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jN. Introduction 
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!"#$%&'()*+&,(-'%6,1"1'E."*'-."'1"#"1'0,9"6<"',*'-.",6'"9)&$-,)*%6>')/-,5%R'-.$1'

5%&"'%*0'+"5%&"'+,-*"11',1'*)-'5%#,5,1"0'9,%'-."'1%5"'/6)("11"1F'!"#$%&'()*+&,(-'
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ABBD3F'N*-"6T&)($1'()*+&,(-',1'-.")6,Z"0'-)'&"%0'-)'()T"9)&$-,)*%6>'%651T6%("1',*'

E.,(.'"%(.'1"#',1'()*1-%*-&>'-6>,*<'-)'()$*-"6'-."'*"<%-,9"'"++"(-1')+'-."')-."6'

28%EI,*1'p'e6";1R'COKOo'=%6I"6R'COKOo'H"11"&&1R'ABCAo'!Z[I"&>R'ABCD3F'
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G.,1',0"%')+'-."'0,++"6"*-,%&'1"&"(-,)*'/6"11$6"1')*'-."'6%6"'1"#'()5/%6"0'-)'-."'
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/6"0,(-"0'-)')/"6%-"')*'-."'5)6"'+6"h$"*-'()5/%6"0'-)'-."'6%6"6'1"#'2Q5&"*'p'
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2e)II)'p'_"**,)*1R'ABBMo'!Z"I"&>'"1(',7R'ABCD3F'`)E"9"6',-',1'"#-6"5"&>'0,++,($&-'
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)*&>' );1-%(&"' ,*' 1"#$%&' ()*+&,(-' 6"1"%6(.'E,-.' +$6-."6' ()5/&"#,-,"1' (6"%-"0' ;>'

-."'5>6,%0')+'9%6,%;&"1'-.%-'()$&0'%++"(-';)-.'-."'7!X'%*0'@!XR' ,*(&$0,*<';)-.'

-."'5%-,*<'1>1-"5'%*0'/%6"*-%&'(%6"';".%9,)$61'E.,(.',*'-$6*'+""0;%(I')*'"%(.'

)-."6' 2e9%6*"5)' p' 7.*"1c)R' COOJo' e)II)' p' _"**,)*1R' ABBM3F' L)6' "#%5/&"'

/)&><%5>'()$&0'(%$1"'$*("6-%,*'/%6"*-%<"'+)6')*"'1"#';$-'*)-'-."')-."6'&"%0,*<'

-)' &)E"6'/%6"*-%&' ,*9"1-5"*-';>')*"'1"#R'6"-$6*,*<')*"'1"#'-)'-."'5%-,*<'/))&'

1))*"6' -.%*' -."' )-."6F' 7&-"6*%-,9"&>' -.,1' ."%9>' ;,%1' ,*' -."' 7!X' ()$&0' +%9)$6'
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+"5%&"';".%9,)$6'-.%-'%--"5/-1'-)'%&&"9,%-"'5%&"'%<<6"11,)*'2!9%60'p'S,I&$*0R'

COMJo'`%&&,0%>'p'76*)&0R'COMKo'Q;"*1/"6<"6R'COOM3F'

'

`)E"9"6' -."' /)1,-,9"' 1)&,(,-%-,)*' )+' %00,-,)*%&' 5%-"1' ;>' +"5%&"1' ,*' 5%*>'

1/"(,"1'1$<<"1-1'-.%-',-',1'*)-')*&>'06,9"*';>'5%&"'()"6(,)*'28%9,"1'"1(',7R'COOJ3F'

X"1"%6(.' ,*-)' -."' 0,6"(-' 21$(.' %1' ,*(6"%1"0' /%6"*-%&' ,*9"1-5"*-' )6' <6"%-"6'

+"6-,&,->3' %*0' ,*0,6"(-' ;"*"+,-1' 21$(.' %1' ,*(6"%1"0' )++1/6,*<' ."-"6)Z><)1,->3' )+'

5$&-,/&"' 5%-,*<' ;>' +"5%&"1' .%9"' ;""*' ,*9"1-,<%-"0' 26"9,"E"0' ,*' 276*h9,1-' p'

a,&11)*R' ABBBo' _"**,)*1' p' ="-6,"R' ABBB33F' 71' 1/"65' ()5/"-,-,)*' .%1' %' 0,6"(-'

,5/%(-')*'%'5%&"\1'/)-"*-,%&'+,-*"11R'5$&-,/&"'5%-,*<';>'+"5%&"1'/6)0$("1'&%6<"'

()*+&,(-1' )+' ,*-"6"1-' ;"-E""*' -."' 1"#"1F' G.,1' .%1' ;""*' ,*1-6$5"*-%&' ,*'

1/"%6."%0,*<'E)6I')*'1"#$%&'()*+&,(-' ,*':0/-/)3$,'(1/F' N*')60"6'-)' &,5,-'1/"65'
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()5/"-,-,)*R'5%&"1'.%9"'"9)&9"0'-)'-6%*1+"6'(."5,(%&1',*'-.",6'1"5,*%&'+&$,0'-.%-'

6"0$("' %' +"5%&"1'/6)/"*1,->' -)' 6"5%-"' 2U.%/5%*R':%*<.%5R'"1(',7R' ABBV3R' ;$-'

-.">'%&1)'.%9"'*"<%-,9"'()*1"h$"*("1'+)6'%'+"5%&"\1'&,+"-,5"'+,-*"11F'`)E"9"6',*'

;,601R'E."6"' &%6<"'/%6"*-%&' ,*9"1-5"*-' ,1')+-"*'6"h$,6"0R'E)6I'.%1' +)($1"0')*'

-."',*+&$"*("')+'5$&-,/&"'5%-,*<'-)'5%&"'/%6"*-%&'"++)6-F'X"1"%6(.'.%1',*0,(%-"0'

-.%-' ()*+&,(-' )9"6' (%6"' ()$&0' ;"' ,*+&$"*("0' ;>' -."' ,*+,0"&,->' )+' /%6"*-1' 2G"66>'

:$6I"'"1(',7R'COMOo']%6(q%Ta%9%1'"1(',7R'ABCV3F'

'

'71'-."'/"69%1,9"'*%-$6"')+'/6)5,1($,->',*';,601';"(%5"'(&"%6'-."'1,<*,+,(%*("')+'

/)1-T()/$&%-)6>'/6)("11"1'-)'6"/6)0$(-,9"'1$(("11'5)9"0'-)'-."'+)6"F'S)6I'.%1'

6"9"%&"0' %' 1$;1-%*-,%&' ,5/%(-' )+' /6)5,1($,->' )*' 5%&"' ,*9"1-5"*-' ,*' <)*%0%&'

-,11$"'%*0'%&1)')*'1/"65'5)6/.)&)<>'2P)&&"6R'COOCo':6,1I,"'"1(',7R'COOKo'U%&.,5'

"1(',7R' ABBKo' e&"9"*' "1(',7R' ABBMo' Hf/)&0R' U%&.,5R' "1(',7R' ABBO3' F'S.%-' ,1' *)-' 1)'

(&"%6',1'-."'6"&%-,)*1.,/';"-E""*'/6"'%*0'/)1-T()/$&%-)6>'-6%,-1R'%6"'-."6"'-6%0"T

)++1' ;"-E""*' -."5d' 8)' -.">' ()9%6>d' 76"' -.">' ,*0,(%-,9"' )+' <"*"-,(' )6' 0,6"(-'

;"*"+,-1d' 27*0"611)*' p' !,55)*1R' ABBJo' Hf/)&0' "1( ',7R' ABCD3F' 71' )$6'

$*0"61-%*0,*<')+'-."1"',*0,9,0$%&'%1/"(-1'0""/"*1')$6'%;,&,->'-)'/&%("'-."5',*'%'

$*,+>,*<'()*-"#-'E,-.'/%6"*-%&'(%6"R'5%-,*<'1>1-"51'%*0'1"#'6)&"1'5)9"1'(&)1"6F'

'

4"8+',(./*9,$.1('*&(-)".$'1$/*(

'

N-' ,1' -."' ,0"%' )+' 6$*T%E%>' ()T"9)&$-,)*%6>' r%651' 6%("1s' -.%-' .%1' &"%0' -)' -."'

1$//)1,-,)*' -.%-' 1"#$%&' ()*+&,(-' ()$&0' /&%>' %' &%6<"' 6)&"' ,*' -."' 0,9"6<"*("' )+'

1/"(,"1'2=%6I"6'p'=%6-6,0<"R'COOMo'76*h9,1-'"1(',7R'ABBBo']%96,&"-1R'ABBBR'ABCD3F'

G."1"' %651T6%("1' %6"' &,I"&>' -)' &"%0' -)' 6%/,0' "9)&$-,)*' )+' -6%,-1' ,*-,5%-"&>'

"*-E,*"0' E,-.' 6"/6)0$(-,9"' 1$(("11F' G6%,-1' ,*9)&9"0' ,*' 5%-"T(.),("' %*0'

+"6-,&,1%-,)*'%6"'-.)1"'E.,(.'0"+,*"'%'1/"(,"1'%1'-.">'%6"'(6,-,(%&'+)6'-."'$*,)*')+'

5%&"' %*0' +"5%&"' <%5"-"1F' !"#$%&' ()*+&,(-' -."6"+)6"' .%1' -."' %;,&,->' -)' 6%/,0&>'

%++"(-' -6%,-1' %-' -."' ($1/' )+' 6"/6)0$(-,)*R' /6)9,0,*<' -."' /)-"*-,%&' +)6' 6%/,0'

,5/%(-1' )*' /6"' %*0' /)1-T5%-,*<' ,1)&%-,)*R' E.,(.' 1$;1"h$"*-&>' 0"+,*"' -."'

1"/%6%-,)*')+'1/"(,"1'2]%96,&"-1'p'S%#5%*R'ABBAo'P%6-,*'p'`)1I"*R'ABBV3F''

'
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7&-.)$<.' -.")6>' .%1' /6"0,(-"0' %' &,*I' ;"-E""*' 1"#$%&' ()*+&,(-' %*0' 1/"(,%-,)*R'

"5/,6,(%&'"9,0"*("',*'1$//)6-')+'-.,1',1'&,5,-"0'2P%6-,*'p'`)1I"*R'ABBVo'X,-(.,"R'

ABBKo':$-&,*R'ABCC3F'@*"'/6)5,1,*<'%9"*$"')+'6"1"%6(.'-.%-'()$&0'6"5"0>'-.,1',1'

-)' *%66)E' -."' +)($1' )*' (&)1"&>' 6"&%-"0' 1/"(,"1' E,-.' &%6<"' 0,++"6"*("1' ,*' -.",6'

&"9"&1' )+' 1"#$%&' ()*+&,(-F' G."' ()5/%6%-,9"' %//6)%(.' ,1' %' +$*0%5"*-%&' -))&' ,*'

"9)&$-,)*%6>' ;,)&)<>' -.%-' %&&)E1' ,*+"6"*("1' -)' ;"' 06%E*' +6)5' -."' *%-$6%&'

"#/"6,5"*-1'-.%-'.%9"'/&%>"0')$-'-.6)$<.'-,5"'2`%69">'p'=%<"&R'COOCo'P%6-,*1R'

COOJo' L6"(I&"-)*' p' =%<"&R' ABCB3F' =6"1"*-&>' 1-$0,"1' )*' 0,1/%6%-"' <6)$/1' %6"'

6"9"%&,*<'/%6%&&"&'"++"(-1')+'1"#$%&'1"&"(-,)*')*'1/"(,%-,)*'6%-"1'2e6%%,c"9"&0'"1(

',7R'ABCC3F'U)5/%6%-,9"'1-$0,"1',*'+,1.'%*0',*1"(-1'.%9"'%&1)'+)$*0'%'6"&%-,)*1.,/'

;"-E""*'1"#$%&'()*+&,(-'%*0'1/"(,%-,)*R'$1,*<';)-.'/)1-T5%-,*<'%*0'/6"T5%-,*<'

5"%1$6"1')+'1"#$%&'()*+&,(-'276*h9,1-'"1(',7R'ABBBo'`)1I"*'"1(',7R'ABBOo'S%<*"6'"1(

',7R'ABCA3F'`)E"9"6',*';,601R'%'<6)$/',*'E.,(.'-."6"',1'"#-"*1,9"'I*)E&"0<"')+'

;6""0,*<' 1>1-"51' %*0' 5%-,*<' ;".%9,)$61' 1,5,&%6' 1-$0,"1' .%9"' 6"9"%&"0'

()*-6%1-,*<'6"1$&-1'2P)66)E'"1(',7R'ABBVo'e6f<"6R'ABBM3F'

'

!"#$%&' 1"&"(-,)*' -.")6>' /6"0,(-1' -."' 6%/,0' "9)&$-,)*' )+' 1"&"(-"0' -6%,-1' %*0' -."'

<"*"1'-.%-'()*-6)&'-."5R'-.$1'-."'%;,&,->'-)'1"h$"*("'-."'6"&"9%*-'<"*"1'%(6)11'

1/"(,"1' .%1' /6)9,0"0' "9,0"*("' +)6' -."' 6%/,0' "9)&$-,)*' )+' -."1"' 6"<,)*1'

()5/%6"0'-)'-."'5%c)6,->')+'-."'<"*)5"'28)6$1'"1(',7R'ABBDo'`%"6->'"1(',7R'ABBKo'

a%0"%$' "1(',7R' ABBK3F' `)E"9"6'E)6I' .%1' %&1)' ;"<$*' -)' "#/&)6"' -."' %00,-,)*%&'

<"*"-,('()*1"h$"*("1'E.,(.'1"#$%&'1"&"(-,)*'(%*'.%9"'$/)*'-."'"9)&$-,)*')+'-."'

<"*)5"'%*0',*'-$6*'1/"(,"1'0,9"6<"*("F'G.")6>'/6"0,(-1'-.%-'.,<.&>'/)&><%5)$1'

1/"(,"1R' ,*'E.,(.' %' 6"0$("0' *$5;"6' )+' ,*0,9,0$%&1' )+' )*"' 1"#'5)*)/)&,1"' -."'

6"/6)0$(-,9"'1$(("11R'E,&&'.%9"'5$(.'&)E"6'"++"(-,9"'/)/$&%-,)*'1,Z"1'2a"3'-.%*'

%' ()5/%6%;&>' 1,Z"0' 5)*)<%5)$1' /)/$&%-,)*' 2S6,<.-R' COVCo' U."11"6R' COOC3F'

X"("*-&>' %' 1-$0>' ,*' 1.)6";,601' .%1' &,*I"0' /)&><>*>' -)' 0"(6"%1"0' &"9"&1' )+'

<"*"-,(' 0,9"61,->' )*' -."' ^' (.6)5)1)5"R' -."' 1"#' (.6)5)1)5"' E.,(.' ,1'

.)5)<%5"-,(',*'5%&"1'2^^3'()5/%6"0'-)'+"5%&"1'2^S3'2U)6&'p'Q&&"<6"*R'ABCA3F'

`)E"9"6'-."6"',1'()*-6)9"61>')9"6'-."'"++"(-'-.%-'5%-,*<'1>1-"51'E,&&'.%9"')*'

E.)&"' <"*)5"' <"*"-,(' 0,9"61,->R' E.,(.' ,1' %&1)' ,5/%(-"0' ;>' -."' "++"(-,9"'

/)/$&%-,)*' 1,Z"' 2a"3R' 6"("*-' -.")6>' /6)/)1"1' -.%-' -."'5%,*-"*%*("' )+' <"*"-,('

0,9"61,->' ,*' /6)5,1($)$1' 1/"(,"1' .,*<"1' )*' %' 6%*<"' )+' &,+"T.,1-)6>' -6%,-1R'
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,*(&$0,*<' &)*<"9,->R' &"9"&' )+' /6)5,1($,->' %*0' 9%6,%*("' ,*' +"5%&"' ;6""0,*<'

1$(("11'2H)--"6.)1R'ABCC3F'N+'/6)5,1($,->',1'%;&"'-)'5%,*-%,*'<"*"-,('0,9"61,->',-'

/6)9,0"1' %*' %09%*-%<"' -)' /6)5,1($)$1' 1/"(,"1' ,*' -."' +%("' )+' "*9,6)*5"*-%&'

(.%*<"R'/"6.%/1'&"%0,*<'-)'<6"%-"6'(%/%(,->'+)6'6%/,0'0,9"6<"*("F'

'

4"8+',(./*9,$.1($*(;$0&-'

'

:,601'.%9"'/6)9,0"0'1)5"')+'-."'5)1-' ,5/)6-%*-' ,*1,<.-1' ,*-)'1"#$%&'1"&"(-,)*'

6"1"%6(.' 0$"' -)' -."' 0"-%,&"0' ;".%9,)$6%&' 0%-%' %9%,&%;&"' %*0' -."' ()*1/,($)$1'

9,1$%&')6*%5"*-1'E.,(.'.%9"',*-"6"1-"0';,)&)<,1-\1'+)6'("*-$6,"1'28%6E,*R'CMKCo'

7*0"611)*R'COOD3F'71'-."'()*+&,(-1')+',*-"6"1-';"-E""*'-."'1"#"1'E"6"'6"9"%&"0R'

-.,1'E"%&-.')+'I*)E&"0<"')*';,601'/6)9,0"0'%'9"6>'&%6<"'6"1)$6("'+)6'1-$0,"1')*'

1"#$%&'()*+&,(-F''

'

7' &%6<"' +)($1' )+' 1"#$%&' ()*+&,(-' 6"1"%6(.' ,*' ;,601' .%1' +)($1"0' )*' ()*+&,(-' )9"6'

/%6"*-%&' (%6"' 2!&%<19)&0'p'H,+c"&0R' COMOo' !Z[I"&>'"1(',7R' ABBKo' H%:%6;"6%'"1(',7R'

ABCAo' 9%*' 8,cI' "1( ',7R' ABCAo' =%6I"6' "1( ',7R' ABCD3F' N-' ,1' -.")6,1"0' -.%-' ,*'

/)&><%5)$1' 1>1-"51' "%(.' /%6"*-' 1.)$&0' %--"5/-' -)' 6"0$("' ,-1' /%6"*-%&'

,*9"1-5"*-'E.,&1-'5%#,5,1,*<'-."'"++)6-'/6)9,0"0';>',-1'/%6-*"6'2G6,9"61R'COKAo'

t$"&&"6R' COOK3F' G.,1'E)$&0' ()*1"69"' 6"1)$6("1' +)6' +$-$6"' 6"/6)0$(-,)*'E.,&1-'

5%,*-%,*,*<' .,<.' +,-*"11' +6)5' -."' ($66"*-' )++1/6,*<F' @;9,)$1&>' -.,1' 1-6%-"<>'

E)$&0' )*&>' ;"' ;"*"+,(,%&' ,*' /)&><%5)$1' 1>1-"51'E."6"' &,+"-,5"' 6"/6)0$(-,9"'

1$(("11' ,1' *)-' 0"/"*0"*-' "*-,6"&>' )*' >)$6' /%6-*"6F' G.,1' /6"0,(-,)*' .%1' +)$*0'

1$//)6-',*'%'6%*<"')+'1/"(,"1'E."6"',*9"1-5"*-';>')*"'1"#'(%*';"'5%*,/$&%-"0'

;>' -."' )-."6' 28%9,"1' "1( ',7R' COOAo' j%&"6%' "1( ',7R' COOKo' e)50"$6' "1( ',7R' ABBA3F'

`)E"9"6'-."',5/&,(%-,)*1')+'()*+&,(-')9"6'(%6"'%6"'+%6T6"%(.,*<'%*0'%6"'&,I"&>'-)'

%++"(-' %' 6%*<"' )+' )-."6' -6%,-1F' =6)/)1%&1' +)6' %'5)6"' ,*(&$1,9"' %//6)%(.' -)' -."'

1-$0>' )+' 1"#$%&' ()*+&,(-' %6"' ;",*<' 5%0"R' ,*' )60"6' -)' $*-%*<&"' -."' ()5/&"#'

,*-"6/&%>';"-E""*R'5%-,*<'1>1-"51R'/%6"*-%&'(%6"'%*0'1"#$%&'1"&"(-,)*'2e)II)'"1(

',7R' ABBJ3F' GE)' ,5/)6-%*-' +%(-)61' -.")6,1"0' -)' &,*I' -."1"' -.6""' ()5/&"#' %6"%1'

%6"' ;,%1"1' ,*' )/"6%-,)*%&' 1"#' 6%-,)1' %*0' -."' 0,++"6,*<' %;,&,-,"1' )+' 5%&"1' %*0'

+"5%&"1'-)'%&&)(%-"'(%6"'-)'-.",6'<"*"-,(')++1/6,*<'2e)II)'p'_"**,)*1R'ABBM3F'

'
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71' 6"1"%6(.' .%1' 6"9"%&"0' -."' &%6<"' 1(%&"' )+' +"5%&"' ,*+,0"&,->R' E)6I' )*' /)1-T

()/$&%-)6>' -6%,-1' .%1'5)9"0' -)' -."' +)6"' 2:,6I."%0'p' =,ZZ%6,R' ABBA3F' `)E"9"6'

()5;,*,*<'1-$0>')+'/)1-'%*0'/6"T()/$&%-)6>'/6)("11"1'.%1')*&>'6"("*-&>'<%,*"0'

-6%(-,)*F' G.,1' -."1,1' %--"5/-1' -)' "#/&)6"' -."' 6"&%-,)*1.,/1' ;"-E""*' 1"#$%&'

()*+&,(-' )9"6' (%6"' %*0' /6"' %*0' /)1-T()/$&%-)6>' 1"#$%&' 1"&"(-,)*R' $1,*<' -."'

/"*0$&,*"'-,-'%1'%'5)0"&'1>1-"5F'

'

<"*&+,$*"(1$1-('-("./,/=$.',(#/&",(-5-1"#-(

'

G."' /"*0$&,*"' -,-1' 2!"#$%$&'"3' %6"' %' 15%&&' +%5,&>' 2uCV' 1/"(,"13' )+' /%11"6,*"'

;,601'(&)1"&>'6"&%-"0'-)'-."'-6$"'-,-1'2<'0$&'"3F'G.">'%&&'1.%6"'%'15%&&';)0>'1,Z"'

2JTCB<3'%*0'%'0,"-'()*1,1-,*<'/6"0)5,*%*-&>')+',*1"(-1'%*0'1/,0"61F'G.">'.%9"'%'

&%6<"' <&);%&' 0,1-6,;$-,)*R' ;",*<' +)$*0' -.6)$<.)$-' Q$6%1,%' %*0' 7+6,(%R' E,-.' %*'

%00,-,)*%&' 1/"(,"1' )(($66,*<' ,*' a)6-.' 75"6,(%' 2L,<$6"' CFC3F' G.,1' &%6<"'

0,1-6,;$-,)*' ,1' $*1$6/6,1,*<&>' ()$/&"0' E,-.' %' E,0"' 0,9"61,->' )+' .%;,-%-1R' %*0'

1/"(,"1'%6"' +)$*0' +6)5'%6,0'0"1"6-1' -)' -6)/,(%&' 6%,*+)6"1-1F'`)E"9"6' ,-' ,1' -.",6'

;6""0,*<';".%9,)$6'-.%-',1'%&1)'"#-6"5"&>'$*$1$%&'.%9,*<'(%/-$6"0'-."',*-"6"1-'

)+';,)&)<,1-1',*'-."'&%1-'+"E'0"(%0"1F'

'

G."' 0,1()9"6>' )+' -."' $*$1$%&' 5%-,*<' 1>1-"5' )+' -."' Q$6)/"%*' /"*0$&,*"' -,-'

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

"()&)<,1-1' 2="611)*' p' @.61-6)5R' COMO3F' G.">' E"6"' -."' +,61-' %9,%*' 1/"(,"1'

0"+,*"0'%1'%5;,T1"#$%&&>'/)&><%5)$1o' ,*'"11"*("'-.">'"#.,;,-'%'5%-,*<'1>1-"5'

)+'6%/,0'1"h$"*-,%&'/)&><%5>';>';)-.'1"#"1'E,-.,*'%'1,*<&"';6""0,*<'1"%1)*'29%*'

8,cIR' !Z"*-,65%,R' e)50"$6R' "1(',7R' ABBK3F' N-1' ,5/&,(%-,)*1' +)6' /%6"*-%&' (%6"' %6"'

"#-"*1,9"'E,-.'&%6<"'/6)/)6-,)*1'2uVBv3')+'*"1-1'%;%*0)*"0';>';)-.'/%6"*-1R'

%1',*1-"%0'-.">'%--"5/-'-)'+,*0'%'*"E'5%-"F'L$6-."6',*9"1-,<%-,)*'.%1'%--6,;$-"0'

-.,1' 1$//)1"0&>' 5%&%0%/-,9"' ;".%9,)$6' -)' 1"#$%&' ()*+&,(-R' %1' "%(.' /%6"*-'

,*(6"%1"1',-1'+,-*"11';>'1.,+-,*<'(%6"'-)'-.",6'/%6-*"6'E.,&"'-.">'&"%9"'-)'1-%6-'%'

*"E';6""0,*<' %--"5/-' 2!Z"*-,65%,'"1(',7R' ABBKo'=)<Y*>'"1(',7R' ABBMR' ABCAo' 9%*'

8,cI' "1( ',7R' ABCA3F' 7' ;".%9,)$6%&' %651' 6%("' ;"-E""*' -."' -E)' 1"#"1' .%1' ;""*'

0)($5"*-"0'E,-.' +"5%&"1' .,0,*<' -.",6' ,*9"1-5"*-' ;>' ()9"6,*<' -.",6' "<<1' %*0'

%--%(I,*<'-."'5%&"'E."*'."'%--"5/-1'-)'"*-"6'-."'*"1-'2j%&"6%'"1(',7R'COOK3F' N*'
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-.,1' E%>' ,-' ,1' -.)$<.-' -.">' %--"5/-' -)' 0"&%>' -."' 5%&"1' %;%*0)*5"*-' $*-,&' %'

(&$-(.')+'"<<1',1'/6)0$("0'E.,(.',1'&%6<"'"*)$<.'-)';"',*'.,1',*-"6"1-'-)',*($;%-"F'

'

:)-.'1"#"1'-."6"+)6"'%--"5/-'-)'6"0$("'-.",6',*9"1-5"*-',*')++1/6,*<'(%6"'%-'-."'

"#/"*1"')+'-.",6'/%6-*"6\1'+,-*"11'2!Z"*-,65%,'"1(',7R'ABBK3F'G."'%,5')+'-.,1'-."1,1'

,1'-)'6"9"%&'-."',*-"6/&%>';"-E""*'1"#$%&'()*+&,(-')9"6'(%6"'%*0'-."'"9)&$-,)*')+'

)-."6' %1/"(-1' )+' -."' 1/"(,"1' ;,)&)<>' &,I"&>' -)' %++"(-' 1/"(,%-,)*R' ,*(&$0,*<'5%-"'

(.),("R' 1/"65'()5/"-,-,)*'%*0'<"*"-,('0,9"61,->F't$"1-,)*1'%6"'/)1"0' +6)5'%*'

"9)&$-,)*%6>' /"61/"(-,9"' %*0' %--"5/-1' %6"'5%0"' -)' -"1-' /6"0,(-,)*1' $1,*<' -."'

0,9"61,->'+)$*0'E,-.,*'-."'/"*0$&,*"'-,-'+%5,&>'%*0',-1'(&)1"'6"&%-,9"1F'

'

>3"-$-(-10+.1+0"(

'

N*' "-./012! 3' -."' -%#)*)5,(' 6"&%-,)*1.,/1' )+' -."' /"*0$&,*"' -,-' +%5,&>' %6"'

6"9"%&"0';>',*+"66,*<'-."'+,61-'5)&"($&%6'/.>&)<"*>')+'-.,1'<6)$/F'G."'/"*0$&,*"'

-,-1' .%9"' /6)9,0"0' ()*-"*-,)$1' 0";%-"' %5)*<' -%#)*)5,1-1'E,-.' (&%11,+,(%-,)*1'

9%6>,*<' -.6)$<.)$-' -."' &%1-' ("*-$6>F' L,9"' <"*"' 6"<,)*1' E"6"' 1"h$"*("0' %*0'

5$&-,/&"'/.>&)<"*"-,('5"-.)01'%6"'$1"0'-)' ,*+"6' -."'5)1-' &,I"&>'/.>&)<"*>' +)6'

$1"',*'-."'%*%&>1"1',*'&%-"6'(.%/-"61F'

'

"-./012! 4' ,*9"1-,<%-"1' -."' 6"&%-,)*1.,/' ;"-E""*' /%6"*-%&' (%6"' %*0' <"*"-,('

/%6"*-%<"F' Q9)&$-,)*%6>' -.")6>' /6"0,(-1' -.%-' ,*' 1)(,%&&>' 5)*)<%5)$1' 1/"(,"1'

&)11' )+' /%-"6*,->' E,&&' &"%0' -)' 1"#$%&' ()*+&,(-' 6"1$&-,*<' ,*' 6"0$("0' /%-"6*%&'

()5/%6"0' -)'5%-"6*%&' (%6"F'`"6"' -."'/%6"*-%&' (%6"' 1>1-"51')+' -E)';,/%6"*-%&'

1/"(,"1' )+' /"*0$&,*"' -,-' %6"'0"1(6,;"0' %*0'<"*"-,('5%6I"61' %6"'$1"0' -)' %11"11'

"#-6%'/%,6'/%-"6*,->'&"9"&1',*'"%(.F'G."'6"1$&-1'%6"'()*-6%1-"0'E,-.'-."'/6"9,)$1'

1-$0,"1',*'-."'$*,/%6"*-%&'Q$6)/"%*'/"*0$&,*"'-,-F'

'

"-./012!5'+)($1"1')*'-."'"9)&$-,)*')+'1"#$%&'0,5)6/.,15'E,-.,*'-."'/"*0$&,*"'

-,-'+%5,&>F'!"#$%&'0,5)6/.,15'/6)9,0"1'%*',*0,(%-,)*')+'-."'1"&"(-,)*'/6"11$6"1'

-.%-' 0,++"6' ;"-E""*' -."' 1"#"1F' 7*' %--"5/-' ,1'5%0"' -)' 0,1()9"6' -."' "#-"*-' %*0'

06,9"61' )+' 1"#$%&' 0,5)6/.,15' ,*' -.,1' +%5,&>' %*0' $1"' ,-' -)' -"1-'E."-."6' 1"#$%&'
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1"&"(-,)*',1'<6"%-"6',*'5%&"1')6'+"5%&"1',*'1/"(,"1'$*0"6<),*<'.,<.'()*+&,(-')9"6'

(%6"F'

'

"-./012! 6' "#/&)6"1'/)1-T()/$&%-)6>' 1"#$%&' 1"&"(-,)*'/6"11$6"1F' ="*0$&,*"' -,-1'

%*0')-."6'/%11"6,*"'%&&,"1'%6"'$1"0'-)',*9"1-,<%-"'-."',5/%(-'-.%-',*+,0"&,->'.%1'

)*' 1/"65' 5)6/.)&)<>F' G."' /6"0,(-,)*' -.%-' $*0"6' .,<.' &"9"&1' )+' 1/"65'

()5/"-,-,)*R'5%&"1'E,&&'"9)&9"'&)*<"6'1/"65',1'-"1-"0F'

'

"-./012! 7' ,*9"1-,<%-"1' -."' -6%0"T)++1' ;"-E""*' /)1-T()/$&%-)6>' 21/"65'

5)6/.)&)<>3'%*0'/6"T()/$&%-)6>'2/&$5%<"3'-6%,-1',*'-."'Q$6)/"%*'/"*0$&,*"'-,-'

%*0'-)'-"1-'E."-."6'/6"T()/$&%-)6>'-6%,-1'(%*';"'$1"0';>'+"5%&"1'-)'%11"11'/)1-T

()/$&%-)6>'()5/"-,-,)*F'GE)'/)/$&%-,)*1'%6"'%&1)'()5/%6"0'-)' ,*9"1-,<%-"' -."'

E,-.,*T1/"(,"1'9%6,%-,)*',*'-."1"'1"#$%&&>'1"&"(-"0'-6%,-1F'

'

"-./012! 8' -%(I&"1' -."' E,0"6' <"*)5,(' ,5/&,(%-,)*1' )+' 1"#$%&' ()*+&,(-' ;>'

,*9"1-,<%-,*<'-."'6"&%-,)*1.,/';"-E""*'+"5%&"',*+,0"&,->'29,%',-1'"++"(-')*'a"3'%*0'

<"*"-,('0,9"61,->',*'-."'/"*0$&,*"'-,-1'%*0'%&&,"1F'

'

G."'5%,*'+,*0,*<1'%6"'1$55%6,1"0'%*0',*-"6"1-,*<'%9"*$"1'+)6'+$-$6"'E)6I'%6"'

0,1($11"0F'

'
'

  

'
'

! !
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"-./012!3!
 

Molecular phylogeny of the penduline tits (Remizidae) 

'

7&"#%*0"6'8F':%&&R'X"*['QF'9%*'8,cIR'P%6-,*'N6"1-"0-R'iI)1'=)<Y*>R'!%*0"6':)-R'

8$l%*':6,*I.$,1"*R'_%*'e)50"$6R'="6'Q6,(1)*R'!-"9"'8)6$1'p'G%5Y1'!Z[I"&>'

'
!
!
:;<02.=0!
'
G."'="*0$&,*"' -,-1' 2!"#$%$&'"3' %6"'%' +%5,&>')+' 15%&&'/%11"6,*"';,601' ($66"*-&>'

"5"6<,*<' %1' %' 5)0"&' 1>1-"5' ,*' 1-$0,"1' )+' 1"#$%&' ()*+&,(-F' @*"' 1/"(,"1R' -."'

Q$6)/"%*' /"*0$&,*"' -,-' 2!"#$%( )"*&+,$*+-3' ,1' %' .,<.&>' /)&><%5)$1' /%11"6,*"'

1/"(,"1R'E,-.' .,<.' 6%-"1' )+' *"1-' 0"1"6-,)*R' .)E"9"6R' )-."6' 1/"(,"1' 1$(.' %1' -."'

U%/"' /"*0$&,*"' -,-R' %//"%6' -)' ;"' ;,/%6"*-%&' %*0'5)*)<%5)$1o' %'5)6"' ->/,(%&'

1-6%-"<>' ,*' /%11"6,*"' ;,601F' G."' %;,&,->' -)' ,*9"1-,<%-"' -."' "()&)<,(%&' %*0' &,+"T

.,1-)6>' -6%,-1' ,*+&$"*(,*<' -.,1' 0,9"61,->' .%1' ;""*' .%5/"6"0' ;>' -."' &%(I' )+' %'

6);$1-' /.>&)<"*>F' `"6"' E"' /6)9,0"' -."' 5)1-' ()5/6"."*1,9"' /.>&)<"*>' )+'

/"*0$&,*"' -,-1' ;>' 1"h$"*(,*<' W' <"*"' 6"<,)*1' %(6)11' %&&' 1/"(,"1' ($66"*-&>'

(&%11,+,"0' E,-.,*' -.,1' <6)$/F' S"' $1"' V' *$(&"%6' ,*-6)*1' w<&>("6%&0".>0"TVT

/.)1/.)0".>06)<"*%1"' ,*-6)*'CC'2]V=TCC3R')6*,-.,*"'0"(%6;)#>&%1"' ,*-6)*1'J'

%*0'K'2@8UTJTK3R'%*0';6%.5%',*-6)*'CW'2:XPTCW3x'%*0'A'5,-)(.)*06,%&'<"*"1'

w(>-)(.6)5"' ;' 2U>-T:3' %*0' *,()-,*%5,0"' %0"*,*"' 0,*$(&")-,0"' 0".>06)<"*%1"'

1$;$*,-' V' 2a8V3x' -)' ,*+"6' -."' "9)&$-,)*%6>' 6"&%-,)*1.,/1' 9,%' %' *$5;"6' )+'

5"-.)01F'S"'+,*0'C3'-.%-'-."'($66"*-'(&%11,+,(%-,)*'1>1-"51')+'/"*0$&,*"'-,-1'%6"'

*)-' 1%-,1+%(-)6>' <,9"*' -.%-' -.">' 6"+"6' -)' %'/)&>/.>&"-,(' <6)$/'A3'G.6""' <"*"6%'

5%I"'$/'%'5)*)/.>&"-,('(&%0"'E.,(.'E"'1$;1"h$"*-&>'0"+,*"'%1'!"#$%$&'"o'V3'

!/"(,%-,)*'/%--"6*1'%6"'1,<*,+,(%*-&>'0,++"6"*-',*'"%(.')+'-."1"'-.6""'<"*"6%F'S"'

/6)0$("' %' 6);$1-' /.>&)<"*>' +)6' -.,1' "()&)<,(%&&>' ,*-"6"1-,*<' /%11"6,*"' +%5,&>R'

/6)9,0,*<'-."'5)1-'()5/6"."*1,9"')//)6-$*,->'-)'-"1-'()5/"-,*<'"9)&$-,)*%6>'

.>/)-."1"1F'

! !
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'>02?@A=0B?>'
'
@*"')+' -."'5)1-'/$ZZ&,*<' -)/,(1' ,*'"9)&$-,)*%6>';,)&)<>' ,1' -."'/6"1"*("')+' 1"#'

%*0',-1'0,9"61"'5%*,+"1-%-,)*1'%(6)11'1"#$%&&>'6"/6)0$(,*<')6<%*,151F'`)E"9"6R'

,*')60"6'-)'$*0"61-%*0',-1'"9)&$-,)*%6>'1$(("11'E"'%&1)'.%9"'-)';"'%E%6"')+',-1'

()1-1F' !"#$%&' ()*+&,(-' %6,1"1' ;"(%$1"' )+' -."' ()5/"-,*<' ,*-"6"1-1' )+' -."' -E)'

/%6-*"61' 6"h$,6"0' +)6' 1$(("11+$&' 6"/6)0$(-,)*F' U)*+&,(-' (%*' )(($6' )9"6' 5%*>'

0,++"6"*-'%1/"(-1')+'6"/6)0$(-,)*'+6)5'5%-,*<'+6"h$"*(>'-)'/%6"*-%&',*9"1-5"*-'

%*0'%++"(-1'-."'"9)&$-,)*')+'%'6%*<"')+'/.>1,(%&'%*0';".%9,)$6%&'-6%,-1'2U.%/5%*R'

76*h9,1-R' "1( ',7R' ABBV3F' G."' 5%-,*<' 1>1-"5' %*0' /%6"*-%&' (%6"' )+' 1/"(,"1' %6"'

,*-,5%-"&>'"*-E,*"0'E,-.'&"9"&1')+'1"#$%&'()*+&,(-'28%9,0'LF'S"1-*"%-'p'!%6<"*-R'

COOJo' e)II)' p' _"**,)*1R' ABBMo' !Z[I"&>R' ABCD3F' :)-.' )+' -."1"' %1/"(-1' )+'

6"/6)0$(-,)*' %6"' *)-' 6%*0)5&>' 0,1-6,;$-"0' %(6)11' 1/"(,"1o' "#.,;,-,*<' 1-6)*<'

/.>&)<"*"-,('1,<*%&'2S";;'"1(',7R'ABCB3F'G.,1'%&&)E1';6)%0',*-"6/6"-%-,)*1')+'-."'

$*0"6&>,*<'5"(.%*,151' -.%-'5%,*-%,*' 1"#$%&' ()*+&,(-' ;$-'5%I"1' ,-' 0,++,($&-' -)'

/,*/),*-' -."'I">'%--6,;$-"1' -.%-' &"%0' -)' (.%*<"1' ,*' ,-1' ,*-"*1,->F'G."6"+)6"' -."'

1-$0>' )+' -."' "#("/-,)*1R' (&)1"&>' 6"&%-"0' 1/"(,"1' -.%-' 1.)E' &%6<"' 0,++"6"*("1' ,*'

1"#$%&'()*+&,(-R'%&&)E',*1,<.-1',*-)'-."'I">'-6%,-1'-.%-'%++"(-'-."'()5/&"#'5,&,"$')+'

1"#$%&'6"/6)0$(-,)*F''

'

N*';,601'%'&%6<"'I*)E&"0<"')+'5%-,*<'1>1-"51'%*0'/%6"*-%&'(%6"'1-6%-"<,"1'.%9"'

;""*'0)($5"*-"0';>')6*,-.)&)<,1-1')9"6'-."'&%1-'()$/&"')+'("*-$6,"1F'G.,1'.$<"'

6"/)1,-)6>' 6"9"%&1' -.%-' -."'5%c)6,->' 2MCv3' )+' ;,601' "#.,;,-' 1)(,%&' 5)*)<%5>'

E,-.' ;,/%6"*-%&' (%6"' 2U)(I;$6*R' ABBJ3F' `)E"9"6' -."6"' %6"' I">' "#("/-,)*1' -)'

-.,1' 6$&"' E.,(.' /6)9,0"' -."' )//)6-$*,->' -)' 0,1"*-%*<&"' -."' 06,9"61' )+' 1"#$%&'

()*+&,(-F'G."'/"*0$&,*"'-,-1'%6"')*"'<6)$/'E.,(.'1.)E'$*$1$%&&>'0,9"61"'5%-,*<'

%*0'/%6"*-%&'(%6"';".%9,)$61R' -."'Q$6)/"%*'/"*0$&,*"'-,-'E%1'-."'+,61-'1/"(,"1'

,*' E.,(.' 1$;1-%*-,%&' 1"h$"*-,%&' /)&><%5>' ;>' ;)-.' 1"#"1' E%1' 0)($5"*-"0R'

-"65"0'%5;,T1"#$%&'/)&><%5>';>'2="611)*'p'@.61-6)5R'COMO3F'G.,1';".%9,)$6'

E%1'()$/&"0'E,-.'.,<.'&"9"&1')+'(&$-(.'0"1"6-,)*';>';)-.'1"#"1'2yVBv')+'*"1-1'

%;%*0)*"0';>';)-.'/%6"*-13' 2="611)*'p'@.61-6)5R'COMOo'=)<Y*>'"1(',7R' ABBMo'

9%*' 8,cIR' :6,*I.$,Z"*R' "1(',7R' ABCB3F' !$;1"h$"*-' 1-$0,"1' .%1' 6"9"%&"0' -.%-' -."'

5)1-' &,I"&>' (%$1"' )+' -.,1' %;"66%*-' ;".%9,)$6' ,1' 1"#$%&' ()*+&,(-' )9"6' )++1/6,*<'
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(%6"R'E,-.';)-.' 1"#"1' ,*(6"%1,*<' -.",6' 6"/6)0$(-,9"' 1$(("11' ,+' -.">' %6"' %;&"' -)'

-6%*1+"6' /%6"*-%&' (%6"' )+' -.",6' ($66"*-' ;6))0' )*-)' -.",6' /%6-*"6' 29%*' 8,cIR'

!Z"*-,65%,R'e)50"$6R'"1(',7R'ABBKo'9%*'8,cI'"1(',7R'ABCA3F'`)E"9"6',-',1'*)-')*&>'

-.,1'$*$1$%&';".%9,)$6';$-'-."'+%(-'-.%-')-."6'1/"(,"1')+'/"*0$&,*"'-,-'"#.,;,-'-."'

->/,(%&'/%11"6,*"';".%9,)$6R')+'1)(,%&'5)*)<%5>'()$/&"0'E,-.';,/%6"*-%&'(%6"R'

-.%-'5%I"' -.,1' <6)$/')+' ,*-"6"1-' -)' -."'$*0"61-%*0,*<')+' -."'06,9"61')+' 1"#$%&'

()*+&,(-F' G."' ()*-6%1-,*<' 6"/6)0$(-,9"' 1-6%-"<,"1' )+' -."1"' (&)1"' 6"&%-,9"1' ()$&0'

%&&)E'$1'-)' ,1)&%-"'-."'6"("*-'(%$1"')+' -."1"'0,++"6"*-'"9)&$-,)*%6>'-6%c"(-)6,"1'

%*0'-.$1',&&$5,*%-"'/)-"*-,%&'06,9"61')+'1"#$%&'()*+&,(-F'

'

G."' I">' -)' $*0"61-%*0,*<' -."' 0,++"6"*("1' ;"-E""*' 1/"(,"1' .)E"9"6' ,1' %*'

%(($6%-"'I*)E&"0<"')+'-.",6'"9)&$-,)*%6>'.,1-)6>F'U$66"*-&>'-."'6"&%-,)*1.,/1')+'

-."' /"*0$&,*"' -,-1' %6"' ,*' +&$#o' O' ()*+&,(-,*<' (&%11,+,(%-,)*' 1>1-"51' .%9"' ;""*'

/6)/)1"0'E,-.,*' -."' &%1-' ("*-$6>' 2G%;&"'CFC3F' G."1"'.%9"' ,*9)&9"0'0,++"6"*("1'

*)-' )*&>' %-' -."' 1/"(,"1' %*0' <"*$1' &"9"&1' ;$-' %&1)' -."' +%5,&>' 1-%-$1' )+' -."'

/"*0$&,*"'-,-1'.%1';""*'.)-&>'0";%-"0'2P%0<"R'ABBM3F'G.,1'1-%-"')+'+&$#'.%1';""*'

06,9"*' ;>' 9%6,)$1' %*%-)5,(%&' %*0' ;".%9,)$6%&' 1-$0,"1' E.,(.' .%9"' +%,&"0' -)'

6"%(.' %' ()*1"*1$1R' )*&>' 6"("*-&>' .%1' <"*"-,(' "9,0"*("' ;""*' /$-' +)6E%60R' %*0'

-.,1'.%1'%&1)'/6)9,0"0'9%6>,*<'()*(&$1,)*1F''

'

71' -.",6' *%5"' 1$<<"1-1' -."' /"*0$&,*"' -,-1' 1.%6"' 5%*>' %*%-)5,(%&' %*0'

;".%9,)$6%&' -6%,-1'E,-.' -."' -6$"' -,-1' 2<'0$&'"3F'G.,1' &"0' -)' -%#)*)5,1-1' ,*,-,%&&>'

<6)$/,*<' -."' /"*0$&,*"' -,-1' E,-.,*' -."' +%5,&>' <'0$&'"' %1' -."' 1$;T+%5,&>'

!"#$%$*'"' 2P%>6' p' 75%0)*R' COWC3R' .)E"9"6' j%$6,"' 2COWK3' %09)(%-"0'

1"/%6%-,*<'-."'<'0$&'"',*-)'-.6""'+%5,&,"1R'-."'-6$"'-,-1'2<'0$&'"3R'&)*<T-%,&"0'-,-1'

22"=$13',$&'"3'%*0'-."'/"*0$&,*"'-,-1'2!"#$%$&'"32j%$6,"R'COWK3F'2"=$13',$&'"',1'

*)E'$*%*,5)$1&>' -6"%-"0' %1' %' +%5,&>' ,*' ,-1' )E*' 6,<.-' 1,*("'5)&"($&%6' 1-$0,"1'

()*+,65"0' ,-1' -"*$)$1' 6"&%-,)*1.,/' -)' <'0$&'"' 2Q6,(1)*' p' _).%*11)*R' ABBV3F'

`)E"9"6R'-."'-6"%-5"*-')+'-."'/"*0$&,*"'-,-1'1-,&&'0,++"61';"-E""*'%$-.)61R'1)5"'

%09)(%-,*<' +$&&' +%5,&>' 1-%-$1' %*0' )-."61' ()*-"*-'E,-.' 0"+,*,*<' -."5' %1' %' 1$;T

+%5,&>'E,-.,*'<'0$&'"' 21""'G%;&"'CFC3F'S.%-' ,1'(&"%6' ,1' -.%-' -."' -E)'%6"'(&)1"&>'

6"&%-"0R' %*0' -."' &,5,-"0' <"*"-,(' "9,0"*("' 1$<<"1-1' -.%-' -.">' %6"' 1,1-"6' (&%0"1'

2],&&'"1(',7R'ABBWo'_).%*11)*'"1(',7R'ABBMo'8%,'"1(',7R'ABCB3F'G.,1'6"("*-'5)&"($&%6'
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E)6I'%&1)'1$<<"1-1' -.%-' -."'1/&,-';"-E""*'-."1"' -E)'(&%0"1' ,1'"#-6"5"&>';%1%&R'

)(($66,*<' 1))*'%+-"6' -.",6' 1/&,-' +6)5')-."6'0,9"61"'/%11"6,*"' +%5,&,"1F'L)6' -.,1'

6"%1)*'%'0,1-,*(-,)*';"-E""*'-."'-E)',1'6"()<*,1"0',*'-.,1'E)6I'%*0'-.6)$<.)$-'

E,&&'6"+"6'-)'-."'G6$"'-,-1'%*0'-."'="*0$&,*"'-,-1';>'-.",6'+%5,&,%&'*%5"1R'<'0$&'"'

%*0' !"#$%$&'"' 6"1/"(-,9"&>F' G.,1' ,1' %&1)' ,*' %(()60%*("' E,-.' `%66%/' p' t$,**'

2COOJ3R' -."' (&%11,+,(%-,)*' 1>1-"5' $1"0' +)6' -."' *)5"*(&%-$6"' -.6)$<.)$-' -.,1'

(.%/-"6F''

'

7*)-."6'%6"%')+'()*-"*-,)*'.%1';""*'-."',*(&$1,)*')+'("6-%,*'<"*"6%'E,-.,*'-."'

!"#$%$&'"R'($66"*-&>'+,9"'%6"'6"()<*,Z"0'-)'9%6>,*<'0"<6""1o'!"#$%R'2*13/-./)+-R'

2+0$)'0+-R'?")3',/)50+-' %*0'<3/,$&/0*$-F'!"#$%' %*0'2*13/-./)+-'5%I"' $/' -."'

;%(I;)*"' )+' -."' +%5,&>R' ()5/6,1,*<' %' Q$6%1,%*' %*0' 7+6,(%*' (&%0"' 6"1/"(-,9"&>'

2L,<$6"' CFC3F' G."' )-."6' -.6""' %6"' 0,1-,*(-' 5)*)->/,(' <"*"6%' %*0' .%9"' ;""*'

,*(&$0"0' ,*'2)6'6"c"(-"0' +6)53'!"#$%$&'"';>'9%6,)$1' -%#)*)5,1-1'21$55%6,1"0'

,*' G%;&"' CFC3F' G."1"' %6"' -."' j"60,*' 22+0$)'0+-( 9,'6$.")-3R' -."' L,6"T(%//"0' -,-'

2?")3',/)50+-( 9,'##$.")-@' %*0' -."' G,-T.>&,%' 2<3/,$&/0*$-( 0+-3$'"37' G."6"' .%1'

;""*'5$(.'0";%-"')9"6'E."-."6'-."1"'%6"'(&)1"&>'6"&%-"0'-)'-."')-."6'/"*0$&,*"'

-,-1' 2G%>&)6R' COKCo'P%0<"R' ABBM3F'G."'G,-T.>&,%' %1' ,-1'*%5"' 1$<<"1-1'E%1')*("'

/&%("0',*'-."'+%5,&>'A5,$$&'"'E,-.'-."']6""*'.>&,%'2A5,$'()0'-$*'3R'%*0'.%1';""*'

/&%("0',*'*)'&"11'-.%*'W')-."6'+%5,&,"1'-.6)$<.)$-'.,1-)6>R',*(&$0,*<':$.'"$&'"B(

C".1'0$*$$&'"B( D-10$,$&'"B( E",$)3'=$&'"' %*0' 45,6$&'"' ;"+)6"' ;",*<' -"*-%-,9"&>'

/&%("0',*'-."'!"#$%$&'"'2j"6*)*'p'8"%*R'COKWo'P%0<"R'ABBM3F'G."'+,6"T(%//"0'

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

E,-.,*'-."'/"*0$&,*"'-,-1'2:%-"1R'COWA3F'L,*%&&>'-."'j"60,*'E%1'6"("*-&>'/&%("0'

E,-.,*' -."' <*%-(%-(."61' 2</,$/)1$,$&'"3' $*-,&' 1I"&"-%&' "9,0"*("' ,*' +%9)$6' )+' -."'

/"*0$&,*"' -,-1' 5)9"0' ,-' ;%(I' 2S";1-"6R' ABBB3R' .)E"9"6' -."' 0,1/%6,->' )+' ,-1'

<")<6%/.,('/)1,-,)*'1-,&&'/6)9,0"1'1)5"'()*-"*-,)*'21""'L,<$6"'CFC3F'

'

L$6-."6'()*-6)9"61>'"#,1-1'%5)*<'-."'1/"(,"1'&"9"&'6"&%-,)*1.,/1R'5)1-'*)-%;&>'

E,-.,*'-."'Q$6%1,%*'<"*$1'!"#$%F'71'(%*';"'1""*',*'G%;&"'CFCR'%$-.)61')+-"*'9%6>'

,*' -."' *$5;"6' )+' 1/"(,"1' -.">' ,*(&$0"' E,-.,*' !"#$%F' L)6' %' ($66"*-' 6"9,"E' )+'

!"#$%' ,0"*-,+,(%-,)*'%*0'(&%11,+,(%-,)*'1""'2:)-'"1(',7R'ABCC3F'!/"(,"1'E,-.,*'-."'

2*13/-./)+-' <"*$1' %&1)' 1.)E'0,++"6,*<' -6"%-5"*-' -.6)$<.)$-' -."' &%1-' ("*-$6>R'



 23 

E,-.' -."' 7+6,(%*' /"*0$&,*"' -,-' 22*13/-./)+-( .'0/,$3' /6)9,0,*<' /%6-,($&%6'

/6);&"51F' N-' ,1' .,<.&>' 9%6,%;&"' %(6)11' ,-1' 6%*<"' &"%0,*<' -)' 1)5"' -%#)*)5,1-1'

1/&,--,*<' ,-' ,*-)' A' 1/"(,"1' %*0' 1$<<"1-,*<' -.%-' "9"*' +)$6'5,<.-' "#,1-' 2!,;&">'p'

P)*6)"R' COOBo'`%66%/'p't$,**R' COOJ3o' ,5/&>,*<' -.%-' -."' 1$;1/"(,"1''*-/0="$R'

-5,6$",,'' %*0' 0'*F$*"$' ()$&0' %&&' ;"' "&"9%-"0' -)' 1/"(,"1' 1-%-$1F' G."' &%1-' -E)' )+'

-."1"' %&6"%0>' .%9"' ()55)*' *%5"1' 0,1-,*<$,1.,*<' -."5' +6)5' -."' 7+6,(%*'

/"*0$&,*"' -,-R' -."' :$++T;"&&,"0' %*0' ^%5;"Z,' /"*0$&,*"' -,-' 6"1/"(-,9"&>F' @-."6'

-%#)*)5,1-1' .%9"' <)*"' +$6-."6' %*0' "&"9%-"0' -."' :$++T;"&&,"0' /"*0$&,*"' -,-'

22*13/-./)+-(-5,6$",,'3'-)'1/"(,"1'1-%-$1'2!,;&">'p'P)*6)"R'COOB3F'

'

G."'0,1(6"/%*(,"1' ,*' -."'1>1-"5%-,(1')+' -."'/"*0$&,*"' -,-1'%6"'$*0"61-%*0%;&"R'

5%*>')+'-."'1/"(,"1'.%9"'*)-';""*'1-$0,"0',*'%*>'<6"%-'0"-%,&R'%*0'<"*"-,('0%-%'

.%1';""*'"#-6"5"&>'1/%61"F'G."'+$*0%5"*-%&'()*(&$1,)*';>'5)1-'%$-.)61',1'-.%-'

5)6"' E)6I' ,1' *""0"0' ;"+)6"' %*>' )+' -."1"' (&%11,+,(%-,)*' 1>1-"51' (%*' ;"' +$&&>'

9%&,0%-"0F' G."' %,5' )+' -.,1' 1-$0>' ,1' -)' /6)0$("' %' ()5/6"."*1,9"' <"*"-,('

/.>&)<"*>'+)6'-."'!"#$%$&'"' +%5,&>R'/6)9,0,*<'$1'E,-.'%'$*,h$"')//)6-$*,->'-)'

(&%6,+>' -."'-%#)*)5,('1,-$%-,)*'%*0'/6)9,0"'-."'/.>&)<"*"-,(';%1,1' +)6'0"-%,&"0'

"9)&$-,)*%6>'1-$0,"1',*'-.,1'()5/&"#'<6)$/F'
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!"#$%&'('(!"!#$%%&'(!)*!+,-!.)/+'&01.+1/2!.3&##1*1.&+1)/!#(#+-%#!*)'!+,-!4-/0$31/-!+1+#!5!"#$%$&'"67!4$+!*)'8&'0!0$'1/2!+,-!3&#+!9:!(-&'#;!
!

(Portenko, 1955) 
 
 

(Vaurie, 1957) 
 
 

 
 
(Dolgushin et 
al., 1972) 
 

(Howard & Moore, 1980) 
 
 

(Stepanyan, 
1990) 
 

 
(Sibley & Monroe, 
1990) 
 

 
 
(Harrap & 

Quinn, 
1996) 

 
 

 
(Fry et al., 2000) 
 
 

 
(Eck & Martens, 
2006) 
 

(Gill & Wright, 
2006) 
 

(Madge, 2008) 
 
 

Unknown 
 
 

Family 
 
 

Unknown 
 
 

Family 
 
 

Unknown 
 
 

 
Sub-family of 
Certhiidae 
 

Sub-family of  
Paridae      
 

Family 
 
 

 
Family 
 
 

Family  
 
 

Family 
 
 

R. pendulinus R. pendulinus R. pendulinus Remiz pendulinus R. pendulinus R. pendulinus R. pendulinus R. pendulinus R. pendulinus R. pendulinus R. pendulinus 

in R. pendulinus in R. pendulinus R. macronyx in R. pendulinus R. macronyx in R. pendulinus R. macronyx R. macronyx  in R. pendulinus R. macronyx R. macronyx 

in R. pendulinus in R. pendulinus R. coronatus in R. pendulinus in R. pendulinus R. coronatus R. coronatus R. coronatus in R. consobrinus R. coronatus R. coronatus 

in R. pendulinus in R. pendulinus - in R. pendulinus R. consobrinus R. consobrinus R. consobrinus R. consobrinus  R. consobrinus R. consobrinus R. consobrinus 

- - - Anthoscopus punctifrons - A. punctifrons A. punctifrons A. punctifrons  - A. punctifrons A. punctifrons 

- - - Anthoscopus musculus - A. musculus A. musculus A. musculus  - A. musculus A. musculus 

- - - Anthoscopus caroli - A. caroli A. caroli A. caroli  - A. caroli A. caroli 

- - - Anthoscopus sylviella - A. sylviella in A. caroli in A. caroli - in A. caroli in A. caroli 

- - - Anthoscopus flavifrons - A. flavifrons A. flavifrons A. flavifrons - A. flavifrons A. flavifrons 

- - - Anthoscopus parvulus - A. parvulus A. parvulus A. parvulus  - A. parvulus A. parvulus 

- - - Anthoscopus minutus - A. minutus A. minutus A. minutus  - A. minutus A. minutus 

- - - Cephalopyrus flammiceps - C. flammiceps C. flammiceps excluded C. flammiceps C. flammiceps C. flammiceps 

- - - excluded - Pholidornis rushiae P. rushiae P. rushiae - excluded P. rushiae 

- 
 

- 
 

- 
 

Auriparus flaviceps 
 

- 
 

excluded 
 

 
Au. flaviceps 
 

excluded 
 

- 
 

 
Au. flaviceps 
 

Au. flaviceps 
 

!
- <!=4-.1-#!/)+!1/.3$0-0!1/!+,-!21>-/!#+$0(!

!
!
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!
"#$%&'!()()!"#$%&'()*+!,*-.&*/0.*$1!$2!.)#!34!!"#$%$&'"!-(#+*#-!'++$&,*1%!.$!56'&&'(!7!80*11!399:;<!='1%#-!$/.'*1#,!2&$>!?*&,@*2#!*1.#&1'.*$1'@!'1,!.)#!A!%#1#&'!'&#!+$@$0&!
+$,#,!5!"#$%B&#,-C!()*+,-.,/0-B/@0#-C!(01$/'10-B%&##1C!2+,3$&,1)$-B$&'1%#!'1,!4"/+'3,/510-B!D#@@$E;<!F1$E1!-'>(@*1%!@$+'.*$1-!2$&!.)*-!-.0,D!'&#!*1,*+'.#,!/D!'!/@'+G!,$.<!

! 

!
!
!
!
!
!
!
!
!
!
!
!
!

=#>*H!(#1,0@*10- 
=#>*H!+$&$1'.0- 
=#>*H!>'+&$1DI 
=#>*H!+$1-$/&*10- 
J1.)$-+$(0-!(01+.*2&$1- 
J1.)$-+$(0-!('&K0@0- 
J1.)$-+$(0-!2@'K*2&$1- 
J1.)$-+$(0-!>0-+0@0- 
J1.)$-+$(0-!+'&$@* 
J1.)$-+$(0-!>*10.0- 
J0&*('&0-!2@'K*+#(- 
L#()'@$(D&0-!2@'>>*+#(- 
M)$@*,$&1*-!&0-)*'# 
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!

!"#$%&'(
!
"#$%&'($#! )()! *+#,(-#$*! &*#%! ($! ).(*! *)&%/! 01#! 213-! 0! ,3-4($0)(3$! 32!

-&*#&-! ,3''#,)(3$*! 561()(*.!70)&10'!8(*)31/!9&*#&-:! ;<#%(*.!9&*#&-!32!

70)&10'! 8(*)31/:! 6#''! 9&*#&-! 32! 70)&10'! 8(*)31/! 0$%! ).#! 7#).#1'0$%*!

70)(3$0'!9&*#&-!32!70)&10'!8(*)31/=! 0$%! 2(#'%<31>! ,3$%&,)#%! ).13&?.3&)!

@&10*(0! 0$%! ($! ;3&).! A21(,0! %&1($?! ).#! /#01*! BCCDEBCCFG! A''! HD! *+#,(#*!

<().($! ).#! !"#$%$&'"! 20-('/! .0I#! 4##$! *0-+'#%! 5*+#,(#*! 0,,31%($?! )3!

580110+! J! K&($$:! HLLM==G! N2! ).#! OP! *&4*+#,(#*! %#*,1(4#%:! BH! .0I#! 4##$!

34)0($#%! 231! Q7A! *#R&#$,($?G! S.#! %#)0('*! 32! ).#! TH! ($%(I(%&0'*! &*#%! 231!

*#R&#$,($?!0$%!+./'3?#$/!,3$*)1&,)(3$!01#!?(I#$!($!S04'#!HGBG!

(

)*+(",-.'/-$01('1&(2"34"1/$15(

!

Q7A!<0*!#U)10,)#%!0$%!*#R&#$,#%!&*($?!)<3!+13)3,3'*:!3$#!231!21#*.!4'33%!

*0-+'#*! 0$%! ).#! 3).#1! 231! %1(#%! )3#E+0%! *0-+'#*! ,3''#,)#%! 213-! -&*#&-!

*+#,(-#$*G!V31!0''!*0-+'#*!<#!0))#-+)#%!)3!0-+'(2/!0$%!*#R&#$,#!2(I#!?#$#!

1#?(3$*W! )<3!-()3,.3$%1(0'! ?#$#*:! ,/)3,.13-#! 4! 5X/)E6=! 0$%! $(,3)($0-(%#!

0%#$($#! %($&,'#3)(%#! %#./%13?#$0*#! *&4&$()! D! 57QD=:! 0$%! ).1##! $&,'#01!

1#?(3$*:! ?'/,#10'%#./%#EDE+.3*+.3%#./%13?#$0*#! ($)13$! HH! 5YA"Q8EHH=:!

31$().($#! %#,0143U/'0*#! ($)13$*! M! 0$%! T! 5NQXEMET=! 0$%! 410.-0! ($)13$! HP!

56Z9EHP=G! S.#/! .0I#! 0''! 4##$! &*#%! )3! +13%&,#! 0I(0$! +./'3?#$(#*! ($! 3).#1!

*+#,(#*! 5;.#'%3$! "-( '67:! BCCPW! [1#*)#%)! "-( '67:! BCCMW! \]++#1! "-( '67:! BCCLW!

Z(4#(13! "-( '67:! BCHH=:! %&#! )3! ).#(1! 10+(%! -&)0)(3$! 10)#*! 0$%! )3! ?0($!

1#+1#*#$)0)(I#*! 213-! -0)#1$0''/! ($.#1()#%! -()3,.3$%1(0'! ?#$#*! 5X/)6! 0$%!

7QD=:!&$'($>#%!0&)3*3-0'!?#$#*!5YA"Q8EHH!0$%!NQXEMET=!0$%!0!*#U!'($>#%!

?#$#!3$!).#!^!,.13-3*3-#!56Z9EHP=G!

!

N'(?3! +1(-#1*! %#*(?$#%! 231! +1#I(3&*! +0**#1($#! *#R&#$,($?! #2231)*! <#1#!

($()(0''/!)#*)#%!231!0-+'(2(,0)(3$!*&,,#**!($!0!*&4E*#)!32!($%(I(%&0'*:!.3<#I#1!

$#<! !"#$%$&'"! *+#,(2(,! +1(-#1*! <#1#! 1#R&(1#%! 231! ).#! 0-+'(2(,0)(3$! 0$%!

*#R&#$,($?! 32! *3-#! 1#?(3$*G! _#! %#*(?$#%! ).#! 1#R&(1#%! +1(-#1*! &*($?!

+1(-#1E%#*(?$($?! +13?10-*! 0,,#**(4'#! I(0! ).#! ($)#1$#):! ($,'&%($?! +1(-#1D!

5Z3`#$! J! ;>0'#)*>/:! BCCC=G! S.#*#! 0''3<#%! &*! )3! ,.#,>! +1(-#1! -#')($?!
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!

"#$%#&'"(&#)! *+$,! '-.! '/01.! %&1$#&)! "2'"! $132"! 2'/#! %'41-.&0$#! 0&!

2'1&%1-! 400%! )"&(5"(&#)6! 7'1&)! 08! %&1$#&)! "2'"! 50(4.! 80&$! %&1$#&9.1$#&)!

:#&#! 1.#-"181#.! ()1-3! "2#! %&03&'$! ;$%418<! '-.! )(=)#>(#-"4<! '/01.#.!

*?-3#4)@! ABBC,6!7&1$#&!$#4"1-3! "#$%#&'"(&#)! *+$,!:#&#!D#%"! ')! )1$14'&! ')!

%0))1=4#!*=#":##-!EF9EG!H,6!;44!7HI!'$%41815'"10-!:')!%#&80&$#.!()1-3!20"9

)"'&"! "0(52.0:-!7HI@!:1"2! 1-1"1'4! .#-'"(&'"10-! 08! BGJH! 80&! G!$1-("#)6! +2#!

'--#'41-3! "#$%#&'"(&#)! ()#.! :#&#! A9KJH! 40:#&! "2'-! "2#! $#4"1-3!

"#$%#&'"(&#!*+$,!08!"2#!%&1$#&!:1"2!"2#!40:#)"!+$6!;-!#L'$%4#!08!"2#!$0)"!

50$$0-4<!()#.!7HI!%&0"0504! 1)@!BGJH! 80&!G!$1-)@! "2#-!K!5<54#)!08!BGJH! 80&!

CF)#5@!GMJH!80&!CF!)#5)@!NKJH!80&!EF!)#5)!"2#-!80440:#.!=<!'!80(&!5<54#!%2')#!

'-.!'!CE!5<54#!%2')#!:2#&#!'44!"#$%#&'"(&#)!:#&#!"2#!)'$#!#L5#%"!"2'"!"2#!

'--#'41-3! "#$%#&'"(&#!:')! .&0%%#.! "0! GEJH! '-.! GOJH! &#)%#5"1/#4<6! +2#! G!

3#-#! &#310-)! *H<"9P@! QRC@! S;7RT9AA@! URH9E9N! '-.! PIV9AG,! :#&#!

)(55#))8(44<! )#>(#-5#.! 1-! "2#! $'W0&1"<! 08! )%#51#)! *)##! +'=4#! A6K! 80&!

#L5#%"10-),6!

!



 

 

!"#

!"#$%&'()(#$%&'()&*#+&,-(./#01#-..#(*+(2(+3-./#3/&+#104#,5&#%56.07&*&,('#(*1&4&*'&8#9&*3/:#/%&'(&/#-*+#/3;/%&'(&/#'0.3)*/#-4&#'.-//(1(&+#-''04+(*7#,0#
<=-44-%#>#?3(**:#@AABC:#D(,5#034#4&2(/&+#'.-//(1('-,(0*#(*#,5&#1(*-.#'0.3)*8#
#
E*+(2(+3-.#E8F8# G3/&3)HI(*7#J# K*7.(/5#*-)&# 9&*3/# $%&'(&/## $3;/%&'(&/# L0'-,(0*# M03*,46# M004+(*-,&/

<N9$"OC#
G3/&3)
HP4&/5#

M6,Q#
R''&//(0*#J#

SFT#
R''&//(0*#J#

QIG#
R''&//(0*#J#

9RUF=#
R''&//(0*#J#

VFM#
R''&//(0*#J#

V34#U56.07&*&,('#
'.-//(1('-,(0*#

!"#$%&'(# )*+,-('-.!# )/0123# !"#$%&#"'! ()&*$+,%'! &+&+$&#"-! .&%2$4032&# 56!# 7789((:;# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# !"#$%&#"'.()&*$+,%'!
!"#$%&'C# )*+,-7D-6E# )/0123# !"#$%&#"'! ()&*$+,%'! /#0&1"'! 64340&# F/G2?4# CH89('I;# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# !"#$%&#"'.()&*$+,%'!
!"#$%&'7# $04@98.JK# )/0123# !"#$%&#"'! ()&*$+,%'! &+&+$&#"-! .&%2$4032&# 56!# -# 8.JK# !<7DLI:I# -# -# -# -# !"#$%&#"'.()&*$+,%'!
!"#$%&'D# .43&?MBC77# )/0123# !"#$%&#"'! ()&*$+,%'! ()&*$+,%'! N2O"0P392=%&31# F/G2?4# CH89((C;# <0/=># -# -# -# ?4@A%/B/# -# !"#$%&#"'.()&*$+,%'!
+#?43#?43'(# ('H# .>23/=/9A/31"%23/9B2B# 2,-$3! +/0'/4#$0"'! +/0'/4#$0"'! Q2&3R>&2# .>23&# DS89(CC*9# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# 2,-$3.+/0'/4#$0"'!
+#?43#?43'C# ('I# .>23/=/9A/31"%23/9B2B# 2,-$3! +/0'/4#$0"'! +/0'/4#$0"'! Q2&3R>&2# .>23&# DS89(CC*9# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# 2,-$3.+/0'/4#$0"'!
+#?43#?43'7# 8TF(HIH#I#C'#DSL# .>23/=/9A/31"%23/9B2B# 2,-$3! +/0'/4#$0"'! +/0'/4#$0"'! 8&R&=&U2# V&A&3# 7C89(CI*# F"=/"@# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# 2,-$3.+/0'/4#$0"'!
+#?40#?40'(# W!D:C:7# ;>2B/-?04X3/19A/31"%23/9B2B# 2,-$3! +/#/0&1"'! +/#/0&1"'! N4A&0# W&Y&U>=B&3# DS89LS*# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# 2,-$3.+/#/0&1"'!
+#?40#?40'C# W!D:C:D# ;>2B/-?04X3/19A/31"%23/9B2B# 2,-$3! +/#/0&1"'! +/#/0&1"'! N4A&0# W&Y&U>=B&3# DS89LS*# <0/=># ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# ?4@A%/B/# 2,-$3.+/#/0&1"'!
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\(3(-+*O%(!>HC\A!/&1(%!,*.#! *)30-*0O%(!+*.(+!0)1!'0//0!1*+.-*O2.(1!-0.(+7!

C#(! HC\! /&1(%! ,*.#! '0//0! 1*+.-*O2.(1! -0.(+! ,0+! +(%(6.(1! 4&-! .#(! ]RJ!

+(:2()6(+;! #&,(3(-! 4&-! .#(! .,&! &.#(-! )26%(0-! -('*&)+! >HE"R^[_[Q! 0)1!

B\?[M9A! .#(!/&+.! +2*.0O%(! 4*.!,0+!5-&3*1(1!O$! .#(!^0+('0,0;!`*+#*)&!0)1!

a0)&!>^`aA!/&1(%!,*.#!'0//0!1*+.-*O2.(1!-0.(+7!!

!
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!

"#$%&'(#)! *+,#+-.+*! /+'+! (0$12-+3! 4'(5! 6789!

:;$$)<==///>-.02>-?5>-2;>&(@=A>! B+! '+,#2'+3! 1! 5+50+'! (4! $;+! !"#$%"&! 2-!

('3+'! $(! 3+$+'52-+! 2$*! '+?1$2(-*;2)! /2$;! '&($)$%"&>! C+)'+*+-$1$2@+*! /+'+!

1?*(!*+?+.$+3!4'(5!0($;!*+#,$%"&!1-3!-.#"//$%"&!1*!$;+D!'+)'+*+-$!$/(!01*1?!

.?13+*!(4!$;+!E1**+'24('5+*F!$(!/;2.;!'&($)$%"&!0+?(-&*>!B;+'+!1??!42@+!&+-+!

*+,#+-.+*! .(#?3! -($! 0+! (0$12-+3! 4('! $;+! *15+! *)+.2+*! 1! .?(*+?D! '+?1$+3!

*)+.2+*!/2$;!$;+!1@12?10?+!&+-+!*+,#+-.+!/1*!*#))?+5+-$+3F!$;#*!.'+1$2-&!1!

5#?$2%*)+.2+*! .(5)(*2$+! *+,#+-.+! :6789! 1..+**2(-! -#50+'*! 2-! G10?+! H>IA>!

E;D?(&+-+$2.!$'++*!/+'+!@2*#1?2J+3!2-!+2$;+'!CF!#*2-&!$;+!KEL!I>M%I!)1.N1&+!!

:E1'132*! +$! 1?>! IOOPA! ('! 2-! $;+! )'(&'15! Q2&G'++! @H>R>H! :.1-! 0+! 4(#-3! 1$!

;$$)<==$'++>02(>+3>1.>#N=*(4$/1'+=42&$'++=A>!

!

!"#"$%&""'$

:2A!0"1$(2(34$5&4$6++%!

G;+! 1?2&-+3! *+,#+-.+*! /+'+! 1-1?D*+3! 0D! $;+! (-?2-+! )'(&'15! E;DST! R>O!

:U#2-3(-! &73 "48F! IOOVA>! G;+! )1'15+$+'*! 4('! $;+! *#0*$2$#$2(-! 5(3+?! /+'+!

(0$12-+3!4'(5!$;+!S'S(3+?G+*$!I>R!(#$)#$!1*!3+*.'20+3!10(@+>!G;+!)'(&'15!

E;DST!+*$251$+*!);D?(&+-2+*!01*+3!(-!51W25#5%?2N+?2;((3!)'2-.2)?+*>!B+!

#*+3!$;+!3+41#?$!)1'15+$+'*!+W.+)$!$;1$!$;+!X#0%$'++!E'#-2-&!1-3!C+&'14$2-&!

:XECA!1?&('2$;5!/1*!*+?+.$+3F!$;+!-#50+'!(4!'1-3(5!*$1'$2-&!$'++*!/1*!*+$!

$(!VF!1-3!$()(?(&D!1-3!0'1-.;!?+-&$;*!/+'+!()$252J+3>!G;+!2-$+'-1?!0'1-.;!

*#))('$*! /+'+! +*$251$+3! #*2-&! 1! -(-%)1'15+$'2.! 0(($*$'1)! 1-1?D*2*!

.(-*2*$2-&!(4!HOOO!'+)?2.1$+*>!

!

:22A!9".&:$"/3$/;&#&/<&!

B+!#*+3! $;+!)'(&'15!S'81D+*!R>I>H! $(! )'(3#.+! &+-+%$'++*! 4('! 1??! V! &+-+*!

:Y#+?*+-0+.N! Z! C(-,#2*$F! IOOHA>! K??! '#-*! /+'+! 25)?+5+-$+3! (-! $;+! "*?(!

02()('$1?! :;$$)<==///>5->#2(>-(=20@=02()('$1?=2-3+W>;$5?A>! S'81D+*! 2*! 1!

/23+?D! #*+3! )'(&'15! 4('! );D?(&+-D! '+.(-*$'#.$2(-! #*2-&! )(*$+'2('!

)'(0102?2$2+*! 1))'(W251$+3! @21! S1'N(@! 7;12-! S(-$+! 71'?(! :S7S7A!

*25#?1$2(-!$+.;-2,#+*>!X+,#+-.+!1?2&-5+-$*!/+'+!2-)#$!2-!-+W#*!4('51$!1-3!

$;+! '+?+@1-$! *#0*$2$#$2(-! 5(3+?! (0$12-+3! 4'(5! $;+! S'S(3+?G+*$! I>R! /1*!

3+-($+3! 4('! +1.;! '+*)+.$2@+! &+-+! $'++>! G;+! 3+41#?$! )1'15+$+'*! /+'+! #*+3!
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!

"#$"%&! &'(&! &'"! )*+,"-! ./! 0")"-(&1.)2! ./! &'"! 3434! -*)! 5(2! 2"&! (&!

67877787778! 9"(:1)0!&.!(99! &-""2!"#'1,1&1)0!()!(;"-(0"!2&():(-:!:";1(&1.)!./!

2%91&! /-"<*")$1"2! =! 7>7?>! @'"! /1-2&! 6AB! ./! 0")"-(&1.)2! 5"-"! :12$(-:":! (2!

,*-)1)>! @'"!)*+,"-! ./! %(-(99"9! -*)2!5(2! 2"&! (&! &'-""8! ?! $.9:! ():!6! '"(&":!

$'(1)2!CD$'(1)2EFG!&.!.%&1+1H"!&1+"!():!$.);"-0")$"!2*$$"22>!

!

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

C1G!!"#$%&'#%&'(!

@'"2"!5"-"!%"-/.-+":!1)!3-I(J"2!F>6>?!*21)0!&'"!%(-&1&1.)!/*)$&1.)!&.!(99.5!

"($'! 0")"! &.! -*)! *):"-! 1&2! -"2%"$&1;"! ";.9*&1.)(-J! +.:"9! (2! "2&1+(&":!

(,.;"8! 5'192&! $.)2&-(1)1)0! &'"+! (99! &.! &'"! 2(+"! &-""! 1)! &'12! 2*%"-! +(&-1#!

,(2":!(%%-.($'>!K.-!"($'!1):1;1:*(9!&'"!(910)":!2"<*")$"2!/.-!"($'!1)$9*:":!

0")"!-"01.)!5"-"!$.)$(&")(&":!1)&.!.)"!$.)&1)*.*2!2"<*")$">!K.-!&'"!A!0")"!

()(9J212!&'12!$-"(&":!()!(910)+")&!./!AF!2"<*")$"2!"($'!&.&(991)0!6LFM,%!1)!

9")0&'!CIN3O?A!E!FPA,%8!QRSTU!E!FVL,%8!DTF!E!FVA,%8!WT4!E!LL?,%!():!

4J&OI! E! MP?,%G>! @'"!3434! (90.-1&'+!5(2! -*)! /.-! 6787778777! 0")"-(&1.)2!

():!&'"!/1-2&!6AB!./!0")"-(&1.)2!5"-"!:12$(-:":!(2!,*-)O1)>!

!

C11G!!"%)'*$'#&++

@'12!12!(!-"$")&!+"&'.:!%-.%.2":!,J!U"9":!():!T-*++.):!67?78!5'1$'!12!(!

$.(9"2$")&!,(2":!(%%-.($'!*21)0!(!I(J"21()!/-(+"5.-X!1+%9"+")&":!1)!&'"!

2./&5(-"!IYRZ@!CU"9":![!T-*++.):8!67?7G>!\).5)!(2!]IYRZ@!1&!5.-X2!,J!

"+,"::1)0!(99!A!0")"!&-""2!51&'1)!.)"!2%"$1"2!&-""!(2!&'"!,-()$'"2!$.(9"2$"!

,($X!&'-.*0'!&1+">!^&!12!$9(1+":!&.!%-.;1:"!(!-.,*2&!(9&"-)(&1;"!&.!&'"!'10'9J!

*2":! $.)$(&")(&1.)! +"&'.:8! 5'1$'! $()! %-.:*$"! '10'9J! 2*%%.-&":! ,*&!

1)$.--"$&!2%"$1"2!&-""2!1)!$"-&(1)!21&*(&1.)2!C\*,(&X.![!T"0)()8!677_G>!@'"!

";.9*&1.)(-J!+.:"92!5"-"! &'"!2(+"!(2!*2":! 1)! &'"!()(9J2"2!(,.;"! /.-!"($'!

0")"! -"01.)>! @'"! ()(9J212! 5(2! -*)! /.-! 67787778777! 0")"-(&1.)2>! @'"! &5.!

+1&.$'.):-1(9! 0")"2! C4J&OI! ():! DTFG! 5"-"! ()(9J2":! &.0"&'"-! (2! &'"J! (-"!

0")"&1$(99J!91)X":!():!";.9;"!*):"-!&'"!2(+"!";.9*&1.)(-J!+.:"9>!^)!]IYRZ@!

(!2%"$1"2!$9(221/1$(&1.)!2J2&"+!'(2!&.!,"!1)$9*:":!%-1.-!&.!&'"!()(9J2128!&'*2!

5"!(99.$(&":!"($'!1):1;1:*(9!&.!(!2*,2%"$1"2>!`"!$9(221/1":!&'"2"!($$.-:1)0!&.!

U(--(%! ():! a*1))8! ,(2":! .)!+.-%'.9.0J8! %9*+(0"! ():! 2(+%91)0! 9.$(&1.)>!
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!

"#!$%&'!()#(*#+!,)$,!,)#&#!(%$&&-.-($,-'/&!0#1#!('/&-&,#/,!0-,)!,)#!1#&2%,&!'.!
,)#!314$5#&!('/($,#/$,#+!12/6!7#&2%,&!0#1#!()#(*#+!-/!,1$(#1!8!96:!$/+!,)#/!
&2;;$1-&#+!2&-/<!,)#!=1'<1$;!>1##?//',$,'1!8!96@6A6!>)#!B21/-/!0$&!&#,!,'!
A:C! $/+! ,)#! ;$D-;2;! (%$+#! (1#+-B-%-,5! ,1##! 0$&! -/.#11#+! 0-,)! ,)#! /'+#!
)#-<),&!&#,!$&! ,)#!;#$/&! .'1!#$()!(%$+#6!>)#! .-/$%! ,1##&!0#1#!8-#0#+! -/!E-<!
,1##!8!96F6G6!
!
! !
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!

!"#$%&#'
!

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

*

"#$!%&'(%)%!*(+$*(#,,-!&.-!/&0$1(&.!%$2#,-1!34,-)5$-!#(6#*0!5,.1(12$.2!

24$$1! 74,%! $&5#! 6$.$! &*2#,)6#! 2#$! /&0$1(&.! &334,&5#! 1#,8$-! #(6#$4!

1)33,42$-!.,-$1!&1!$'3$52$-!74,%!2#(1!4,9)12!&334,&5#:!"#$!%&(.!-(77$4$.5$!

9$28$$.! 2#$! 6$.$! 24$$1!8&1! 2#$! 4$1,*)2(,.! 34,;(-$-! 90! 2#$!%(2,5#,.-4(&*!

6$.$1!5,%3&4$-! 2,! 2#$!.)5*$&4!6$.$!4$6(,.1:!"#$!<!.)5*$&4!6$.$1!4$1,*;$-!

2#$!-$$3$4!6$.)1!*$;$*!4$*&2(,.1#(31!9)2!2#$!%(2,5#,.-4(&*!6$.$1!8$4$!%)5#!

%,4$!(.7,4%&2(;$!&2!2#$!13$5($1!*$;$*!4$*&2(,.1#(31!8(2#(.!$&5#!5*&-$:!"#(1!(1!

5,.1(12$.2!8(2#!2#$!7&12$4!%)2&2(,.!4&2$1!,7!%(2,5#,.-4(&*!6$.$1:!

!

"#$! 28,! %$2#,-1! )1$-! 2,! 34,-)5$! 2#$! 13$5($1! *$;$*! 3#0*,6$.0! 8$4$! &*1,!

*&46$*0!5,.1(12$.2:!"#$!,.*0!-(154$3&.50!9$28$$.!2#$!28,!%$2#,-1!8&1!2#$!

3*&5$%$.2! ,7! 2#$! =&3$! 3$.-)*(.$! 2(2! &.-! 2#$! >,4$12! 3$.-)*(.$! 2(2?!

0#&."$("12$* 3456%37"#$:! @.! 2#$! 5,.5&2$.&2$-! &334,&5#! )1(.6! A4/&0$1! 2#$!

=&3$!3$.-)*(.$!2(2!(1!3,1(2(,.$-!%,4$!3,12$4(,4*0B!8(2#!2#$!>,4$12!3$.-)*(.$!

2(2!94&.5#(.6!74,%!2#$!,2#$4!0#&."$("12$!13$5($1!1*(6#2*0!*&2$4!C>(6)4$!D:<:E:!

F,8$;$4! (.! 2#$! 5,&*$15$.2! &334,&5#! (.! G/HIJ"! 2#$0! &4$! 1#,8.! &1! 1(12$4!

13$5($1!-(;$46(.6!&2!2#$!1&%$!2(%$!74,%!2#$!,2#$4!0#&."$("12$!13$5($1!1,,.!

&72$4!2#$!K$**,8!3$.-)*(.$!2(2?!0#&."$("12$*1576242$!C>(6)4$!D:L:E:!"#$!*&22$4M1!

94&.5#(.6!124)52)4$!-,$1!1#,8!*,8$4!1)33,42!(.!2#(1!3#0*,6$.0!C&!3,12$4(,4!

34,9&9(*(20!,7!NOE:!

!

8.)4"9'#'&%(*15&&'7#$*%#*:'-%;%/5'*

!

P$!8$4$!&9*$!2,!&%3*(70!&.-!1$Q)$.5$!&2!*$&12!O!5,%3*$2$!6$.$!4$6(,.1!(.!RS!

(.-(;(-)&*1?! 2#$1$! (.5*)-$-! 4$34$1$.2&2(;$1! ,7! &**! 13$5($1! 5*&11(7($-! (.! 2#$!

:'-%;%/5'!&55,4-(.6!2,!CF&44&3!T!U)(..?!DVVWE!C1$$!"&9*$!D:OE:!P$!54$&2$-!&!

3#0*,6$.0! )1(.6! 2#$! 28,! &)2,1,%&*! .)5*$&4! 6$.$! 4$6(,.1! CXY=! &.-! Z<[E!

8(2#! 4$34$1$.2&2(;$1! ,7! &**! 13$5($1:! "#(1! 3#0*,6$.0! 1#,81! 2#&2! &**! 13$5($1!

64,)3! (.2,! 2#$(4! 5)44$.2*0! 5*&11(7($-! 6$.$4&?! 54$&2(.6! R! -(12(.52! *(.$&6$1:!
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!

"#$%&%'!()%!*)+,#-%.+!/)#$/!()0(!()%!!"#$%$&'"!1,0//23210(2#.!*4(!3#'$0'5!

6+! 7"0''0*! 8! 942..:! ;<<=>! 2/! *#,+*)+,%(21! 7?2-4'%! ;@A>@! ! B$#! #3! ()%!

C#.#(+*21! -%.%'0! 0'%! 3#4.5! (#! 6%! )2-),+! 52&%'-%.(! 3'#C! ()%! #()%'! ()'%%!

-%.%'0:!$2()!6#()!/*,2(/!)2-),+!/4**#'(%5@!(")*'+,)-./012+'##$3")0!2/!/)#$.!

(#! 6%! 0! C%C6%'! #3! ()%! 4'.$&'"! 0.5! 4*,+$&,.5/01 ./0*$'"! 2/! %&%.! C#'%!

52/(0.(,+! '%,0(%5@! B)%! '%C02.2.-! D! -%.%'0! 7!"#$%61 758*,03,)/01 '5&1

7/.$)'./0>! 3#'C! 0! C#.#*)+,%(21! /2/(%'! 1,05%! (#! ()%! 4'.$&'"@! E,,! 6'0.1)%/!

/%*0'0(2.-! ()%!F!-%.%'0!0'%!)2-),+!/4**#'(%5!7/%%!?2-4'%!;@A>!0,()#4-)!()%!

/*%12%/!,%&%,!'%,0(2#./)2*/!,01G!'%/#,4(2#.@!

!

H3! .#(%! 2/! ()%! 52&%'/2(+! #3! /*%120(2#.! *0((%'./! 6%($%%.! ()%! D! -%.%'0!

1#C*'2/2.-!()%!C#.#(+*21!*%.54,2.%!(2(/@!7/.$)'./0! 2/!C#.#(+*21!$2()!#.,+!

#.%! '%*'%/%.(0(2&%! 2.! I#'()! EC%'210:! )#$%&%'! ()%! #()%'! ($#! 1#.(02.!

C4,(2*,%!/*%12%/@!B)%!!"#$%!1#.(02.!()'%%!-%.%(210,,+!*04*%'0(%!/*%12%/@!B)%!

E3'210.!1,05%:!758*,03,)/06!2/!3#'C%5!#3!0!52&%'/%!0//%C6,0-%!#3!/*%12%/!$2()!

,0'-%! /%*0'0(2#.! 6#()! 6%($%%.! 0.5! $2()2.! /*%12%/:! $2()! ()%! C0J#'2(+!

1#.(02.2.-!-%.%(210,,+!52/(2.1(!/46/*%12%/@!
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!
!
"#$%&'!()*)!$%&'()&*+!,-.&%/'0.!%1!2-'!!"#$%$&'"!301'++'4!)530/!26%!0)(&'*+!/'0'!+'/3%05!789:;<!302+%0!==!*04!>;?!302+%05!@!A!BCD!9&&!13E'!/'0'+*!*((%+430/!2%!7<*++*,!A!
F)300G!=HH@C!*+'!30(&)4'4!5-%630/!2-*2!2-35!()++'02!(&*55313(*23%0!35!,*+*,-.&'23(D!>0&.!I!%1!2-'!/'0'+*!1%+J!*!J%0%,-.&'23(!(&*4'!7!"#$%()*+,-./0.12/)'+&)*23$1'32/C!*5!*!5352'+!
/+%),!2%!2-'!4'3$&'"D!5"1-'6.1732/!35!301'++'4!*5!*!J'JK'+!%1!2-'!4'3$&'"!*04!4-.6$&.3+$/!35!'E'0!J%+'!4352*02&.!+'&*2'4!2%!2-'!%2-'+!!"#$%$&'"D!L-35!,-.&%/'0.!6*5!,+%4)('4!E3*!
2-'!$+M*.'5!(%0(*2'0*23%0!J'2-%4!*04!*&&!0%4'!5),,%+25!632-!,%52'+3%+!,+%K*K3&323'5!NO#!*+'!5-%60D

!
!"#$%&'()!"#$%&'$()!*+,$#-%.,!#/!0+%!1%23435(%!3./%))%5!'63.-!07#!.'&$%()!-%.%!)%-3#.6!89:;<=!3.0)#.!>>!(.5!?<@!3.0)#.6!A!B!CDE!:$$!/3F%!-%.%)(!(&&#)53.-!0#!8=())(*!(.5!G'3..!
>HHAD!()%!3.&$'5%5!6+#73.-!0+(0!0+36!&'))%.0!&$(663/3&(03#.!36!*()(*+,$%03&E!?.$,!I!#/!0+%!-%.%)(!/#)2!(!2#.#*+,$%03&!&$(5%!81%234J!:.0+#6&#*'6!(.5!:')3*()'6D!(6!(!6360%)!-)#'*!0#!0+%!
;()35(%E!@%*+($#*,)'6!36!3./%))%5!(6!(!2%2K%)!#/!0+%!;()35(%!(.5!;+#$35#).36!36!%F%.!2#)%!5360(.0$,!)%$(0%5!0#!0+%!#0+%)!1%23435(%E!L+36!*+,$#-%.,!7(6!*)#5'&%5!F3(!0+%!2)K(,%6!
&#.&(0%.(03#.!2%0+#5!(.5!($$!.#5%!6'**#)06!730+!*#60%)3#)!*)#K(K3$303%6!MNO!()%!6+#7.E!
!
!
!
!

0.03

Anthoscopus caroli taruensis 01

Remiz coronatus coronatus 03

Remiz coronatus coronatus 04

Paridae

Remiz pendulinus pendulinus 01

Anthoscopus punctifrons 04

Anthoscopus flavifrons flavifrons 02

Pholidornis rushiae 01

Remiz coronatus coronatus 01

Remiz macronyx ssaposhnikowi 01

Anthoscopus parvulus parvulus 01

Anthoscopus punctifrons 03

Remiz consobrinus 03

Remiz coronatus coronatus 02

Anthoscopus minutus damarensis 01

Anthoscopus flavifrons flavifrons 03

Anthoscopus punctifrons 02

Remiz consobrinus 01

Tyrannidae

Anthoscopus minutus damarensis 02

Remiz pendulinus pendulinus 01

Remiz macronyx ssaposhnikowi 02

Anthoscopus musculus 01

Remiz consobrinus 02

Remiz pendulinus caspius 03
Remiz pendulinus pendulinus 06

Anthoscopus minutus gigi 02

Remiz macronyx macronyx 02

Anthoscopus caroli ansorgei 01

Anthoscopus caroli rhodesiae 03

Remiz coronatus coronatus 05

Anthoscopus caroli sylviella 02

Remiz pendulinus pendulinus 05

Anthoscopus caroli robertsi 01

Remiz pendulinus pendulinus 07

Auriparus flaviceps 01

Anthoscopus caroli rhodesiae 01

Remiz coronatus stoliczkae 02

Auriparus flaviceps 02

Remiz penulinus pendulinus 03

Anthoscopus minutus gigi 01

Remiz macronyx macronyx 01

Cephalopyrus flammiceps 01

Remiz coronatus stoliczkae 01

Remiz pendulinus menzbieri 01

Remiz pendulinus pendulinus 04

Anthoscopus flavifrons flavifrons 01

Anthoscopus musculus 03

Anthoscopus parvulus senegalensis 01

Anthoscopus musculus 02

Anthoscopus caroli rhodesiae 02

Anthoscopus punctifrons 01

Anthoscopus flavifrons flavifrons 04

Corvidae

Anthoscopus caroli sylviella 01

>OO CI 

PH 

>OO 

>OO 

>OO 

HP 

>OO 

HA 

>OO 

HP 

HP 

CQ 

!"#$%%&'$()

*+#,&'$()

-.+/&'+#%&0)

*(1.$/+1"#20)

-$#&'$()

32#&1$#20)

4(5&6)

3%7.+08+120)

-$#&'$()

4(5&6&'$()
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!

"##! $! %&'&! (&%)*'+! ,&(&! +-..&++/-##0! 123#)/)&4! 1'4! +&5-&'.&4! )'! 67!

)'4)8)4-1#+9! :;&+&! )'.#-4&4! (&3(&+&':1:)8&+! */! 1##! +3&.)&+! ,):;)'! :;&! :;(&&!

2*'*3;0#&:).! 0#1%2%3+#! %&'&(1! <0#1%24' 5.,/-&$-"6&' 1'4' 56*%"+*6&=! +&&!

1>*8&?@!"'!144):)*'1#!AA!)'4)8)4-1#+!,):;!1:!#&1+:!6!%&'&!(&%)*'+!+&5-&'.&49!

,&(&! 1#+*! )'.#-4&4! )'! :;&!2-#:)B%&'&! +3&.)&+! #&8&#! 3;0#*%&')&+! :*! )'.(&1+&!

:;&! (&3(&+&':1:)*'! */! +->+3&.)&+@! C;&! :,*! 2&:;*4+! 3(*4-.&4! ;)%;#0!

.*'+)+:&':!3;0#*%&')&+!,):;!:;&!21D*():0!*/!>(1'.;&+!;)%;#0!+-33*(:&4!<+&&!

E)%-(&+! A@6! F! A@G?@! C;&! (&+-#:+! +;*,! :;&! :;(&&! %&'&(1! 1+! 1! 2*'*3;0#&:).!

+)+:&(!.#14&!:*!:;&!7+*%3+#@!5.,/-&$-"6&!1'4!0#1%2!/*(2!:;&!>1.H>*'&!*/!:;&!

0#1%2%3+#!1+!:,*!2*'*3;0#&:).!+)+:&(!%(*-3+!,):;!:;&!2*'*:03).!56*%"+*6&!

2*(&!4)+:1':#0!(&#1:&4=!4)8&(%)'%!+**'!1/:&(!:;&!+3#):!/(*2!:;&!7+*%3+#@!!

!

C;&!0#1%2! %&'-+! )+! /*(2&4! */! :;(&&! 4)+:)'.:! .#14&+9! :;&! I;)'&+&! 3&'4-#)'&!

:):+9! :;&!J;):&B.(*,'&4!3&'4-#)'&! :):+!1'4! :;&! #1(%&!'-2>&(!*/! )'4)8)4-1#+!

/(*2! :;&! K-(*3&1'! 1'4! L#1.HB;&14&4! 3&'4-#)'&! :):+! %(*-3)'%! :*%&:;&(!

<E)%-(&!A@6?@!M*,&8&(! :;&!5.,/-&$-"6&! )+!2-.;!2*(&!81()1>#&9! /*(2&4!*/!$!

4)+:)'.:!%(*-3+!3#-+!:;&!5.,/-&$-"6&'$+*-(%!.#14&@!C;)+!58'$+*-(%!.#14&!133&1(+!

:*! >&! /*(2&4! */! 6! %(*-3+9! :;&! &9()%#((+4' +.&-*:#%! 1'4! 0/-3#&%+;*-<#*,&%!

)'4)8)4-1#+@! C;&! +&31(1:)*'+! >&:,&&'! :;&2! +-%%&+:! +3&.)&+! #&8&#!

4)+:)'.:)*'+9! ;*,&8&(! 2*(&! )':&'+)8&! +123#)'%! ,*-#4! .#1()/0! :;&!

(&#1:)*'+;)3+!,):;)'! :;)+! .#14&@! L1+&4! *'! *-(! 3;0#*%&')&+! :;&!0#1%2! %&'-+!

.*':1)'+! 6! +3&.)&+! 1'4! :;&!5.,/-&$-"6&! &N;)>):+! O! +3&.)&+9! 1#*'%! ,):;! :;&!

2*'*:03).! 56*%"+*6&=! *-(! (&+-#:+! :;&(&/*(&! +-%%&+:! :;&! 0#1%2%3+#! )+!

.*23()+&4!*/!AP!4)+:)'.:!+3&.)&+@!

!

!

!
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!
"#$%&'!()*)!$%&'()*+&!(,!-%*!.(+(/%&'*-01!!"#$%$&'"!0+,*22*3!450+)!6!)*+*!2*)0(+5!78&-9:!;<=:!>?$<@ABB:!C<8ADAE!F+3!GHIAB6J!9&!-%*!I2GF&*5!1(+1F-*+F-0(+!.*-%(3K!L%*!=!
)*+*2F!F2*!1('(42!1(3*3:!()*$+'*),!7>2**+J:!!"#$%!7H*3J!F+3!(-./0,10+),!7G'4*JK!?''!+(3*!54//(2-5!M0-%!F!/(5-*20(2!/2(9F90'0-&!N6O!F2*!5%(M+K!?!54..F2&!(,!-%*!5/*10*5!'*P*'!
2*'F-0(+5%0/5!54))*5-*3!9&!-%*!/%&'()*+&!05!5%(M+!(+!-%*!'*,-K

!
!"#$%&'()'"#$%&'()$!&*!+#(!,&)&-#$%(+./!0(,.1.23(!.)*(44(2!56.)'!7!'()(!4('.&)6!89$+:;!<=>;!?@"=ABCC;!D=9BEBF!3)2!G0HBC7I!:$!+#(!,4:3$(6!/&)/3+()3+.&)!,(+#&2J!K#(!>!'()(43!
34(!/&%&54!/&2(2;!@54.-3456!8?4(()I;!0(,.1!80(2I!3)2!@)+#&6/&-56!8G%5(IJJ!@%%!)&2(!65--&4+6!L.+#!3!-&6+(4.&4!-4&:3:.%.+$!M7N!34(!6#&L)J!@!65,,34$!&*!+#(!6-(/.(6!%(O(%!4(%3+.&)6#.-6!
65''(6+(2!:$!+#(!-#$%&'()$!.6!6#&L)!&)!+#(!%(*+J!
!
!
!

0.07

Remiz coronatus stoliczkae 02

Remiz pendulinus pendulinus 05

Anthoscopus flavifrons flavifrons 02

Anthoscopus caroli rhodesiae 01

Anthoscopus minutus gigi 02

Remiz pendulinus pendulinus 01

Remiz coronatus coronatus 01

Anthoscopus parvulus parvulus 01

Anthoscopus caroli ansorgei 01

Auriparus flaviceps 01

Remiz pendulinus pendulinus 02

Remiz consobrinus 03

Anthoscopus minutus damarensis 02

Anthoscopus punctifrons 04

Remiz macronyx ssaposhnikowi 01

Anthoscopus caroli sylviella 01
Anthoscopus caroli sylviella 02

Anthoscopus minutus gigi 01

Anthoscopus musculus 02

Remiz macronyx macronyx 02

Anthoscopus flavifrons flavifrons 04

Anthoscopus punctifrons 03

Tyrannidae

Remiz macronyx macronyx 01

Remiz coronatus coronatus 02

Anthoscopus musculus 03

Remiz macronyx ssaposhnikowi 02

Remiz pendulinus menzbieri 01

Remiz consobrinus 01

Remiz pendulinus pendulinus 03

Anthoscopus flavifrons flavifrons 01

Anthoscopus caroli rhodesiae 02

Remiz coronatus coronatus 03

Anthoscopus minutus damarensis 01

Auriparus flaviceps 02

Remiz pendulinus pendulinus 04

Remiz pendulinus pendulinus 06

Paridae

Remiz pendulinus caspius 03

Anthoscopus punctifrons 01

Anthoscopus caroli rhodesiae 03

Corvidae

Anthoscopus caroli robertsi01

Remiz coronatus coronatus 04

Anthoscopus musculus 01

Remiz pendulinus pendulinus 07

Remiz consobrinus 02

Remiz coronatus stoliczkae 01

Anthoscopus caroli taruensis 01

Remiz coronatus coronatus 05

Anthoscopus parvulus senegalensis 01

Anthoscopus punctifrons 02

Anthoscopus flavifrons flavifrons 03

CNN 

CNN 

CNN 

CNN 

CNN 

CNN 

PP 

CNN 

7Q 

PF 
CNN 
CNN 

CNN 

CNN 

!"#$%%&'$()

*%+,-./-01.)2$3&4#-%.)

*%+,-./-01.)01%/54#-%.)

*%+,-./-01.)61./171.)

*%+,-./-01.)."73&(77$)

*%+,-./-01.)$%.-#8(&)

*%+,-./-01.)/$#-7&)

9(6&:)/-#-%$+1.)

9(6&:)0(%'17&%1.)

*%+,-./-01.)0$#3171.)

*%+,-./-01.)6&%1+1.)

;-#3&'$()

<$#&'$()

*1#&0$#1.)2$3&/(0.)

9(6&:)/-%.-=#&%1.)
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"#$%&'!()*)!$%&'()*+&!(,!-%*!.(+(/%&'*-01!!"#$%$&'"!0+,*22*3!450+)!6!)*+*!2*)0(+5!78&-9:;!<=#;!>?$=@9AA;!B=89C9D!E+3!:FG9A6H!450+)!-%*!I:J?KL!1(E'*51*+1*!E//2(E1%M!L%*!
54N5/*10*5!E2*!1('(42!1(3*3!E11(230+)!-(!)*+*2E;!!"#$%!72*3H;!()*+,-.,/0-!7N'4*H!E+3!(01$/'10-!7)2**+HM!<(3*!54//(2-5!O0-%!/(5-*20(2!/2(NEN0'0-0*5!P6Q!E2*!5%(O+M!?!5/*10*5!
54..E2&!05!5%(O!0+!-%*!N(--(.!'*,-M!

!
!"#$%&'()'"#$%&'()$!&*!+#(!,&)&-#$%(+./!0(,.1.23(!.)*(44(2!56.)'!7!'()(!4('.&)6!89$+:;!<=>;!?@"=ABCC;!D=9BEBF!3)2!:0GBC7H!56.)'!+#(!I:(36+!/&3%(6/()/(!3--4&3/#J!K#(!65L6-(/.(6!
34(!/&%&54!/&2(2!3//&42.)'!+&!'()(43;!0(,.1!84(2H;!@)+#&6/&-56!8L%5(H!3)2!@54.-3456!8'4(()HJ!<&2(!65--&4+6!M.+#!-&6+(4.&4!-4&L3L.%.+.(6!N7O!34(!6#&M)J!@!6-(/.(6!65,,34$!.6!6#&M!.)!
+#(!L&++&,!%(*+J!

0.0090

Anthoscopus caroli ansorgei

Remiz macronyx macronyx

Anthoscopus parvulus senegalensis

Anthoscopus musculus

Remiz consobrinus

Anthoscopus flavifrons

Anthoscopus punctifrons

Remiz pendulinus caspius

Remiz pendulinus menzbieri

Remiz macronyx ssaposhnikowi

Anthoscopus minutus damarensis

Anthoscopus caroli sylviella

Remiz coronatus stoliczkae

Remiz coronatus coronatus

Tyrannidae

Auriparus flaviceps

Anthoscopus caroli taruensis

Corvidae

Remiz pendulinus pendulinus

Anthoscopus minutus gigi

Anthoscopus parvulus parvulus

Anthoscopus caroli rhodesiae

Paridae

Anthoscopus caroli robertsi

COO 

COO 

COO 

COO 

COO COO 

PF 

QR 

COO 

COO 
COO 

COO 

COO 

COO 

PQ 

PQ 

COO 

QR 

PP 

0(,.1!-()25%.)56 
0(,.1!/&4&)3+56 
0(,.1!/&)6&L4.)56 

@)+#&6/&-56!,.)5+56 
@)+#&6/&-56!*%3S.*4&)6 

@)+#&6/&-56!-5)/+.*4&)6 

@)+#&6/&-56!/34&%. 
@)+#&6/&-56!3)6&4'(. 
@)+#&6/&-56!6$%S.(%%3 
@)+#&6/&-56!,56/5%56 

@)+#&6/&-56!-34S5%56 

@54.-3456!*%3S./(-6 
"34.23( 
9&4S.23( 
K$43)).23( 

0.0090

Anthoscopus caroli ansorgei

Remiz consobrinus

Anthoscopus flavifrons

Anthoscopus punctifrons

Anthoscopus caroli sylviella

Tyrannidae

Auriparus flaviceps

Corvidae

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

)#$!!"#$%$&'"!3/5-(67!"#-&!1+)!+1(6!*%+,-.$&!-1&-8#)&!-1)+!)#$!*#6(+8$+8%/*#6!+3!

)#$!*$1.'(-1$! )-)&!0')!/(&+!/((+4!/22'%/)$!2+5*/%/)-,$!/1/(6&$&!+3! )#$!.-,$%&$!

)%/-)&! 3+'1.! 4-)#-1! )#-&! 8%+'*7! "#$! 5'()-*($! *#6(+8$1$)-2! 5$)#+.&! #/,$!

*%+,-.$.! #-8#(6! 2+1&-&)$1)! %$&'()&! 3'%)#$%! &'**+%)-18! )#$! /22'%/26! +3! +'%!

3-1.-18&7!9'%!'&$!+3!:!8$1$!%$8-+1&;!0+)#!5-)+2#+1.%-/(!/1.!1'2($/%!/(&+!/-.!-1!

-5*%+,-18! )#$! /22'%/26! +3! +'%! *#6(+8$16;! 4-)#! )#$! -1.-,-.'/(! 8$1$! )%$$&!

2+13-%5-18!)#$!1$$.!3+%!0+)#!)6*$&!+3!5/%<$%&!.'%-18!*#6(+8$16!2+1&)%'2)-+17!!

!

"#-&!5+($2'(/%!*#6(+8$16!-&!)#$!5+&)!2+5*%$#$1&-,$!+3!)#$!=$1.'(-1$!)-)!3/5-(6!

)+!./)$;! /1.!*%+,-.$&! &)%+18! $,-.$12$! 3+%! )#$! -12('&-+1!+3! )#%$$!5+1+*#6($)-2!

8$1$%/!4-)#-1! )#$!8%+'*;!()*$+'*),;!!"#$%! /1.!(-./0,10+),234-)#! )#$!%$>$2)-+1!

+3! 0+)#! 4/05$&0*-$,! /1.! 6"+/'50+7*),7! ?&! 3/%! /&! 4$! /%$! /4/%$! )#-&! -&! 1+)! -1!

/22+%./12$! 4-)#! /16! 2(/&&-3-2/)-+1! &6&)$5! *')! 3+%4/%.! *%$,-+'&(6! @&$$! "/0($!

A7AB7!9'%!*#6(+8$16! &'**+%)&! )#$! )4+!5/-1!8$1$%/;!(-./0,10+),! /1.!!"#$%! /&!

5+1+*#6($)-2! &-&)$%! 8%+'*&! 4-)#-1! )#$! 3/5-(6;! 4-)#! )#$! 5+1+)6*-2! 8$1'&;!

()*$+'*),;!0$-18!/!5+%$!.-&)/1)!%$(/)-,$7!C$!3+'1.!1+!&'**+%)!3+%!)#$!-12('&-+1!

+3! 4/05$&0*-$,3 *),/$'"! +%! 6"+/'50+7*),3 85'##$1"+,! 4-)#-1! )#-&! 8%+'*;! -1&)$/.!

3-1.-18! &'**+%);! /&! .-.! @"-$)D$! E! F+%)#/<'%;! GHAGB;! )#/)! 693 85'##$1"+,! -&! /!

5$50$%!+3!)#$!4'*$&'"7!

!

"#$! *+(6*#6(6! +3! )#$! 2'%%$1)! 2(/&&-3-2/)-+1! &6&)$5! -&! 1+)! &'%*%-&-18! 8-,$1! )#$!

(/%8$! .-&2%$*/12-$&! /5+18! )/I+1+5-&)&! +1! )#$! %$(/)-+1&#-*&! 4-)#-1! )#$!

!"#$%$&'";!0+)#!69385'##$1"+,!/1.!493*),/$'"3#/,$!0$$1!*(/2$.!-1!+)#$%!3/5-(-$&!

06!,/%-+'&!)/I+1+5-&)&7!?!%$2$1)!*#6(+8$16!+3!)#$!"-)&!&'88$&)$.!6"+/'50+7*),3

85'##$1"+,!4/&!/!0/&/(!5+1+)6*-2!8%+'*!+3!)#$!4'*$&'";!4#-2#!+'%!%$&'()&!/(&+!

&'**+%)!@"-$)D$!E!F+%)#/<'%;!GHAGB7!!"#$!2+55+1!1/5$!+3!4/05$&0*-$,3*),/$'";!

)-)J#6(-/;! /(&+! #-8#(-8#)&! -)&! '12$%)/-1! )/I+1+5-2! *+&-)-+1;! /&! -)! $I#-0-)&! )%/-)&!

2+55+1! )+! 0+)#! )#$! )-)&! @4'*$&'"! /1.! !"#$%$&'"B! /1.! )#$! 8%$$1! #6(-/! @:75$'3

+*',$-'B7!9'%!%$&'()&!/%$!2+1&-&)$1)!4-)#!-)&!$I2('&-+1!3%+5!0+)#!!"#$%$&'"!/1.!

4'*$&'";! /&! &'88$&)$.! 06! /! 5+($2'(/%! *#6(+8$16! 4#-2#! -1&)$/.! &'**+%)$.! /!

&-&)$%!%$(/)-+1&#-*!4-)#!)#$!8%$$1!#6(-/!@K$32!".3'59;!GHHLB7!!
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!

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

)*#!!"#$%$&'"8!(/9#41/'1!2%%'!+$)#4!)*#/4!2.6/)!7/)*!)*#!(')$&'"8!2&..%4)/'1!)*#!

4#6+)/%'2*/.!2*%7'!5-!.4#9/%&2!,%6#0&6+4!.*-6%1#'/#2!:;%*+'22%'!"*+',-8!<==>?@!

A*/2!/2!*/1*6-!0%'2/2)#')!7/)*!)*#/4!2#.+4+)#!1#%14+.*/0!.%2/)/%'8!5#/'1!)*#!%'6-!

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

5#*+9/%&4! *+9#! +62%! 5##'! $%&'(! )%! ,+4C! /)! %&)! +2! (/2)/'0)! $4%,! )*#! %)*#4!

!"#$%$&'"!:A+-6%48!DEF=8!DEFD?@!

!

A*#! 4#2&6)2! +4#! #'6/1*)#'/'1! 7/)*! 4#$#4#'0#! )%! )*#! %$)#'! 0%')#')/%&2! 2.#0/#2!

6#9#6! 4#6+)/%'2*/.2! %$! !"#$%+ :G+&4/#8! DEHF?@! I&4! .*-6%1#'/#2! 2&..%4)! )*#!

#J/2)#'0#! %$! )*4##! (/2)/'0)! 2.#0/#2!7/)*/'! )*#!!"#$%! 1#'&28!!"#$%+./01/2)$0314+

!"#$%+ ./)/0'*31! +'(!!"#$%+ 5"0&3,$031@! A*#! 1#'#)/0! 2#.+4+)/%'! %$! ./01/2)$031!

$4%,!)*#!%)*#4!)7%!/2!#J.#0)#(!1/9#'!/)2!(/2)/'0)!1#%14+.*/0!2#.+4+)/%'!/'!K+2)!

32/+! :L/1&4#! D@D?@! A*#! 4+'1#! %9#46+.! .6&2! )*#! .4#9/%&2! 7%4C! */1*6/1*)/'1! )*#!

(/$$#4#'0#2! /'! 2%'1! +'(! 5#*+9/%&4! 5#)7##'! !"#$%+ 5"0&3,$031! +'(! !"#$%+

./)/0'*31! /2!+62%!0%'2/2)#')!7/)*!)*#!06%2#4!5&)!(/2)/'0)!4#6+)/%'2*/.!.4#2#')#(!

5-!%&4!4#2&6)2!:M%)!"*+',-8!<=DD?@!N%7#9#4!)*#!$/'(/'1!)*+)!)*#!!"#$%+#'.)/067+

/'(/9/(&+62+14%&.#(!7/)*!!"#$%+5"0&3,$031!&2/'1!+66!H!1#'#!4#1/%'28!0+&2#2!&2!)%!

2&11#2)! +)! .4#2#')! )*+)! !-+ #'.)/067! 5#! )4#+)#(! +2! +! 2&52.#0/#2! %$! !"#$%+

5"0&3,$0314+.#'(/'1!$&4)*#4!/'9#2)/1+)/%'@!A*/2!$%66%72!)*#!06+22/$/0+)/%'!2-2)#,!

%$! :O/56#-! P! Q%'4%#8! DEE=?@! O&4.4/2/'16-! 6/))6#! (/$$#4#')/+)/%'! 7+2! $%&'(!

5#)7##'!)*#!2&52.#0/#2!7/)*/'!#+0*!%$!)*#!!"#$%!2.#0/#2!2&11#2)/'1!#/)*#4!9#4-!

4#0#')!4+'1#!#J.+'2/%'!%4!+!6+41#!(#14##!%$!1#'#R$6%7!7/)*/'!#+0*!2.#0/#2@!A*#!

4+./(!4+'1#!#J.+'2/%'!%$!!"#$%+5"0&3,$031!+04%22!K&4%.#!*+2!5##'!(%0&,#')#(!

)*4%&1*%&)!)*#! 6+2)!0#')&4-8!+'(!0%&6(!.#4*+.2!1%!2%,#!7+-!)%!#J.6+/'/'1!)*#!

6%7!9+4/+5/6/)-!7/)*/'!)*/2!14%&.!:G+6#4+!"*+',-8!DEES?@!

!

A*#! 80*9/1./531! 2.#0/#2! *+9#! .4#9/%&26-! 5##'! 06+22/$/#(! +2! +! 2&.#4R2.#0/#2!

0%,.6#J! :#J06&(/'1! 8-+ :,';$:)/01?! +2! #+0*! 2.#0/#2! /2! $%&'(! /'! +! (/2)/'0)!

#'9/4%',#')! +04%22! 2&5RO+*+4+'! 3$4/0+! 5&)! )*#-! #J*/5/)! 6/))6#! ,%4.*%6%1/0+6!

9+4/+)/%'! :T/66! P! "4/1*)8! <==U?@! N%7#9#4! 7#! $/'(! )*+)! )*/2! ,%4.*%6%1/0+6!

2/,/6+4/)-!+0)&+66-!5#6/#2!2&52)+')/+6!&'(#46-/'1!1#'#)/0!(/$$#4#'0#2@!A*/2!1#'&2!
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"#$%"! &'(#! #)*#+,! *+-+.)(! /0,)0.)$-! .#0-! .#+! !"#$%! *+-'"! %).#! +/+-!

"'1"2+()+"! +3#)1).)-*! "'1".0-.)04! 5)/+,*+-(+6! 7',! 2#84$*+-8! "'22$,."! .#+!

+3)".+-(+!$9!044!")3!"2+()+"!5+"(,)1+5!18!:;0,,02!<!=')-->!?@@AB6!C-!055).)$-!).!

"'**+"."!.#0.!.%$!"'1"2+()+"!$9!&'()*+,*-.+/,01*2$!($'45!1+!+4+/0.+5!.$!"2+()+"!

".0.'"6!!

!

D$.#! &'()*+,*-.+/ ,01*2$/ +324$"220! 0-5! &'()*+,*-.+/ ,01*2$/ 0'+*15"$! "#$%!

2,$-$'-(+5! 5)99+,+-.)0.)$-! 9,$&! .#+! $.#+,! ,01*2$! "'1"2+()+">! 9$,&)-*! 5)".)-(.!

#)*#48!"'22$,.+5!(405+"!5)/+,*)-*!9,$&!.#+!$.#+,!,01*2$!"$$-!09.+,!.#+!"24).!%).#!

&6/ #.+,.2.+! :E)*',+"! ?6F! <! ?6GB6! H#)"! 2,$/)5+"! +/)5+-(+! 9$,! .#+! 2,+/)$'"!

0""+,.)$-!.#0.!I6!,01*2$/+324$"220!"#$'45!1+!+4+/0.+5!.$!"2+()+"!".0.'"!10"+5!$-!)."!

5)".)-(.! #)*#40-5! *+$*,02#)(! ,0-*+! %).#! 4)&).+5! $/+,402! 0-5! -$! +/)5+-(+! $9!

#81,)5)"0.)$-! %).#! $.#+,! ,01*2$! "'1"2+()+"! :;$%0,5! <!J$$,+>! ?@KLM! N)14+8! <!

J$-,$+>!?@@LB6!I"!%+!$-48!#0/+!$-+!)-5)/)5'04!$9!&6/,01*2$/0'+*15"$!%).#)-!$',!

".'58!%+!#0/+! .$!1+!(0,+9'4! )-!$',! )-.+,2,+.0.)$-!$9! .#)"!055).)$-04! ,+"'4.6!D'.!

1$.#! "'1"2+()+"! 022+0,! .$! "#$%! "'1".0-.)04! *+-+.)(! 5)99+,+-.)0.)$-! 9,$&! .#+!

$.#+,! .%$!&6/ ,01*2$! "'1"2+()+"! )-(4'5+5! )-! $',! ".'58! :1)*7"+$0"! 0-5! 1*8"1(+$B6!

H#+! ($&24+3! ,+40.)$-"#)2"! $9! .#+! &6/ ,01*2$! *,$'2! #0/+! 04%08"! 2,$/)5+5!

($-.+-.)$-! 0-5! 1$.#! &6/ ,01*2$/ +324$"220! 0-5! &6/ ,01*2$/ 10'9"'"$! 04,+058! #0/+!

($&&$-!O-*4)"#!-0&+">!.#+!D'99P1+44)+5!0-5!Q0&1+R)!2+-5'4)-+!.).!,+"2+(.)/+486!

I4.#$'*#!%+!%+,+!'-014+!.$!2,$(',+!0!"0&24+!$9!&6/,01*2$/10'9"'"$!$',!9)-5)-*!

.#0.! .#+! &6/ ,01*2$! (405+! +3#)1)."! 40,*+,! 0&$'-."! $9! *+-+.)(! 5)/+,*+-(+! .#0-!

+32+(.+5! #)*#4)*#."! .#+! -++5! 9$,! 9',.#+,! )-/+".)*0.)$-! )-.$! .#+! ,+40.)$-"#)2"!

%).#)-!.#+!&6/,01*2$!($&24+36!I.!2,+"+-.!$',!,+"'4."!022+0,!.$!"'**+".!.#0.!.#+!&6/

,01*2$!*,$'2!#0"!'-5+,*$-+!(,82.)(!"2+()0.)$-!%).#!&$,2#$4$*)(0448!")&)40,!1'.!

*+-+.)(0448!5)".)-(.!"2+()+"!+&+,*)-*6!

!

I-$.#+,! 5)"(,+20-(8!%).#! 2,+/)$'"! (40"")9)(0.)$-"! )"! $',! *,$'2)-*! $9!&6/ ,01*2$/

(01."'+$+! %).#! .#+! &6/ #.+,.2.+! )-5)/)5'04"6! &6/ ,01*2$/ (01."'+$+! )"! .#+! &$".!

-$,.#+0".+,-!"'1"2+()+"!$9!&6/,01*2$!0-5!)"!").'0.+5!$-!.#+!1$'-50,8!1+.%++-!&6/

#.+,.2.+!0-5!&6/,01*2$6!H#+,+!0,+!2$.+-.)0448!F!,+0"$-"!9$,!$',!0-048"+"!240()-*!

).!0"!0!&+&1+,!$9!&6/#.+,.2.+>!?B!&6/,01*2$/(01."'+$+!($'45!)-!90(.!1+!0!"'1P"2+()+"!

$9!&6/#.+,.2.+>!SB!&6/,01*2$/(01."'+$+! ($'45!,+2,+"+-.!0!#81,)5!R$-+!1+.%++-!&6/
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!

!"#$%&!"#$!'()*+,!+%+,%!&'!()!*+,-!'()!"#$%&)-"#+./,&,),"*0%.).&/0$!12!"#!"12''"#*!

'()*+,!+%+,3! 4/'*+2'!5&'6!5&/0$!#22$! *&!12!/#$2'*"62#! *&! '2-&072! *+,-! "-!52!

./''2#*08!&#08!+"72!&#2!,#$,7,$/"0!&9!'()!"#$%&)-"#+./,&,3!

!

:+2! /-2! &9! 1&*+! ;,*&.+&#$',"0! "#$! #/.02"'! <2#2! '2<,&#-! +"-! "00&52$! +,<+!

'2-&0/*,&#!&9!1&*+!*+2!"#.,2#*!"#$!'2.2#*!$,72'<2#.2!272#*-!$/2!*&!*+2!$,992',#<!

'"*2-!&9!27&0/*,&#!&9!*+2-2!<2#&;,.!'2<,&#-3!=/'!'2-/0*-!"'2!.&#-,-*2#*!5,*+!*+2!

'">,$! ;/*"*,&#! '"*2! &9! ;,*&.+&#$',"0! <2#2-! .&;>"'2$! *&! #/.02"'! "/*&-&;"0!

'2<,&#-3!:+2!.8*&.+'&;2?1!<2#2!>'&7,$2-! *+2!;&-*!'&1/-*!'2-&0/*,&#!&9!"#8!&9!

*+2!-,#<02!<2#2!*'22-!1/*!*+2!&0$2'!#&$2-!"'2!;&'2!+,<+08!-/>>&'*2$!5+2#!"0-&!

,#.0/$,#<!#/.02"'!<2#2!'2<,&#-!,#!*+2!"#"08-,-3!!

!

@&*+! ->2.,2-! 02720! ;2*+&$-%! *+2! *'"$,*,&#"0! A'@"82-! .&#."*2#"*,&#! ">>'&".+!

"#$! *+2! '2.2#*08! $27,-2$! .&"02-.2#.2! ;2*+&$%! B@CDE:%! ,#92''2$! .&#-,-*2#*!

>+80&<2#,2-3!F'27,&/-!-*/$,2-!+"72!-/<<2-*2$!*+"*! *+2!*'"$,*,&#"0!;2*+&$-!."#!

02"$! *&! &72'2-*,;"*2$! $,72'<2#.2! *,;2-! "#$! ,#"../'"*2! ,#92'2#.2! &9! *+2! *'/2!

'20"*,&#-+,>-! $/2! *&! ,#.&;>02*2! 0,#2"<2! -&'*,#<! GH202$! I! J'/;;&#$%! KLML)3!

H&5272'! *+2! .&"02-.2#*! ">>'&".+! ,-! "102! *&! .&#*'&0! 9&'! -*&.+"-*,.,*8! $/',#<!

"00202! -&'*,#<! 272#! 5+2#! "00202-! "'2! -+"'2$! ";&#<! ->2.,2-! GA"$$,-&#! I!

N#&502-%!KLLO)3!H&5272'%!*+2!.&"02-.2#*!">>'&".+!'2P/,'2-!>',&'!6#&502$<2!&9!

*+2! '20"*,&#-+,>-! 12*522#! ,#$,7,$/"0-3! Q2! /-2$! *+2! -/1->2.,2-! .0"--,9,."*,&#!

-8-*2;! &9! GH"''">! I! R/,##%! MSSO)! *&! <'&/>! ,#$,7,$/"0-! "#$! *+2-2! 52'2! "0-&!

.&#-,-*2#*!5,*+! *+2! '2-/0*-! 9'&;! *+2!A'@"82-! "#"08-,-3!H&5272'! ,9! *+2'2!52'2!

.'8>*,.! $,992'2#.2-!5,*+,#! *+2-2! -/1->2.,2-! *+2! .&"02-.2#*! ">>'&".+!5&/0$! 12!

/#"102! *&!'272"0! *+2-2!"#$!.&/0$! 02"$! *&!->/',&/-!'2-/0*-3!:+/-! *+,-!;2*+&$! ,-!

12-*!/-2$! ,#!.&;1,#"*,&#!5,*+!"#&*+2'!-/.+!"-!A'@"82-!*&!.+2.6!9&'!>&*2#*,"0!

.'8>*,.!$,72'<2#.2!"-!,;>02;2#*2$!18!GN2"'#-!.-)"%(%!KLM()3!

!

:+2!;",#!>/'>&-2! &9! *+,-!5&'6!+"-! 122#! *&! .'2"*2! "! '&1/-*! >+80&<2#8! &9! *+,-!

2.&0&<,."008!,#*2'2-*,#<!9";,083!Q2!+"72!/-2$!;/0*,>02!<2#2!'2<,&#-!5+,.+!+"72!

2".+! ,#92''2$! +,<+08! -,;,0"'! '20"*,&#-+,>-! "#$! ,#! .&;1,#"*,&#! >'&7,$2! +,<+!

-/>>&'*!&9!"!;&#&>+802*,.!9";,08!,#.&'>&'"*,#<!(!<2#2'"!GD+#&0"#+,1)2.*&3!"#$!

'/-4$,!$0+,)3!:+2-2!<2#2'"! "'2! <2&<'">+,."008! -2>"'"*2$%! 2".+!&../'',#<!&#!"!
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!

"#$$%&%'(! )*'(#'%'(+! ,-..%,(#'.! /00*1/(&#)! ,1%)#/(#*'! 2/,! "*3#'/(%"! (2%!
%4*0-(#*'/&5!2#,(*&5!6#(2#'!(2#,!.&*-17!8%!2/4%!(2-,!)&%/(%"!(2%!$#&,(!3*0%)-0/&!
1250*.%'5! *$! /00! ,1%)#%,! )-&&%'(05! )0/,,#$#%"!6#(2#'! (2%!!"#$%$&'"+! %0-)#"/(#'.!
(2%!1&*90%3,!6#(2! (2%!)*'$0#)(#'.!)0/,,#$#)/(#*'!,5,(%3,!*$! (2%!1/,(7!:2#,!6*&;!
'*6! /00*6,! "%(/#0%"! (%,(#'.! *$! %4*0-(#*'/&5! 251*(2%,%,! 6#(2#'! (2%! 1%'"-0#'%!
(#(,+!/!$/,)#'/(#'.!.&*-1!#'!%4*0-(#*'/&5!%)*0*.5!&%,%/&)27!
!
! !
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!

!"#$%&'()(
!

Mating systems and parental care in the penduline tits 

(Remizidae): parentage analysis in the Eurasian (Remiz 

pendulinus) White-crowned (Remiz coronatus) and Cape 

penduline tit (Anthoscopus minutus) 
!

"#$%&'($)!*+!,&##-!.$'/!0+!1&'!*234-!5$''!6#78(-!947:!57;<'8-!*$=7)&>!*&?:7'-!

@A$1$!*7)B:-!.&B)2!,7?2$-!C$))8!,B)4$!D!C&E<:!@F/4$#8!

!

*+,%'#-%(
017#BA27'&)8! A>$7)8!G)$(2HA:!&! H#7:$!&::7H2&A27'!=$A?$$'!E&A2';!&'(!G&)$'A&#!

H&)$! :8:A$E:+! 5&)$'A&#! H&)$! ?2##! 7'#8! $17#1$! 2I! 2A! H&'! =$! &HHB)&A$#8! (2)$HA$(!

A7?&)(:! &'! 2'(212(B&#J:! ;$'$A2H! 7II:G)2';! &'(! &'8! :$%!=2&:! 2'! A>$! &=2#2A8! A7!(7!

A>2:!2:!G)$(2HA$(!A7!=2&:!H&)$!)7#$:+!K'!7);&'2:E:!?2A>!2'A$)'&#!I$)A2#2:&A27'!:BH>!&!

=2&:! H7B#(! E&'2I$:A! 2A:$#I! 12&! EB#A2G#$! E&A2';! =8! &! I$E&#$! (B)2';! &! :2';#$!

)$G)7(BHA21$!H8H#$+!C>2:!>&:!A>$!&=2#2A8!A7!($H)$&:$!&!E&#$J:!:>&)$!7I!G&)$'A&;$!

?2A>7BA! ($H)$&:2';! A>$! I$E&#$:L! #7?$)2';! A>$! =$'$I2A:! 7I!E&#$! =BA! '7A! I$E&#$!

H&)$+!C>B:!A>$7)8!?7B#(!G)$(2HA!A>&A!&:!G)7E2:HB2A8!2'H)$&:$:-!A>$!G)7G7)A27'!7I!

G&A$)'&#!H&)$!?7B#(!($H)$&:$+!C7!A$:A!?>$A>$)!G&A$)'&#!H&)$!2:!&::7H2&A$(!?2A>!

A>$!#$1$#!7I!I$E&#$!G)7E2:HB2A8!&H)7::!A>$!G$'(B#2'$!A2A:!?$!H7EG&)$!A>$!#$1$#:!

7I! 0%A)&! 5&2)! 5&A$)'2A8! M055N! 2'! A>)$$! H#7:$#8! )$#&A$(! :G$H2$:+! C>$! 0B)7G$&'!

G$'(B#2'$!A2A!M!"#$%&'"()*+$(*,N!>&:!=$$'!:AB(2$(!$%A$':21$#8!&'(!?$!()&?!(&A&!

I)7E!A>$!G)$127B:!?7)4!7'!A>2:!B'2G&)$'A&#!:G$H2$:+!O7EG&)2:7':!&)$!E&($!?2A>!

7B)!'$?!)$:B#A:! I7)! A>$!P>2A$QH)7?'$(!M!"#$%&-./.(01*,N!&'(!O&G$!G$'(B#2'$!

A2A! M2(13.,-.'*,&#$(*1*,N-! =7A>! 7I!?>2H>! $%>2=2A! =2G&)$'A&#! H&)$! :8:A$E:!?2A>!

#7';QA$)E!H&)$!=8!=7A>!:$%$:+!K'!#2'$!?2A>!A>$!G)$(2HA27'-!A>$!=2G&)$'A&#!:G$H2$:!

MP>2A$QH)7?'$(!&'(!O&G$!G$'(B#2'$!A2AN!$%>2=2A!EBH>!#7?$)!#$1$#:!7I!055!MRS!

&'(!TS!)$:G$HA21$#8N! A>&'!A>$!B'2G&)$'A&#!:G$H2$:-! A>$!0B)7G$&'!G$'(B#2'$!A2A!

MUVS!055N+!

!
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!

!"#$%&'(#)%"*
!
"#$%&!$'(!)*+,-.!$'(!/0$%#1!.2.$(/.!34!5%67.!8(6(!$'391'$!$3!5(!73/%#0$(7!52!
/3#310/39.!6(&0$%3#.'%:.!;<0=>?!)*@+AB!C'(!.$63#1!:0%6!53#7.!436/(7!796%#1!
$'(!56((7%#1!.(0.3#!0#7!$'(!7(7%=0$(7!=06(!34!344.:6%#1!:63D%7(7!0!:06013#!34!
7(D3$%3#! 436! '9/0#! .3=%($%(.! ;E%6>'(07?! F,,,AB! E9$! 8%$'! $'(! 07D(#$! 34!
/3&(=9&06! :06(#$01(! 0#0&2.%.! %$! .33#! 5(=0/(! =&(06! $'0$! 5%67.! 8(6(! 406! 463/!
40%$'49&! ;E96>(! G! E694367?! )*+HI! CB! E96>(! !"# $%&?! )*+*I! E%6>'(07?! F,,,AB! C'(!
(J$6(/(! :6(D0&(#=(! 34! (J$60! :0%6! 239#1! ;KLMA! 7%.=3D(6(7! 0=63..! 5%67! .:(=%(.!
'0.!(.$05&%.'(7!%#4%7(&%$2!0.!0!49#70/(#$0&!0.:(=$!%#!$'(!/0$%#1!.2.$(/!34!/3.$!
5%67! .:(=%(.! ;N6%44%$'! !"# $%&?! F,,FA?! 0! =3/:&($(! =3#$60.$! $3! $'(! D%(8! '(&7! O9.$!
7(=07(.!5(436(B!
!
C'%.! 6(D(&0$%3#! 34! %#4%7(&%$2! '0.! #3$! 3#&2! ='0#1(7! 396! D%(8! 34! 0D%0#! /0$%#1!
5('0D%396!59$!0&.3!$'(!:06(#$0&!=06(!63&(.!34!/0&(!0#7!4(/0&(!5%67.?!0.!/0$%#1!
.2.$(/.! 0#7! :06(#$0&! =06(! 06(! %#$%/0$(&2! (#$8%#(7! %#! (D3&9$%3#062! $'(362!
;C6%D(6.?!)*HFI!P(.$#(0$!G!Q'(6/0#?!)**FI!QRS>(&2!!"#$%&?!F,,,AB!T#!40=$!5(436(!
$'(! (J$(#$! 34! 0D%0#! :63/%.=9%$2! =0/(! $3! &%1'$! %$! 80.! :6(7%=$(7! $'0$! .3=%0&&2!
/3#310/39.!/0&(.!.'39&7!.$%&&!0$$(/:$!$3!10%#!(J$60!:0%6!=3:9&0$%3#.!;KLU.A!$3!
%#=6(0.(!$'(%6!4%$#(..!8%$'39$!%#=6(0.%#1!$'(!7(/0#7.!34!:06(#$0&!=06(!;C6%D(6.?!
)*HFAB! C'(! $607(V344.! %#D3&D(7! 5($8((#! :06(#$0&! %#D(.$/(#$! 0#7! /0$(!
0$$60=$%3#!06(!>(2!43=9.(.!34!.(J90&!=3#4&%=$!6(.(06='!0.!53$'!/0&(.!0#7!4(/0&(.!
06(!$'391'$!$3!7%44(6!%#!$'(!=3.$.!0#7!5(#(4%$.!0..3=%0$(7!8%$'!:06(#$0&!=06(!0#7!
KLU.!;W0D%7!XB!P(.$#(0$!G!Q061(#$?!)**@I!U'0:/0#?!Y6#ZD%.$?!!"#$%&?!F,,[AB!
!
X36! :06(#$0&! =06(! $3! %#=6(0.(! 0#! %#7%D%790&-.! 4%$#(..! %$! #((7.! $3! 5(! 7%6(=$(7!
$38067.! $'(! %#7%D%790&-.! 1(#($%=! 344.:6%#1B! Y! 4(/0&(-.! 05%&%$2! $3! .9==(..49&&2!
7($(6/%#(!'(6!1(#($%=!:631(#2!%.!$'391'$!$3!5(!'%1'(6!$'0#!0!/0&(.?!0.!0&&!4(6$%&(!
(11.!.'(!:6379=(.!06(!6(&0$(7!$3!'(6?!'38(D(6!0!/0&(!=0##3$!5(!=(6$0%#!$'0$!0&&!
'(6! (11.! 8(6(! 4(6$%&%R(7! 52! '%/! (J=(:$! %#! 0! =3/:&($(&2! /3#310/39.! /0$%#1!
.2.$(/B!T#!/0$%#1!.2.$(/.!73/%#0$(7!52!%#4%7(&%$2?!.9='!0.!5%67.?!/0&(.!839&7!
5(! &(..! =(6$0%#! 34! 0#! 344.:6%#1-.! :06(#$01(! $'0#! 4(/0&(.! 0#7! .3! &%>(&2! '0D(!
6(79=(7! 05%&%$2! $3! 7%6(=$! :06(#$0&! =06(! =366(=$&2B! C'%.! %.! 3#(! 0619/(#$! :9$!
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"#$%&$'!(#!)*+,&-.!(/)!/-0/)$!+$)1&,).2)!#"!")3&,)!2#3+&$)'!(#!3&,)!+&$).(&,!

2&$)!&2$#44!&.-3&,4!567),,)$8!9::;<=!

!

>/74!(/)!,)1),!#"!+#,?0&3?!%-(/-.!&!3&(-.0!4?4()3!2#7,'!/&1)!+$#"#7.'!)"")2(4!

#.!+&$).(&,!2&$)!@)/&1-#7$!1-&!-(4!)"")2(!#.!+&()$.&,!@7(!.#(!3&()$.&,!&@-,-(?!(#!

')()$3-.)!+&$).(&0)=!A1-').2)!"#$!(/-4!/&4!@)).!4#70/(!&2$#44!@-$'!4+)2-)4!%-(/!

4#3)! 4(7'-)4! "-.'-.0! (/&(! 3&,)! +&$).(&,! 2&$)! )""#$(! ')2,-.)4! %-(/! -.2$)&4-.0!

,)1),4!#"!ABB!5C#,,)$!D!E-$F/)&'8!9::GH!I$.#,'!D!J%).48!KLLK<=!>/)!-3+&2(!#"!

ABB! #.! +&$).(&,! 2&$)! /&4! &,4#! @)).! 4(7'-)'! #.! &.! )2#,#0-2&,! (-3)42&,)! %-(/!

1&$?-.0!$)47,(48!4#3)!3&,)4!4/#%!(/)!+$)'-2()'!')2,-.)!-.!+&$).(&,!-.1)4(3).(!

%-(/! -.2$)&4-.0! ,#44!#"!+&()$.-(?! 5M-"N),'!!"#$%&8!9::O<=!P#%)1)$!3&,)4!#"!#(/)$!

4+)2-)4!4))3!(#!,&2F!(/)!&@-,-(?!(#!'-$)2(!+&$).(&,!2&$)!&++$#+$-&(),?8!%-(/!3#$)!
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.+0.,$-./5! (+! *+! $=(-&/.(+*'5! /.>$13*-$I! P$'$! <$! *11$11! '*/$1! (0! %77! .+! /<(!
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,#0$!#.!03$!5#$.!=3+.!2((03#%%,!.$+)!>+?+@%AB!C+D+*3,0+.!8E:F:GHIB!J;F:KHL94!53$!
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7+(6!./!1-.+!+176&!5()(!6(+.=/(6!1%!)7/!*1!1-(!+*'(!*//(*#./=!1('E()*17)(!*/6!

+%!(K()&!$,3!5*+!)7/!7+./=!1-(!(J*01!+*'(!E)%1%0%#@!1-.+!+1*)1(6!5.1-!*!B%1+1*)1!

*1! HVZ,! G%)! FV!'./+! 1%! *01.K*1(! 1-(! Y'.J! */6! 1-(/! [V! 0&0#(+! %G! 1-(! G%##%5./=!

1('E()*17)(+!*/6!1.'(+!5()(!7+(6@!*!6(/*17)*1.%/!+1(E!%G!H[Z,!G%)!\M+(0%/6+@!

G%##%5(6!C&!*/!*//(*#./=!1('E()*17)(!%G!VIZ,!G%)!HM!+(0%/6+@!G./.+-./=!5.1-!*/!

(#%/=*1.%/!+1(E!%G!Q8Z,! G%)!HM!+(0%/6+D!"G1()! 1-(![V!0&0#(+! 1-(!5-%#(!)(*01.%/!

(/6+!5.1-!*!Q8Z,!(#%/=*1.%/!+1(E!G%)!FM!'./71(+D!9-(!$,3!E)%6701!./!(*0-!5(##!

.+! 1-(/! E)(E*)(6! G%)! ./E71! %/1%! */! "AO! \Q\M! ;<"! "/*#&X()! 2"EE#.(6!

A.%+&+1('+4!G%)!=(/%1&E./=D!!

!

"##!$,3!E)%6701+!*)(!6.#71(6!FNFIM! 1.'(+! ./!9D:D!9-(/!MDV7#!%G! 1-.+!6.#71.%/! .+!

E#*0(6!./!1-(!5(##!%G!*!=)(./()!+S.)1(6!$,3!E#*1(!*/6!HDV7#!%G!*!3%JNU%)'*'.6(!

'.J! 2[7#! 3%J! ./! F'#! U%)'*'.6(4! .+! *66(6! 1%! 1-(! 5(##D! 9-(! E#*1(! .+! C).(G#&!

0(/1).G7=(6!*/6!6(/*17)(6!G%)!V!'./71(+!*1!HVZ,!C(G%)(!C(./=!E#*0(6! ./!*/! .0(!

C*1-!G%)![!'./71(+D!!9-(!E#*1(!.+!1-(/!)7/!%/!1-(!\Q\M!5.1-!*!8!+(0%/6!./P(01.%/!

1.'(D!!"##!=(/%1&E(+!5()(!K.+7*#.+(6!*/6!+0%)(6!7+./=!](/('*EE()!\DQ!2"EE#.(6!

A.%+&+1('+4D



 

 

!
"#!

Table 2.2. Results of the genotyping in all individuals of the White-crowned penduline tit (WCPT) and Cape penduline tit (CPT) populations. 

Locus Species # individuals genotyped Allele size range # alleles Ho He Null allele frequency 

!"#$%&'() *+,) (-.) ('/&012) 0') '302() '3/4-) '3--0()
) 5*+,) 1/) (12&(2') 1) '310/) '3/04) '3'162)
!"#$%&'/) *+,) (1.) 0'1&0(-) 6) '3060) '300/) &'3'(.1)
) 5*+,) 1/) (42&(/2) 1) '3.'1) '3/./) &'3'(1-)
!"#$%&'2) *+,) (11) ((6&(1.) (() '36/6) '3/-) '3666.)
) 5*+,) 1/) ('.&(6/) 2) '3--.) '3/./) '301..)
!"#$%&(') *+,) (1.) (//&0'1) 4) '3-4.) '3-.0) '3'6'6)
) 5*+,) 1/) (./&0(() /) '3//1) '3//-) &'3''4-)
!"#$%&(-) *+,) &) &) &) &) &) &)
) 5*+,) 1/) 0'1&006) 2) '3/1() '3.) '3'04/)
!"#$%&(/) *+,) &) &) &) &) &) &)
) 5*+,) 1/) (-0&(1-) 1) '3//1) '3/(-) &'3'-06)
!"#$%&(.) *+,) (1/) (''&62-) 0-) '3.20) '3.2) &'3''-/)
) 5*+,) 1/) .6&((-) 2) '3.4() '3/2.) &'3'6--)
*78(') *+,) (/0) (.6&(2-) /) '31.) '3/00) '3'642)
) 5*+,) 1/) (/2&(./) -) '3-66) '3-0() &'3'-()
*78(6) *+,) (/0) 0(6&0(.) 4) '34'1) '34'0) &'3''-1)
) 5*+,) 1/) 0(4&00() /) '3/1() '3//0) &'3'''/)
*78(4) *+,) (1.) 0.6&6.4) (() '3.-4) '3.46) '3''-)
) 5*+,) &) &) &) &) &) &)
*78(/) *+,) (/6) 0'6&0(() 4) '36/) '36.1) '3'-4-)
) 5*+,) 1/) 0'6&0'-) 0) '3-16) '3-26) '3'0/4)
*78(.) *+,) (1/) 66-&6-') -) '3-2/) '346.) '3'-'4)
) 5*+,) &) &) &) &) &) &)
*780') *+,) &) &) &) &) &) &)
) 5*+,) 11) (2.&0(() (() '3.1-) '3.6-) &'3'016)
*780-) *+,) &) &) &) &) &) &)
) 5*+,) 1/) 2/&('0) 6) '300-) '36-.) '30'.)
,9'(&'-') *+,) (/() 02(&026) 0) '364() '360/) &'3'6/-)
) 5*+,) &) &) &) &) &) &)



 

 

!
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Locus Species # individuals genotyped Allele size range # alleles Ho He Null allele frequency 

!"#$%$&'( )*!( $'+( '#'%'#,( &( #-$,$( #-$.&( #-#/./(
( 0)*!( ,'( 1+,%'##( &( #-&.$( #-1#2( #-#'(
!"#1%#+.( )*!( $,+( &11%&1'( &( #-'1&( #-'+1( #-#,'/(
( 0)*!( ,2( &&+%&1#( &( #-/.&( #-/#1( %#-#2,1(
!"#'%#$&( )*!( $2$( $1,%$'$( 1( #-1+.( #-'$2( #-#$&/(
( 0)*!( ,2( $12%$'/( /( #-,'&( #-,,2( #-#$#'(
!"#'%#'$( )*!( $21( $2#%$+#( $#( #-2#/( #-2#/( #-##+&(
( 0)*!( %( %( %( %( %( %(
!"#'%#,$( )*!( $21( $.'%$+/( 2( #-,2$( #-2,/( #-#,/2(
( 0)*!( ,2( $..%$+,( '( #-&,+( #-&'/( %#-#,'/(
!"#/%#',( )*!( $2$( 1&,%11&( 1( #-/2+( #-/&+( %#-#',.(
( 0)*!( %( %( %( %( %( %(
!"#/%#/1( )*!( $21( &#$%&+/( +( #-2+&( #-22/( %#-#$1(
( 0)*!( ,2( &1$%&'#( +( #-..$( #-.&+( %#-#1'.(
!"$$%#$$( )*!( %( %( %( %( %( %(
( 0)*!( ,2( &$#%&$,( '( #-,'&( #-,1&( %#-#$&.(
!"$&%#$/( )*!( $2#( &2+%&.$( &( #-#+'( #-$#$( #-#1$2(
( 0)*!( %( %( %( %( %( %(
!"$1%#$2( )*!( %( %( %( %( %( %(
( 0)*!( ,,( 1#.%1&#( '( #-'&'( #-'1$( #-##'&(

Ho & He represent observed and expected heterozygosity respectively, calculated in CERVUS v 3.0.
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!

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

!

"#$%&! '%()$*+,('! %-./! 0-&1%&! 2-3! -33%33%4! $)! -3.%&$-,(! ,$3! 35,$-6,7,$*! #)&!

+-$%&(,$*!-(-7*3,3!,(!$/%!$2)!3+%.,%38!"77!0-&1%&3!$/-$!2%&%!4,##,.57$!$)!3.)&%!%8'8!

/-4!-(!5(.7%-&!057$,9+%-1!+&)#,7%!)&!5(-..)5($-67%!+%-13!2%&%!4,3.-&4%48!:577!

-77%7%! #&%;5%(.,%3! 2%&%! %3$,0-$%4! ,(! $/%! +&)'&-0! <=>?@A! BC8D! 53,('! -77!

'%()$*+%4! ,(4,B,45-73! 2,$/,(! %-./! +)+57-$,)(E! -(4! -(*! 0-&1%&3! 2,$/!

#&%;5%(.,%3!FD8G!2%&%!%H.754%4!#&)0!#5&$/%&!-(-7*3%38!

!

I-$%&(,$*!2-3!-77).-$%4!53,('!$/%!+&)'&-0!<JKJ:L!B!G8D8ME!2/,./!-33%33%3!$/%!

7,1%7,/))4!)#!3,63/,+3!2,$/,(!$/%!+)+57-$,)(!-3!2%77!-3!-77).-$,('!+-$%&(,$*!-(4!

0-$%&(,$*!B,-!-!0-H,050!7,1%7,/))4!0%$/)48!<JKJ:L!&%;5,&%3!,(#)&0-$,)(!)(!

-77%7%!3.)&,('!%&&)&!$)!.-7.57-$%!7,1%7,/))4!3.)&%38!=&&)&3!45%!$)!(577!-77%7%3!.-(!

$)! -(! %H$%($! 6%! .-7.57-$%4! 6-3%4! )(! -77%7%! #&%;5%(.,%3! 2,$/,(! $/%! +)+57-$,)(8!

N/%3%! 2%&%! $/%&%#)&%! .-7.57-$%4! 2,$/,(! <=>?@A! 53,('! $/%! %($,&%! 4-$-3%$8!

O)2%B%&!-(!)B%&-77!0,39$*+,('!%&&)&!&-$%!2-3!.-7.57-$%4!6*!&5((,('!45+7,.-$%!

3-0+7%3!,(!+-&-77%7!#)&!PQR!)#!%-./!+)+57-$,)(E!$/%3%!2%&%!45+7,.-$%4!#&)0!$/%!

3$-&$!)#!S:"!%H$&-.$,)(!,(!$/%!T/,$%9.&)2(%4!+%(457,(%!$,$!-(4!#&)0!$/%!+),($!

)#! .-+$5&%! ,(! $/%! <-+%! +%(457,(%! $,$! -(4! $/%(! -77%7%3! .)0+-&%4! -#$%&! $/%! #,(-7!

4-$-3%$3!2%&%!.)0+,7%48!

!

<)7)(*! 53%3! -!0-H,050! 7,1%7,/))4! -++&)-./! $)! -3.%&$-,(! 6)$/!0-$%&(,$*! -(4!

+-$%&(,$*!#)&!%-./!)##3+&,('!-3!2%77!-3!#577!-(4!/-7#!3,63/,+!&%7-$,)(3/,+3!)#!%-./!

(%3$7,('8! A,(.%! 2%! /-4! 4-$-! #&)0! 057$,+7%! *%-&3! #)&! $/%! <-+%! +%(457,(%! $,$!

+)+57-$,)(!2%!-(-7*3%4!%-./!*%-&!3%+-&-$%7*!-3!)##3+&,('!,(!)(%!*%-&!.)574!6%!

+-&%($3! ,(! 3563%;5%($!*%-&38!U)&!%-./!-(-7*3,3! $/%! .-(4,4-$%!+-&%($3!2%&%!-77!

6,&43!$/-$!/-4!6%%(!.-5'/$!-3!-457$3!,(!$/-$!*%-&!)&!,(!-(*!)#!$/%!+&%B,)53!*%-&38!!

N/%!7,1%7,/))4!)#!$/%!+-&%($!6%,('!3-0+7%4!2-3!1%+$!-$!D8M!#)&!-77!&5(38!N/%!#577!

7,1%7,/))4!0)4%7!2,$/!-!7)('9&5(!2-3!3%7%.$%4!#)&!-77!-(-7*3%38!V)$/!0-7%3!-(4!

#%0-7%3!2%&%!-3350%4!$)!6%!+)7*'-0)53!-(4!-!3,('7%!,$%&-$,)(!2-3!+%&#)&0%4!

#)&! %-./! *%-&8! :)! -! +&,)&,! ,(#)&0-$,)(! -6)5$! 1()2(! 3).,-7! &%7-$,)(3/,+3! 2-3!

+&)B,4%48! V,&43! 2%&%! -..%+$%4! -3! -33,'(%4! .)&&%.$7*! ,#! $/%*! /-4! -! 7,1%7,/))4!

3.)&%!FWD!-(4!$/%&%!2%&%!()!)$/%&!6,&43!2,$/!-!7,1%7,/))4!3.)&%!FMD8!

!



 

 66 

!

!"#$%&#'
'

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

!

"#! $%&! '()&! )&#*+,-#&! $-$! ).)+,($-.#! /01! -#*-2-*+(,3! 4&5&! 3+66&337+,,8!

9&#.$8)&*! (65.33! $%&! 0! :5&&*-#9! 3&(3.#3! ;8&(5,8! 3(<),&! 3-=&3! (5&! 9-2&#! -#!

>))&#*-?! @A/BA! >! 5.+9%,8! &C+(,! #+<:&5! .7! (*+,$! <(,&3! (#*! 7&<(,&3! 4&5&!

9&#.$8)&*! ;/0!<(,&3D! /E! 7&<(,&3BA! F7! $%&! 9&#.$8)&*! (*+,$3! 3&?&*! -#! $%&! 7-&,*!

GHI! ;@1J@GB! 4&5&! 3&?&*! 3+66&337+,,8A! K%&! #&3$,-#93! 4&5&! 7.+#*! $.! :&! .7! (!

5.+9%,8! &C+(,! 3&?! 5($-.! ;0@!<(,&3L! ME! 7&<(,&3D! N@! O!PA/HHHD! *7! O!/D! )!O!PA1/MB!

+3-#9! $%&! 9&#&$-6! 3&?-#9!<(5Q&5A! K%-3! )($$&5#!4(3! (,3.! 7.+#*! -#! $%&! R+2&#-,&3!

6(+9%$!;M!<(,&3L!E!7&<(,&3D!S&(53.#T3!N@!O!PAPHGD!*7!O!/D!)!O!PAEUHMBA!

!

"#!$%&!V%-$&W65.4#&*!)&#*+,-#&!$-$!).)+,($-.#D!0H!;H@!(*+,$3!(#*!H/!#&3$,-#93B!

-#*-2-*+(,3! 4&5&! 3+66&337+,,8! 9&#.$8)&*A! "#! $%&! 7-&,*! /PPI! ;H@JH@B! .7! (*+,$3!

4&5&! 3&?&*! 3+66&337+,,8! (#*! $%&! .773)5-#9! 3&?! 5($-.! 4(3! #.$! 7.+#*! $.! :&!

3-9#-7-6(#$,8!*-77&5&#$!75.<!)(5-$8!;/E!X(,&3L!/H!7&<(,&3D!S&(53.#T3!N@!O!PA/U0/D!

*7!O!/!)OPA1P@HBA!

!

+ +



 

 67 

!

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

!

"#!$%&!'()&!)&#*+,-#&!$-$!)(.&#$(,!/(.&!0(1!)&.23.4&*!56!53$%!4(,&!(#*!2&4(,&!

($! $%&! 351&.7&*! #&1$1! 23.! $%&! *+.($-3#! 32! /(.&! 8#9:;<:;=! ;>>?@! (#*! #&1$!

($$&#*(#/&!0(1!%-A%,6!16#/%.3#3+1!5&$0&&#!$%&!)(-.!81&&!87(#!B-CD=!E3AF#6=!$#(

",.=! :>;>@@G! H2! $%&! ;I! #&1$1! 351&.7&*! -#! $%&! J%-$&K/.30#&*! )&#*+,-#&! $-$!

)3)+,($-3#=!-#/+5($-3#!0(1!/(..-&*!3+$!56!53$%!4(,&!(#*!2&4(,&=!(#*!5-)(.&#$(,!

/(.&!/3#$-#+&*!$%.3+A%!#&1$,-#A!).37-1-3#-#A!($!;L<;I!#&1$1!8MI?@=!($!$%&!3$%&.!

L!#&1$1!+#-)(.&#$(,!/(.&!0(1!).37-*&*!(2$&.!-#/+5($-3#!56!&-$%&.!$%&!4(,&!8:<;I!

#&1$1=!;;?@!3.!$%&!2&4(,&!8:<;I!#&1$1=!;;?@!8N-A+.&!:G:@G!

!

!
!
"#$%&'!()()!O3*&!32!)(.&#$(,!/(.&!351&.7&*!-#!$%.&&!1)&/-&1!32!)&#*+,-#&!$-$G!P%&!Q+.3)&(#!
)&#*+,-#&!$-$!8QEP@!1%301!(!1-A#-2-/(#$!*-22&.&#/&!-#!)(.&#$(,!/(.&!161$&4!/34)(.&*!$3!$%&!
J%-$&!/.30#&*!8J'EP@!(#*!'()&!)&#*+,-#&!$-$1!8'EP@=!&R%-5-$-#A!+#-)(.&#$(,!/(.&!).37-*&*!-#!
$%&!4(C3.-$6!32!/(1&1!56!$%&!2&4(,&!8E&(.13#!S:!9!;T;G;;=!*2!9!L=!)!U!>G>>;@G!V-)(.&#$(,!/(.&!
).&*34-#($&1!-#!$%&!3$%&.!$03!1)&/-&1G!
(

(

(

(

(

(
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!

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

!

"#$%%!&'! (#%!))!*+,$&-.(%//+(%-!0123)45!"6478444!9!:%*+;7<=5!>%?&(@A%B!'&$!

(#%!A.$%?(.>%!.?./@-+-!+?!(#%!1.A%!A%?BC/+?%!(+(!A&AC/.(+&?5!D%$%!E%$@!B+''+,C/(!

(&! -,&$%! %+(#%$! A&--%--+?>! *.?@! .//%/%-! B+''%$+?>! +?! -+;%! F@! &?/@! 7FA! &$!

.*A/+'@+?>! +?,&?-+-(%?(/@! .?B! -&! D%$%! %G,/CB%B! '$&*! 'C$(#%$! .?./@-+-H! "D&!

*.$I%$-!0:%*+;47!9!:%*+;4J=!-#&D%B!A$%B+,(%B!?C//!.//%/%!'$%KC%?,+%-!&'!L4H)!

.?B! B%E+.(%B! -+>?+'+,.?(/@! '$&*! M.$B@NO%+?F%$>! %KC+/+F$+C*5! (#%@! D%$%! (#C-!

%G,/CB%B!'$&*!'C$(#%$!.?./@-+-H!"#+-!*%.?(!(#.(!7P!*+,$&-.(%//+(%!*.$I%$-!D%$%!

C-%B!(&!.--+>?!A.$%?(.>%!0-%%!".F/%!)H)!'&$!*+,$&-.(%//+(%!B%(.+/-=H!"#%-%!>.E%!.!

#+>#!$%-&/C(+&?!'&$!.--+>?+?>!A.$%?(.>%!+?!(#+-!A&AC/.(+&?!D+(#!.!,&*F+?%B!?&?N

%G,/C-+&?! A$&F.F+/+(@! '&$! .! A.$%?(! A.+$! &'! 4H4444444Q! .,,&$B+?>! (&! 1R:STUH!

"#C-!+'!D%!#.E%!-.*A/%B!(#%!A.$%?(-!(#%@!D+//!F%!+B%?(+'+%B!D+(#!#+>#!.,,C$.,@H!

!

V'! (#%!7W!?%-(-!D#%$%! (#%! -&,+./!*&(#%$! .?B! '.(#%$!D%$%! I?&D?5! )! ,&?(.+?%B!

RXY!07QH<Z!?%-(-!,&?(.+?!RXY=H![?!(#%-%!)!?%-(-!.//!RXY!D%$%!(#%!$%-C/(!&'!RXX!

(#C-!.!(&(./!&'!W\<)!0PH7Z=!?%-(/+?>-!D%$%!(#%!$%-C/(!&'!RXX!0-%%!]+>C$%!)HW=H!['!

D%! (#%?! +?,/CB%! .//! ?%-(-! D#%$%! (#%! -&,+./! '.(#%$! +-! I?&D?5! 77H7Z! 0)\7^=!

,&?(.+?!&''-A$+?>!$%-C/(+?>!'$&*!RXX!D+(#!.!(&(./!&'!<H_Z!0W\_Q=!&'!?%-(/+?>-!(#%!

A$&BC,(!&'!RXXH!O#%?!.?./@-+?>!.//!&''-A$+?>!D+(#!I?&D?!-&,+./!*&(#%$-!7H<Z!

07\P)=!&'! @&C?>!.$%! '&C?B! (&!*+-*.(,#!D+(#! (#%+$! -&,+./!*&(#%$! .?B! (#+-! &?%!

,.-%!+-!/+I%/@!(#%!A$&BC,(!&'!%>>NBC*A+?>!.-!(#%!+?B+E+BC./!./-&!*+-*.(,#%-!D+(#!

(#%!'.(#%$!.//&,.(%B!(&!(#%!&(#%$!<!@&C?>!+?!+(-!?%-(H!"#C-!<HQZ!07\))=!&'!(#%-%!

?%-(-!,&?(.+?!&''-A$+?>!$%-C/(+?>!'$&*!%>>NBC*A+?>H!

!

"D&! &'! (#%! )7! *+,$&-.(%//+(%-! C-%B! (&! >%?&(@A%! .//! +?B+E+BC./-! +?! (#%! O#+(%N

,$&D?%B! A%?BC/+?%! (+(! A.$%?(.>%! .?./@-+-! D%$%! B+''+,C/(! (&! -,&$%! BC%! (&! 7FA!

.//%/%! B+''%$%?,%-! .?B! C?,/%.$! A$&'+/%-! 0"647N444! 9! 1237Q=5! (#C-! (#%@! D%$%!

%G,/CB%B!'$&*!'C$(#%$!.?./@-%-H!"#%!A$%B+,(%B!?C//!.//%/%!'$%KC%?,+%-!D%$%!./-&!

#+>#! 0L4H)=! '&$!)!&'! (#%!*.$I%$-! .?B! (#%-%!D%$%!%G,/CB%B! '$&*! (#%!A.$%?(.>%!

.?./@-+-! 0123)<!9!:%*+;N4J=H! UCF-%KC%?(/@! 7P!*+,$&-.(%//+(%-!*.$I%$-!D%$%!

C-%B! (&! .--+>?! A.$%?(.>%! +?! (#%!O#+(%N,$&D?%B! A%?BC/+?%! (+(! A&AC/.(+&?! 0U%%!

".F/%! )H)! '&$! B%(.+/-=H! "#%@! A$&E+B%B! .! $&FC-(!*%(#&B! '&$! ,&$$%,(! .--+>?*%?(!
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!

"#$%! $%&! '()&*$! '(#)! +,-.#*&/! *,*0&1+234#,*! '),.(.#2#$5! +(2+32($&/! ($!
6766666666889!#*!:;<=>?7!
!
@,*&! ,A! $%&! 9! *&4$4B! "%&)&! .,$%! 4,+#(2! '()&*$4! "&)&! C*,"*B! +,*$(#*&/! ;DE7!
F%34!6G!,A!$%&!HH!*&4$2#*I4!"&)&!$%&!)&432$!,A!;D:47!F%#4!#4!(24,!2#C&25!$,!.&!$%&!
+(4&!A,)!$%&!,$%&)!*&4$!"%&)&!,*25!$%&!4,+#(2!-,$%&)!"(4!C*,"*7!J22!8!*&4$2#*I4!
"&)&!(44#I*&/! $,! $%&!4,+#(2!-,$%&)!(*/! $%&!4(-&!-(2&! KLJ9MHN6O!"#$%!P66G!
2#C&2#%,,/7!F%34!*,!&Q#/&*+&!A,)!;DD!,)!;DR!K6SHN!,AA4')#*IO!"(4!A,3*/!#*!$%&!
T%#$&0+),"*&/! '&*/32#*&! $#$! ','32($#,*! K4&&! U#I3)&! H7V! A,)! +,-'()#4,*! "#$%!
;3),'&(*!(*/!:('&!'&*/32#*&!$#$O7!
!

!
!"#$%&'()*)!D()&*$(I&!(*(254&4!#*!$%)&&!'&*/32#*&!$#$!4'&+#&4!K!"#$%$&'"O7!W*A#/&2#$5!#4!
4#I*#A#+(*$25!I)&($&)!#*!$%&!;3),'&(*!'&*/32#*&!$#$!K;DFO!+,-'()&/!$,!#$4!$",!)&2($#Q&4B!$%&!
T%#$&!+),"*&/!KT:DFO!(*/!:('&!'&*/32#*&!$#$4!K:DFO!KD&()4,*!XH!Y!PM7VZB!/A!Y!MB!'!Y!676PHO7!
F%&!;DF!%(4!2()I&!*3-.&)4!,A!,AA4')#*I!()#4#*I!A),-!&1$)(!'(#)!'($&)*#$5!K;DDO!+,-'()&/!$,!$%&!
-([,)#$5!,A!'(44&)#*&4!%,"&Q&)!$%&!T:DF!(*/!:DF!%(Q&!Q&)5!2,"!2&Q&24!"#$%!(2-,4$!(22!
,AA4')#*I!A,3*/!$,!.&!"#$%#*!'(#)!5,3*I!KTDEO7!;Q#/&*+&!A,)!$%&!&1#4$&*+&!,A!&1$)(!'(#)!
-($&)*#$5!K;DRO!(*/!&II!/3-'#*I!#4!(24,!I)&($&)!#*!$%&!;DF!+,-'()&/!$,!#$4!$",!)&2($#Q&47!J22!
/($(!()&!.(4&/!,*!,AA4')#*I!#*!*&4$4!"%&)&!.,$%!4,+#(2!'()&*$4!%(/!.&&*!#/&*$#A#&/7!
'

' '

Eurasian (n=166) White-crowned (n=22) Cape (n=42)
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Eurasian (n=166) White-crowned (n=22) Cape (n=42)
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!

!"#$%##"&'(
!
"#$%&'#(! )#$%! *+! ,$-.*/%/! 01! 0-'2! 3#(%+! #&/! 4%3#(%+! 4-$! #! 3-$%! %56#(! '*3%!

,%$*-/!*&!'2%!72*'%8)$-9&%/!#&/!:#,%!,%&/6(*&%!'*'+!'2#&!*&!'2%*$!)(-+%!$%(#'*.%;!

'2%!<6$-,%#&!,%&/6(*&%!'*'=!"#$%&'#(!)#$%!9#+!0*,#$%&'#(!'2$-6>2!'-!4(%/>*&>!4-$!

'2%! 3#?-$*'1! -4! &%+'+! *&! 0-'2! +,%)*%+! 9*'2! '2%! 72*'%8)$-9&%/! ,%&/6(*&%! '*'!

%@2*0*'*&>!#!4%9!&%+'+!9*'2!6&*,#$%&'#(!)#$%!01!%*'2%$!'2%!3#(%!-$!4%3#(%!/6$*&>!

&%+'(*&>!,$-.*+*-&*&>! A+%%!B*>6$%!C=CD=! E2%+%!-0+%$.#'*-&+! #$%! )-&+*+'%&'!9*'2!

,$*-$!F&-9(%/>%!-4!'2%+%!'9-!+,%)*%+!92*)2!2#+!+6>>%+'%/!#!3-$%!)--,%$#'*.%!

,#$%&'#(!)#$%!+1+'%3!'2#&!'2%!<6$-,%#&!,%&/6(*&%!'*'!AG#$$#,!H!I6*&&;!JKKLD=!

E2%!>$%#'%$!/%>$%%!-4!+1&)2$-&1!0%'9%%&!,#*$+!*&!'2%*$!,#$%&'#(!)#$%!0%2#.*-6$!

2#+!#(+-!,$%.*-6+(1!0%%&!/-)63%&'%/!*&!'2%!:#,%!,%&/6(*&%!'*'!)-3,#$%/!'-!'2%!

<6$-,%#&!,%&/6(*&%!'*'!A.#&!M*?F;!"->N&1;!!"#$%&;!COJOD=!

!

E2*+!+'6/1!#(+-!$%.%#(+!'2%!,-(13-$,2*)!&#'6$%!-4!JP!3*)$-+#'%((*'%+!*&!'2%!'9-!

+'6/1!+,%)*%+=!E2*+!2#+!&-'!-&(1!#((-9%/!6+!'-!)-&/6)'!#!,#$%&'#>%!#&#(1+*+!06'!

,$-.*/%+!#!+%'!-4!3#$F%$+;!92*)2!)-6(/!0%!6+%/! 4-$! 46$'2%$!>%&%'*)!#&#(1+%+! *&!

'2%+%! +,%)*%+=! E2%! +%@*&>!3#$F%$! AQ8OOCD!9#+! #(+-! +6))%++46(! *&! 0-'2! +,%)*%+!

#&/! #((-9%/! 6+! '-! $%.%#(! '2%! %56#(! +%@! $#'*-! -4! -44+,$*&>! *&! 0-'2! +'6/1!

,-,6(#'*-&+=! R%@! $#'*-+! 2#.%! 0%%&! $%.%#(%/! '-! 46&/#3%&'#((1! #44%)'! 3#'*&>!

+1+'%3+! AS*F%$! !"# $%&;! COJTD! #&/! '26+! 4#)'-$+! 92*)2! )#6+%! 6&%56#(! +%@8$#'*-+!

2#.%! *3,-$'#&'! )-&+%56%&)%+! 4-$! '2%! 3#'*&>! +6))%++! -4! *&/*.*/6#(+! *&! #!

,-,6(#'*-&=!U6$!$%+6('+!$%.%#(!'2#'!+%@!$#'*-+!*&!'2%!&%+'!#$%!&-'!/*44%$%&'!4$-3!

,#$*'1!#&/!+-!9-6(/!&-'!0%!$%+,-&+*0(%!4-$!#!+F%9%/!#/6('!+%@!$#'*-=!

!

V&! (*&%!9*'2!-6$!3#*&!,$%/*)'*-&! '2#'!,#'%$&#(!)#$%! *+!#++-)*#'%/!9*'2!$%/6)%/!

*&4*/%(*'1! 9%! 2#.%! 4-6&/! 36)2! (-9%$! (%.%(+! -4! <""! *&! '2%! 0*,#$%&'#(! 72*'%8

)$-9&%/! ,%&/6(*&%! '*'! #&/! :#,%! ,%&/6(*&%! '*'! )-3,#$%/! '-! '2%! 6&*,#$%&'#(!

<6$-,%#&! ,%&/6(*&%! '*'! A+%%! B*>6$%+! C=C! #&/! C=WD=! E2%! <""! (%.%(+! -4! '2%!

<6$-,%#&! ,%&/6(*&%! '*'! 9%$%! ,$%.*-6+(1! 4-6&/! '-! 0%! 36)2! 2*>2%$! '2#&! '2%!

3#?-$*'1!-4!,#++%$*&%!0*$/+!A#!(%.%(!-4!CW=XY!A.#&!M*?F;!Z[+\N$-+;!!"#$%&;!COJODD=!

G-9%.%$!<""! (%.%(+! *&! '2%! '9-!,%&/6(*&%! '*'! +,%)*%+! *&! '2*+! +'6/1!9%$%!36)2!

(-9%$!'2#&!'2%!#.%$#>%!4-6&/!*&!,#++%$*&%+!A%+'*3#'%/!'-!0%!]JXY!01!A^$*44*'2!

!"# $%&;! COOCDD=! E2%! <""! $#'%! *+! (*F%(1! '-! 0%! 0%'9%%&! T=X8P=JY! *&! '2%! :#,%!
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!

"#$%&'($#! )()! *$%! $+! #,(%#$-#! +.! /00! 1*2! .+&$%! ($! )3#! 43()#5-6+1$#%!

"#$%&'($#! )()7!4#!3*,#! )+!8#!*1*6#! )3*)!+&6!2*9"'#!2(:#2!*6#!29*''! )3&2! )3#6#!

*6#!'*6;#!+""+6)&$()(#2!.+6!#66+6!3+1#,#6!*)!"6#2#$)!)3#<!($%(-*)#!9&-3!'+1#6!

'#,#'2! +.! /00! ($! )3#2#! )1+! 2"#-(#2! -+9"*6#%! )+! )3#! /&6+"#*$! "#$%&'($#! )()7!

=8,(+&2'<! .&6)3#6!2*9"'($;!1+&'%!;6#*)'<! ($-6#*2#!)3#!*--&6*-<!+.! )3#!-&66#$)!

#2)(9*)#2!($!*''!)36##!2"#-(#27!

!

=&6!2)&%<!6*(2#2!>&#2)(+$2!*8+&)!)3#!#,+'&)(+$!+.!"*6#$)*'!-*6#!*$%!/00!($!)3#2#!

2"#-(#27!?')3+&;3!1#!"6+,(%#!#,(%#$-#!)3*)!)3#<!2##9!)+!8#!*22+-(*)#%@!13*)!(2!

)3#! %6(,#6! 8#3($%! )3#2#! *22+-(*)(+$2A! B3#! '*6;#! %(..#6#$-#2! ($! 2&-3! -'+2#'<!

6#'*)#%! 2"#-(#2! -+&'%! *''+1! &2! )+! )#*2#! *"*6)! )3#! -*&2#2! *$%! -+$2#>&#$-#2! +.!

)3#2#! %(..#6($;! "*6#$)*'! -*6#! *$%! 9*)($;! 2)6*)#;(#27! C+9#! 6#2#*6-3#62! *6#!

*-D$+1'#%;($;!)3*)!"*6#$)*'!-*6#!*$%!9*)($;!2<2)#92!*6#!($)(9*)#'<!'($D#%!*$%!

)+! 2)&%<! #()3#6! ($! (2+'*)(+$! (2! &$'(D#'<! )+! '#*%! )+! 6#2+'&)(+$! +.! )3#! -*&2#2! *$%!

-+$2#>&#$-#2! &$%#6'<($;! )3#2#! 8#3*,(+&62! E?'+$:+@! FGHGI7! B3#! *8('()<! +.!

-+9"*6*)(,#!6#2#*6-3!)+!)#2)!2+9#!+.!)3#!-&66#$)!)3#+6(#2!(2!3#'"($;!)+!*$21#6!

'+$;!2)*$%($;!>&#2)(+$2!E0*;#'!J!K#*%#@!FGGLM!N+6$1*''(2!!"#$%&@!FGHGI7!

!

B3(2! 2)&%<! +&)'($#2! )3#! %(,#62()<! ($! )3#! 86##%($;! 2<2)#92! .+&$%! 1()3($! )3#!

0#$%&'($#! )()! .*9('<7! ?''! )36##! 2"#-(#2! #O3(8()! %(..#6($;! "*6#$)*'! -*6#! 2<2)#92!

*$%! 1#! $+1! 23+1! )3*)! '#,#'2! +.! ($.(%#'()<! %(..#6@! .6+9! ,#6<! 3(;3! )+! ,#6<! '+1!

-+9"*6#%!)+!)3#!9*P+6()<!+.!+)3#6!"*22#6($#27!B3(2!2)6#$;)3#$2!)3#(6!"+2()(+$!*2!

*!;6+&"!.+6!-+9"*6*)(,#!6#2#*6-3!+$!)3#!#,+'&)(+$!+.!9*)($;!*$%!"*6#$)*'!-*6#!

2<2)#927!Q$-6#*2($;!+&6!D$+1'#%;#!+.!+)3#6!9#98#62!+.!)3(2!;6+&"!-+&'%!23#%!

#,#$!9+6#! '(;3)!+$!)3#2#! .*2-($*)($;!)+"(-27!?$#-%+)*'!#,(%#$-#!+.!-++"#6*)(,#!

-*6#! ($! 2+9#! 2"#-(#2! 6*(2#2! )3#! "+22(8('()<! )3*)! #,#$! ;6#*)#6! %(,#62()<! #O(2)2!

1()3($! )3(2! 29*''! .*9('<7! B3(2! ;6+&"! )3&2!"6+,(%#2! *$! #O-()($;!+""+6)&$()<! .+6!

-+9"*6*)(,#!#,+'&)(+$*6<!6#2#*6-37! !
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!

!"#$%&'()(
Parental care and latitude predict sexually dimorphic 

plumage evolution in the penduline tits (Remizidae) 
!

"#$%&'($)!*+!,&##-!.$'/!0+!1&'!*234-!5&12'!6789&:-!;48:!<8=>'?-!@&'($)!,8A-!
*BC&'!,)2'47B2D$'-!E&'!F89($B)-!@A$1$!*8)B:!G!6&9>:!@DH4$#?!

!
*+,%'#-%(
67$!8)2=2'!&'(!9&2'A$'&'I$!8J!:$%B&#!(298)K72:9!2:!A78B=7A!A8!$18#1$!B'($)!&!
1&)2$A?! 8J! :2AB&A28':+!L8:A! 7?K8A7$:$:! J&##! 2'A8! AM8!9&2'! I&A$=8)2$:! NO! :$%B&#!
:$#$IA28'-!&'(!PO!$I8#8=2I&#!:$#$IA28'!J8)!=$'($)!:K$I2J2I!'2I7$!(21$)=$'I$+!672:!
I7&KA$)!2'1$:A2=&A$:!A7$!K)$:$'I$!8J!A7$:$!A?K$:!8J!:$#$IA28'!K)$::B)$:!8'!:$%B&#!
(298)K72:9! 2'! A7$! K$'(B#2'$! A2A! J&92#?+! @$%B&#! (298)K72:9! 2'! Q2)(:! 2:! 98:A!
I8998'#?! J8B'(! 2'! Q8(?! :2D$! &'(! K#B9&=$! A)&2A:+! R$! A7B:! I&#IB#&A$! :$%B&#!
(298)K72:9!2'(2I$:!J8)!$&I7!8J!A7$:$!A)&2A:!&'(!I89K&)$!A7$!K)$(2IA21$!&Q2#2A?!8J!
AM8! $I8#8=2I&#! 1&)2&Q#$:! S)&2'J&##! &'(! #&A2AB($O! &'(! A7$! #$1$#! 8J! :$%B&#! I8'J#2IA!
81$)! I&)$+! 0I8#8=2I&#! :$#$IA28'! 8'! '2I7$! (21$)=$'I$! K)$(2IA:! A7&A! :$%B&#!
(298)K72:9!$18#1$:!A8!($I)$&:$!J8)&=2'=!I89K$A2A28'!Q$AM$$'!A7$!:$%$:!&'(!2:!
A7B:! #24$#?! ()21$'! Q?! )$(BIA28':! 2'! J88(! &1&2#&Q2#2A?+! TJ! :$%B&#! :$#$IA28'! ()21$:!
:$%B&#!(298)K72:9!M$!M8B#(!$%K$IA!(298)K72:9!A8!Q$!=)$&A$:A! 2'! A7$!:K$I2$:!
M2A7!A7$!72=7$:A!(2:K&)2A2$:!2'!:$%!:K$I2J2I!K&)$'A&#!I&)$!#$1$#:+!R$!$%K#8)$!A7$!
1&)2&A28'! 2'! K&)$'A&#! I&)$! &I)8::! A7$! K$'(B#2'$! A2A! J&92#?! &'(! I89K&)$! A7$!
$18#BA28'! 8J! :$%B&#! (298)K72:9! Q$AM$$'! B'2K&)$'A&#! &'(! Q2K&)$'A&#! :K$I2$:+!
67$!)$:B#A:!K)812($!#2AA#$!$12($'I$!8J!:$%B&#!:2D$!(298)K72:9!&'(!'8!:BKK8)A!J8)!
=)$&A$)! #$1$#:! 8J! :$%B&#! (298)K72:9!Q$2'=! &::8I2&A$(!M2A7! $'12)8'9$'A:!M2A7!
)$(BI$(! J88(! &1&2#&Q2#2A?! S#8M! )&2'J&##! &'(! #8M! #&A2AB($O+! T':A$&(! K#B9&=$!
(298)K72:9! 2:! K8:2A21$#?! &::8I2&A$(! M2A7! #&A2AB($! &'(! $18#1$:! 9BI7! 98)$!
)&K2(#?! 2'! :K$I2$:! M2A7! )$(BI$(! K&)$'A&#! I&)$-! ()21$'! Q?! I7&'=$:! 2'! 9&#$!
K#B9&=$+! 67$! )$:B#A:! :B==$:A! &! I89K#$%! 2'A$)&IA28'! Q$AM$$'! K&)$'A&#! I&)$-!
:$%B&#!:$#$IA28'!&'(!#&A2AB($!2'!A7$!$18#BA28'!8J!A7$!K$'(B#2'$!A2A!J&92#?+!!
( (
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!

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

"#$%&'! ()*+,-.)/*0! .#,#! (#1)2#(! &/! 3.#! ()11#,#24#/! 5#36##2! 3.#! /#$#/! )2!

/#4+2(&,7! /#$%&'! 4.&,&43#,/0! )/! -,#/#23! 3+! 8&,7)29! (#9,##/! )2! /#$%&''7!

,#-,+(%4)29! +,9&2)/*/! :;&2(#0! <=>?@! A&),5&),2! !"# $%&0! #(/0! B??CDE! F3! .&/!

9&,2#,#(! 3.#!&33#23)+2!+1!2&3%,&')/3/! 1+,! 4#23%,)#/!&2(! )3/! &''G-#,8&/)8#!2&3%,#!

6&/! )2/3,%*#23&'! )2! 3.#! (#8#'+-*#23! +1! H&,6)2I/! 3.#+,7! +1! /#$%&'! /#'#43)+2!

:H&,6)20!<>C<@!J+33'#,0!<=>?DE!F3!.&/!5##2!#/-#4)&''7!6#''!/3%()#(!)2!5),(/!(%#!3+!

3.#!+13#2!/.+67!2&3%,#!+1!-'%*&9#!&2(!8+4&'!()/-'&7/!-,#/#23!)2!+2#!/#$!5%3!2+3!

3.#!+3.#,!:K6#2/!L!M&,3'#70!<==>DE!M+6#8#,!3.#!/#'#43)+2!-,#//%,#/!3.&3!'#&(!3+!

&2(!*&)23&)2!/#$%&'!()*+,-.)/*!.&8#!5##2!1+%2(!3+!5#!.)9.'7!8&,)&5'#!&4,+//!

/-#4)#/E! N.#! *&)2! .7-+3.#/#/! 1)3! )23+! 36+! *&)2! 4&3#9+,)#/0! (,)8#2! 57! #)3.#,!

/#$%&'!+,!#4+'+9)4&'!-,#//%,#/E!!

!

"#$%&'! /#'#43)+2! .7-+3.#/#/! #24+*-&//! 3.+/#! &/4,)5)29! /#$%&'! ()*+,-.)/*! 3+!

+2G9+)29! /#$%&'! 4+21')43E! "#$%&'! 4+21')43! )/! 3.+%9.3! 3+! 5#! &! O#7! 1+,4#! )2! 3.#!

#8+'%3)+2! +1! /#$%&''7! /#'#43#(! 3,&)3/! :P&,O#,0! <=C=@! Q.&-*&20! R,2S8)/30! !"# $%&0!

B??TDE!R! 4+21')43! &,)/#/!6.#2! 3.#!+-3)*%*! '#8#'!+1! &! 3,&)3!()11#,/!5#36##2! 3.#!

/#$#/0!4&%/)29!&23&9+2)/3)4!4+G#8+'%3)+20!6.#,#!)2!+2#!/#$!&!3,&)3!8&'%#!4+28#7/!

&2! &(8&23&9#! 5%3! 3+! 3.#! +3.#,! 3.#! /&*#! 3,&)3! 8&'%#! )/! '#//! &(8&23&9#+%/! +,! )/!

#8#2! (#3,)*#23&'E! F3! )/! 3.+%9.3! 3.&3! 3.#! +%34+*#! +1! 3.)/! +2G9+)29! 4+21')43!

*&2)1#/3/! )3/#'1! &/! /#$%&'! ()*+,-.)/*0! 6.)4.! .&/! 3.#! &5)')37! 3+! *#()&3#! +,!

,#/+'8#! 3.#! 4+21')43! :U#(.+**#! L! Q.)--)2(&'#0! B??C@! U+2(%,)&2/O7! L!

Q.#2+6#3.0!B??=DE!

!

V4+'+9)4&'! -,#//%,#/! &,#! 3.+%9.3! 3+! #$-'&)2! /+*#! #$&*-'#/! +1! /#$%&'!

()*+,-.)/*! :".)2#0! <=>=DE! F2! /-#4)#/! 6)3.! 5,##()29! 3#,,)3+,)#/0! )23#,/#$%&'!

4+*-#3)3)+2!5#36##2!3.#!-&),!)/!')*)3#(!)1!3.#,#!)/!/#$%&'!()*+,-.)/*!)2!1##()29!

5#.&8)+%,E! A+,! #$&*-'#! /#$%&'! ()*+,-.)/*! )2! 5#&O! /)W#! )/! +13#2! &33,)5%3#(! 3+!

2)4.#!/#-&,&3)+2!5#36##2!3.#!/#$#/!6)3.!*&'#/!&2(! 1#*&'#/!#8+'8)29!()11#,#23!

()#3/! :"'&3O)20! <=>XDE! Y+,#! *+(#,2! &--,+&4.#/! &,#! 2+6! 4+*)29! 3+! 3.#!

,#&')/&3)+2!3.&3!5+3.!#4+'+9)4&'!&2(!/#$%&'!-,#//%,#/!6+,O!)2!4+24#,3!3+!-,+(%4#!

3.#!/#$%&'!()*+,-.)/*!6#!+5/#,8#!)2!3.#!2&3%,&'!6+,'(!:J,Z9#,!!"#$%&0!B?<XDE!U7!
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!

"#$%&'()! '(%'*'%$+,! -+"."! /0! ".1$+,! %'2/345'"2! 6.! -+(! 7$',%! $4! +(!
$(%.3"#+(%'()!/0!#5.!8.&!43.""$3."!#5+#!5+*.!,.%!#/!'#"!.*/,$#'/(9!
!
:5.! ;$3/4.+(! 4.(%$,'(.! #'#! .15'7'#"! /7*'/$"! ".1$+,! %'2/345'"2! '(! 4,$2+).!
#3+'#"! +(%! '"! 8(/6(! 0/3! '#"! $($"$+,! 2+#'()! "&"#.2<! %/2'(+#.%! 7&! ".=$.(#'+,!
4/,&)+2&!7&!7/#5!".1."9!:5'"!,.+%"!#/!,+3).!($27.3"!/0!%.".3#.%!(."#"!>?@ABC<!
65.3.!(.'#5.3!4+3.(#!"#+&"!#/!43/*'%.!4+3.(#+,!-+3.!>D/)E(&!!"#$%&<!FAAGC9!:5'"!
5')5! ,.*.,! /0! -,$#-5! %.".3#'/(! 5+"! ,.%! #/! %.#+',.%! 3.".+3-5! /(! #5.! $(%.3,&'()!
3.+"/("!0/3!#5'"!+7.33+(#!7.5+*'/$3!>H,..8.3!!"#$%&<!FAAIJ!KL.(#'32+'!!"#$%&<!FAAMJ!
*+(!N'O8<!PQ"LE3/"<!!"#$%&<!FARAC9!S#!'"!#5/$)5#!#5+#!-/(0,'-#!/*.3!-+3.!.14,+'("!#5'"!
$($"$+,!7.5+*'/$3J!7/#5!2+,.!+(%!0.2+,.!7.(.0'#!03/2!%.".3#'()!+(%!"#+3#'()!+!
(.6! -,$#-5! '0! #5.'3! -$33.(#! 4+3#(.3! 3.2+'("! #/! -+3.! >*+(! N'O8! !"# $%&<! FARFC9!
T/6.*.3<!4+3.(#+,!-+3.!'"!7'+".%!#/6+3%"!0.2+,."!6'#5!UAB!/0!(."#"!-+3.%!0/3!
7&!"'(),.!0.2+,."!-/24+3.%!#/!RAB!/0!(."#"!-+3.%!0/3!7&!2+,."9!V!3.-.(#!"#$%&!
5+"! 0/$(%! .*'%.(-.! #5+#! ".1$+,! %'2/345'"2! '(! +! 0+-'+,! 4,$2+).! #3+'#! '"! ,.""!
2+38.%!'(!+!7'4+3.(#+,!"4.-'."!6'#5!3.%$-.%!-/(0,'-#!/*.3!-+3.<!"$))."#'()!#5+#!
#5'"!".1$+,!%'2/345'"2!'"!+""/-'+#.%!6'#5!".1$+,!-/(0,'-#!/*.3!-+3.9!
!
W.!+'2!#/!'(-3.+".!8(/6,.%).!/0!#5.!4+3.(#+,!-+3.!"&"#.2"!'(!#5.!4.(%$,'(.!#'#!
0+2',&<! 7&! 7.5+*'/$3+,! 0'.,%! "#$%'."! +(%! #."#! #5.! '(0,$.(-.! /0! .(*'3/(2.(#+,!
*+3'+7,."!+(%!4+3.(#+,!-+3.!/(!".1$+,!%'2/345'"2!+-3/""!#5.!4.(%$,'(.!#'#"9!N$.!
#/! #5.'3! ,+3).! )./)3+45'-! 3+().! +(%! %'00.3'()! ,.*.,"! /0! ".1$+,! -/(0,'-#! #5.!
4.(%$,'(.! #'#! 0+2',&! >'!()*)+$!C!43/*'%.!+! -/(*.('.(#! "&"#.2! '(!65'-5! #/! #."#!
#5.!%'00.3'()!3/,."!/0!.-/,/)'-+,!+(%!".1$+,!".,.-#'/(!43.""$3."!/(!#5.!.*/,$#'/(!
/0!".1$+,!%'2/345'"29!T.3.!6.!%.*.,/4!+(%!#."#!$#,-).-)!43.%'-#'/("!+7/$#!#5.!
.*/,$#'/(!/0!".1$+,!%'2/345'"2!$(%.3!%'00.3'()!".,.-#'/(!43.""$3."9!S0!0/3+)'()!
('-5.! 43.""$3."! +3.! %3'*'()! ".1$+,! %'2/345'"2! 6.! 43.%'-#! #5+#! ".1$+,!
%'2/345'"2!6',,!7.!43.".(#!'(!#3+'#"!+""/-'+#.%!6'#5!0/3+)'()!+7','#&!>6'()!+(%!
7.+8! 2/345/,/)&C! >K.%%/(! !"# $%&<! FAR@C9! W.! +,"/! 43.%'-#! #5+#! )3.+#.3!
%'2/345'"2!6',,! 7.! +""/-'+#.%!6'#5! ,.""! 43/%$-#'*.! .(*'3/(2.(#"9! :5'"! "#$%&!
+""/-'+#."! ,/6! 43/%$-#'*'#&! 6'#5! .(*'3/(2.(#"! ,+-8'()! 3+'(0+,,! +(%! +,"/! 6'#5!
#5/".! +#! ,/6.3! ,+#'#$%."9! H/#5! 3+'(0+,,! +(%! ,+#'#$%.! +3.! 8(/6(! #/! 5+*.! ,+3).!
'24+-#"! /(! 0//%! +*+',+7','#&! '(! 7'3%"! >X+-8<! RYIZJ! P+3#'(<! RYGMJ! D3."#/(! [!
\/#.(7.33&<! FAAUC9! S#! '"! 43.%'-#.%! #5+#! #5.! 0.6.3! %+&,')5#! 5/$3"<! +#! ,/6.3!
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!

"#$%$&'()*! +,-.%'()! #! "#,/(! 0-1)$,#%1$! $-! 2,--'! +,-.%)%-1%1/3! 4$&'%()! "%15%1/!

6%/6(,! ,#%17#""! "(.(")!8%$6! %10,(#)('!+,-'&0$%.%$9*! ()+(0%#""9! #$! "-8(,! "#$%$&'()!

#")-!)&//()$)! $6%)!0-&"'!6#.(!#! "#,/(!(77(0$!-1! 7--'!#.#%"#2%"%$9! :4%10"#%,*!;<=>?!

@(+#/(!A!@"-9'*!BCCD?!E++("!!"#$%&*!BC;FG3!

!

H-8(.(,*! %7! )(I&#"! 0-17"%0$! -.(,! 0#,(! %)! ',%.%1/! )(I&#"!'%J-,+6%)J!8(!+,('%0$!

$6#$! $,#%$)! #))-0%#$('! 8%$6! J#$(! #$$,#0$%-1! :+"&J#/(G! )6-8! /,(#$(,! )(I&#"!

'%J-,+6%)J!%1!)+(0%()!8%$6!%10,(#)('!0-17"%0$!-.(,!0#,(3!K6(!1-1L0#,%1/!)(I!%)!

+,('%0$('! $-! 2(! &1'(,! %10,(#)('! "(.(")! -7! )(I&#"! )("(0$%-1! '&(! $-! %10,(#)('!

06--)%1())! 29! $6(! 0#,%1/! )(I3! K6&)! ,#+%'! (.-"&$%-1! %1! +"&J#/(! )(I&#"!

'%J-,+6%)J! %)!+,('%0$('! %1!&1%+#,(1$#"! )+(0%()!',%.(1!29!06#1/()! $-! $6(!1-1L

0#,%1/!)(I!:&)&#""9!J#"()!%1!$6(!+(1'&"%1(!$%$G3!

!

M(! $6&)! #%J! $-! '()0,%2(! $6(! '($#%"('! +#,(1$#"! 0#,(! 2(6#.%-&,! -7! #! ,#1/(! -7!

+(1'&"%1(! $%$! +-+&"#$%-1)! #1'! (I+"-,(! $6(! (.-"&$%-1! -7! )(I&#"! '%J-,+6%)J!

8%$6%1! $6%)! /,-&+3! M(! $()$! $6(! (77(0$! $6#$! +#,(1$#"! 0#,(! #1'! (1.%,-1J(1$#"!

'%77(,(10()!6#.(!-1! $6(!(.-"&$%-1!-7!)(I&#"!'%J-,+6%)J! %1!2-$6!2-'9!)%N(!#1'!

+"&J#/(! $,#%$)3! K6%)! /,-&+! 6#)! #! 8%'(! '%)$,%2&$%-1*! #0,-))! D! 0-1$%1(1$)*!

)+#11%1/!#!"#,/(!,#1/(!-7!(1.%,-1J(1$)!#1'!(I6%2%$%1/!"#,/(!.#,%($9!%1!+#,(1$#"!

0#,(!2(6#.%-&,*!#1'!$6&)!+,-.%'(!#!)&%$#2"(!)9)$(J!%1!86%06!$-!$()$!%'(#)!-1!$6(!

(.-"&$%-1!-7!)(I&#"!'%J-,+6%)J3!

!

! !
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!

!"#$%&'(
!

"#$%&'($#! )()! *+#,(-#$*!&*#%! ($! ).(*! *)&%/!01#! 213-! ).#!-&*#&-!,3''#,)(3$!0)!

).#!41()(*.!50)&10'!6(*)31/!7&*#&-!0$%!213-!2(#'%8319!,3$%&,)#%!).13&:.3&)!

;&10*(0! 0$%! ($! <3&).!=21(,0!%&1($:! ).#! /#01*! >??@A>??BC!=''! D>!-3$3+./'#)(,!

*+#,(#*!8().($!).#!+#$%&'($#!)()!20-('/!E!"#$%$&'"F!.0G#!H##$!*0-+'#%!E*+#,(#*!

0,,31%($:! )3! +./'3:#$/! ($! I.0+)#1! DFC! J2! ).#! KD! *&H*+#,(#*! %#*,1(H#%! H/!

E60110+!L!M&($$N!DOOPFN!>?!.0G#!H##$!3H)0($#%!231!-31+.3-#)1(,!0$0'/*(*!213-!

0,13**!).#!:'3H0'!%(*)1(H&)(3$!32!).#!+#$%&'($#!)()!20-('/C!

!

()*+,-".*/

!

Q.#!+./'3:#$/!&*#%!)3!*)&%/!).#!#G3'&)(3$01/!10)#*!32!*#R&0'!%(-31+.(*-!($!).#!

+#$%&'($#!)()*!80*!+13%&,#%!&*($:!).#!S4;=<Q!+13:10-!0*!3&)'($#%!($!I.0+)#1!

DC! Q.(*! (*! 0! 40/#*(0$! -#).3%N! 8.(,.! ($2#1*! *+#,(#*! )1##*! &*($:! -&')(+'#! :#$#!

*#T&#$,#*C! Q.(*! +./'3:#$/! 80*! ,1#0)#%! &*($:! U! :#$#! *#T&#$,#*! 213-! 0''! D>!

*+#,(#*! 32! ).#! +#$%&'($#! )()*! ($,'&%($:! *&H*+#,(#*! 0$%! @! +0**#1($#! 3&):13&+*N!

).#!('0$&'"N!1,02$&'"!0$%!3*0'..$&'"!!E*##!V(:&1#!@CDFC!
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!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
"#$%&'!()*)!$%&'()*+&!,+-*..*/!0&!1%*!234567!8(9'*:8*+1!9;;.(98%!/*19,'*/!,+!<%9;1*.!=>!?(/*!'90*':!/*+(1*!1%*!;(:1*.,(.!;.(090,',1,*:@!(+'&!1%(:*!(A*.!#B!9.*!
:%(C+>!7,;!'90*':!9.*!8('(D.!8(/*/!988(./,+)!1(!)*+*.9!EF*/!G!!"#$%@!3'D*!G!&'()*+,*-.+!9+/!H.**+!G!&./$-0/.+I>!

0.0090

Remiz pendulinus pendulinus

Tyrannidae

Anthoscopus minutus damarensis

Auriparus flaviceps

Anthoscopus parvulus senegalensis

Anthoscopus caroli ansorgei

Anthoscopus minutus gigi

Anthoscopus caroli robertsi

Paridae

Remiz pendulinus menzbieri

Anthoscopus caroli sylviella

Anthoscopus parvulus parvulus

Anthoscopus musculus

Anthoscopus caroli taruensis

Remiz coronatus coronatus

Anthoscopus punctifrons

Remiz macronyx ssaposhnikowi

Remiz consobrinus

Anthoscopus flavifrons

Anthoscopus caroli rhodesiae

Corvidae

Remiz coronatus stoliczkae

Remiz pendulinus caspius

Remiz macronyx macronyx

100 

100 

100 

100 

100 

100 

100 

100 

100 

82 

100 

100 

97 

99 

82 

100 100 

98 

98 
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!

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

!

"#$! %&! #'! ()*! %+! ,-.,/*01*,! -,*2! 13! ()*! 456*3*! /)78#6*37! 9*! 0#88*0(*2!

:#$/)#:*($10!2;(;!'$#:!.#()!,*<*,=!-,136!;!0#:.13;(1#3!#'!:-,*-:!,/*01:*3,!

>?$1(1,)! @;(-$;8! A1,(#$7! B-,*-:C! ;32! 1321D12-;8,! :1,(53*((*2! 13! 9182!

/#/-8;(1#3,E! F)*,*! 1308-2*2! ()$**! .#27! ,1G*! ($;1(,! >$16)(! 9136! 8*36()=! .*;H!

8*36()! ;32! .*;H! )*16)(C! 9)10)! ;$*! #'(*3! ;,,#01;(*2! 91()! *0#8#610;8! ,*8*0(1#3!

/$*,,-$*,!13!/;,,*$13*,!>I$;3(!J!I$;3(=!+KKLM!N;912*1(!"0'%&1=!%&&KC=!;32!()$**!

/8-:;6*!:*;,-$*:*3(,!>;$*;!#'!:*8;313!.;,*2!';0*5:;,H=!0#3($;,(!.*(9**3!()*!

';0*! :;,H! ;32! 0$#93! '*;()*$,! ;32! ()*! 0#8#-$! ,;(-$;(1#3! #'! :;3(8*! /8-:;6*C!

6*3*$;887! ;,,#01;(*2! 91()! ,*<-;8! ,*8*0(1#3! /$*,,-$*,! 13! /;,,*$13*,! 91()!

*D12*30*!'#$!'*:;8*!/$*'*$*30*!'#$!8;$6*!:;,H!,1G*!13!()*!O-$#/*;3!/*32-813*!(1(!

>P32*$,,#3!J! Q9;,;=! +KKRM! S#6T37!J! UGVH*87=! %&&WM! X136:;! "0'%&1=! %&&YCE! P88!

:-,*-:! :*;,-$*:*3(,! 9*$*! (;H*3! .7! PN?! ;32! ()*! 81D*! ,/*01:*3!

:*;,-$*:*3(,!.7!ZDN=!U?=!PS!;32!PN?E!F)*!,*<!#'!*D*$7! 1321D12-;8!:*;,-$*2!

9;,! 2*(*$:13*2! .7! 21,,*0(1#3! '#$! ()*!:-,*-:! ,;:/8*,! ;(! (1:*! #'! 0;/(-$*! ;,!

3#(*2!#3!()*!,/*01:*3!8;.*8,!;32!'#$!()*!81D*!,/*01:*3,!.*);D1#-$!;32!/8-:;6*!

($;1(,!9*$*!-,*2!(#!21''*$*3(1;(*!()*!,*<!#'!:;(136!/;1$,E!

!

[136! 8*36()! 9;,! :*;,-$*2! '$#:! ()*! 0;$/;8! \#13(! (#! ()*! (1/! #'! ()*! 8#36*,(!

/$1:;$7! 91()! ()*! 9136! 0)#$2! '8;((*3*2! ;32! ,($;16)(*3*2E! ?*;H! 8*36()! 9;,!

:*;,-$*2!#3!()*!$16)(!,12*!#'! ()*!.1$2! '$#:!()*!;3(*$1#$!*26*!#'! ()*!3#,($18! (#!

()*!(1/!#'!()*!-//*$!:;321.8*!;32!()*!.*;H!)*16)(!9;,!:*;,-$*2!-,136!D*$31*$!

0;81/*$,!;(!()*!/#13(!#'!'*;()*$136!#3!()*!-//*$!:;321.8*E!

!

F)*! ,1G*! #'! ()*!:*8;313! .;,*2! )*;2! #$3;:*3(! 9;,! 0;80-8;(*2! '#$! ;! ,-.,*(! #'!

1321D12-;8! /*32-813*! (1(,! '$#:! *;0)! /#/-8;(1#3E! F)*! :*8;313! .;,*2! )*;2!

#$3;:*3(! 0#3,1,(,! #'! ;! .8;0H! :;,H! ,(;$(136! ;(! ()*! .*;H! ;32! *<(*32136!

.;0H9;$2,! ;$#-32! ()*! *7*,! ;32! )*;2! >,**! "16-$*! LE%CE! P88! .1$2,! );2! ()$**!

/)#(#,!(;H*3!#'!.#()!()*!$16)(!;32!()*!8*'(!,12*!#'!()*1$!)*;2=!91()!;!X#2;H!Z%W!

6$*7!0;$2!;32!;!+&&::!$-8*$!13!()*!.;0H6$#-32E!F)*!6$*7!0;$2!9;,!-,*2!(#!,*(!

()*!6$*7!/#13(!#'!*D*$7!/)#(#! (#! 0#3($#8! '#$!21''*$*30*,! 13! 816)(! 0#321(1#3,E!P88!

/)#(#,!9*$*! (;H*3! ;(!]+&0:!21,(;30*! '$#:! ()*!.1$2E!F)*,*!/)#(#,!9*$*! ()*3!
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!

"#$%&$'&()*&! +"(%,! #-*! .'**/0! $1$(/$2/*! 3-4#4,'$3-(5! "4.#6$'*! 789:! ;<=!

>-##3?@@666<,(A3<4',@B! 4'! :-4#4"-43! 1! C<D<! E-*! %+A2*'! 4.! 3(F*/"! (%! $! G5A;!

$'*$! 4.! #-*! 3-4#4! 6$"! 5$/5+/$#*&! +"(%,! #-*! '+/*'<! E-*! $'*$! 4.! #-*! A*/$%(%!

3/+A$,*!#'$(#!6$"!A*$"+'*&!+"(%,!#-*!H.+))0!"*/*5#I!#44/J!6-(5-!"*/*5#"!$//!3(F*/"!

4.!$!"(A(/$'!54/4+'! #4! #-*!4%*!-(,-/(,-#*&J! #-+"!"*/*5#(%,!$//! #-*!2/$5K!3(F*/"! (%!

5/4"*! 3'4F(A(#0<! E-*! $'*$! 4.! #-*! *0*! 6$"! (%5/+&*&! (%! #-("! "*/*5#(4%! $%&! $%0!

$2*''$%#! 3(F*/"J! "+5-! $"! #-*! 2*$K!6*'*! *F5/+&*&! .'4A! #-*! "*/*5#(4%! +"(%,! #-*!

H.'**!"*/*5#I!#44/<!E-*!%+A2*'!4.!3(F*/"!(%!#-*!"*/*5#*&!'*,(4%!6$"!5$/5+/$#*&J!$%&!

#-("!$/4%,!6(#-!#-*!%+A2*'!4.!3(F*/"!(%!$!G5A;!'*,(4%!$//46*&!+"!#4!5$/5+/$#*!#-*!

$'*$!4.! #-*!A*/$%(%!4'%$A*%#! (%!5A;<!E-("!6$"!'*3*$#*&!4%!*$5-!3-4#4!,(1(%,!

#-'**!A*$"+'*"!.4'!*$5-!"(&*!4.!#-*!-*$&!.'4A!6-(5-!#-*!A*$%"!6*'*!5$/5+/$#*&<!

!

E-*! 54%#'$"#! (%! 2'(,-#%*""! 2*#6**%! #-*! A$"K! $%&! 5'46%! .*$#-*'"! 6$"! $/"4!

5$/5+/$#*&! +"(%,! 789:! 4'! :-4#4"-43<! E-*! $1*'$,*! '*&J! ,'**%! $%&! 2/+*! >L7MB!

1$/+*"!4.!#-*!A$"K!3(F*/"!6*'*!5$/5+/$#*&!(%!#-*!3-4#4,'$3-(5!"4.#6$'*!$%&!#-*%!

$!D<;AA;!$'*$!4.! #-*!5'46%!.*$#-*'"! N+"#!$241*!#-*!*0*!6*'*!"*/*5#*&!$%&!#-*!

$1*'$,*! L7M! 1$/+*"! $/"4! '*54'&*&! .4'! #-("! $'*$<! O*! P+$%#(.(*&! 54%#'$"#! (%!

2'(,-#%*""! 2*#6**%! A$"K! $%&! 5'46%! +"(%,! #-*! Q8RSTM! 54/4+'U&(..*'*%5*!

*P+$#(4%! (%!M$2*/Q4/4'V!Q4/4'!E'$%"/$#4'! $%&!T%$/0)*'! 1! W<G<G! +"(%,! #-*!L7M!

1$/+*"!42#$(%*&!.'4A!#-*!3-4#4,'$3-(5!"4.#6$'*<!

!

E-*!(%#*%"(#0!4.!54/4+'!(%!#-*!A$%#/*!.*$#-*'"!6$"!*"#(A$#*&!20!5$/5+/$#(%,!#-*!

&*,'**!4.!54/4+'!"$#+'$#(4%!(%!#-*!A$%#/*<!X$#+'$#(4%J!$!A*$"+'*!4.!(%#*%"(#0!$%&!
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$:-)'2+-0!2#(0!2#-%$!+0!2$,/$.(2$!.$8+-0%!DS-9!)(2+2'*$!Y!U!K6KHHA!Z@!U!\6@GA!/!U!

K6KKVA!"(4)$!565A!P+8'.$!56LN6!T$&'()!%+=$!*+,-./#+%,!*+*!0-2!$:-):$!%+80+3+1(02)<!
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!"#$%&'()(!"#$$%&'!()!*%+%!)(&!,%-.!/#0/1,-2,/!()!1,3*#423,!+2+!#/,*!23!+.2/!/+#*'5!23-4#*236!/,7#%4!*2$(&1.2/$!23*2-,/5!,382&(3$,3+%4!8%&2%04,/!
%3*!1%&,3+%4!-%&,!/'/+,$/9!
!
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&
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<00=&
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?&#"%9%&
@*9A&01/"%&
)1;*#2&

#&#"%9%&
&
&

B"%9&;"C";"#)"&
&
&

!"#$%&& '"()*+$(*,& #"(%-$".$& DEFGHHGIJKL& FEMIGJHHFJL& JM& JKM& >4#C/*)9& N& N& N&
!"#$%&& '"()*+$(*,& '"()*+$(*,& FEIDOIGFKOI& NFELIOOFFKLG& HK& LMO& >4#C/*)9& DG& HFH& .421#6&"9&1/E&IFFO&
!"#$%&& '"()*+$(*,& /0,'$*,& FEDLFHIHDOO& NFEHDDOIHHDJ& HK& LHK& >4#C/*)9& N& N& N&
!"#$%&& #0/.1(23& #0/.1(23& NFEOFOKIJFIK& NFEDHOIMLDKI& HI& DIL& >4#C/*)9& N& N& N&
!"#$%&& #0/.1(23& ,,0'1,4($516$& DEOHDMMMGJG& IEFDFJDGILK& HL& JKD& >4#C/*)9& N& N& N&
!"#$%& /1.1(07*,& /1.1(07*,& FEMLDDJHGJJ& NDEFLHJHDHIL& JO& JDL& >44(";19*P"& OH& DO& QA*%&%9$56&
!"#$%& /1.1(07*,& ,71+$/5%50"& DEFJGGMHODI& FEILFDGLFID& HG& IOJ& >4#C/*)9& IG& DH& QA*%&%9$56&
!"#$%& /1(,1-.$(*,& /1(,1-.$(*,& FEMHMJGJOOL& FEFJKGFFLM& HK& HHL& >4#C/*)9& F& DK& QA*%&%9$56&
8(741,/1'*,&& '0.9*+*,& '0.9*+*,& B:& B:& DI& LJO& >44(";19*P"& N& N& N&
8(741,/1'*,&& '0.9*+*,& ,"(":0+"(,$,& FEDODMKDKIL& DEGKIDMJJG& DI& OMO& >44(";19*P"& N& N& N&
8(741,/1'*,&& #$(*7*,& :$:$& NFEKDJLGIHLG& NFEIDHFJFJLD& JI& JML& >44(";19*P"& DFF& ID& QA*%&%9$56&
8(741,/1'*,&& #$(*7*,& )0#0."(,$,& NFEOMMFMGHK& NFEFKFHOMKGG& IJ& LDK& >44(";19*P"& N& N& N&
8(741,/1'*,&& ;+09$;.1(,& ;+09$;.1(,& NFEJGHFDIIKK& NFEDMJFIKKLD& J& DHKO& >44(";19*P"& N& N& N&
8(741,/1'*,&& '*(/7$;.1(,& '*(/7$;.1(,& NFEHKMLKIJII& NFEIMIGOKHDM& DH& HDL& >44(";19*P"& N& N& N&
8(741,/1'*,&& #*,/*+*,& #*,/*+*,& NFEMOJLKJHJM& NFEDMLJDDIIK& H& MDG& >44(";19*P"& N& N& N&
8(741,/1'*,& /0.1+$& 70.*"(,$,& NFEHOFFHKJIL& FEFKJKKMHGL& L& DFFL& >44(";19*P"& N& N& N&
8(741,/1'*,&& /0.1+$& ,2+9$"++0& NFEJGHDIJJIM& FELFHGMFILD& M& GHK& >44(";19*P"& N& N& N&
8(741,/1'*,&& /0.1+$& 0(,1.:"$& FEFLMKHMOHG& NFEFHOFFHHML& DF& DIHF& >44(";19*P"& N& N& N&
8(741,/1'*,&& /0.1+$& .1-".7,$& NFEFLLMMLFKM& NFELDHIIIOHO& DL& GKK& >44(";19*P"& N& N& N&
8(741,/1'*,&& /0.1+$& .41)",$0"& NFEIDMOOGJDJ& FEFFOLDFLIL& G& DDJD& >44(";19*P"& N& N& N&
8*.$'0.*,& ;+09$/"',& N& NFEKGDLDOHLK& FEDJGIOOMJO& JD& IHG& >44(";19*P"& DFF& IF& Q16/4;&DGKF&
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Evolutionary rates of Uniparental Remizidae (95% C.I.)
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Evolutionary rates of Low latitude Remizidae (95% C.I.)
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!"#$%&'('(!"#$$%&'!()!*+,*+,!%-%.'/0/!1($2%&3-4!560!07(.#53(-!()!8!5&%35/!905:00-!5:(!2%&5/!()!560!20-;#.3-0!535!26'.(40-'<!,60!26'.(40-'!:%/!
/2.35!9'!03560&!2%&0-5%.!1%&0!906%73(#&=!.%535#;0!(&!&%3-)%..!90)(&0!%-%.'/3/!%-;!(-0!2%&5!()!560!26'.(40-'!:%/!1(-/5&%3-0;!5(!%-!07(.#53(-%&'!&%50!>?@!
()!A<!B!(&!BB!;0-(50!/34-3)31%-5!;3))0&0-10/!3-!560!07(.#53(-%&'!&%50!905:00-!560!5:(!2%&5/!()!560!26'.(40-'!)(&!560!&0/2015370!5&%35<!
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,&%35!

!
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?!

!
CD!

!
2!

!
E!

F%&0-5%.!1%&0! G32%&0-5%.!1%&0!60.;!%5!A! ! ! !
!"#$%&'#()*+#,-# ./012034# 5/2151.04# 5/6.42232# 5#
$"#789+#$%&'#()*+# 4/00616# 5/.63406.# 5/0.13:62# 5#
;"#<+=89+#$%&'#()*+# 4/6.0336# 5/50.2>1>3# 5/1541313# 5#
-"#?9@=8A+#,-# 44/45..:# >/22352:# 5/553026543BB# 5#
C"#789+#?9@=8A+# 0/:56>61# 3/6.:24># 5/56>:6042B# 5#
<"#<+=89+#?9@=8A+# 3/1>1:>:# ./15.0>0# 5/52345>46# 5#
H%535#;0! I346!.%535#;0!60.;!%5!A! ! ! !
!"#$%&'#()*+#,-# 5/:44051.# 5/6:54026# 5/::354>6# 5#
$"#789+#$%&'#()*+# 5/5221511># 5/2.0>:61# 5/66:>5>2# 5/2>45:.#
;"#<+=89+#$%&'#()*+# 5/43>:110# ./:>235.# 5/451.0.0# 5/2>:::60#
-"#?9@=8A+#,-# 5/50:253::# 1/.2500.# 5/55621323>BB# 5/:332532#
C"#789+#?9@=8A+# 5/34::2:3# 5/2445.60# 5/662136# 5/>6>5:.3#
<"#<+=89+#?9@=8A+# 5/316.12:# 6/>31020# 5/5:.131>6# 5/01.>434#
! ! ! ! !
&

JD!
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"#$%! $%! &#'! ($)%&! %&*+,! &-! $.(')! &#'! '/-0*&$-.1),! #$%&-),! -(! &)1$&%! 2$&#$.! &#'!

3'.+*0$.'! &$&! (14$0,! 5!"#$%$&'"67! "#'! )'%*0&%! %*88'%&! &#1&! *.$31)'.&10! 91)'!

'/-0/'+!-.9'! $.! &#$%!8)-*3:!2$&#$.! &#'!!"#$%! 8'.*%!%--.!1(&')! &#'$)! %30$&! ()-4!

&#'! ()*+,-.,/0-7! ;'! #1/'! -<%')/'+! -.'! &)1.%$&$-.! <19=! &-! 1! <$31)'.&10! 91)'!

%,%&'4!2$&#$.!&#'!!"#$%1.,2,)'*0-1.,2,)'*0-!%*<%3'9$'%7!"#*%!+$/')%$&,!$.!91)'!

21%! -<%')/'+! $.! &#'! !"#$%:! #-2'/')! 2'! 2')'! *.1<0'! &-! 81$.! +'&1$0'+!

<'#1/$-*)10!-<%')/1&$-.%!19)-%%!()*+,-.,/0-:!&#$%!2-*0+!<'!1!3)$-)$&,!(-)!(*&*)'!

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

%&)'.8&#'.!&#'!9-431)1&$/'!133)-19#7!

!

"#'!.$9#'!+$((')'.&$1&$-.!#,3-&#'%$%!(-)!%'>*10!+$4-)3#$%4!21%!.-&!%*33-)&'+!

<,! &#'! )'%*0&%7! ?'>*10! +$4-)3#$%4! $.!<-+,! %$@'! &)1$&%!21%!.-&! 1%%-9$1&'+!2$&#!

1.,! -(! &#'! /1)$1<0'%! &'%&'+! 501&$&*+':! )1$.(100! -)! 31)'.&10! 91)'67! A'03')%! 1&! &#'!

.'%&! #1/'! <''.! -<%')/'+! $.! %-4'! 3'.+*0$.'! &$&! %3'9$'%! 1&! 0-2! 01&$&*+'%! %-!

3')#13%! &#$%! <'#1/$-*)! #1%! '/-0/'+! $.! )'%3-.%'! &-! )'+*9'+! (--+! 1/1$01<$0$&,!

)1&#')! &#1.! +$((')$.8! +$'&%! <'&2''.! &#'! %'>'%7! B$((')$.8! (-)18$.8! <'#1/$-*)!

)1&#')!&#1.!<-+,!%$@'!4$8#&!10%-! 0'1+!&-!+$'&!+$((')'.9'%:!&#*%!(*)&#')!2-)=!-.!

(-)18$.8! <'#1/$-*)%! -)! +'&1$0'+! 1.10,%$%! -(! +$'&! ()-4! (1'910! %1430'%! 9-*0+! <'!

*%'+! &-! 1%%'%%!2#'&#')! &#')'! 1)'! %'>*10! +$((')'.9'%! $.! (-)18$.8! .$9#'%! $.! &#'!

(*&*)'7!

!

C-! %$8.$($91.&! )'01&$-.%#$3! <'&2''.! %'>*10! +$4-)3#$%4! $.! 30*418'! &)1$&%! 1.+!

&#'! &#)''!/1)$1<0'%! 5D1&$&*+':!E1$.(100!1.+!91)'6!21%!)'/'10'+7!F.'>3'9&'+0,:!1!

3-%$&$/'!&)'.+!#$.&%!1&!8)'1&')!30*418'!+$4-)3#$%4!2$&#!$.9)'1%$.8!01&$&*+'7!G%!

&#'!*.$31)'.&10!%3'9$'%!2')'!(-*.+!&-!$.#1<$&!#$8#')!01&$&*+'%!$&!$%!.-&!3-%%$<0'!

&-! +$%&$.8*$%#! 2#'&#')! &#'! %'>*10! 30*418'! +$4-)3#$%4! $%! 91*%'+! +$)'9&0,! <,!

'./$)-.4'.&10! /1)$1<0'%! 1%%-9$1&'+! 2$&#! 01&$&*+'! -)! 3')#13%! $.+$)'9&0,! <,!

'./$)-.4'.&10! '(('9&%! -.! 31)'.&10! 91)'! <'#1/$-*)%7! G! 8)'1&')! .*4<')! 1.+!

+$/')%$&,!-(! %3'9$'%! $%! )'H*$)'+! &-!+$%'.&1.80'! &#'%'! 9-43'&$.8!#,3-&#'%'%7! !G!

8)'1&')! .*4<')! -(! %3'9$'%! 2$&#! +'&1$0'+! 31)'.&10! 91)'! +1&1! $%! )'H*$)'+! -)! 1!

%&*+,! 19)-%%! 3-3*01&$-.%! 2$&#$.! -.'! %3'9$'%:! %*9#! 1%! &#'! ;#$&'I9)-2.'+!
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"#$%&'($#!)()!*!"#$%&'()(*+,-.+,!-.&'%!/#!($0.123)(4#5!67#!-.$)138)($9!'#4#'8!.0!

23'#!-31#!($!)7#!):.!"."&'3)(.$8!.0!)7(8!8"#-(#8!($%(-3)#8!3!%(4#18();!($!"31#$)3'!

-31#!)73)!-.&'%!/#!&8#%!).!8#"313)#!)7#!-.2"#)($9!7;".)7#8#8!0.1!)7#!#4.'&)(.$!

.0!8#<&3'!%(2.1"7(825!

!

=! 2.1#! 1#0($#%! 8-3'#! :()7($! 3! 8($9'#! 8"#-(#8! -.&'%! 3'8.! /#))#1! )3->'#! )7#!

($0'&#$-#!.0! 13($03''! 3$%! '3)()&%#!.$! )7#! 0'#<(/('();!.0!"31#$)3'! -31#!/#734(.&185!

?3($03''!3$%!'3)()&%#!0.1!#3-7!8&/8"#-(#8!:#1#!%#)#12($#%!($!3!4#1;!/1.3%!:3;!

)73)!%.#8!$.)!-.$)1.'!0.1!%(00#1#$-#8!($!13$9#!8(@#!.1!%(00#1($9!-'(23)#!431(3/('();!

:()7($! #3-7! 8&/8"#-(#85! =! 0&)&1#! 3""1.3-7! -.&'%! ($-.1".13)#! 8(2&')3$#.&8!

2#38&1#8!.0!-'(23)#!3$%!"31#$)3'!-31#!/#734(.&1!($!2&')("'#!"."&'3)(.$8!:()7($!

8"#-(#8! 3$%! 3-1.88! ;#3185! =! /#))#1! &$%#18)3$%($9! .0! )7#! 0'#<(/('();! .0! "31#$)3'!

-31#! /#734(.&1! (8! 4()3'! ).! #<"'.1($9! )7#! #4.'&)(.$31;! #00#-)! .0! #$4(1.$2#$)3'!

8#'#-)(.$!"1#88&1#85!

!

=8! &$("31#$)3'! -31#! 738! .$';! 31(8#$! .$-#! ($! )7#! 7(8).1;! .0! )7#! "#$%&'($#! )()8!

:.1>! (8!$##%#%! ).!#<"3$%! )7#!$&2/#1!.0!34(3$!91.&"8! 0.1! 0&)&1#!-.2"313)(4#!

3$3';8#8! ($! .1%#1! ).! ($-.1".13)#! 3%%()(.$3'! )13$8()(.$8! ).! &$("31#$)3'! -31#5!

A<"#1(2#$)8!23$("&'3)($9!0..%!343('3/('();!.1!3$!($B%#")7!8)&%;!.0!)7#!1#38.$8!

0.1! )7#! 431(3/('();! ./8#14#%! :()7($! )7#! C7()#B-1.:$#%! "#$%&'($#! )()! -.&'%!

%(8#$)3$9'#! )7#! -.2"#)($9! 431(3/'#85! 67(8! 8)&%;! &8#%! ):.! #$4(1.$2#$)3'!

431(3/'#8! )73)! 31#! "31)(-&'31';! (2".1)3$)! 0.1! 0..%! 343('3/('();! *D3->,! EFGHI!

J31)($,!EFKLI!M1#8).$!N!?.)#$/#11;,!OPPQ+5!D3)()&%#!%#)#12($#8!)7#!$&2/#1!.0!

%3;'(97)! 7.&18! %&1($9! )7#! /1##%($9! 8#38.$,! 38! )7(8! ($-1#38#8! :()7! '3)()&%#! ()!

-.&'%! /#! )7#! -38#! )73)! ($-1#38#%! "1.%&-)(4();! 3$%! 0.139($9! )(2#! 23>#8! ()!

".88(/'#!0.1!.$#!/(1%!).!"1.4(%#!#$.&97!0..%!0.1!)7#!/1..%!*A43$8!",&+/0,!OPPF+,!

388&2($9!)73)!.)7#1!-.$8)13($)8!'(2()!3$!388.-(3)#%!($-1#38#!($!-'&)-7!8(@#5!67&8!

)7#!1#38.$!)73)!8#<&3'!%(2.1"7(82!-.11#'3)#8!:()7!'3)()&%#!-.&'%!/#!/#-3&8#!.0!

3! '3)()&%($3'! #00#-)! .$! "31#$)3'! -31#5! 67(8! -.&'%! #<"'3($! :7;! 13($03'',! 3'8.!

388.-(3)#%!:()7! ($-1#38#%! "1.%&-)(4();! *R($-'3(1,! EFLKI! D#"39#!N! D'.;%,! OPPHI!

S""#'!",&+/0,!OPET+,!%.#8!$.)!87.:!)7#!832#!-.11#'3)(.$!:()7!8#<&3'!%(2.1"7(825!

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

.-+%$*&$1! &$4'*(! &$($+).,-! 0%$&&'%$! 2%,3! )#$! +*%.-5! &$46! 7*0.1! $8,(').,-! ,2!

0('3*5$! 1.3,%0#.&3! /*&! 2,'-1! .-! )#$! '-.0*%$-)*(! &0$+.$&! +,30*%$1! ),! )#$!

+,,0$%*).8$!0*%$-)*(!+*%$!5%,'0&6!9$!*(&,!&#,/!)#*)!)#.&!%$(*).,-&#.0!.&!1%.8$-!

:;!&$($+).,-!,-!3*($!0('3*5$<!+,-&.&)$-)!/.)#!.-+%$*&$1!&$4'*(!&$($+).,-!1%.8.-5!

)#$!0('3*5$!1.3,%0#.&3!*-1!-,)!&$($+).,-!,-!2$3*($&!*&&,+.*)$1!/.)#!*!+#*-5$!

.-!0*%$-)*(!+*%$!1$3*-1&6!9$!*(&,!2,'-1!)#.&!&*3$!%*0.1!$8,(').,-!.-!&0$+.$&!*)!

#.5#$%!(*).)'1$&<!$40$+)$1!.2!0*%$-)*(!+*%$!*-1!(*).)'1$!*%$!+,%%$(*)$16!=,/$8$%!

*&!3$-).,-$1! 0%$8.,'&(;! /$! *%$! '-*:($! ),! )$*&$! ,')! )#$! +*'&*).8$! *5$-)&! 2,%!

)#$&$!,:&$%8$1!0*))$%-&6!"#$!&*3$!%$(*).,-&#.0!/*&!-,)!2,'-1!/.)#!&$4'*(!&.>$!

1.3,%0#.&3<!)#.&!.&!+,-&.&)$-)!/.)#!)#$!0%$1.+).,-!)#*)!&.>$!)%*.)&!*%$!3,%$!(.?$(;!

*&&,+.*)$1! /.)#! $-8.%,-3$-)*(! &$($+).,-! 0%$&&'%$&! .-! 0*&&$%.-$&! @A.($&! B!

7.+?($2&<!CDEFG!H%*-)!B!H%*-)<!IJJIG!K*/.1$.)!!"#$%&<!IJJDL6!

!

=,/$8$%! /$! *%$! '-*:($! ),! %'($! ,')! )#$! 0,&&.:.(.);! )#*)! ,)#$%! 8*%.*:($&!

*&&,+.*)$1!/.)#!(*).)'1$!+,'(1!:$!1%.8.-5!,'%!%$&'()&6!M4)$-&.8$!2')'%$!/,%?!/.((!

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

+,-2(.+)!,8$%!+*%$!.-!)#$!0$-1'(.-$!).)&!:')!/$!-,/!?-,/!)#*)!.)!$8,(8$1!$*%(;!.-!

)#$! $8,(').,-*%;! #.&),%;! ,2! )#$! '!()*! 5$-'&! *-1! .&! +'%%$-)(;! 3*.-)*.-$1! ),!

8*%;.-5! 1$5%$$&! )#%,'5#,')! )#$! '!()*! 5%,'0! /.)#! ,-$! &':&0$+.$&! #*8.-5!

%$8$%)$1! ),! :.0*%$-)*(! +*%$6! O-! 1$0)#! :$#*8.,'%*(! &)'1.$&! ,-! 2'%)#$%! P2%.+*-!

0$-1'(.-$! ).)&! /.((! :$! +%.).+*(! ),! *&+$%)*.-! )#$! 8*%.*).,-! .-! )#$! 1$5%$$&! ,2!

+,,0$%*).8$!0*%$-)*(!+*%$!&;&)$3&!.-!)#$!+,"-./0.12/!5$-'&6!

!

Q'%!%$&'()&!.-!)#$!0$-1'(.-$!).)&!+,30($3$-)!*!%$+$-)!&)'1;!,-!)#$!$8,(').,-!,2!

&$4'*(!1.3,%0#.&3! .-!0*&&$%.-$&<!/#.+#!%$8$*($1!%*0.1!1.8$%&.2.+*).,-!,2!3*($!

0('3*5$!)%*.)&!'-1$%!#.5#$%!&$4'*(!&$($+).,-!0%$&&'%$!@R$11,-!!"#$%&<!IJCSL6!"#$!

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

%*0.1!1.8$%&.2.+*).,-!,2!(.-$*5$&!/.)#!#.5#!($8$(&!,2!&$4'*(!&$($+).,-<!*&!&$4'*((;!

&$($+)$1!3*($! )%*.)&! #*8$! (*%5$! $22$+)&! ,-! 0%$T3*).-5! .&,(*).,-! @U*-#'.&! !"#$%&<!

IJJCL6!"#.&!.&!*!?$;!*%$*!2,%!2')'%$!.-8$&).5*).,-!*&!)#$!%,($!,2!&$4'*(!&$($+).,-!.-!

&0$+.*).,-!#*&!3'+#!)#$,%$).+*(!:*+?.-5!:')!),!1*)$!$30.%.+*(!$8.1$-+$!.&!&0*%&$!

@7.)+#.$<!IJJVL6!
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!
"#!$%&&'()*+!,+!-'.+!/#%01!2-'2!('3)1!+.#4%2)#0!#/!$+5%'4!1)&#(3-)$&6!1().+0!
78! $+4+92)#0! #0!&'4+! 34%&':+! 2(')2$6! )$! '$$#9)'2+1! ,)2-! 2-+! 2('0$)2)#0! 2#! %0);
3'(+02'4! 9'(+! ,)2-)0! 2-+! 3+01%4)0+! 2)2$! <!"#$%$&'"=>! "-+$+! (+$%42$! $%::+$2! '0!
)02()9'2+! (+4'2)#0$-)3! 7+2,++0! $+5%'4! $+4+92)#06! 3'(+02'4! 9'(+! '01! 2-+!
+0.)(#0&+02>!?%2%(+! (+$+'(9-! (+.+'4)0:! 2-+!1+2')4+1!3'(+02'4! 9'(+!'01!&'2)0:!
$8$2+&$!#/!'11)2)#0'4!&+&7+($!#/!2-)$!/'&)48!,#%41!')1!'11)2)#0'4!9#&3'('2).+!
'0'48$+$!)0!'11)2)#0!2#!+53+()&+02'4!,#(@!#0!3'(+02'4!9'(+!7+-'.)#%($!)0!#(1+(!
2#!+$2'74)$-!9'%$'2)#0!/#(!2-+!(+4'2)#0$-)3$!,+!-'.+!#7$+(.+1>!

! !
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!"#$%&'()(
Sperm morphology and mating systems in the penduline 

tits (Remizidae) and allies 
!

"#$%&'($)!*+!,&##-!./'&!012$'(3'-!4235!6378'9-!:$)7$#9!;&1<&)-!=&)#35!63'1$-!

>&?85!@AB2$#9!C!@D$E$!*3)F5!

*+,%'#-%(
><$!&G/#/D9!3H!5$%F&#!5$#$1D/3'!E/&!?&D$!1<3/1$!&'(! /'D)&I5$%F&#!13?J$D/D/3'! D3!

()/E$! D<$! $E3#FD/3'! 3H! $#&G3)&D$! G$<&E/3F)5! &'(! 5$%F&#! 3)'&?$'D5! /5! K$##!

$5D&G#/5<$(+! L3K$E$)! /'! 5J$1/$5! K/D<! ?F#D/J#$! ?&D/'7! G9! H$?&#$5-! 13JF#&D/3'!

(3$5!'3D!'$1$55&)/#9! 13'E$9! H$)D/#/5&D/3'! 5F11$55! &5! 5$%F&#! 5$#$1D/3'! 13'D/'F$5!

K/D</'!D<$!H$?&#$!)$J)3(F1D/E$!D)&1D+!@J$)?!&)$!D<$!3GE/3F5!1&'(/(&D$5!H3)!J35DI

13JF#&D3)9!5$#$1D/3'!&'(! /'!?&'9!5J$1/$5!5J$)?! #$'7D<! /5! D<3F7<D! D3!13))$#&D$!

K/D<! H$)D/#/5&D/3'! 5F11$55! J)/?&)/#9! (F$! D3! /D5! /?J&1D! 3'! 5J$)?! 5K/??/'7!

&G/#/D9+!L3K$E$)!/'!G/)(5-!$E/($'1$!H3)!D</5!/5!/'13'1#F5/E$!&'(!/D!/5!D<3F7<D!D<&D!

(F$!D3!#3'7!J$)/3(5!3H!5D3)&7$!G$H3)$!H$)D/#/5&D/3'-!D)&/D5!D<&D!&HH$1D!#3'7$E/D9!3)!

5F11$55HF#! 5D3)&7$! ?&9! G$! 3H! 7)$&D$)! /?J3)D&'1$+! L$)$! K$! F5$! MN! J&55$)/'$!

5J$1/$5!K/D<! (/HH$)/'7! #$E$#5! 3H! H$?&#$! J)3?/51F/D9! D3! D$5D! D<$! /?J&1D! 3H! J35DI

13JF#&D3)9! 5$#$1D/3'! 3'! D<)$$! 5J$)?! D)&/D5+! O$! D$5D! K<$D<$)! (/)$1D/3'&#!

5$#$1D/3'!H3)!&'!/'1)$&5$!/'!D<$5$!D)&/D5!3)!5D&G/#/A/'7!5$#$1D/3'!3'!3JD/?F?!D)&/D!

E&#F$5!&)$! D<$!?35D! /?J3)D&'D! H&1D3)5! /'!J&55$)/'$! 5J$)?!$E3#FD/3'+!O$! H31F5!

3'!D<)$$!5J$)?!D)&/D5!D<&D!&)$!J)$(/1D$(!D3!/'H#F$'1$!(/HH$)$'D!&5J$1D5!3H!5J$)?!

HF'1D/3'-!MP!./%#0(,$&'1(0&23%"!<&5!G$$'!H3F'(!D3!1#35$#9!&5531/&D$!K/D<!5J$)?!

5D3)&7$! DFGF#$! Q@@>P! #$'7D<! /'! D<$! H$?&#$! )$J)3(F1D/E$! D)&1D! &'(! /5! D<F5!

J)$(/1D$(! D3! /?J&1D! 5D3)&7$! 5F11$55! NP!4567$5&-&( 0&23%"! <&5! G$$'! H3F'(! D3!

($D$)?/'$!$'$)79!&E&/#&G/#/D9-!&'(!RP!80#3&0091(%/(:&#6('#%5/!<&5!G$$'!H3F'(!

D3!13))$#&D$!K/D<!5J$)?!5K/??/'7!E$#31/D9+!,9!H31F5/'7!3'!D<$5$!D<)$$!D)&/D5!K$!

&DD$?JD! D3! )$E$&#! K<$D<$)! 5J$)?! 5D3)&7$-! $'$)79! #$E$#5! 3)! 5J$$(! &)$! F'($)!

5$#$1D/3'! (F)/'7! 5J$)?! 13?J$D/D/3'+! 6)$E/3F5! 5DF(/$5! <&E$! H3F'(! H&?/#/&#!

)$#&D/3'5</J5! D<&D! H&/#! D3! J)3E/($! 3E$)I&)1</'7! $%J#&'&D/3'5! &1)355! J&55$)/'$5-!

K$! D<F5! H31F5!3F)! &'&#95$5! 3'! DK3! 5/5D$)! H&?/#/$5-! D<$!!"#$%$&'"! &'(!(')$&'"+!
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"#$!%$&'()&!%$*$+(!)#+)!,-)#-.!/+($!*+%-+.0$!-.!)1)+(!&2$%/!($.3)#!-&!.$3+)-*$(4!
01%%$(+)$5! ,-)#! ($*$(&! 16! &2$%/! 01/2$)-)-1.7! 8$! 61'.5! .1! &-3.-6-0+.)!
%$(+)-1.&#-2&! 9$),$$.!/-5:2-$0$! ($.3)#! 1%! 6(+3$(('/! )1! #$+5! %+)-1! +.5! &2$%/!
01/2$)-)-1.!($*$(&7!"#-&!&'33$&)&!)#+)!&)+9-(-;-.3!&$($0)-1.!1.!)1)+(!&2$%/!($.3)#!
2$%#+2&! 61%! -.0%$+&$5! ($*$(&! 16! &2$%/! &)1%+3$! %+)#$%! )#+.! &2$%/! &2$$5! 1%!
(1.3$*-)4! 2(+4&! +! 3%$+)$%! %1($! -.! 6$%)-(-&+)-1.! &'00$&&! 5'%-.3! 91')&! 16! &2$%/!
01/2$)-)-1.!-.!)#$&$!2+&&$%-.$&7!
!
! !
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!"#$%&'(#)%"*
!

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

*6&+*(7!*0#!4,(*!/#''!(*%8+#8!9#+-2!*0,(#!6#'&*#8!*,!),4:#*+*+,-!&-8!&**6&)*+,-!,3!

4&*#(! ;<&6/+-7! =>?=@! A-8#6((,-7! =BBC@! A-8#6((,-! D! E/&(&7! =BBFGH! I0#(#!

+-)'%8#!*0#!%(#!,3!),',%63%'!8+(:'&5(!*,!/,,!*0#!,::,(+*#!(#$!,6!*0#!#1,'%*+,-!,3!

/#&:,-(! *,! 8#3#-8! &))#((! *,! 4&*#(H! J,/#1#6! +-! (:#)+#(! /+*0! +-*#6-&'!

3#6*+'+K&*+,-!(#$%&'!(#'#)*+,-!)&-!&)*!#1#-!&3*#6!4&*+-2H!E3!3#4&'#(!2&+-!4%'*+:'#!

4&*#(! +-! &! (+-2'#! 6#:6,8%)*+1#!9,%*! *0#-! 3#6*+'+K&*+,-! (%))#((! ,3! &!4&'#! +(! -,*!

2%&6&-*##8!95!(%))#((3%'!),:%'&*+,-7!+-(*#&8!*0#!,%*),4#!,3!(:#64!),4:#*+*+,-!

&-8!)65:*+)! 3#4&'#!)0,+)#!/+''!9#! *0#!8#)+8+-2! 3&)*,6! ;L&6.#67!=B?M@!I0,6-0+''7!

=B>N@!O9#60&687!=BBF@!P+6.0#&87!QMMMGH!I0%(! (#'#)*+,-!/+''! 3&1,%6!4&'#! *6&+*(!

*0&*! )&-! #-(%6#! 3#6*+'+(&*+,-! #1#-! &3*#6! 4&*+-2H! L,(*R),:%'&*,65! 4#)0&-+(4(!

/0+)0! +-)6#&(#! &! 4&'#S(! 3#6*+'+(&*+,-! (%))#((! /0#-! +-! ),4:#*+*+,-! /+*0! ,*0#6!

4&'#! #T&)%'&*#(! 0&1#! 9##-! ,9(#61#8! +-! &! 1&6+#*5! ,3! *&$&! ;P+6.0#&8! D! L+KK&6+7!

QMMQ@!L,+&-+7!QMMFGH!I0+(!+-)'%8#(!*0#!4,8+3+)&*+,-!,3!)0#4+)&'(!+-!(#4+-&'!3'%+8!

/0+)0! )&-! 0&1#! :6,3,%-8! #33#)*(! ,-! 3#4&'#! 6#R4&*+-2! 9#0&1+,%6! ,6! 3,64!

),:%'&*,65!:'%2(!*0&*!),4:6,4+(#!*0#!#T&)%'&*#(!,3!&88+*+,-&'!4&'#(!;U&6*&-!D!

"0#:0#687!=B?F@!<+$(,-!D!A-8#6(,-7!QMMQ@!V0&:4&-7!P&-20&47!!"#$%&7!QMMN@!W65!

D!X+'.+-(,-7!QMMCGH!J,/#1#6! *0#!4,(*!8+6#)*! (#'#)*+,-!:6#((%6#(!&6#! '+.#'5! *,!

&33#)*!(:#64!4,6:0,',25!&-8!+*!+(!*0+(!:,(*R),:%'&*,65!(#$%&'!(#'#)*+,-7!/0+)0!+(!

*0,%20*! *,! 0&1#! )6#&*#8! *0#! #$*6#4#! 8+1#6(+*5! +-! (:#64@! *0#! (:#64! )#''!

:,((#((#(!*0#!4,(*!8+1#6(#!4,6:0,',25!,3!&-5!)#''!*5:#!;L+*-+).!!"#$%&7!QMMBGH!

!

I0#!+-*#-(+*5!,3!(#'#)*+,-!,-!(:#64!4,6:0,',25!+(!2,+-2!*,!9#!8#*#64+-#8!+-!&!

'&62#!:&6*!95! *0#!8#26##!,3! 3#4&'#!:6,4+()%+*5H!I0%(!6#(#&6)0! +-! *0+(!&6#&!0&(!

3,)%(#8!,-!26,%:(!/+*0!'&62#!8+(:&6+*+#(!+-!*0#!6#R4&*+-2!9#0&1+,%6!,3!3#4&'#(7!

(%)0!&(!:6+4&*#(7!6,8#-*(!&-8!36%+*!3'+#(!;'()*)+,-%$!"::HG!;"4+*07!=B>CGH!E-!*0#!

'&(*! ),%:'#! ,3! 8#)&8#(! *0#! 8+33#6+-2! '#1#'(! ,3! #$*6&R:&+6! :&*#6-+*5! ;OLLG! 0&1#!

9##-! 8,)%4#-*#8! &)6,((! 9+68! (:#)+#(! ;L#*6+#!D!Y#4:#-&#6(7! =BB>@! Z6+33+*0! !"#

$%&7!QMMQGH!I0#!#1+8#-)#!36,4!-%4#6,%(!2#-#*+)!:&6#-*&2#!(*%8+#(!0&(!6#1#&'#8!

*0&*! 3,6! *0#!4&T,6+*5!,3!9+68(!4%'*+:'#!4&*+-2!95!4&'#(!&-8!3#4&'#(! +(!&-!#1#6!

:6#(#-*!:,((+9+'+*57!3,%-8!*,!,))%6!+-![>F\!,3!(:#)+#(!;Z6+33+*0!!"#$%&7!QMMQGH!I0#!
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"#$%#&%'(!%(!)**!+,",+-!%-!#+-'!+#$.,/! %(!-'0,!-1,2%,-!#-!0#(3!#-!456!'7!3'8(.!

#$,! &9,!$,-8+&!'7! %(7%:,+%&3;!9'<,",$!'&9,$!-1,2%,-!9#",!=,,(! 7'8(:! &'!=,! &$8+3!

0'('.#0'8-! >?$%77%&9!!"#$%&;! 5@@5AB!C9%-!9#-! +,:! &'!#! 7'28-!'(!1'-&D2'18+#&'$3!

$,-,#$29! %(! =%$:-;! <%&9! -&8:%,-! #&&,01&%(.! &'! $,",#+! &9,! %01#2&! &9#&! :%77,$%(.!

0#&%(.! =,9#"%'8$-! 9#",! '(! -1,$0! 0'$19'+'.3! >EF1'+:;! G#+9%0;! !"# $%&;! 5@@H/!
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H-EOQ!9S5$X,&++!#+&',-3!ABBODE!Y1#!24(@#!&+!#(41!"1&0&!G(2!2#0!82%)*!01#!CB8,!

24(@#! 5($! 4$#(0#'! %)! JFKC-B! 2&+0G($#! ()'! 01#! ,8@0%! @%)#! 0&&@! G(2! 82#'! 0&!

,#(28$#!01$##!4&,"&)#)02!&+!01#!2"#$,Z2!@#)*013!01#!1#('3!,%'"%#4#!()'!0(%@!0&!

01#! )#($#20! 0#)01! &+! (! ,%4$&)E! S! '%(*$(,! '#"%40%)*! 01#! 01$##! 4&,"&)#)02! %2!

21&G)!%)!L%*8$#!OE-E!Y#)!2"#$,!G#$#!,#(28$#'!+&$!#(41!,(@#!()'!#(41!2"#$,!

G(2! ,#(28$#'! 01$##! 0%,#2! G%01! 01#! (H#$(*#! ,#(28$#,#)0! 82#'! %)! +8$01#$!

()(@72#2E!

!

Y1#!G%01%)!,(@#!H($%(0%&)!9V[G,D!%)!0&0(@!2"#$,!@#)*01!G(2!4(@48@(0#'!+&$!#(41!

,(@#!82%)*!01#!0#)!,#(28$#'!2"#$,!(2\!!

!

!" !" ! !!! !!!!""!

!

]1#$#!^!%2!01#!20()'($'!'#H%(0%&)!()'!!" !%2!01#!,#()!&+!01#!0#)!,#(28$#'!2"#$,E!
Y1#! 2"#4%#2! @#H#@! V[G,! G(2! 01#! ,#()! V[G,! &+! 01#! $#2"#40%H#! ,(@#2E! Y1#!
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!

"#$%##&!'()#! *(+,($,-&! ./0"'1! ,&! $-$()! 23#+'! )#&4$5!%(2! ()2-! 6()67)($#8! 9-+!
#(65! 23#6,#2:! $5,2! %(2! 6()67)($#8! 72,&4! $5#! 2$(&8(+8! 8#*,($,-&! (&8! '#(&! (2!
("-*#! "7$! (! 6-++#6$,-&! 9-+! 2('3)#! 2,;#! %(2! ,&$+-876#8! 87#! $-! $5#! 8,99#+,&4!
&7'"#+2!-9!'()#2!'#(27+#8!3#+!23#6,#2<!=5#!6()67)($,-&!6-++#6$#8! 9-+! 2('3)#!
2,;#!%(2>!
!

!" !" ! !!! !!!!"" !! ! !! ! !
!! !

!
?5#+#!@!(&8!!" !(+#!$5#!2$(&8(+8!8#*,($,-&!(&8!'#(&!+#23#6$,*#)A!-9!$5#!(*#+(4#!
23#+'! 2,;#! ,&! '()#2! -9! $5#! +#)#*(&$! 23#6,#2! (&8! &! ,2! $5#! &7'"#+! -9! '()#2!
'#(27+#8<!

!
!"#$%&'()*)!BC('3)#2!-9!$5#!8,*#+2,$A!,&!$5#!23#+'!'-+35-)-4A!-9!$5#!2,C!23#6,#2!'#(27+#8!,&!
$5,2!2$78A:!())!26()#8!$-!$5#!DEF'!26()#!"(+!($!$5#!"-$$-'<!
!

a) Poecile montanus 

b) Prunella modularis 

c) Remiz pendulinus 

d) Anthoscopus minutus 

e) Sturnus unicolor 

f) Anthus spinoletta 

DEF' 



 

 

!
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'
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'
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!
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7*(%*(%-#,'!/4)'$-$&'!
!
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)
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!
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)
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)

;;)
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!
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!
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)
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)
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)

>V.,"00$DD$0),$!-+1@)3LL1A)
)

5,4)(-4&'!-$,4!
!

\."F)#(#)
)

5-4)0-,!
!

Q(0+$0)
)

9$%/"0?)
)

8;25)
)

WN857<1<)
)

MN;:87:6)
)

>J($#%(X,),$!-+1@)3LL5A)
)

5*,/)+,!-$4)/-()++&'!
!
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)
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!
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)
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)
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)
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!
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!
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!

*"%+,(#")
)

-./"0(")
)

3326)
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!
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)
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)
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)
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)
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)

:,8);!(,#0&+)#&'!
!

BC%.'$"0)'$0TCF(0$)#(#)
)
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!
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)
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)
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)

<$&4#&'!&#)/*+*4!
!
!

Z'.#F$DD&D#"%F(0+)
)
)

<$&4#)0-,!
!
!

^"T%(T)
)
)

Z'"(0)
)
)

;327)
)
)

*^6888:1=)
)
)

B411;<3:)
)
)

>\.%T$%.),$!-+1@)3LL8U)9"%Xc"&d(+e0),$!-+1@)3LL<A)
)
)

!
=!>#,7&(#4!?',@A!%03!>B?!9/:#/08/!%88/99.(0!0#$C/&9!#9/3!.0!,5/!45'6(7/0'!8(09,&#8,.(0!;/&/!D'&%00.3%/!1EFGHIJKL!M!BNGIHGJO2P!?(&Q.3%/!1RNJSGGOK!M!FRIHJTJT2P!!"#$%&'()*+,-'$&#(!1UVSIIITI!M!*WSJTXLJ2P!
.&/%&0)1$/&'(!1BNOKTOSK!M!*WKHGJSI2P!2#/-#$,*('&0)23/"#-'(!1ERTTGLGS!M!FRJJIKLX2!%03!2#/-#$,*('&0)(/&4%"4(#$&0!1ERTTGLHI!M!FRJJIKLJ2!&/94/8,.Q/6'<!
Y!D5/!9/:#/08/!()!,5/!86(9/9,!%Q%.6%C6/!&/6%,.Q/!;%9!#9/3P!%9!,5/!)(8%6!94/8./9!5%3!0(,!4&/Q.(#96'!C//0!9/:#/08/3!%,!C(,5!6(8.<)
!
!

KTX!
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!

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

!

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

1%)+''+.! 0,1%4! -((! &*+! ,3+$1+,! 1%! &*1,! ,&0.2! 0,1%4! &*+! 4+%+&1$! ,+60+%$+! #)! &*+!

72&#$*'#8+! 9! :72&;9<! 81&#$*#%.'1-(! 4+%+! -%.! &*+! ='%1&*1%+! .+$-'>#?2(-,+!

:=@7<!-0&#,#8-(!4+%+A!B/-1(->(+!4+%+!,+60+%$+,!5+'+! (#$-&+.!#%!C79D! )#'!-((!

,3+$1+,! +?$+3&! &*+! 3+%.0(1%+! &1&! ,3+$1+,E!5*1$*!5+'+! 3'+/1#0,(2! ,+60+%$+.! -,!

'+3#'&+.!1%!&*1,!&*+,1,!:,++!7*-3&+'!F<A!B..1&1#%-(!,3+$1+,!5+'+!1%$(0.+.!&#!-1.!

3*2(#4+%+&1$! '+,#(0&1#%! 1%$(0.1%4! '+3'+,+%&-&1/+,! )'#8! G! #0&4'#03,E! &*+!

3-,,+'1%+! #'.+',! "2'-%%1.-+! -%.! 7#'/1.-+E! &*+,+! 5+'+! '+3'+,+%&+.! >2! &*+!

9'#5%;$'+,&+.!)(2$-&$*+'!:/#*0.+"12,)#.0((1$12<!-%.!&*+!7-''1#%!$'#5!:3%.412,

+%.%('<!'+,3+$&1/+(2!:,++!"->(+!HAG!)#'!,+60+%$+!.+&-1(,<A!!

!

"*+! 4+%+! ,+60+%$+,!5+'+! -(14%+.! 1%! &*+! 3'#4'-8!I+4-! /! JAGAGA! "*+! 7(0,&-(K!

-(14%8+%&! -(4#'1&*8! 5-,! 0,+.! 51&*! 1&,! .+)-0(&! 3-'-8+&+',A! "*1,! $'+-&+.! -%!

-(14%8+%&! #)! (+%4&*! LHF>3! -%.! MMG>3! )#'! &*+! 72&;>! -%.! =@7! ,+60+%$+,!

'+,3+$&1/+(2A!"#!$'+-&+!0(&'-8+&'1$!&'++,!&*+!3'#4'-8!9NBO"!5-,!+83(#2+.E!&*1,!

1%)+',! 3*2(#4+%1+,! 0,1%4! 9-2+,1-%! 1%)+'+%$+! -%.! -!I-'P#/! $*-1%!I#%&+! 7-'(#!

:I7I7<! -33'#-$*! &#! +,&18-&+! &*+! +/#(0&1#%-'2! '+(-&1#%,*13,! -8#%4! 4+%+&1$!

,+60+%$+,A! "*+! 8#,&! ,01&->(+! +/#(0&1#%-'2! 8#.+(! 5-,! $*#,+%! 0,1%4! &*+!

I'I#.+("+,&!/!GAQ!3'#4'-8!3'1#'!&#!&*+!9NBO"!-%-(2,1,A!"*+!-%-(2,1,!5-,!'0%!

)#'! GRRERRRERRR! 4+%+'-&1#%,E! 51&*! +-$*! FRRR&*! '0%! ,&#'+.! 1%! &*+! .-&-! )1(+A! B!

>0'%;1%!)'-$&1#%!#)!GJS!5-,!'+8#/+.!)'#8!&*+!,&-'&!#)!&*+!)1(+!>+)#'+!1%)+''1%4!

&*+!8#,&!(1P+(2!3*2(#4+%2A!"*+!)1%-(!&'++!5-,!/1,0-(1,+.!1%!T14"'++!/!FAHAR!-%.!1,!

,*#5%!1%!T140'+!HAQA!



 

 

!

!

!
!
"#$%&'!()*)!"#$%&'()$!*)+&,-&,./*)'!/#(!/0(%1(!-.22(,*)(!2-(+*(2!.).%$2(3!*)!/#*2!+#.-/(,!4#*'#%*'#/(3!*)!',($!5&6(278!9#(!2*6!2-(+*(2!0*/#!2-(,:!/,.*/2!&5/.*)(3!.2!-.,/!&;!/#*2!
2/<3$!.,(!#*'#%*'#/(3!*)!5&%38!9#(!-#$%&'()$!0.2!*);(,,(3!<2*)'!/#(!=$/>?!:*/&+#&)3,*.%!'()(!.)3!/#(!.</&2&:.%!'()(!@A=!4*)/,&)2!B>C7!<2*)'!/#(!?DEF9!2&;/0.,(!.)3!1*2<.%*2(3!
*)!G*'9,((!1H8I8!9#(!2<-(,>;.:*%*(2!.,(!*)3*+./(3!&)!/#(!,*'#/!.%&)'!0*/#!/#(!2*2/(,!;.:*%*(2J!!"#$%$&'"!.)3!(')$&'"*+/#./!0(,(!/#(!:.*)!;&+<2!&;!/#*2!2/<3$8!E%%!-&2/(,*&,!
-,&5.5*%*/*(2!KLM!.,(!*)3*+./(3!./!/#(!5,.)+#!)&3(28!8

0.03

Poecile atricapillus

Acrocephalus agricola

Remiz pendulinus

Cyanistes caeruleus

Acrocephalus arundinaceus

Poecile montanus

Turdus merula

Tyrannidae

Periparus ater

Prunella modularis

Cyanistes teneriffae

Anthus spinoletta

Sturnus vulgaris

Ficedula hypoleuca

Anthoscopus minutus

Lophophanes cristatus

Parus major

Corvidae

!"#$%%&'$()

*+#,&'$()

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

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

.&/%&0)1$/&'()

-%".#&'&/,%0)12+'

3$#%1))+'405#)+$,&'

2#/-#$,*('&0)(3/"#-'()

2#/-#$,*('&0)(/&4%"4(#$&0)

614,7'/1%5#),%#&'

-%".0&80/#&'4,%#"#&'

5+(4"06$0)6$4$/"7($)

5+(4"06$0)#($/&'$&0)

8$/",(/&0)(6$/)

8(/&0)1(9-/)

:-,*-,*(4$0)#/"06(6&0)

8-$#"'$)(6/"#(,"''&0)

3018,)1'40%"+%#&'

8(/"%($)

;$1"<"%($)

-.
/0
12
13
45

)
6
7
-*
1*
58

2
13
45

)
85

--
49

2
13
45

)

:;;)

:;;)

<=)

:;;)

>?)

<@)

?@)

<>)

:;;)

:;;)

:;;)

<=)

<?)

A<)

HMN!
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!

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

!
"#$!%$&'()*+,#)-,!.$(/$$+!011!'+2!(#$!(#%$$!,-$%3!(%')(,!/$%$!'+'&4,$2!5,)+6!
(#$! 1789! :5+;()*+! )+! (#$! <! -';='6$! >?'-$%@! AB%3$! *'+ %-0C! DEFGHI! "#),! 5,$,! '!
6$+$%'&)J$2!&$',(!,K5'%$,!'--%*';#!(*!3*2$&!%$&'()*+,#)-,!/#)&,(!;*+(%*&&)+6!:*%!
-#4&*6$+4! 5,)+6! '! ;*L'%)'+;$! 3'(%)MI! "#$! ,-$%3! 2'('! /',! &*6! (%'+,:*%3$2!
.$:*%$!'+'&4,),!(*!;%$'($!'!3*%$!+*%3'&!2),(%).5()*+!'+2!(#$!011!2'('!/',!'%;!
,)+! ,K5'%$! %**(! (%'+,:*%3$2C! 25$! (*! #)6#$%! :%$K5$+;)$,! *:! ,-$;)$,!/)(#! &*/$%!
%'($,!*:!011I!B+&4!(#$!,)M!-',,$%)+$!,-$;)$,!3$',5%$2!)+!(#),!,(524!#'2!2'('!:*%!
(#$!3)2N-)$;$!&$+6(#!'+2!(#$!O&'6$&&53!(*!#$'2!%'()*C!'+2!(#5,!(#$!'22)()*+'&!,)M!
1%&(2%*!,-$;)$,!/$%$!*+&4!5,$2!)+!(#$!(*('&!,-$%3!&$+6(#!'+'&4,),I!P!Q%*/+)'+!
3*2$&! *:! $L*&5()*+! /',! ',,53$2! :*%! '&&! (%')(,! 5,)+6! (#$! -#4&*6$+4! ,#*/+! )+!
O)65%$,! RIGI! P!35&()L'%)'($! '+'&4,),! )+;*%-*%'()+6! (#$! 'L$%'6$! (%')(! L'&5$C! (#$!
?S/3!'+2!(#$!?S.3!/',!;*+25;($2!:*%!$';#!*:!(#$!G!,-$%3!(%')(,!(*!($,(!(#$)%!
',,*;)'()*+!/)(#!(#$!&$L$&,!*:!011I!"#$!,&*-$!*:!(#$!%$6%$,,)*+!&)+$,!/$%$!($,($2!
:*%!'!,)6+):);'+(!2)::$%$+;$!:%*3!J$%*!5,)+6!'!(N($,(T!'!,533'%4!*:!(#$!2'('!5,$2!
)+!(#$!'+'&4,$,!;'+!.$!:*5+2!)+!"'.&$!RIDI!
!
! !
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!

!"#$%&#'
!

"#! $%&! '()$*+,-*,$&! ,#,)./*/! *#0)(1*#2! $%&! 34! /5&0*&/! 6*$%! '&,/(-&'&#$/! 7#!

$7$,)! /5&-'! )&#2$%!,!/*2#*8*0,#$!#&2,$*+&!-&),$*7#/%*5!9&$6&&#!:;;!,#1!6*$%*#!

',)&! +,-*,#0&! <=>6'?! 6,/! 79/&-+&1! <@,9)&! ABCD! E*2(-&! ABA?B! F7! /*2#*8*0,#$!

-&),$*7#/%*5/! 9&$6&&#! :;;! ,#1! &*$%&-! $%&! '&,#! @7$,)! /5&-'! )&#2$%! 7-! $%&!

9&$6&&#!',)&!+,-*,#0&!<=>9'?!6&-&!79/&-+&1!<@,9)&!ABCD!E*2(-&!ABA?B!

!

G#).!$%&!/*H!/5&0*&/!'&,/(-&1!1(-*#2!$%&!07(-/&!78!$%*/!/$(1.!</&&!@,9)&!AB4!87-!

/5&0*&/! 1&$,*)/?! %,1! '&,/(-&'&#$/! 87-! '*15*&0&! )&#2$%! ,#1! *$/! =>6'! ,#1!

=>9'B!@%*/!6,/!,)/7!$%&!0,/&!87-!$%&!E),2&))('!$7!I&,1!-,$*7!1,$,B!F7!/*2#*8*0,#$!

-&),$*7#/%*5/!6&-&!87(#1!9&$6&&#!:;;!,#1!&*$%&-!'*15*&0&!)&#2$%!7-!E),2&))('!

$7! I&,1! -,$*7! *#0)(1*#2! 9&$6&&#! $%&*-! -&/5&0$*+&! =>6'! ,#1! =>9'!'&,/(-&/!

<@,9)&!ABCD!E*2(-&/!ABJ!K!ABL?B!



 

 

!

!"#$%&'()(!"#$$%&'!()!*+,!(-*%./,0!12,&$!$,%1#&,$,/*1!2&,0.3*,0!*(!./)4#,/3,!*+,!(#*3($,!()!12,&$!3($2,*.*.(/!./!2%11,&./,!-.&015!
6/4'!$,%1#&,$,/*1!(/!*(*%4!12,&$!4,/7*+!8,&,!%9%.4%-4,!)(&!*+,!1.:!12,3.,1!8+,&,!12,&$!0%*%!8,&,!(-*%./,0!)&($!*+,!4.*,&%*#&,5!
!
!

"#$%&$'!

!

(!

!

)*+,-!"#$./!-$(0+1!

!

2&3#&$%$!-$(0+1!

!

4-,0$--5/!6!7$,3!.,+&*!

!

"#$./!3,+,!'*5.%$!

!

"#$%!!

&'(!)*+,!

!

*-.#/!

!

01&2(,!

!

01&3(,!

!

"#$%!!

&'(!)*+,!

!

*-.#/!

!

01&2(,!

!

01&3(,!

!

"#$%!

&)*+,!

!

*-.#/!

!

01&2(,!

!

01&3(,!

!

"#$%&'!'()#*+,$$-! 4! 5678!&9786,! :76! :7;6! 47:6! 4<7=!&<788,! <75>! :76;! 97=9! 4784!&<79>,! <7:;! >7;4! =7:! ?@AB!B-C.D!

./-#)'$,'!0-,1&+,&'! :9! 9<475!&<7>>,! :7>! :798! :786! E! E! E! E! E! E! E! E! FAGH#I.!#-!$I7!&:<9<,!

./-#)'$,'!$,#,1)22-,! ;! 99474!&97<8,! 879! 975=! :7=6! E! E! E! E! E! E! E! E! FAGH#I.!#-!$I7!&:<9<,!
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;)'7/$&!)+!7,)$!#,0$!3+'-7!)#,)!)#$!&)%+-.$&)!*%$7/5)+%!+3!&*$%4!($-.)#!,5%+&&!

*,&&$%/-$&!/&!)#$!($-.)#!+3!3$4,($!&*$%4!&)+%,.$!)'1'($&!<;;"&=:!"#'&!)#$!%$&'()&!

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

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

2,&!7'$!)+!&),1/(/&/-.!&$($5)/+-!7%/0$-!16!)#$!&/?$!+3!)#$!3$4,($!&)+%,.$!)'1'($&!

,! -$.,)/0$! %$(,)/+-&#/*! 1$)2$$-! @AA! ,-7! 8914!2+'(7! ,(&+! 1$! *%$7/5)$7:!B$!

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

+1),/-!8914!4$,&'%$&!/-!&+4$!&*$5/$&:!"#/&!5+'(7!/-7$$7!1$!)#$!5,&$!./0$-!)#,)!

*%$0/+'&!&)'7/$&!#,0$!+1&$%0$7!,!-$.,)/0$!%$(,)/+-&#/*!1$)2$$-!@AA!,-7!1+)#!

8924!,-7!8914!+3!)+),(!&*$%4!($-.)#!<8,(#/4!!"#$%&C!DEEFG!H($0$-!!"#$%&C!DEEIG!

JK*+(7C! J/-?C! !"# $%&C! DEELG! J/3M$(7! !"# $%&C! DENE=:! >+2$0$%! +'%! 5'%%$-)! %$&'()&!

&'..$&)! )#,)! )#$! %$(,)/+-&#/*!1$)2$$-!8924!+3! )+),(! &*$%4! ($-.)#!,-7!@AA! /&!

/-&)$,7!7%/0$-!16!&$($5)/+-!+-!'-/3+%4!&*$%4!&/?$!2/)#/-!$M,5'(,)$&!,-7!-+)!16!

&$($5)/+-!+-!,!&*$5/$&O&*$5/3/5!+*)/4'4!&*$%4!($-.)#:!P3!)#/&!/&!/-7$$7!)#$!5,&$!

$Q*(+%/-.!2#$)#$%!)#/&!/&!7%/0$-!16!3$4,($!&$($5)/+-!3+%!4+%$!'-/3+%4!&*$%4!+%!

/-5%$,&$7!5+4*$)/)/0$!,1/(/)6!+3!'-/3+%4!$M,5'(,)$&!2+'(7!1$!,-!$Q5/)/-.!3')'%$!

,%$,!+3!%$&$,%5#:!!
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)%,5)! &'5#! ,&! $,&/$%! &)+%,.$! +%! $,&/$%! 4,-/*'(,)/+-! 16! )#$! 3$4,($:! >+2$0$%!

8%6*)/5!3$4,($!5#+/5$!3+%!'-/3+%4!$M,5'(,)$&!5+'(7!$0+(0$!7'$!)+!/-7/%$5)!.$-$)/5!

1$-$3/)&! )#,)! )#$6! &/.-,(! )+! )#$! 3$4,($:! S$5$-)(6! &*$%4!4+%*#+(+.6! #,&! 1$$-!

&#+2-! )+! /4*,5)! +-! )#$! 7$0$(+*4$-)! +3! )#$! %$&'()/-.! $41%6+! <P44($%! !"# $%&C!

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

$M,5'(,)$! )+! 5+-)%+(! 3+%! )#$!-$.,)/0$! /4*,5)&!+3!4,(3+%4$7!&*$%4:!"#$%$! /&! ,-!

1+76!+3!$0/7$-5$!)#,)!&'..$&)&!)#,)!7$0$(+*4$-),(!&),1/(/)6!/&!3,0+'%$7!/-!4,)$!

5#+/5$! <UV(($%! W! "#+%-#/((C! NLLIG! U,%)X-! W! JY*$?C! DEEEG! A$-)+-O9+,Z! !"# $%&C!

DEENG! S+'(/-! !"# $%&C! DEE[G! ;*$-5$%! W! U,5\+'.,((O;#,5Z($)+-C! DENN=:! "#'&! ,-!
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0*'3#&0! ")/&! 6&&.! -+.3'-*&3! +.! *"&! /)%#)*#+.! #.! *"&! 0&1)%)*&! 01&%2!

-+21+.&.*04!L&!-+'(3!*"&%&D+%&!+.(,!'0&!*"&!0#7!01&-#&0!2&)0'%&3!3'%#.$!*"#0!

0*'3,4!M+!0#$.#D#-).*!%&()*#+.0"#10!:&%&!+60&%/&3!6&*:&&.!2#31#&-&!(&.$*"?!#*0!

NO:2!+%!NO62!).3!PQQ!(&/&(0!)-%+00!*"&!1)00&%#.&!01&-#&04!5"#0!:)0!)(0+!*"&!

-)0&!D+%!*"&!%&()*#+.0"#10!6&*:&&.!PQQ!).3!*"&!R()$&(('2SI&)3!2&)0'%&04!5"&!

-'%%&.*! %&0'(*0! *"&%&D+%&! 0'$$&0*! *")*! &.&%$,! %&0&%/&0! ;2#31#&-&! (&.$*"C! ).3!

01&%2! /&(+-#*,! ;R()$&(('2SI&)3! %)*#+C! 3+! .+*! 1(),! 0#$.#D#-).*! %+(&0! '.3&%!

3#DD&%#.$! (&/&(0! +D! 01&%2!-+21&*#*#+.4!5"#0! #0! #.! -+.*%)0*! *+!2).,! 0*'3#&0! *")*!

0"+:! )! -+21&*#*#/&! )3/).*)$&! +D! D)0*&%! 01&%2! #.! 6+'*0! +D! 01&%2! -+21&*#*#+.!

;>#%9"&)3!!"#$%&?!JGGGH!T)$&!!"#$%&?!@AABH!U)(+?!T)%3&?!!"#$%&?!@AAVC!6'*!)(0+!0&&!

;>&..#0+.!!"#$%&?!@AJVC4!5"&%&!#0!)(0+!-+.*%+/&%0,!+/&%!*"&!%&()*#+.0"#1!6&*:&&.!

01&%2!2+%1"+(+$,! ).3! /&(+-#*,?! )(*"+'$"! ;WX1+(3?! N)("#2?!!"#$%&?! @AAGC! D+'.3!

*")*! R()$&(('2! *+! "&)3! %)*#+! #0! )! 0*%+.$! 1%&3#-*+%! +D! 01&%2! /&(+-#*,! )-%+00!

1)00&%#.&! 6#%30! 2).,! 0*'3#&0! ")/&! D)#(&3! *+! +60&%/&! )! 0#2#()%! #.*%)01&-#D#-!

%&()*#+.0"#1! #.! )! /)%#&*,! +D! *)7)! ;T)$&! !"# $%&?! @AA@H! U#.+%&**#! =! >)'%?! @AAYH!

WX1+(3?! W#.K?! !"# $%&?! @AAGC4! <! D'*'%&! 0*'3,! 2&)0'%#.$! #.! /#*%+! 01&%2! /&(+-#*,!

)-%+00!*"&!Z&2#K#3)&!).3!Q)%#3)&!:+'(3!1%+/#3&!)!6&**&%!*&0*!+D!*"&!%&()*#+.0"#1!

6&*:&&.!/&(+-#*,!).3!PQQ!#.!*"&0&!D)2#(#&04!

!

I+:&/&%!)!2)[+%!-)/&)*!#.!*"#0!0*'3,!#0!+'%!)6#(#*,!*+!)--'%)*&(,!2&)0'%&!NO62?!

*"#0! :)0! 0&/&%&(,! %&3'-&3! D+%! 0+2&! 01&-#&0! 3'&! *+! *"&! (+:! .'26&%! +D! 2)(&0!

0)21(&34! \.! D'*'%&! 0*'3#&0! (++9#.$! )*! $%&)*&%! .'26&%0! +D! 2)(&0! :#*"#.! &)-"!
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/)%,#.$!%)*&0!+D!PQQ!:+'(3!6&!"#$"(,!#.D+%2)*#/&4!<0!;W#D[&(3!!"#$%&?!@AJAC!D+'.3!



 

 119 

!

"#$"!"#%!&"'()*%&"!+(''%,$"%!-."#!/00!-$&!1234!.)!"("$,!&5%'4!,%)*"#!$+'(&&!$!

'$)*%!(6!6$4.,.%&7!&(!."!+(8,9!3%!"#$"!(8'!$)$,:&.&!,$+;&!'%&(,8".()!"(!9%"%+"!"#.&!

('!"#%'%!$'%!9.66%'%)"!4%+#$).&4&!6('!5(&"<+(58,$"(':!&%,%+".()!()!&5%'4!.)!"#%!

"#%!0$'.9$%!$)9!=%4.>.9$%!6$4.,.%&?!

!

@,"#(8*#!)(!&.*).6.+$)"!'%,$".()&#.5&!-%'%!(3&%'A%9!.)!"#%!$)$,:&.&!()!4.95.%+%!

,%)*"#! 5$'$4%"%'&7! 68'"#%'! .)A%&".*$".()! -."#! $! *'%$"%'! )843%'! (6! &5%+.%&! .&!
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Sexually selected plumage trait predicts sperm 

morphology in the European penduline tit (Remiz 

pendulinus) 
!
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!

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

!

?@(*%! <(*(! /2)(*A(4! $+4(*! &! B(3))! C?7DEF7(,&! 0/+./0&#! #&)(*G)0&++3+'!

%30*/)0/@(>!5!EF$#!)&%@#(!.*/%!,1(!2/,,/%!/.!,1(!(@@(+4/*.)!0/+,&3+3+'!.&(0&#!

/*! )(%3+&#! '#/%(*&! )&%@#()! <&)! @3@(,,(4! /+,/! &! '#&))! 2/,,/%(4! %30*/G<(##!

43)1>!=1()(!<(*(!#(.,!,/!&3*G4*H!3+!&!.$%(1//4!./*!IJD!%3+$,()>!=1(!)@(*%!0(##)!

<(*(!,1(+!*(G)$)@(+4(4!3+!EF$#!/.!&!F>K$%/#!L5"M!)/#$,3/+9!3+!/*4(*!,/!),&3+!,1(!

+$0#(3>! ?@(*%! <(*(! 3+3,3&##H! #/0&,(4! $)3+'! &! NFO! "1&)(! N! &3*! /2P(0,3A(! $+4(*!

<13,(!#3'1,>!Q+0(!&!)$3,&2#(!)@(*%!1&4!2((+!#/0&,(49!.*((!/.!4(2*3)!&+4!/.!+/*%&#!

%/*@1/#/'H!R)@(*%!<3,1! ,</!1(&4)9! ,</!,&3#)!/*!0*//-)!<(*(!&A/34(469! 3,!<&)!

A3(<(4!$)3+'!&!JSS+%!&*'/+!#&)(*>!"1/,/)!<(*(!,&-(+!<3,1!&!43'3,&#!0&%(*&!&+4!

,1(!3%&'()!)&A(4!&)!>,3.!.3#()>!
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!

"#$! %&'(#)*'+! (&,%&'-! .-'%$/! 0$&1),2! 3456&!7'1! 81$9! :,! ;)18'+)1$! :#$! 1($&-!

(#,:,1!'29!($&<,&-!-$'18&$-$2:14!"#$!+$2%:#!,<!:#$!:#&$$!-')2!*,-(,2$2:1!,<!

('11$&)2$! 1($&-! 7$&$! -$'18&$9=! :#$! #$'9=! -)9()$*$! '29! :')+=! :,! :#$! 2$'&$1:!

-)*&,24!>++!:#&$$!-$'18&$-$2:1!7$&$!*,-?)2$9!:,!*'+*8+':$!:#$!:,:'+!+$2%:#!,<!

$'*#!1($&-!@1$$!A)%8&$!543!<,&!9$+)2$':),2!,<!:#$!1($&-!*,-(,2$2:1B4!>:!+$'1:!C!

1($&-! 7$&$! -$'18&$9! <&,-! $'*#! -'+$! '29! $'*#! 1($&-! 7'1! -$'18&$9! :#&$$!

:)-$1!'29!:#$!';$&'%$!,<!:#$1$!81$9!:,!*'+*8+':$!7):#)2D-'+$!;'&)'2*$!)2!1($&-!

+$2%:#!<,&!$'*#!-'+$!@E07-B4!

!

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

!

>++! :&'):1!7$&$!*,-('&$9!?$:7$$2! :#$! :7,!(,(8+':),21!,<!($298+)2$! :):1!81)2%!

F$+*#G1! :D:$1:1! :,! '1*$&:')2! )<! :#$&$! 7$&$! '2H! 1)%2)<)*'2:! 9)<<$&$2*$1! )2!

-,&(#,+,%H! ?$:7$$2! :#$! I,-'2)'2! '29! J('2)1#! ?)&914!F$! '118-$9! 82$K8'+!

;'&)'2*$1! 98$! :,! :#$! +'*L! ,<! L2,7+$9%$! ,<! :#$! 9);$&1):H! 7):#)2! :#$1$! :7,!

(,(8+':),21! ,2! $):#$&! 1)9$! ,<! M8&,($4! "#$H! *,8+9! ?$! 829$&! 9)<<$&$2:! 1$N8'+!

1$+$*:),2!(&$118&$1!%);$2! :#$!&'()9!$;,+8:),2!,<!1$N8'++H!1$+$*:$9! :&'):1!7):#)2!

:#)1!%&,8(!@'1!9,*8-$2:$9!)2!*#'(:$&!OB4!!

!

>2!'2'+H1)1!,<!*,;'&)'2*$!@>PEQ0>B!7'1!($&<,&-$9!:,!'11$11! :#$!&$+':),21#)(!

?$:7$$2! :#$! (&$D*,(8+':,&H! :&'):! @-'1L! 1)R$B! '29! :#$! (,1:D*,(8+':,&H! :&'):!

@E07-! ,<! :,:'+! 1($&-! +$2%:#B!7#)+1:! *,2:&,++)2%! <,&! (,(8+':),24! "#$!-'N)-'+!

-,9$+!7'1! )2):)'++H! '((+)$9! ?$<,&$! 18?1$K8$2:+H! &$-,;)2%! :#$! 2,2D1)%2)<)*'2:!

;'&)'?+$1!)2!'!1:$(D7)1$!<'1#),24!"#)1!7,8+9!+$'9!:,!:#$!-,9$+!7):#!:#$!#)%#$1:!

+)L$+)#,,9! ?H! &,8:)2$+H! *,-('&)2%! -,9$+1! ;)'! '2,;'! '<:$&! '! ;'&)'?+$! 7'1!

&$-,;$94! >++! '2'+H1$1! 7$&$! ($&<,&-$9! '29! %&'(#1! (&,98*$9! 81)2%! :#$! I!

1:':)1:)*'+!$2;)&,2-$2:4!

!

!

!

!

!
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!"#$%&#'
!

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

!

"#$%&'(! #)%*+,&%)! -&-'! ($*! '&.%&/&0$%-,1! ,$2.)2! 3$'4'! -($%! -()&2! 563$%&$%!

06+%-)2#$2-'!78),0(!-96!'$3#,)!-:-)'-;!-!<!:=>?@A!*/!<!BC>DA!#!E!F>FBG>!H()1!$,'6!

($*!'&.%&/&0$%-,1!.2)$-)2!3$%-,)!'$-+2$-&6%!78),0(!-96!'$3#,)!-:-)'-;!-!<!:=>?IDA!

*/!<!BC>DJA!#!E!F>FBG!$%*!-()!06%-2$'-!K)-9))%!-()!L$'4!$%*!M269%!/)$-()2'!9$'!

$,'6!362)!#26%6+%0)*!&%!-()!"#$%&'(!K&2*'A!$,-(6+.(!%6-!'&.%&/&0$%-,1!*&//)2)%-!

78),0(!-96!'$3#,)!-:-)'-;!-!<!:C>B?IA!*/!<!D>@NA!#:O$,+)!<!F>FJNG>!"))!P&.+2)!J>C!

/62!#,+3$.)!063#$2&'6%'>!

!

'
()*$+"',-.-!Q,+3$.)!063#$2&'6%!K)-9))%!-()!-96!#)%*+,&%)!-&-!#6#+,$-&6%'!'(69&%.!-()!
.2)$-)2!62%$3)%-$-&6%!&%!-()!"#$%&'(!#6#+,$-&6%>!H()!"#$%&'(!3$,)'!($*!'&.%&/&0$%-,1!.2)$-)2!RG!
L$'4!'&S)!$%*!MG!L$%-,)!'$-+2$-&6%!-($%!563$%&$%!3$,)'!7L$'4!'&S)T!8),0(!-96!'$3#,)!-:-)'-;!-!
<!:=>?@A!*/!<!BC>DA!#!E!F>FBA!L$%-,)!'$-+2$-&6%T!8),0(!-96!'$3#,)!-:-)'-;!-!<!:=>?IDA!*/!<!BC>DJA!#!E!
F>FBG>!U69)O)2!-()2)!9$'!%6-!$!'&.%&/&0$%-!*&//)2)%0)!K)-9))%!VG!L$'4:M269%!06%-2$'-!78),0(!
-96!'$3#,)!-:-)'-;!-!<!:C>B?=?A!*/!<!D>@NA!#!<!F>FJNG
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!"#$%&%'$"(')'*+&

!

"#$!%$&'(%$)!*'+,$%!-.!/0$%+!12345!0$%!+67$8!9$%$!-*7:!-,;6(*$)!.%-+!<5=!

1>?@8! -.! ;#$! A-+6*(6*! ,(%)/! 6*)! 4@=! 1<?BC8! -.! ;#$! D06*(/#! ,(%)/E! "#$/$!

/6+07$/! )()! *-;! %$F$67! 6*:! /(G*(.(H6*;! )(..$%$*H$! ,$;9$$*! ;#$! 9(;#(*! +67$!

F6%(6*H$!(*!/0$%+!7$*G;#!1IJ9+8!-.!;#$!;9-!0-0'76;(-*/!1K$7H#!;9-!/6+07$!;3

;$/;L! ;! M! 34EC5NO! ).! M! <E>PO! 03F67'$! M! 5E4>8! -%! 6! /(G*(.(H6*;! )(..$%$*H$! (*! ;-;67!

/0$%+!7$*G;#!,$;9$$*!;#$+!1K$7H#!;9-!/6+07$!;3;$/;L! ;!M!34E@BCO!).!M!>E5BO!03

F67'$! M! 5E4BP8E! Q7;#-'G#! ,-;#! ;%6(;/! F$%G$)! ;-96%)/! #(G#$%! F67'$/! (*! ;#$!

D06*(/#!0-0'76;(-*!1/$$!R(G'%$!<EN8E!

!

!"#$%&'()*)!I-+06%(/-*!-.!/0$%+!+-%0#-7-G:!,$;9$$*!;9-!0-0'76;(-*/!-.!S'%-0$6*!0$*)'7(*$!
;(;/O!,#%-.&"#/01)-/12E!Q8!"#$%$!(/!*-!/(G*(.(H6*;!)(..$%$*H$!,$;9$$*!;#$!0-0'76;(-*/!(*!9(;#(*!
+67$!F6%(6*H$!(*!/0$%+!7$*G;#!1IJ9+8!1K$7H#!;9-!/6+07$!;3;$/;L!;!M!34EC5NO!).!M!<E>PO!03F67'$!M!

5E4>8!-%!T8!D0$%+!7$*G;#!1K$7H#!;9-!/6+07$!;3;$/;L!;!M!34E@BCO!).!M!>E5BO!03F67'$!M!5E4BP8E!

!

! !
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!

!"##$%&'(")*+$',$$)*,('-()*.&%$*/0$#.*1&#(&)2$*3!4,.5*&)6*.&/7*/(8$*

!

"#! $%&!'()*'(+!',-&+! $,! &).+(*#! $%&! ,/0&12&-! -*33&1&#4&0! *#! $%&!5*$%*#!'(+&!

2(1*(#4&!*#!0.&1'!+&#6$%!7895':!5&!*#4+;-&-!.,.;+($*,#<!'(0=!0*>&!(#-!'(#$+&!

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

-*',1.%*4! (41,00! B;1(0*(#! .&#-;+*#&! $*$! 0.&4*&0! 70&&! 4%(.$&1! C:! (#-! $%&1&! *0!

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

7D,6E#A! F! G>H=&+A<! IJJK:?! L&! *#4+;-&-! .,.;+($*,#! (0! (! 2(1*(/+&! 0*#4&! 5&!

,/0&12&-! 0*6#*3*4(#$! -*33&1&#4&0! /&$5&&#! $%&! $5,! .,.;+($*,#0! *#! /,$%! $%&0&!

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

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

!

M()*'(+!',-&+N!! A1,'(#*(!O!(1,'(#*(!P!/1,'(#*(!)!P!41,'(#*(!>!!

A0.(*#!O!(0.(*#!P!/0.(*#!)!P!40.(*#!>!

!

L%&1&!A!*0!$%&!-&.&#-&#$!2(1*(/+&!7895':!(#-!$%&!&).+(#($,1A!2(1*(/+&0!(1&!)!!

7'(0=!0*>&:!(#-!>! ! 7'(#$+&!0($;1($*,#:?!@%&! *#4+;0*,#!,3!'(#$+&!0($;1($*,#!-*-!

#,$! 0*6#*3*4(#$+A! (33&4$! $%&! ',-&+! 3*$! (#-! 5(0! $%;0! 1&',2&-?! @%&! *#$&1(4$*,#!

/&$5&&#!'(0=!0*>&!(#-!.,.;+($*,#!-*-!#,$!0*6#*3*4(#$+A!(33&4$!$%&!',-&+!3*$!(#-!

5(0!(+0,!1&',2&-?!Q++!,$%&1!2(1*(/+&0!0*6#*3*4(#$+A!(33&4$&-!$%&!',-&+R0!(/*+*$A!$,!

&).+(*#! $%&!,/0&12&-!.($$&1#! *#! 0.&1'!2(1*(#4&?!@%;0!5&! 3,;#-! $%($! $%&!',0$!

+*=&+A!',-&+!5(0N!

!

M*#*'(+!(-&S;($&!',-&+N!! A1,'(#*(!O!(1,'(#*(!P!/)!

A0.(*#!O!(0.(*#!P!/)!

!

@%&1&3,1&!5&! 3,;#-! $%($!5*$%*#!'(+&! 0.&1'! 2(1*(#4&! *0! #&6($*2&+A! 4,11&+($&-!

5*$%!'(0=!0*>&?!@%&1&!*0!(+0,!(!0*6#*3*4(#$!&33&4$!,3!.,.;+($*,#!5*$%!$%&!G.(#*0%!

'(+&0! &)%*/*$*#6! +(16&1! '(0=0! /;$! %*6%&1! 2(1*(#4&! *#! 0.&1'! +&#6$%! $%(#! $%&!

T,'(#*(#!'(+&0!70&&!@(/+&!U?V!(#-!W*6;1&!U?X:?!
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!

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

1(2&('5$!6783%9!.:!;!%()$!0$'*,)&'$!-&-4<!=0$2%!1(2&('5$!63%9!>!7.,'-2?!@!%(4A!4&B$!

!

"$2%! $4-&%(-$! =CDC! -! E! D::$5-!4&B$!

F'-$25$0-! ;CGHH! HCIIJ! JCKJI! LCLL;M;! !

7.,'-2?! HCMLG! LCKNH! JCIN;! LCLGJIO! HC;IJ!

P(4A! QMCK;M! HCIIK! QHCKKK! LCLJHGH! LCNO;!

!

!

!
*+,-.&!'(/(!R$)(-&.'4#&04!S$-3$$'!(!02$Q5.0,)(-.2?!6%(4A!4&B$9!('*!0.4-Q5.0,)(-.2?!6783%9!
4$/,())?!4$)$5-$*!-2(&-!&'!-3.!0.0,)(-&.'4!.:!-#$!D,2.0$('!0$'*,)&'$!-&-T!!"#$%&'"()*+$(*,C!"#$2$!
&4!(!4&U'&:&5('-!'$U(-&1$!2$)(-&.'4#&0!783%!('*!%(4A!4&B$C!V)-#.,U#!&'!-#$!=0('&4#!0.0,)(-&.'!
1(2&('5$!&'!40$2%!)$'U-#!&4!#&U#$2T!%(4A!4&B$!&4!U2$(-$2!64$$!"(S)$!NCG9C!!
!

!

!

! !
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!

!"#$%##"&'(
!

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

'1! %#$! 2)0'($+-! ($-/)*,-$! %,%4! 10'5!6+/0,/4! 7(+,-! ,-! %#$!&$.%! %'! %#$! 8+-)3$!

/$*%+4! 9'5+-,+! ,-! %#$! $+.%:! ;'&$<$0! 3'%#! ('()*+%,'-.! +0$! =)00$-%*>! =*+..,1,$/!

&,%#,-! %#$! .+5$! .)3.($=,$.4! %#$! -'5,-+%$! .)3.($=,$.! !"#$%& '"()*+$(*,&

'"()*+$(*,:!"#$!'%#$0!?!.)3.($=,$.!+.!/$.=0,3$/!3>!;+00+(!+-/!@),--!'==)0!%'!

%#$!$+.%!'1!2)0'($!A;+00+(!B!@),--4!CDDEF:!;'&$<$0!&$!#+<$!1')-/!.,G-,1,=+-%!

/,11$0$-=$.!,-!5'0(#'*'G>!3$%&$$-!5+*$!(*)5+G$!,-!')0!%&'!('()*+%,'-.:!"#,.!

,.!-'%!.)0(0,.,-G!G,<$-!%#$!HIJKK!L5!.$(+0+%,-G!%#$!%&'!*'=+*,%,$.:!;'&$<$0!+.!

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

,-! %#$! ($-/)*,-$! %,%.! +=0'..! 2)0'($:! ;$0$! &$! /$.=0,3$! %#$! G0$+%$0!

'0-+5$-%+%,'-!'1!%#$!7(+-,.#!5+*$.!='5(+0$/!%'!%#$,0!9'5+-,+-!=')-%$0(+0%.:!

"#$!7(+-,.#!5+*$.!$M#,3,%! *+0G$0!5+.L.4!+! %0+,%!(0$1$00$/!3>! 1$5+*$!($-/)*,-$!

%,%.! ,-! +!;)-G+0,+-!('()*+%,'-! AN'GO->!B!7PQL$*>4! IKKJR!S,-G5+!"-&.+/4! IKKTF4!

+-/!%#$,0!5+-%*$!1$+%#$0.!+0$!5'0$!='*')01)*:!"#$!5+-%*$!1$+%#$0.!+0$!+*.'!*,L$*>!

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

2)0+.,+-! .($=,$.! '1! ($-/)*,-$! %,%! A.$$! =#+(%$0! ?F:! "#$! 0$+.'-.! 1'0! %#$.$!

'3.$0<$/! /,11$0$-=$.! +0$! ,-%0,G),-G! +-/! &')*/! 3$-$1,%! 10'5! 1)0%#$0!

,-<$.%,G+%,'-:! "#$>! =')*/! 3$! /0,<$-! 3>! G$-$%,=! '0! $-<,0'-5$-%+*! /,11$0$-=$.!

3$%&$$-!%#$!('()*+%,'-.:!2M%$-.,<$!0,-G,-G!/+%+!#+.!0$<$+*$/!%#+%!%#$!7(+-,.#!

('()*+%,'-!,.!0$.,/$-%!>$+0!0')-/!AU+0*'.!N'-=$4!($0.!='55F4!($0#+(.!%#$!*'..!

'1! 5,G0+%,'-! (0$..)0$.! #+<$! +**'&$/! ,-=0$+.$/! 0$.')0=$! +**'=+%,'-! %'!

'0-+5$-%+%,'-! '0! +0$! ($0#+(.! /0,<$-! 3>! ,-=0$+.$/! 1$5+*$! =#''.,-$..! 3>!

7(+-,.#! 1$5+*$.:! ;'&$<$04! +.!5$*+-,-! 3+.$/! %0+,%.! +0$! %#')G#%! %'! 3$! )-/$0! +!

*+0G$! /$G0$$! '1! G$-$%,=! ,-1*)$-=$! AV0,11,%#!"-&.+/4! IKKEF! ,%! ,.! ($0#+(.!/0,<$-!3>!

G$-$%,=!/,11$0$-=$.!3$%&$$-!%#$!('()*+%,'-.:!W0'5!')0!&'0L!'-!%#$!$<'*)%,'-!'1!

(*)5+G$! +-/! 3'/>! .,P$! %0+,%.! A.$$! =#+(%$0! ?F! &$! L-'&! %#+%! %#$.$! .$M)+**>!

.$*$=%$/!(*)5+G$! %0+,%.! #+<$! )-/$0G'-$! 0+(,/! $<'*)%,'-+0>! =#+-G$! +=0'..! %#$!

2)0+.,+-!($-/)*,-$! %,%.:!"#,.!(+%%$0-! ,1!/0,<$-!3>!.$M)+*! .$*$=%,'-4! =')*/!5$+-!

%#+%!%#$0$!+0$!,-=0$+.,-G*>!X=#''.>Y!1$5+*$.!,-!7(+,-4!,%!&')*/!3$!,-%$0$.%,-G!%'!
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Mating systems do not predict genetic diversity in the 

penduline tits and allies (Super family: Sylvioidea) 
!
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Z-((F`OO)))*'@84*'$6*'4-*51%O[!)&<!<#&"@-#.!21"!F08$4<-#.!5#'#!<#S0#'@#<!12!
M9!F&<<#"4'#<!)4(-4'! (-#!0#$1/%/2'3! <0F#"! 2&64$,K! "#F"#<#'(4'5!/9! 2&64$4#<!&'.!
4'@$0.4'5! 10"! //! <(0.,! <F#@4#<*! B,(1@-"16#YR! ZB,(YR[! <#S0#'@#<! 21"! &$$! M9!
<F#@4#<!)#"#!$1@&(#.!&'.!<#S0#'@#<!12!(-#!Q"'4(-4'#!.#@&"817,$&<#!4'("1'<!MYN!
ZQCBMYN[!)#"#!210'.!21"!JL!<F#@4#<!Z<##!EFF#'.47!M*9*!21"!&$$!<F#@4#<!&'.!DBR_!
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!

"#$#! %#&'#$(#! $')*#+%,-! ./01! /2! 01#%#! "#$#! +#"3/$%! 4#+#! '%#5! 0/! "63$! 6!

+#7+#%#$06038#!/2!)30/(1/$5+369!:;<0=.,!6$5!$'(9#6+!:>?;@=A,!?BC!%#&'#$(#%D!

413(1! 3$! (/)*3$603/$! 7+/5'(#!)'(1! "+#60#+! +#%/9'03/$-! >'0="+/'7! %#&'#$(#%!

(/$%3%0#5! /2! )#)*#+%! /2! 01#! $#6+#%0! %'7#+=26)39<! :!"#$%$&'(%)*&,! 6$5!

+#7+#%#$06038#%!/2!01#!)/+#!*6%69!76%%#+3$#!"+/'7%D!01#!+(,-%)&*!:;6++3/$!(+/4,!

6$5! 01#! ./,&00%)&*! :.+/4$=(+#%0#5! 29<(60(1#+,-! E6(1! %#0! /2! "#$#! %#&'#$(#%!

4#+#! 01#$! 693"$#5! '%3$"! 01#! ;9'%069=F! 693"$)#$0! 0//9! 3$! GEHC! 8! I-J-J-! K13%!

(+#60#5!693"$)#$0! 9#$"01%! 2/+! 01#!;<0=.!6$5!>?;@=A! %#&'#$(#%!/2!LMM!*7!6$5!

ANN!*7!+#%7#(038#9<-!

!

K1#! %'*%030'03/$! )/5#9%! '%#5! 2/+! #6(1! "#$#! 4#+#! 3$2#++#5! '%3$"! 01#! CO63O#!

3$2/+)603/$!(+30#+3/$!:CP;,! 3$!G+G/5#9! 0#%0-!K1#!693"$#5!%#&'#$(#%!4#+#! 01#$!

3$7'0!3$0/!Q.ECRK!6$5!+'$!2/+!JNNDNNNDNNN!"#$#+603/$%-!C!*'+$=3$!/2!JIS!46%!

53%(6+5#5! 6$5! 01#! )/%0! 93O#9<! 71<9/"#$<! 3$2#++#5! 2+/)! 01#! +#)63$3$"! 0+##%!

'%3$"!K+##!C$$/060/+-!

!

1#2%3&2%0454*0*2%$5-&,%&2%(05

!

H#$#03(! 86+3603/$!46%! #%03)60#5! 3$! 04/!46<%D! 01#! 23+%0! '%3$"! 01#!)#6$! 699#93(!

538#+%30<! 7#+! )6+O#+! 6$5! 01#! %#(/$5! )#01/5! '%#5! 01#! )#6$! #T7#(0#5!

1#0#+/U<"/%30<! /2! #6(1! )6+O#+! *6%#5! /$! V6+5<=F#3$*#+"! #&'393*+3')-! K1#%#!

6+#!*/01!(/)79#)#$06+<!)#6%'+#%!/2!"#$#03(!538#+%30<!4301!01#!23+%0!*#3$"!)/+#!

%#$%3038#!0/!9/%%!/2!"#$#03(!538#+%30<!2+/)!%)699!7/7'9603/$!%3U#%!6$5!01#!%#(/$5!

9#%%! 5#7#$5#$0! /$! 96+"#! %6)79#! %3U#%-! K1#! #T7#(0#5! 1#0#+/U<"/%30<! 46%!

#%03)60#5! 3$!;#+8'%!8!W-N-W-!K1#!68#+6"#!6(+/%%!699!XI!)6+O#+%!46%!(69('960#5!

2/+! 699! XX! %7#(3#%! '%3$"! JA! %'((#%%2'99<! "#$/0<7#5! 3$53835'69%! 2+/)! #6(1!

7/7'9603/$!:K6*9#!@-X-!6$5!C77#$53T!@-X-,-!

!

!6*7&2%(0#8%'#59*2:**05;,(3%#$"%2/<5;('"7&2%(05#%=*5&0)5>*0*2%$5)%-*,#%2/5

!

K1#! +60#! /2! EYY! 46%! '%#5! 6%! 6! )#6%'+#! /2! 7+/)3%('30<! 2/+! #6(1!

%7#(3#%Z7/7'9603/$-!Y+#83/'%!%0'53#%!165!(69('960#5!01#!5#"+##!/2!EYY!3$!XN!/2!

01#!7/7'9603/$%Z%7#(3#%!%6)79#5! 2/+! 013%!%0'5<-![/+! 01#!655303/$69!%7#(3#%D! 01#!
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!

"#$%! &'&! (!"#$%&#'() &*"#)*! #+,! -$./%0-! #,'1'2$&03! 4,#.! $! .$'2%$23! 5+,#/0$2!

/#/+%$&'#2!'2!6/$'2!$23!$!7$%+0!#4!588!9$%9+%$&03!4#,!$!.$'2%$23!/#/+%$&'#2!#4!

"#$%! &'&-! '2!:0,.$2;!<$-!+-03! '2! &='-! -&+3;>! ?0<! -/09'0-!=$70!588! 9$%9+%$&03!

4,#.! .+%&'/%0! /#/+%$&'#2-*! @+&! &=#-0! &=$&! 3#! -=#<! #2%;! -.$%%! $.#+2&-! #4!

7$,'$&'#2! 0A90/&! <=02! 9#./$,'21! @0&<002! '-%$23! $23! .$'2%$23! /#/+%$&'#2-!

(:,'44'&=*!BCCCD!E,#..0,!"*)&+,*!BCFC)>!

!

E,003'21!,$210-!4#,!$%%!FF!-/09'0-!<0,0!#@&$'203!4,#.!&=0!E',3%'40!'2&0,2$&'#2$%!

3$&$G#20!(=&&/HII<<<>@',3%'40>#,1>+JI3$&$G#20I=#.0)>!K%%!-/09'0-!'2!&='-!-&+3;!

$,0! -.$%%! (LMFN1)!.#-&%;! '2-09&'7#,#+-!/$--0,'20-!$23! &=+-! '&! '-! ,0$-#2$@%0! &#!

$--+.0!&=$&!@,003'21!,$210!9$2!@0!+-03!$-!$!/,#A;!4#,!-/09'0-!/#/+%$&'#2!-'G0>!

O#!9=09J!&=0!7$%'3'&;!#4!&='-!$--+./&'#2!<0!9#./$,03!&=0!,0%$&'#2-='/!@0&<002!

@,003'21!,$210!$23!/#/+%$&'#2!-'G0!($-!0-&'.$&03!@;!E',3%'40!'2&0,2$&'#2$%)!4#,!

BP!-.+/$0$1"&!-/09'0-!4#,!<='9=!@#&=!3$&$!<0,0!$7$'%$@%0!(K//023'A!L>Q>)>!!

!

O#!&0-&!&=0!/,03'9&'#2!&=$&!40.$%0!/,#.'-9+'&;!<#+%3!'29,0$-0!R0!$23!&=+-!&=0!

%070%! #4! 1020&'9! 3'70,-'&;!<'&='2! $! /#/+%$&'#2! $! /=;%#1020&'9! 1020,$%'G03! %0$-&!

-S+$,0-! (8:T6)! $//,#$9=! <$-! +-03>! O='-! <$-! './%0.02&03! '2! U! +-'21! &=0!

V9$/0,W! /$9J$10>! O=0! -.+/$0$1"&! /=;%#102;! <$-! 2090--$,;! &#! 9#2&,#%! 4#,!

,0%$&0320--! @0&<002! &=0! /#/+%$&'#2-I-/09'0-! @;! $%%#<'21! &,$'&-! &#! 7$,;! 7'$! $!

E,#<2'$2!.#30%!#4!07#%+&'#2!+-'21!&=0!%$.@3$!/$,$.0&0,!/,#/#-03!@;!(8$10%*!

FXXX)>!K!%$.@3$!#4!C!'23'9$&0-!&=$&!&=0!3$&$!-=#<-!2#!/=;%#1020&'9!-'12$%!$23!$!

%$.@3$!#4! F! '23'9$&0-! &=$&! &=0!3$&$! -=#<-! 9#./%0&0!/=;%#1020&'9! 30/0230290!

07#%7'21! '2! %'20! <'&=! $! E,#<2'$2!.#30%! #4! 07#%+&'#2>! T$.@3$! <$-! 0-&'.$&03!

3+,'21! &=0! $2$%;-'-! 7'$! $! .$A'.+.! %'J0%'=##3! $//,#$9=! $23! %'J0%'=##3! ,$&'#!

&0-&-!<0,0!+-03!&#!9#./$,0!&=0!.#30%!4'&!<=02!0'&=0,!$!%$.@3$!#4!C!#,!%$.@3$!

#4!F!<$-!+-03!&#!0A/%$'2!&=0!4'&!#4!&=0!3$&$>!

!

O=0!8:T6!$2$%;-0-!+-03!@,003'21!,$210!(%#1!&,$2-4#,.03!3+0!&#!%$,10!7$,'$&'#2-!

@0&<002! -/09'0-)! $23! /,#.'-9+'&;! $-! 0A/%$2$&#,;! 7$,'$@%0-! 4#,! &=0! 7$,'$&'#2!

#@-0,703!'2!0$9=!#4!&=0!1020&'9!3'70,-'&;!.0$-+,0-!'2!&=0!FF!-.+/$0$1"&!-/09'0->!

!

Y#30%H!:020&'9!3'70,-'&;!Z!8,#.'-9+'&;![!%#1(E,003'21!,$210)!
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!

!"#$%&#'

!
!"#$%&'(#)

"! #$%&'(! )*+,$-./+! 01(*! 2! 3$/$)*+,.(14! *#$+,%,-'.! 4,25.! 1/! 4,$'.! 2-#..3./(!

01(*!(*.!3$'(!#.4./(!)2''.#1/.!)*+,$-./1.'!02'!1/6.##.5!781-&#.!9:;:<!7",'(#=3!

'/).$0>!?@@9A!B.(C!'/).$0>!?@;?<:!",,!3.3%.#'!$6!(*.!'23.!-./&'!-#$&)!($-.(*.#!2/5!

(*.!32D$#1(+!$6!/$5.'!2#.!'&))$#(.5!01(*!*1-*!)#$%2%1,1(+:!

!

12''-,(&)2.(&'))

!

E*.#.!02'!2!'1-/16142/(!)$'1(1F.!4$##.,2(1$/!%.(0../!%#..51/-!#2/-.!7G3?<!2/5!

.'(132(.5! )$)&,2(1$/! '1C.! 7H.2#'$/! 4$##.,2(1$/>! (! I! ?:9J>! 56! I! ?K>! )LF2,&.! I!

@:@;K<>! 781-&#.!9:?:<:! E*1'!02'!&'.5! ($! '&))$#(! (*.!&'.!$6!%#..51/-! #2/-.!2'! 2!

'&##$-2(.!6$#!)$)&,2(1$/!'1C.!6$#!(*.!;;!').41.'!1/!(*1'!'(&5+:!

!
!
3'('/,4)-,+'25,/#)

!

M./.(14! 51F.#'1(+! F2#1.5! '1-/16142/(,+! 24#$''! (*.! ;;! ').41.'! 3.2'&#.5! 0*./!

&'1/-! .1(*.#! .N).4(.5! *.(.#$C+-$'1(+! 7O#&'G2,LP2,,1'! Q?! I! ?@:JK>! 56! I! ;@>! )L

F2,&.I@:@??K<! 781-&#.! 9:K<! $#! 2,,.,14! 51F.#'1(+! 3.2'&#.'! 7O#&'G2,LP2,,1'! Q?! I!

?K:KK>!56!I!;@>!)LF2,&.!I!@:@@R9<!781-&#.!9:S<:!T$(*!-./.(14!51F.#'1(+!3.2'&#.'!

0.#.! *1-*,+! 4$##.,2(.5! 7H.2#'$/U'! 4$##.,2(1$/>! (! I! ;;:RR>! 56! I! R>! )LF2,&.! V!

@:@@@;<781-&#.! 9:W<:! M./.(14! 51F.#'1(+! '*$0.5! 2! '(#$/-! )*+,$-./.(14! '1-/2,>! 2!

,23%52!$6!;!02'!2,02+'!'1-/16142/(,+!3$#.!,1G.,+!(*2/!2!,23%52!$6!@!7E2%,.!9:?<:!

E*.!,$0.'(!,.F.,'!$6!F2#12(1$/!0.#.!6$&/5!1/!(*.!H./5&,1/.!(1('!76'7,8,-.'<!2/5!

E#&.! (1('! 7!.2,-.'<! 01(*! *1-*.#! ,.F.,'! %.1/-! 6$&/5! 1/! (*.! 02#%,.#'>! X1/$&'L

(*#$2(.5!)2##$(%1,,!2/5!Y$/-L(21,.5!(1(!781-&#.'!9:K!2/5!9:S<:!!
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"#$%&'!()*)!"#$%&'()$!&*!+#(!!"#$%&%'()!,)*(--(.!,)!/01234!56,)'!7!8,+&9#&).-,7%!:;$+<0=!7).!)59%(7-!:>?;<@<A=!'()(!-(',&)B!2%%!C-7)9#!)&.(6!D,+#!7!E&6+(-,&-!E-&C7C,%,+$!FGH!
7-(!%7C(%%(.!7).!+#(!-(.!C-7)9#(6!,).,97+(!+#(!(%(I()!6E(9,(6!9&8E7-(.!,)!+#,6!6+5.$B

0.0060

Remiz coronatus

Acrocephalus arundinaceus

Zosterops lateralis

Locustella luscinioides

Hirundo rustica

Poecile sclateri

Eremopterix verticalis

Phylloscopus trochilus

Poecile hudsonicus

Chersomanes albofasciata

Turdus merula

Hirundo neoxena

Acrocephalus schoenobaenus

Petrochelidon pyrrhonota

Poecile atricapillus

Anthoscopus minutus

Tachycineta bicolor

Auriparus flaviceps

Acrocephalus melanopogon

Eremophila alpestris

Zosterops japonicus

Delichon urbicum

Cisticola exilis

Corvidae

Locustella fluviatilis

Acrocephalus palustris

Calandrella cinerea

Baeolophus wollweberi

Cisticola juncidis

Galerida cristata

Poecile gambeli

Paradoxornis webbianus

Phylloscopus collybita

Riparia riparia

Ficedula hypoleuca

Eremalauda starki

Sylvia communis

Progne subis

Remiz pendulinus

Poecile carolinensis

Alauda arvensis

Phylloscopus fuscatus

Cyanistes caeruleus

Megalurus timoriensis

Phylloscopus sibilatrix

Progne tapera

Ammomanes grayi

Poecile montanus

Acrocephalus stentoreus

Pycnonotus barbatus

Oenanthe oenanthe

Baeolophus inornatus

Petrochelidon nigricans

Progne chalybea

Hirundo tahitica

Acrocephalus scirpaceus

Periparus ater

Sylvia atricapilla

Acrocephalus paludicola

Sylvia curruca

Baeolophus bicolor

Parus major

Tyrannidae

Saxicola torquatus

Pygochelidon cyanoleuca

Panurus biarmicus

Megalurus gramineus

Aegithalos caudatus
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!"#$%&'()*)!"#$!%$&'()*+,#)-!.$(/$$+!.%$$0)+1!%'+1$!'+0!-*-2&'()*+!,)3$!4*%!56!!"#$%&%'()!
,-$7)$,8!"#$!0'('!/$%$!*.(')+$0!4%*9!:)%0&)4$!)+($%+'()*+'&!'+0!,#*/!'!,)1+)4)7'+(!-*,)();$!
%$&'()*+,#)-!.$(/$$+!.%$$0)+1!%'+1$!'+0!-*-2&'()*+!,)3$!<=$'%,*+!7*%%$&'()*+>!(!?!58@A>!04!?!5B>!
-C;'&2$!?!D8DEBF8!
!
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!"#$%&'()*)!"#$%#&%'(!%(!&)*!+*(*&%,!-%.*$/%&0!#/!1*#/2$*-!30!*45*,&*-!)*&*$'60+'/%&0!78*9!
#,$'//!::!!"#$%&%'()*/5*,%*/;!<)*$*!%/!/%+(%=%,#(&!.#$%#&%'(!%(!8*!3*&>**(!/5*,%*/!#&!&)*!:?!
1%,$'/#&*@@%&*!@',%!7A$2/B#@CD#@@%/!EF!G!FH;IJK!-=!G!:HK!5C.#@2*GH;HFFJ9;!L5*,%*/!#$*!'$-*$*-!
#@'(+!&)*!4C#4%/!#,,'$-%(+!&'!&)*%$!1*#(!8*;!!
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!
!"#$%&'()*)!"#$%#&%'(!%(!&)*!+*(*&%,!-%.*$/%&0!#/!1*#/2$*-!30!#44*4%,!-%.*$/%&0!#,$'//!55!
!"#$%&%'()*/6*,%*/7!8)*$*!%/!/%+(%9%,#(&!.#$%#&%'(!%(!#44*4%,!-%.*$/%&0!3*&:**(!/6*,%*/!#&!&)*!5;!
1%,$'/#&*44%&*!4',%!<=$2/>#4?@#44%/!AB!C!BD7DDE!-9!C!5FE!6?.#42*!C!F7FFGHI7!J6*,%*/!#$*!'$-*$*-!
#4'(+!&)*!K?#K%/!#,,'$-%(+!&'!&)*%$!1*#(!#44*4%,!-%.*$/%&07!!
!
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!"#$%&'()*)!"#$!%$&'()*+,#)-!.$(/$$+!(#$!(/*!0$+$()1!2)3$%,)(4!5$',6%$,!6,$2!)+!(#),!,(6247!
"#$%$!),!'!,)0+)8)1'+(!-*,)()3$!1*%%$&'()*+!.$(/$$+!(#$!(/*!5$',6%$,9!:&&$&)1!2)3$%,)(4!'+2!
$;-$1($2!#$($%*<40*,)(4!=>$'%,*+?,!1*%%$&'()*+9!(!@!AA7BB9!28!@!B9!-C3'&6$!D!E7EEEAF7
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Table 6.2. Results of the Phylogenetic Generalized Least Square (PGLS) analyses, assessing the explanatory power of breeding range and promiscuity (EPP) 
on two measures of genetic diversity in 11 species of the Sylvioidea super-family. Neither breeding range or promiscuity sufficiently explain the variation in 
genetic diversity, which possesses a high phylogenetic signal as shown by the lambda values. 
 
!"#$% &'()*+,-+&./ %01#'2* )01#'2* 3#456#+,7/ "8 

9:+!"#"$%&'(%)"*+%$,'-."/#'012"&$"('3"$"*45,64+%$,78'+"2/*/$"'*"6*"++%4#+ 

099' :;<;;=>=??@'-;<;;;A;A?@7' :=<BB>?' ;<=C?C' ='-;<;?A?@D8'=7' ;<;AEE'
F46-G*""(%#6'*/#6"'-HI?77' :;<;=E=B?A'-;<;;E@>BA7' :?<?BD>' ;<;D=B' ='-;<;;EDBA8'=7' ;<?CEC'

;:'!"#"$%&'(%)"*+%$,'-."/#'012"&$"('3"$"*45,64+%$,78'IJK$%2K"'*"6*"++%4#'

099 ;<;;?C;AA'-;<;;?=?=@7 =<>?BB ;<??=A   
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&4IL%#"(' ' ' ' ='-;<;;?>ECA8'=7' ;<>B?A'
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099' :;<;;=>>DA'-;<;;EA@CB7' :;<=@E@' ;<CE;@' ='-;<;;EB;BC8'=7' :;<=;EE'
F46-G*""(%#6'*/#6"'-HI?77' :;<;B@BDE'-;<;E>C?B7' :;<@?A>' ;<DBBC' ='-;<;;E>=EB8'=7' :;<;@B>'

=:'!"#"$%&'(%)"*+%$,'-."/#'/KK"K"'M78'IJK$%2K"'*"6*"++%4#'

099' ;<;?B?=B'-;<;?;AE?7' =<=DB@' ;<?C=@' ' '
F46-G*""(%#6'*/#6"'-HI?77' :;<?DABDB'-;<=AC?=D7' :=<>;A' ;<??@A' ' '
combined    ='-;<;;>?BEB8'=7 :;<;?@> 
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"##. Thesis Conclusions 
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$%&! &'()*+,(-./0! ,12),3.+,(-4! (5! 4&6*.)! 3(-5),3+! ./&! 7&,-8! &62)(/&9! *4,-8! .!
/.-8&! (5! 1(9&)! 404+&14! :;(<&! !"# $%&=! >??@A! ;,3&! !"# $%&=! BCCDA! EFGH&)0! !"# $%&=!
BCCIJK! $%&! /&).+,(-4%,24! +%.+! ),-H! 1.+,-8! 404+&14=! 2./&-+.)! 3./&! .-9! 4&6*.)!
4&)&3+,(-! %.'&! .-9! 3(-+,-*&! +(! 2/(',9&! .! 3(12)&6! 2*FF)&! <%,3%! &'()*+,(-./0!
7,()(8,4+4!./&!.++&12+,-8!+(!2,&3&!+(8&+%&/!:$/,'&/4=!>?IBA!L./H&/=!>?I?A!M(HH(!
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$%&! 2&-9*),-&! +,+4! ./&! *-*4*.)! .1(-8! 2.44&/,-&! 7,/9! 5.1,),&4! ,-! &6%,7,+,-8!
42&3,&4! <,+%! .-! .//.0! (5! 2./&-+.)! 3./&! 4+/.+&8,&4=! 5/(1! %,8%)0! 3((2&/.+,'&! +(!
+%(4&!<,+%!%,8%!)&'&)4!(5!4&6*.)!3(-5),3+!:'.-!V,WH=!L(8X-0=!!"#$%&=!BC>CJK!Y!8/&.+&/!
*-9&/4+.-9,-8!(5!+%&!&'()*+,(-!(5!+%&!2&-9*),-&!+,+!5.1,)0!%.4!&1&/8&9!5/(1!+%&!
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3./&! &'()'&9! (-3&! ,-! +%,4! 5.1,)0=! <,+%,-! +%&! 1!2+3! 8&-*4=! <,+%! .! 4,-8)&!
4*742&3,&4!4*74&\*&-+)0!/&'&/+,-8!+(!7,2./&-+.)!3./&! !:Z%.2+&/![JK!]-,2./&-+.)!
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).$/',! .(8! '$&$3)5,! 8./93>! (! '(36$! /:! 50:$! .08)/',! )'(0)8>! 03&57*036! 5/36$<0),>!

-()036! '()$! (3*! <('0(3&$! 03! :$-(5$! +'$$*036! 87&&$88! "?/))$'./8>! @ABB%1!

=/9$<$'! 7350C$! 4'$<0/78! 8)7*0$8! 9$! :(05$*! )/! :03*! (! '$5()0/38.04! +$)9$$3!

6$3$)0&!*0<$'80),!(3*!DEE1!=/9$<$'!9$!('$!/3$!/:!).$!:0'8)!8)7*0$8!)/!&/-4('$!

&'/88!84$&0$8!6$3$)0&!*0<$'80),!03!).08!9(,!(3*!*08&/<$'$*!).()!(&'/88!(!6'/74!/:!

4(88$'03$! +0'*8! 90).! 80-05('! 50:$! .08)/',! )'(0)8! ).$! -(03! 4'$*0&)/'! /:! 6$3$)0&!

*0<$'80),! 9(8! 8.('$*! $</57)0/3(',! .08)/',>! 90).! ).$! !"#$%"&! (3*! '&($)$%"&!

$;.0+0)036!'$*7&$*!6$3$)0&!*0<$'80),!&/-4('$*!)/!).$!9('+5$'8!(3*!4(''/)+055!03!

).$!8)7*,1!E$'.(48!).$!78$!/:!&7''$3)!4/475()0/3!80F$!08!(!4//'!4'$*0&)/'!/:!4(8)!

4/475()0/3!80F$8!$84$&0(55,!90).!).$!'(40*!(3).'/4/-/'4.0&!&.(36$8!).()!.(<$!

/&&7''$*! 03! 5(3*G78$1! E$'.(48! (! 90).03! 84$&0$8! (44'/(&.! 9/75*! +$! -/'$!

03:/'-()0<$>!03!(!84$&0$8!9.0&.!.(8!4/475()0/38!*0::$'036!87+8)(3)0(55,!03!DEE!/'!

(! 8)7*,!90).! (! 6'$()$'! 37-+$'! /:! 84$&0$8! 4(0'8! &/75*! )$8)! ).08! H7$8)0/3!-/'$!

'/+78)5,1!I**0)0/3(55,>! 0)! &/75*!+$! ).()! 03!4(88$'03$8!-75)045$!-()036!*/$8!3/)!

*'(8)0&(55,! &.(36$! ).$! #$>! 6'$()$'! C3/95$*6$! /:! <('0(3&$! 03! :$-(5$! +'$$*036!

87&&$88!9/75*!.$54!78!4'$*0&)!).$!$;4$&)$*!&.(36$8!03!#$1!!

!

!
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!

"###. Future directions 
!

$%!%&&'%!()*+,-.!+/!0&%&-0,12!/3'&043%!!53&%(+4/%!1-6&!-0+%&/!730+/8!(1+%!940:2!

;-0! &<,&&7+/8! (1&! 53&%(+4/%! #! +/+(+-..)! -((&'*(&7! (4! &<*.40&=! >&.49! #! 43(.+/&!

%4'&!4;!(1&!'4%(!+/(0+83+/8!53&%(+4/%!91+,1!;3(30&!0&%&-0,1!,43.7!+/6&%(+8-(&=!

#/!-77+(+4/!(4!&<(&/7+/8!(1&!%,4*&!4;!(1&!,300&/(!*04?&,(%!(1&)!-.%4!&/,4'*-%%!

+7&-%! +/! (10&&!'-+/! -0&-%2! @A! &<*.40+/8! (1&! 8&/&(+,! B-%+%! 4;! *-0&/(-.! ,-0&! -/7!

'-(+/8! B&1-6+4302! CA! +/6&%(+8-(+/8! (1&! 7+6&08&/,&! -/7! 8&/&(+,! +%4.-(+4/! 4;!

*4*3.-(+4/%2! -/7! DA! &<*.40+/8! (1&! +/;.3&/,&! (1-(! *-0-%+(&%! 1-6&! 4/! '-(+/8!

%)%(&'!&64.3(+4/=!

!

E/&! 4;! (1&! '4%(! *&0(+/&/(! 53&%(+4/%! +/! &64.3(+4/-0)! 0&%&-0,1! +%! (1&! 0&.-(+6&!

+'*40(-/,&! 4;! 8&/&(+,! -/7! &/6+04/'&/(-.! ;-,(40%=! F1&! 0&.-(+6&! ,4/(0+B3(+4/! 4;!

&-,1!4;!(1&%&!;-,(40%!+%!:&)!(4!3/7&0%(-/7+/8!149!-/7!91)!(0-+(%!6-0)!B&(9&&/!

%*&,+&%!-/7!*4*3.-(+4/%!GH1-'*-8/&!I!H30.&)2!CJ@CK!L&-7!!"#$%&2!CJ@CA=!M3,1!

940:!1-%!84/&!+/(4!7+%&/(-/8.+/8!8&/&(+,!-/7!&/6+04/'&/(-.!;-,(40%!4;!-!0-/8&!

4;! (0-+(%! +/!'3.(+*.&!%*&,+&%2!149&6&0!(1&!1+%(40+,-.! ;4,3%!1-%!B&&/!4/!*1)%+,-.!

0-(1&0!(1-/!B&1-6+430-.!-%*&,(%!4;!408-/+%'%!GN4B+/%4/2!CJJOA=!F1&!*&/73.+/&!

(+(%! *046+7&! 3%! 9+(1! -! 3/+53&! 4**40(3/+()! (4! .4,-(&! (1&! 8&/&(+,! B-%+%! 4;! 6&0)!

7+%*-0-(&! *-0&/(-.! ,-0&! -/7!'-(+/8! %(0-(&8+&%=! >)! %(37)+/8! *-0&/(-.! ,-0&! -/7!

'-(+/8! B&1-6+430%! 3%+/8! -! .-08&! *&7+80&&! 9+(1+/! -! 0&%+7&/(! *4*3.-(+4/! 9&!

%143.7! B&! -B.&! (4! -%,&0(-+/! (1&! ,4/%+%(&/,)! 4;! +/7+6+73-.! B&1-6+430! -,04%%!

B0&&7+/8! %&-%4/%! -/7! -.%4! 8-+/! +/1&0+(-/,&!'&-%30&%! ;40! -! *.&(140-! 4;! (0-+(%=!

F1+%! -**04-,1!943.7! &6&/(3-..)! -..49! .+/:-8&!'-**+/8! 3%+/8! %*&,+&%P%*&,+;+,!

8&/&(+,! '-0:&0%! (4! .4,-(&! (1&! 8&/4'+,! *4%+(+4/! 4;! (1&! 8&/&%! (1-(! +/;.3&/,&!

*-0&/(-.! ,-0&! -/7! '-(+/8! B&1-6+430%=! F1&! 8&/&%! +/;.3&/,+/8! *-0&/(-.! ,-0&!

B&1-6+430%!+/!B+07%!0&'-+/!4B%,30&!-/7!91&(1&0!(1&%&!9+..!B&!(1&!%-'&!8&/&%!

-,04%%! 7+;;&0&/(! %*&,+&%! -/7! (-<-! 0&'-+/%! (4! B&! %&&/=! Q+%,46&0+/8! (1&! 8&/&%!

+/64.6&7! +/! (1&%&! B&1-6+430%!943.7! -.%4! -..49! 3%! (4! +/6&%(+8-(&! (1&! +/(&0*.-)!

B&(9&&/! '-.&! -/7! ;&'-.&! 8&/4'&%! -(! (1&%&! 0&8+4/%! 4;! %&<3-.! ,4/;.+,(=! #/!

-77+(+4/!(1&!*0473,(+4/!4;!-!.+/:-8&!'-*!943.7!-..49!(1&!8&/&(+,!&<*.40-(+4/!4;!

8&/&%!3/7&0.)+/8!-!9+7&!0-/8&!4;! (0-+(%!-/7!*046+7&!(1&!B-%+%! ;40!,4'*-0-(+6&!

8&/4'+,%!9+(1!4(1&0!*-%%&0+/&%=!E/,&!,-/7+7-(&!8&/&%!-0&! .4,-(&7!(1&)!,-/!B&!
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!

"#$%#&'#(! )&(! '*+,)-#(! )'-*""! ./#! ,#&(%01&#! .1.! ",#'1#"! .*! )"'#-.)1&! ./#1-!

#2*0%.1*&)-3!/1".*-34!./1"!5*%0(!6#!*7!1&'-#)"#(!1&.#-#".!1&!./#!8/1.#9'-*5&#(!

,#&(%01&#!.1.4!5/1'/!5#!/)2#!"/*5&!#:/161."!(177#-#&.!')-#!".-).#;1#"!6#.5##&!

,*,%0).1*&"4!(1"'*2#-1&;!5/#./#-!./1"!1"!(%#!.*!;#&#.1'!*-!#&21-*&+#&.)0!7)'.*-"!

5*%0(!6#!,)-.1'%0)-03!1&.#-#".1&;<!!

!

=/#!8/1.#9'-*5&#(!,#&(%01&#!.1.!1&!5/1'/!5#!/)2#!(*'%+#&.#(!61,)-#&.)0!')-#!

1&!*&#!"%6",#'1#"!)&(!%&1,)-#&.)0!')-#!1&!./#!*./#-!)0"*!*77#-"!./#!*,,*-.%&1.3!

.*! #:,#-1+#&.)003! .#".! )0.#-&).12#! /3,*./#"#"! 7*-! ./#! '*&.-*0! *7! ,)-#&.)0! ')-#!

)&(! +).1&;! 6#/)21*%-"! )"! 5#00! )"! )00*51&;! %"! .*! )&"5#-! )&! )--)3! *7! *./#-!

$%#".1*&"<!8/3!/)"!*&#!,*,%0).1*&!-#2#-.#(!.*!61,)-#&.)0!')-#>!?*#"!./#!#&.1-#!

"%6",#'1#"!#:/161.!61,)-#&.)0!')-#>!?*!./#!"%6",#'1#"!#:/161.!+%.).1*&"! 1&! ./#!

')&(1().#! ;#&#"! '*&.-*001&;! ,)-#&.)0! ')-#! 6#/)21*%->! 8*%0(! 1&'-#)"#(! 7**(!

)2)10)6101.3! 0#)(! .*! )6)&(*&+#&.! 63! *&#! *7! ./#! ,)-#&.">! @-#! ./#1-! '0%.'/! "1A#!

(177#-#&'#"4! )-#! ,)-#&."! +*-#! 01B#03! .*! )6)&(*&! "+)00! '0%.'/#">! C*5! (*#"!

,-*21"1*&1&;! -).#! (177#-! 6#.5##&! ./#! .5*! ,*,%0).1*&">! C*5! (*#"! %&1,)-#&.)0!

')-#!)77#'.!'/1'B!;-*5./>!D"!,-*+1"'%1.3!;-#).#-!1&!./#!%&1,)-#&.)0!"%6",#'1#">!

=/#!(177#-#&.!6-##(1&;!".-).#;1#"!#:/161.#(!51./1&!*&#!",#'1#"!'*%0(!)0"*!)00*5!

%"! .*! (1"#&.)&;0#! 5/#./#-! 1&'-#)"#(! ,-*+1"'%1.3! 1"! )! -#"%0.! *-! )! ')%"#! *7!

%&1,)-#&.)0! ')-#>! D7! ./#! (177#-#&'#"! 6#.5##&! ./#! "%6",#'1#"! )-#! ;#&#.1'4! )-#!

./#"#! (177#-#&'#"! 0#)(1&;! .*! 1&'-#)"#(! *-! (#'-#)"#(! ;#&#970*5! 6#.5##&! ./#!

,*,%0).1*&"<!D.!5*%0(!6#!,)-.1'%0)-03!1&.#-#".1&;!.*!".%(3!,*,%0).1*&"!./).!)-#!).!

./#!+)-;1&!6#.5##&!./#"#!"%6",#'1#"<!!

!

=/#! ".%(3! *7! ;#&#970*5! '*%0(! )0"*! #:,)&(! .*! *./#-! ,#&(%01&#! .1.! ",#'1#"!

,-*21(1&;! '-*""9",#'1#"! '*+,)-1"*&"! ./).! 5*%0(! #&01;/.#&! ./#! ,-*'#""! *7!

",#'1).1*&! 1&! ./1"! ;-*%,<! ?*! ,*03;)+*%"! +).1&;! "3".#+"! 1&'-#)"#! ;#&#970*5!

6#.5##&!,*,%0).1*&"4!01+1.1&;!(12#-;#&'#!)&(!",#'1).1*&4!*-!(*#"!./#!1&'-#)"#(!

"#:%)0! "#0#'.1*&! 0#)(! .*! +*-#! "#0#'.12#! +).#! '/*1'#! )&(! /1;/03! )""*-.).12#!

+).1&;4! 7%-./#-!"#,)-).1&;!,*,%0).1*&">!E%-!%&(#-".)&(1&;!*7!",#'1).1*&!'*%0(!

)0"*! 6#! )(2)&'#(! 63! ".%(31&;! /36-1(1").1*&! 5/#-#! ",#'1#"! -)&;#"! *2#-0),<!

C36-1(1").1*&! 1"! ./*%;/.! .*! *''%-! 1&! ./#! F1((0#! G)".! 6#.5##&! ./#! G%-*,#)&!

,#&(%01&#!.1.!)&(!H0)'B9/#)(#(!,#&(%01&#!.1.!/*5#2#-!*%-!-#"%0."!"%;;#".! ./).!
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!

"#$%$! "&'! ()$! *+! ,(-"! "#$! %(.$! %/$-*$%0!1!.')$!2$"(*3$2! *+4$%"*5("*'+! *+"'! "#$!
2$5)$$!',!2*,,$)$+"*("*'+!6$"&$$+!"#$!73(-89#$(2$2!(+2!:;)'/$(+!/'/;3("*'+%!
-';32! %#$2! 3*5#"! '+! "#$! /)'-$%%! ',! %/$-*("*'+<! &#("! ()$! "#$! .(*+! 5$+$"*-!
2*,,$)$+-$%! 6$"&$$+! "#$.<! *%! "#$)$! '+! 5'*+5! 5$+$9,3'&! ')! #(4$! "#$=! )$-$+"3=!
6$-'.$! %$/()("$! %/$-*$%0! >;)! &')8! #(%! %#'&+! "#("! "#$)$! ()$! 2*,,$)$+-$%! *+!
/3;.(5$! ")(*"%! (+2! %/$).! .')/#'3'5=! 6$"&$$+! "&'! /'/;3("*'+%! ',! "#$!
:;)'/$(+!?$+2;3*+$!"*"!%;55$%"*+5!"#("!2*4$)5$+-$!("!"#$%$!")(*"%!'--;)%!)(/*23=<!
6;"!&#*-#!',!"#$%$!*,!$*"#$)!*%!.')$!*./')"(+"!"'!"#$!/)'-$%%!',!%/$-*("*'+@!
!
A+-)$(%$2! -'33$-"*'+! ',! %/$).! %(./3$%! (+2! /3;.(5$! .$(%;)$.$+"%! ,)'.! (!
5)$("$)! +;.6$)! ',! /'/;3("*'+%! 6'"#!&*"#*+! (+2! (-)'%%! %/$-*$%!&';32! (33'&! (!
.')$! )'6;%"! -'./()*%'+! ',! "#$! ")(2$9',,%! 6$"&$$+! /)$! (+2! /'%"9-'/;3("')=!
")(*"%! (+2! "#$! 2)*4$)%! ',! "#$*)! $4'3;"*'+0! B;))$+"3=! A! #(4$! '+3=! -'./()$2! "&'!
/'/;3("*'+%! ',! "#$! :;)'/$(+! /$+2;3*+$! "*"! 6;"! (! "#')';5#! (+(3=%*%! ',! "#$!
)$(%'+%! ;+2$)3=*+5! "#$! /(""$)+%! A! #(4$! '6%$)4$2! &';32! )$C;*)$! .;3"*/3$!
/'/;3("*'+%!(+2!8+'&3$25$!',!/)'.*%-;*"=!D4*(!.$(%;)$.$+"!',!:??E!(+2!.("$!
-#'*-$! ,')! $(-#! ',! "#$.0! F#*%! -';32! -'+,*).! &#$"#$)! %/$).! -'./$"*"*'+! (+2!
.("$! -#'*-$! ()$! )$%/'+%*63$! ,')! "#$! 2*,,$)$+-$%! *+! "#$%$! ")(*"%0! :G/$)*.$+"%!
-';32! 6$! ;%$2! "'! 2$"$).*+$! "#$! 2$5)$$! ',! ,$.(3$! /3;.(5$! /)$,$)$+-$! *+! $(-#!
/'/;3("*'+!(+2!"#$!,$)"*3*%*+5!(6*3*"=!',!%/$).!,)'.!2*,,$)$+"!/'/;3("*'+%!&';32!
*2$(33=!6$!-'./()$20!F#*%!&';32!(33'&!;%!"'!2$"$).*+$!&#$"#$)!"#$%$!")(*"%!()$!
-;))$+"3=!)$*+,')-*+5!*%'3("*'+!6$"&$$+!/'/;3("*'+%!')!*+-)$(%*+5!5$+$9,3'&@!A+!
3*+$! &*"#! "#*%! &')8! &';32! 6$! "#$! *+4$%"*5("*'+! ',! "#$! -'$4'3;"*'+! 6$"&$$+!
,$.(3$!%/$).!%"')(5$!";6;3$%!(+2!%/$).!3$+5"#<!*%!*"!-)=/"*-!,$.(3$!/)$,$)$+-$!
')! %/$).! -'./$"*"*'+! "#("! #(%! 2)*4$+! "#$! 2*,,$)$+-$%! *+! %/$).! .')/#'3'5=@!
F#*%! C;$%"*'+! -';32! (3%'! 6$! "(-83$2! 6=! 5(*+*+5!.')$! 2$"(*3$2! *+,').("*'+! '+!
'"#$)!/$+2;3*+$! "*"! %/$-*$%<! $%/$-*(33=! "#$!!"#$%&'%()&! 5$+;%<!&#*-#!()$! 3*8$3=!
2'.*+("$2! 6=!.'+'5(.';%!.("*+5! %=%"$.%0! A,! %/$).! -'./$"*"*'+! #(%! 2)*4$+!
"#$! 2*,,$)$+-$%! *+! %/$).! .')/#'3'5=! "#$+! =';! &';32! /)$2*-"! "#("! %/$-*$%!
&*"#';"!%/$).!-'./$"*"*'+!&';32!#(4$!#*5#!4()*(+-$!*+!%/$).!.')/#'3'5=!6;"!
%*.*3()!(4$)(5$!%/$).!3$+5"#%!"'!'"#$)!.'+'5(.';%!%/$-*$%0!
!
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!

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

0)1.$2.! 25./).2! )2! -4.! 6#$&5.,*! 5.*0#()*.! -)-7! -4)2! )2! -4.! #*)5,$.*-,(! 25./).2!

%)-4! 4)+4! /&*8()/-! &1.$! /,$.! ,*0! 4)+4! $,-.2! &8! 699:! ;-!%&#(0! <.! )*-.$.2-)*+! -&!

,2/.$-,)*! -4.! $.,2&*2! 8&$! -4.! 0)88.$)*+! (.1.(2! &8! +.*.-)/! 0)1.$2)-3! <.-%..*!

25./).2:!"#$!$.2#(-2!2#++.2-!)-!)2!*&-!/,#2.0!<3!-4.!0)88.$)*+!(.1.(2!&8!5$&=)2/#)-3!

<#-!%.!4,1.!*&-!)*1.2-)+,-.0!,(-.$*,-)1.!.>5(,*,-)&*27!5.$4,52!5,2-!5&5#(,-)&*!

<&--(.*./'2! /,#2.0! <3! .*1)$&*=.*-,(! /4,*+.2! .>5(,)*! -4.! 0)88.$.*/.2:!

?&=5,$)*+! 5,2-! +(,/),-)&*! .1.*-2! ,*0! -4.! 2)@.2! &8! ()'.(3! $.8#+),! /&#(0! <.!

)*1.2-)+,-.0! )*! -4.! 9,(.,$/-)/! 25./).2! -&! -.2-! %4.-4.$! -4)2! $.(,-.2! -&! /#$$.*-!

+.*.-)/! 0)1.$2)-3! (.1.(2:! A./.*-! 5&5#(,-)&*! <&--(.*./'2! /&#(0! ,(2&! <.! )*8.$$.0!

8$&=! (,$+.! 2.B#.*/)*+! .88&$-2! )*! ,! $,*+.! &8! 25./).2:! C&%.1.$! ,*! ,(-.$*,-)1.!

.>5(,*,-)&*!-4,-!/&#(0!.>5(,)*!+.*.-)/!0)1.$2)-3!0)88.$.*/.2!/&#(0!<.!0)88.$.*/.2!

)*!5,-4&+.*!=.0),-.0!5$&/.22.2:!D)1.$2)-3!,-!'.3!)==#*.!$.+)&*2!)2!-4&#+4-!-&!

5$&1)0.! )==#*)-3! -&! ,! %)0.$! ,$$,3! &8! 5,-4&+.*2! -4$&#+4! $,$.! ,((.(.! &$!

4.-.$&@3+&2)-3! ,01,*-,+.! ED&4.$-3! F! G)*'.$*,+.(7! HIJKL! M(,0.! F! N/?,((#=7!

HIIOP:!D)1.$2)-3!,-!)==#*.!+.*.2!4,2!.1.*!<..*!8&#*0!-&!.>5(,)*!8.=,(.!=,-.!

/4&)/.!EQ$&#%.$!!"#$%&7!ORHRP:!!

!

S4.$.! ,$.! =,*3! &-4.$! B#.2-)&*2! -4,-! /&#(0! ,(2&! 5$&1)0.! )*-.$.2-)*+!

)*1.2-)+,-)&*! ,*0! ,(-4&#+4! &#$! 543(&+.*3! )2! -4.! =&2-! .>-.*2)1.! 8&$! -4.!

5.*0#()*.! -)-2! 3.-! 5$&0#/.0! -4.$.! ,$.! 2-)((! =)22)*+! 2#<25./).2:! N&$.! )*2)+4-2!

/&#(0!,(2&!<.!=,0.!<3! )*/$.,2)*+! -4.! 2/&5.!&8! -4.! /#$$.*-! 2.>#,(!0)=&$54)2=!

2-#03! <3! ,*,(32)*+! .1&(#-)&*,$3! $,-.! -4$&#+4&#-! <)$0! 25./).2! ,*0! *&-! T#2-!

%)-4)*! -4.! 5.*0#()*.! -)-2:! S4.! &5.$,-)&*,(! 2.>! $,-)&! )2! *&-&$)&#2(3! 0)88)/#(-! -&!

.2-)=,-.! <#-! %)-4! -4.! $,5)0! .>5,*2)&*! &8! +.*.-)/! 2.B#.*/)*+! -./4*&(&+).2! )-!

/&#(0!<.!5&22)<(.!-&!0.-.$=)*.!-4.!4)2-&$)/!"MA!8&$!,!%)0.!*#=<.$!&8!25./).2!<3!
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!
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!
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!"#$%&& '"()*+$(*,& #"(%-$".$& ,-.////0! -! ,1.////0! -! 2.234425--3! 6.3,! -! 6.12///0! -! 2.23-,/1-3-! 0.55///0! -! 4./4! 1! 2.24355//55!
!"#$%&& '"()*+$(*,& '"()*+$(*,& ,/.331,0! -41! ,,.-/13/! 34,! 2.23-6/-,16! 6.1060-0! 35! 6.-2-! 32! 2.22/,45406! 4.34,00! 1/! 4.-631,! 4! 2.23443,426!
!"#$%&& '"()*+$(*,& /0,'$*,& ,/.-31,! 3/! ,6.514,0! 0! 2.216441513! 6.-1036-! 36! 6.1,///0! /! 2.23/613265! 4.33/3,6! 3-! 4.3214,0! 0! 2.223/-5/43!
!"#$%&& #0/.1(23& #0/.1(23& ,,! /! ,,! 3! 2! 6./,///0! /! 6.5-! 3! 2.2,02-52-1! 4.,-1,! 6! 78! 2! 78!
!"#$%&& #0/.1(23& ,,0'1,4($516$& /3! 3! ,4! 3! 2.2,26-24,6! 78! 2! 78! 2! 78! 78! 2! 78! 2! 78!
!"#$%& /1.1(07*,& /1.1(07*,& ,1.1,036! -,! ,1.13615! 13! 2.222412-1! -.0-! 31! -.0-,036! 0! 2.223,-20-3! 0.324---! /! 0.2/! -! 2.22/41102/!
!"#$%& /1.1(07*,& ,71+$/5%50"& ,3.53//0! 11! ,1.-3333! 3,! 2.220,/4466! -.44,! 1! -.,4! -! 2.2430/234-! /.5-,! 1! 0.2/! 3! 2.2304/-554!
!"#$%& /1(,1-.$(*,& /1(,1-.$(*,& ,6.614,0! 36! ,-.4! 32! 2.233/3,0--! 6.-01! ,! 6./0,! 6! 2.2/0224,51! 4.300,! 6! 4.250,! 6! 2.2254-3324!
8(741,/1'*,&& '0.9*+*,& '0.9*+*,& ,2! -! 78! 2! 78! -.,0----! -! 78! 2! 78! 0.35,! 1! 78! 2! 78!
8(741,/1'*,&& '0.9*+*,& ,"(":0+"(,$,& 78! 2! 64.-0,! 6! 78! -.6! 3! -./5! -! 2.2434,321/! /./6! 3! 0.33///0! -! 2.2/5-10,-6!
8(741,/1'*,&& #$(*7*,& :$:$& 60.40,! 4! 6/.56666! 5! 2.235/14/0-! 78! 2! 78! 2! 78! 0.20,! 6! /.5,! 1! 2.23041,046!
8(741,/1'*,&& #$(*7*,& )0#0."(,$,& ,2.1,! 32! 64./1,! 31! 2.2-140106,! 6.2/4445! 5! 6.2,010-! 33! 2.2214,453/! 0.16! 5! 0.203434! 33! 2.21-,2-/30!
8(741,/1'*,&& ;+09$;.1(,& ;+09$;.1(,& ,/.31,! 6! ,6.0,! 1! 2.21642-500! 6.-,,! 6! 6.6/! 1! 2.21-4163,/! 4.,3----! -! 4.63! 3! 2.231131265!
8(741,/1'*,&& '*(/7$;.1(,& '*(/7$;.1(,& ,3.21,! 12! ,2! 3/! 2.21215102-! 6.2,1-,-! 30! 6.206-0,! 3/! 2.22,635//3! 0.-14! 3,! 0.,-2//0! 3,! 2.21014255!
8(741,/1'*,&& #*,/*+*,& #*,/*+*,& 64.00004! 5! 60.,! 33! 2.21/,6,30! -.0440,! 4! -.03010-! 33! 2.23526,436! /.,/1111! 5! /.60,! 32! 2.23--42/,4!
8(741,/1'*,& /0.1+$& 70.*"(,$,& 65.-----! -! 65.1,! 1! 2.223/52,,! -.44----! -! -.01! 1! 2.2615023-0! /.01! -! 0.26! 1! 2.26/,1223/!
8(741,/1'*,&& /0.1+$& ,2+9$"++0& ,-! /! 78! 2! 78! -.444---! /! -.05! 3! 2.21,/36,31! 0.3-3//0! /! 0.,! 3! 2.2,2-,423-!
8(741,/1'*,&& /0.1+$& 0(,1.:"$& ,1! 3! ,-.,! 1! 2.2146-05-,! 6.2,! 3! 6.20,! 1! 2.22/3,-4//! 0.0-! 3! 0.,3! 1! 2.21440--50!
8(741,/1'*,&& /0.1+$& .1-".7,$& ,3.0/603! 30! ,3.,63/0! 31! 2.226-342-/! -.04/! 3,! -.516,6,! 33! 2.2-,562-/4! 0.2,-,-! 30! 0.31! 33! 2.225-05,1,!
8(741,/1'*,&& /0.1+$& .41)",$0"& ,3.40,! 6! ,-.0,! 6! 2.2-,,2//44! -.4,1,! 6! -.4-1,! 6! 2.22,1265,/! 0.111,! 6! 0.-5! 1! 2.21151/,41!
8*.$'0.*,& ;+09$/"',& 9! ,1.60111! 34! ,2.33333! 5! 2.26/263360! 6.151/-1! 35! 6.16,,,/! 5! 2.23321010/! 0.112,,/! 34! 0.-21111! 5! 2.23316/010!
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!
"##$%&'(!)*+*!"#$%!&#$'()#&#%*'!$%+!'#,($-!+.&/)01.'&!.%+#,!23456!7/)!*1#!*1)##!0-(&$8#!*)$.*'!.%!*1#!'(9'0#:.#'!/7!0#%+(-.%#!*.*;!
!
!
"#$%&!
!

'(#)*#&!
!

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

,-&.!&*/#!0)123!
!
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!
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!"#$%&& '"()*+$(*,& #"(%-$".$& ,-./01/10! 1! ,-/234,,3! 1! ,-4,5/14,64! 3,-,/! 1! 23-3! 2! ,-3.//3//35! 43-103.4! 1! //-1264.! 1! ,-5/53112!
!"#$%&& '"()*+$(*,& '"()*+$(*,& 5-206.,.! 501! ,-./032.4! 16! ,-26./5,3/4! /1-.5,66! 16! 31-43/61! 54! ,-255223/46! 00-,/.55! /.! 44-..13.! 56! ,-51..001!
!"#$%&& '"()*+$(*,& /0,'$*,& 5-,4/,/! 55! ,-6562506! 0! ,-24143634/! 56-5/1! /! 14-26! /! ,-4.231,06.! 45-/334/! 52! /.-3.425! 0! ,-,116/,1!
!"#$%&& #0/.1(23& #0/.1(23& 5-055051! 4! 5-00/5/0! 5! ,-,141.3234! 51-51611! 4! 54-0! 5! ,-21.6036,0! 42-24/.2! 4! 45-.254/! 5! ,-,,//333!
!"#$%&& #0/.1(23& ,,0'1,4($516$& 2-/561.2! 5! 5-31,3/.! 5! ,-/4/42/215! .-441111! 5! 33-04440! 5! 5-/1152/20! 04-0/65! 5! 46-362/! 5! ,-553,6!
!"#$%& /1.1(07*,& /1.1(07*,& 5-5.,23! 13! ,-.44,.,4! 25! ,-2,64/2426! 4,-66.2! 20! 34-,,/0.! 5.! ,-26,266/45! 40-24153! 12! /2-541.0! 25! ,-2/322,1!
!"#$%& /1.1(07*,& ,71+$/5%50"& 5-,/3016! 22! ,-4/3.5,6! 5/! ,-304/36415! /3-412/6! 22! 32-,4064! 53! ,-24513410.! 44-,2//5! 2,! /2-,23.4! 53! ,-2161504!
!"#$%& /1(,1-.$(*,& /1(,1-.$(*,& ,-422.203! 51! ,-4/4.5.5! 5,! ,-,/151,6.4! 31-/33,1! 52! 2,-260/! 5,! ,-041040400! 44-..//4! 52! /3-52/34! 6! ,-2511250!
8(741,/1'*,&& '0.9*+*,& '0.9*+*,& ,-552,24/! 1! 78! ,! 78! 21-61111! 1! 78! ,! 78! /0-614,6! 1! 78! ,! 78!
8(741,/1'*,&& '0.9*+*,& ,"(":0+"(,$,& ,-5252001! 5! ,-5,2336! 1! ,-5460231,4! 20-1/! 5! 23-54440! 1! ,-521032556! /5-/4662! 5! 42-60.4.! 3! ,-5.61,4!
8(741,/1'*,&& #$(*7*,& :$:$& ,-51.3521! 0! ,-5111.,5! .! ,-,335/0652! 2,-..253! 0! 5.-,2333! .! ,-,.6321453! 1.-/30,5! 0! 35-05632! .! ,-,/13/20!
8(741,/1'*,&& #$(*7*,& )0#0."(,$,& ,-5522,10! 6! ,-552/.3! 5,! ,-,,13023/.! 53-2./! /! 51-4/411! /! ,-,3/0,440/! 1,-/6/0/! 4! 2.-56.42! 4! ,-,34025!
8(741,/1'*,&& ;+09$;.1(,& ;+09$;.1(,& ,-523.014! 3! ,-51024.3! 2! ,-,.1632.,1! 53-0052/! 3! 55-43/! 2! ,-2106,/625! /3-,13.4! 3! /,-,.6,3! 2! ,-,0/43.3!
8(741,/1'*,&& '*(/7$;.1(,& '*(/7$;.1(,& ,-5515/00! 52! ,-5531062! 55! ,-,5,026,6! 5.-/4! /! 51-/4/61! 4! ,-14/.12/11! 32-446/0! 55! 3/-3/.,4! .! ,-,4113.4!
8(741,/1'*,&& #*,/*+*,& #*,/*+*,& ,-555/2.0! .! ,-52163.1! .! ,-5,3003/65! 0-1.0! /! 0-1010/! 3! ,-,,1536554! 2/-1.//3! .! 24-64,50! 5,! ,-,/4,05!
8(741,/1'*,& /0.1+$& 70.*"(,$,& ,-,05,33! 2! ,-,0133,4! 2! ,-,11504243! 4-1.2/! 2! 55-532/! 2! ,-///4355.6! 21-/1,11! 1! 21-2,../! 2! ,-,510,.2!
8(741,/1'*,&& /0.1+$& ,2+9$"++0& ,-55/4/32! 3! ,-5,142.2! 5! ,-5,.06//45! 51-6142/! 3! 52-30/! 5! ,-5,1/4/156! 50-.44/! 4! 54-2.4./! 5! ,-,.0/15!
8(741,/1'*,&& /0.1+$& 0(,1.:"$& ,-,.64/,.! 5! ,-51313.0! 2! ,-1,66/6034! 13-5/! 5! 2/-5! 2! ,-1,06.303! /4-630,/! 5! 45-126/! 2! ,-,0/66,1!
8(741,/1'*,&& /0.1+$& .1-".7,$& ,-,.,226! 0! ,-,065320! 4! ,-5316,15/6! .-6,42/! 3! 5,-4,/! 3! ,-,061,/4/5! 5.-03241! 51! 21-26,14! 5,! ,-54361!
8(741,/1'*,&& /0.1+$& .41)",$0"& ,-,045346! 3! ,-,0303/6! 0! ,-,56/05,.4! 50-/.42/! 3! 51-/142/! 3! ,-242153/1.! 14-20,0.! 3! 35-02,42! 3! ,-51..626!
8*.$'0.*,& ;+09$/"',& 9! ,-53,.0/3! 52! ,-53,2/61! /! ,-,,/,..463! 22-0/6! /! 21-41! /! ,-,104,,1/.! 2/-,1542! 5,! 24-4.05! /! ,-,4335/!
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!""#$%&'()*+*!"#$%&!'()*+,-!(*./01#)2!).3#)%!
!
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!
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!
$
!

'/.45657,//!
!

6.3,)%8.-%!#(!7*#/#9:!,-0!7*#+&.8*;%):<!=-*>.);*%:!#(!7,%&<!7,%&<!7'?!@'A<!=B!
!

C8,*/D!,/.4505E,//FE,%&5,+5$2!
!
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!
!
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!

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

"# $%!&%''(&)!*'%%+!,-./'(,!01%.!-!,(&%2+!/%/3'-)4%2!%0!5-/(!/(2+3'42(!)4),!
6!"#$%&'%()&*+,")#)&#!7!899:.!+4,)-2)!01%.!);(!&311(2)!,-./'(+!
/%/3'-)4%2!-)!<%(*(1=!>-)31(!?(,(1@(!62A"BC#!42!%1+(1!)%!42@(,)4=-)(!
1-)(!%0!=(2(D0'%E!*()E((2!);(.F!!$;4,!&-2!);(2!*(!&%./-1(+!)%!);(!1-)(!
%0!=(2(!0'%E!(,)4.-)(+!*()E((2!/%/3'-)4%2,!%0!);(!G31%/(-2!/(2+3'42(!
)4)!6-.+,/*(."0)1,")&#!-2+!);(!H;4)(D&1%E2(+!/(2+3'42(!)4)!6-.+,/*
'%2%"3#)&#F!

I# $%!&%''(&)!0-(&-'!,-./'(,!01%.!.3')4/'(!.-'(!5-/(!/(2+3'42(!)4),!65J$,#!
01%.!);(!,-.(!/%/3'-)4%2F!K2!%1+(1!)%!%*)-42!,/(1.!,-./'(,!E;4&;!E4''!
*(!3,(+!42!-!&%./-1-)4@(!.%1/;%'%=4&-'!-2-'L,4,!*()E((2!-!23.*(1!%0!
/-,,(142(!,/(&4(,!E4);!+400(142=!(M)1-!/-41!/-)(124)L!6GJJ#!1-)(,F!!

!
+,-.&/$)$)*
$%!(M/'%1(!);(!1('-)4%2,;4/!*()E((2!.-)42=!,L,)(.,!-2+!);(!=(2()4&!,)13&)31(!
%0!-!,/(&4(,!-2+!);(!.%1/;%'%=L!%0!/1(!-2+!/%,)!&%/3'-)%1L!,(M3-''L!,('(&)(+!
)1-4),!E(!/'-2!)%!)(,)!);(!0%''%E42=!/1(+4&)4%2,F!

"# N(2(0'%E!E4''!*(!1(+3&(+!42!.%2%=-.%3,!&%./-1(+!)%!/%'L=-.%3,!
,/(&4(,!

I# O-14-2&(!42!,/(1.!'(2=);!E4''!*(!;4=;(1!42!.%2%=-.%3,!&%./-1(+!)%!
/%'L=-.%3,!,/(&4(,!

P# Q/(1.!'(2=);!E4''!*(!=1(-)(1!42!/%'L=-.%3,!&%./-1(+!)%!.%2%=-.%3,!
,/(&4(,!

*
0$&/.1)*
K!@4,4)(+!R!04('+,4)(,!42&'3+42=!);(!/1(@4%3,'L!,-./'(+!,4)(!-)!<%(*(1=!>-)31(!
1(,(1@(!-2+!42!-++4)4%2!);1((!/%)(2)4-'!,4)(,!0%1!);(!42)(2+(+!,-./'(!&%''(&)4%2!
6S4=31(!"#F!$;(,(!42&%1/%1-)(+!0%31!+400(1(2)!@(=()-)4%2!*4%.(,!42&'3+42=!
Q)1-2+@('+T!>-.-!<-1%%T!?(2%,)(1@('+!-2+!Q3&&3'(2)!<-1%%!6S4=31(!I#F!
!

!
2'345$*6F!U-/!%0!);(!R!04('+D,4)(!'%&-)4%2,!@4,4)(+!42!);(!Q%3);!V014&-2!&-/(F!
*
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!"#$%&'()'"#$%$&!$'!%#(!)*+,&-*.(/0(1(%*%2$+!*%!(*-#!&2%(!
!

!
34!5$(6(71!8*%97(!:(&(70(!;!<$&%)=!>%7*+,0(),?!@9+(0(),!*+,!A$B)*+,!C=+6$&!
!

!
D4!+(*7!>%(=%)(702))(!;!8*<*!5*7$$!B2%#!%#$7+%7((&!



 

 208 

!

!

!
"#!$%&'!(&$)%*!+!,-./0*!1234)%/.!&$5!,-$/&$%!6*$7-.8!9%$-./%':%05!
!

!
;#!$%&'!<=5/.2--'$!+!>=44=0%$/!?&'--!8!@A'-$:%05!
!
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!

"#!$%%!&'#(&!)$*(!*(+,-%'+(!#'#&!.(/(!%01$#(,!23!%'&#(+'+4!50/!#6('/!,'&#'+1#'7(!
850%%0.!93!%($,(/:!1$%%!$+,!.$#16'+4!50/!#6('/!&60/#;!.($<;!20-+13!5%'46#=!>(&#&!
.(/(!#6(+!%01$#(,!23!50%%0.'+4!02&(/7(,!*$'/&!0/!%'&#(+'+4!50/!$!&-,,(+!
/(*(#'#'7(!1$%%!#6$#!'&!9$,(!23!$!2'/,!%($7'+4!#6(!+(&#!'+!.6$#!&((9&!#0!2(!$+!
$##(9*#!#0!%01$#(!#6('/!*$/#+(/=!"!*$'/?&!#(//'#0/3!1$+!2(!,(#(/9'+(,!23!9-%#'*%(!
7'&'#&!#0!#6(!$/($!05!#6(!5'/&#!&'46#'+4=!@'/,&!$/(!+($/%3!$%.$3&!&((+!'+!*$'/&!0/!
4/0-*&=!A6(!5(.!#6$#!.(/(!02&(/7(,!$%0+(!6$,!+(&#&!'+!1%0&(!7'1'+'#3=!>(&#&!$/(!
-&-$%%3!6',,(+!'+!#6(!1(+#/(!05!#60/+!2-&6(&!$+,!%00<!7(/3!9-16!%'<(!#6(!
B-/0*($+!*(+,-%'+(!#'#!+(&#!2-#!$/(!&9$%%(/;!%(&&!*(+,-%0-&!$+,!%$1<!#6(!
(+#/$+1(!&*0-#;!'+&#($,!6$7'+4!$!5$%&(!10+1$7(!(+#/$+1(!.'#6!$!5%$*!$207(!
10+1($%'+4!#6(!C7(%1/0(,?D&6-#!#/-(!(+#/$+1(!EF'4-/(!GH=!
!
@'/,&!$/(!1$*#-/(,!23!&(##'+4!-*!$!+(#!0-#&',(!#6('/!+(&#!E0+1(!'#&!'+!109*%(#(,!
I#$4(!FH!$+!60-/!2(50/(!&-+/'&(=!@'/,&!2(109(!#/$**(,!'+!#6(!+(#!$&!#6(3!%($7(!
#6(!+(&#!50/!#6(!5'/&#!#'9(!#6$#!,$3!$+,!1$+!'99(,'$#(%3!2(!*%$1(,!'+#0!$!10##0+!
,/$.&#/'+4!2$4=!J($&-/(9(+#&!05!#6(!.'+4;!#$/&-&!$+,!2($<!$/(!#$<(+!$&!.(%%!$&!
#6(!.('46#!05!($16!2'/,=!"!5$(1$%!&$9*%(!'&!#$<(+!5/09!$+3!9$%(!2'/,&!23!%($7'+4!
#6(9!'+!$!10##0+!2$4!.'#6!$!*%$&#'1!#/$3!'+!#6(!20##09!E107(/(,!'+!K19!L!K19!
.'/(!9(&6H=!A6(3!$/(!%(5#!50/!#6/((!9'+-#(&!$+,!#6(+!$+3!.$#(/3!%'M-',!
&-//0-+,'+4!5$(1$%!9$##(/!'+!#6(!*%$&#'1!#/$3!'&!#/$+&5(//(,!'+#0!$+!(**(+,0/5!
10+#$'+'+4!NO!50/9$%'+!EPQQ-%H=!"!RGQ-%!2%00,!&$9*%(!'&!#$<(+!5/09!#6(!
2/$16'$%!.'+4!7('+!05!(7(/3!2'/,!$+,!&#0/(,!'+!KQQO!(#6$+0%!EK9%H=!F'+$%%3!
*60#0&!$/(!#$<(+!05!20#6!&',(&!05!#6(!6($,!$+,!05!#6(!2$1<!05!(7(/3!2'/,=!"%%!
*60#0&!$/(!#$<(+!.'#6!S0,$<!4/(3!1$/,!$+,!$!9(#$%!/-%(/!'+!#6(!2$1<4/0-+,=!
"5#(/!$%%!9($&-/(9(+#&!$+,!&$9*%(&!$/(!#$<(+!#6(!2'/,&!$/(!/(%($&(,!'+!1%0&(!
*/0L'9'#3!#0!#6('/!+(&#=!
!
!

!
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Appendix 6.1. Summary of genotyping results of the 20 conserved microsatellites tested in 11 species of the Sylvioidea super-family. The CAM primers 
were sourced from (Dawson et al. 2010) and the TG primers from (Dawson et al. 2007). All markers were genotyped in 27 individuals for each species. 
 
Microsatellite information European penduline tit (Remiz pendulinus) 
!"#$%&'()**"()+
,-.- /%$0'$1+2$"3)$ 4)5)$&)+2$"3)$ 

.62*)7+
&)(& 

8/+
#9$%3%&%3) 

:**)*)+
;63<)$ 

:**)*)+&"=)+
$';>) ?% ?) 

@6**+'**)*)+
A$)B6);#C 

D:!EF GH?IJKLML:MLLMDD:LLMDMMLD D::L:LL::D:L:ML:LLLMD N N: N OPO E E Q 
D:!NR GH?IJKMD:::M:D:LD:LD:LLD:L MMD:MM:DD:::D:LD:MDD:L O F S ONFQONT E-HHF E-HFP E-EET 
D:!NU GFQ/:!KDLLLMMLM::MD::L::L:MLD DMLDLL:LD::MM::DLD N R S OENQOES E-SPN E-HUF E-EUNP 
D:!NP GH?IJKMM::L::LMMM:D:DDD:LDL LDM:::M::D:L:LDD:LL::L R R N ROH E E Q 
D:!OE GH?IJKM::D:LLD:LL::MLD:LL MD:LDD:LMLMMLL:LLMD S OS U OERQONE E-FR E-PES E-NNTN 
D:!OS GH?IJKDDD:DMMD:LMDMMD:L:LD MLL:LM:MMMLLL:MMLL:L H N: O TUQNEN E-OHT E-OR QE-EFST 
MLENVEEE GFQ/:!KMMLDM:DD:4::MLL::MLM MMLDM:DD:4::MLL::MLM O N: H ONEQONS E-SEU E-HRR E-NSPS 
MLENVNSP GH?IJKMMLD::D:D:MMDM::M:MMLD MMM:::LM:D:MD:::D::D::::MD F N O NPHQNPU E-NNN E-NEU QE-ENTS 
MLEOVEUP GH?IJKMLMM:::LDDMLMMDD:M:LL MMDDDD:M:::LM:MLM:DLD U O O OTNQOTO E-SEU E-HET E-NEO 
MLERVETP GH?IJKMMMLDDMM::MMDMM:DDMD:MMML MMLD::DDMDMLMLL::LD P R O OOTQORE E-ERU E-ERU QE-EEOT 
MLESVEES GFQ/:!KDMLL:LD:LM:MMM:M:MML:MDMMDD L::L:MLMLMMMD:D:LD:M::DML P S: N NUE E E Q 
MLESVEFN GFQ/:!KL:D::MLLDM:ML:::M:::MM:LLD :L::LLLD:MML::LD:D:D T S S NPPQNTR E-OHT E-OS QE-EFNH 
MLEHVESF GFQ/:!K::::D:MLLDMM:D:::DMLL LDMD:L:M::LLL:L::::D:L S H N ROT E E Q 
MLEFVEET GFQ/:!K::LDDMMLDMM:D:MMMM:MLLML LLLLMLLM::DML:::M:::LM:M:LL R F N NNT E E Q 
MLEUVEOO GFQ/:!KD:L::L:DMLMLMMDDMMMMLMMD MMDM::MLM:LMD:LDMMMLL:D:D U U N SNH E E Q 
MLEPVEOS GH?IJKDDD:D:::MDDML::MMMD:M:MD :DMLLDMM:M:::LMDD:MLLMML NE P O NOOQNOR E-FR E-SPS QE-NRTU 
MLNNVENN GFQ/:!K:D:::DM::LM:D:MDM:M:M:MDML::L M:::M:D:LLD::D:MMLL H NN R OETQONR E-OHT E-OTR E-ESNN 
MLNOVENH GFQ/:!K:D::D:LMLLDMMM:DMLMLML: M:D:LD:LDMLD:LD:::LM NE NO O OUUQOUT E-NPH E-OR E-ETPH 
MLNRVENU GFQ/:!KLDMMMLD:MDMMLDDMM::: LLM::DM:D::D:MMDD::DMDDM F NR S REPQRNP E-NPH E-OEP E-NEHR 
MLOOVEEN GH?IJKMMLL:MMMD:L::D:MLM:LD MDML:MLD::LD:::D:: T OO O OSUQOST E-OTF E-OHU QE-EUFF 
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Appendix 6.1. continued 
 
 !"#$%&'()*+%,-.%+,/0#+%-$#$-1!"#$%&'()(*+,-.2- 34.%-.%+,/0#+%-$#$-1/*,0(.'(1-.&#$*-,-.2-

5#'()64$%00#$%-7898 :00%0%-+/;<%( :00%0%-6#=%-(4+>% ?) ?% 
@/00-400%0%-
A(%B/%+'C :00%0%-+/;<%( :00%0%-6#=%-(4+>% ?) ?% 

@/00-400%0%-
A(%B/%+'C 

3:5DE F FGF&FGH D8DIJ D8DIJ &D8DDFK L FGE D D & 
3:5LI J FLM&FFL D8GMF D8JKH &D8DHIL M FLI&FLG D8IJ D8IEL &D8DLEK 
3:5LJ I FDF&FDH D8HDJ D8MFG D8LDMH M FDI&FLL D8HHH D8HGJ D8DEJL 
3:5LG L IFM D D & H III&IIK D8HGL D8MEI D8DJLG 
3:5FD K LKG&FLF D8III D8JDG D8IEGI E FDI&FDK D8GGK D8GFM &D8DHJE 
3:5FH F KJ&LDL D8FMK D8FGI D8DIHM L LDL D D & 
NODLPDDD M FLD&FLM D8MKI D8MGL &D8DLHH I LGK&LKL D8FMK D8ILK D8LFFF 
NODLPLHG L LGJ D D & L LGJ D D & 
NODFPDJG F FKL&FKF D8HGL D8HGH &D8DDEM L FKF D D & 
NODIPDKG F FFK&FID D8MLK D8MDK &D8DLGK F FII&FIH D8MLK D8MDI &D8DFHH 
NODHPDDH L LJD D D & L LEG D D & 
NODHPDEL H LGG&LKE D8FFF D8FDG &D8DMLF E LGK&LKH D8EEJ D8JHG D8DMM 
NODMPDHE L IFK D D & I IFJ&III D8MKI D8MLH &D8DJGE 
NODEPDDK L LLK D D & F LLK&LFL D8LLL D8LDJ &D8DLKH 
NODJPDFF L HLM D D & L HLE D D & 
NODGPDFH F LFF&LFI D8FKE D8FMJ &D8DJEE I LFL&LFI D8FFF D8FDG &D8DMLL 
NOLLPDLL H FDK&FLM D8EI D8EDH &D8DEHJ I FLH&FLJ D8FFF D8FDM &D8DMF 
NOLFPDLM F FJJ&FJK D8FMK D8FI &D8DEHK F FJG&FGD D8LLL D8LDJ &D8DLKH 
NOLIPDLJ I IDG&ILF D8HDJ D8HMF D8DMDL F FGL&FGI D8LLL D8IIL D8HGKF 
NOFFPDDL F FHJ&FHK D8DIJ D8DIJ &D8DDFK F FHM&FHJ D8FMK D8HH D8FHKI 
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Appendix 6.1. continued 
 
 !"#$%&'&%(!"#$%&'(&)*#(+,-(,&)% *+$,&%&'&%(.#+,&)/#01+)%

-'.+/0,&$""'&$%1232 4""$"$%5#67$+ 4""$"$%0'8$%+,59$ :/ :$ 
;#""%,""$"$%
<+$=#$5.> 4""$"$%5#67$+ 4""$"$%0'8$%+,59$ :/ :$ 

;#""%,""$"$%
<+$=#$5.> 

?4-@A B B B B B C DED @ @ B 
?4-CF G DCDBDCA @2EEH @2ICC B@2CJHE F DDFBDDG @2DGH @2FFE @2CCII 
?4-CI G D@DBDC@ @2JEC @2GDC @2@CAE D CHJBD@@ @2CJE @2CJ B@2@F@D 
?4-CE F FJ@BFJJ @2I@J @2GII B@2CCDI G FFEBFJA @2GHF @2ADE @2@JFH 
?4-D@ H D@@BDCD @2HAF @2EFA B@2@ECE H CHFBDHA @2ECG @2E@H B@2@CII 
?4-DJ A CCEBCFF @2IIE @2AGE B@2C@FF C HH @ @ B 
K*@CL@@@ J DC@BDCF @2AAI @2AAG B@2@F D DCGBDCA @2FFF @2FID @2@JAC 
K*@CLCJE C CEG @ @ B F CEGBCEH @2@IJ @2@IF B@2@@HE 
K*@DL@IE D DIFBDEE @2@FI @2@FI B@2@@DH F DIFBDIG @2@IJ @2@IF B@2@@HE 
K*@FL@HE G DJFBDJI @2GGA @2GIH @2@CFE F DJCBDJJ @2JJJ @2JDG B@2@GAF 
K*@JL@@J C CAA @ @ B C CAA @ @ B 
K*@JL@AC J CHGBCHE @2GCH @2GDF B@2@@DG G CH@BCHE @2J@I @2J@A B@2@FIF 
K*@GL@JA C FFA @ @ B C FFA @ @ B 
K*@AL@@H C CCI @ @ B D CCHBCDC @2CEG @2CIC B@2@JCG 
K*@IL@DD F JCABJCE @2FI @2JHE @2CJGE D JCHBJD@ @2CEG @2CIC B@2@JCG 
K*@EL@DJ C CDD @ @ B F CDDBCDJ @2DDD @2D@G B@2@GD 
K*CCL@CC A D@HBDCH @2AAI @2AHF @2@DCA D DCIBDCH @2DDD @2D@C B@2@GFD 
K*CDL@CG D DIHBDEC @2@FI @2@FI B@2@@DH F DIHBDEF @2JJJ @2JFG B@2@DGC 
K*CFL@CI J DCHBDDG @2CCC @2C@H B@2@CEH H FHABJDJ @2AF @2GHC B@2@JA 
K*DDL@@C J CJIBDJE @2@IJ @2CJF @2DHIH F DJGBDJH @2JEC @2JGC B@2@JIH 
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Appendix 6.1. continued 

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

*"+,-&#'$./%&'&%(+",$*-&./()0&'1&*'()%
%

0'12"3#&.$$'&.%4565 7$$.$.%+89:.2 7$$.$.%3';.%2#+,. <" <. 
=8$$%#$$.$.%
>2.?8.+1@ 7$$.$.%+89:.2 7$$.$.%3';.%2#+,. <" <. 

=8$$%#$$.$.%
>2.?8.+1@ 

!70AB C DED A A - - - - - - 
!70CF B DDE-DFF A5EGD A5HDI -A5AJBC B DCG-DDF A5EGD A5HJJ -A5AFEI 
!70CH F CJD-CJB A5IEC A5IEE A5AAIG E DCB-DDG A5HAI A5EDF A5ABAC 
!70CE I FFI-FIA A5BF A5BAJ -A5AFHH I FID-FIB A5FFF A5IGD A5CDD 
!70DA E CJB-DAF A5HAI A5EAE A5AGJE E CJG-DAD A5HHE A5HJD A5AAAI 
!70DI D JH-JJ A5AHI A5AHF -A5AC D CAC-CCC A5AFH A5AFH -A5AADJ 
KLACMAAA H DDF-DFD A5HAI A5HFD A5ACIH C DAB A A - 
KLACMCIE D CEH-CEJ A5AFH A5AFH -A5AADJ D CEH-CEJ A5AFH A5AFH -A5AADJ 
KLADMAHE C DHF A A - D DEB-DEE A5AHI A5AHF -A5AC 
KLAFMAJE G DFH-DID A5HHE A5EAE A5AAIH G DFE-DID A5BBH A5BBC -A5ACBC 
KLAIMAAI F CBB-CHA A5GCJ A5IGC -A5ABJB D CIJ-CBB A5III A5FGD -A5CDI 
KLAIMABC J CJH-DAB A5HAI A5HBH A5ADCJ J CJJ-DAH A5EGD A5EDG -A5ADEF 
KLAGMAIB C FFF A A - D FFB-FFE A5DGJ A5DF -A5ABIJ 
KLABMAAJ F CCJ-CDF A5DJB A5DBE -A5AHF C CCJ A A - 
KLAHMADD D ICC-ICH A5CCC A5CHC A5DAFF D ICB-ICE A5AFH A5AFH -A5AADJ 
KLAEMADI C CDD A A - F CDI-CDB A5BBH A5GGJ -A5AJJH 
KLCCMACC I DCF-DDA A5FFF A5FHD A5ABCJ E DDB-DBI A5HIC A5HD -A5AFAG 
KLCDMACG F DHJ-DEF A5IAH A5I -A5AACD E DEG-DJI A5HHE A5EGI A5AIDG 
KLCFMACH CF IAG-IFD A5HIC A5HJH A5ADFJ G DGF-DBC A5FH A5FGE -A5ACEI 
KLDDMAAC C DIE A A - D DII-DGD A5IAH A5GAH A5AJJF 
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Appendix 6.1. continued 

 !"#$%&'()*+%,)"-./,++%)0#11.2!"#"$%&%#'()*+,--("'.)3.
.

4#11%5.5,+01"+.2!/011%)2%3.)*4#%2/(1.)3.
.

6#7+%',)"11#)".89:9 ;11"1".$&<0"+ ;11"1".'#=".+,$>" ?% ?" 
@&11.,11"1".
A+"B&"$7C ;11"1".$&<0"+ ;11"1".'#=".+,$>" ?% ?" 

@&11.,11"1".
A+"B&"$7C 

D;6EF G HIJ(HJH E9HKL E9HGJ (E9EFHH ( ( ( ( ( 
D;6MG L HHE(HGM E9KLG E9IJ E9MHMN K HMF(HHE E9JJL E9IJJ (E9EING 
D;6MI MM HMJ(HGI E9JKH E9JHG (E9EGEF MI HEH(HHJ E9LFG E9LGM (E9EHFF 
D;6MJ K GNN(GNL E9KLG E9FKM E9EGGF N GGJ(GNN E9IEN E9FN (E9EKFH 
D;6HE F HME(HMK E9IIJ E9FHF (E9MNNH ME HEF(HMF E9LHF E9JNN (E9EKIG 
D;6HN K MEJ(MMJ E9FG E9FEN (E9EGNI I MMF(MGG E9FFI E9IMN E9EHLK 
OPEMQEEE J HGN(HNH E9KKF E9IEJ E9MMNG ME HHE(HNF E9LHF E9JNM (E9EFHK 
OPEMQMNJ G MJI(MLG E9HLF E9NMN E9MNGK G MJK(MJL E9HHH E9HFF E9EFLL 
OPEHQEIJ H HLE(HLH E9KKF E9NFK (E9ELJG H HJI(HJL E9EIN E9EIG (E9EM 
OPEGQELJ H HGJ(HNE E9EIN E9EIG (E9EM I HHL(HGF E9INM E9IEF (E9EGGG 
OPENQEEN G MKN(MFJ E9FFI E9NFK (E9MLNL K MFE(MIE E9NJM E9FMN E9MHJI 
OPENQEFM J MJI(HEM E9IIJ E9II (E9EMFK N MJJ(MLN E9GI E9GJG (E9EMJI 
OPEKQENF H GGJ(GNE E9MNJ E9MN (E9EGEH G GGG(GGI E9MMM E9MEJ (E9EMLM 
OPEFQEEL H MMI(MML E9MJK E9MIM (E9ENMK H MMI(MML E9EGI E9EGI (E9EEHL 
OPEIQEHH N NEL(NMJ E9MJK E9MIF (E9EN G NMN(NHE E9KML E9NJJ (E9EGKK 
OPEJQEHN G MHK(MHI E9NEI E9NN E9EKNI G MHF(MHJ E9KML E9NIF (E9EKGF 
OPMMQEMM I HMH(HHN E9JMK E9IM (E9ELHI F HME(HHF E9FFI E9FFH (E9EMKN 
OPMHQEMK F HJG(HJJ E9FFI E9IFL E9EFKG G HJE(HJN E9NNN E9KEI E9EKJH 
OPMGQEMI N HGI(HNK E9HHH E9HFF E9EIEK N HNE(HNN E9KML E9NLK (E9EEJM 
OPHHQEEM L HII(HJF E9INM E9IL E9EHGM ( ( ( ( ( 
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Appendix 6.1. continued 

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

0)*1)(+$#,-)#(.!"#$"%&'()*+,+"'$%.$/(%.*+/(
(

2&3#4%$5)--&5)(6787 9--)-)('":,)# 9--)-)(%&;)(#$'1) <4 <) 
="--($--)-)(

>#)?")'3@ 9--)-)('":,)# 9--)-)(%&;)(#$'1) <4 <) 
="--($--)-)(

>#)?")'3@ 
A92BC C DBEFDGE B7HHC B7CBI B7BCDJ F F F F F 
A92GD I KGGFKGI B7LGH B7LBH FB7BGJK H KGGFKGH B7LLE B7IGG FB7GJEL 
A92GI C KBGFKGG B7LLE B7ICK FB7BLLJ H KBKFKGB B7JLG B7HKG B7BGCL 
A92GL C DDHFDJL B7HGE B7CGJ B7BIEC D DJBFDJJ B7CCI B7CBK FB7BIGK 
A92KB E GEDFKGG B7IIL B7LJG B7BKDG E GEEFKGK B7LLE B7LD FB7BJ 
A92KJ D GKBFGKJ B7JJJ B7JE B7BCE C GGLFGDK B7IIL B7CHL FB7GBDD 
MNBGOBBB J KGKFKGH B7IBJ B7CI FB7BDGE J KGBFKGD B7CD B7CIC B7BBEE 
MNBGOGJL G GLI B B F G GLH B B F 
MNBKOBIL D KLLFKEB B7GGG B7GBL FB7BGEG G KLL B B F 
MNBDOBEL I KDDFKDE B7LLE B7ILK FB7BIGJ D KKEFKDG B7HGE B7JCH FB7BCEC 
MNBJOBBJ D GCKFGCL B7DDD B7KLE FB7BLCH K GCJFGCC B7BDI B7BDI FB7BBKE 
MNBJOBCG I GLLFGEI B7LHK B7IIJ FB7BHKI C GEJFGEE B7HED B7HD FB7BIGC 
MNBHOBJC K DDDFDDH B7GGG B7GBI FB7BGEJ G DDC B B F 
MNBCOBBE D GGIFGKG B7GGG B7GBL FB7BGEG G GGI B B F 
MNBIOBKK D JBLFJGB B7JBI B7CKJ B7GEJE H JBHFJGD B7JJJ B7JLC B7BKEJ 
MNBLOBKJ K GKDFGKJ B7GLH B7KD B7BELH K GKDFGKJ B7HGE B7HBD FB7BKJJ 
MNGGOBGG H KGHFKKD B7IBJ B7CGG FB7BLDH C KBEFKGE B7CCI B7CED B7BKGC 
MNGKOBGH J KLKFKLL B7JJJ B7DLG FB7GGJD D KLBFKLJ B7DI B7DKK FB7BEHK 
MNGDOBGI J KGIFKKD B7KHE B7DKL B7GKLE J KGEFKKH B7GGG B7GBE FB7BGLE 
MNKKOBBG H LEFKHD B7DDD B7JBC B7BCC K KHGFKHD B7BDI B7BDI FB7BBKE 
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Appendix 6.2. All species used to infer the Sylvioidea phylogeny in the *BEAST analysis, all accession numbers for the gene sequences obtained from 
NCBI (http://www.ncbi.nlm.nih.gov/). 
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!"#$"%&'()*+,+"'$%-$.(%-*+ !"#$"%&'()*"( !"#$"%&'()/0(% 12)3/$/0%( +,--./.0 1,2203.. 
!"#$"%&(')*+,+"/#&("%*+ 45('67'8%(""#%&'()*"( !"#$"%&'()/0(% 12)3/$/0%( +,--.993 1,2203.: 
42(-/+5%+,"(%#*)%*+ ;*5"%<7< 6(#/0(% 12)3/$/0%( +10.9=>3 ?13209./ 
6(#*+,7(8$# @("'<%<7< 6(#/0(% 12)3/$/0%( +A.=:.3/ 4B>2-9.= 
6%#/&(#*+,(5%# CD'*%<7< 6(#/0(% 12)3/$/0%( +10.9=:= ?132092> 
6'2))$+"$&*+,5#$"'/)*+ E7**D&%&'()*"( 6'2))$+"$&/0(% 12)3/$/0%( F90.=/ G 
!-5'$+"$&*+,7/-*5*+ C'H"%H"8#5*78"%<7< 9%7/:/0(% 12)3/$/0%( CI'H<"(%3 CI'H<"(%3 
9%7/:,"$#$-(5*+ EI7<"GJ(D&8"#%H"8#5*78"%<7< 9%7/:/0(% 12)3/$/0%( CI'H<"(%3 CI'H<"(%3 
9%7/:,&%-0*)/-*+ 45(DH"'8%H"8#5*78"%<7< 9%7/:/0(% 12)3/$/0%( CI'H<"(%3 CI'H<"(%3 
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@(%$)$&'*+,/-$#-(5*+ P'Q%<7<MD56" 6(#/0(%, 12)3/$/0%( +A>-9>23 ?13209=2 
6$%"/)%,7$-5(-*+ E7**D&%<7< 6(#/0(%, 12)3/$/0%( +10.9=.. ?132023- 
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4'%#+$7(-%+,().$?(+"/(5( !H7Q"GI""*"#%*'(Q !)(*0/0(%, 12)3/$/0%( +A3>:3>: 4B>2-93> 
C()%#/0(,"#/+5(5( C("6<"#%*'(Q !)(*0/0(%, 12)3/$/0%( +A9>=9.> G 
B#%7()(*0(,+5(#D/ !<'(QU6%*'(Q !)(*0/0(%, 12)3/$/0%( +A3>:3>/ G 
!)(*0(,(#3%-+/+ 45('67'8%6QT*'(Q !)(*0/0(%, 12)3/$/0%( ,L/0>09/ 41>/:00> 
B#%7$&'/)(,()&%+5#/+ VD(8"#%*'(Q !)(*0/0(%, 12)3/$/0%( +1/=-309 ?1->-:>2 
4()(-0#%))(,"/-%#%( W"#GJ'HH"#%*'(Q !)(*0/0(%, 12)3/$/0%( ?1->-./- ?1->-:>3 
62"-$-$5*+,.(#.(5*+ CDMMD8%)5*)5* 62"-$-$5/0(%, 12)3/$/0%( VR>000>9 VR>0099= 
!%A/5'()$+,"(*0(5*+ XD8$G<'7*"#%<7< !%A/5'()/0(%, 12)3/$/0%( YZ9=/2-0 4B>2-9-0 
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