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EXECUTIVE SUMMARY 
 
POLICY QUESTION 
Z?#5?! @+,]5&9@1#/45,! 5&4$,+3/%#&4! $%+/%,)#,$! ?/3,! %?,! )+,/%,$%! @&%,4%#/1! %&! 5&4$,+3,!
9*1%#@1,!*4@+&%,5%,8!$@,5#,$!#4!T&+%?!>/+&1#4/d!
!
BACKGROUND 
Q+,]5&9@1#/45,! 5&4$,+3/%#&4! #43&13,$! 1/48&74,+$! 7&+6#4)! 5&&@,+/%#3,1=! 7#%?!
5&4$,+3/%#&4!9/4/),+$!%&!5&4$,+3,!#9@,+#1,8!=,%!*4@+&%,5%,8!$@,5#,$-!.?,!:43#+&49,4%/1!
M,',4$,! (*48! b:M(c! 7/4%$! %&! @*+$*,! @+,]5&9@1#/45,! 9,/$*+,$! #4! T&+%?! >/+&1#4/-!
[4'&+%*4/%,1=_! $@,5#,$! +,V*#+,! 8#'',+,4%!9#%#)/%#&4! $%+/%,)#,$! &4! %?,! 0/$#$! &'! %?,! %?+,/%$!
%?,=! '/5,8! /48! %?,#+! ,5&1&)#5/1! 5?/+/5%,+#$%#5$-! :M(! #$! *451,/+! 7?#5?! $%+/%,)#,$! 5&*18!
@&%,4%#/11=!5&4$,+3,!%?,!)+,/%,$%!4*90,+!&'!$@,5#,$-!!
!
.?#$!@+&^,5%!/4/1=e,$!8#'',+,4%!5&4$,+3/%#&4!$%+/%,)#,$!&4!%?,#+!/0#1#%=! %&!@+&%,5%!9*1%#@1,!
$@,5#,$!$#9*1%/4,&*$1=!#4!$,3,+/1!),&)+/@?#5!+,)#&4$!&'!T&+%?!>/+&1#4/-!C%!?&@,$!%&!@+&3#8,!
/!%&&1!%&!/#8!:M(!#4!#%$!/0#1#%=!%&!&@%#9#e,!@+,,9@%#3,!$@,5#,$!5&4$,+3/%#&4-!
+
RECOMMENDED CONSERVATION STRATEGIES 
:M(! $?&*18! 5&4$#8,+! %?,! '&11&7#4)! 5+#%,+#/! 7?,4! 8,5#8#4)! 0,%7,,4! @+,]5&9@1#/45,!
$%+/%,)#,$!#4!,/5?!+,)#&4B!

• 288+,$$!%?,!@+#9/+=!%?+,/%$!&+!$%+,$$&+$!'/5#4)!@&@*1/%#&4$!#4!%?,!+,)#&4!
• 21#)4!7#%?!%?,!,5&1&)#5/1!5?/+/5%,+#$%#5$!&'!%?,!$@,5#,$!#4!%?,!+,)#&4!
• 21#)4!7#%?!%?,!#45,4%#3,$_!9&%#3/%#&4$_!/48!&@@&+%*4#%#,$!&'!%?,!+,)#&4`$!1/48&74,+$!

!
255&*4%#4)!'&+!%?,$,!5+#%,+#/_!C!+,5&99,48!%?/%!:M(!#9@1,9,4%!%?,!'&11&7#4)!$%+/%,)#,$B!

Ac C4!%?,!?#)?],1,3/%#&4!7,$%,+4!+,)#&4!&'!T&+%?!>/+&1#4/_! 1/48&74,+$!$?&*18!+,%+&'#%!
8/9$! %&!4/%*+/1#e,! $%+,/9! '1&7!5&48#%#&4$!/48!/11&7! '&+! %?,!@/$$/),!&'!9#)+/%&+=!
$@,5#,$-!.?,!#45,4%#3,$!'&+!@+,]5&9@1#/45,!/5%#&4!9/=!8#'',+!'&+!@+#3/%,!/48!@*01#5!
1/48&74,+$-!Q+#3/%,!1/48&74,+!@/+%#5#@/%#&4!9#)?%!0,!#45,4%#3#e,8!0=!5&4$,+3/%#&4!
,/$,9,4%$!&+!%?+&*)?!@+&%,5%#&4$!'+&9!'*%*+,!+,)*1/%&+=!/5%#&4-!Q*01#5!1/48&74,+$!
9#)?%! 0,! 9&%#3/%,8! 0=! ',8,+/1! )*#8/45,! @+&9&%#4)! ,5&$=$%,9! $,+3#5,$-! C!
+,5&99,48!'&5*$#4)!&4!%?#$!+,)#&4!'#+$%_!8*,!%&!#%$!1/+),!4*90,+!&'!*4#V*,!$@,5#,$!
/48!@&%,4%#/1!'&+!',8,+/1!5&&@,+/%#&4-!

Dc C4!%?,!$&*%?,/$%,+4!+,)#&4!&'!T&+%?!>/+&1#4/_!1/48&74,+$!$?&*18!,$%/01#$?!+#@/+#/4!
0*'',+$!%&!1#9#%!$#1%/%#&4!/48!+*4&''_!+,8*5,!$%+,/9!%,9@,+/%*+,$_!/48!+,$%&+,!7&&8=!
8,0+#$! %&! /V*/%#5! ,5&$=$%,9$-! "/48&74,+! @/+%#5#@/%#&4! 9#)?%! 0,! #45,4%#3#e,8! 0=!
8#+,5%!@/=9,4%$!&+!%?+&*)?!@+&%,5%#&4$!'+&9!'*%*+,!+,)*1/%&+=!/5%#&4-!C!+,5&99,48!
'&5*$#4)!&4!%?#$!+,)#&4!$,5&48_!8*,!%&!#%$!1/+),!4*90,+!&'!*4#V*,!$@,5#,$-!!

Fc C4! %?,! /)+#5*1%*+/1! ,/$%,+4! +,)#&4! &'! T&+%?! >/+&1#4/_! 1/48&74,+$! $?&*18! ,$%/01#$?!
+#@/+#/4! 0*'',+$! /48! #9@+&3,! #++#)/%#&4! %,5?4&1&)=f! %?,$,! $%+/%,)#,$! 5&*18! 0,!
#45,4%#3#e,8! 0=! 8#+,5%! @/=9,4%$! &+! %?+&*)?! @+&%,5%#&4$! '+&9! '*%*+,! +,)*1/%&+=!
/5%#&4-! "/48&74,+$! $?&*18! /1$&! /8&@%! 0,$%! 9/4/),9,4%! @+/5%#5,$! +,)/+8#4)!
',+%#1#e,+!/@@1#5/%#&4_!7/%,+!*$,_!/48!1#3,$%&56!9/4/),9,4%f!%?,$,!@+/5%#5,$!5&*18!0,!
#45,4%#3#e,8! 0=! 5&4$,+3/%#&4! ,/$,9,4%$! &+! %?,! &@%#&4! %&! +,3,+%! %&! @+,3#&*$!
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9/4/),9,4%! @+/5%#5,$! #4! %?,! '*%*+,-! E,3,+$,! /*5%#&4$! 5&*18! 0,! *$,8! %&! #8,4%#'=!
@/+%#5#@/%#4)! 1/48&74,+$! '&+! /11!9#%#)/%#&4! $%+/%,)#,$! #4! %?#$! +,)#&4-! C! +,5&99,48!
'&5*$#4)! &4! %?#$! +,)#&4! %?#+8! 8*,! %&! %?,! /0*48/4%! &@@&+%*4#%#,$! '&+! 1/48&74,+!
5&9@,4$/%#&4!@+&3#8,8!0=!'/+9!0#11!5&4$,+3/%#&4!@+&)+/9$-!!

Kc C4! %?,! 8,3,1&@,8! 5,4%+/1! +,)#&4! &'! T&+%?! >/+&1#4/_! 1/48&74,+$! $?&*18! ,9@1&=! /!
5&90#4/%#&4!&'!9#%#)/%#&4!$%+/%,)#,$-!Q&%,4%#/1!$%+/%,)#,$!#451*8,!+#@/+#/4!0*'',+#4)_!
/8&@%#4)! 0,$%! 9/4/),9,4%! @+/5%#5,$_! 9&8#'=#4)! 8,3,1&@9,4%_! +,%+&'#%%#4)! 8/9$_!
$%+,/9!$?/8#4)_!5&4%+&11#4)!,+&$#&4_!+,9&3#4)!#43/$#3,!$@,5#,$_!/48!5&48*5%#4)!&4]
$#%,!$%+,/9!+,$%&+/%#&4-!C!+,5&99,48!@+#&+#%#e#4)!%?#$!+,)#&4!'&*+%?f!#%$!1/+),!3/+#,%=!
&'!%?+,/%$!9#)?%!9/6,!#%!8#''#5*1%!%&!8,3,1&@!/!5&9@+,?,4$#3,!5&4$,+3/%#&4!@1/4-!!

!
METHODS 

A- 2'%,+! #8,4%#'=#4)! $@,5#,$! %?/%! '#%!9=! 5+#%,+#/! b7,%1/48! &+! /V*/%#5! /4#9/1$! #4!T&+%?!
>/+&1#4/! %?/%! /+,! #9@,+#1,8! =,%! *4@+&%,5%,8c_! C! )+&*@,8! $@,5#,$! @&@*1/%#&4$! #4%&!
'&*+!),&)+/@?#5!+,)#&4$!&4!%?,!0/$#$!&'!$@/%#/1!@+&;#9#%=_!8&9#4/4%! 1/48!*$,$_!/48!
,1,3/%#&4-!.?#$!7/$!8&4,!%&!#8,4%#'=!+,)#&4$!7?,+,!/!9#%#)/%#&4!$%+/%,)=!9#)?%!5&3,+!
9*1%#@1,!$@,5#,$!%?+,/%,4,8!0=!$#9#1/+!$%+,$$&+$-!

D- C! 4,;%! 5&48*5%,8! /! $@/%#/1! /4/1=$#$! &'! '#3,! $%+,$$&+$! %?+,/%,4#4)! %/+),%! $@,5#,$!
@&@*1/%#&4$B! /)+#5*1%*+,_! 8,3,1&@9,4%_! 8,'&+,$%/%#&4_! +&/8$_! /48! 8/9$-! (&+! 9&$%!
$%+,$$&+$_!%?+,/%!1,3,1$!7,+,!8,%,+9#4,8!0=!%?,!8,4$#%=!&'!%?,!%?+,/%!7#%?#4!/!G!69!
+/8#*$f! '&+! 8/9$_! %?+,/%! 1,3,1! 7/$! 8,%,+9#4,8! 0=! %?,! 8#$%/45,! '+&9! %?,! 4,/+,$%!
*@$%+,/9!8/9-!

F- C!5&48*5%,8!/! 1#%,+/%*+,!+,3#,7!%&! #8,4%#'=!5&99&4!9#%#)/%#&4!%,5?4#V*,$! '&+!,/5?!
%?+,/%!51/$$-!

K- C! /4/1=e,8! @+&)+/9$! %?/%! /+,! 5&99&41=! *$,8! %&! +,/5?! 5&4$,+3/%#&4! /)+,,9,4%$!
7#%?! 1/48&74,+$! %&! #8,4%#'=! @&1#5=! /1%,+4/%#3,$_! &+! %&&1$-! C! %?,4! /4/1=e,8! ?&7! %?,!
@&1#5=!%&&1$!/1#)4!7#%?!%?,!@+,3#&*$1=!#8,4%#'#,8!9#%#)/%#&4!%,5?4#V*,$f!%?#$!@+&8*5,8!
/!1#$%!&'!9#%#)/%#&4!%,5?4#V*,$!/48!@&1#5=!%&&1$!%?/%!5&*18!0,!,9@1&=,8!7#%?#4!,/5?!
),&)+/@?#5!+,)#&4-!!
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CHAPTER 2: LITERATURE REVIEW 
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CHAPTER 3: METHODS 
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IDENTIFYING TARGET SPECIES 
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)'+-08!96$.$!1+.0,-&$!($,.7#$.!2$#$!-'0!<7&*+1$,-U!#,06$#!06$5!2$#$!($,.7#$1!,*'-4!06$!
651#'4#,)6+&!-$02'#3!+-!#+/$#!3+*'($0$#.!?#3(@8!96$!1'2-.0#$,(!1+.0,-&$!;#'(!,!1,(!,0!
26+&6! $&'*'4+&,*! &'-1+0+'-.! #$.$0! +.! /,#+,:*$8! ]$-$#,**5F! 6'2$/$#F! 06$! +(),&0.! ;#'(!
+()'7-1($-0.!,00$-7,0$!2+06! +-&#$,.+-4!1'2-.0#$,(!1+.0,-&$8! K!($,.7#$1!1,(! +(),&0.!
2+06+-!NMM!#3(!1'2-.0#$,(8!P6+*$!06$#(,*!+(),&0.!6,/$!:$$-!1$0$&0$1!,.!;,#!,.![YM!#3(!
;#'(! ,! 1,(! ?=0,-;'#1! ,-1! P,#1! LMMN@F! ('.0! ';! 06$! <^! )'+-0.! 2+06! 7).0#$,(! 1,(.!
'&&7##$1!2+06+-!NMM!#3(!';!06,0!1,(8!B7#06$#('#$F! K!1+1!-'0!2,-0!0'!':.&7#$!)'0$-0+,**5!
*,#4$!1+;;$#$-&$.! +-! ;*'2!&'-1+0+'-.! 06,0!&,-!'&&7#!2+06+-! 06$! ;+#.0!67-1#$1!3+*'($0$#.! +-!
'#1$#! 0'! &,)07#$! ,-5! ;*$$0+-4! +(),&0.! 2+06+-! NMMM! #3(! '708! K()'7-1($-0! +(),&0.!
1$&#$,.$1! *+-$,#*5! ,.! 1+.0,-&$! ;#'(! 06$! -$,#$.0! 7).0#$,(! +-&#$,.$1! 7-0+*! NMM! #3(! 2,.!
#$,&6$1F!,0!26+&6!)'+-0!+(),&0.!2$#$!&'-.+1$#$1!-$4*+4+:*$8!
!
K! ,/$#,4$1! 06$! <^! 06#$,0! .&'#$.! 2+06+-! .)$&+$.! +-! $,&6! #$4+'-F! 0'! 1$0$#(+-$! 06$! (,+-!
06#$,0.!;,&+-4!+-1+/+17,*!.)$&+$.!2+06+-!$,&6!#$4+'-8!!
!
  



! T!

POLICY ANALYSIS 
K! ,-,*5J$1!(,-,4$($-0! .0#,0$4+$.F!26$06$#! )#$%! '#! )'.0%&'()*+,-&$F! 06,0! ,#$! &'(('-*5!
7.$1! 0'! #$,&6! &'-.$#/,0+'-! ,4#$$($-0.! 2+06! *,-1'2-$#.8! 96$.$! .0#,0$4+$.! +-&*71$1T!
&'-.$#/,0+'-! :,-3+-4U! 2$0*,-1! (+0+4,0+'-U! #$/$#.$! ,7&0+'-.U! .,;$! 6,#:'#! ,4#$$($-0.U!
&'-.$#/,0+'-! $,.$($-0.U! ,-1! 6,:+0,0! &'-.$#/,0+'-! )*,--+-48! K! +1$-0+;+$1! 06$! )'*+&5!
1$&+.+'-.! 06,0! 2$#$! (,1$! +-! 06$! 1$/$*')($-0! ';! $,&6! .0#,0$458! 9'4$06$#F! 06$.$! )'*+&5!
1$&+.+'-.! &'()#+.$1! 06$! )'*+&5! 0''*3+0! ?.$$! 9,:*$! R! '-! ),4$! NR@8! B'#! $,&6! )'*+&5! 0''*F! K!
&'-.+1$#$1!06$!/,#+'7.!,*0$#-,0+/$.!06,0!&'7*1!:$!.$*$&0$1!;'#!,!&'-.$#/,0+'-!,4#$$($-08!!
!
K! &'-17&0$1! ,! *+0$#,07#$! #$/+$2! '-! 06$! ;+/$! )#+(,#5! 06#$,0! .'7#&$.! 0'! +1$-0+;5! 06$! (,+-!
$&'*'4+&,*! +(),&0.!)#'17&$1!:5!$,&6!.0#$..'#8! K! +1$-0+;+$1!,0! *$,.0!'-$!(+0+4,0+'-!.0#,0$45!
06,0! +.! &'(('-*5! 7.$1! 0'! ,11#$..! $,&6! $&'*'4+&,*! +(),&08! K! &'()+*$1! 06$! (+0+4,0+'-!
.0#,0$4+$.! 06,0! (+460! :$! 7.$1! 0'! ,11#$..! 06$! (,H'#! 06#$,0?.@! ;,&+-4! $,&6! #$4+'-8! K! 06$-!
,-,*5J$1!26+&6!)'*+&5!,*0$#-,0+/$.! ;#'(!06$!)'*+&5! 0''*3+0!:$.0!,*+4-!2+06!$,&6!(+0+4,0+'-!
0$&6-+G7$8!96+.!)#'17&$1!,!*+.0!';!(+0+4,0+'-!0$&6-+G7$.!,-1!)'*+&5!0''*.!06,0!(+460!:$!7.$1!
2+06+-!,!4$'4#,)6+&!#$4+'-8!
!
ECOLOGICAL ANALYSIS OF LIFE HISTORY TRAITS 
K! &'-17&0$1! ,-! ,-,*5.+.! '-! 06$! *+;$! 6+.0'#5! &6,#,&0$#+.0+&.! ';! 06$! .)$&+$.! 2+06+-! $,&6!
4$'4#,)6+&!#$4+'-8!96+.!$-.7#$1!06,0!06$!(+0+4,0+'-!0$&6-+G7$.!,-1!)'*+&5!0''*.!70+*+J$1!+-!
06,0!#$4+'-!2+**!,*+4-!2+06!06$!1'(+-,-0!*+;$!6+.0'#5!),00$#-.!';!+0.!&'-.0+07$-0!.)$&+$.8!!
!
>!#$/+$2!';!$&'.5.0$(!,..$..($-0.!,-1!2+*1*+;$!,&0+'-!)*,-.!+1$-0+;+$1!#$*$/,-0!*+;$!6+.0'#5!
0#,+0.! 06,0! &'-.$#/,0+'-! )'*+&+$.! ,00$()0! 0'! ,&&'7-0! ;'#! ?CDPiD! LMMLU! CDPiD! LMMYU!
CDA<Ci! LMNM@8! K! &'-17&0$1! ,! *+0$#,07#$! #$/+$2! '-! 06$! SM! 0,#4$0! .)$&+$.! 0'! ':0,+-!
$&'*'4+&,*! 1,0,! ;'#! 06$.$! *+;$! 6+.0'#5! 0#,+0.8! P6$-$/$#! )'..+:*$F! K! 0#+$1! 0'! (+-+(+J$! 06$!
-7(:$#!';!.'7#&$.!K!&'**$&0$1!$&'*'4+&,*!1,0,!;#'(!+-!'#1$#!0'!(,+-0,+-!&'-.+.0$-&5!2+06+-!
06$!1,0,!?C,07#$=$#/$!LMNSU!DOA!LMNM@8!K0!2,.!'&&,.+'-,**5!-$&$..,#5!0'!&'-17&0!,!;7#06$#!
*+0$#,07#$!#$/+$2!0'!;+-1!1,0,!26$-!+0!2,.!-'0!+-&*71$1!+-!(5!02'!(,+-!.'7#&$.!?",#(,*$$!
,-1! O'4,-! N[[RU! h'6-.'-! N[QMU! =+(('-.! ,-1! B#,*$5! LMNMU! D'')$#! ,-1! O#,.2$**! N[[YU!
h$*3.! $0! ,*! LMMRU! Z+12,5! $0! ,*! LMNMU! >-4$#($+$#! N[[YU! =+('-.'-! ,-1! C$/$.! N[[LU!
]#,:'2.3+!,-1!K.*$5!LMM`U!BP=!LMNMU!=,-1$*!,-1!c,##+.!LMMQU!A7-3*$!LMMMU!=DACi!LMMYU!
E=]=!LMNSF!<">!LMNS@8!K;!06$!#$G7+#$1!$&'*'4+&,*!1,0,!&'7*1!-'0!:$!;'7-1!;'#!,!.)$&+$.!+-!
06$!*+0$#,07#$F!K!,))#'I+(,0$1!06$!1,0,!06#'746!,-!,-,*5.+.!';!&*'.$*5!#$*,0$1!.)$&+$.!?9#$$!
';!\+;$!LMNSU!D,():$**!$0!,*!LMMYU!9,5*'#!,-1!c,#1(,-!LMML@8!!
!
K!&'1$1!,**!$&'*'4+&,*!/,#+,:*$!&,0$4'#+&,**58!D'-1$-.+-4!1,0,! +-0'!&,0$4'#+$.!&,-! *+(+0! 06$!
+-6$#$-0!7-&$#0,+-05!+-!06$!1,0,8!96$!*+0$#,07#$!'-!06$.$!.)$&+$.!(,5!-'0!:$!,:*$!0'!)#'/+1$F!
;'#! $I,()*$F! ,! .)$&+;+&! *$/$*! ';! (':+*+05U! +0! (,5! +-.0$,1! +-1+&,0$! ,-! $.0+(,0$1! #,-4$! ;'#!
(':+*+05F! '#! ,))#'I+(,0$! /,*7$.! :,.$1! '-! 06$! .)$&+$.a! 0,I,8! D*7.0$#+-4! .)$&+$.! :5!
G7,-0+0,0+/$!/,#+,:*$.!(+460!06$#$;'#$!,&&$-07,0$!.(,**!1+;;$#$-&$.!06,0!6,/$!*+(+0$1!:,.+.!
+-! #$,*+058! B'#! 06$! )7#)'.$.! ';! 06+.! )#'H$&0F! +1$-0+;5+-4! :#',1%.&,*$! ),00$#-.! 2,.! ('#$!
+()'#0,-0!06,-!#$&'4-+J+-4!.7:0*$!1+;;$#$-&$.!:$02$$-!.)$&+$.U!+0!2,.!06$#$;'#$!.7;;+&+$-0!
0'!&,0$4'#+J$!(':+*+05!:5!'#1$#.!';!(,4-+071$8!!
!



!"U!

K!,-,*5J$1!06$!-,07#,*!4#'7)+-4.!2+06+-!06$!1,0,!:5!4$-$#,0+-4!6+.0'4#,(.F!,-1!&'1$1!06$!
1,0,!0'!#$;*$&0!06$.$!4#'7)+-4.8!D'1+-4!1$0$#(+-,0+'-.!&,-!:$!.$$-!+-!9,:*$!L8!!
!
!"#$%&)(&\+;$!c+.0'#5!D'1$.!
47+5+/$7"5&<"1$"=5)& >"#"&?"%/)& *+@)&
L1=,B4/BV! BGHIBJ+?#*4-$34'$+ "!

! IBHBK+?#*4-$34'$+ #!

! KHII+?#*4-$34'$+ N!

! IHJ+?#*4-$34'$+ O!

<*24+*+!@A,E484E4+7VV! L>('4-#*4+*(+M-(#'NO+LM-(#'O+ "!

! LC#--(?+*(+>('4-#*4NO+L>('4-#*4O+ #!

! LC#--(?O+ N!

! LP4-6+C#--(?NO+LP4-6+C#--(?+*(+C#--(?O+ O!

-&24)4+7! QHR+%4*4-$+ "!

! IQHRR+%4*4-$+ #!

! IQQHRRR+%4*4-$+ N!

! IQQQ+%4*4-$+(-+3&234-+ O!

-45%*+&%7!<*24+/! C()H%&2-#*(-6+ U!

! >&2-#*(-6+ "!

W1+,%/A,E484E!F//&E4*+4&1VVV! C(+ U!

! S4$+ "!

<*24+*+!X*%4*+4&1!27!:48,!@+*5,! C(+ U!

! S4$+ "!
VYH,+,%B41,=!27!+9,!1.B2,%!&8!3*+,%/9,=/!+9,!/A,E4,/!&EE.%/!41!
VVY$*/,!&1!J*+.%,@,%?,Z/![#U"N\!E*+,5&%4,/!8&%!<*24+*+!@A,E484E4+7!
VVVYH,+,%B41,=!27!39,+9,%!+9,%,!*%,!/A,E484E!/A,E4,/!%,)4,=!.A&1!27!+9,!+*%5,+!/A,E4,/!*/!8&&=]!9*24+*+]!&%!*/!*!
9&/+!/A,E4,/!
!
B'#!06$!.)$&+$.!2+06+-!$,&6!#$4+'-F!K!'#4,-+J$1!06$!&'1$1!1,0,!+-0'!(,0#+&$.!2+06!&'*7(-.!
';!$&'*'4+&,*!/,#+,:*$.!,-1!#'2.!';!.)$&+$.8!K-!"D%^iA!`!K!&'-17&0$1!,!&*7.0$#+-4!,-,*5.+.!
?Z&D7-$!,-1!Z$;;'#1!LMNN@F!7.+-4!<7&*+1$,-!A+.0,-&$!,.!06$!1+.0,-&$!($,.7#$!,-1!P,#1a.!
($06'1.! ?P,#1!N[`S@! ,.! 06$! 4#'7)! *+-3,4$!($06'18! 96+.! )#'&$..! '#4,-+J$1! .)$&+$.! +-0'!
$&'*'4+&,**5! .+(+*,#! 4#'7).! ,-1! +1$-0+;+$1! 1'(+-,-0! *+;$! 6+.0'#5! ),00$#-.! ;'#! $,&6!
4$'4#,)6+&!#$4+'-8!
!
K! &'-.+1$#$1! 06$!&6,**$-4$.!'#!&'()*$I+0+$.! 06,0!$,&6! *+;$!6+.0'#5! 0#,+0!(+460!)#$.$-0! 0'!,!
&'-.$#/,0+'-!(,-4$#!1$/$*')+-4! ,!)#$%&'()*+,-&$!)#'4#,(8! K-! .'($! &,.$.! 06$.$! .)$&+$.!
&6,#,&0$#+.0+&.!(,5!*+(+0!06$!)'*+&5!0''*.!06,0!&,-!:$!7.$18!K!,-,*5J$1!6'2!06$!1'(+-,-0!*+;$!
6+.0'#5!0#,+0.!';!$,&6!4$'4#,)6+&!#$4+'-!(+460!*+(+0!'#!$I&*71$!06$!(+0+4,0+'-!0$&6-+G7$.!'#!
)'*+&5!0''*.!+1$-0+;+$1!,.!)'0$-0+,**5!7.$;7*!;'#!$,&6!#$4+'-8!
! !
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CHAPTER 4: RESULTS 
!
SPATIAL THREAT ANALYSIS 
96$!0,#4$0!.)$&+$.!'&&7#!06#'746'70!C'#06!D,#'*+-,!?B+47#$!N@8!^&&7##$-&$.!'#4,-+J$!+-0'!
;'7#!(,+-!4$'4#,)6+&!#$4+'-.!?B+47#$!L@F!'-!06$!:,.+.!';!.),0+,*!)#'I+(+05F!*,-1!7.$!?B+47#$!
S,@F!,-1!$*$/,0+'-!?B+47#$!S:@8!=)$&+$.!*'&,0$1!+-!06$!.,($!4$'4#,)6+&!#$4+'-!0$-1!0'!;,&$!
.+(+*,#! 06#$,0! .'7#&$.U! 06+.! )#$.$-0.! ,-! '))'#07-+05! ;'#! *'&,*+J$1! &'-.$#/,0+'-! )#'4#,(.!
06,0!0,#4$0!06$.$!.6,#$1!06#$,0.8!!
!

&
.$/01)&A3&B)+/1";C$7&?)/$+%8&
!
!

D+0%#"$%&
&?)/$+%&

4"8#)1%&
?)/$+%&

:+0#C)1%&
?)/$+%&

*)%#1"5&
?)/$+%&
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!
.$/01)&E3&>)#)1($%"%#8&+9&B)+/1";C$7&B1+0;$%/8F&G"H&!"%@&08)F&G=H&45)I"#$+%F&
!
!

"H&

=H&



! "N!

96$! +-;'#(,0+'-! +-! 9,:*$.! S%Q! +.! 1$#+/$1! ;#'(! 06$! .),0+,*! 06#$,0! ,-,*5.+.U! ;7#06$#!
+-;'#(,0+'-! +.!,/,+*,:*$! +-!>))$-1+I! K8!96$!Z'7-0,+-!i$4+'-!'&&7#.! +-! 06$!6+46!$*$/,0+'-!
#$4+'-.! ,*'-4! 06$!2$.0$#-! $14$! ';! 06$! .0,0$! ?B+47#$! L@8! i+/$#! ,-1! .0#$,(! +()'7-1($-0!
;#'(!1,(.!+.!06$!)#+(,#5!06#$,0!;,&+-4!06$.$!)')7*,0+'-.!?9,:*$!S@8!
!
!"#$%&*(!96#$,0.!0'!Z'7-0,+-!i$4+'-!=)$&+$.!
:;)7$)8& J/1$705#01)& >)I)5+;()%#& >)9+1)8#"#$+%& ?+"@8& K(;+0%@()%#&
/A+.3#12#4)$&$+

^6%*784/9_!
X,%7!:&3! :&3! X,%7!:&3! :&3! X,%7!<459!

>A+$5B+

^(4/9_!
:&3! :&3! :&3! :&3! <459!

EA+2&004-1%+

^-.//,)_!
:&3! :&3! :&3! -&=,%*+,! <459!

/A+24(-2&#4+

^6%*784/9_!
-&=,%*+,! :&3! :&3! :&3! -&=,%*+,!

/A+#""42#)&4)$&$+

^@*)*B*1=,%_!
-&=,%*+,! :&3! :&3! -&=,%*+,! -&=,%*+,!

>A+%#-2#-&*#+

^H%*5&18)7_!
-&=,%*+,! :&3! :&3! :&3! -&=,%*+,!

<A+$10,&-&'&$+

^-.//,)_!
-&=,%*+,! X,%7!:&3! :&3! :&3! -&=,%*+,!

:A+$10-(*1)'#+

^-.//,)_!
-&=,%*+,! :&3! :&3! X,%7!:&3! X,%7!<459!

EA+(,&=(-%4+

^-.//,)_!
-&=,%*+,! -&=,%*+,! :&3! :&3! X,%7!<459!

<A+3("$*()&#+

^-.//,)_!
<459! -&=,%*+,! -&=,%*+,! -&=,%*+,! X,%7!<459!

/A+5#--&$3&+

^6%*784/9_!
:&3! X,%7!:&3! X,%7!:&3! X,%7!:&3! :&3!

7A+#4)41$+

^@*)*B*1=,%_!
X,%7!:&3! X,%7!:&3! X,%7!:&3! X,%7!:&3! :&3!

DA+4'%1)'(+

^H%*5&18)7_!
X,%7!:&3! X,%7!:&3! X,%7!:&3! X,%7!:&3! <459!

>A+?&""&#%$#4+

^@+&1,8)7_!
X,%7!:&3! X,%7!:&3! X,%7!:&3! -&=,%*+,! X,%7!:&3!

!
96$!D$-0#,*!i$4+'-!'&&7#.! +-! 06$!6+46*5!1$/$*')$1!9#+,1!,-1!9#+,-4*$!#$4+'-.!?B+47#$!L@8!
=0#$..'#.! ,..'&+,0$1! 2+06! 7#:,-+J,0+'-F! .7&6! ,.! 1$/$*')($-0F! 1$;'#$.0,0+'-F! ,-1! #',1.F!
.0#'-4*5!06#$,0$-!06$.$!)')7*,0+'-.8!K()'7-1($-0.!,#$!,*.'!,!)#+(,#5!06#$,0!.'7#&$!+-!06+.!
,#$,!?9,:*$!_@8!
! !
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!"#$%&+(!96#$,0.!0'!D$-0#,*!i$4+'-!=)$&+$.!
:;)7$)8& J/1$705#01)& >)I)5+;()%#& >)9+1)8#"#$+%& ?+"@8& K(;+0%@()%#&
!A+,#-&.($#+

^-.//,)_!
-&=,%*+,! -&=,%*+,! -&=,%*+,! -&=,%*+,! X,%7!:&3!

/A+.#*#2&1$+

^6%*784/9_!
:&3! X,%7!<459! <459! X,%7!<459! :&3!

8A+"#).4("#*#+

^-.//,)_!
<459! -&=,%*+,! <459! X,%7!<459! X,%7!<459!

:A+%#$()&+

^-.//,)_!
<459! -&=,%*+,! -&=,%*+,! -&=,%*+,! <459!

<A+$10,&-&'&$+

^-.//,)_!
<459! -&=,%*+,! -&=,%*+,! <459! X,%7!<459!

CA+"4?&$&+

^@*)*B*1=,%_!
-&=,%*+,! <459! -&=,%*+,! -&=,%*+,! X,%7!<459!

FA+51""1$+

^-.//,)_!
:&3! <459! -&=,%*+,! <459! X,%7!<459!

;A+$45*&%#+

^H%*5&18)7_!
:&3! X,%7!<459! -&=,%*+,! <459! X,%7!<459!

CA+=1-&($1$!
^(4/9_!

:&3! X,%7!<459! <459! X,%7!<459! X,%7!<459!

!
96$! <,.0$#-! i$4+'-! '&&7#.! +-! 06$! #7#,*! ,#$,.! 0'! 06$! $,.0! ';! 06$! 9#+,-4*$! ?.$$! B+47#$! L@8!
>4#+&7*07#$!+.!06$!)#+(,#5!06#$,0!0'!06$.$!)')7*,0+'-.!?9,:*$!Y@8!
!
!"#$%&,(!96#$,0.!0'!<,.0$#-!i$4+'-!=)$&+$.!
:;)7$)8& J/1$705#01)& >)I)5+;()%#& >)9+1)8#"#$+%& ?+"@8& K(;+0%@()%#&
!A+,#-&.($#+

^-.//,)_!
<459! X,%7!:&3! -&=,%*+,! -&=,%*+,! -&=,%*+,!

8A+"#).4("#*#+

^-.//,)_!
<459! :&3! -&=,%*+,! -&=,%*+,! X,%7!<459!

:A+%#$()&+

^-.//,)_!
<459! :&3! -&=,%*+,! -&=,%*+,! <459!

CA+=1-&($1$+

^(4/9_!
X,%7!<459! :&3! <459! -&=,%*+,! <459!

CA+"4?&$&+

^@*)*B*1=,%_!
X,%7!<459! :&3! <459! -&=,%*+,! <459!

DA+,&-2&)&4)$&$+

^6%*784/9_!
<459! X,%7!:&3! X,%7!<459! -&=,%*+,! -&=,%*+,!

<A+$10,&-&'&$+

^-.//,)_!
<459! -&=,%*+,! -&=,%*+,! <459! <459!

!
96$!='706$#-!i$4+'-!'&&7#.!+-!06$!.'706$,.0!&'#-$#!';!06$!.0,0$!?.$$!B+47#$!L@8!\'2!;'#$.0!
&'/$#!+.!06$!)#+(,#5!06#$,0!0'!06$.$!)')7*,0+'-.!?9,:*$!`@8!
! !
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!

H4%,E+!C*7B,1+/c!
K1,M;4B,!

:*1=&31,%/!E*1!2,!41E,1+4?4e,=!+&!,1)4/+!+9%&.59!%,E,4A+!&8!&1,M+4B,!=4%,E+!
A*7B,1+/b! ;9,/,! *%,! +7A4E*))7! E&1=.E4?,! +&! A,%B*1,1+! A%&+,E+4&1/! +9*+!
E*11&+!2,!%,B&?,=!&1E,!+9,!A*7B,1+!4/!%,E,4?,=b!

*+%8)1I"#$+%&
4"8)()%#8&

D,/! C*%+4*)! )*1=! %459+/! +&! +9,! A%&A,%+7! E*1! 2,! A.%E9*/,=! 8%&B! +9,! )*1=&31,%]!
54?415!+9,!E&1/,%?*+4&1!B*1*5,%!E&1+%&)!&?,%!E,%+*41!+7A,/!&8!)*1=!./,b!!J&!

*+%8)1I"#$+%&
4-7C"%/)&
D"1O)#8&

D,/! F! +%*=415! &%! 2*1'415! A%&5%*B! *))&3/! )*1=&31,%/! +&! B4+45*+,! +9,4%!
,1?4%&1B,1+*)! 4BA*E+! 27! A.%E9*/415! E&1/,%?*+4&1! E%,=4+/! 8%&B! &+9,%!
)*1=&31,%/! 39&]! 41! +.%1]! E&1=.E+! 9*24+*+! E%,*+4&1]! E&1/,%?*+4&1]! &%!
%,/+&%*+4&1b!

J&!

?)I)18)&
J07#$+%8&

D,/! >,?,%/,! *.E+4&1/! *))&3! )4B4+,=! 8.1=/! 8&%! E&1/,%?*+4&1! +&! 2,! /A,1+! 8),`42)7!
*1=!,884E4,1+)7b!>,?,%/,!*.E+4&1/!*%,!.1*2),!+&!+*%5,+!/A,E484E!9*24+*+!*%,*/b!!J&!



! "T!

P6+*$!06$#$!+.!'&&,.+'-,**5!.'($!;*$I+:+*+05F!1+;;$#$-0!)'*+&5!,*0$#-,0+/$.!0$-1!0'!,*+4-!2+06!
&$#0,+-!(+0+4,0+'-!0$&6-+G7$.!?.$$!9,:*$![!'-!),4$!LN@8!D'-.0#7&0+'-!';!#+),#+,-!:7;;$#.!,-1!
'06$#! *,-1.&,)$! ;$,07#$.! .7&6! ,.! #$0$-0+'-! )'-1.! #$G7+#$.! ,! *,#4$F! +-+0+,*! +-/$.0($-0! +-!
#$.'7#&$.U!06$.$!)#'0$&0+'-.!,#$!06$#$;'#$!)$#(,-$-0!+-!-,07#$8!K-&$-0+/$.!&'-17&+/$!2+06!
)$#(,-$-0! )#'0$&0+'-.F! .7&6! ,.! C>i! ,..7#,-&$.! '#! '-$%0+($! 1+#$&0! ),5($-0.F! &'7*1! :$!
7.$18!=+-&$!06$.$!,#$!&'-17&0$1!'-%.+0$F!,-!$I&6,-4$!)#'4#,(!2'7*1!-'0!:$!,))#')#+,0$8!>!
#$/$#.$! ,7&0+'-F! 6'2$/$#F! 2+**! 6$*)! +1$-0+;5! 06$! *,-1'2-$#.! 26'! &,-! ('.0! $;;+&+$-0*5!
$.0,:*+.6!06$!#$G7+#$1!*,-1.&,)$!;$,07#$.8!
!
P6+*$!+0!+.!)'..+:*$!06,0!*,-1!7.$.!'#!(,-,4$($-0!)#,&0+&$.!&'7*1!:$!&6,-4$1!)$#(,-$-0*5F!
,1')0+-4! OZ"! +.! 0$()'#,#5! +-! -,07#$F! ,.! +0! #$G7+#$.! ,! &'-0+-7,*! $;;'#0! 06,0! *,-1'2-$#.!
&'7*1! &$,.$! ,0! ,-5! 0+($8! K-&$-0+/$.! &'-17&+/$! 0'! 0$()'#,#5! )#'0$&0+'-.F! .7&6! ,.! Ocn! '#!
&'-0+-7'7.! ),5($-0.F! &'7*1! :$! 7.$18! D'-.$#/,0+'-! $,.$($-0.! 06,0! ':0,+-! 06$! #+460.! 0'!
&$#0,+-! *,-1!7.$.! &'7*1! :$! ,! /$#5! $;;$&0+/$!($,-.! ';! ,*0$#+-4!(,-,4$($-0! )#,&0+&$.F! ,-1!
&'7*1! )#'/+1$! &'-0+-7'7.! ),5($-0.! 0'! 06$! *,-1'2-$#.8! i$/$#.$! ,7&0+'-.! &,-! +1$-0+;5!
*,-1'2-$#.!26'!&,-!,1')0!-$2!)#,&0+&$.!$;;$&0+/$*5!,-1!$;;+&+$-0*58!96$.$!)#'0$&0+'-.!,#$!
&'-17&0$1!'-%.+0$F!,-1!2'7*1!06$#$;'#$!)#$&*71$!,-!$I&6,-4$!(,#3$08!
!
E)1,0+-4!0$&6-'*'45!(,+-*5!#$G7+#$.!,-!+-+0+,*!+-/$.0($-0!';!#$.'7#&$.U!06$.$!)#'0$&0+'-.!
,#$!06$#$;'#$!)$#(,-$-0!+-!-,07#$8!K-&$-0+/$.!&'-17&+/$!2+06!)$#(,-$-0!)#'0$&0+'-.F!.7&6!
,.!C>i!,..7#,-&$.!'#!'-$%0+($!1+#$&0!),5($-0.F!&'7*1!:$!7.$18!=+-&$!06$.$!,#$!&'-17&0$1!
'-%.+0$F!,-!$I&6,-4$!)#'4#,(!2'7*1!-'0!:$!,))#')#+,0$8!>!#$/$#.$!,7&0+'-F!6'2$/$#F!2+**!
6$*)!+1$-0+;5!06$!*,-1'2-$#.!26'!&,-!('.0!$;;+&+$-0*5!7)1,0$!06$+#!+-;#,.0#7&07#$8!
!
^;;%.+0$!#$.0'#,0+'-!&,-!:$!&'-17&0$1!06#'746!,-!$I&6,-4$!(,#3$08!Z+0+4,0+-4!,!)$#(,-$-0!
.'7#&$! ';! 6,#(! .6'7*1! #$G7+#$! 06$! )7#&6,.$! ';! )$#(,-$-0! 6,:+0,0! )#'0$&0+'-.! '#!
#$.0'#,0+'-! $*.$26$#$8! 96$! (+0+4,0+'-! &'-17&0$1! (,5! +-/'*/$! $+06$#! ,&0+/$! '#! ),..+/$!
(,-,4$($-08!C$+06$#!&'-.$#/,0+'-!$,.$($-0.!-'#!#$/$#.$!,7&0+'-.!,#$!&'-17&+/$!2+06!';;%
.+0$!(+0+4,0+'-8!
!
Z'1+;5+-4! $I+.0+-4! 1$/$*')($-0! #$G7+#$.! ,! *,#4$! +-+0+,*! +-/$.0($-0! +-! #$.'7#&$.U! 06+.!
06$#$;'#$! #$)#$.$-0.! ,! )$#(,-$-0! )#'0$&0+'-8! K-&$-0+/$.! &'-17&+/$! 2+06! )$#(,-$-0!
)#'0$&0+'-.F! .7&6! ,.! C>i! ,..7#,-&$.! '#! '-$%0+($! 1+#$&0! ),5($-0.F! &'7*1! :$! 7.$18! =+-&$!
('1+;+&,0+'-.! ,#$! &'-17&0$1! '-%.+0$F! ,-! $I&6,-4$! )#'4#,(!2'7*1! -'0! :$! ,))#')#+,0$8! >!
#$/$#.$! ,7&0+'-F! 6'2$/$#F! 2+**! 6$*)! +1$-0+;5! 06$! *,-1'2-$#.! 26'! &,-! ('.0! $;;+&+$-0*5!
&'-17&0!06$!#$G7+#$1!('1+;+&,0+'-.8!!
!
A,(!#$0#';+0.!#$G7+#$!,!*,#4$!+-+0+,*! +-/$.0($-0F!&,-!:$!&'.0*5!,-1!1+;;+&7*0!0'!#$/$#.$F!,-1!
2'7*1!06$#$;'#$!*+3$*5!:$!&'-.+1$#$1!,!)$#(,-$-0!)#'0$&0+'-8!c'2$/$#F!06$!('1+;+&,0+'-.!
#$G7+#$1! 0'!-,07#,*+J$! .0#$,(! ;*'2!&'-1+0+'-.!1$&#$,.$!1,(! ;7-&0+'-,*+05F! #$)#$.$-0+-4!,!
&'-0+-7,*! *'..! ';! /,*7$! 0'! 06$! 1,(! ')$#,0'#8! 96$#$;'#$F! 26+*$! 06+.! +.! ,! )$#(,-$-0!
)#'0$&0+'-F!+0!(,5!:$!.7+0,:*$!;'#!*'-4!0$#(!),5($-0.!'#!,!&'-.$#/,0+'-!$,.$($-08!=7&6!,!
)#'4#,(!2'7*1!-$$1!0'!:$!:#',1!+-!.&,*$F!,.!06$!+(),&0.!';!(7*0+)*$!1,(.!&,-!&'()'7-18!
i$/$#.$!,7&0+'-.!2+**!6$*)! +1$-0+;5!1,(!')$#,0'#.!26'!&,-! +-.0,**! 06$!('1+;+&,0+'-.!('.0!
$;;+&+$-0*58!!
!



!#U!

c,:+0,0! '#! .0#$,(! #$.0'#,0+'-F! .7&6! ,.! 06$! #$+-0#'17&0+'-! ';! 2''15! 1$:#+.F! &,-! #$G7+#$!
&'-0+-7,*! $;;'#0.! '#! 7)3$$)U! 06$.$! )#'0$&0+'-.! ,#$! 06$#$;'#$! 0$()'#,#5! +-! -,07#$8!
K-&$-0+/$.!&'-17&+/$!2+06! 0$()'#,#5!)#'0$&0+'-.F! .7&6!,.!Ocn!,..7#,-&$.!'#! &'-0+-7'7.!
),5($-0F! &'7*1! :$! 7.$18! D'-.$#/,0+'-! $,.$($-0.! &'7*1! )#'/+1$! &'-0+-7'7.! ),5($-0.! 0'!
06$! *,-1'2-$#.8!i$.0'#,0+'-!';! 06$! +(),&0$1! ,#$,! #$G7+#$.!'-%.+0$!(+0+4,0+'-F! )#$&*71+-4!
&'-.$#/,0+'-! $I&6,-4$! (,#3$0.8! i$/$#.$! ,7&0+'-.! &,-! )#'/+1$! ,-! $;;$&0+/$! ($,-.! ';!
+1$-0+;5+-4!*,-1'2-$#.!26'!&,-!('.0!$;;+&+$-0*5!)#'/+1$!#$.0'#,0+'-8!!
!
Z'.0! ';! 06$! #$.'7#&$.! #$G7+#$1! ;'#! ,#0+;+&+,*! .6,1$! &'/$#.! ,#$! +-/$.0$1! 7);#'-0U! 06$.$!
)#'0$&0+'-.! ,#$! 06$#$;'#$! )$#(,-$-0! +-! -,07#$8! K-&$-0+/$.! &'-17&+/$! 2+06! )$#(,-$-0!
)#'0$&0+'-.F! .7&6!,.!C>i!,..7#,-&$.!'#!'-$%0+($!1+#$&0!),5($-0.F! &'7*1!:$!7.$18!=0#$,(!
.6,1+-4!&,-!:$!&'-17&0$1!'-%.+0$!7.+-4!#$/$#.$!,7&0+'-.! 0'! +1$-0+;5! *,-1'2-$#.!26'!&,-!
+()*$($-0!06$.$!.6,1$.!$;;+&+$-0*58!
!
<#'.+'-!&'-0#'*!#$G7+#$.!&'-0+-7'7.!7)3$$)U!*,-1'2-$#.!(,5!2,-0!06$!')0+'-!0'!$I+0!;#'(!
06+.!,4#$$($-0F!(,3+-4!06+.!,!0$()'#,#5!)#'0$&0+'-8!K-&$-0+/$.!&'-17&+/$!2+06!0$()'#,#5!
)#'0$&0+'-.F!.7&6!,.!Ocn!,..7#,-&$.!'#!&'-0+-7'7.!),5($-0F!&'7*1!:$!7.$18!D'-.$#/,0+'-!
$,.$($-0.!&'7*1!)#'/+1$!&'-0+-7'7.!),5($-0.!0'!06$!*,-1'2-$#.8!<#'.+'-!&'-0#'*!&,-!:$!
&'-17&0$1!,.! $+06$#!'-%.+0$!'#!';;%.+0$!(+0+4,0+'-8!P+06!';;%.+0$!(+0+4,0+'-F! ,! &'-.$#/,0+'-!
$I&6,-4$!(,#3$0!&,-!:$!$.0,:*+.6$18!P+06!'-%.+0$!(+0+4,0+'-F!,!#$/$#.$!,7&0+'-!&,-!:$!7.$18!
!
K-/,.+/$!.)$&+$.!&'-0#'*!+.!,!&'-0+-7'7.!)#'&$..F!,-1!,.!.7&6!,-5!)#'0$&0+'-!)#'/+1$1!&,-!
'-*5!:$!0$()'#,#58!D'-.$#/,0+'-!$,.$($-0.!,#$!)'..+:*$F!:70!#$/$#.$!,7&0+'-!,#$!)#':,:*5!
7--$&$..,#5! ,.! +0! +.! 7-*+3$*5! '-$! *,-1'2-$#! &'7*1! ,&6+$/$! .+4-+;+&,-0*5! ('#$! $;;+&+$-0!
+-/,.+/$!#$('/,*8!K-/,.+/$!&'-0#'*!&,-!:$!&'-17&0$1!,.!$+06$#!'-%.+0$!'#!';;%.+0$!(+0+4,0+'-U!
2+06!';;%.+0$F!,!&'-.$#/,0+'-!$I&6,-4$!(,#3$0!&,-!:$!$.0,:*+.6$18!!
!
96$!,*+4-($-0!';!)'*+&5!0''*.!0'!(+0+4,0+'-!0$&6-+G7$.!+.!.7((,#+J$1!+-!9,:*$![8!
! !



! #"!

!"#$%&0(!>))#')#+,0$!"'*+&5!i$.)'-.$.!;'#!Z+0+4,0+'-!9$&6-+G7$.!
D$#$/"#$+%& M+5$7L&J5#)1%"#$I)8&
*+%8#107#$+%&+9&?$;"1$"%&S099)18N&
>$I)18$+%&:L8#)(8N&+1&!"%@87";)&
.)"#01)8&

;4B,8%*B,! C,%B*1,1+!
:&E*+4&1! K1M@4+,!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! JF>!&%!K1,M;4B,!C*7B,1+!
6&1/,%?*+4&1!L*/,B,1+/! J&!
L`E9*15,!-*%',+/! J&!
>,?,%/,!F.E+4&1/! D,/!

!

S)8#&D"%"/)()%#&M1"7#$7)8& ;4B,8%*B,! ;,BA&%*%7!
:&E*+4&1! K1M@4+,!
-*1*5,B,1+! C*//4?,!
W1E,1+4?,/! $<d!*1=f&%!6&1+41.&./!C*7B,1+/!
6&1/,%?*+4&1!L*/,B,1+/! D,/!
L`E9*15,!-*%',+/! J&!
>,?,%/,!F.E+4&1/! D,/!

!

,)7C%+5+/L&K(;1+I)()%#8& ;4B,8%*B,! C,%B*1,1+!
:&E*+4&1! K1M@4+,!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! JF>!&%!K1,M;4B,!C*7B,1+!
6&1/,%?*+4&1!L*/,B,1+/! J&!
L`E9*15,!-*%',+/! J&!
>,?,%/,!F.E+4&1/! D,/!

!

699T:$#)&Q"=$#"#&?)8#+1"#$+%& ;4B,8%*B,! C,%B*1,1+!
:&E*+4&1! K88M@4+,!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! JF>!&%!K1,M;4B,!C*7B,1+!
6&1/,%?*+4&1!L*/,B,1+/! J&!
L`E9*15,!-*%',+/! D,/!
>,?,%/,!F.E+4&1/! J&!

!

D+@$9$7"#$+%&#+&4-$8#$%/&
>)I)5+;()%#&

;4B,8%*B,! C,%B*1,1+!
:&E*+4&1! K1M@4+,!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! JF>!&%!K1,M;4B,!C*7B,1+!
6&1/,%?*+4&1!L*/,B,1+/! J&!
L`E9*15,!-*%',+/! J&!
>,?,%/,!F.E+4&1/! D,/!

& ! !
! !
! !



!##!

!"#$%&0&1234567(!>))#')#+,0$!"'*+&5!i$.)'-.$.!;'#!Z+0+4,0+'-!9$&6-+G7$.!
D$#$/"#$+%& M+5$7L&J5#)1%"#$I)8!
D+@$9$7"#$+%&#+&4-$8#$%/&>"(8& ;4B,8%*B,! C,%B*1,1+!
& :&E*+4&1! K1M@4+,!
& -*1*5,B,1+! FE+4?,!
& W1E,1+4?,/! 6&1+41.&./!C*7B,1+/!
& 6&1/,%?*+4&1!L*/,B,1+/! D,/!
& L`E9*15,!-*%',+/! J&!
& >,?,%/,!F.E+4&1/! D,/!

!

6%T:$#)&:#1)"(&?)8#+1"#$+%& ;4B,8%*B,! ;,BA&%*%7!
:&E*+4&1! K1M@4+,!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! $<d!*1=f&%!6&1+41.&./!C*7B,1+/!
6&1/,%?*+4&1!L*/,B,1+/! D,/!
L`E9*15,!-*%',+/! J&!
>,?,%/,!F.E+4&1/! D,/!

!

J1#$9$7$"5&:#1)"(&:C"@$%/& ;4B,8%*B,! C,%B*1,1+!
:&E*+4&1! L4+9,%!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! JF>!&%!K1,M;4B,!C*7B,1+!
6&1/,%?*+4&1!L*/,B,1+/! J&!
L`E9*15,!-*%',+/! D,/![48!K88M@4+,\!
>,?,%/,!F.E+4&1/! D,/![48!K1M@4+,\!

!

41+8$+%&*+%#1+5& ;4B,8%*B,! ;,BA&%*%7!
:&E*+4&1! L4+9,%!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! $<d!*1=f&%!6&1+41.&./!C*7B,1+/!
6&1/,%?*+4&1!L*/,B,1+/! D,/!
L`E9*15,!-*%',+/! D,/![34+9!K88M@4+,\!
>,?,%/,!F.E+4&1/! D,/![34+9!K1M@4+,\!

!

,"1/)#)@&K%I"8$I)&:;)7$)8&?)(+I"5& ;4B,8%*B,! ;,BA&%*%7!
:&E*+4&1! L4+9,%!
-*1*5,B,1+! FE+4?,!
W1E,1+4?,/! $<d!*1=f&%!6&1+41.&./!C*7B,1+/!
6&1/,%?*+4&1!L*/,B,1+/! D,/!
L`E9*15,!-*%',+/! D,/![34+9!K88M@4+,\!
>,?,%/,!F.E+4&1/! J&!

 
 
 



! #N!

ECOLOGICAL TRAIT ANALYSIS 
96$! ;'**'2+-4! 0#,+0.!2$#$!1$0$#(+-$1! 0'!:$!';! +-0$#$.0T! *$/$*!';!$-1$(+.(U!6,:+0,0! #,-4$U!
)')7*,0+'-!.+J$U! *$/$*!';!6,:+0,0!.)$&+,*+J,0+'-U!(':+*+05!?'#!1+.)$#.,*!1+.0,-&$@U!(+4#,0'#5!
6,:+0.U!,4$! 0'!.$I7,*!(,07#+05U! ;$&7-1+05U! *$/$*!';! +-0$#.)$&+;+&!,..'&+,0+'-.!?$848!,!.)$&+;+&!
6'.0!.)$&+$.!'#!;''1!.'7#&$@U!,-1!6,:+0,0!/,#+,0+'-!:5!*+;$!&5&*$8!!
!
D$#0,+-! $&'*'4+&,*! 0#,+0.! )#$.$-0! &6,**$-4$.! '#! &'()*$I+0+$.! 0'! &'-.$#/,0+'-! (,-,4$#.!
1$.+4-+-4!,!&'-.$#/,0+'-!.0#,0$458!K-!.'($!&,.$.!06$.$!.)$&+$.!&6,#,&0$#+.0+&.!(,5!*+(+0!06$!
$I0$-0!0'!26+&6!&$#0,+-!.0#,0$4+$.!,#$!0,3$-F!'#!(,5!$I&*71$!&$#0,+-!.0#,0$4+$.!,*0'4$06$#8!K-!
'06$#! &,.$.F! .)$&+$.! &6,#,&0$#+.0+&.! )#$.$-0! ,-! $I0#,! &'()'-$-0! &'-.$#/,0+'-! (,-,4$#.!
.6'7*1!&'-.+1$#!26$-!1$/$*')+-4!&'-.$#/,0+'-!.0#,0$4+$.!?9,:*$!NM@8!!
!
!"#$%&'8(!D'-.+1$#,0+'-.!i$G7+#$1!:5!=)$&+$.!9#,+0.!
,1"$#& *+%8$@)1"#$+%& *+%8)U0)%7)&
Q$/C5L&
4%@)($7&

<459)7! ,1=,B4E! /A,E4,/! B*7! %,a.4%,! ?,%7!
/A,E484E!*%,*/!+&!2,!E&1/,%?,=b!

>,?,%/,!*.E+4&1/!B*7!/+4))!2,!./,=!*/!)&15!*/!+9,7!
*%,!E&1841,=!34+941!+9,!/A,E4,/Z!5,&5%*A94E!%*15,b!

!
I4+9!/B*)),%!%*15,/]!*!/A,E4,/!4/!B&%,!)4',)7!
+&!2,!,`+4%A*+,=!27!*!/415),!+9%,*+!/&.%E,!
b!

!

Q"=$#"#&
:;)7$"5$8#8&

<*24+*+! /A,E4*)4/+/! %,a.4%,! ?,%7! /A,E484E!
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CHAPTER 6: CONCLUSION AND FUTURE APPLICATIONS 
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