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'<83(:66<8<=:/<(&3<6#:/#7%(#%(@</(/=73#6:8(;7=<&/(-%><=&/7=#<&(

:%>('<83(:667-%/(;7=(/'<(7E&<=$<>(#%6=<:&<(#%(@77>9(38:%/(

=#6'%<&&(@#/'(#%6=<:&#%.(=:#%;:88(#%(/'<(Q<7/=73#6&(H"#$%#&'A(

!bbbI4(d<=/<E=:/<&(67%&-?#%.(;8<&'9(;=-#/&(:=<(;:=(?7=<(8#O<89(

/7(>#&3<=&<(&<<>&(7$<=(87%.(>#&/:%6<&(H:/(8<:&/(7-/&#><(;7=<&/(

-%><=&/7=#<&I(/':%(:%/&(6:==9#%.(&<<>&(@#/'(<8:#7&7?<&K(?<:%(

>#&3<=&:8(>#&/:%6<&(;7=(?9=?<67(6'7=7-&(&<<>&(:=<(/93#6:889(7;(

7=><=(!(?(:6=7&&(':E#/:/&(H"7?<L(f(5&3:>:8<=A(!bbeI4

Soil infertility as a contributor to narrow endemism. 
—(F'<(#?37=/:%6<(7;(:(;=-.#$7=<(3=7/<#%(&-E&#>9(;7=(38:%/(
&3<6#:/#7%(&'7-8>(E<(<C387=<>(#%(7/'<=(67%/<C/&4(R3<6#;#6:889A(

38:%/&(7%(%-/=#<%/J377=(&7#8&(&'7-8>('<:$#89(><;<%>(/'<#=(8<:$<&(

/7(?:C#?#L<(.=7@/'(:%>(&-=$#$:8(Hk:%L<%A(!bc2K(`78<9A(!be+IA(

@'#6'(#%(/-=%(&'7-8>(.=<:/89(=<>-6<(&-6'(:(3=7/<#%(&-E&#>9(

:%>A(@#/'(#/A(7$<=:88(;=-.#$7=<(:E-%>:%6<(H"#$%#&'A(!bbeI4(G%J

6=<:&<>(=<8#:%6<(7%(@#%>(7=(.=:$#/9(>#&3<=&:8(7%(&-6'(&/<=#8<(

&-E&/=:/<&A(<&3<6#:889(#%(73<%(':E#/:/&A(&'7-8>(#%6=<:&<(&3<6#:J

/#7%(:%>(%:==7@(<%><?#&?(#%(38:%/&4(a77=(&7#8&A(/7.</'<=(@#/'(

&<:&7%:8(:=#>#/9A(?#.'/('<83(:667-%/(;7=(/'<(87@(#%6#><%6<(7;(

;8<&'9(;=-#/&(#%(/'<(73<%(R7-/'(,;=#6:%(;9%E7&4(G(3=737&<(/':/(

8#?#/<>(&<<>(>#&3<=&:8A(E:&<>(7%(:(=<&-8/#%.(=<8#:%6<(7%(.=:$#/9A(

@#%>A(7=(:%/&(/7(/=:%&37=/(3=73:.-8<&A(67-8>(E<(7%<(7;(&<$<=:8(

;:6/7=&(3=7?7/#%.('#.'(=:/<&(7;(&3<6#:/#7%(#%(/':/(67??-%#/9(

H&<<(:8&7(]7%>(f(R8#%.&E9A(!be+K(N#%><=A(!beMA(*00MA(*00eI4(

R7#8(#%;<=/#8#/9A(E9(=<>-6#%.(/'<(#%6#><%6<(7;(/:C:(@#/'(;8<&'9(

;=-#/&(<$<%(#%('93<='-?#>(:=<:&(8#O<(/'<(&:%>&/7%<(/<3-#&(7;(

R7-/'(,?<=#6:A(?:9(:8&7('<83(.<%<=:/<('#.'(=:/<&(7;(&3<6#:/#7%(

:%>(876:8(<%><?#&?(/'<=<(H"#$%#&'A(!bbeI4
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2. DIVERSIFYING INFLUENCE OF ADAPTIVE 
RADIATION

,>:3/#$<(=:>#:/#7%X/'<(=#&<(7;(:(>#$<=&#/9(7;(<6787.#6:8(

=78<&(:%>(://<%>:%/(:>:3/:/#7%&(@#/'#%(:( 8#%<:.<X#&(:=.-J

:E89(7%<(7;(/'<(?7&/(#?37=/:%/(3=76<&&<&(E=#>.#%.(<6787.9(

:%>(<$78-/#7%(HN:6OA(!b2cK(`:=8B-#&/A(!bc0A(!bc2K("#$%#&'A(

!bbcK(R6'8-/<=A(*000K(N#%><=A(*00eK(":$=#8</&(f(N7&7&A(*00bI4(

G/(:=#&<&(:&(:(=<&-8/(7;(>#$<=.<%/(&<8<6/#7%(@#/'#%(&3<6#<&(7=(

:?7%.(687&<89(=<8:/<>(/:C:(;7=(:>:3/:/#7%(/7(>#;;<=<%/(<%$#=7%J

?<%/&A(=<&7-=6<&A(67?3</#/7=&A(3=<>:/7=&A(:%>[7=(?-/-:8#&/&4(

R-6'(&<8<6/#7%(6:%(:=#&<(:&(:(=<&-8/(7;(:%(:%6<&/=:8(&3<6#<&(#%J

$:>#%.(:(%<@(7=(=<?7/<(:=<:(H<4.4A(:%(76<:%#6(#&8:%>A(:(8:O<A(7=(

:(?7-%/:#%/73I(8:=.<89(><$7#>(7;(7/'<=(&3<6#<&A(/'<(<C/#%6/#7%(7;(

3=<$#7-&89(>7?#%:%/(.=7-3&A(7=(/'<(=#&<(7;(:(TO<9(#%%7$:/#7%U(

H<4.4A(/'<(/:%O(':E#/(#%(E=7?<8#:>&I(/':/(:887@&(/'<(#%$:&#7%(7;(:(

%<@(T:>:3/#$<(L7%<U(H<4.4A(<3#3'9/#6(3<=6'<&(:/73(7/'<=(38:%/&I(

HR#?3&7%A( !bM+I4( `7?3</#/#7%(@#/'#%( :%( :%6<&/=:8( &3<6#<&(

&'7-8>(E<67?<(#%/<%&<(:&(#/(E<67?<&(?7=<(67??7%A(8<:>#%.(

/7(&<8<6/#7%(;7=($:=#:%/&(/':/(-&<(:8/<=%:/#$<(<%$#=7%?<%/&(7=(

=<&7-=6<&4(i'<%(/'<(3=7>-6/&(7;(&-6'(>#$<=.<%6<(67?<(#%/7(&<6J

7%>:=9(67%/:6/A(#;(/'<9(':$<(%7/(:8=<:>9(>#$<=.<>(&-;;#6#<%/89(/7(

:$7#>(?7&/(67?3</#/#7%A(/'<=<(&'7-8>(E<(&<8<6/#7%(;7=(?<?E<=&(

7;(&-6'(373-8:(/#7%&(/7(>#$<=.<(;-=/'<=(<6787.#6:889A(:%>(/'-&(

:6B-#=<(/'<("4*C*D04$C)70++"%"(&0$)&0*((=<B-#=<>(;7=(/'<#=(876:8(

87%.J/<=?(67<C#&/<%6<4(G;(E=<<>#%.(E:==#<=&(':$<(%7/(:8=<:>9(

E<<%(3<=;<6/<>A(/'<=<(&'7-8>(:8&7(E<(&<8<6/#7%(;7=(=<#%;7=6<J

?<%/(:%>(:6B-#&#/#7%(7;(%"#%*7B4&01")02*C$&0*((E</@<<%(&-6'(

373-8:/#7%&(/7(3=<$<%/(#%/<=E=<<>#%.4(S$<=(/#?<A(/'<=<(&'7-8>(

E<(&<8<6/#7%(;7=(:>>#/#7%:8(<6787.#6:8(:%>(=<3=7>-6/#$<(#&78:J

/#7%(:?7%.(%<@<=(?<?E<=&(7;(/'<(=:>#:/#7%4(G%(?:%9(6:&<&A(

:/(8<:&/(#%#/#:889A(/'#&(?#.'/(8<:>(/7(<6787.#6:8(7=(=<3=7>-6/#$<(

4F$%$4&"%)702#C$4")'"(&A(#%(@'#6'(687&<89(=<8:/<>A(<6787.#6:889(

&#?#8:=(&3<6#<&(:=<(?7=<(>#$<=.<%/(;=7?(<:6'(7/'<=(#%(&9?3:/=9(

/':%(#%(:8873:/=9(H]=7@%(f(i#8&7%A(!bMYK(a4Z4("=:%/A(!bc*K(

R6'8-/<=(f(P:6a':#8A(!bb*I4

,>:3/#$<(=:>#:/#7%(6:%(/'-&(E<(:(?:\7=(&7-=6<(7;(<6787.#6:8(

>#$<=&#/9(:%>(%<@(/:C:4(_7=(<C:?38<A(#%(/'<(%:/#$<(W:@:##:%(

;87=:A(/'<(*0(8:=.<&/(68:><&X:88(E-/(7%<(7;(@'#6'(#%$78$<(<CJ

/<%&#$<(:>:3/#$<(=:>#:/#7%(#%(':E#/:/A(3788#%:/#7%(E#787.9A(:%>[

7=($<.</:/#$<(;7=?X.<%<=:/<>(?7=<(/':%(':8;(7;(/'<(%:/#$<(

&3<6#<&(;=7?(7%89(c4Yl(7;(/'<(#%#/#:8(6787%#&/&(/':/(8<;/(><&6<%J

>:%/&(H&<<(&<6/#7%(E<87@(7%(,>:3/#$<(=:>#:/#7%(:%>(&3<6#:(/#7%I4(

D%><=-/#8#L<>(=<&7-=6<&(3=7$#><(:(?<6':%(#&?(;7=(.<%<=:/#%.(

<6787.#6:8(#&78:/#7%(E</@<<%(&3<6#<&A(:6/#%.(:/(/'<(&:?<(/#?<(

:&(&<C-:8(&<8<6/#7%(;7=(=<3=7>-6/#$<(#&78:/#7%(H&<<(&<6/#7%(7%(

56787.#6:8(&3<6#:(/#7%I(7=(&-E&<B-<%/894(R<8<6/#7%(;7=(:>:3/:(/#7%(

/7(>#;;<=<%/(<%$#=7%?<%/&(:%>(=<&7-=6<&(6:%(=<&-8/(%7/(7%89(

#%(=<?:=O:E8<(6:&<&(7;(>#$<=.(<%6<(@#/'#%(=:>#:/#7%&A(E-/(:8&7(

67%$<=.<%6<(E</@<<%(<6787.#6:889(&#?#8:=(?<?E<=&(7;(>#;;<=<%/(

=:>#:/#7%&A(:&(#88-&/=:/<>(E9(?:=&-3#:8($&4(38:6<%/:8(?:??:8&A(

W:@:##:%('7%<96=<<3<=&($&4(7/'<=(;:?#8#<&(7;(3:&&<=#%<(E#=>&(

H:%>(3<=':3&(7/'<=($<=/<E=:/<&XN7$<//<(f(:84A(*00*IA(6#6'8#>&(

#%(>#;;<=<%/(,;=#6:%(=#;/(8:O<&A(/'<(=#&<(7;(/=<<&(;=7?(&<$<=:8(

'<=E:6<7-&(38:%/(8#%<:.<&(6787%#L#%.(#&8:%>&A(:%>(/'<(=<3<:/<>(

7=#.#%(7;(-%&6<%/<>A(/-E-8:=A(=<>>#&'(;87@<=&(@#/'(673#7-&(%<6J

/:=(#%(-%=<8:/<>(38:%/&(3788#%:/<>(E9('-??#%.(E#=>&4(5C/<%&#$<(

>#$<=.<%6<(:%>(67%$<=.<%6<(@#/'#%(=:>#:/#7%&(7%(#&8:%>&(6:%(

67%;7-%>(://<?3/&(/7(#%;<=(:%6<&/=:8(?:#%8:%>(/:C:(:%>(/=:6<(

3://<=%&(7;(:>:3/#$<(<$78-/#7%(-&#%.(3'987.<%#<&(E:&<>(7%(?7=J

3'787.9A(?:O#%.(3'987.<%</#6(:%:89&#&(E:&<>(7%(?78<6-8:=(

>:/:(6=-6#:8(;7=(/'<(:%:89&#&(7;(&-6'(=:>#:/#7%&(H"#$%#&'(f(:84A(

!bb2A(!bbMA(!bbcK(R:%.(f(:84A(!bb2K(]:8>@#%(f(Z7E#6':-CA(

!bbMK(]q'8<(f(:84A(!bbYK(j#?(f(:84A(!bbYK(_=:%6#&67JS=/<.:(

f(:84A(!bbcI4

Patterns of adaptive radiation

,>:3/#$<(=:>#:/#7%(3=7$#><&(&7?<(7;(/'<(?7&/(&3<6/:6-8:=(

#88-&/=:/#7%&(7;(/'<(/#<&(E</@<<%(<6787.9(:%>(<$78-/#7%(#%(38:%/&4(

Q7/:E8<(#%&/:%6<&(7%(#%>#$#>-:8(76<:%#6(#&8:%>&(7=(:=6'#3<8:J

.7<&(#%68-><1(

H!I( Hawaiian lobeliads(H!*e(&334(7;(/=<<8</&A(/=<<&A(&'=-E&A(

@77>9(=7&<//<&A(:%>($#%<&A(=:%.#%.(;=7?(?<&#6(/7(@</(&6=-E(:%>(

;7=<&/&(/7(&-E:83#%<(E7.&(:%>(&<:68#;;&A(E<:=#%.('#.'89(>#$<=.<%/(

8<:$<&A(;87@<=&(:%>(;=-#/&A(>#$<=.<>(;=7?(7/'<=(@77>9(87E<8#:>&(

;=7?(,;=#6:(:%>(7/'<=(#&8:%>&(#%(/'<(a:6#;#6(!+(?#88#7%(9<:=&(

HP:I(:.7(r"#$%#&'(f(:84A(!bb2A(!bbMA(*00bsIK(

H*I( Hawaiian silversword alliance(H*M(&334(7;(&'=-E&A(

/=<<&A(:%>(@77>9($#%<&A(=:%.#%.(;=7?($<=9(>=9(/7($<=9(@</(

':E#/:/&A(><=#$<>(;=7?('<=E:6<7-&(`:8#;7=%#:(/:=@<<>&(M4*(P:(

:.7(r`:=8B-#&/A(!bc0K(Z7E#6':-C(f(:84A(!bb0K(]:8>@#%(f(:84A(

!bb!K(]:8>@#%(f(R:%><=&7%A(!bbeK(`:=8B-#&/(f(:84A(*00+sIK(

H+I( Hawaiian Schiedea( H+2(&334(7;('<=E&A(&'=-E&A(:%>(

$#%<&A(=:%.#%.(;=7?(>=9(68#;;&(/7(@</(;7=<&/&(:%>($:=9#%.(;=7?(

'<=?:3'=7(>#/#6(/7(>#7<6#7-&A(:33:=<%/89(>#$<=.<%/(;=7?(6#=J

6-?E7=<:8(O*(4L"(-$(:%>(30CF"C'20$(ra4R4(R78/#&(f(:84A(!bbYK(

i:.%<=(f(:84A(*00MEK(R:O:#(f(:84A(*00YK(i<88<=(f(:84A(*00YK(

W:=E:-.'(f(:84A(*0!0sIK(

H2I( Hawaiian Chamae syce(H!M(&334(7;(&3=:@8#%.(?:/&A(

&'=-E&A(:%>(/=<<&A(;=7?(67:&/:8($<.</:/#7%(/7(@</(;7=<&/A(@#/'(

:%(<C/=:7=>#%:=9(=:%.<(#%(8<:;($<%:/#7%(3://<=%&(:%>(&/7?:/:8(

>#&/=#E-/#7%&(r`:=8(B-#&/A(!bc0K(R37=6O(f(R:6OA(#%(3=<34IK(

HMI(Macarones ian Aeonium alliance HY!(&334(7; :%%-:8(

:%>(3<=<%%#:8 '<=E&A(&-E&'=-E&A(=7&<//<&A(&-66-8<%/&A(<:6'(37&J

&<&&#%.(/'<(̀ +A(̀ ,PA(7=(̀ +J`,P(3'7/7&9%/'</#6(3:/'@:9A(:%>(

><=#$<>(;=7?(%7=/'@<&/(,;=#6:%('<=E:6<7-&(:%6<&/7=&(!e4e(P:(

:.7(rP<&(f(/^W:=/A(!bbYK(k7=.<%&<%(f(S8<&7%A(*00!K(P7=/(f(

:84A(*00*A(*00cK(j#?(f(:84A(*00esIK(

HYI(Macaronesian Echium)H*e(&334(7;(&'=-E&A(/=<<&A(:%>(

&<67%>:=#89(><=#$<>(:%%-:8('<=E&(;=7?(:($<=9(@#><(=:%.<(7;(

=:#%;:88&(:%>(<8<$:/#7%&A(:%>(':$#%.(>#$<=.<>(;=7?(?:#%8:%>(

'<=E:6<7-&(P4F0B'(c4b(P:(:.7A(6787%#L#%.(/'<(̀ :%:=9(G&8:%>&(

;#=&/A(:%>(/'<%(>#$<=&#;9#%.(7%(P:><#=:(:%>(/'<(`:3<(d<=><(

G&8:%>&(r]q'8<(f(:84A(!bbYK(j#?(f(:84A(*00eK("t=6#:JP:=7/7(

f(:84A(*00bsIK(

HcI(Macaronesian Sonchus alliance(H+!(&334(7;(/-E<=7-&(

'<=E&(:%>(@77>9(&-E&'=-E&A(&'=-E&A(:%>(=7&<//<(/=<<&A(=:%.#%.(

;=7?(>=9(/7(?<&#6(':E#/:/&A(:%>(':$#%.(>#$<=.<>(;=7?(?:#%8:%>(

'<=E:6<7-&(:%6<&/7=&(!+4*(P:(:.7(rj#?(f(:84A(!bbYA(*00eK(N<<(

f(:84A(*00MsIK(

HeI(Macaronesian Argyranthemum(H*2(&334(7;(@77>9(3<J

=<%%#:8&(/':/($:=9(&-E&/:%/#:889(#%(8<:;(>#$#&#7%(:%>(=:%.<(;=7?(

>=9(/7(?<&#6(':E#/:/&(r_=:%6#&67JS=/<.:(f(:84A(!bbYA(!bbcsK(:%>(
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HbI( New Zealand Hebe complex(H!*2(&334(@#/'(<C/=:7=J

>#%:=9($:=#:/#7%(#%(.=7@/'(;7=?A(8<:;(&':3<A(:%>(':E#/:/(r":=J

%76OJk7%<&A(!bb+K(,8E:6'(f(:84A(*002A(*00MsI4(

F'<=<(:=<(?:%9(7/'<=(&/=#O#%.(6:&<&(7;(#%&-8:=(=:>#:/#7%(#%(

38:%/&(H<4.4A(?%$B4$%0$A(,07"(2A(@%$'K"A(@-%&$(7%$A)G"%$(0B'A)

O0K024$7"C#FB2A)6"C04*#"A)6-%20("A)HF-CC*2&"D0$A)>&"(*D-("A)

H"%04$CC02A)H0&&*2#*%B'A)H*B&"%0$A)H2-4F*&%0$A)Q*K0(2*(0$A)

>4$"1*C$A)>07"%0&02IA(:%>(&<$<=:8(7%(67%/#%<%/&(H<4.4A(?4$40$A(

,$(L20$A):%>(PB4$C-#&B2(#%(,-&/=:8#:K(!02$A)P%04$A)GC$70*CB2A(

6*%$"$A):%>(;:?#8#<&(,#L7:6<:<(:%>(Z<&/#7%:6<:<(#%(R7-/'(

,;=#6:K(,%*44F0(0$A)@$C4"*C$%0$A)P2#"C"&0$A)RB4F20$A)S"#$(5

&FB2A)SB#0(B2(:%>(;:?#8#<&(]#.%7%#:6<:<A(]=7?<8#(:6<:<A(:%>(

Z:3:/<:6<:<(#%(R7-/'(,?<=#6:K(:%>(?AB0C"D0$A)@$C*4F*%&B2A)

S0C0B'A)60'BCB2A)H"(2&"'*(A)HC$&$(&F"%$A)JB"%4B2A)T%0CC0B'A(

:%>(/'<(;:?#89(a78<?7%#:6<:<(#%(Q7=/'(,?<=#6:I4(̀ 7%/#%<%/:8(

8#%<:.<&A(E9($#=/-<(7;(':$#%.(:66<&&(/7(:(?-6'(@#><=(=:%.<(7;(

3:=<%/(?:/<=#:8(/':%(8#%<:.<&(7%($786:%#6(#&8:%>&A(7;/<%(&'7@(

:>:3/#$<(=:>#:/#7%(E9(&7#8(/93<(7=(E<>=76O(H<4.4A( #%$:&#7%(7;(

&<=3<%/#%<A(.93&-?A(:8O:8#A(68:9A(87:?9A(:%>(&:%>9(&7#8&(E9(

@$C4F*%&B2K)#%$:&#7%(7;(&<=3<%/#%<(:%>($<=%:8(3778&(E9(E$5

1$%%"&0$I4(G%(̀ :8#;7=%#:A(@#/'(<C/<%&#$<(7-/6=73&(7;(&<=3<%/#%<A(

6:4(*!M(&3<6#<&(':$<(E<67?<(&3<6#:8#L<>(<%/#=<89(/7(&<=3<%/#%<(

&7#8&K(#%(/'<(8#?#/<>(%-?E<=(7;(687&<89(=<8:/<>(&3<6#<&(;7-%>(

7%(&<=3<%/#%<(:%>(%7%J&<=3<%/#%<A(.=7@/'(:%>(&-=$#$:8(7%(7%<(

&-E&/=:/<(@:&(#%$<=&<89(=<8:/<>(/7(/':/(7%(/'<(7/'<=(Hj=-6O<E<=.A(

!bM!K(]=:>9(f(:84A(*00MI4

5:6'(7;(/'<(%#%<(#&8:%>(.=7-3&('#.'8#.'/<>(:E7$<(;#/(/'<(

6=#/<=#:(;7=(:>:3/#$<(=:>#:/#7%(.#$<%(E9("#$%#&'(H!bbcI1(<:6'(

#&(?7%73'98</#6A(<:6'(<%67?3:&&<&(&-E&/:%/#:8(<6787.#6:8(>#J

$<=&#/9A(:%>(<:6'(<C'#E#/&(<$#><%6<X?7&/(7;/<%A(#%(/<=?&(7;(

67?3:=:/#$<(>:/:(&'7@#%.(:(=<.-8:=(;#/(E</@<<%(;7=?(:%>(?7=J

3'787.9(H<4.4A(7;(8<:;(@#>/'(/7(?7#&/-=<(&-3389IX/':/(&-337=/&(

>#;;<=<%/#:8(:>:3/:/#7%(7;(#%>#$#>-:8(&3<6#<&(/7(>#;;<=<%/(67%>#J

/#7%&4(G%(:>>#/#7%(/7(/'<&<(6=#/<=#:A(R6'8-/<=(H*000I(<?3':&#L<>(
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Can the extent of adaptive radiation be predicted?
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&#$<(#&8:%>(<:=8#<=(/':%(:%9(7/'<=(8#%<:.<(7$<=(/'<(3:&/(M(P:A(#/&(

:E#8#/9(/7(>#$<=&#;9(:/(:('#.'(=:/<(7%(<:6'(#&8:%>(':&(%7/'#%.(/7(

>7(@#/'(/'<(#%#/#:8(<:=89(:==#$:8(7;(87E<8#:>&4(,6=7&&(/'<(%#%<(W:J

@:##:%(38:%/(68:><&(@'7&<(7=#.#%(':&(E<<%(=<8#:E89(>:/<>A(/'<=<(

#&(:(&#.%#;#6:%/(#%6=<:&<(#%(8%(&3<6#<&(%-?E<=(H>I(@#/'(:.<(&)

H_#.4(+,1(%(o(04cbA(H(n(040*K(a=#6<(f(i:.%<=A(*002I4(W7@<$<=A(

G(%7/<(/':/(/'<(&#.%#;#6:%6<(7;(/'#&(=<&-8/(#&('<:$#89(><3<%><%/(

7%(#%68-&#7%(7;(/'<(W:@:##:%(87E<8#:>&A(/'<(78><&/(:%>(8:=.<&/(

68:><K(#;(/'<9(:=<(<C68-><>A(/'<=<(#&(%7(&#.%#;#6:%/(=<8:/#7%&'#3(7;(

8%(&3<6#<&(%-?E<=(/7(:.<(#%(/'<(=<?:#%#%.(8#%<:.<&(H%(o(04MYA(H(

{(04!2I4(_-=/'<=?7=<A(78><=(68:><&(':$<(C*W"%(:33:=<%/(=:/<&(7;(

&3<6#<&(>#$<=&#;#6:/#7%(H_#.4(+]IA(67%/=:=9(/7(<C3<6(/:/#7%&(:%>(

67%&#&/<%/(@#/'(/'<(-%E#:&<>(=<.=<&&#7%(7;(8%(>(7%(&(':$#%.(:%(

#%/<=6<3/({!(H_#.4(+,I4(5:=89(:==#$:8A(#%(7/'<=(@7=>&A(>7<&(%7/(

.-:=:%/<<('#.'<=(=:/<&(7;(>#$<=&#;#6:/#7%(#%(:>:3/#$<(=:>#:/#7%&4

Extensive genetic variation. —()i'#8<(/'<(<C/=:7=>#%:=9(
?7=3'787.#6:8(>#$<=.<%6<(#%(?:%9(:>:3/#$<(=:>#:/#7%&(&-..<&/&(

/':/(.<%</#6(>#$<=.<%6<(E</@<<%(&3<6#<&(?#.'/(E<(&-E&/:%/#:8A(

#%(?7&/(6:&<&(7;(#%&-8:=(=:>#:/#7%&(/'<(=<$<=&<(#&(/=-<(H<4.4A(&<<(

]:8>@#%(f(:84A(!bb!K("#$%#&'(f(:84A(!bbMK(]q'8<(f(:84A(!bbYK(

_=:%6#&67JS=/<.:(f(:84A(!bbYI4(a=<&-?:E89(/'#&(3=<&<%/J>:9(

37$<=/9(7;(.<%</#6($:=#:/#7%(:?7%.(&3<6#<&(=<;8<6/&(/'<(=<6<%/(

7=#.#%(7;(&-6'(=:>#:/#7%&A(=<3<:/<>(.<%</#6(E7//8<%<6O&(:&&76#J

:/<>(@#/'(;7-%><=(<$<%/&A(:%>(/'<(8:=.<(<;;<6/(7;(:(;<@(.<%<&(

></<=?#%#%.(<6787.#6:8(:%>(=<3=7>-6/#$<(#&78:/#7%(H"#$%#&'A(

!bbcI4("#$<%(/':/(87%.J>#&/:%6<(>#&3<=&:8(#&(#%$78$<>(@#/'(:8J

?7&/(:88(;7-%><=(<$<%/&(7%(76<:%#6(#&8:%>&A(#/(#&(':=>(/7(#?:.J

#%<(:(38:-&#E8<(&6<%:=#7(#%(@'#6'(&7?<(:%6<&/=:8(/:C:(67-8>(

E=#%.(&-E&/:%/#:8(#%/=:&3<6#;#6(.<%</#6($:=#:/#7%(/7(:(>#&/:%/(

#&8:%>(7=(:=6'#3<8:.7(:%>(?:#%/:#%(#/(#%(/'<(;:6<(7;(&-E&<B-<%/(

Fig. .(A,(%-?E<=(7;(&3<6#<&(>($&4(&/<?(:.<)&(7;(%#%<(68:><&(#%(/'<(W:J
@:##:%(;87=:K(B,(%</(=:/<(7;(&3<6#<&(>#$<=&#;#6:/#7%(!(o(H8%(>I([(&(:&(:(
;-%6/#7%(7;(&/<?(:.<(;7=(/'<(&:?<(68:><4(_#.-=<&(:=<(E:&<>(7%(/'<(>:/:(

7;(a=#6<(f(i:.%<=(H*002I(:%>("#$%#&'(f(:84(H*00bI4(R<<(&<6/#7%(M(=<(

3=7E8<?&(7;(:-/7=<.=<&&#7%(:&&76#:/<>(@#/'(387//#%.(!($&4(&4(F'<(;#=&/(

3:%<8(3=<&<%/&(:(&/:/#&/#6:889(-%E#:&<>(:%:89&#&(&'7@#%.(/':/(>#$<=&#;#J

6:/#7%(=:/<(;:88&(@#/'(68:><(:.<1(8%(>($&4(&(':&(:%(#%/<=6<3/({!A(:%>(/'<(

=<.=<&&#7%(/'<=<;7=<(6-/&(67%/7-=&(H>:&'<>(8#%<&I(7;(3=7.=<&&#$<89(87@J

<=($:8-<&(7;(!(:&(/(#%6=<:&<&(H&<<(]I4(`7%/=:=9(/7(/'<(%:|$<(3=<>#6/#7%(

/':/(!(H&3(&3u!(P:u!(o(P:u!I(&'7-8>(#%6=<:&<(@#/'(68:><(:.<A(=<;8<6/#%.(

8<&&(<6787.#6:889(&:/-=:/<>(<%$#=7%?<%/&(;:6<>(E9(<:=89(6787%#&/&A(!(

:6/-:889(><68#%<&(@#/'(68:><(:.<A(3=7E:E89(=<;8<6/#%.(<6787.#6:8(&:/-J

=:/#7%(7;(#%>#$#>-:8(=:>#:/#7%&(@#/'(/#?<(:%>(/'<#=(/=-%6:/#7%(:&(78><=(

#&8:%>&(&-E&#><(:%>(&3<6#<&(=<&/=#6/<>(/7(/'<?(:=<(<C/#=3:/<>4
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E7//8<%<6O&4(g</A(6:%(#/(E<(:(67#%6#><%6<(/':/(V:=@#% &̂(;#%6'<&(

':$<(-%><=.7%<(:(?:&&#$<(=:>#:/#7%(#%(E<:O(&#L<(:%>(&':3<(

:%>(/':/(W0&F0(J&3<6#<&($:=#:/#7%(#%(/'<#=(E<:O(>#?<%(&#7%&(:=<(

7;/<%(/<%(/#?<&(.=<:/<=(/':%(/':/(#%(?:%9(?:#%8:%>(&3:==7@(

373-8:/#7%&(Ha4Z4("=:%/A(!beYIh

Evolution along genetic lines of least resistance. —(F'#&(
/'<7=9(HR6'8-/<=A(!bbYEA(*000I(#&(37/<%/#:889(7;(3=7;7-%>(#?37=J

/:%6<A(#%(/':/(#/(37/<%/#:889(3=7$#><&(:%(:8/<=%:/#$<(<C38:%:/#7%(

;7=(/'<(>#=<6/#7%H&I(/:O<%(E9(:>:3/#$<(=:>#:/#7%4(G/(@:==:%/&(

:>>#/#7%:8(/<&/&A(&#?#8:=(/7(/':/(E9(a4Z4("=:%/(f("=:%/(H!bbMIA(

#%(&<8<6/#7%(.=:>#<%/&(7%(:($:=#</9(7;(/=:#/&(:%>(/'<(.<%</#6(

67$:=#:%6<(/=:#/&(@<=<(B-:%/#;#<>A(:%>(/'<(7E&<=$<(&'#;/(#%(7;;J

&3=#%.(/=:#/&(67?3:=<>(@#/'(/'<(<C3<6/:/#7%(E:&<>(7%(N:%>< &̂(

H!bcbI(?7><84(W7@<$<=A(/'<(;:6/(/':/A(7;/<%A(&<$<=:8(?<?E<=&(

7;(7%<(:>:3/#$<(=:>#:/#7%(&'7@(<C/<%&#$<(67%$<=.<%6<(@#/'(

<6787.#6(:889(:%:87.7-&(?<?E<=&(7;(7/'<=(=:>#:/#7%&(H&<<(:E7$<I(

&-..<&/&(/':/(68:><J&3<6#;#6(>#;;<=<%6<&(#%(.<%</#6(:=6'#/<6/-=<(

':$<(8#//8<(/7(/<88(-&(:E7-/(/'<(>#=<6/#7%(&<8<6/#7%(@#88(/:O<A(@'#8<(

<6787.9(':&(.=<:/(><:8(/7(&:94(_-=/'<=?7=<A(:&(R6'8-/<=(H!bbYEI(

'#?&<8;(7E&<=$<>A(.<%</#6(67$:=#:%6<(:6=7&&(&3<6#<&(?:9(E<(

></<=(?#%<>(3:=/89(E9(.<%<(;87@(E</@<<%(373-8:/#7%&4(G;(%:/-=:8(

&<8<6/#7%(>=#$<&(>#;;<=<%/#:/#7%(:?7%.(&-6'(373-8:/#7%&A(/'<%(

&<<?#%.89(&/=7%.(><$<873?<%/:8(67%&/=:#%/&(?:9(3=7$<(/7(E<(

:(?#=:.<A(:(=<&-8/(7;(/'<(#%/<=:6/#7%(7;(&<8<6/#7%(:%>(?#.=:/#7%(

H"#$%#&'A(!bbcI4(Z<6<%/89A(P6V7%:8>(f(:84(H*00bI(&'7@<>(/':/(

/'<(=<3<:/<>(<$78-/#7%(7;(/'<(iR(H@=#%O89(&3=<:><=I(?7=3'(#%(

#%($#/=7(:>:3/#$<(=:>#:/#7%&(7;(H2"B7*'*($2)+CB*%"24"(2(@:&(

&7?<@':/(3=<>#6/:E8<(;=7?(.<%</#6&A(>-<(/7(/'<(=<3<:/<>(76J

6-==<%6<(7;(iR(?-/:/#7%&(:/(:(;<@(876#4(W7@<$<=A(/'<&<(:-/'7=&(

:8&7(&'7@<>(/':/(.<%</#6&(>#>((*&(-8/#?:/<89(3=7$#><(:(O<9(:&(/7(

@'</'<=(H=)+CB*%"24"(2(@7-8>(<$78$<(:(iR(?7=3'1(/':/(?7=3'(

<$78$<>X:8E<#/(?7=<(&87@89(/':%(-&-:8X<$<%(#%(&/=:#%&(;=7?(

@'#6'(/'<9(=<?7$<>(:88(876#(3=<$#7-&89(O%7@%(/7(6:-&<(#/4

Absence of competitors. —()G/(#&(87.#6:8(/':/(/'<(:E&<%6<(
7;(67?3</#/7=&(;7=(3:=/#6-8:=(':E#/:/&(7=(=<&7-=6<&(@7-8>(;7&/<=(

=:>#:/#7%(7%/7(/'7&<(':E#/:/&(:%>(=<&7-=6<&4(i':/(#&(%7/(68<:=(

#&('7@(/7(></<=?#%<(@'</'<=(:(&3<6#;#6(8#%<:.<A(;7-%><>(E9(:(

3:=/#6-8:=(:%6<&/7=A(?#.'/(&7?<>:9(67?3</<(;7=(':E#/:/&(7=(

=<&7-=6<&(%7/(-&<>(E9(/':/(:%6<&/7=A(:%>(@':/(O#%>(7;(>:/:(7%(

67?3</#/7=&A(':E#/:/&A(:%>(=<&7-=6<&(3=<&<%/(@'<%(:%(#&8:%>(

7=(&#?#8:=(':E#/:/(#&(6787%#L<>(@7-8>(E<(%<<><>(/7(3=<>#6/A(;7=(

<C:?38<A(/':/(/'<(W:@:##:%(87E<8#:>&(?#.'/(&3:@%(!*e(3=<&<%/J

>:9(&3<6#<&(@'#8<(/'<(W:@:##:%($#78</&(@7-8>(.<%<=:/<(7%89(

&<$<%4

Key innovations. —(F'<(-&<(7;(&/:/#&/#6:8(/<&/&(/7(></<=J
?#%<(@'</'<=(:(3:=/#6-8:=(/=:#/(#&(:&&76#:/<>(@#/'(.=<:/<=(=:/<&(

7;(&3<6#:/#7%A(:%>(/'-&(#&(:(TO<9(#%%7$:/#7%U(H"-9<=(f(R87@J

#%&O#A(!bb+K(R:%><=&7%(f(V7%7.'-<A(!bb2IA(#&(:(87.#6:8(?<:%&(

/7(#><%/#;9#%.(:%(:>:3/#$<(=:>#:/#7%(#;(7%<(:&&-?<&(/':/(:%(#%J

6=<:&<(#%(&3<6#:/#7%(=:/<(#&(:(':88?:=O(7;(/':/(3=76<&&4(̀ 7?3:=#J

&7%&(#%$78$#%.(?-8/#38<(68:><&(@#/'(:%>(@#/'7-/(/'<(3-/:/#$<(

O<9(#%%7$:/#7%(3=7$#><(<$<%(?7=<(37@<=;-8(/<&/&4(W7@<$<=A(

&-6'(/<&/&(?-&/(:8&7(E<(:667?3:%#<>(E9(;-%6/#7%:8(:%:89&<&(

7=(><?7%&/=:/#7%&(7;(67%/<C/J&3<6#;#6(:>$:%/:.<(/7(&'7@(/':/(

/'<(/=:#/H&I(7;(67%6<=%(:6/-:889(#%6=<:&<&(/'<(=:%.<(7;(':E#/:/&(

7=(=<&7-=6<&(/':/(6:%(E<(-&<>(=<8:/#$<(/7(7/'<=(.=7-3&4(S/'<=J

@#&<A(/=:#/&(/':/(?<=<89(><6=<:&<(>#&3<=&:8(:E#8#/9(:%>(/'<=<E9(

:66<8<=:/<(&3<6#:/#7%(H&<<(:E7$<I(?#.'/(E<(67%;-&<>(@#/'(/=-<(

TO<9(#%%7$:/#7%&U(H"#$%#&'A(!bbcI4

Island area. —(F'<(8#O<8#'77>(7;(&3<6#:/#7%(766-==#%.(
@#/'#%(:%(#&8:%>(7=(#&78:/<>(=<.#7%(&'7-8>(#%6=<:&<(@#/'(#/&(:=<:A(

:&(:(67%&<B-<%6<(7;(/'<(.=<:/<=(8#O<8#'77>(7;(H!I(<C/=#%&#6(E:=J

=#<=&(/7(.<%<(;87@(/':/(67-8>(#%#/#:889(#&78:/<(373-8:/#7%&(;=7?(

<:6'(7/'<=(:%>(3=7?7/<(.<%</#6(>#$<=.<%6<(HP:9=A(!b2*IK(H*I(

&3<6#<&(3<=&#&/<%6<A(:887@#%.(&#?38<(>#$<=.<%6<(;=7?(:%6<&/=:8(

;7=?&(@#/'7-/(&3<6#<&(?-8/#38#6:/#7%(7=(8#%<:.<(E=:%6'#%.(H#4<4A(

68:>7.<%<&#&IA(8<:>#%.(/7(:%:.<%</#6(&3<6#:/#7%(:%>(<%><?#6(

&3<6#<&(@#/'7-/(?-8/#38#6:/#7%(7;(;7=?&(#%(&#/-)HP:9=A(!bc0IK(

:%>(H+I(.<%<(;87@(>#&/:%6<&(E<#%.(&?:88<=(/':%(/'<(>#?<%J

&#7%&(7;(/'<(#&8:%>(7=(=<.#7%A(:887@#%.(.<%</#6(>#;;<=<%/#:/#7%(

/'=7-.'(#&78:/#7%(E9(>#&/:%6<(Hj#&<8(f(]:==:687-.'A(*0!0I4(

F'#&(?<6':%#&?(?#.'/(3=7$#><(:(37@<=;-8(?<:%&(7;(<C38:#%#%.(

>#;;<=<%6<&(#%(/'<(&#L<(7;(:>:3/#$<(=:>#:/#7%&(:6=7&&(#&8:%>&(7=(

#&78:/<>(=<.#7%&A(E-/(6:%%7/(:667-%/(;7=(>#;;<=<%6<&(E</@<<%(
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=:>#:/#7%&(#%(/'<(&:?<(:=<:4(j#&<8(f(]:==:687-.'(H*0!0I(-&<>(

:(?</:J:%:89&#&(:6=7&&(&<$<=:8(E=7:>(68:&&<&(7;(7=.:%#&?&(/7(

&'7@(/':/(/'<(?#%#?-?(#&8:%>(:=<:(7E&<=$<>(/7(&-337=/(68:J

>7.<%</#6(&3<6#:/#7%(H/':/(#&A(&38#//#%.(7;(8#%<:.<&A(37&&#E89(:&J

&76#:/<>(@#/'(:>:3/#$<(=:>#:/#7%A(-%8#O<(:%:.<%</#6(&3<6#:/#7%I(

#%6=<:&<>(&#.%#;#6:%/89(@#/'(<&/#?:/<&(7;(/'<(?#%#?-?(>#&/:%6<(

=<B-#=<>(;7=(%<-/=:8(.<%</#6(>#;;<=<%/#(:(/#7%(:?7%.(373-8:/#7%&(

@#/'#%(&3<6#<&(H_#.4(!I4(F'#&(&-..<&/&(/':/(.<7.=:3'#6(&3<6#:/#7%(

:%>(:>:3/#$<(=:>#:/#7%(&'7-8>(#%6=<:&<(@#/'(#&8:%>(:=<:4(R/-<&&9(

f(:84(H*00YI(<C:?#%<>(*Y20(:%.#7&3<=?(&3<6#<&(#%(!+(76<:%#6(

:%>(67%/#%<%/:8(:=6'#3<8:.7<&A(:%>(;7-%>(/':/(/'<(3=737=/#7%(

7;(<%><?#6(&3<6#<&(3=7>-6<>(E9(:%:.<%</#6($&4(68:>7.<%</#6(

&3<6#:/#7%(><6=<:&<>(&#.%#;#(6:%/89(@#/'(#&8:%>(<8<$:/#7%(:%>(

:%(#%><C(;7=(/'<(=:%.<(7;(':E#/:/&(3=<&<%/A(@'<%(E7/'($:=#:E8<&(

@'<=<(67%&#><=<>(&<3:=:/<89(H_#.4(2,u]I4(F'#&(?:O<&(&<%&<(

#%(/<=?&(7;(:>:3/#$<(=:>#:/#7%A(@'#6'(&'7-8>(#%6=<:&<(@#/'(/'<(

=:%.<(7;(=<&7-=6<&(:$:#8:E8<(/7(E<(3:=/#/#7%<>4(Z<:%:89&#&(7;(

/'<#=(>:/:(&'7@&(/':/(/'<(3<=6<%/:.<(7;(:%:.<%</#6(&3<6#:/#7%(

:8&7(><68#%<>(&#.%#;#6:%/89(@#/'(#&8:%>(:=<:(H_#.4(2`I4(,(?-8J

/#38<(=<.=<&&#7%(E:&<>(7%(/'<(>:/:(7;(R/-<&&9(f(:84(H*00YI(9#<8>&(

'#.'89(&#.%#;#6:%/(>=73&(#%(l(:%:.<%</#6(&3<6#:/#7%(@#/'(#&8:%>(

:=<:A(<8<$:/#7%A(:%>(':E#/:/('</<=7.<%(<#/91

l(:%:.<%<&#&(o(u040cb(8%(:=<:(u(04*0c(8%(<8<$:/#7%(

u(04*M+('</<=7.<%<#/9(}(Y42b+A( H!I

H:>\-&/<>(%*(o(04ccA(H)n(0400!(;7=(b(>4;4K(H(n(040M!(;7=(8%(:=<:A(H(

n(04020(;7=(8%(<8<$:/#7%A(:%>(H(n(0400*(;7=(':E#/:/('</<=7.<%<J

#/9(;7=(!J/:#8<>(&J/<&/I4(F'<=<(:=<(6':88<%.<&('<=<A(<&3<6#:889(#%(

></<=?#%#%.(@'</'<=(:%(#%#/#:8(>#$<=.<%6<(E</@<<%(&3<6#<&(/':/(

8:/<=(>#$<=.<>(:%:.<%</#6:889(;=7?(<:6'(:%6<&/7=(7%(:(&#%.8<(

#&8:%>(=<3=<&<%/&(:%:.<%<&#&(H#%#/#:8(>#$<=.<%6<(E</@<<%(:%6<&J

/7=&(E<;7=<(#&8:%>(6787%#L:/#7%I(7=(68:>7.<%<&#&(H>#$<=.<%6<(

;=7?(:(67??7%(:%6<&/7=(:;/<=(6787%#L:/#7%I4(Q<$<=/'<8<&&A(/'<(

7E&<=$<>(3://<=%(:667=>&(<C:6/89(@#/'(/'<7=9A(#%(/':/(#/(#?38#<&(

/':/(/'<(3=737=/#7%(7;(68:>7.<%</#6(&3<6#:/#7%A(:%>(3=<&-?:E89(

/'<(#%6#><%6<(7;(:>:3/#$<(=:>#:/#7%A(#%6=<:&<&(@#/'(#&8:%>(:=<:A(

<8<$:/#7%A(:%>(':E#/:/('</<=7.<%<#/94(G&8:%>(38:%/&(/'-&(\7#%(

`:=#EE<:%(?(*C02)8#L:=>&A(":8t3:.7&(8:%>(&%:#8&A(:%>(,;=#6:%(

=#;/J8:O<(6#6'8#>&(:&(7E<9#%.(/'<(T:=<:(=-8<U(;7=(:>:3/#$<(=:>#:J

/#7%(3=<>#6/<>(E9(/'<7=</#6:8(?7><8&(H&<<(̀ 79%<(f(a=#6<A(*000K(

N7&7&(f(R6'8-/<=A(*000K(":$=#8</&A(*002K(":$=#8</&(f(d7&<A(

*00MK(a:=<%/(f(`=<&3#A(*00YK(R<<':-&<%A(*00YK(":$=#8</&(f(

N7&7&A(*00bI

Organismal abundance. —(F'<(#%/<%&#/9(7;(>#$<=.<%/(
&<8<6/#7%(7%(&9?3:/=#6(373-8:(/#7%&(6:-&<>(E9(/'<(#?3:6/(7;(

67?3</#/#7%(;=7?(7%<(373-8:/#7%(7%(/'<(7/'<=(:8?7&/(%<6<&&:=J

#89(><3<%>&(7%(/'<(:E-%>:%6<(7;(<:6'(67?3</#/7=4(G;(<#/'<=(:=<(

=:=<A(E7/'(=<8:/#$<(/7(=<&7-=6<(&-338#<&(:%>(/7(/'<(:E-%>:%6<(7;(

-%=<8:/<>(67?3</#%.(/:C:A(/'<%(7%<(7=(/'<(7/'<=(@#88(3=7E:E89(

':$<(%<.8#.#E8<(&<8<6/#$<(<;;<6/&(7%(/'<(7/'<=A(:%>(6':=:6/<=(

>#&38:6<?<%/(#&(-%8#O<89(/7(<$78$<4(,/(8<:&/(7%<(/:C7%(&'7-8>(

E<(67??7%A(=<8:/#$<(/7(=<&7-=6<(:E-%>:%6<A(;7=(>#$<=.<%6<(/7(

766-=4(R7A(:8/'7-.'(#/(>7<&(%7/(:33<:=(/7(E<(3:=/(7;(/'<(/'<7=</#J

6:8(6:%7%A(:>:3/#$<(=:>#:/#7%(&'7-8>(E<(?7&/(8#O<89(/7(766-=(#%(

8#%<:.<&(/':/(#%$78$<(/':/(:=<(67??7%(=<8:/#$<(/7(/'<#=(=<&7-=6<&(

:%>(&#?#8:=(67?3</#/7=&4(5&&<%/#:889A(/'#&(#&(/'<(;8#3(&#><(7;(

Fig. .(a=737=/#7%(7;(:%:.<%</#6(&3<6#:/#7%(:&(:(;-%6/#7%(7;((A)(#&8:%>(
<8<$:/#7%A((B)(=:%.<(7;(':E#/:/&A(:%>((C)(#&8:%>(:=<:(;7=(!+(76<:%#6(:%>(
67%/#%<%/:8(:=6'#3<8:.7<&A(E:&<>(7%(>:/:(7;(R/-<&&9(f(:84(H*00YI4(j<91(

`A(`:%:=9(G&8:%>&K(`'A(`':/':?(G&8:%>K(`dA(`:3<(d<=><K(_A(_:8O8:%>(

G&8:%>&K("A(":8t3:.7&(G&8:%>&K(WA(W:@:##:%(G&8:%>&K(kA(k-:%(_<=%:%J

><LK(PA(P:><#=:K(SA(S.:&:@:=:K(RA(R/4(W<8<%:K(FA(F:#@:%K(F`A(F=#&/:%(

><(`-%':K(DA(D88-%.4
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Interaction between low dispersal rate and adaptive 
radiation. —(N#?#/<>(>#&3<=&:8(&'7-8>(&/#?-8:/<(3:=:88<8(=:>#:J
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>#;;<=<%/(#&8:%>&(7;(/'<("=<:/<=(,%/#88<&(HN7&7&(f(:84A(!bbeI(#&(
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