, 1.0 µl each primer (10 µM), 0.2 µl 

enzyme Phire® Hot Start II DNA polymerase (5 U) and 

0.5 µl of DNA template (~ 50 ng). Amplifications were con-

ducted as follow: initial denaturation at 98 °C for 5 min fol-

lowed by 30 cycles denaturation at 98 °C for 5 s, annealing 

at 56 °C for 20 s and extension at 72 °C for 30 s, followed 

by a final extension step at 72 °C for 5 min. The PCR prod-

ucts were purified with ExoSap-IT® (USB Corporation, 

Cleveland, OH, USA) and sequenced in both directions. 

Sequencing reactions were performed using the “BigDye® 

Terminator v3.1 Cycle Sequencing Ready Reaction” and 

sequencing was performed on the automatic sequencer ABI 

Fig. 1  Collection sites for the 

241 samples analyzed in the 

present study following the 

sampling campaign detailed in 

Dahruddin et al. 2017 and new 

sampling events in Lombok 

island. a Collection sites of Ras-

bora specimens. b Collection 

sites of Nemacheilus specimens. 

White dots correspond to sites 

where Rasbora or Nemacheilus 

specimens were collected. Black 

dots represent visited sites 

where no Rasbora or Nemachei-

lus specimens were observed. 

Each dot may represent several 

collection sites
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3130 DNA Analyzer (Applied Biosystems). The sequences 

and collateral information have been deposited in BOLD 

(Ratnasingham and Hebert 2007) and are available in the 

projects BIFH, BIFHB, BIFI and BIFB. DNA sequences 

were submitted to GenBank (accession numbers are acces-

sible directly at the individual records in BOLD).

Species delimitation and genetic diversity

A maximum likelihood (ML) tree was first reconstructed 

using phyml 3.0.1 (Guindon and Gascuel 2003) based on 

the most likely substitution model selected by JMODEL-

TEST 2.1.7 (Darriba et al. 2012). An ultrametric and fully 

resolved tree was reconstructed using the Bayesian approach 

implemented in BEAST 2.4.8 (Bouckaert et al. 2014). Two 

markov chain of 50 million each were ran independently 

using Yule pure birth model tree prior and an uncorre-

lated relaxed lognormal clock model for both Rasbora and 

Nemacheilus data sets. The ML tree was converted into an 

ultrametric tree using a relaxed clock model of the chronos 

function in the R package ape 4.1 (Paradis 2004) imple-

mented in R (R Core Team 2018) and further used to initiate 

tree searches for the Bayesian analyses. Calibrations of ML 

and Bayesian analyses were established following Hutama 

et al. (2017). Age intervals for the Most Recent Common 

Ancestor (MRCA) of Rasbora spp. and Nemacheilus spp. 

were estimated based on the canonical 1.2% (+/− 0.5%) 

of genetic distance per million years for the fish COI gene 

(Bermingham et al. 1997). The average genetic distances 

between species pairs involving a direct ancestry with the 

MRCAs of Rasbora and Nemacheilus were calculated using 

MEGA 6 (Tamura et al. 2013) and used to estimate the age 

interval of the MRCAs. An additional calibration was added 

in the Rasbora tree including Rasbora baliensis, R. lateris-

triata and R. aprotaenia and also in Nemacheilus tree for 

the MRCA of N. chrysolaimos haplotypes following the 

same methodology. Trees were sampled every 10,000 states 

after an initial burning period of 10 million and both runs 

were combined using LogCombiner 2.4.8 (Bouckaert et al. 

2014). The maximum credibility tree was constructed using 

TreeAnnotator 2.4.7 (Bouckaert et al. 2014).

Several alternative methods have been proposed for delim-

itating molecular lineages (Pons et al. 2006; Puillandre et al. 

2012; Ratnasingham and Hebert 2013; Zhang et al. 2013; 

Hubert and Hanner 2015). These methods rely on different 

approaches and assumptions but they all have in common the 

detection of transitions between mutation/drift (within spe-

cies) and speciation/extinction (between species) dynamics 

(Hubert and Hanner 2015). Each of these methods is prone 

to pitfalls, particularly regarding singletons (i.e. delimitated 

lineages represented by a single sequence) and combin-

ing different approaches is increasingly used to circumvent 

potential pitfalls arising from, for instance, uneven sampling 

among species (Kekkonen and Hebert 2014; Kekkonen et al. 

2015; Blair and Bryson 2017). Here, four sequence-based 

methods of species delimitation were used to delimitate spe-

cies, and a final delimitation scheme was established based 

on a 50% consensus among methods in order to produce a 

robust delimitation scheme. For the sake of clarity, species 

identified based on morphological characters are referred to 

as species while species delimitated by DNA sequences are 

referred to as Operational Taxonomic Units (OTU), defined 

as diagnosable molecular lineages (Avise 1989; Moritz 1994; 

Vogler and DeSalle 1994; Hutama et al. 2017). OTUs were 

delimitated using the following algorithms: (1) Refined sin-

gle linkage (RESL) as implemented in BOLD and used to 

produce Barcode Index Numbers (BIN)(Ratnasingham and 

Hebert 2013), (2) Automatic barcode gap discovery (ABGD)

(Puillandre et al. 2012), (3) Poisson tree process (PTP) in its 

multiple rates version (mPTP) as implemented in the stand-

alone software mptp_0.2.3 (Zhang et al. 2013; Kapli et al. 

2017), and (4) General mixed yule-coalescent (GMYC) in 

its single rate version (sGMYC) as implemented in the R 

package splits 1.0-19 (Ezard et al. 2009; Fujisawa and Barra-

clough 2013). RESL and ABGD used the DNA alignments 

as inputs while the ML tree was used for mPTP. Two delim-

itation schemes were collected for sGMYC: (1) a scheme 

based on the maximum credibility tree from the Bayesian 

analysis as input (sGMYC), (2) a consensus scheme with 

OTUs selected if present in more than 50% of the 10 repli-

cates of sGMYC based on 10 Bayesian trees sampled along 

the Markov chain (sGMYC*).

We quantified the match among methods and their rela-

tive power using the match ratio, the Relative Taxonomic 

Index of Congruence index (Rtax) and the Taxonomic Index 

of Congruence (Ctax) following Blair and Bryson (2017). 

The match ratio is a measure of concordance among meth-

ods and is defined as twice the number of matches divided 

by the sum of the number of delimitated OTUs and the num-

ber of morphological species (Arhens et al. 2016). The Rtax 

index quantifies the relative power of a method to infer all 

estimated speciation events and is defined as the number 

of speciation events identified by a method divided by the 

total number of speciation events identified by the differ-

ent methods (Miralles and Vences 2013). The Ctax index is 

a measure of congruence in species assignments between 

two methods and is calculated by dividing the number of 

speciation events inferred jointly by the two methods by the 

total number of speciation events inferred. Considering the 

number of comparisons involved, an average Ctax index was 

calculated for each method.

For each species, Kimura 2-parameter (K2P) pairwise 

genetic distances were calculated using the R package ape 

4.1 (Paradis 2004). Maximum intraspecific and nearest 

neighbor genetic distances were calculated from the matrice 

of pairwise K2P genetic distances using the R package 
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SPIDER 1.5 (Brown et al. 2012). Haplotype diversity (h) 

and nucleotide diversity (π) were calculated for each species 

using the R package pegas 0.1 (Paradis 2010).

Results

99 and 142 sequences were successfully obtained for 

Nemacheilus and Rasbora respectively. All the sequences 

were above 500 bp of length and no stop codons were 

detected, suggesting that the sequences collected represent 

functional coding regions. The maximum credibility tree 

of Rasbora spp. identified a group of closely related spe-

cies including R. aprotaenia, R. lateristriata and R. balien-

sis as well as two unknown taxa labeled as R. sp1 and R. 

sp2 (Fig. 2). The age of the MRCA of this clade of closely 

related species is inferred to trace back around 3 million 

years ago (Ma), and the split between Rasbora argyrotae-

nia and the remaining Rasbora is inferred to happen around 

11 Ma. The age of Rasbora species MRCAs ranged between 

Fig. 2  Bayesian maximum credibility tree of Rasbora DNA barcodes including 95% HPD interval for node age estimates and sequence cluster-

ing results according to the 5 species delimitation methods implemented
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0.5 Ma for R. baliensis and 1 Ma for R. sp1. The maximum 

credibility tree clearly separated the two Nemacheilus spe-

cies genealogy into two distinct clades with a MRCA dated 

around 10 Ma (Fig. 3). The MRCA of N. chrysolaimos and 

N. fasciatus genealogies are dated around 1.5 and 0.5 Ma 

respectively.

Delimitation methods largely converged in identifying 

8 OTUs within the 6 species of Rasbora recognized here. 

Of the two partitioning schemes obtained with sGMYC, 

only the consensus partitioning scheme derived from 10 

replicates (sGMYC*) is consistent with other methods in 

Rasbora (Fig. 1), with a number of OTUs ranging from 7 

to 9 across sampled trees. Applying sGMYC to the Bayes-

ian maximum credibility tree resulted in an inflated num-

ber of OTUs as 51 lineages were delineated (Table 1). Two 

OTUs were detected within R. lateristriata and R. sp1. The 

match ratio was similar among methods excepting sGMYC 

and the highest resolution power was observed for sGMYC 

with a Rtax of 1 (Table 1). The highest taxonomy congruence 

was observed for BIN, ABGD, mPTP and sGMYC* with 

a Ctax of 0.784 (Table 1). Delimitation methods produced 

concordant delimitation schemes within Nemacheilus, as 

all methods, excepting sGMYC, delineated one OTU for 

each of the two species (Fig. 3). As observed for Rabora, 

sGMYC inflated the number of OTUs with 4 OTUs delimi-

tated within N. chrysolaimos (Table 2). The match ratio and 

the taxonomic concordance (Ctax) were the highest for all 

methods excepting sGMYC (Table 2). The resolution power 

was estimated to be the highest for sGMYC as revealed by 

Rtax (Table 2).

Maximum intraspecific K2P distances ranged between 

0.62 in R. argyrotaenia and 2.51 in R. sp1 (Table 1), and the 

Fig. 3  Bayesian Maximum Credibility Tree of Nemacheilus DNA barcodes including 95% HPD interval for node age estimates and sequence 

clustering according to the 5 species delimitation methods implemented
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minimum nearest neighbor K2P distance ranged between 

2.68 in R. aprotaenia and 9.67 in R. argyrotaenia. Hap-

lotype diversity was globally high for all species with a 

haplotype diversity ranging from 0.795 in R. aprotaenia to 

0.505 in R. baliensis. Nucleotide diversity was low for all 

species, with the lowest values ranging from 0.001 in R. 

argyrotaenia to 0.004 in R. aprotaenia, excepting for R. lat-

eristriata and R. sp1, the only two species with two OTUs 

(Table 1). Maximum intraspecific K2P distances were 0.47 

and 1.72 for N. fasciatus and N. chrysolaimos, respectively 

and the K2P distance between the two species was 14.78 

(Table 2). Genetic diversity is markedly different between 

the two Nemacheilus species with N. fasciatus exhibiting 

a low genetic diversity with a haplotype diversity of 0.168 

and a nucleotide diversity of 0.001 while N. chrysolaimos 

has a haplotype diversity of 0.828 and a nucleotide diversity 

of 0.007 (Table 2).

Discussion

Taxonomy of Rasbora species in Java, Bali 
and Lombok

Species boundaries of the four Rasbora species were suc-

cessfully recovered by all, except sGMYC, species delimita-

tion methods. This result has several implications regarding 

the taxonomy of the Rasbora genus in Java. The morpho-

logical characters described by Kottelat (1993) were not 

all operational as different and non-standardized meristic 

features were described for each species. Coloration pat-

terns were used to propose an initial set of morphological 

identifications that resulted in the acknowledgement of four 

species based on the following key: (1) R. aprotaenia is dis-

tinguished by two dark spots along the lateral line being 

connected by a thin and diffuse dark line, the first below 

Table 1  Summary statistics of Rasbora species genetic diversity and species delimitation schemes

n, number of individual sequences analyzed; Max. K2P distance, maximum K2P genetic distance (percent); Min. Nearest Neighbor K2P dis-

tance (percent), minimum K2P genetic distance to the nearest phylogenetic neighbor (percent) in the present data set; h, haplotypic diversity; π, 

nucleotidic diversity; match ratio, twice the number of match divided by the sum of the number of delimitated OTU and the number of morpho-

logical species; Rtax, number of speciation events identified by a method divided by the total number of speciation events identified by the differ-

ent methods; Ctax , average number of speciation events inferred jointly by two methods divided by the total number of speciation events inferred

Taxon n Max. K2P 

distance

Min. nearest neigh-

bor K2P distance

h π BIN ABGD bPTP sGMYC sGMYC*

R. argyrotaenia 20 0.62 9.67 0.742 0.001 1 1 1 8 1

R. aprotaenia 27 0.93 2.68 0.795 0.004 1 1 1 10 1

R. lateristriata 20 2.08 3.04 0.753 0.009 2 2 2 8 2

R. baliensis 54 0.77 3.04 0.505 0.002 1 1 1 16 1

R. sp1 20 2.51 3.33 0.658 0.012 2 2 2 8 2

R. sp2 1 NA NA NA NA 1 1 1 1 1

Total 142 – – – – 8 8 8 51 8

Match ratio – – – – – 0.571 0.571 0.571 0.035 0.571

Rtax – – – – – 0.16 0.16 0.16 1 0.16

Mean  Ctax – – – – – 0.784 0.784 0.784 0.04 0.784

Table 2  Summary statistics of Nemacheilus species genetic diversity and species delimitation schemes

n, number of individual sequences analyzed; Max. K2P distance, maximum K2P genetic distance (percent); Min. Nearest Neighbor K2P dis-

tance (percent), minimum K2P genetic distance to the nearest phylogenetic neighbor (percent) in the present data set; h, haplotypic diversity; π, 

nucleotidic diversity; match ratio, twice the number of match divided by the sum of the number of delimitated OTU and the number of morpho-

logical species; Rtax, number of speciation events identified by a method divided by the total number of speciation events identified by the differ-

ent methods; Ctax, average number of speciation events inferred jointly by two methods divided by the total number of speciation events inferred

Taxon n Max. K2P 

distance

Min. nearest neigh-

bour K2P distance

h π BIN ABGD bPTP sGMYC sGMYC*

N. fasciatus 14 0.47 14.78 0.168 0.001 1 1 1 1 1

N. chrysolaimos 85 1.72 14.78 0.828 0.007 1 1 1 4 1

Total 99 – – – – 2 2 2 5 2

Match ratio – – – – – 1 1 1 0.286 1

Rtax – – – – – 0.25 0.25 0.25 1 0.25

Mean  Ctax – – – – – 0.813 0.813 0.813 0.25 0.813
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the origin of the dorsal fin, the second on the caudal pedun-

cle and a dark spot along the proximal margin of the anal 

fin (Fig. 4). (2) R. argyrotaenia can be further separated in 

having a continuous dark line that cover nearly entirely the 

lateral line and a dark line that underlines the entire proximal 

margin of the anal fin. (3) R. laterstriata and R. baliensis 

are further distinguished by the number of scale on the lat-

eral line with 26–28 in R. baliensis and 29–33 in R. lateris-

triata (Kottelat et al. 1993). The concordance between the 

DNA-based and coloration- and meristic-based delimitation 

schemes for the four known Rasbora species confirms their 

biological species status. In addition, the examination of 

range distributions and known type localities further con-

firm this concordance with type localities being contained 

within the observed distribution range for R. argyrotaenia, 

R. aprotenia and R. baliensis (Fig. 5a, b, d).

R. lateristriata has been initially described based on a 

series of specimens collected throughout the Western part 

of Java (Kottelat 2013) at type localities that are not included 

in the range distribution observed here (Fig. 5c). Most of the 

type localities belong to the watershed draining the largest 

urban areas in Java (i.e. Jakarta, Bogor, Bandung), which 

are highly impacted by anthropogenic activities. Previous 

observations highlighted that some localities in this part of 

Java were dominated by invasive species including Xypho-

phorus spp., Oreochromis niloticus, Clarias gariepinus and 

Poecilia spp. (Dahruddin et al. 2017), and very few of the 

sites visited in the western part of Java resulted in the cap-

ture of Rasbora specimens (Jawa Barat, Table S1). Also it is 

possible that we failed to capture R. lateristriata while the 

species was present, this result suggests that it has become 

rare, at least in this part of Java. The concordance between 

morphology-based and sequence-based species delimitation, 

however seems to confirm its validity.

Rasbora baliensis was reported as a species endemic to 

the crater lakes in Bali while R. lateristriata replaced it in the 

rivers of Bali (Kottelat et al. 1993; Kottelat 2013). Our study 

shows that R. baliensis has a range distribution surprisingly 

wider than expected as its presence is detected until East Java 

and Lombok (Fig. 5d). The confusion that reigns over the 

know range distribution of R. baliensis and R. lateristriata is 

surprising considering that they show non-overlapping num-

bers of scale at the lateral line, a character that has been pre-

viously overlooked. The otherwise morphological similarity 

between the two species is likely to account for the reported 

occurrence of R. lateristriata in most Lesser Sunda Islands 

including Bali, Lombok and Sumbawa (Kottelat et al. 1993). 

The disjunctive range distribution of both species, as well 

as the reciprocal monophyly that was captured by all DNA-

based delimitation methods, argue that R. baliensis is a valid 

taxon. Furthermore, the presence of R. baliensis in east Java 

and Lombok is reported here for the first time while we show 

that R. lateristriata is restricted to central Java (Fig. 5d).

Finally, two new taxa are discovered here, Rasbora sp1 

and Rasbora sp2 (Figs. 2, 4). The COI tree suggests that 

both taxa are closely related to R. aprotaenia. The coloration 

pattern of R. sp1 is markedly different from R. aprotaenia, 

however as R. sp1 exhibit a thin dark line, instead of a dark 

spot in R. aprotaenia, at the proximal margin of the anal 

fin and a thin and a diffuse dark line along the lateral line 

(Fig. 4e). Rasbora sp2 is much more similar to R. aprotae-

nia in terms of coloration pattern, and the fact that a single 

Fig. 4  Selected specimen photographs of each of the 6 Rasbora spe-

cies collected and recognized in the present study. a Rasbora apro-

taenia (specimen BIF1501; SL = 47 mm; Ci Siih, Banten, Java). b 

Rasbora argyrotaenia (specimen BIF976; SL = 33  mm; Cilacap, 

Central Java). c Rasbora baliensis (specimen BIF2351; SL = 72 mm; 

Jembrana, West Bali). d Rasbora lateristriata (specimen BIF3619; 

SL = 87 mm; Kali Dauwan, Mojokerto, East Java). e Rasbora sp1 

(specimen BIF864; SL = 61  mm; Kali Pelus, Purwokerto, Central 

Java). f Rasbora sp2 (specimen BIF155; SL = 43 mm; Ci Heulang, 

Sukabumi, West Java)
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specimen was captured warrants further studies to enable 

its formal description. The diversification of this clade of 

closely related species is inferred to happen during the last 

2.5 Ma in a restricted area of the western part of Java, a 

pattern previously described for several species largely dis-

tributed in Java such as Barbodes binotatus, Channa gachua 

and Glyptothorax platypogon (Hutama et al. 2017).

Taxonomy of Nemacheilus species in Java

The DNA-based delimitation schemes are consistent with 

the presence of two species in Java, namely Nemachei-

lus fasciatus, reported to occur in Java and Sumatra, and 

Nemacheilus chrysolaimos, an endemic species of Java (Kot-

telat et al. 1993; Kottelat 2013). The examination of the type 

locality of N. fasciatus provided a conflicting result with 

the initial identification performed based on the diagnostic 

morphological characters described in Kottelat (1993). The 

type locality of N. chrysolaimos is unknown and the type 

locality of N. fasciatus is located in the western part of Java 

(Fig. 6). Following Kottelat’s monograph (1993), the West-

ern species is Nemacheilus chrysolaimos. According to our 

study, however the Nemacheilus species of western Java is 

N. fasciatus, N. chrysolaimos being largely distributed in 

Central and Eastern Java (Fig. 6). A reexamination of the 

diagnostic morphological characters proposed to differen-

tiate both Nemacheilus species in Java at the light of the 

present results indicates that N. fasciatus is the species that 

is distinguished in having a winged flap on the margin of the 

anterior naris (Fig. 7c, d), contrasting with an anterior naris 

valve pierced at the tip of a tube in N. chrysolaimos (Fig. 7a, 

b). The coloration patterns of each species are also distinct 

with N. chrysolaimos presenting 14–18 dark blotches along 

lateral line with 11–12 dark saddles across the back contrast-

ing with N. fasciatus exhibiting 9–18 dark bars of irregular 

shape (Kottelat et al. 1993). The identity of both species 

was further confirmed by the examination of the type speci-

mens of both species (N. chrysolaimos, B2972, B3961; N 

fasciatus, B2798) deposited at the MNHN Paris, as well 

as the original illustration of N. chrysolaimos depicting a 

coloration pattern consisting of irregular saddles, consistent 

with the coloration pattern of the specimens assigned to N. 

chrysolaimos in the present study.

Species distribution and conservation genetics

All the species under study here were previously reported 

as endemic species of the islands of Java, Bali and Lombok. 

Fig. 5  Species range distribution of the 6 Rasbora species recognized 

in the present study. Colored dots represent collection sites. White 

circles represent type localities. a Rasbora aprotaenia. b Rasbora 

argyrotaenia. c Rasbora lateristriata. d Rasbora baliensis. e Rasbora 

sp1. f Rasbora sp2
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The present study highlights that most of the species exam-

ined here have range distribution much more restricted than 

previously acknowledged. Excepting N. chrysolaimos and 

R. argyrotaenia detected in east and central Java, most spe-

cies are confined to a restricted set of watersheds. A clear 

separation is observed between the eastern versus the central 

and east Java lineages, a pattern previously reported among 

cryptic lineages within widespread species in Java such as 

Barbodes binotatus, Glyptothorax platypogon and Channa 

gachua (Dahruddin et al. 2017; Hutama et al. 2017). This 

biogeographic transition between East and West watersheds 

in Java is related to the ontogeny of Java, resulting from the 

merging of two volcanic arches, one is the west and a sec-

ond in the east (including East Java and Bali), that emerged 

between 10 and 5 Ma and further aggregated during the 

last 5 million years (Lohman et al. 2011). This scenario is 

reflected in Rasbora with the range distribution of R. balien-

sis encompassing the eastern part of Java, Bali and Lombok. 

A similar trans-distribution across the Bali strait was previ-

ously observed in Barbodes binotatus and Channa gachua 

(Hutama et al. 2017). Divergence levels between the western 

most species and the central/east species are surprisingly 

higher than previously observed in Java with a divergence 

between N. fasciatus and N. chrysolaimus inferred at around 

10 Ma (1.01–17.90 Ma, 95% HPD) and the divergence of R. 

argyrotaenia from other Rasbora inferred at around 11.5 Ma 

(10.61–12.55 Ma, 95% HPD). These age estimates are much 

older than reported for other widespread species in Java with 

species MRCA estimated to occur around 3 Ma for several 

species (Hutama et al. 2017). The age of the MRCA of sam-

pled species of Nemacheilus and Rasbora also trace back 

beyond the ontogeny of Java, suggesting that the evolution-

ary history of these Javanese species started prior to the 

rise of this island, during the initial settlement of Sundaland 

(Lohman et al. 2011). These old splits particularly contrast 

in Rasbora with divergence age estimates for other Rasbora 

species that do not exceed 3.5 Ma, an age consistent with 

previous age estimates of the MRCA of the coalescent trees 

of several widespread species in Java (Hutama et al. 2017). 

Interestingly, N. fasciatus and R. argyrotaenia are both cited 
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Fig. 6  Species range distribution of the 2 Nemacheilus species recognized in the present study. Colored dots represent collection sites. White 

circles represent type localities. a Nemacheilus chrysolaimos. b Nemacheilus fasciatus 
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from Sumatra suggesting a recent colonization of Java from 

Sumatra for those species. This scenario was recently sug-

gested for Rasbora based on a phylogenetic assessment of 

Java species based on mitochondrial genomes (Kusuma et al. 

2016), and highlights the different origins of the western and 

eastern species of Nemacheilus and Rasbora. The Rasbora 

tree topology, supporting close relationships between cen-

tral and east Java species, and age estimates, below 3.5 Ma, 

suggest that most Rasbora species diversified through in-

situ speciation in Java, a hypothesis previously suggested 

(Kusuma et al. 2016).

The general trend of highly restricted range distribution, 

related to a hypothesized origin though in-situ diversification 

in Java and Bali for Rasbora, highlights the sensitive con-

servation status of most endemic species in Java. The dis-

tribution patterns observed here are highly fragmented with 

little overlap between range distributions of sister-species, 

a pattern that was expected considering the volcanic origin 

of Java, Bali and Lombok islands during the Quaternary 

(Lohman et al. 2011). Genetic diversity patterns are consist-

ent with these observations as nucleotidic diversity is gener-

ally low for Rasbora and Nemacheilus species, a molecular 

signature also consistent with a recent origin through in-situ 

diversification. Cryptic diversity is also reported here for 

R. lateristriata and R. sp1, with cryptic lineages diverging 

around 1 Ma for both species, further accentuating the frag-

mented status of the populations of these species. As such, 

most Rasbora species should be considered as complexes 

of small populations, highly sensitive to further reductions 

in population size that may eventually lead to a vortex of 

extinction (Gilpin and Soulé 1986; Fagan and Holmes 2006).

Java is the most densely populated island in Sundaland 

and anthropogenic activities have an alarming impact on 

the rivers of this region (Spracklen et al. 2015; Breckwoldt 

et al. 2016; Hayati et al. 2017; Garg et al. 2018). Severe 

reductions of aquatic habitat size during the last two decades 

have been reported with significant impacts of water pollu-

tion generated by industrial wastes and agricultural run-offs, 

but also the introduction of exotic species (Eidman 1989; 

Dahruddin et al. 2017). Considering the very narrow range 

distributions observed here for most endemic species and 

the concerning environmental context of Java, this study 

stresses that conservation efforts even at a small spatial scale 

could have significant impacts in the conservation of these 

endemic species. Translocations of livestock are common 

in Indonesia and are often used as a management measure 

(Dahruddin et al. 2017). The presence of cryptic diversity, 

newly discovered, yet undescribed, taxa and their close 

morphological affinities make accurate species identifica-

tions difficult. In this context, the introduction of multiple 

species through translocation programs due to species misi-

dentifications are likely if not guided by DNA barcoding. 

Considering the young age of most of the species examined 

here and their allopatric distributions, the effectiveness of 

reproductive isolation mechanisms after secondary contact is 

questionable and the occurrence of hybridization cannot by 

discarded. Both genera have become scarce in the Western 

part of Java. Combined with the low genetic diversity at the 

nucleotide level, restoration program through genetic res-

cue (i.e. increasing population fitness through the repletion 

of genetic diversity by immigration) are probably required 

(Whiteley et al. 2014). If such translocation programs were 

to be implemented in the future, we advocate for short spa-

tial scale translocations in order to avoid secondary contact 

among closely related species and identify immigrants, to 

the species level using DNA barcodes.

Conclusion

As in previous molecular studies in the area, the present 

study highlights gaps of knowledge in the taxonomy and 

distribution of the freshwater fishes of Java and Bali, and 

further highlights the complexity of diversity patterns in 

this part of Sundaland. This assessment of Rasbora and 

Fig. 7  Selected specimen photographs of each of the 2 Nemacheilus 

species collected and recognized in the present study. a Nemachei-

lus fasciatus (specimen BIF495; SL = 42 mm; Ci Asem, Purwakarta, 

West Java). b Nemacheilus fasciatus (specimen BIF163; SL = 45 mm; 

Ci Heulang, Central Java). c Nemacheilus chrysolaimos (specimen 

BIF2032; SL = 58  mm; Ngerjo, Blitar, East Java). d Nemacheilus 

chrysolaimos (specimen BIF2074; SL = 55 mm; Bicoro, Lumajang, 

East Java)
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Nemacheilus diversity through DNA barcodes sheds light on 

the species biological status and distribution in South Sunda-

land and warrants further studies. In particular, the two new 

taxa discovered here need additional sampling efforts to be 

accurately described. The present study highlights the sensi-

tive status of most species owing to their restricted range and 

low genetic diversity.
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Over the past two decades, the spectacular aggregation of species in biodiversity hotspots has attracted attention 
by scientists and stakeholders alike1–4. However, this exceptional concentration of o en-endemic species at small 
spatial scales is threatened by the rise of anthropogenic disturbances. Of the 26 initially identi!ed terrestrial bio-
diversity hotspots1, the ones located in Southeast Asia (SEA) (Indo-Burma, Philippines, Sundaland and Wallacea) 
currently rank among the most important both in terms of species richness and the extend of endemism but also 
rank as the most threatened by human activities3. Sundaland is currently the most diverse terrestrial biodiver-
sity hotspot of SEA and is the most threatened5. Sundaland comprises Peninsular Malaysia and the islands of 
Java, Sumatra, Borneo, and Bali and its diversity originates from the complex geological history of the region, 
linked to major tectonic changes in the distribution of land and sea during the last 50 Million years (My)6, but 
also from eustatic "uctuations that have sporadically connected and disconnected Sundaland landmasses dur-
ing glacial-interglacial cycles in the Pleistocene7–9. #erefore, Sundaland biogeography has received increased 
attention over the past decade resulting in the detection of contrasting spatial and temporal patterns in various 
groups9–14.

Species richness within vertebrate groups is high in Sundaland1 and freshwater !shes are no exceptions to 
that. With more than 900 species reported to date, and with nearly 45 percent of endemism, Sundaland’s ichthy-
ofauna is the largest in SEA and accounts for nearly 75 percent of the entire ichthyodiversity of the Indonesian 
archipelago15. #e inventory of Sundaland’s freshwater !shes started more than two centuries ago and despite the 
acceleration of species discovery over the last three decades, it is still a work in progress15. #e complexity of this 
inventory was partly exacerbated by the abundance of minute species i.e. less than 5 cm length15, but also by the 
inconsistent use of species names through time for old descriptions due to the loss of type specimens or uncer-
tainties in the location of type localities16,17. #e family Cyprinidae sensu lato is a particularly good example for 
the complexity of Sundaland freshwater !shes taxonomy and systematics. #e systematics of this large family of 
Cypriniformes, with over 3,000 species, has been controversial for more than a century18. Based on recent molec-
ular phylogenetic studies19–21, Tan and Armbruster22 proposed a new classi!cation dividing the Cyprinidae sensu 
lato into 12 families. #e subfamily Rasborinae (Cypriniformes, Cyprinoidei, Danionidae) comprises roughly 
140 species in 11 genera: Amblypharyngodon, Boraras, Brevibora, Horadandia, Kottelatia, Pectenocypris, Rasbora, 
Rasboroides, Rasbosoma, Trigonopoma, and Trigonostigma22. In Sundaland the subfamily Rasborinae is repre-
sented by 79 species in 7 genera. #e genera Amblypharyngodon, Horadandia, Rasboroides, and Rasbosoma do not 
occur in Sundaland. By far the most species rich rasborine genus is Rasbora with over 100 species in total and 65 
species in Sundaland. Long considered a catch-all group, several attempts have been made to provide a classi!ca-
tion of the genus Rasbora that re"ects phylogeny. In a comprehensive revision, Brittan23 recognized 3 subgenera 
(Rasbora, Rasboroides, and Megarasbora) and divided Rasbora into 8 species complexes, now regarded as species 
groups24 (Fig. 1). Subsequent authors have erected several new genera or suggested new species composition for 
the various Rasbora species groups19,24–26. Clearly, to better understand the evolutionary history of this unique 
group, the taxonomy and systematic of the Rasborinae needs to be better understood.

#e use of standardized DNA-based approaches to the inventory of Sundaland’s ichthyofauna resulted in the 
detection of considerable knowledge gaps16,17,27. In addition, substantial levels of cryptic diversity (i.e. morpholog-
ically unrecognized diversity) were repeatedly reported for a wide range of Sundaland freshwater !sh taxa10,27–33 
including the Rasborinae16. #e taxonomy of most Rasborinae species, particularly so for the genus Rasbora, 
remains challenging due to the diversity of the group and the morphological similarity of many closely related 
species. As a consequence, the actual distribution ranges of many species of Rasborinae are not well known.

#is study aims to re-examine Rasborinae diversity in Sundaland. We generated a DNA barcode reference 
library to (1) explore biological species boundaries with DNA-based species delimitation methods, (2) validate 
species identity, taxonomy and precise range distribution by producing DNA barcodes from type localities or 
neighboring watersheds, (3) validate or revise of the previously published DNA barcodes records for the subfamily  
Rasborinae available on GenBank.

Results
Sequencing of the DNA barcode marker Cytochrome Oxidase 1 (COI) yielded a total of 991 new sequences 
(Table S2) from 189 sampling sites distributed across Sundaland (Fig. 2). Together with 106 DNA barcodes mined 
from GenBank and BOLD (Table S3), we assembled a DNA barcode reference library of 1,097 sequences from 65 
taxa of Rasborinae and 1 taxon of Sundadanionidae (Sundadanio retiarius). #e number of specimens analyzed 
per species ranged from 1 to 143, with an average of 14.6 sequences per species and only six species represented 
by a single sequence. #e sequences ranged from 459 bp to 651 bp long, with 99 percent of the sequences being 
above 500 bp length, and no stop codons were detected, suggesting that all the sequences correspond to functional 
mitochondrial COI sequences. DNA barcodes for 61 of the 79 nominal species of Rasborinae reported from 
Sundaland were recovered (approximately 78%) corresponding to the 7 Rasborinae genera currently recognized 
(Table S1). #e present study achieved a complete coverage at the species level for the genera Boraras (2 species), 
Brevibora (3 species), Kottelatia (1 species), Trigonopoma (2 species) and Trigonostigma (3 species). In turn, two 
out of the three Pectenocypris species (66%) and 48 out of the 65 Rasbora species (74%) currently recognized in 
Sundaland were collected (Table S1). Geographically, our dataset includes 86% of the Rasborinae of Borneo (38 
out of 44), all the Rasbora species of Java (4 species) and 68% of the Rasborinae species of Sumatra (26 out of 38) 
were collected (Table S1). Finally, four undescribed taxa are highlighted, two taxa of Rasbora in Java, one taxon 
of Trigonostigma in Borneo (Table S2) and an additional Rasbora taxon, previously assigned to R. paucisqualis in 
the literature (Table S3).

Species delimitation analyses provided varying numbers of Operational Taxonomic Units (OTUs) among 
methods (Fig. 3): 129 for PTP, 95 for mPTP, 178 for GMYC, 191 for mGMYC, 175 for ABGD and 146 for RESL 
(Table S3). Our consensus delimitation scheme yielded 166 OTUs, including 165 OTUs for the 65 Rasborinae 
taxa, 2.5-fold more than by using morphological characters. #e number of OTUs observed within species ranged 
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from two for 22 species to 11 for Trigonostigma pauciperforata (Table 1). Based on the results of the species 
delimitation analyses, a re-examination of the original species identity associated with 105 DNA barcodes mined 
from BOLD and GenBank revealed 13 cases of con"icts that likely originated from mis-identi!cations (Table S4). 
#ese concerned the genera Boraras (four records, two species), Brevibora (two records, two species) and Rasbora 
(seven records, six species). Along the same line, 12 uncertain identi!cations were revised for the genera Rasbora 
(10 records, !ve taxa) and Trigonostigma (two records, one taxa).

#e examination of the maximum K2P genetic distances for species with multiple OTUs and within OTUs 
revealed large di%erences with maximum K2P distances ranging between 0.26 and 13.64 within species and 
between 0.00 and 2.37 within OTUs (Table 1). #is trend was largely con!rmed by the distribution of the genetic 
distances at both species and OTUs levels (Fig. 4). At the species level, the distribution of the maximum intraspe-
ci!c K2P genetic distance broadly overlap with the distribution of the K2P distances to the nearest neighbor 
(Fig. 4A,B, Table S5) and no barcoding gap is observed. On average, the nearest neighbor K2P genetic distances 

Figure 1. Selected species of Rasborinae that illustrate the diversity of the subfamily in Sundaland. All pictures, 
except 1, 6.1, 7.1 and 7.2, originate from the Barcode of Life Datasystem (dx.doi.org/110.5883/DS-BIFRA, 
Creative Commons Attribution - Non Commercial - Share Alike), pictures 1, 6.1 and 7.2 originate from FFish.
asia (https://&sh.asia, Creative Commons Attribution - Non Commercial - Share Alike).
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Figure 2. Collection sites for the newly generated 991 samples analyzed here. Each dot may represent several 
collection sites. Map data: Google, DigitalGlobe. Modi!ed using Adobe Illustrator CS5 v 15.0.2. http://www.
adobe.com/products/illustrator.html.

Figure 3. Bayesian maximum credibility tree of the Rasborinae DNA barcodes (identical haplotypes removed) and 
species delimitation according to GMYC, mGMYC, PTP, mPTP, ABGD, BIN and the 50% consensus delimitation.



5SCIENTIFIC REPORTS |         (2020) 10:2818  | 

www.nature.com/scientificreportswww.nature.com/scientificreports/

are only 3.5-fold higher than the maximum intraspeci!c K2P distances. Plotting genetic distance for each spe-
cies provides little improvement as a substantial number of species display maximum intraspeci!c K2P genetic 
distances higher than the minimum distance to the nearest neighbor (Fig. 4C). At the OTU level, the overlap is 
drastically reduced peaking between 0 and 0.99 for maximum intraspeci!c K2P distances and ranging between 
1.0 and 1.99 for the K2P distance to the nearest neighbor (Fig. 4D,E). #e distribution width of the maximum 
intraspeci!c K2P distance is much more restricted for OTUs than species and fewer cases of maximum intraspe-
ci!c distance higher than the minimum distance to the nearest neighbor are observed (Fig. 4F). At the OTU level, 
the nearest neighbor K2P genetic distances were 7.2-fold higher on average than the maximum intraspeci!c K2P 
genetic distances.

Range distributions inferred from the new records generated for this study indicate that most type localities 
are embedded in the observed species range (Fig. 5). #e degree of overlap between species range, however, 
largely varies among genera with little or no overlap observed for Boraras, Pectenocypris, Trigonostigma and most 
Rasbora species while a substantial amount of overlap is observed for Brevibora and Trigonopoma species (Fig. 5).

Discussion
#is study represents the most comprehensive molecular survey conducted for the subfamily Rasborinae19,34. Our 
DNA barcode reference library consists of 65 Rasborinae species distributed across 7 genera and covering 78% of 
the Rasborinae diversity reported from Sundaland. DNA barcoding delivers reliable species-level identi!cations 
when taxa possess unique COI sequence clusters characterized by multiple private mutations. #is condition 
was met for all the Rasborinae species examined here and no cases of retention of ancestral polymorphism were 
detected35. However, this clearly contrasts with multiples discrepancies observed within the set of previously 
published COI sequences obtained on GenBank and BOLD. About 25 percent of these records were either mis-
identi!ed or associated with uncertain identi!cations. Such mis-identi!cations were expected considering the 
morphological uniformity within some Rasborinae genera, particularly in the genus Rasbora where multiple 
cases of taxonomic con"icts have been highlighted already16,36–39. Unexpectedly, most of the con"icts we detected 
were within the larger species of Rasbora, particularly those of the Rasbora argyrotaenia group and the R. sumatra 
group, and not within closely related smaller species such as members of the R. trifasciata group (Fig. 1). In facts, 
con"icts in species level population assignments have been previously reported for the R. argyrotaenia group in 
Java and Bali where R. lateristriata and R. baliensis have been confounded for decades as recently revealed by 
re-examination of species boundaries and distribution through DNA barcodes16. Other morphologically similar 
species of the Rasbora argyrotaenia group have been previously confused with R. lateristriata, such as R. ele-
gans, R. spilotaenia and R. chrysotaenia. #ese species are di&cult to separate due to overlapping meristic counts 
and coloration patterns40. Our study, however, highlights that these species have disjunct range distributions 
(Fig. 5) and cluster into well-di%erentiated mitochondrial lineages (Fig. S1, Table S3). Several of the detected mis-
identi!cations also involve species from di%erent Rasbora species groups24 such as Rasbora dusonensis, from the  
R. argyrotaenia group, that has been previously mistaken for R. sumatrana from the sumatrana group and R. 
myersi, from the R. sumatrana group, that has been confounded with R. dusonensis from the argyrotaenia group. 
Despite being distantly related (Fig. S1), these species show overlapping meristic counts and similar coloration 
patterns with no dark spots on the body40. #is result further calls for a broader assessment of the monophyly of 
the di%erent Rasbora groups, previously identi!ed by Liao24, as they are poorly supported by our study (Fig. S1).

#e observed average ratio of 3.5 between intraspeci!c and interspeci!c distances is very low compared to 
earlier values found for the Javanese ichtyofauna, where minimum nearest neighbor genetic distances are on 
average 28-fold higher than the maximum intraspeci!c genetic distances27. #is value is also very low in com-
parison to previous large-scale !sh DNA barcode surveys41–46. #is deviation can be attributed to a substantial 
amount of cryptic diversity revealed by our species delimitation analyses. For 61 species, delimitated on the basis 
of morphological characters, and validated by a match between species range distributions and type localities, we 
recovered a total of 166 OTUs. When accounting for this cryptic diversity the ratio between the minimum near-
est neighbor and maximum intraspeci!c distances rose to 7.5. Earlier large scale surveys in Sundaland already 
pointed to substantial levels of cryptic diversity28–31,33 and it has also been demonstrated that small-size species 
are more sensitive to fragmentation, experience faster genetic dri  and as such accumulate cryptic diversity at a 
faster rate than large-size species45,47. Along the same line, small-size species are more frequently confounded and 
lumped together, a bias that tend to in"ate the proportion of hidden diversity48.

We found very high numbers of OTUs with deep genetic divergences (up to 13.64% in Trigonopoma gracile) 
in a number of species (ranging from 7 to 11) such as in Rasbora bankanensis, Rasbora einthovenii, Rasbora tri-
lineata, Trigonopoma gracile and Trigonopoma pauciperforatum. #ese !ve species also display some of the wid-
est range distributions in Sundaland with OTUs occurring in Borneo, Sumatra, Peninsular Malaysia and several 
small islands across the Java sea (R. bankanensis, Fig. 5(16); R. einthovenii, Fig. 5(19); R. trilineata, Fig. 5(8);  
T. gracile, Fig. 5(5); T. pauciperforatum, Fig. 5(4)). However, the scarcity of OTU range overlap for those species 
suggests ongoing population fragmentation across the species range distribution (Tables S2 and S3). #is pattern is 
likely connected to the complex geological history of Sundaland which over the last 10 Million years was in"uenced 
by the subduction activity of the Asian and Australian plates and the resulting intense volcanic activity which pro-
duced multiple volcanic arches5. Furthermore, climatic "uctuations during the Pleistocene induced major sea levels 
changes leading to merging of Sundaland landmasses during glacial maxima and multiple fragmentations during 
glacial sea level low-stands7,8. In such dynamic landscapes, complex patterns of distribution and high lineage diver-
sity are to be expected10. #e in"uence of eustatic "uctuations in Sundaland is exempli!ed by Rasbora bankanensis, 
Rasbora einthovenii, Rasbora trilineata, Trigonopoma gracile and Trigonopoma pauciperforatum all of which display 
wide range distributions among watersheds neighboring the Java sea. #ose have been repeatedly connected during 
glacial maxima (Fig. 5(5), 5(8), 5(16) and 5(19)). #is pattern strongly contrasts with the lower genetic diversity 
and restricted range distribution of the species occurring in the Eastern part of Borneo such as Rasbora vaillantii 
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Species/OTUs
Max. Intraspec c 
Dist. (%)

Nearest Neighbor 
Dist. (%)

Brevibora cheya 4.29 5.99

  OTU 105 (BOLD:AAY0408) 0.00 3.18

  OTU 106 (BOLD:ADN0681) 1.30 3.18

Brevibora dorsiocellata 2.10 7.71

  OTU 102 (BOLD:ADY4509) 0.00 1.57

  OTU 103 (BOLD:ADN0680) 0.52 1.57

Rasbora aprotaenia 1.83 1.04

  OTU 140 (BOLD:ADY6054) 1.30 1.04

  OUT 139 (BOLD:ADZ0447) NA 1.30

Rasbora argyrotaenia 5.67 5.97

  OTU 87 (BOLD:ADY7291) 0.26 5.10

  OTU 88 (BOLD:ACQ2593) 0.52 5.10

Rasbora arundinata 2.63 2.10

  OTU 130 (BOLD:ADF6073) 0.00 2.10

  OTU 131 (BOLD:ADN1040) 0.00 2.63

Rasbora bankanensis 7.12 6.51

  OTU 40 (BOLD:ACF1059) GenBank GenBank

  OTU 39 (BOLD:AAR2899) 0.00 1.30

  OTU 38 (BOLD:ADY4700) NA 1.30

  OTU 41 (BOLD:ADY2504) 0.00 2.91

  OTU 42 (BOLD:ADY1545) 0.00 3.72

  OTU 43 (BOLD:ADY1544) 0.00 2.91

  OTU 44 (BOLD:ACC0430) 1.04 1.57

  OTU 144 (BOLD:ADY5341) 1.04 1.57

Rasbora beauforti 2.37 9.79

  OTU 33 (BOLD:ADY4385) NA 2.10

  OTU 34 (BOLD:ADY4385) 0.26 2.10

Rasbora borapetensis 7.73 5.97

  OTU 86 (BOLD:ADY1548) NA 7.43

  OTU 91 (BOLD:AAU5232) 0.52 5.97

Rasbora caudimaculata 1.83 7.71

  OTU 100 (BOLD:ADO5236) 0.00 1.83

  OTU 101 (BOLD:AAR2916) NA 1.83

Rasbora cephalotaenia 6.84 7.68

  OTU 4 (BOLD:ADY2668) 2.36 5.41

  OTU 5 (BOLD:AAI0355) GenBank GenBank

  OTU 6 (BOLD:ADN8441) 0.26 3.17

  OTU 7 (BOLD:AAI0356) 0.78 3.17

Rasbora daniconius 0.26 11.18

  OTU 2 (BOLD:ABX6594) GenBank GenBank

  OTU 3 (BOLD:ACA0514) 0.26 11.18

Rasbora dusonensis 1.57 10.73

  OTU 10 (BOLD:AAU2983) 0.26 1.30

  OTU 9 (BOLD:ADN2767) 0.00 1.30

Rasbora einthovenii 11.10 8.31

  OTU 73 (BOLD:ADY2667) NA 7.45

  OTU 74 (BOLD:ADY1546) 0.00 7.45

  OTU 75 (BOLD:ADY1017) 0.00 7.75

  OTU 77 (BOLD:ADW2748) GenBank GenBank

  OTU 78 (BOLD:ADN0813) 0.00 5.43

  OTU 79 (BOLD:AAU5112) 0.00 3.18

  OTU 80 (BOLD:ADO6360) NA 2.10

  OTU 81 (BOLD:ADY1549) 1.57 2.10

  OTU 83 (BOLD:ADY0551) 0.52 1.30

  OTU 82 (BOLD:ADY0550) 0.78 1.30

Rasbora elegans 1.57 1.04

Continued
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Species/OTUs
Max. Intraspec c 
Dist. (%)

Nearest Neighbor 
Dist. (%)

  OTU 138 (BOLD:ADY6054) 0.00 1.04

  OTU 136 (BOLD:ADY7956) NA 1.30

  OTU 137 (BOLD:ADZ0446) 0.00 1.30

Rasbora ennealepis 9.14 6.51

  OTU 35 (BOLD:ADN3883) 0.00 5.94

  OTU 36 (BOLD:ADN3887) 0.78 3.97

  OTU 37 (BOLD:ADY4386) 0.26 3.97

Rasbora jacobsoni 0.00 8.84

  OTU 66 (BOLD:ADW4597) GenBank GenBank

  OTU 67 (BOLD:ADN9402) 0.00 8.84

Rasbora kalbarensis 0.52 12.42

  OTU 20 (BOLD:AAY0409) GenBank GenBank

  OTU 21 (BOLD:ADN1457) 0.52 12.42

Rasbora kalochroma 2.64 5.39

  OTU 71 (BOLD:AAR2898) NA 1.30

  OTU 72 (BOLD:AAR2898) 1.83 1.30

Rasbora kottelati 2.37 5.39

  OTU 68 (BOLD:ADX8298) GenBank GenBank

  OTU 69 (BOLD:ADN0290) 0.00 2.10

  OTU 70 (BOLD:ADX9355) 0.26 2.10

Rasbora lateristriata 1.83 2.90

  OTU 141 (BOLD:ACQ7159) 1.30 1.57

  OTU 142 (BOLD:ACQ7160) 0.00 1.57

Rasbora laticlavia 4.55 4.00

  OTU 119 (BOLD:ADN8626) NA 3.45

  OTU 120 (BOLD:ADO3612) 0.78 1.04

  OTU 121 (BOLD:ADY6696) 0.26 1.04

Rasbora patrickyapi 1.83 8.31

  OTU 146 (BOLD:ADN2766) 0.00 1.83

  OTU 76 (BOLD:ADN2766) 0.00 1.57

  OTU 147 (BOLD:ADN2766) NA 1.57

Rasbora paucisqualis 5.97 7.63

  OTU 26 (BOLD:ADY2665) 0.00 4.28

  OTU 27 (BOLD:ADX9120) 0.00 2.63

  OTU 28 (BOLD:ADY4316) NA 1.57

  OTU 29 (BOLD:ADY4315) NA 1.57

  OTU 30 (BOLD:ADY4317) 0.26 1.83

Rasbora paviana 2.37 2.36

  OTU 126 (BOLD:AAD6182) 0.52 1.83

  OTU 127 (BOLD:AAD6182) GenBank GenBank

  OTU 129 (BOLD:ADY6053) 1.30 1.83

Rasbora rutteni 6.22 7.14

  OTU 17 (BOLD:ADN4430) 1.04 5.93

  OTU 18 (BOLD:ADY4516) 0.00 2.37

  OTU 19 (BOLD:ADN7331) 0.00 2.37

Rasbora sp.1 2.63 3.45

  OTU 124 (BOLD:ACQ2698) 0.00 2.63

  OTU 125 (BOLD:ACQ2594) 0.52 2.63

Rasbora subtilis 3.99 7.06

  OTU 111 (BOLD:ADN7332) NA 3.99

  OTU 112 (BOLD:ADN3888) 1.57 3.99

Rasbora sumatrana 3.18 5.97

  OTU 89 (BOLD:AAY0407) 1.04 2.37

  OTU 90 (BOLD:AAY0407) 0.78 2.37

Rasbora tornieri 1.57 9.51

  OTU 84 (BOLD:ADL5624) NA 1.57

Continued
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(Fig. 5(10)), R. laticlavia (Fig. 5(10)), R. trifasciata (Fig. 5(15)) and R. reophila (Fig. 5(20)) or species occurring in 
the Western part of Sumatra such as Rasbora vulcanus (Fig. 5(9)), R. maninjau (Fig. 5(9)), R. jacobsoni (Fig. 5(9)),  
R. tawarensis (Fig. 5(10)); R. chrysotaenia (Fig. 5(11)) and R. arundinata (Fig. 5(11)) and species in Java and Bali such 
as Rasbora sp1 (Fig. 5(10)), R. sp2 (Fig. 5(14)), R. lateristriata (Fig. 5(14)) and R. baliensis (Fig. 5(14)). #ese parts 
of Borneo, Sumatra and partially Java were disconnected from the central region of Sundaland around the Java sea 
during the Pleistocene. #is trend highlights the sensitive status of the endemic Rasborinae species in the peripheral 
areas of Sundaland due to their highly restricted distribution ranges. #e present study also argues against translo-
cation programs for the most widespread species, considering the high proportion of cryptic diversity, if species and 
OTUs identity are not determined through DNA barcodes16,31.

Conclusions
#e subfamily Rasborinae is the most diverse freshwater !sh group of Sundaland and therefore represents an 
excellent model to explore the evolutionary response of local freshwater biotas to a dynamic geological history 
and repeated eustatic "uctuations. A%ected by taxonomic confusions for decades, the genus Rasbora has been le  

Species/OTUs
Max. Intraspec c 
Dist. (%)

Nearest Neighbor 
Dist. (%)

  OTU 85 (BOLD:ADL5624) 0.00 1.57

Rasbora trilineata 10.97 7.69

  OTU 96 (BOLD:AAE7383) 1.83 2.36

  OTU 97 (BOLD:ADN9095) 0.00 5.96

  OTU 98 (BOLD:ADN7260) NA 3.74

  OTU 99 (BOLD:ADN9096) 0.00 3.74

  OTU 93 (BOLD:AAE7384) GenBank GenBank

  OTU 94 (BOLD:AAE7384) 0.00 4.27

  OTU 95 (BOLD:ADY1696) 0.26 2.36

Rasbora tuberculata 9.87 9.73

  OTU 24 (BOLD:ADN3886) 0.00 9.55

  OTU 25 (BOLD:ADN3884) 0.26 9.55

Rasbora vaillantii 1.83 4.00

  OTU 117 (BOLD:ADY8198) 0.00 1.83

  OTU 118 (BOLD:ADY8199) 0.00 1.83

Rasbora vulcanus 0.00 7.69

  OTU 115 (BOLD:AAI0352) GenBank GenBank

  OTU 116 (BOLD:ADN3885) 0.00 7.69

Trigonopoma gracile 13.64 9.22

  OTU 46 (BOLD:ADN4644) NA 6.26

  OTU 47 (BOLD:ADO0069) 0.00 1.57

  OTU 48 (BOLD:ADY2669) NA 2.36

  OTU 49 (BOLD:ADY4282) NA 1.57

  OTU 50 (BOLD:ADY6176) 0.00 1.57

  OTU 145 (BOLD:ACC0899) 0.52 2.10

  OTU 51 (BOLD:ACC0899) 2.10 2.10

Trigonopoma pauciperforatum 9.25 9.22

  OTU 55 (BOLD:ADY1547) 1.83 1.83

  OTU 56 (BOLD:ADY1425) 0.00 1.83

  OTU 57 (BOLD:ADY5548) 0.52 2.10

  OTU 58 (BOLD:AAV7972) NA 4.81

  OTU 59 (BOLD:ACC0580) 1.30 4.54

  OTU 60 (BOLD:ADY2666) 0.00 1.30

  OTU 61 (BOLD:ADY2666) 1.57 1.30

  OTU 62 (BOLD:ADN4643) NA 3.45

  OTU 63 (BOLD:ACC0669) 0.00 3.99

  OTU 64 (BOLD:ADV1540) 2.37 1.83

  OTU 65 (BOLD:AAY0427) 1.83 1.83

Trigonostigma heteromorpha 2.37 2.64

  OTU 108 (BOLD:AAJ8936) 0.26 1.83

  OTU 110 (BOLD:ABZ6147) 0.26 1.83

Table 1. List of the morphological species displaying more than one OTU including the maximum intraspeci!c 
and minimum nearest neighbor K2P distances for species and OTUs.
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aside of recent large-scale molecular studies aimed at exploring the diversi!cation of aquatic biotas in Sundaland. 
Our comprehensive DNA barcode reference library for the subfamily enables further evolutionary studies on 
the diversi!cation of the group, in particular within the genus Rasbora, which allowed us to trace evolutionary 
dynamics at the local scale in Sundaland16. #e contrasting patterns of molecular diversity and species range 
distributions between Rasborinae species inhabiting the watersheds neighboring the Java sea and the species 
located on the Eastern part of Borneo call for a larger assessment of their dynamics of species proliferation based 
on broader genomic analyses. Clearly, future studies will also have to address the systematics of the Rasborinae 
as no evidence supporting the monophyly of Rasbora nor the di%erent Rasbora species groups are detected here.

Material and Methods
Material used in the present study is the result of a collective 

e%ort to assemble a global Rasborinae DNA barcode reference library through various !eld sampling e%orts con-
ducted by several of the coauthors in Sundaland over the past decade. Specimens were captured using gears such 
as electro!shing, seine nets, cast nets and gill nets across sites that encompass the diversity of freshwater lentic and 
lotic habitats in Sundaland (Fig. 2). Specimens were identi!ed following original descriptions where available,  
as well as monographs40,49. Species names were further validated using several online catalogs50,51. Specimens 
were photographed, individually labeled and voucher specimens were preserved in a 5% formalin solution. Prior 
to !xation a !n clip or a muscle biopsy was taken and !xed separately in a 96% ethanol solution for further 
genetic analyses. Both tissues and voucher specimens were deposited in the national collections at the Museum 
Zoologicum Bogoriense (MZB), Research Center for Biology (RCB), Indonesian Institute of Sciences (LIPI).

A checklist of the Rasborinae species occur-
ring in Sundaland was assembled from available online catalogs including Fishbase51 and Eschmeyer’s Catalog 
of Fishes50 as detailed in Hubert et al.15. #is checklist was used to estimate the taxonomic coverage of the pres-
ent DNA barcoding campaign and to identify type localities for each species. #e following information was 
included: (1) authors of the original description, (2) type locality, (3) latitude and longitude of the type locality, 
(4) holotype and paratypes catalog numbers, (5) distribution in Sundaland. #is information is available as online 
Supplementary Material (Table S1).

Genomic DNA was extracted using a Qiagen DNeasy 
96 tissue extraction kit following manufacturer’s speci!cations. A 651-bp segment from the 5′ region of the 
cytochrome oxidase I gene (COI) was ampli!ed using primers cocktails C_FishF1t1/C_FishR1t1 including M13 
tails52. PCR ampli!cations were done on a Veriti 96-well Fast (ABI-AppliedBiosystems) thermocycler with a !nal 
volume of 10.0 µl containing 5.0 µl Bu%er 2× 3.3 µl ultrapure water, 1.0 µl each primer (10 µM), 0.2 µl enzyme 
Phire Hot Start II DNA polymerase (5U) and 0.5 µl of DNA template (~50 ng). Ampli!cations were conducted as 
followed: initial denaturation at 98 °C for 5 min followed by 30 cycles denaturation at 98 °C for 5 s, annealing at 
56 °C for 20 s and extension at 72 °C for 30 s, followed by a !nal extension step at 72 °C for 5 min. #e PCR prod-
ucts were puri!ed with ExoSap-IT (USB Corporation, Cleveland, OH, USA) and sequenced in both directions. 
Sequencing reactions were performed using the “BigDye Terminator v3.1 Cycle Sequencing Ready Reaction” and 

Figure 4. Summary of the distribution of the K2P distances. (A,D) Maximum intraspeci!c K2P distances; 
(B,E) Minimum nearest-neighbor K2P distances; (C,F) Individual plotting of maximum intraspeci!c K2P 
distances and minimum nearest neighbor K2P distances. (A–C) Distributions of K2P distances for species 
delimitated using morphological characters. (D–F) Distributions of K2P distances for OTUs delimitated by the 
50% consensus among species delimitation methods.
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sequencing was performed on the automatic sequencer ABI 3130 DNA Analyzer (Applied Biosystems). DNA bar-
codes obtained at the Naturhistorisches Museum Bern were generated as previously described in Conte-Grand 
et al.33.

The sequences and associated information were deposited on BOLD53 and are available in the data set 
DS-BIFRA (Table S2, dx.doi.org/10.5883/DS-BIFRA). DNA sequences were submitted to GenBank (accession 
numbers are accessible directly at the individual records in BOLD). An additional set of 106 Rasborinae COI 
sequences were downloaded from GenBank (Table S3).

Figure 5. Maps depicting species distribution ranges as established based on the present sampling sites 
(black margin) and type localities (white margin) following the checklist generated for this study (Table S1). 
1 Sampling sites and type localities of Boraras maculatus and B. merah. 2 Sampling sites, type localities and 
distribution ranges of Brevibora cheeya, B. dorsiocellata and B. exilis. 3 Type locality of Kottelatia brittani, 
sampling sites unknown, sequences originating from GenBank. 4 Sampling sites, type localities and distribution 
ranges of Pectenocypris korthausea and P. balaena. 5 Sampling sites, type localities and distribution ranges of 
Trigonopoma gracile, T. pauciperforatum and T. sp16. 6 Sampling sites, type localities and distribution ranges 
of Trigonostigma heteromorpha, T. hengeli (sampling sites outside the map); T. espei not displayed, type locality 
outside the map and sampling sites unknown, sequences originating from GenBank. 7 Sampling sites, type 
localities and distribution ranges of Rasbora argyrotaenia, R. sumatrana and R. borapetensis, multiple type 
localities for Rasbora argyrotaenia as detailed in16, Type locality of R. borapetensis outside the map. 8 Sampling 
sites, type localities and distribution ranges of Rasbora caudimaculata, R. trilineata and R. meinkeni, sampling 
sites of R. meinkeni unknown, sequence originating from GenBank. 9 Sampling sites, type localities and 
distribution ranges of Rasbora vulcanus, R. maninjau, R. subtilis and R. jacobsoni. 10 Sampling sites, type 
localities and distribution ranges of Rasbora tawarensis, R. paviana, R. sp. 116, R. volzii, R. tubbi, R. laticlavia 
and R. vaillanti, sampling sites corresponding to the type locality for Rasbora tawarensis. 11 Sampling sites, 
type localities and distribution ranges of Rasbora vulgaris, R. arundinata and R. chrysotaenia, type locality of 
Rasbora chrysotaenia located in Sumatra with no further details (Table S1). 12 Sampling sites, type localities and 
distribution ranges of Rasbora aprotaenia, R. elegans and R. spilotaenia. 13 Sampling sites, type localities and 
distribution ranges of Rasbora sarawakensis, R. rutteni, R. lacrimula, R. hubbsi, R. semilineata and R. kalbarensis. 
14 Sampling sites, type localities and distribution ranges of Rasbora sp216, R. lateristriata and R. baliensis. 15 
Sampling sites, type localities and distribution ranges of Rasbora beauforti, R. johannae, R. trifasciata and R. 
paucisqualis. 16 Sampling sites, type localities and distribution ranges of Rasbora tuberculata, R. ennealepis 
and R. bankanensis. 17 Sampling sites, type localities and distribution ranges of Rasbora tornieri and R. 
dusonensis. 18 Sampling sites, type localities and distribution ranges of Rasbora cephalotaenia, R. kottelati and R. 
kalochroma. 19 Sampling sites, type localities and distribution ranges of Rasbora patrickyapi and R. einthovenii. 
20 Sampling sites, type localities and distribution ranges of Rasbora borneensis, R. myersi, R. rheophila. Sampling 
sites and type locality of R. daniconius not displayed, outside the map. Each locality may represent several 
sampling sites. Map data: https://maps-for-free.com/. Modi!ed using Adobe Illustrator CS5 v 15.0.2. http://
www.adobe.com/products/illustrator.html.
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Kimura 2-parameter (K2P)54 pairwise genetic distances 
were calculated using the R package Ape 4.155. Maximum intraspeci!c and nearest neighbor genetic distances 
were calculated from the matrice of pairwise K2P genetic distances using the R package Spider 1.556. We checked 
for the presence of a barcoding gap, i.e. the lack of overlap between the distributions of the maximum intraspeci!c 
and the nearest neighbor genetic distances57, by plotting both distances and examining their relationships on an 
individual basis instead of comparing both distributions independently58. A neighbor-joining (NJ) tree was built 
based on K2P distances using PAUP 4.0a59 in order to visually inspect genetic distances and DNA barcode clusters 
(Fig. S1). #is NJ tree was rooted using Sundadanio retiarius.

Several alternative methods have been proposed for delimitating molecular lineages60–63. Each of these 
methods have pitfalls, particularly when it comes to singletons (i.e. delimitated lineages represented by a single 
sequence) and a combination of di%erent approaches is increasingly used to overcome potential pitfalls aris-
ing from uneven sampling16,43,64–66. We used four di%erent sequence-based methods of species delimitation. 
For the sake of clarity, we refer to species identi!ed based on morphological characters as species while species 
delimited using DNA sequences are referred to as Operational Taxonomic Unit (OTU)67–69. OTUs were delim-
itated using the following algorithms: (1) Re!ned Single Linkage (RESL) as implemented in BOLD and used to 
generate Barcode Index Numbers (BIN)62, (2) Automatic Barcode Gap Discovery (ABGD)61, (3) Poisson Tree 
Process (PTP) in its multiple rates version (mPTP) as implemented in the stand-alone so ware mptp_0.2.363,70, 
(4) General Mixed Yule-Coalescent (GMYC) in its multiple rate version (mGMYC) as implemented in the R 
package Splits 1.0–1971. RESL and ABGD used DNA alignments as input !les while a ML tree was used for mPTP 
and a Bayesian Chronogram based on a strict-clock model using a 1.2% of genetic distance per million year72 for 
mGMYC. #e mPTP algorithm uses a phylogenetic tree as an input !le, thus, a maximum likelihood (ML) tree 
was !rst reconstructed using RAxML73 based on a GTR + Γ substitution model. #en, an ultrametric and fully 
resolved tree was reconstructed using the Bayesian approach implemented in BEAST 2.4.874. Two Markov chains 
of 50 millions each were ran independently using the Yule pure birth model tree prior, a strict-clock model and 
a GTR + I + Γ substitution model. Trees were sampled every 10,000 states a er an initial burnin period of 10 
millions. Both runs were combined using LogCombiner 2.4.8 and the maximum credibility tree was constructed 
using TreeAnnotator 2.4.774. Identical haplotypes were pruned for further species delimitation analyses.
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