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BEAKS AS TOOLS: SELECTIVE ADVANTAGE IN CHANGING ENVIRONMENTS 
 
INTRODUCTION 
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+,&66"$A%+*9#"$%+""(+%+<:5%&+%2$&++"+%&'(%;1'"+>%F5"'%($*<25#%+#$<:4%&2&1'%#3*%-"&$+%6&#"$%&'(%@1$(+%5&(%#*%:*,0"#"%9*$%
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+<$;1;"(A%&'(%#5"1$%*99+0$1'2%1'5"$1#"(%+,&66"$%@"&4+>%R6#5*<25%#5"%@"&4%+1G"%(199"$"':"%1#+"69%3&+%+,&66A%1#%,&("%#5"%
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MATERIALS 
[&:5%2$*<0%3166%<+"%#5"%9*66*31'2W%

• L%@*V%%
• ?3*%#-0"+%*9%#**6+W%$"2<6&$%#3""G"$+%&'(%061"$+%C-*<$%T@"&4+UD%
• \<@+#$&#"%C&+#$*#<$9D%%
• ?3*%#-0"+%*9%+""(+%C$1:"A%@"&'+D%
• ]%0&0"$%:<0+%9*$%+""(%:*66":#1*'%C^%9*$%"&:5%#**6D%
• ?1,"$%%
• ?&@6"+0**'+%&'(%,"&+<$1'2%:<0+%C+5&$"(%31#5%*#5"$%2$*<0+D%

%

PROCEDURE AND DATA COLLECTION 
O*$,%2$*<0+%*9%#5$""%#*%91;"%+#<("'#+>%R#%&'-%*'"%#1,"A%#3*%2$*<0%,",@"$+%3166%&:#%&+%91':5"+A%"&:5%"=<100"(%31#5%&%
(199"$"'#%#**6A%3516"%#5"%*#5"$+%3166%@"%*@+"$;"$+>%%
% 5')."#/%3166%#$-%#*%:*66":#%&+%,&'-%+""(+%&+%0*++1@6"%31#5%#5"1$%#**6%<'("$%#5$""%(199"$"'#%9**(%:*'(1#1*'+>%?5"$"%3166%@"%
+,&66%&'(%6&$2"%+""(+A%@<#%#*%9""(%*'%&%6&$2"%+""(%31#5%&%#*<25%+5"66A%6&$2"%+""(+%5&;"%#*%@"%:$&:4"(%*0"'%#*%2"#%#*%#5"%
'<#$1#1*<+%1'+1("+>%D&!"5*(*.*+!,!3,+/*!4**6!%4!-&33*-)*6M!-+145!%)!&+!%)!"&(K)!-&1()N%%
% %;/#&<#&/$&((%#5"%9**(%#*%#5"%"';1$*',"'#A%*;"$+""%&'(%#1,"%#5"%9*$&21'2%#$1&6+A%&'(%:*<'#%#5"%T"&#"'U%+""(+>%
E@+"$;"$+%&6+*%5&;"%#*%,&4"%+<$"%#5&#%6&$2"%+""(+A%19%0$"+"'#A%&$"%:$<+5"(%&'(%:*<'#"(%:*$$":#6->%%
%
O&+,/%(/!0+,-)%-*!,(6!0+*8,+,)%&(!&=!$&P!F(.%+&(Q*()!

L> ?&4"%&%9"3%+""(+%*9%"&:5%#-0"%&'(%#$-%#*%01:4%#5",%<0%31#5%"&:5%#**6>%?$-%#*%&6+*$.&7/"%#5"%6&$2"%+""(+>%
^> \"#%<0%-*<$%@*V%"';1$*',"'#%@-%0<##1'2%#5"%&+#$*#<$9%*'%#5"%@*##*,%*9%-*<$%@*V>%%
_> J&4"%:&$"9<6%&24*+.,)%&(4%*9%-*<$%#**6+%C*$%T@"&4+UDA%#5"%@*V%"';1$*',"'#A%&'(%#5"%+""(+>%F$1#"%(*3'%-*<$%
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]> B&+"(%*'%-*<$%*@+"$;&#1*'+A%,&4"%&%8+*6%-)%&(%&@*<#%"&:5%@"&4/+%&@161#-%#*%01:4%<0%"'*<25%9**(%1'%-*<$%"';1$*',"'#%
<'("$%#5"%#5$""%(199"$"'#%9**(%:*'(1#1*'+%61+#"(%@"6*3>%%
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O&+,/%(/!FP8*+%Q*()!

a> ?*%#"+#%-*<$%0$"(1:#1*'+A%-*<%3166%'*3%$<'%&%=&+,/%(/!*P8*+%Q*()%<'("$%9**(%:*'(1#1*'+%#5&#%+1,<6&#"%#5"%:*'(1#1*'+%
;#+*&#%&'(%67&')($#5"%#3*%,&K*$%($*<25#+%#5&#%3"$"%("+:$1@"(%1'%#5"%,*;1">%?5"%:*'(1#1*'+%&$"W%%

R> !"#$%&'%()*#+,-%6*#+%*9%6&$2"%&'(%+,&66%+""(+%&$"%&;&16&@6"%C+1,<6&#"+%9**(%&;&16&@161#-%;#+*&#%#5"%($*<25#+D%%
B> ./&012+%3-%*'6-%6&$2"%+""(+%&$"%&;&16&@6"%&'(%@1$(+%5&;"%#*%:*,0"#"%9*$%9**(%C+1,<6&#"+%9**(%&;&16&@161#-%

(<$1'2%#5"%91$+#%($*<25#%1'%LMNND%%%
X> ./&012+%4-%*'6-%+,&66%+""(+%&$"%&;&16&@6"%&'(%@1$(+%5&;"%#*%:*,0"#"%9*$%9**(%C+1,<6&#"+%9**(%&;&16&@161#-%

(<$1'2%#5"%+":*'(%($*<25#%-"&$+%6&#"$D%

% ?*%$<'%#5"%"V0"$1,"'#A%9*66*3%#5"%+#"0+%@"6*3>%
%
5&#$6+6&#%7-%!"#$%&'%()*#+,%

b> R00*1'#%#3*%,",@"$+%*9%-*<$%2$*<0%#*%@"%91':5"+%&'(%#5"%$",&1'1'2%,",@"$C+D%#*%@"%#5"%*@+"$;"$C+D>%[&:5%91':5%
:5**+"+%*'"%*9%#5"%#3*%#**6+%#*%@"%<+"(%&+%&%@"&4%&'(%#&4"+%#3*%*9%#5"%9*<$%:<0+>%

N> ?5"%*@+"$;"$C+D%+0$1'46"C+D%^c_%:<0%*9%6&$2"%+""(+%C@"&'+D%&'(%_%#@+0>%*9%+,&66%+""(+%C$1:"D%1'#*%#5"%@*V>%
d> )<'%-*<$%=%+4)!)+%,3!*9!R:!4*-&(64>%)"&(%#5$*<25%+#"0+%&D%&'(%@D%@"9*$"%-*<%+#&$#W%

&D ?5"%*@+"$;"$C+D%+#&$#%#5"%#$1&6>%
@D O1':5"+%01:4%<0%&+%,&'-%+""(+%&+%0*++1@6"%&'(%06&:"%#5",%1'%#5"1$%:<0+>%\,&66%&'(%6&$2"%+""(+%2*%1'%+"0&$&#"%

:<0+>%e&$2"%+""(+%5&;"%#*%@"%:$<+5"(f%E@+"$;"$+%:*<'#%"&:5%6&$2"%+""(%&+%#5"-%&$"%:$<+5"(>%\,&66%+""(+%:&'%
@"%:*<'#"(%&#%#5"%"'(%*9%#5"%#$1&6>%%

:D R9#"$%_g%+":*'(+A%*@+"$;"$+%"'(%#5"%#$1&6%&'(%:*<'#%#5"%+,&66%+""(+%:*66":#"(%@-%"&:5%91':5>%%
(D O*$%"&:5%@"&4%#-0"A%"'#"$%#5"%#*#&6%'<,@"$%*9%:*66":#"(%+""(+%C'*%,&##"$%35&#%+1G"D%1'%#5"%#&@6"%<'("$%Te&'(%

*9%!6"'#-U%&'(%T?$1&6%L>U%
"D [,0#-%#5"%:<0+>%I*%'*#%$"06"'1+5%#5"%+""(%+<006-%1'%-*<$%"';1$*',"'#>%%
9D )"0"&#%4)*84!,ST*S!)5+**!Q&+*!)%Q*4%#*%$<'%&%#*#&6%*9%=&1+!)+%,34%&'(%"'#"$%-*<$%'<,@"$+%<'("$%?$1&6+%^A%_A%&'(%

]>%e"#%+*,"*'"%"6+"%@"%#5"%*@+"$;"$%"&:5%#1,">%F5"'%1#/+%-*<$%+":*'(%#1,"%#*%@"%&%91':5A%<+"%&%(199"$"'#%#**6>%%
2D R9#"$%#5"%9*<$#5%#$1&6A%&((%<0%#5"%#*#&6%+""(%:*<'#+%9*$%"&:5%@"&4%1'%-*<$%#&@6">%%
5D B*Q&.*!,33!4**64%9$*,%-*<$%"';1$*',"'#%&'(%,*;"%*'%#*%#5"%'"V#%:*'(1#1*'>%

%
5&#$6+6&#%8-%./&012+%3%

M> ?5"%*@+"$;"$+%+0$1'46"%Lc_%:<0%*9%6&$2"%+""(+%C@"&'+D%1'#*%#5"%@*V>%%
Lg> )<'%-*<$%=%+4)!)+%,3!*9!R:!4*-&(64>%)"&(%#5$*<25%+#"0+%&D%&'(%@D%@"9*$"%-*<%+#&$#W%

&D ?5"%*@+"$;"$C+D%+#&$#%#5"%#$1&6>%
@D O1':5"+%01:4%<0%&'(%:$<+5%&+%,&'-%6&$2"%+""(+%&+%0*++1@6">%!6&:"%#5"%:$<+5"(%$",&1'+%1'%&%:<0>%E@+"$;"$+%5&;"%

#*%4""0%:*<'#%&+%"&:5%6&$2"%+""(%1+%:$<+5"(>%%
:D R9#"$%_g%+":*'(+A%*@+"$;"$+%"'(%#5"%#$1&6>%%
(D O*$%"&:5%@"&4%#-0"A%"'#"$%#5"%#*#&6%'<,@"$%*9%:*66":#"(%+""(+%1'%#5"%#&@6"%<'("$%TI$*<25#%LU%&'(%T?$1&6%L>U%
"D !$*:""(%&+%1'%X*'(1#1*'%RA%+#"0+%"DP5D>%%
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5&#$6+6&#%5-%./&012+%4%

LL> ?5"%*@+"$;"$C+D%+0$1'46"C+D%L>a%#@+0>%*9%+,&66%+""(+%1'#*%#5"%@*V>$ %
L^> )<'%-*<$%=%+4)!)+%,3%*9%R:!4*-&(64>%)"&(%#5$*<25%+#"0+%&D%&'(%@D%@"9*$"%-*<%+#&$#W%

&D ?5"%*@+"$;"$C+D%+#&$#%#5"%#$1&6>%
@D O1':5"+%01:4%<0%&+%,&'-%+,&66%+""(+%&+%0*++1@6"%&'(%06&:"%#5",%1'%#5"1$%*3'%:<0>%%
:D R9#"$%_g%+":*'(+A%*@+"$;"$+%"'(%#5"%#$1&6%&'(%:*<'#%#5"%+,&66%+""(+%1'%"&:5%:<0>%%
(D O*$%"&:5%@"&4%#-0"A%"'#"$%#5"%#*#&6%'<,@"$%*9%:*66":#"(%+""(+%1'%#5"%#&@6"%<'("$%TI$*<25#%^U%&'(%T?$1&6%L>U%
"D !$*:""(%&+%1'%X*'(1#1*'%RA%+#"0+%"DP2D>%%
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