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Figure 1: Location of Ca–o Palma and 
surrounding, Lewis , 2010 
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^+?+(=!

Figure 2: Setup of transetcs in primary rainforest 
of Ca–o Palma, Google Earth, Cappello, 2015 
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0$<6:+'!?$-A(=! Y&'%B)'+=!*+$C+(')?+!->!=$<6:+'!?$-A(=!:%'#%(!'#+!*,-' !
9A(6&#)=-: ! Y&'%B)'+=!*+$C+(')?+!->!&A(6&#)=-:!:%'#%(!'#+!*,-' !
K)%(! TB-A('!->!$)%(!-I+$!'#+!=)<!DBB H!
[+)'#+$ ! [+)'#+$!=A$%(?!=)')!C-,,+C'%-(!D+?/!&A((<@!C,-A=<@!$)%(<H!

!
MLKWbL^L.E"T !̂MYT9FKYMYG89!
O-$!'#%&!&'A=<@!%(=%I%=A),!>%'(+&&!:)& !=+>%(+=!)&!)!;-=<!C-(=%'%-(!B+)&A$+B+('!A&%(?!&(-A' \I+('!
,+(?'#!)(=!:+%?#'!)&!B+)&A$+B+('&/!8#+!>-,,-:%(?!>-$BA,)!:)&!A&+=!'-!C),CA,)'+!)!;-=<!C-(=%'%-(!
%(=+N!>-$!+I+$<!%(=%I%=A),h!

J"E!l!M!m3̂6^nK!!

[#+$+!M!%&!'#+!B)&&@!^!%&!'#+!&(-A'\I+('!,+(?'#!>-$!)!?%I+(!%(=%I%=A),@!^3!%&!'#+!)$%'#B+'%C!B+)(!->!
'#+!^o&!>-$!'#+!:#-,+!*-*A,)'%-(! )(=!K!D'#+!&C),%(?!C-B*-(+('H!%&!+SA%I),+('!'-!'#+!$+?$+&&%-(!I),A+!
DK!I),A+H!->!M!-(!^!>-$!'#+!:#-,+!*-*A,)'%-(!DM%C#)+,&!et	
  al/@!2345H/!
8#%&!B+)&A$+!->!;-=<!C-(=%'%-(!#)&!;++(!>-A(=!'-!)CCA$)'+,<!$+*$+&+('!)C'A),!;-=<!C-(=%'%-(!)(=!
+(+$?<!$+&+$I+&!%(!)B*#%;%)(&!D_)C-;!et	
  al.,!4PPR@!0U%B%(&1%!et	
  al.@!233P@!MC"$)C1+(!)(=!9'+;;%(?&@!
2342!)(=!M%C#)+,&!et	
  al/@!2345H!
O-$!+)C#!%(=%I%=A),!'#+!%(=%I%=A),!>%'(+&&!%&!'#A&!)&&+&&+=!;<!B+)&A$%(?!'#+!;-=<!C-(=%'%-(!%(!9p !̂)(=!
:+%?#'/!!
.YG0YK!
TCC-$=%(?!'-!W$X#,!D4PPPH!)(=!K%C#)$=&\q):)C1%!D2343H!&+N+&!C)(!;+!=%&'%(?A%&#+=!;<!'#$-)'!
C-,-$)'%-(!:#%C#!%&!$+=!%(!>+B),+&!)(=!;,)C1!-$!?$+<!%(!B),+&/!0A$%(?!=)')!C-,,+C'%-(!),,!%(=%I%=A),&!
:%'#!)!=)$1!'#$-)'!) (=!C),,%(?!%(=%I%=A),&!:+$+!=+>%(+=!)&!B),+&/!!
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0T8T!TGT^d9E9!
8#+!O%'(+&&!E(=+N!:)&!C),CA,)'+=!:%'#%(!'#+!*$-?$)B!YNC+,/!T!F(%I)$%)'+!.+(+$),!^%(+)$!M-=+,!:)&!
*+$>-$B+=!:%'#!'#+!*$-?$)B!EJM!9W99!9')'%&'%C&!23/![%'#%(!'#+!B-=+,@!'#+!>%'(+&&!E(=+N!:)&!A&+=!)&!
=+*+(=+('!I)$%);,+/!"-I)$%)'+&!)(=!O)C'-$&!:%'#!)!&%?(%>%C)(C+!#%?#+$!'#)(!3/7!:+$+!(-'!%(C,A=+=!%(!
'#+!>%(),!B-=+,/!OA$'#+$B-$+!)!"#%\9SA)$+!'+&'!:)&! A&+=!'-!'+&'!'#+!)&&-C%)'%-(!;+':++(!&+N!)(=!
&A;&'$)'+/!

&.$,/%$!
8#+!I)$%);,+&!>-A(=!'-!;+!&%?(%>%C)(',<!)&&-C%)'+=!:%'#!%(=%I%=A),!>%'(+&&!B+)&A$+=!)&!;-=<!C-(=%'%-(!
%(=+N!:+$+!*$+&+(C+!->!)!C),,%(?!&%'+!D=l43/2VQ`!9%?l3@334H@!'#+!&A;&'$)'+!'#+!%(=%I%=A),!:)&!>-A(=!
-( !D=l2/47Q`!9%?l3@3]4H@!$)%(>),,!D=lP/744`!9%?l3@332H!)(=!'#+!?+(=+$!->!'#+!%(=%I%=A),!D=l]P/32P`!
9%?l3@33H/![%'#%(!'#+!?+(+$),!,%(+)$!B-=+,!A&+=!'-!)(),<U+!'#+!$+,)'%-(&#%*&!;+':++(!'#+!I)$%);,+&@!
'#+!()B+=!&%?(%>%C)('!I)$%);,+&!+N*,)%(!24!*+$C+('!->!!'#+!=%>>+$+(C+&!>-A(=!%(!%(=%I%=A),!>%'(+&&/!
OA$'#+$B-$+@!)!&%?(%>%C)('!$+,)'%-(&#%*!DrD4Hl23@Q7@!*l!3@3VH!;+':++(!&+N!)(=!&A;&'$)'+!'<*+!:)& !
>-A(=/!O%?A$+!]!&#-:&!' #+!$+,)'%-(&#%*!;+':++(!&A;&'$)'+!'<*+!)(=!B+)( !;-=<!C-(=%'%-(!%(=+N!->!
B),+&!)(=!>+B),+&/!M),+&!&#-:!)!&'$-(?!*+)1!->!>%'(+&&!-(!'#+!&A;&'$)'+!s,+)>s!DB+)(!3/VH@!:#+$+)&!
>-$!>+B),+&!'#+!>%'(+&&!%(=+N!&#-:&!'#+!#%?#+&'!I),A+&!>-$!'#+!&A;&'$)'+!'<*+&!*),B!DB+)(!3@QRH!)(=!
;)$+!&-%,!DB+)(!3@Q7H/!YI+(!'#-A?#!B),+&!&#-:!)!&'$-(?+$!*+)1!%(!>%'(+&&!-(!-(+!&A;&'$)'+!'<*+@!'#+!
-I+$),,!B+)(!>-$!>%'(+&&!%&!#%?#+$!%(!>+B),+&!DB+)(!;-=<!C-(=%'%-(!3@Q2!t3@3PH!'#)(!%(!B),+&!DB+)(!
J-=<!C-(=%'%-(!!3@RQ!t!3@3VH/!!

C7DE94!F6!%;7>!G7DE94!>;:H>!<;4!9431<7:B>;7A!24<H44B!<IA4!:G!>E2><91<4!1BJ!K41B!G7<B4>>!:G!
K134>!1BJ!G4K134>L! 
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+($',$$(*)6 !
8#%&!&'A=<!>-CA&+=!-(!'#+!SA+&'%-(&!!:#)'! !%&!'#+!$+,)'%-(&#%*!;+':++(!B%C$-#);%')'!C#)$)C'+$%&'%C&!
)(=!%(=%I%=A),!;-=<!C-(=%'%-(!->!O.	
  pumilio!@!)(=! !:#)'!%&!'#+!;-=<!C-(=%'%-(!->!B),+&!)(=!>+B),+&!
-(!=%>>+$+('!&A;&'$)'+&@!!:%'#%(!'#+!O.	
  pumilio!*-*A,)'%-(!->!)! G+-'$-*%C),!,-:,)(=!$)%(>-$+&'!%(!
"-&')!K%C)/!!
9%(C+!O.	
  pumilio	
  %&!)!&*+C%+&!:%'#!)!$+&-A$C+\;)&+=!B)'%(?!&<&'+B@!'#%&!&'A=<!>-CA&+=!B)%(,<!-(!
B%C$-#);%')'!'$)%'&!!'#)'!)$+!$+,)'+=!'-!$+*$-=AC'%-(!;+C)A&+!'#-&+!)$+!+N*+C'+=!'-!;+!'#+!,%B%'%(?!
>)C'-$&!>-$!%(=%I%=A),!>%'(+&&/!8#+!?+(+$),!,%(+)$!B-=+,!$+*$+&+('%(?!'#+!$+,)'%-(&#%*&!;+':++(!'#+!
I)$%);,+&!>-A(=!'#)'!'#+!*$+&+(C+!->!C),,%(?!&%'+&@!$)%(>),,@!&A;&'$)'+!)(=!?+(=+$!#)I+!)!&%?(%>%C)('!
%(>,A+(C+!-(!'#+!;-=<!C-(=%'%-(!->!O.	
  pumilio/!!
8#+!*$+&+(C+!->!)!C),,%(?!&%'+!: %'#%(!'#+!'+$$%'-$<!->!O.	
  pumilio!$+*$+&+('&!)!C$AC%),!+,+B+('!>-$!+I+$<!
B),+/!8#%&!I)$%);,+!%&!#%?#,<!$+,)'+=!'-!'#+!$+&-A$C+!;)&+=!B)'%(?!&<&'+B!->!'#+!&'A=%+=!&*+C%+&!)(=!
'#+!$+&A,'&!->!'#%&!&'A=<!A(=+$,%(+!'#+!>)C'!'#)'!>%''+$!%(=%I%=A),&!#)I+!)!C),,%(?!&%'+!)(=!C)(!'#+$+>-$+!
)''$)C'!B-$+!B)'+&/!!_A&'!)&!'#+!*$+&+(C+!->!)!C),,%(?!&%'+!%&!)!B%C$-#);%')'!'$)%'!C-((+C'+=!'-!'#+!
B)'%(?!&<&'+B!->!'#%&!&*+C%+&!&-!%&!&A;&'$)'+!A&+/!TCC-$=%(?!'-!G-:)1-:&1<!et	
  al/!D234]H@!O.	
  pumilio!
A&+&!=%>>+$+('!)B-A('&!->!+(+$?<!>-$!B-I+B+('&!-I+$!=%>>+$+('!&A;&'$)'+&/!8#%&!>%(=%(?&!?%I+!)!
*-&&%;,+!+N*,)()'%-(!'-!'#+!&%?(%>%C)('!C-$$+,)'%-(!;+':++(!&A;&'$)'+!A&+!)(=!;-=<!C-(=%'%-(!'#)'!
#)&!;++(!>-A(=!%(!'#%&!&'A=</!OA$'#+$B-$+@!'#+!?+(=+$!&*+C%>%C!=%>>+$+(C+&!C-(C+$(%(?!&A;&'$)'+!A&+!
)(=!;-=<!C-(=%'%-(!C)(!;+!+N*,)%(+=!:%'#!'#+!$+&-A$C+!;)&+=!B)'%(?!&<&'+B!->!L/!*AB%,%-/!O+B),+&!
B-I+! -I+$!,)$?+$!=%&')(C+&@!,--1%(?!>-$!B),+&!:#%,+!'#+!B),+&!*$-'+C'!'#+%$!'+$$%'-$<!B-$+!
)??$+&&%I+,<!)(=!&*+(=!'%B+!)(=!+(+$?<!C),,%(?!>-$!B)'+&!DW$X#,!)(=!bX=,@!4PPP@!2332H/!
9C#A,'+!)(=!^X''+$&!D234]H!&')'+!'#)'!$)%(>),,!I)$%);%,%'<!)(=!#AB%=%'<!%(!?+(+$),!)$+!%B*-$')('!>)C'-$&!
>-$!$+*$-=AC'%I+!&ACC+&&!%(!B)(<!)(A$)(&@!+&*+C%),,<!;+C)A&+!0+(=$-;)'%=)+!=+*+(=!C$%'%C),,<!-(!
:)'+$!&%(C+!'#+!&B),,!*--,&!'#)'!>A(C'%-(!)&!')=*-,+!$+)$%(?!&%'+&!)$+!+NC+*'%-(),,<!&+(&%'%I+!'-!
=$-A?#'/!E(!B)(<!)(A$)( !&*+C%+&!)!&+NA),!&%U+!=%B-$*#%&B!'-:)$=&!'#+!>+B),+&!#)&!;++(!>-A(=!
Dq#)(?!)(=!^A@!234]H/!YI+(!'#-A?#!O.	
  pumilio!%&!B-&',<!=+&C$%;+=!)&!)!&*+C%+&!:%'#!(-!&%?(%>%C)('!
&+NA),!&%U+!=%B-$*#%&B!DF(%I+$&%'<!->!M%C#%?)(@!2345H@!'#+!&%?(%>%C)('!%(>,A+(C+!->!?+(=+$!-(!;-=<!
C-(=%'%-(!'#)'!#)&!;++(!>-A(=@!%(=%C)'+&!'#)(!>+B),+&!)$+!->'+(!#+)I%+$!)(=!,)$?+$!'#)(!B),+&/!!
9A%');,+!' )=*-,+!$+)$%(?!&%'+&!#)I+!;++(!=+>%(+=!)&!)!B)Z-$!,%B%'%(?!$+&-A$C+!>-$!O.	
  pumilio	
  DW$X#,!
)(=!bX=,@!4PPP@!2332H/!8#+!$+&A,'&!->!'#%&!&'A=<!#-:+I+$`!!=%=!(-'!$+I+),!)!&%?(%>%C)('!$+,)'%-(&#%*!
;+':++(!'#+!*$+&+(C+!->!&A%');,+!')=*-,+!$+)$%(?!&%'+&!)(=!%(=%I%=A),!>%'(+&&/!W$X#,!)(=!J+$1+!D2334H!
=%=!(-'!>%(=!'#)'!'#+!*$+&+(C+!->!')=*-,+!$+)$%(?!&%'+&!#)=!%(>,A+(C+!-(!'#+!&*)'%),!=%&'$%;A'%-(!->!O.	
  
pumilio@!'#+<!),&-!=%=!(-'!>%(=!'#)'!'+$$%'-$%),!B),+&!=+>+(=!')=*-,+!$+)$%(?!&%'+&/!OA$'#+$B-$+@!W$X#,!
D2332H!&')'+&!'#)'!O.	
  pumilio!=- !(-'! -(,<! A&+!;$-B+,%)=!)(=!;)()()!*,)('&!)&!')=*-,+!$+)$%(?!&%'+&!)&!
-'#+$!&'A=%+&!&')'+!D0-((+,,<@!4PVPH!;A'!'#+<!),&-!A&+!:)'+$!*--,&!%(!'$++!;A''$+&&+&@!)(=!-'#+$!
:)'+$!;-=%+&!'#)'!)$+!)I)%,);,+/!O+B),+&!C,%B;%(?!*),B!'$++&@!:%'#!)(=!:%'#-A'!')=*-,+&!-(!'#+%$!
;)C1@!:+$+!-;&+$I+=!>$+SA+(',<!;<!'#+!$+&+)$C#+$&!=A$%(?!'#+!*+$%-=!->!=)')!C-,,+C'%-(!:#%C#!
&A??+&'&!)(!)==%'%-(),!A&+!->!*),B&!)&!')=*-,+!$+)$%(?!&%'+&/!T&!*$+I%-A&,<!B+('%-(+=@!W$X#,!)(=!
bX=,!D4PPP@!2332H&')'+!'#)'!')=*-,+!$+)$%(?!&%'+&!$+*$+&+('!-(+!->!'#+!B)Z-$!,%B%'%(?!$+&-A$C+&!>-$!O.	
  
pumilio.	
  0A+!'-!'#+!:+' !C,%B)'+!DB+)(!=)%,<!$)%(>),,!P@27BB!)(=!B+)(!=)%,<!#AB%=%'<!V2i!=A$%(?!
'#+!=)')!C-,,+C'%-(!*+$%-=H!->!'#+!&'A=<!)$+)!#-:+I+$@!!%'!C)(!;+!+N*+C'+=!'#)'!&B),,!:)'+$!;-=%+&@!
$+*$+&+('%(?!*-'+('%),!')=*-,+!$+)$%(?!&%'+&@!)$+!(-'!) !,%B%'%(?!>)C'-$!%(!'#%&!+(I%$-(B+('/! !
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8#+!$+&A,'&!->!'#%&!&'A=<!%(=%C)'+!'#)'!;-=<!C-(=%'%-(!%&!,%(1+=!'-!B%C$-#);%')'!A&+/!G+I+$'#+,+&&@!
B-$+!%('+(&%I+!$+&+)$C#!%&!(++=+=!'-!$+I+),!'#+!&'$+(?'#!->!'#%&!$+,)'%-(&#%*!)(=!'-!%(I+&'%?)'+!%'&!
I)$%)'%-(&!%(!=%>>+$+('!#);%')'&!)(=!*-*A,)'%-(&/!!
!
"8MB:H34JD4K4B<>6!

b+,+(!W#+)&+<!#+,*+=!)(=!+(C-A$)?+=!A&!%(!'#+!>%+,=!)(=!%(!'#+!->>%C+/!M)$'%Z(![+'+$%(?&!#+,*+=!A&!
'-!&')$'!'#%&!*$-Z+C'!)(= !;)C1+=!A&!A*!>$-B!'#+!G+'#+$,)(=&/!YB%,<!u#)U)(!+(C-A$)?+=!A&!'-!+N*)(=!
-A$!1(-:,+=?+!)(=!%('+$+&'&!)(=!#+,*+=!A&!'-!,+)$(!>$-B!'#%&!*$-Z+C'/!^A%&!O+$()(=+U!:)&!-A$!
C-(')C'!*-%('!:#+(+I+$!)!&+C-(=!-*%(%-(!:)&!(++=+=/![+ !:)('!'-!'#)(1!"L8YK"!>-$!?%I%(?!A&!'#+!
-**-$'A(%'<!'-!,%I+!)(=!:-$1!)'!'#+!J%-,-?%C),!K+&+)$C#!9')'%-(!")(-!W),B)/!!
!
&4G494B84>6!
TB*#%;%):+;@!2347/!O-A(=!-(!#''*h66)B*#%;%):+;/-$?6,%&'&60+(=$-;)'%=)+/&#'B,!'#+!4Q/3R/2345!
!
J);;%'!u/!_/@!p+<&+<!_/!9/@!8)((+$!./![/@!2343/!M+)&A$%(?!#);%')'/!TB*#%;%)(!YC-,-?<!)(=!"-(&+$I)'%-(/!LN>-$=!
J%-,-?<@!**/!25Q\2R3@!2343!
!
")$*+('+$!O/@!MCM%,,+(!K/@!4PQR/!8#$+&#-,=!B-=+,!->!>++=%(?!'+$$%'-$%),%'<!)(=!'+&'!:%'#!)!b):)%%)(!#-(+<\
C$++*+$/!9C%+(C+@!**/!PQ3\PQ]@!4PQR/!!
!
0U%B%(&1%!M/@!p+$C-+!W/@!K-;+$'&!_/@!233P/!p)$%);,+!->>&*$%(?!*$-I%&%-(%(?!)(=!>%'(+&&!h!)!=%$+C'!'+&'!%(!'#+!>%+,=/!
OA(C'%-(),!YC-,-?<@!**/!4R5\4Q4@!233P!
!
0-((+,,<!M/!T/@!4PVP/!Y>>+C'&!->!$+*$-=AC'%I+!$+&-A$C+!&A**,+B+(')'%-(!-(!&*)C+\!A&+!*)''+$(&!%(!Dendrobates	
  
pumilio.	
  	
  F(%I+$&%'<!->!M%)B%@!L+C-,-?%)@!**/!242\24V@!4PVP!
!
O+$(+$!_/![/@!2343/!M+)&A$%(?!)(=!B)$1%(?!*-&'!B+')B-$*#%C!)B*#%;%)(&/!TB*#%;%)(!YC-,-?<!)(=!
"-(&+$I)'%-(/!LN>-$=!J%-,-?<@!**/!42]\4]V@!2343!
!
.)%,,)$=!_/\M/@!O+&')\J%)(C#+'!M/@!0+,-$B+!0/@!_-$?+(&-(!_/@!2333/J-=<!B)&&!)(=!%(=%I%=A),!>%'(+&&!%(!>+B),+!
A(?A,)'+&h!;%??+$!%&!(-'!),:)<&!;+''+$/!K-<),!9-C%+'<@!**/!5Q4\5QQ@!2333!
!
EF"G@!2343/!O-A(=!-(!4]/3R/2345!-(h!!#''*h66:::/%AC($+=,%&'/-$?6=+')%,&6774PR63!!
!
_)C-;!Y/!M/@!M)$&#),,!9/!0/!)(=!F+'U!F/![/!4PPR/!Y&'%B)'%(?!>%'(+&&h!T!C-B*)$%&-(!->!;-=<!C-(=%'%-(!%(=%C+&/!
L%1-&@!**/!R4\RQ@!4PPR!
!
^+:%&!8/@!.$)('!W/@!.)$Cf)!M/@!vA+&)=)@!K<),,!"/!)(=!^)0A1+!8//!2343/!T!;-')(%C),!&A$I+<!->!")e-!W),B)!
J%-,-?%C),!9')'%-(!DY&')C%w(!J%-,w?%C)!")e-!W),B)H@!8-$'A?A+$-@!"-&')!K%C)/!JKYGY9ET@!**/!Q]\V5@!2343!
!
MC.$):!_/!)(=!")&:+,,!b/@!4PPR/!Y&'%B)'%-(!->!%(=%I%=A),!>%'(+&&!>$-B!,%>+\#%&'-$<!=)')/!8#+!TB+$%C)(!
G)'A$),%&'@!4PPR!
!
MC"$)C1+(!_/!./!)(=!9'+;;%(?&!_/!^/@!2342/!8+&'!->!J-=<!"-(=%'%-(!E(=+N!:%'#!TB*#%;%)(&/!_-A$(),!->!
b+$*+'-,-?<@!**/!]5R\]73@!2342!
!
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M%C#)+,&!"_@!T(':%&!KY@!W$+U%-&%!KO!D2345H!EB*)C'!->!W,)('!"-I+$!-(!O%'(+&&!)(=!J+#)I%-A$),!8$)%'&!->!")*'%I+!
K+=\Y<+=!8$++!O$-?&!DAgalychnis	
  callidryasH/!W^-9@!2345!
!
MA$*#<!W/@!233]/!"-('+N'\=+*+(=+('!$+*$-=AC'%I+!&%'+!C#-%C+!%(!)!G+-'$-*%C),!>$-?/!J+#)I%-$),!YC-,-?<@!**/!
R2R\R]]@!233]!
!
G)$%(&!W/!)(=!")*$)(%C)!K/@!4PQR/!9+NA),!=%>>+$+(C+&!%(!)A=%'-$<!&<&'+B&!->!'#+!'$++!>$-?!YA'#+$-=)C'<,A&!C-SA%/!
9C%+(C+@!**/!]QV\]V3@!4PQR!
!
G-:) 1-:&1< !T/@!_%B+(+U!J/@!T,,+(!M/@!0%)U\Y&C-;)$!M/!)(= !0-((+,,< !M/@!234]/!̂ )(=&C)*+!$+&%&')(C+!'- !
B-I+B+(' !->!'#+!*-%&-(!>$-?@!Oophaga	
  pumilio@!%(!'#+!,-:,)(=& !->!(-$'#+)&'+$( !"-&') !K%C)/!T(%B),!
"-(&+$I)'%-(@!**/ !4VV\4PQ@!234]!
!
W$X#,!b/!)(=!J+$1+!L/@!2334/!9*)'%),!=%&'$%;A'%-(&!->!B),+!)(=!>+B),+!&'$):;+$$<!*-%&-(!>$-?&!)(=!'#+%$!$+,)'%-(!
'-!>+B),+!$+*$-=AC'%I+!$+&-A$C+&/!L+1-,-?%)@!**/!7]5\752@!2334!
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