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Cats find mice: Hidden diversity of rodents revealed by DNA barcoding of 

prey items of wild cats in southern Brazil 

 

w+.,-P&+!Z-+-,(!K-0&+-,lax)!L(/-(.+!<(*1$!L,-0$a)!=+',$!<$,'+-,$!G6/,+>(")!G'&(,'$!G-D-,-ca)ey!

!

aT(9$,(/l,-$!'+!m-$>$0-(!C+.k*-2(!+!I$>+2&>(,)!K(2&>'('+!'+!m-$2-3.2-(6)!=s<RB:!#A+.-'(!

Y1-,(.0(!bb^a)!1,7'-$!a":!=$,/$!#>+0,+)!RB!`[ba`o`[[)!m,(D->:!

"!%+1(,/(*+./$!'+!C+.7/-2(!z!Y.6/-/&/$!'+!m-$2-3.2-(6!z!s.-A+,6-'('+!K+'+,(>!'$!R-$!C,(.'+!

'$!B&>!fsKRCBg)!=$,/$!#>+0,+)!R-$!C,(.'+!'$!B&>)!m,(D->!

X!=,$0,(*(!'+!=l6oC,('&(58$!+*!C+.7/-2(!+!m-$>$0-(!I$>+2&>(,!z!s.-A+,6-'('+!K+'+,(>!'$!

R-$!C,(.'+!'$!B&>!fsKRCBg)!=$,/$!#>+0,+)!R-$!C,(.'+!'$!B&>)!m,(D->!

eY.6/-/&/$!=,lo<(,.@A$,$6)!#/-9(-()!B=)!m,(D->:!

!

!

y<$,,+61$.'-.0!(&/F$,V!

%,:!G'&(,'$!G-D-,-c)!K(2&>'('+!'+!m-$2-3.2-(6!z!=s<RB:!#A:!Y1-,(.0(!bb^a)!<G=!`[ba`o`[[!

=$,/$!#>+0,+)!RB)!m,(D->:!K(S!.&*9+,V!hh!fhag!XX"[:Xba":!G*(->V!+'&(,'$:+-D-,-c{1&2,6:9,!

!

!

 

 

 

 



!

!

^!

Summary 

 

B-.2+!"[[X!/F+!&6+!$4!(!6/(.'(,'-D+'!*$>+2&>(,!*(,c+,!4$,!61+2-+6!-'+./-4-2(/-$.!F(6!

+*+,0+'! (6! (! 1,(2/-2(>! 6$>&/-$.! 4$,! (! 0,+(/! A(,-+/]! $4! 9-$'-A+,6-/]! 6&,A+]6! (.'! $/F+,!

(11>-2(/-$.6:!Y.!/F+)!>-/+,(/&,+!/F+!>-6/!$4!+S(*1>+6!$4!F-''+.!'-A+,6-/]!&.2$A+,+'!/F,$&0F!/F-6!

/+2F.-P&+! -.2,+(6+6! 2$./-.&$&6>]:! LF+! 1,+6+./! 6/&']! 1,$1$6+6! /F+! &6+! $4! (! *$>+2&>(,!

(11,$(2F! 4$,! 61+2-+6! -'+./-4-2(/-$.! $4! '-+/(,]! 2$./+./6! $4! 4$&,! 61+2-+6! $4!?+$/,$1-2(>!d->'!

2(/6!f!"#$%&'()*+,-&,.())!!/*-"#00&#1,)!!/*2,"',,!(.'!3(4%*1%-#(%&#(.',g)!(.'!-.2>&'+6!(!*$,+!

'+/(->+'! 2$*1(,-6$.! $4! /F+! 4$$'! F(9-/6! $4! !/* +,-&,.()! (.'! !/* -"#00&#1,:! n+! d+,+! (9>+! /$!

-'+./-4]!h`i!$4!$&,!6(*1>+6!(/!61+2-+6!>+A+>)!(.'!/$!2>(66-4]!/F+!&.-'+./-4-+'!$.+6!-./$!d+>>o

6&11$,/+'!2>&6/+,6)!dF-2F!,+A+(>+'!/F+!>-c+>]!'-A+,6-/]!$4!61+2-+6!6(*1>+'!-.!/F+!(,+()!+A+.!

d-/F$&/! 1,$1+,! /(S$.$*-2! -'+./-4-2(/-$.:! LF+! -'+./-4-+'! /(S(! d+,+! 5%6,%* 4%-.%)! 7()*

4()8(9())!:##&"+%41)*%.-#(1%)!;9,-#&1<#41)*.,-&,$")B!=%++()*&%++()B!;>1418+"&()*?(%")+#&B*

;>1418+"&()* 61/B! @A#'#.* $%&%.%".),)* (.'! @A#'#.* %<%&%":* * K-A+! $/F+,! 2>&6/+,6! d+,+!

-'+./-4-+'!dF-2F!'-'!.$/!*(/2F!(.]!$4!/F+!,+4+,+.2+!61+2-+6! -.!$&,!'(/(9(6+:!LF+6+!0,$&16!

>-c+>]!2$,,+61$.'!/$!61+2-+6o>+A+>!/(S(!/F(/!(,+!+-/F+,!&.'+62,-9+'!$,!.$/!c.$d.!/$!$22&,!-.!

/F+!6(*1>+'! ,+0-$.:!LF-6! ,+6&>/!F-0F>-0F/6! /F+!1$/+./-(>! 4$,!(11>-2(/-$.!$4! /F-6! /+2F.-P&+! /$!

/F+! '-+/(,]! 2$./+./! $4! 1,+'(/$,6! /$! -.A+./$,]! /F+! '-A+,6-/]! $4! /F+-,! 1,+])! -.2>&'-.0! /F+!

1$66-9->-/]!$4!'-62$A+,-.0!2&,,+./>]!&.c.$d.!/(S(:!LF+!2$*1(,(/-A+!+2$>$0-2(>!(.(>]6-6!$4!!/*

-"#00&#1,!(.'!!/* +,-&,.()! 6F$d+'!(!6/,$.0!1(//+,.!$4!'-+/(,]!61+2-(>-D(/-$.! 4$,!9$/F!61+2-+6!

(.'!(!d+(c!.-2F+!$A+,>(1!9+/d++.!/F+*:!<$.6-'+,-.0!/F(/!/F+!'+/(->+'!-'+./-4-2(/-$.!$4!1,+]!

-/+*6!4,$*!/F+6+!61+2-+6!F(6!9++.!F-6/$,-2(>>]!'-44-2&>/!$.!/F+!9(6-6!$4!/,('-/-$.(>!*+/F$'6)!

/F+! ,+6&>/6!$9/(-.+'!F+,+! ->>&6/,(/+! /F+!&6+4&>.+66!$4! /F-6! (11,$(2F! /$!1+,4$,*!(!*$,+! -.o

'+1/F! 2$*1(,-6-$.! $4! /F+! '-+/! $4! /F6+! 4+>-'6)! *(c-.0! -/! 1$66-9>+! /$! 0(-.! (! 9+//+,!

&.'+,6/(.'-.0!$4!/F+-,!+2$>$0-2(>!-./+,4(2+!-.!(,+(6!$4!6]*1(/,]!-.!6$&/F+,.!m,(D->:!

W+]d$,'6V! !"#$%&'()* +,-&,.())! !"#$%&'()* -"#00&#1,)! !"#$%&'()* 2,"',,)! 3(4%* 1%-#(&#(.',)!

?+$/,$1-2(>)!%?#!9(,2$'+6:!
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1. Introduction 

Y.! /F+! >(6/! 4+d! ]+(,6)! /F+! %?#! 9(,2$'-.0! (11,$(2F! F(6! +*+,0+'! (6! (! >(,0+o62(>+!

-.-/-(/-A+! 1,$1$6-.0! /F+! &6+! $4! 6/(.'(,'-D+'! *$>+2&>(,! *(,c+,6! 4$,! 61+2-+6o>+A+>!

-'+./-4-2(/-$.!$4! >-A-.0!$,0(.-6*6! fm$,-6+.c$!"+*%9/! "[[`g:! Y.! /(S$.$*])!%?#!9(,2$'-.0!2(.!

1>(]!(.!-*1$,/(./!,$>+!-.!61+2-+6!6&,A+]6!(.'!/F+!'-62$A+,]!$4!F-''+.!'-A+,6-/]!fw+9+,/!"+*%9/!

"[[eg:! LF+! 1,+6+.2+! $4! &.-'+./-4-+'! 2>&6/+,6! -.! (! 9-$'-A+,6-/]! -.A+./$,]! 2$&>'! 4>(0! /F+!

$22&,,+.2+! $4! &.'+62,-9+'! 61+2-+6! $,)! (/! >+(6/)! $4! /(S(! /F(/! ,+P&-,+! 9+//+,! 6(*1>-.0!

f=(1('$1$&>$&! "+* %9/! "[[^g:! LF+! &6+! $4! (! 6/(.'(,'! *$>+2&>(,! *(,c+,! 2(.! (22+>+,(/+! /F+!

'-62$A+,]! $4! .+d! 61+2-+6)! (-'-.0! /,('-/-$.(>! /(S$.$*]! -.! /F+! '+62,-1/-$.! (.'! '-,+2/+'!

-.A+6/-0(/-$.! $4! 1,+A-$&6>]! &.c.$d.! >-4+! 4$,*6! fw+9+,/!"+* %9/! "[[Xg:! Y/! F(6! 9+2$*+!d-'+>]!

(11(,+./! /F(/! /F-6! /+2F.-P&+! 2(.! F+>1! -*1,$A+! /F+! (.(>]6-6! -.! $/F+,! ,+6+(,2F! (,+(6! /F(/!

'+1+.'!$.!/(S$.$*])!6&2F!(6!4$,+.6-26)!+2$>$0]!(.'!*+'-2-.+!fL+>+/2F+(!"+*%9/!"[[hg:!

G2$>$0]! -6! $.+! $4! /F+! ,+6+(,2F! 4-+>'6! -.! dF-2F! /F-6! /+2F.-P&+! 2(.! 9+! *$6/! &6+4&>:!

Z(>+./-.-!"+*%9/!f"[[^g!,+A-+d+'!/F+!6&9O+2/!(.'!>-6/+'!6+A+,(>!(11,$(2F+6!/F(/!2$&>'!9+.+4-/!

4,$*!*$,+!1,+2-6+!(.6d+,6!1,$A-'+'!9]!%?#!9(,2$'-.0v!*$6/!$4!/F+*!d+,+!,+>(/+'!/$!.$.o

-.A(6-A+!6(*1>-.0)!6&2F!(6!/F+! -'+./-4-2(/-$.!$4!1,+'(/$,6!&6-.0!62(/6!f+:0:!?(1$>-/(.$!"+*%9/!

"[[^)!w((0!"+*%9/!"[[`g:!#.$/F+,!1$/+./-(>!4-+>'!$4!(11>-2(/-$.!1+,/(-.6!/$!/F+!6/&']!$4!'-+/(,]!

2$./+./6! $4! A(,-$&6! 61+2-+6)! dF$6+! 1,+2-6+! -'+./-4-2(/-$.! d$&>'! 9+.+4-/! .$/! $.>]! /,$1F-2!

(.(>]6+6! 9&/! 2$&>'! (>6$! (>>$d! -*1,$A+'! +2$>$0-2(>! 6&,A+]6! d-/F! ,+61+2/! /$! /F+! 1,+]! -/+*!

0,$&16:!LF+,+!(,+!6+A+,(>!,+1$,/+'!2(6+6!$4!-.6+2/!0,$&16!/F(/!F('!9++.!1,+A-$&6>]!'+62,-9+'!

(6! 0+.+,(>-6/6! (.')! (4/+,! (! %?#o9(6+'! (.(>]6-6)! d+,+! 6F$d.! /$! 1$66+66! 2$*1>+S! '-+/(,]!

,+>(/-$.6F-16!f6++!m-2c4$,'!"+*%9/!|"[[b}!4$,!+S(*1>+6g:!



!
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a[!

!B-.2+! /F+! 1,$1$6-/-$.! $4! /F+! %?#! 9(,2$'-.0! (11,$(2F! fw+9+,/! "+* %9/! "[[Xg)! 6$*+!

6/&'-+6! F(A+! +*1>$]+'! /F-6! *+/F$'! /$! -'+./-4]! '-+/(,]! 2$./+./6! $4! A+,/+9,(/+6! (6! d+>>:!

%+(0>+! "+* %9/! f"[[\g! (.(>]D+'! /F+! '-+/! $4! I(2(,$.-! =+.0&-.6! /F,$&0F! /F+! *$>+2&>(,!

-'+./-4-2(/-$.! $4! 1,+]! $9/(-.+'! 4,$*! 4+2(>!*(/+,-(>v! /F+! 6(*+! (11,$(2F!d(6! +*1>$]+'! 9]!

$/F+,!(&/F$,6!-.!$/F+,!/(S$.$*-2!0,$&16)!6&2F!(6!9(/6!f<>(,+!"+*%9/!"[[`g!(.'!6+(>6!f%+(0>+!"+*

%9/!"[[`g)!(.'!(>6$!-.!/F+!-'+./-4-2(/-$.!$4!1>(./!2$./+./!-.!/F+!'-+/!$4!,$'+./6!fB$-.-.+.!"+*%9/!

"[[`g:!

%-+/(,]!6/&'-+6!$4!2(,.-A$,+!61+2-+6!(,+!,+>(/-A+>]!2$**$.)!(6!/F+]!2(.!9+!1+,4$,*+'!

$.!/F+!9(6-6!$4!4(+2(>!6(*1>-.0!f+:0:!n(.0!"[[")!I(.4,+'-!"+*%9/!"[[eg!$,!6/$*(2F!2$./+./!

(.(>]6-6!f+:0:!?$A(,$!"+*%9/!"[[[g:!B+A+,(>!6/&'-+6!F(A+!9++.!1+,4$,*+'!$.!/F+!4$$'!F(9-/6!$4!

?+$/,$1-2(>!2(,.-A$,+6)!*$6/!$4!dF-2F!&6+'!4+2(>!*(/+,-(>!f6++!#9,+&!"+*%9/!"[[\v!I(,/-.6!"+*

%9/! "[[^v! Ll4$>-! "+* %9/! "[[`g:! #! 1,$9>+*! /F(/! 4,+P&+./>]! +*+,0+6! -.! /F+6+! 6/&'-+6! -6! /F+!

'-44-2&>/]! $4! -'+./-4]-.0! 1,+]! -/+*6! (/! 61+2-+6! >+A+>)! '&+! /$! /F+! 4,(0*+./(,]! $,! '+0,('+'!

.(/&,+! $4! /F+! *(/+,-(>6! ,+2$A+,+'! 4,$*! /F+6+! 6$&,2+6:! K$,! +S(*1>+)! #9,+&! "+* %9/! f"[[\g!

6/&'-+'!/F+!4++'-.0!F(9-/6!$4!!/*$%&'%9,)!(.'!$96+,A+'!(!F-0F!>+A+>!$4!1,+'(/-$.!$.!6*(>>!1,+]!

f~ac0g)!9&/!4,$*!/F+6+!-/+*6!/F+]!2$&>'!.$/!-'+./-4]!"hi!$4!/F+!6(*1>+'!*(66:!!

K+>-'6!1>(]!(.! -*1$,/(./! ,$>+! -.!*$6/!?+$/,$1-2(>!*(**(>-(.! 2$**&.-/-+6:! ! !n-/F!

/+.!+S/(./!61+2-+6)!/F+]!$22&1]!(!d-'+!A(,-+/]!$4!F(9-/(/6!4,$*!'+.6+!4$,+6/!4$,*(/-$.6!/$!

$1+.! 4-+>'6)! 4,$*! 6+(o>+A+>! /$! F-0F! (>/-/&'+6! f?$d(c! "+* %9/a```g:! LF+! 0,$&1! -.2>&'+6! /$1!

1,+'(/$,6!f"/-/!3%.+D"&%*#.8%!(.'!3(4%*8#.8#9#&g)!*+6$o1,+'(/$,6!f"/-/!!"#$%&'()*$%&'%9,))!

3(4%* 1%-#(%&#(.',g! (.'! (>6$! 6*(>>! ,+1,+6+./(/-A+6! f"/-/! !/* +,-&,.())! !/* -(,-.%g)! dF$6+!

/,$1F-2! -./+,(2/-$.6! (,+! 6/->>! 1$$,>]! &.'+,6/$$':! Y/! -6! >-c+>]! /F(/! /,$1F-2! .-2F+! $A+,>(1! (.'!

-./+,o61+2-4-2!2$*1+/-/-$.!1>(]!,+>+A(./!,$>+6! -.!/F+!'].(*-26!$4!/F+6+!2$**&.-/-+6)!(6!F(6!



!

!

aa!

(>,+(']! 9++.! $96+,A+'! -.! 6$*+! 2(6+6! fI(,/-.6! "+* %9/! "[[^v! Ll4$>-! "+* %9/! "[[`g! T-c+d-6+)!

1,+'(/-$.! 1,+66&,+! 9]! 4+>-'6! *(]! 9+! (.! -*1$,/(./! 4(2/$,! ,+0&>(/-.0! /F+! 2$*1$6-/-$.! (.'!

'].(*-26! $4!*(**(>! 2$**&.-/-+6! -.! /F+!?+$/,$1-26:! L+6/-.0! /F+6+! +2$>$0-2(>! F]1$/F+6+6!

d$&>'!,+P&-,+!(!9+//+,!&.'+,6/(.'-.0!$4!4+>-'!'-+/(,]!2$*1$6-/-$.)!+61+2-(>>]!-.!/F+!2(6+!$4!

6*(>>+,!d->'!2(/6)!dF$6+!4$$'!F(9-/6!F(A+!.$/!]+/!9++.!2F(,(2/+,-D+'!-.!'+/(->:!!

n-/F-.! /F-6! 0&->')! 3/* 1%-#(%&#(.',! F(6! (! 9,$('! '-6/,-9&/-$.! $22&1]-.0! '-44+,+./!

F(9-/(/! /]1+6)! -.2>&'-.0! /F+!#*(D$.!(.'!#/>(./-2! 4$,+6/)!(6!d+>>!(6!$1+.!(,+(6!6&2F!(6! /F+!

<+,,('$!(.'!=(*1(6:!Y.!/F+!>-/+,(/&,+!-/!-6!'+62,-9+'!(6!1,+]-.0!$.!(!d-'+!A(,-+/]!$4!0,$&16)!

'+1+.'-.0!/F+!(,+(!$4!$22&,,+.2+!fG**$.6)!a``\g:!w$d+A+,)!A+,]!4+d!6/&'-+6!F(A+!4$2&6+'!

$.!-/6!'-+/(,]!2$./+./6)!6$!/F(/!$&,!&.'+,6/(.'-.0!$4!-/6!4$$'!F(9-/6!-6!6/->>!P&-/+!1,+>-*-.(,]:!!

LF+!!"#$%&'()!2$*1,-6+6!6+A+.!61+2-+6!$22&1]-.0!(!0,+(/!A(,-+/]!$4!F(9-/(/6!(.'!1,+6+./-.0!

'-44+,+./!+2$>$0-2(>!4+(/&,+6:!J.+!*+*9+,!$4!/F-6!0+.&6!-6!!/*2,"',,)!dF-2F!6++*6!/$!9+!P&-/+!

&.-P&+! '&+! /$! -/6! >-c+>]! (,9$,+(>! F(9-/6! (6! -.4+,,+'! (.'! 9]!*$,1F$>$0-2(>! ('(1/(/-$.6! (.'!

6$*+! 4-+>'! $96+,A(/-$.6! fB&.P&-6/! (.'! B&.P&-6/! "[["g:! #6! ,+6&>/! $4! /F+6+! ('(1/(/-$.6! (.'!

F(9-/6)!!/*2,"',,! -6!+S1+2/+'!/$!1,+]!*$,+!+S/+.6-A+>]!$.!9-,'6!(.'!(,9$,+(>!*(**(>6!/F(.!

$/F+,! 6*(>>! ?+$/,$1-2(>! 4+>-'6! fG**$.6)! a``\g)! (! F]1$/F+6-6! /F(/! F(6! .$/! ]+/! 9++.!

/F$,$&0F>]!/+6/+':!!

Ld$! $/F+,! 61+2-+6! 4,$*! /F-6! 0+.&6! /F(/! 6F$d! ,+>+A(./! P&+6/-$.6! ,+0(,'-.0! /F+-,!

.(/&,(>!F-6/$,]!(.'!/,$1F-2!9-$>$0]!(,+!!/*+,-&,.()!(.'!!/*-"#00&#1,:!Y.!R-$!C,(.'+!'$!B&>!6/(/+)!

6$&/F+,.!m,(D->)! /F+6+! 61+2-+6!F(A+!(!*$6/>]! (>>$1(/,-2! '-6/,-9&/-$.)!d-/F! (!.(,,$d!$A+,>(1!

f8%/! a[[c*! d-'+g! (/! /F+! 2+./+,! $4! /F+! 6/(/+:! LF-6! 2$./(2/! D$.+! -6! >-c+>]! 2(&6+'! 9]! /F+!

+.2$&./+,!9+/d++.!/d$!'-44+,+./!A+0+/(/-$.(>! 4$,*(/-$.6!/F(/!'$*-.(/+!/F+!.$,/F+,.!(.'!

6$&/F+,.! 1(,/! $4! /F+! 6/(/+)! .(*+>]! /F+! #/>(./-2! K$,+6/! (.'! /F+! =(*1(6! 0,(66>(.'6)!



!
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a"!

,+61+2/-A+>]! fG-D-,-c! "+* %9/! "[[bg:!n-/F-.! /F-6! 2$./(2/! D$.+)! d+! F(A+! -'+./-4-+'! (.! $.0$-.0!

1,$2+66!$4!F]9,-'-D(/-$.!9+/d++.!/F+6+!61+2-+6!fL,-0$!"+*%9/!"[[^g)!F-0F>-0F/-.0!/F+!-./+,+6/!

-.! &.,(A+>-.0! /F+-,! +A$>&/-$.(,]! F-6/$,]! (.'! +2$>$0-2(>! -./+,(2/-$.6! -.! /F-6! (,+(! $4! ,(.0+!

$A+,>(1:!

LF+! '-+/6! $4! !/* +,-&,.()! (.'! !/* -"#00&#1,! F(A+! 9++.! -.A+6/-0(/+'! -.! (! 4+d! 1,+A-$&6!

6/&'-+6)! 9(6+'! $.! 9$/F! 4(+2(>! 6(*1>+6! (.'! 6/$*(2F! 2$./+./! (.(>]6-6! f"/-/! n(.0! "[[")!

I(.4,+'-!"+*%9/!"[[e)!?$A(,$!"+*%9/!"[[[g:!=,+]!-/+*6!-.!/F+6+!6/&'-+6!d+,+!-'+./-4-+'!&6-.0!

*$,1F$>$0-2(>!4+(/&,+6!$4!F(-,6)!9$.+6)!/++/F)!4+(/F+,6)!+/2:!(.'!-.!*(.]!2(6+6!2$&>'!.$/!9+!

2>(66-4-+'!(/!61+2-+6!>+A+>:!I$,+$A+,)!/F+!.&*9+,!$4!6/&'-+6!1+,4$,*+'!6$!4(,!f-.!*(.]!2(6+6!

-.2$,1$,(/-.0!6*(>>!6(*1>+!6-D+6!(.'!>-*-/+'!0+$0,(1F-2!2$A+,(0+g!-6!-.6&44-2-+./!/$!(>>$d!(.!

('+P&(/+! 2$*1(,-6$.! $4! /F+! '-+/6! $4! /F+6+! 61+2-+6:! n+! F(A+! ,+2+./>]! (//+*1/+'! /$!

2$./,-9&/+!/$!/F+!&.'+,6/(.'-.0!$4!/F-6!-66&+!9]!(.(>]D-.0!6/$*(2F!2$./+./6!2$>>+2/+'!4,$*!

,$('oc->>+'!-.'-A-'&(>6!$4!/F+6+!/d$!2(/!61+2-+6!fL,-0$!"+*%9/!,.*$&"$:g:!GA+.!/F$&0F!/F(/!6/&']!

&6+'!*$,1F$>$0-2(>!4+(/&,+6!/$!-'+./-4]!1,+]!-/+*6)!/F+!&6+!$4!6/$*(2F!2$./+./6!-.6/+('!$4!

4(+2+6!(>>$d+'!(!*$,+!1,+2-6+! -'+./-4-2(/-$.!$4! 6+A+,(>! -/+*6)! (6! /F+-,! ,+*(-.6!d+,+!*$,+!

-./(2/! /F(.! d+! &6&(>>]! $96+,A+! -.! 62(/6:! Y.! /F(/! 6/&']! d+! 4$&.'! (! 6/,$.0! /,$1F-2! .-2F+!

6+1(,(/-$.! 9+/d++.! /F+6+! 4+>-'6! dF+.! /F+! -/+*6! d+,+! 2(/+0$,-D+'! (/! 61+2-+6! >+A+>:! LF-6!

(.(>]6-6!6F$d+'!/F+!-*1$,/(.2+!$4!(!6/,-2/!2(/+0$,-D(/-$.!$4!/F+!'-+/(,]!-/+*6)!9+2(&6+!/F-6!-6!

/F+!$.>]!d(]!/$!&.A+->!6$*+!F-''+.!1(//+,.6!-.!/F+!+2$>$0-2(>!,+>(/-$.6F-16!9+/d++.!/F+6+!

6]*1(/,-2!1,+'(/$,6:! Y.!61-/+!$4!/F+! -./+,+6/-.0!,+6&>/6!$96+,A+'! -.!/F(/!6/&'])!6+A+,(>!1,+]!

-/+*6! 2$&>'! .$/! 9+! -'+./-4-+'! (/! 61+2-+6! >+A+>)! '&+! /$! /F+! '-44-2&>/]! -.! '-(0.$6-.0! 2>$6+>]!

,+>(/+'! 61+2-+6! /F(/!(,+!*$,1F$>$0-2(>>]!A+,]! 6-*->(,:!LF-6!d(6!+61+2-(>>]! /F+!2(6+!$4! 6*(>>!



!
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,$'+./6)! ,(-6-.0! /F+!P&+6/-$.!$4!dF+/F+,! 61+2-+6o>+A+>! -'+./-4-2(/-$.! -.! /F-6!0,$&1!2$&>'!9+!

(22$*1>-6F+'!d-/F!%?#o9(6+'!*+/F$'6:!

Y.! /F+! 1,+6+./! 6/&'])! d+! (-*+'! /$! +A(>&(/+! /F+! 1$d+,! $4! /F+! %?#! 9(,2$'-.0!

(11,$(2F!/$!1+,4$,*!/,$1F-2!(.(>]6+6!$4!?+$/,$1-2(>!d->'!2(/6:!I$,+!61+2-4-2(>>])!d+!4$2&6+'!

$.! /F+! 61+2-+6o>+A+>! -'+./-4-2(/-$.! $4! ,$'+./6! 4$&.'! -.! /F+! 6/$*(2F! 2$./+./! $4! /F+! 4+>-'6!

!"#$%&'()*+,-&,.())!!/*-"#00&#1,)!!/*2,"',,!(.'!3(4%*1%-#(%&#(.',)!dF-2F!-6!/F+!4-,6/!(//+*1/!

/$!-.A+6/-0(/+!/F+-,!'-+/6!&6-.0!(!*$>+2&>(,!(11,$(2F:!n+!4$2&6+'!1(,/-2&>(,>]!$.!/F+!.-2F+!

1(,/-/-$.-.0!9+/d++.!!/*+,-&,.()!(.'!!/*-"#00&#1,)!/d$!61+2-+6!1,+6+./-.0!-./,-0&-.0!1(//+,.6!

$4!61(/-(>!6+0,+0(/-$.!(.'!$.0$-.0!F]9,-'-D(/-$.!-.!6$&/F+,.!m,(D->:!#''-/-$.(>>])!d+!&6+'!$&,!

'(/(! 6+/! /$! -.A+6/-0(/+! 1(//+,.6! $4! 61+2-+6! '-6/,-9&/-$.! 4$,! /F+! ,$'+./6! -'+./-4-+'! (6! 1,+]!

-/+*6)! (.! (11,$(2F! /F(/! ,+A+(>+'! >-c+>]! -.6/(.2+6! $4! F-''+.! '-A+,6-/]! -.! /F-6! A+,]! 61+2-$6+!

0,$&1!dF-2F!-6!6/->>!1$$,>]!2F(,(2/+,-D+'!-.!/F-6!,+0-$.!$4!B$&/F!#*+,-2(:!

 

2. Material and Methods 

 

(a) Sampling 

B(*1>-.0!d(6!'-A-'+'!-./$!/d$!4,$./6V!/F+!4-,6/!6/+1!d(6!/F+!0+.+,(/-$.!$4!(!6+P&+.2+!

'(/(9(6+!4$,!,$'+./!61+2-+6!/F(/!$22&,!-.!/F+!6(*+!(,+(6!(6!/F+!-.A+6/-0(/+'!d->'!2(/6!fL(9>+!

ag:!n+!1,+4+,+./-(>>]! 6+>+2/+'! 6(*1>+6! /F(/! F('!9++.!1,+A-$&6>]! -'+./-4-+'!9]! +S1+,/6! (.'!

'+1$6-/+'!-.!*&6+&*6)!$,!/F$6+!/F(/!F('!(>,+(']!9++.!&6+'!-.!$/F+,!6/&'-+6:!Y.!(''-/-$.)!d+!

2$*1>+*+./+'! /F+! '(/(9(6+! d-/F! 6+P&+.2+6! '$d.>$('+'! 4,$*! mJT%! fR(/.(6-.0F(.! �!

w+9+,/! "[[\g! (.'! C+.m(.c! /F(/! d$&>'! ,+1,+6+./! ,$'+./! 61+2-+6! /F(/! $22&,! -.! /F+! 6(*+!

,+0-$.6:!LF+!6+2$.'!6/+1!d(6!/F+!0(/F+,-.0!$4!,$'+./!6(*1>+6!,+*$A+'!4,$*!/F+!6/$*(2F!$4!
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ae!

,$('oc->>+'!d->'!2(/6!fL(9>+!"g)!2$>>+2/+'!-.!'-44+,+./!>$2(>-/-+6!-.!R-$!C,(.'+!'$!B&>!(.'!B(./(!

<(/(,-.(!6/(/+6!fK-0&,+!ag:!#4/+,!/F+!$1+.-.0!$4!/F+!6/$*(2F)!/F+!6(*1>+6!d+,+!6+1(,(/+'!9]!

*$,1F$/]1+6)! 1,+4+,+./-(>>]! 6+>+2/-.0! ,+2$0.-D(9>+! ,$'+./! 1(,/6! 6&2F! (6! /F+! >+06)! /(->! $,!

F+(')! /$! (66+66! /F+! 2$,,+2/! .&*9+,! $4! 61+2-*+.! -.! +(2F! 6/$*(2F:! G(2F! 6(*1>+!d(6! /F+.!

d(6F+'!-.!+/F(.$>!(.'!(!/-66&+!6(*1>+!d(6!/(c+.!4$,!/F+!,+6/!$4!/F+!1,$2+'&,+:!!n+!(.(>]D+'!

/F+! '-+/(,]! 2$./+./! $4! a[! !/* +,-&,.()B! b! !/* -"#00&#1,)! "! !/*2,"',,! (.'! "!3(4%* 1%-#(%&#(.',!

-.'-A-'&(>6)!*(c-.0!&1!(!/$/(>!6(*1>+!6-D+!$4!"[!6/$*(2F!2$./+./6:!!

 

(b) Sequence generation 

%?#!+S/,(2/-$.!4$,!(>>!6(*1>+6!d(6!2$.'&2/+'!&6-.0!(!6/(.'(,'!1F+.$>�2F$>$,$4$,*!

1,$/$2$>!fB(*9,$$c!"+*%9/!a`^`g:!#!bh^91!$4!/F+!5;FC!0+.+!d(6!(*1>-4-+'!A-(!/F+!1$>]*+,(6+!

2F(-.!,+(2/-$.!f=<Rg!&6-.0!/d$!1,-*+,!2$2c/(->6)!2$*1$6+'!9]!/F,++!1,-*+,6!+(2F!!f4$,d(,'V!

ZKa�/a)! ZKa'�/a)! ZKa-�/av! (.'! ,+A+,6+V! ZRa�/a)! ZRa'�/a)! ZRa-�/ag! fYA(.$A(! "+* %9/! "[[\g:!

#>/+,.(/-A+>])!d+!&6+'!(!6+2$.'!1(-,!$4!1,-*+,6!(*1>-4]-.0!(!6&9!6+0*+./!61(..-.0!a\[!91!-.!

/F+!2(6+!$4!6(*1>+6!/F(/!1,+6+./+'!-/6!%?#!-.!('A(.2+'!6/(0+!$4!'+0,('(/-$.!f<F(A+6!"[[^g:!

=<R! +S1+,-*+./6!d+,+! 1+,4$,*+'! -.! "[! �T! 4-.(>! A$>&*+! 2$./(-.-.0! ":[*I!I0<>")! [:"*I!

'?L=6)![:hs!$4!L(P!=>(/-.&*)!(.'![:"�*I!+(2F!$4!/F+!4$,d(,'!(.'!,+A+,6+!1,-*+,6:!LF+,*$!

2]2>-.0!1,$4->+6!2$.6-6/+'!$4!(!/$&2F'$d.!=<R!(6!'+62,-9+'!-.!L2F(-2c(!"+*%9/!f"[[\g)!d-/F!/F+!

(..+(>-.0!/+*1+,(/&,+!'+2,+(6-.0!4,$*!b[�<!/$!ha�<!-.!a[!2]2>+6)!4$>>$d+'!9]!X[oXh!2]2>+6!-.!

dF-2F!-/!d(6!c+1/!2$.6/(./!(/!h[�<:!

=<R!1,$'&2/6!d+,+!(.(>]D+'!$.!(!C+>oR+'!6/(-.+'!ai!(0(,$6+!0+>!(.'!/F+.!1&,-4-+'!

&6-.0! /F+! +.D]*+6! +S$.&2>+(6+! Y! (.'! BF,-*1! (>c(>-.+! 1F$61F(/(6+:! =&,-4-+'! =<R! 1,$'&2/6!

d+,+!6+P&+.2+'!&6-.0!%�G.(*-2!GL!c-/!f#*+,6F(*g!(.'!/F+.!(.(>]D+'!-.!(!I+0(m#<G!a[[[!
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ah!

(&/$*(/+'!6+P&+.2+,:!B+P&+.2+!+>+2/,$1F+,$0,(*6!d+,+!A+,-4-+'!&6-.0!K-.2FLZ!fC+$61-D(g!

(.'!/F+!2$.6+.6&6!$4!9$/F!6/,(.'6!d(6!(66+*9>+'!&6-.0!=F,+'�=F,(1�<$.6+'!fGd-.0!"+*%9/!

a``^v!Gd-.0!�!C,++.!a``^)!C$,'$.!"+*%9/!a``^g:!#4/+,!/F(/)!(>>!6+P&+.2+6!d+,+!(>-0.+'!&6-.0!

/F+! <TsBL#Tn! (>0$,-/F*! -*1>+*+./+'! -.! IGC#! e:a! fL(*&,(! "+* %9/! "[[\g)! (.'! (>>! /F+!

6+P&+.2+6!d+,+!,+A-+d+'!(.'!+'-/+'!9]!F(.':!

 

(c) Data analysis 

n+!-'+./-4-+'!+(2F!6/$*(2F!2$./+./!6(*1>+!/F,$&0F!(!'-6/(.2+o9(6+'!1F]>$0+.+/-2!

(.(>]6-6! &6-.0! /F+! ?+-0F9$,oO$-.-.0! fB(-/$&! "+* %9/! a`^\g! (>0$,-/F*! (.'! /F+! W-*&,(o"o

1(,(*+/+,! fW-*&,()! a`^[g! *$'+>)! d-/F! a[[[! 9$$/6/,(1! 16+&'$,+1>-2(/+6! &6+'! /$! (66+66!

.$'(>!6&11$,/:!L$!(66-0.!(!1,+]!6(*1>+!/$!(!0-A+.!61+2-+6)!-/!F('!/$!2>&6/+,!d-/F!(!,+4+,+.2+!

6(*1>+!d-/F!9$$6/6/,(1!6&11$,/!�!\hi:!!m+]$.'!/F(/)!+(2F!6+P&+.2+!d(6!2$*1(,+'!/F,$&0F!

(!mT#BL!6+(,2F!f#>/62F&>!"+*%9/!a``[g!$.!/F+!?<mY!(.'!mJT%!d+96-/+6)!(-*-.0!/$!2F+2c!4$,!(.]!

&.6(*1>+'! /(S(! -.! $&,! '(/(9(6+)! +61+2-(>>]! -.! /F+! 2(6+! $4! ,$'+./! 61+2-+6! .$/! +S1+2/+'! /$!

$22&,!-.!$&,!6(*1>-.0!(,+(:!Y/+*6!/F(/!2$&>'!.$/!9+!(66-0.+'!/$!(.]!,+4+,+.2+!61+2-+6!d+,+!

/,+(/+'!(6!&.-'+./-4-+'!2>&6/+,6!

 

(d) Ecological Analysis 

n+!(.(>]D+'!/F+!1,+]!'(/(!&6-.0!/d$!+6/-*(/$,6V!/F+!4,+P&+.2]!$4!$22&,,+.2+!fKJg!$4!

+(2F!-/+*!(.'!-/6!,+>(/-A+!4,+P&+.2]!fRKg:!LF+!4,+P&+.2]!$4!$22&,,+.2+!-6!/F+!1,$1$,/-$.!$4!

6(*1>+6!-.!dF-2F!(!1(,/-2&>(,!-/+*!F(6!9++.!4$&.')!(.'!-6!$9/(-.+'!9]!'-A-'-.0!/F+!.&*9+,!

$4! 6(*1>+6! /F(/! 2$./(-.+'! /F(/! 4$$'! -/+*! 9]! /F+! /$/(>! .&*9+,! $4! 6(*1>+6:! LF+! ,+>(/-A+!

4,+P&+.2]! -6! /F+!1,$1$,/-$.!$4!$22&,,+.2+!$4! /F+! -/+*!d-/F!,+61+2/! /$!/F+!/$/(>!.&*9+,!$4!
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-'+./-4-+'!-/+*6!4$,!/F(/!61+2-+6:!LF-6!4,+P&+.2]!-6!2(>2&>(/+'!9]!'-A-'-.0!/F+!.&*9+,!$4!/-*+6!

(! 1(,/-2&>(,! -/+*! F(6! 9++.! ,+2$,'+'! 9]! /F+! /$/(>! .&*9+,! $4! -/+*6! f-.2>&'-.0! *&>/-1>+!

$22&,,+.2+6!1+,!-/+*g:!LF+!,+>(/-A+!4,+P&+.2]!d(6!&6+'!4$,!*$6/!'$d.6/,+(*!(.(>]6+6)!(6!-/!

,+1,+6+./6!*$,+!(22&,(/+>]!/F+!1,$1$,/-$.!$4!-./(c+!4$,!+(2F!-/+*:!

LF+!4$$'!.-2F+!9,+('/F!d(6!2(>2&>(/+'!4$,!+(2F!4+>-'!61+2-+6!&6-.0!/F+!/$/(>!.&*9+,!

$4! -/+*6! -'+./-4-+'! -.! /F+! 6/$*(2F! 2$./+./:! T+A-.u6! -.'+S! fW,+96)! a`^`g! d(6! &6+'! (6! (.!

+S1>$,(/$,]! *+(6&,+*+./! $4! .-2F+! 9,+('/F)! 0-A+.! (6V! m#! fm�agGf.�ag)! dF+,+! m#! -6! /F+!

6/(.'(,'-D+'! T+A-.u6! -.'+S! 4$,! /F+! .&*9+,! $4! -/+*6! f.g! (.'! m�a�!1-
")! dF+,+! $,* -6! /F+!

4,+P&+.2]!$4!/F+!-/+*!-.!(>>!(.(>]D+'!61+2-+6:!LF+!/,$1F-2!.-2F+!$A+,>(1!9+/d++.!!/*+,-&,.()!

(.'!!/*-"#00&#1,!d(6!(>6$!2(>2&>(/+'!&6-.0!=-(.c(u6! -.'+S!f=-(.c(!a`\Xg)!(.'!/F+!'-6/-.2/-$.!

9+/d++.!/F+!/d$!'-+/6!d(6!(66+66+'!d-/F!2F-o6P&(,+!/+6/6:!

 

3. Results and Discussion 

 

(a) Stomach content identification and predator/prey relationships 

J&,! '(/(! 6+/! (>>$d+'! /F+! -'+./-4-2(/-$.! $4! 6+A+.! '-44+,+./! ,$'+./! 61+2-+6! (.'! $.+!

(''-/-$.(>!,$'+./!0+.&6!(*$.0!/F+!1,+]!-/+*6!$4!/F+!6(*1>+'!4+>-'!6/$*(2F!2$./+./6!fK-0&,+!

"g:! LF+! -'+./-4-+'! 61+2-+6! d+,+! 5%6,%* 4%-.%)! 7()* 4()8(9())! :##&"+%41)* %.-#(1%)!

;9,-#&1<#41)* .,-&,$")B! =%++()* &%++()B! ;>1418+"&()* ?(%")+#&B* ;>1418+"&()* 61/B! @A#'#.*

$%&%.%".),)*(.'!@A#'#.*(D(,(+:! #''-/-$.(>>])!d+! 4$&.'! a[! $/F+,! -/+*6! /F(/! 2$&>'! .$/! 9+!

2$.4-'+./>]!(66-0.+'!/$!(.]!,+4+,+.2+!/(S$.:!J&,!1F]>$0+.+/-2!(.(>]6-6!-.'-2(/+'!/F(/!/F+6+!

a[! 6(*1>+6! ,+1,+6+./+'! 4-A+!'-44+,+./! 2>&6/+,6)!dF$6+!'-A+,0+.2+! 4,$*!/F+! ,+*(-.-.0! /(S(!
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f"/-/!2>&6/+,!ag!(.'�$,!2$.6-6/+./!2>&6/+,-.0!d-/F!,+61+2/!/$!+(2F!$/F+,!f"/-/!2>&6/+,!Xg!6&00+6/!

/F(/!/F+]!2$.6/-/&/+!(''-/-$.(>!,$'+./!61+2-+6!.$/!,+1,+6+./+'!-.!$&,!,+4+,+.2+!'(/(!9(6+:!

LF+! 1,+6+.2+! $4! (! 6&96/(./-(>! .&*9+,! $4! &.-'+./-4-+'! 2>&6/+,6! -.! /F+! (.(>]6-6!

f,+1,+6+./-.0!eai!$4!/F+!/$/(>!.&*9+,!$4! -/+*6g!,+4>+2/6!/F+!6/(/+!$4!c.$d>+'0+!(9$&/!/F-6!

0,$&1)!+61+2-(>>]! -.!/F+!?+$/,$1-2(>!,+0-$.:!m,-/$!f"[[eg!,+A-+d+'!/F-6! -66&+!(.'!('',+66+'!

/F+! -*1$,/(.2+! $4! -*1,$A-.0! /F+! (A(->(9>+! -.4$,*(/-$.! $.! /F+6+! /(S()! 6-.2+! /F-6! 2$&>'! 9+!

&6+'!-.!2$.6+,A(/-$.!(.'!*(.(0+*+./!'+2-6-$.6:!#.$/F+,!4(2/!/F(/!*(]!F(A+!2$./,-9&/+'!/$!

/F+! >(2c! $4! -'+./-4-2(/-$.! $4! /F+6+! 2>&6/+,6! -6! /F+! 6(*1>-.0! 6/,(/+0-+6! &6&(>>]! +*1>$]+'! /$!

2(1/&,+!6*(>>!d->'!,$'+./6:!LF+!*$6/!2$**$.!/,(1!/+2F.-P&+6!&6+'!-.!+2$>$0-2(>!6&,A+]6!(,+!

4$2&6+'!$.! /F+!0,$&.')!*(-.>]!$.! /,(->6)!(.'!2(/6!2(.! 4$,(0+! -.!(!d-'+!A(,-+/]!$4!'-44+,+./!

1>(2+6)! 6&2F! (6! d(/+,! 9$'-+6! (.'! /,++! 9,(.2F+6)! .$/! 2$./+*1>(/+'! 9]! /F-6! 6(*1>-.0!

/+2F.-P&+:! Y/! -6! /F+,+4$,+! 1>(&6-9>+! /F(/! /F+!d->'! 2(/6! (,+! 4$,(0-.0! $.! ,$'+./! 61+2-+6! /F(/!

F(A+!.$/!]+/!9++.!6(*1>+'!f(/!>+(6/!-.!/F+6+!,+0-$.6g!&6-.0!/F+!6/(.'(,'!6&,A+]!/+2F.-P&+6:!

Y.!$&,!6/&'])!!/*-"#00&#1,!F('!/F+!0,+(/+6/!.&*9+,!$4!&.-'+./-4-+'!-/+*6!-.!1,$1$,/-$.!

/$!-'+./-4-+'!$.+6v!/F+6+!-/+*6!1$66-9>]!,+1,+6+./!/F,++!61+2-+6!/F(/!'$!.$/!F(A+!(!9(,2$'+!

-.!(.]!$4! /F+!'(/(!9(6+6!&6+'! -.! /F-6!6/&']:!B$&6(!�!m(0+,! f"[[\g!(.(>]D+'!/F+!'-+/!$4! /F+!

C+$44,$]-u6! 2(/! /F,$&0F! *$,1F$>$0-2(>! -'+./-4-2(/-$.! -.! 9$/F! 6/$*(2F! (.'! 62(/6! 2$./+./6:!

nF+.! d+! 2$*1(,+'! /F+! -/+*6! -'+./-4-+'! -.! /F+-,! 6/&']! d-/F! /F+! ,$'+./6! 6(*1>+'! -.! $&,!

'(/(9(6+)!$.>]!71#8%)+#&*8#1$()!d(6!.$/!1,+6+./)!+A+.!9+-.0!2$.6-'+,+'!,+>(/-A+>]!2$**$.!

-.!/F+!,+0-$.)!(.'!-/!*-0F/!9+!1(,/!$4!/F+!&.-'+./-4-+'!2>&6/+,6:!LF+6+!'(/(!-.'-2(/+!/F(/!/F+,+!

-6!(!.++'!4$,!4&,/F+,!6/&'-+6!-.!/F+!,+0-$.!/$!(66+66!/F+!'-A+,6-/]!$4!,$'+./6!-.!$,'+,!/$!6$>A+!

/F$6+!P&+6/-$.6:!
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a^!

Y.!0+.+,(>)!/F+!'-+/!$4!!/*+,-&,.()!-6!2$.6/-/&/+'!$4!6*(>>!*(**(>6!(.'!9-,'6!fC(,'.+,)!

a`\av! �-*+.+D! a`^")! I$.'$>4-)! a`^bv! C&-S)! a``\v! n(.0)! "[["g:! LF+-,! F(9-/(/! -6! 6/,$.0>]!

,+>(/+'! /$! 4$,+6/! 4$,*(/-$.6)! 6&2F! (6! +A+,0,++.! (.'! '+2-'&$&6! 4$,+6/! (.'! 9,&6F)! (>6$!

-.2>&'-.0! >$d>(.'6! -.! 6$*+! ,+0-$.6! (.'! 2>$&'! 4$,+6/! (.'! F-0F! +>+A(/-$.! /F-2c+/6! -.! $/F+,6!

f?$d+>>!�! N(2c6$.!a``bg:!LF+-,!'-6/,-9&/-$.! -.!6$&/F+,.!m,(D->! -6! >-.c+'!/$!/F+!#/>(./-2!K$,+6/!

fJ>-A+-,(! a``eg)! /F+! 6(*+!$22&,,-.0!d-/F!:##&"+%41)* %.-#(1%! fn+c6>+,!"+* %9/! "[[bg)!dF-2F!

d(6!4$&.'!-.!/F-6!6/&']!9+!-/6!*$6/!4,+P&+./!1,+]!-/+*!f"\ig/!LF+!$/F+,!1,+]!-/+*6!-'+./-4-+'!

4$,! /F-6! 4+>-'!d+,+!=%++()* &%++()! (.'!7()*4()8(9())! /d$! -.A(6-A+! 61+2-+6! /F(/! (,+! (>,+(']!

c.$d.! /$! +S2>&'+! 2$*1+/-/-A+! .(/-A+! 61+2-+6! -.! '-44+,+./! (,+(6! $4! /F+! 0>$9+! fw(,,-6! �!

I(2'$.(>')!"[[\v!B/$c+6!"+*%9/)!"[[`g:!LF-6!4-.'-.0!-6!A+,]!-./+,+6/-.0!.$/!$.>]!-.!/F+!6+.6+!$4!

-.'-2(/-.0! /F+! +44+2/! $4! /F+6+! -.A(6-A+! 61+2-+6! $.! /F+! 2&,,+./! 2$*1$6-/-$.! $4! ?+$/,$1-2(>!

,$'+./!9-$/(6)!9&/!(>6$!9+2(&6+!-/!'$2&*+./6!/F+!'-+/(,]!4>+S-9->-/]!$4!!/*+,-&,.()*(6!-/!6F-4/6!-/6!

'-+/! /$! /(c+!('A(./(0+!$4!.+d>]!(A(->(9>+!+S$/-2! 61+2-+6:!#6! /F+! -./+,1>(]!9+/d++.!'-+/(,]!

4>+S-9->-/]! f(.'! /F&6!('(1/(9->-/]! /$!A(,]-.0!1,+]!(A(->(9->-/]g!(.'!.-2F+! 61+2-(>-D(/-$.! -6! 6/->>!

&.2>+(,!4$,!/F+6+!2(/6)!%?#!9(,2$'-.0!(66$2-(/+'!d-/F!*$,+!+S/+.6-A+!6(*1>-.0!*(]!+*+,0+!

(6!(!1$d+,4&>!(11,$(2F!/$!&.,(A+>!/F+6+!-./+,(2/-$.6:!!

n+!$96+,A+'!F-0F!9$$/6/,(1!6&11$,/!4$,!/F+!.$'+!&.-/-.0!2>&6/+,6!X!(.'!e!f+(2F!>-c+>]!

2$./(-.-.0! &.-'+./-4-+'! /(S(g! (.'! ,+4+,+.2+! 6(*1>+6! $4! ;9,-#&1<#41)* 0(96")8".)! (.'! ;/*

6"-"+()!f4-0:ag:!LF-6!,+6&>/!-6!-./,-0&-.0)!(6!$&,!2>&6/+,6!X!(.'!e!2$./(-.!&.-'+./-4-+'!,$'+./6!

4,$*!6$&/F+,.!m,(D->)! -.2>&'-.0!1,+]! -/+*6! 4,$*!2(/6! 6(*1>+'! -.! /F+!+S/,+*+! 6$&/F!$4! /F+!

m,(D->-(.! =(*1(6! f6++! K-0:! "! (.'! L(9>+! "g:! Y.! 2$./,(6/)! /F+! ,+4+,+.2+! 6+P&+.2+6! 4,$*!

;9,-#&1<#41)* 0(96")8".)! (.'! ;/* 6"-"+()! /F(/! d+,+! 0+.+,(/+'! -.! (! *(**(>-(.! 6&,A+]! -.!

B&,-.(*+! fm$,-6+.c$! "+* %9/! "[[\g)! (.'! /F+! '-6/,-9&/-$.! $4! /F+6+! 61+2-+6! -6! /F$&0F/! /$! 9+!
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*$6/>]! ,+6/,-2/+'! /$! /F+! #*(D$.! ,+0-$.:! Y/! -6! /F+,+4$,+! >-c+>]! /F(/! /F+! 1,+]! -/+*6! 4,$*!

6$&/F+,.!m,(D->! ,+1,+6+./! '-6/-.2/! 61+2-+6! f1+,F(16! (6! $4! ]+/! &.'+62,-9+'g! /F(/! (,+! 2>$6+>]!

,+>(/+'!/$!/F+6+!#*(D$.-(.!/(S(:!K&,/F+,!6(*1>-.0!-.!/F+6+!(,+(6!f-.2>&'-.0!/(,0+/+'!6&,A+]6!

$4!,$'+./!61+2-+6g!d->>!9+!,+P&-,+'!/$!4&,/F+,!2>(,-4]!/F+-,!-'+./-/]:!

J.+! $4! /F+! -'+./-4-+'! -/+*6! 4$,! /F+! *(,0(]! f!/* 2,"',,g! d(6!;>1418+"&()* ?(%")+#&)!

dF-2F! -6! A+,]! -./+,+6/-.0! 6-.2+! /F-6! 61+2-+6! F(6! -/6! c.$d.! $22&,,+.2+! ,+6/,-2/+'! /$! =(,(.M!

6/(/+!fJ>-A+-,(!�!m$.A-2-.$)!"[[bg!(.'!/F-6!6/$*(2F!2$./+./!d(6!2$>>+2/+'!-.!R-$!C,(.'+!'$!
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4&,/F+,!-.A+6/-0(/-$.6!(,+!.+2+66(,]!/$!9+//+,!'+4-.+!/F-6!,$'+./u6!'-6/,-9&/-$.:!!

 

(b) Ecological Analysis of L. tigrinus and L. geoffroyi 

LF+!.&*9+,!$4!(.(>]D+'!-/+*6!4$,!+(2F!61+2-+6!(.'!-/6!4,+P&+.2]!$4!$22&,,+.2+!(.'!

,+>(/-A+!4,+P&+.2]!(,+!6F$d.!-.!L(9>+!X!(.'!(>6$!K-0&,+6!X!(.'!e:!Y/!-6!1$66-9>+!/$!$96+,A+!-.!

/F+!4,+P&+.2]!4-0&,+6!(!2>+(,>]!6+1(,(/-$.!-.!/F+!'-+/(,]!2$./+./6!$4!+(2F!61+2-+6:!LF+!*$6/!

2$**$.! -/+*! -.!/F+!'-+/!$4!!/* +,-&,.()!d(6!:##&"+%41)*%.-#(1%)!dF->+! 4$,!!/*-"#00&#1,! /F+!

*$6/!4,+P&+./!-/+*!d(6!/F+!&.-'+./-4-+'!61+2-+6!0,$&1+'!-./$!2>&6/+,!e!f4-06!"!(.'!/(9>+!Xg)!

(.!-/+*!/F(/!d(6!(>6$!1,+6+./!-.!/F+!'-+/!$4!!/*+,-&,.():!!

LF+! +6/-*(/+'! .-2F+! 9,+('/F! d(6! >$d! 4$,! 9$/F! !/* +,-&,.()! (.'! !/* -"#00&#1,)! dF-2F!

1,+6+./+'! A(>&+6! $4! [:Xb! (.'! [:a")! ,+61+2/-A+>]:! LF+6+! A(>&+6! -.'-2(/+! (! F-0F! '+0,++! $4!

61+2-(>-D(/-$.)!*(-.>]!-.!/F+!2(6+!$4!!/*-"#00&#1,:!nF+.!2$*1(,+'!/$!1,+A-$&6!6/&'-+6)! -.!(>>!

2(6+6! dF+,+! /F+! -'+./-4-2(/-$.! $4! '-+/(,]! -/+*6! (>>$d+'! (! 4-.+o62(>+! 2F(,(2/+,-D(/-$.)! /F+!

'-+/(,]!61+2-(>-D(/-$.!9+2(*+!P&-/+!2>+(,!fN$F.6$.!(.'!K,(.c>-.)!a``av!I(.4,+'-!"+*%9/!"[[eg)!
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-'+./-4-2(/-$.:!Y.!/F+!2(6+!$4*!/*+,-&,.())!d+!$9/(-.+'!(!A(>&+!6-*->(,!/$!/F(/!,+1$,/+'!9]!n(.0!

f"[["g)!dF$!(>6$!(66+66+'!/F+!.-2F+!9,+('/F)!(.'!$9/(-.+'!(!A(>&+!$4![:ee!4$,!T+A-.u6!-.'+S)!

-.'-2(/-.0!(!2+,/(-.!>+A+>!$4!61+2-(>-D(/-$.:!LF+!6(*+!$22&,,+'!4$,!!/*-"#00&#1,)!9&/!.$!$/F+,!
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6/&']!1,+6+./+'!6&2F!(!6/,$.0!>+A+>!$4!61+2-(>-D(/-$.!4$,!/F-6!61+2-+6!fI(.4,+'-!"+*%9/!"[[eg:!

LF-6!'-44+,+.2+!(0(-.!*(]!9+!'&+!/$!(!4-.+,!>+A+>!$4!-'+./-4-2(/-$.!4$,!1,+]!-/+*6!-.!/F-6!6/&']!

,+>(/-A+! /$!1,+A-$&6!$.+6)!*('+!1$66-9>+!9]! /F+!%?#!9(,2$'-.0! /+2F.-P&+:! Y.!(! /,('-/-$.(>!

6/&'])! /F+6+! -/+*6! 1$66-9>]! d$&>'! F(A+! /F+-,! -'+./-4-2(/-$.! 1+,4$,*+'! $.>]! (/! 4(*->]! $!
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-/+*6!(,+!1(,/!$4!,$'+./!6&94(*->]!B-0*$'$./-.(+:!
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$A+,>(1!9+/d++.!/F+!/d$!61+2-+6:!LF-6!d(6!2(&6+'!9]!/F+!6F(,-.0!$4!$.>]!$.+!&.-'+./-4-+'!

-/+*!f2>&6/+,!eg:!#>/F$&0F!/F+!2F-o6P&(,+!/+6/!9+/d++.!/d$!2(/!61+2-+6!6F$d+'!.$!6-0.-4-2(./!

A(>&+6)! 4-06:! X! (.'! e! ->>&6/,(/+! /F-6! 1(//+,.)! -.'-2(/-.0! (! 2>+(,! 1(//+,.! $4! /,$1F-2! .-2F+!

6+0,+0(/-$.!9+/d++.!/F+6+!61+2-+6:!

 

4. Conclusions 

 

(a) Taxonomy and Molecular identification 

LF+,+!(,+!abh!61+2-+6!$4!,$'+./6!'+62,-9+'!(6!$22&,,-.0!-.!m,(D->)!(.'!\:Xi!$4!/F+*!

6&44+,! 6$*+! /]1+! $4! /F,+(/! f<$6/(! "+* %9/! "[[[g:! w$d+A+,)! /F-6! .&*9+,! -6! F-0F>]!

&.'+,+6/-*(/+'! '&+! /$! /F+! >(2c! $4! '+/(->+'! c.$d>+'0+! (9$&/! /F-6! 0,$&1! -.! (>*$6/! +A+,]!

9-$*+)!+61+2-(>>]!/F+!#/>(./-2!K$,+6/!(.'!/F+!#*(D$.!fZ$66!�!G**$.6)!a``bv!m,-//$)!"[[eg:!

Y/!F(6!9++.!1$-./+'!$&/!/F(/)!4$,!6*(>>!*(**(>6)!(!*(O$,!4(2/$,!+S(2+,9(/-.0!/F+-,!/F,+(/!$4!

+S/-.2/-$.!-6!/F+!>(2c!$4!62-+./-4-2!c.$d>+'0+!$.!6]6/+*(/-26)!'-6/,-9&/-$.!(.'!.(/&,(>!F-6/$,]!

f<$6/(!"+*%/9!"[[[g:!LF+!2$$,'-.(/+'!d$,c!(*$.0!*&6+&*!2$>>+2/-$.6!(.'!/F+!1+,4$,*(.2+!
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$4!4-+>'!+S1+'-/-$.6!4$2&6+'!$.!/,('-/-$.(>!/(S$.$*]!(>>-+'!/$!/F+!0(/F+,-.0!$4!/-66&+!6(*1>+6!

4$,!9(,2$'-.0!62(..-.0!2$&>'!F+>1!6$>A+!/F+6+!P&+6/-$.6:!

 

 

(b) Ecological perspectives  

s.'+,6/(.'-.0!/F+!/,$1F-2!,+>(/-$.6F-16!$4!2(,.-A$,+6!-6!(.!-*1$,/(./!0$(>)!.$/!$.>]!

/$! -*1,$A+! $&,! c.$d>+'0+! (9$&/! /F+6+! 61+2-+6u! 9-$>$0])! 9&/! (>6$! /$! &.'+,6/(.'! /F+!

2$**&.-/]! (6! (! dF$>+:! LF+! 1$66-9->-/]! $4! -*1,$A-.0! $&,! c.$d>+'0+! $.! /F+! '-+/(,]!

2$*1$6-/-$.! $4! (! 61+2-+6)! dF->+! (>6$! 6&11$,/-.0! /F+! -'+./-4-2(/-$.! (.'! 2F(,(2/+,-D(/-$.! $4!

.+d!/(S(!(*$.0!/F+!1,+]!-/+*6)!2$&>'!9+!$.+!$4!/F+!0,+(/+6/!('A(./(0+6!$4!/F+!9(,2$'-.0!
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-/+*6! (/! 61+2-+6! >+A+>)! (/! /F+! 1,+6+./! 6/&']! '+*$.6/,(/+'! /F+! 1$/+./-(>! $4! /F+! %?#!

9(,2$'-.0! /+2F.-P&+! -.! /F-6! (,+()! (.'! *(]! 6+,A+! (6! (! 9(6-6! 4$,! 4&/&,+! +44$,/6! ('',+66-.0!

6-*->(,!/$1-26:!
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d-/F!$96+,A(/-$.6!$.!/F+-,!4++'-.0!F(9-/6:!N&($#*'"*J)+('/*J8#9/*:"&/*P#8/!&)aboX^!

!

w((0)!L:)! B(./$6)!#:B:)!%+!#.0+>$)!<:)! B,9+co#,(&O$)!#:<:)! B(.()!%:#:)!I$,(/$)!R:C:)! B(>D(.$)!

K:I:)! G-D-,-c)! G:! "[[`!%+A+>$1*+./! (.'! /+6/-.0! $4! (.! $1/-*-D+'!*+/F$'! 4$,! %?#o9(6+'!

-'+./-4-2(/-$.!$4!O(0&(,!f3%.+D"&%*#.8%g!(.'!1&*(!f3(4%*8#.8#9#&g!4(+2(>!6(*1>+6!4$,!&6+!

-.!+2$>$0-2(>!(.'!0+.+/-2!6/&'-+6:!N"."+,8%*)#%)h[hoha":!

!



!

!

"h!

w(,,-6)! %:m:! �!I(2'$.(>')! %:n:! "[[\! Y./+,4+,+.2+! 2$*1+/-/-$.! 9+/d++.! -./,$'&2+'! 9>(2c!

,(/6!(.'!+.'+*-2!C(>M1(0$6!,-2+!,(/6:!J8#9#-1!'')!"XX[z"Xee:!

!

w+9+,/)!=:!%:!?:)!<]d-.6c()!#:!m(>>)!B:T:)!'+n((,')!N:R:!"[[X!m-$>$0-2(>!-'+./-4-2(/-$.6!/F,$&0F!

%?#!9(,2$'+6:!3/*=#1/*:#8/*!#.'/*E*E,#*:8,".8"))!$",)XaXoX"a:!!

!

w+9+,/)! =:%:?:)! =+./$.)! G:w:)! m&,.6)! N:I:)! N(.D+.)!%:w:)!w(>>d(2F6)!n:! "[[e! L+.! 61+2-+6! -.!

$.+V!%?#!9(,2$'-.0!,+A+(>6!2,]1/-2!61+2-+6!-.!/F+!.+$/,$1-2(>!6c-11+,!9&//+,4>]!@)+&%$+")*

0(9-"&%+#&:!3/*L%+9/*@8%'/*:8,/*Q:@:!),))ae^a"oae^a\:!

!

YA(.$A()!?:)!r+*>(c)!L:B:)!w(..+,)!R:w:!w+9+,/)!=:%:?:!"[[\!s.-A+,6(>!1,-*+,!2$2c/(->6!4$,!4-6F!

%?#!9(,2$'-.0:!7#9*J8#9*L#+"):!")heeohe^:!!

!

N$F.6$.)! n:G:! (.'! K,(.c>-.)! n:T:! a``a:! K++'-.0! (.'! 61(/-(>! +2$>$0]! $4! O"9,)* -"#00&#1,! -.!

B$&/F+,.!=(/(0$.-(:!H*7%44%9!"$)^aho^"[:!

!

W-*&,(! I:! a`^[! #! 6-*1>+! *+/F$'! 4$,! +6/-*(/-.0! +A$>&/-$.(,]! ,(/+! $4! 9(6+! 6&96/-/&/-$.6!

/F,$&0F!2$*1(,(/-A+!6/&'-+6!$4!.&2>+$/-'+!6+P&+.2+6:!7#9/*J6#9/*)%)aaaoa"[!

!

W,+96)!<:N:!a`^`:!J8#9#-,8%9*7"+D#'#9#-1:!w(,1+,!+!R$d)!1&9>-6F+,6)!?+d!�$,c:!

!

W$.+2.])!I:!N:!a`^`!!7#6"4".+*$%++"&.)*%.'*0##'*D%K,+)*#0*0#(&*)14$%+&,8*8%&.,6#&"*)$"8,")*

,.* E"9,<"B* 5".+&%9* @4"&,8%:! C.M*#'A(.2+6! -.!?+$/,$1-2(>!I(**(>$0]! f+'6:! W:!w:! R+'4$,'!

(.'!N:!G-6+.9+,0g)!11:!"eXz"be:!LF+!B(.'F->>!<,(.+!=,+66)!C(-.+6A->>+)!K>$,-'(:!

!

I(.4,+'-)!<:)!T&2F+,-.-)!I:)!<(.+1&22-()!#:%:)!(.'!<(6(.(A+)!G:m:!"[[e!!

C+$0,(1F-2(>! A(,-(/-$.! -.! /F+! '-+/! $4! C+$44,$]-u6! 2(/! f;.8,0"9,)* -"#00&#1,g! -.! 1(*1(6!

0,(66>(.'!$4!#,0+./-.(:!H/*7%44%9/!'&)aaaaoaaah:!

!

I(.D(.-! =R)! I$./+-,$oK->F$! GT#:! a`^`! ?$/+6! $.! 4$$'! F(9-/6! $4! /F+! O(0&(,&.'-)! O"9,)*

1%-#(%&#(.',!fI(**(>-(V<(,.-A$,(g:!7%44%9,%!&#)bh`obb[:!

!

I(,/-.6)! R:)!�&(',$6)! N:)!I(DD$>>-)!I:! "[[^! K$$'!F(9-/6! (.'! (./F,$1-2! -./+,4+,+.2+!$.! /F+!

/+,,-/$,-(>! *(,-.0! (2/-A-/]! $4! 3(4%* 8#.8#9#&! (.'! !"#$%&'()* $%&'%9,)! f<(,.-A$,(VK+>-'(+g!

(.'!$/F+,!2(,.-A$,+6!!-.!/F+!N&,7-(oY/(/-.6!G2$>$0-2(>!B/(/-$.)!B8$!=(&>$)!m,(D->:!="6/*E&%)/*

R##9/:!$&)e"\!z!eXh:!

!

I$.'$>4-)! G:! �! w$$0+6/+-O.)! R:! a`^b! ?$/+6! $.! /F+! 9-$>$0]! (.'! 6/(/&6! $4! /F+! O(0&(,! -.!

Z+.+D&+>(:!<(/6!$4!/F+!d$,>'V!9-$>$0])!2$.6+,A(/-$.)!(.'!*(.(0+*+./:!?(/-$.(>!n->'>-4+!



!

!

"b!

K+'+,(/-$.!�! <(+6(,! W>+9+,0!n->'>-4+! R+6+(,2F! Y.6/-/&/+v!n(6F-.0/$.)!%:<:!�! W-.06A->>+)!

L+S(6!^hoa"X:!

!

?(1$>-/(.$)!<:)!m+..+//)!I:)!N$F.6$.)!n:G:)!J�m,-+.)!B:N:)!I(,P&+/)!=:#:)!m(,,@()!Y:)!=$&>-.)!G:)!

Y,-(,/+)! #:! "[[^:! G2$>$0-2(>! (.'! 9-$0+$0,(1F-2(>! -.4+,+.2+6! $.! /d$! 6]*1(/,-2! (.'!

+.-0*(/-2!#.'+(.!2(/!61+2-+6!&6-.0!0+.+/-2!-'+./-4-2(/-$.!$4!4(+2(>!6(*1>+6:!7#9/*J8#9/*)")!

b\^ob`[:!!

!

?$A(,$)! #:N:)! K&.+6)!I:<:)! (.'!n(>c+,)! R:B:! "[[[! G2$>$0-2(>! +S/-.2/-$.! $4! .(/-A+! 1,+]! $4! (!

2(,.-A$,+!(66+*9>(0+!-.!#,0+./-.+!=(/(0$.-(:!E,#9/*5#.)"&6/*($)!"hoXX:!

!

?$d(c!R:I:! a```:S%9A"&T)*4%44%9)* #0* +D"*S#&9')! A$>:! a)! b! +':! N$F.6!w$1c-.6!s.-A+,6-/]!
=,+66)!m(>/-*$,+!(.'!T$.'$.:!!

!
?$d+>>)! W)! (.'! N(2c6$.)! =:! a``b!S,9'* 8%+)M* :+%+()* :(&6"1* %.'* 5#.)"&6%+,#.* @8+,#.* 39%./!

Bd-/D+,>(.'!Ys<?)!C>(.':!!

!

J>-A+-,()! N:#:! a``^! I$,1F$*+/,-2! (66+66*+./! $4! 61+2-+6! 0,$&16! -.! /F+! B$&/F! #*+,-2(.!

,$'+./!0+.&6!;>1418+"&()! fB-0*$'$./-.(+g)!d-/F!L(S$.$*-2!.$/+6!9(6+!$.!/F+!(.(>]6-6!

$4!/]1+!*(/+,-(>:!=:F:%:!LF+6-6:!L+S(6!L+2F!s.-A+,6-/])!T&99$2c:!

!

J>-A+-,()! N:#:! '+)! m$.A-2-.$)! <:R:! "[[b/* ;&'"4*=#'".+,%:! ! 1:! Xe\! z! e[b:! C.V! !I(*@4+,$6! '$!

m,(6->!eX\!11:!

!

=(1('$1$&>$&)!#:)!m+,06/+.)!N:)!K&O-6(d()!L:)!I$.(0F(.)!I:L:)!m(,,(2>$&0F)!L:C:)!Z$0>+,)!#:=:!

"[[^!B1+2-(/-$.!(.'!%?#!9(,2$'+6V! /+6/-.0! /F+!+44+2/6!$4!'-61+,6(>!$.! /F+! 4$,*(/-$.!$4!

'-62,+/+!6+P&+.2+!2>&6/+,6:!3D,9/*I&%./*=/*:#8/*E:!XbX)!"`^\o"``b:!

!

=-(.c()!G:R:!a`\X!LF+!6/,&2/&,+!$4!>-D(,'!2$**&.-/-+6:!@..(/*="6/*J8#9/*:1)+/!+)hXo\e:!

!

R(/.(6-.0F(*)! B:! �! w+9+,/)! =:%:?:! "[[\! mJT%V! LF+! m(,2$'+! $4! T-4+! %(/(! B]6/+*!

fddd:9(,2$'-.0>-4+:$,0g:!7#9*J8#9*L#+"))!")Xhh!z!Xbe:!!

!

B(-/$&! ?:)! ?+-! I:! LF+! .+-0F9$&,oO$-.-.0! *+/F$'V! #! .+d! *+/F$'! 4$,! ,+2$.6/,&2/-.0!

1F]>$0+.+/-2!/,++6:!7#9/*E,#9/*J6#9/!+)e[b!z!e"h:!a`^\:!

!

B(*9,$$c)!N:)!K,-/62F)!G:K:)!I(.-(/-6)!L:!a`^`:!7#9"8(9%&*59#.,.-M*%*!%K#&%+#&1*7%.(%9)!".'!

+'.:!?+d!�$,cV<$>'!B1,-.0!w(,9$,!T(9$,(/$,]!=,+66:!!

!



!

!

"\!

B$-.-.+.)!G:I:)!Z(>+./-.-)!#:)!<$-66(2)!G:)!I-P&+>)!<:)!C-+>>])!T:)!m,$2F*(..)!<:)!m,]6/-.0)!#:W:)!

B$.6/+9$)! N:w:)! Y*6)! R:#:)! �$22$D)! ?:C:)! L(9+,>+/)! =:! "[[`! #.(>]6-.0! '-+/! $4! 6*(>>!

F+,9-A$,+6V! /F+! +44-2-+.2]! $4! %?#! 9(,2$'-.0! 2$&1>+'! d-/F! F-0Fo/F,$&0F1&/!

1],$6+P&+.2-.0! 4$,!'+2-1F+,-.0!/F+!2$*1$6-/-$.!$4!2$*1>+S!1>(./!*-S/&,+6:!O&#.+,"&)* ,.*

R##9#-1:!%!

!

B$&6(!WB)!m(0+,!#:!K++'-.0!F(9-/6!$4!C+$44,$]�6!2(/!f!"#$%&'()*-"#00&#1,g!-.!6$&/F+,.!m,(D->:!

"[[^:!7%44/*E,#9:!"#)X[[XoX[^:!

!

B/$c+6!ZT)!m(.c6!=m)!=+2F!R=)!B1,(//!%I:!"[[`!<$*1+/-/-$.!-.!(.!-.A('+'!,$'+./!2$**&.-/]!

,+A+(>6! 9>(2c! ,(/6! (6! (! /F,+(/! /$! .(/-A+! 9&6F! ,(/6! -.! >-//$,(>! ,(-.4$,+6/! $4! 6$&/Fo+(6/+,.!

#&6/,(>-(:!H/*@$$9/*J8#9/!+%)a"X`!oa"e\:!

!

B&.P&-6/)! I:! G:! (.'! K:! <:! B&.P&-6/:! "[[":!S,9'* 5%+)* #0* +D"* S#&9'/! eh"! 11:!

<F-2(0$V!s.-A:!<F-2(0$!=,+66:!!

!

L(*&,()! W:)! N:! %&'>+])! ?+-)! I:)! W&*(,)! B:! ! "[[\IGC#eV! I$>+2&>(,! +A$>&/-$.(,]! 0+.+/-26!

(.(>]6-6!fIGC#g!6$4/d(,+!A+,6-$.!e:[:!7#9/*E,#9/*J6#9/!"e)ah`boah``:!!

!

L2F(-2c()!T:v!G-D-,-c)!G:v!J>-A+-,()!L:!C:v!<(.'-'$)!N:K:!N,:v!K,+-/(6)!L:!R!J:!"[[\:=F]>$0+$0,(1F]!

(.'!1$1&>(/-$.!F-6/$,]!$4!/F+!2,(9o+(/-.0!4$S!f5"&'#81#.*+D#()g:!7#9/*J8#9/!)%)^a`o^X^:!!

!

L+>+/2F+()!K:)!I(&'+/)!<:)!w(..-)!<:!"[[h!K$$'!(.'!4$,+.6-2!*$>+2&>(,!-'+./-4-2(/-$.V!&1'(/+!

(.'!2F(>>+.0+6:!I&".')/*E,#+"8D.#9/!$#)Xh`oXbb:!

!

Ll4$>-)! <:K:)! R$F+)! K:)! B+/D)! G:r:K:! "[[`! N(0&(,&.'-! f=&*(! ](0$&(,$&.'-g! fC+$44,$])! a^[Xg!

f<(,.-A$,()K+>-'(+g!4$$'!F(9-/6!-.!(!*$6(-2!$4!#/>(./-2!R(-.4$,+6/!(.'!+&2(>]1/!1>(./(/-$.6!

$4!6$&/F+(6/+,.!m,(D->:!E&%</*H/*E,#9:!%()^\ao^\\:!

!

L,-0$)!L:<:)!K,+-/(6)!L:R:J:)!W&.D>+,)!C:)!<(,'$6$)!T:)!B->A()!N:<:R:)!N$F.6$.)!n:G:)!Jum,-+.)!B:N:)!

m$.(//$)! B:T:)! G-D-,-c)! G:"[[^! Y./+,o61+2-+6! F]9,-'-D(/-$.! (*$.0! ?+$/,$1-2(>! 2(/6! $4! /F+!

0+.&6!!"#$%&'())!(.'!+A-'+.2+!4$,!(.!-./,$0,+66-A+!F]9,-'!D$.+!9+/d++.!!/*-"#00&#1,!(.'!

!/*+,-&,.()!-.!6$&/F+,.!m,(D->:!7#9/*J8#9:!)")eXa\oeXXX:!

!

Z(>+./-.-)! #:)!I-P&+>)! <:)! ?(d(D)!I:#:)! m+>>+*(-.)! G:)! <$-66(2)! G:)! =$*1(.$.)! K:)! C-+>>])! T:)!

<,&(&')!<:)!?(62+//-)!C:)!n-.2c+,)!=:)!Bd+.6$.)!N:G:)!L(9+,>+/)!=:!"[[`!?+d!1+,61+2/-A+6!-.!

'-+/! (.(>]6-6! 9(6+'! $.! %?#! 9(,2$'-.0! (.'! 1(,(>>+>! 1],$6+P&+.2-.0V! /F+! +&.T! (11,$(2F:!

7#9/*J8#9/*=")#(&/!()haob[:!
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!

"^!

Z$66! R)! G**$.6! Tw:! a``b! I(**(>-(.! '-A+,6-/]! -.! ?+$/,$1-2(>! >$d>(.'! ,(-.4$,+6/V! (!

1,+>-*-.(,]!(66+66*+./:!E(99/*@4/*7()/*L%+/*U,)+/!$#,)!aoaah:!!

!

�-*+.+D)!#:!a`^":!?$/(6!6$9,+!4+>-'$6!.+$/,$1-2(>+6!ZYYYV!J96+,A(2-$.+6!6$9,+!+>!2$./+.-'$!

+6/$*(2(>! ]! +>! 2$*1$,/(*+./$! (>-*+./(,! '+! '-A+,6(6! +61+2-+6! '+! 4+>-.$6:! ="6,)+%*

L#&'")+,.%*'"*E,#9#-,%!&)^`o`a:!

!

n(.0! G:! "[["! %-+/6! $4! J2+>$/6! f!"#$%&'()* $%&'%9,)g)! I(,0(]6! f!/* 2,"',,g)! (.'! J.2->>(6! f!/*

+,-&,.()g! -.! /F+! #/>(./-2! R(-.4$,+6/! -.! B$&/F+(6/! m,(D->:! :+('/* L"#+&#$/* O%(.%* J.6,&#.:!

#")"[\o"a":!

!

n+c6>+,! I)! =+,2+P&->>$! #R)! Z$66! RB:! "[[b! L+.! ?+d! C+.+,(! $4! J,]D$*-.+! R$'+./6!

f<,-2+/-'(+VB-0*$'$./-.(+g:!@4/*7()/*L#6,+:!#&#")ao"`:!

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



!

!

"`!

Figures 

 

Figure 1 – Map of collected samples. 

%-6/,-9&/-$.!*(1!4$,!/F+!2$>>+2/+'!,$('oc->>+'!d->'!2(/6:!

 

Figure 2 – Neighbor-joining tree from the identified items 

?+-0F9$,oO$-.-.0! /,++! 9(6+'! $.! /F+! W-*&,(o"o1(,(*+/+,! *$'+>! d-/F! a[[[! 9$$/6/,(1!

16+&'$,+1>-2(/+6! +*1>$]+'! /$! (66+66! .$'(>! 6&11$,/:! G(2F! 2>&6/+,! -'+./-4-+'! d-/F! (! >+//+,!

,+1,+6+./6!6&22+664&>>]!-'+./-4-+'!-/+*6!9(6+'!$.!2$*1(,-6$.!d-/F!,+4+,+.2+!6(*1>+6)!dF->+!

2>&6/+,6! -'+./-4-+'! d-/F! .&*9+,6! -.2>&'+! 6(*1>+6! d-/F$&/! (.]! ,+>-(9>+! 2$,,+61$.'+.2+! /$!

,+4+,+.2+!61+2-+6!1,+6+./! -.!$&,!'(/(9(6+:!J.>]!2>&6/+,6!d-/F!*$,+!/F(.!\hi!$4!9$$/6/,(1!

6&11$,/!d+,+!2$.6-'+,+':!

!

Figure 3 - Frequency of occurrence for L. tigrinus and L. geoffroyi 

=,$1$,/-$.!$4!6(*1>+6!-.!dF-2F!(!1(,/-2&>(,!-/+*!F(6!9++.!4$&.'!4$,!9$/F!61+2-+6:!

 

Figure 4 – Relative frequency for L. tigrinus and L. geoffroyi 

=,$1$,/-$.!$4!$22&,,+.2+!$4!(!0-A+.!-/+*!d-/F!,+61+2/!/$!/F+!/$/(>!.&*9+,!$4!-'+./-4-+'!-/+*6!

4$,!/F(/!61+2-+6:!
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X"!

-./01!)!2!3456!78!97:1;6!5<1=415!5.><01:!879!6?45!56@:A*!

T-6/!$4!(>>!61+2-+6!&6+'!-.!/F+!'-+/(,]!2$./+./!-'+./-4-2(/-$.!d-/F!-/6!,+61+2/-A+!6$&,2+:!LF+!61+2-+6!*(,c+'!d-/F!
(.!(6/+,-6c!(,+!/F$6+!6F$d.!-.!/F+!.+-0F9$,oO$-.-.0!/,++!f4-0:!"g:!

B<1=415!C+,D! E! B7@9=1! B<1=415!C#'D! E! B7@9=1!

*@A#'#.* b! mJT%! *L"8+#41)*)?(%4,$")* e! sKRCB!

*@A#'#.*%<%&%"V* X! sKRCB! *L"$D9#41)*%9K,-(9%&,)* "! C+.m(.c!

*@A#'#.*8(&)#&V* a! sKRCB! *;"8#41)*)$/* a! C+.m(.c!

*@A#'#.*4#.+".),)V* "a! sKRCB! *;"8#41)*%(1%.+"$(,* h! C+.m(.c!

*@A#'#.*$%&%.%".),)V* "! sKRCB�=s<RB! *;"8#41)*K,8#9#&* X! C+.m(.c!

*@A#'#.*&",-,* e! sKRCB! *;"8#41)*80/&">* "! C+.m(.c!

*@A#'#.*)$* "! sKRCB! *;"8#41)*&#K"&+,* a! C+.m(.c!

*@A#'#.*)$W* `! sKRCB! *;"8#41)*&(+,9()* X! C+.m(.c!

*@A#'#.*(&,8D,* a! sKRCB! *;9,-#&1<#41)*09%6")8".)V* \! sKRCB!

*5%9#41)*">$(9)()* ^! sKRCB! *;9,-#&1<#41)*0(96")8".)V* "! mJT%!

*5%9#41)*)$V* "! sKRCB! *;9,-#&1<#41)*.,-&,$")V* "e! sKRCB!

*5%9#41)*)$/.#6/* a! sKRCB! *;9,-#&1<#41)*6"-"+()V* a! mJT%!

*5%9#41)*+"."&V* a! sKRCB! *;&1<#41)*8#("),* "! sKRCB!

*5%9(&#41)*$D,9%.'"&* h! mJT%! *;&1<#41)*4"9%.#+,)* a! sKRCB!

*5%6,%*)$/* a! mJT%! ;>1418+"&()*)$/V* h! =s<RB!

*5%6,%*%$"&"%V* "! =s<RB! ;>1418+"&()*.%)()+()V* \! =s<RB!

*5%6,%*0(9-,'%V* "! mJT%! ;>1418+"&()*?(%")+#&V* "! =s<RB!

*5%6,%*4%-.%V* "! =s<RB! =%++()*.#&6"-,8()V* X! C+.m(.c!

*5"&&%'#41)*)(K09%6()* b! sKRCB! =%++()*&%++()V* X! C+.m(.c!

*5D%"+#41)*)(K)$,.#)()* X! sKRCB! *=D%-#41)*&(0")8".)* "! sKRCB!

*P"9#41)*'#&)%9,)* aX! sKRCB! *=D,$,'#41)*9"(8#'%8+19()* a! C+.m(.c!

*P"9#41)*)(K9,."%+()* X! sKRCB! *=D,$,'#41)*4%)+%8%9,)* X! C+.m(.c!

*P"9+%41)*A"4$,* h! sKRCB! *=D,$,'#41)*.,+"9%* X! C+.m(.c!

*J(&1#&1<#41)*4%88#.."99,* a! C+.m(.c! *=D,$,'#41)*)8%.'".)* a! C+.m(.c!

*J(&1#&1<#41)*&())%+()* "! sKRCB! *=D,$,'#41)*2"+<"9,* "! C+.m(.c!

*J(&1<1-#4%+#41)* X! sKRCB! *:8%$+"&#41)*)$V* h! =s<RB!

*J(&1<1-#4%+#41)*)$,* X! sKRCB! *:8%$+"&#41)*+(4,'()V* "! =s<RB!

*U%.'9"1#41)*%90%&#,* a! sKRCB! *:8,(&()*6(9-%&,)* "! C+.m(.c!

*U#9#8D,9()*K&%),9,".),)* a! sKRCB! *:##&"+%41)*%.-#(1%V* X! sKRCB!

*U19%"%41)*9%+,8"$)* X! C+.m(.c! *:$D,--(&()*,.),',#)()* X! mJT%!

*U19%"41)*4"-%8"$D%9()* h! C+.m(.c! *:$D,--(&()*6,99#)()* a! mJT%!

*U19%"41)*1(.-%.()* e! C+.m(.c! *ID%$+#41)*.,-&,+%* X! sKRCB!

*H(9,#41)*#)),+".(,)* "! sKRCB! *I&%.)%.',.#41)*K#9,6%&,)* a! C+.m(.c!

*H(9,#41)*$,8+,$")* X! sKRCB! *I&%.)%.',.#41)*+%9%4%.8%"* "! sKRCB!

*X%..%K%+"#41)*%4K91#.1>* e! mJT%! *I&,.#41)*)$/* `! mJT%!

*7()*4()8(9()V* "! mJT%! *I&,.#41)*%9K,)$,.()* a! mJT%!

*L"%8#41)*-(,%.%"* b! mJT%! *I&,.#41)*'".,-&%+()* a! mJT%!

*L"%8#41)*$%&%8#(* h! mJT%! *I&,.#41)*-&%+,#)()* a! mJT%!

*L"%8#41)*)$,.#)()* a! mJT%! ! ! !

*L"8&#41)*9%),(&()* a! sKRCB! !! !! !!

LJL#T!�!ah[!



!

!

XX!

 

-./01!$!2!3456!78!F40:=.6!4;:4G4:@.05!.;.0AH1:!4;!6?1!<9151;6!56@:A*!

I17J9.<?4=!=779:4;.615!B<1=415! B.><01!KL! I17J9.<?4=!794J4;!
3.646@:1! 37;J46@:1!

9T0+[\e! =-.F+-,$!I(2F('$!o!RB! !Xa�Xe�Xb:`h�B! !hX�"X�b:a`�J!

9T0+[\b! #,,$-$!C,(.'+!o!RB! !X"�aX�ee:be�B! !hX�!e�X`:\a�J!

9T0+[[^! <(2F$+-,(!'$!B&>!o!RB! !X[�![�ee:hb�B! !h"�hh�a[:`^�J!

I<?s^^[! %$*!=+',-/$!o!RB! !X[�h^�hb:aX�B! !he�e[�ee:h^�J!

I<?s^`b! %$*!=+',-/$!o!RB! !X[�h^�hb:aX�B! !he�e[�ee:h^�J!

!"#$%&'()*

-"#00&#1,**

9T0+[`b! =+>$/(6!o!RB! !Xa�eb�"[:a"�B! !h"�"a�ae:aa�J!

9T/-[[a! L,-&.4$!o!RB! !"`�hb�Xe:"^�B! !ha�eX�b:ee�J!

9T/-[b^! I$./+.+0,$!o!RB! !"`�ea�"a:aX�B! !ha�"^�a:a\�J!

9T/-[b`! B(./(!<,&D!o!RB! !"`�e"�e\:Xa�B! !h"�"h�hX:\`�J!

9T/-[\`! C&(@9(!o!RB! !X[�!b�h[:^"�B! !ha�a`�ea:""�J!

9T/-a""! #,,$-$!'$!B(>!o!RB! !"`�X"�\:ea�B! !e`�he�hb:h^�J!

9T/-"[^! s.c.$d.! ! !

9T/-aX\! I$,,$!R+&/+,!o!RB! !"`�X"�":hX�B! !ha�!h�aa:X\�J!

9T/-ab[! s,&9-2-!o!B<! !"^�!a�X^:\h�B! !e`�Xb�eh:[\�J!

9T/-aeX! s.c.$d.! ! !

!"#$%&'()*+,-&,.()!!

9T/-ae`! K$,P&+/-.F(!o!RB! !"`�""�hX:`^�B! !h"�!h�"`:e`�J!

9Td-b"! s.c.$d.! ! !!"#$%&'()*2,"',,*

L<aX! ?$A(!#,(5M!o!RB! !"^�!X^:\[^�B! !ha�!eX:ba^�J!

9=]([\X! <+,,-/$!o!RB! !Xa�ha�b:b[�B! !h"�e^�X^:XX�J!3(4%*

1%-#(%&#(.',!!
9=]([\b! RB! !! !!

 

 

 

 

 

 

 



!

!

"#!

!"#$%&'&(&)*%+,%-./%0&12&34%&5/%3"*6&/3%70&21,-5&/-&%".4&08%./%0&12&2%$/50&&

$%&'()!*+!,-(./,+,(-!,/(&0!+*)!(123!04(2,(0!5!"#$%&'%()*6!!"#&+,--',.%6!!"#/%+0%%!1.-!1"#.2&,)2',)(0%7!8,/3!/3(,)!)(04(2/,9(!+)(:%(.2;!*+!*22%))(.2(!5<=7!1.-!)(>1/,9(!

+)(:%(.2;!5?<7@!<*)!&*)(!-(/1,>0!)(A1)-,.A!/3(!+)(:%(.2,(0!+*)!!"#$%&'%()*!1.-!!"#&+,--',.%6!0((!+,A0!"!1.-!#@!

 

B)(;!C/(&0! !"#$%&'%()*!5.DEF7!! !"#&+,--',.%!5.DG7!! !"#/%+0%%!5.DH7! 1"#.2&,)2',)(0%!5.DH7!

<1&,>;! I4(2,+,2!A)*%4! $! <=5J7! ?<5J7! $! <=5J7! ?<5J7! $! <=5J7! ?<5J7! $! <=5J7! ?<5J7!

K),2(/,-1(! 34,0,(#52'2(2+(*%*# F! F! F! F! F! F! F! F! F! E! LF! ""@""!

! 34,0,(#262'2+# E! EF! L@!MM! F! F! F! F! F! F! F! F! F!

! 7,,'+$28.*#2(&,).2# L! #F! HN@#E! F! F! F! F! F! F! F! F! F!

! 9:%&,'.6,8.*#(%&'%5+*# F! F! F! F! F! F! F! F! F! H! LF! GG@GG!

! 9;.8.<$+')*#=)2+*$,'# F! F! F! F! F! F! E! LF! HF! F! F! F!

! 9;.8.<$+')*#04@# H! HF! EE@OG! F! F! F! F! F! F! F! F! F!

P%),-1(! >2$$)*#'2$$)*# E! EF! L@MM! F! F! F! F! F! F! F! F! F!

! ?)*#8)*<):)*# H! HF! L@MM! F! F! F! E! LF! GF! F! F! F!

K19,,-1(! @2A%2#82&(2# E! EF! L@MM! F! F! F! F! F! F! F! F! F!

Q.,-(./,+,(-! 2>%0/()!E! F! F! F! F! F! F! E! LF! HF! F! F! F!

! 2>%0/()!H! F! F! F! H! EG@GO! ""@""! F! F! F! F! F! F!

! 2>%0/()!"! "! "F! EO@GL! F! F! F! F! F! F! F! F! F!

! 2>%0/()!#! "! HF! EO@GL! "! LF! LF! F! F! F! F! F! F!

!! 2>%0/()!L! F! F! F! E! EG6GO! EG@GO! F! F! F! F! F! F!


