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:%)% #1 &+\%)%#0%$ +# 2)%?3%#0* 12 $-16% @(-- B#G8FA (#&
&%(&2(-- @(-- B#G8GFA8 _#-* $6)30% $+K% &+\%)%& 4%':%%#
01#')1- $+'%$. 43' 21) )(#&1, -10('+1#$ 1#-* @B$G8GGDA8
V+#0% 43))1: /(4+'('$ :%)% $+,+-() 4%':%%# '/% /+>/C
&%#$+'* 01#')1- (#& -1:C&%#$+'* 01#')1-. '/%# &+\%)%#0%$ +#
6163-('+1# &%#$+'* 4%':%%# '/% $+'%$ &+& #1' +#B3%#0%
:/%)% $?3+))%-$ -+5%8 =2'%) 611-+#> 41'/ 01#')1- ()%($. $+'%$
:%)% 4%$' &+$0)+,+#('%& 4* 5+$+4+-+'* (' DG,. $-16%. &%(&C
2(--. 16%# (#& $6)30% $+K% @KDG.DDM" e8EE. B$G8GGDA8 R/%
1'/%) 5()+(4-%$ @43))1: $')30'3)%. (#& 5+$+4+-+'* (' Q, (#&
IG,A /(& K$D (#& :%)% &%-%'%& 2)1, '/% (#(-*$+$8 <%
&%'%),+#%& /1: :%-- 13) &+$0)+,+#(#' 23#0'+1# 7''%& 13)
0-($$+70('+1# 12 43))1: $+'%$ 4* 0(-03-('+#> '/% 6)14(4+-+'*
'/(' $+'%$ ($$+>#%& ( 0-($$+70('+1# 4* '/% &+$0)+,+#(#' 23#0C
'+1# @6)%&+0'%&A :%)% '/% 01))%0' 0-($$+70('+1# @14$%)5%&A8
<% 213#& '/(' '/% &+$0)+,+#(#' 23#0'+1# 01))%0'-* 0-($$+C
7%& MEN 12 '/% )(#&1, -10('+1#$. eGN 12 '/% 5(0(#'
43))1:$ (#& MDN 12 '/% 10036+%& 43))1:$8 _3' 12 '/%
5(0(#' 43))1:$ +#01))%0'-* 0-($$+7%&. IYN :%)% 0-($$+7%&
($ 10036+%& 43))1:$ (#&DFN ($ )(#&1, $+'%$8

R/%)% :($ ( $+>#+70(#' ($$10+('+1# 4%':%%# 43))1:
>)136$ (#& 6)%&+0'1)$ @"I"Qe8YM. &828"DG. B$ G8GGDA8
=2'%) )%,15(- 12 '/% 7)$' 23#0'+1#. ($$10+('+1# 3$+#> '/%
$%01#& 23#0'+1# :($ #%()-* $+>#+70(#' @"I"M8dE. &828"d.
B" G8GMA8 R/% 7)$' (#& $%01#& &+$0)+,+#(#' 23#0'+1#$
(0013#'%& 21) MEN (#& DDN. )%$6%0'+5%-*. 12 '/% 5()+('+1#
+# &+$0)+,+#('+#> (,1#> >)136$8 R/% 7)$' &+$0)+,+#(#'
23#0'+1# @)11' DA #%()-* $%6()('%& )(#&1, -10('+1#$ 2)1,
-10('+1#$ :+'/ 43))1:$. (#& '/% $%01#& &+$0)+,+#(#' 23#0C
'+1# @)11' IA '%#&%& '1 $%6()('% 5(0(#' 43))1:$ 2)1,
10036+%& 43))1:$ @7>3)% DA8

R/% 6)+,()* 6)%&+0'1)$ @-1(&+#>$! G8QGA @+8%8 IQN
5()+(#0%A '/(' 4%$' &+$0)+,+#('%& 4%':%%# )(#&1,
-10('+1#$ (#& -10('+1#$ :+'/ 43))1:$ @)11' DA :%)% 5+$+4+C
-+'* (' DG, (#& $-16% @'(4-% DA8 l+$+4+-+'* (' DG, &+\%)%&
$+>#+70(#'-* (,1#> '/% '/)%% $+'%$ @KI.eF"IF8DQ.
B$ G8GGDA @7>3)% IA8 l+$+4+-+'* (' 10036+%& 43))1:$
@dF8e# e8GNA (#& 5(0(#' 43))1:$ @dG8E#Q8dNA &+& #1'
&+\%) @R3;%*HW)(,%)b B# G8GQA 43' 41'/ /(& >)%('%)
5+$+4+-+'* '/(# )(#&1, -10('+1#$ @DF8e#I8INA @R3;%*H
W)(,%)b B$ G8GQA8 L3))1:$ :%)% $+>#+70(#'-* ($$10+('%&
:+'/ $-16%$ @10036+%& (#& 5(0(#' 43))1:$ 611-%&b
J" IG8QI. &828"D. B$G8GGDA. :+'/ YdN 12 43))1:$ 1#
$-16%$ :/%)%($ 1#-* IGN 12 )(#&1, $+'%$ :%)% 1#
$-16%$8

R/% $%01#& &+$0)+,+#(#' 23#0'+1# @)11' IA. :/+0/
+#0-3&%& &%(&2(--. 6%)0%#'(>% 16%# (#& $6)30% $+K%. 1#-*
:%(;-* 0/()(0'%)+K%& $+'%$8 91:%5%). :% $'+-- %J6-1)%&
%(0/ 12 '/%$% 6)%&+0'1)$ 3#+5()+('%-* 4%0(3$% 12 '/%
'%#&%#0* 21) $%6()('+1# 4%':%%# 5(0(#' (#& (4(#&1#%&
43))1:$ @7>3)% DA8 R/%)% :($ 1#-* 1#% 0($% 12 &%(&2(--
+#&%J #I +# %(0/ 12 '/% 5(0(#' (#& 10036+%& 43))1:
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root 1

f+>3)% D8 P(#1#+0(- $01)%$ 21) ':1 &+$0)+,+#(#' 23#0'+1#$
&%)+5%& 2)1, 75% /(4+'(' 5()+(4-%$ &%$0)+4+#> 10036+%&
43))1:$ @_A. 5(0(#' 43))1:$ @lA (#& )(#&1, -10('+1#$ @SA8
R/% 7)$' &+$0)+,+#(#' 23#0'+1# @)11' DA $%6()('%$ 43))1: -10(C
'+1#$ 2)1, )(#&1, -10('+1#$ @"I" Qe8YM. &828" DG. B$ G8GGDA8
R/% $%01#& &+$0)+,+#(#' 23#0'+1# @)11' IA $6)%(&$ 43' &1%$
#1' $+>#+70(#'-* $%6()('% 5(0(#' 43))1:$ 2)1, 10036+%& 1#%$
@"I" M8dE. &828" d. B" G8GMA8

50
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control

occupied
vacant
random

predator exclosure

f+>3)% I8 P1,6()+$1# 12 5+$+4+-+'* (' DG, 2)1, 10036+%& (#&
5(0(#' 43))1:$ 12 =)0'+0 >)13#& $?3+))%-$ (#& 2)1, )(#&1,
-10('+1#$ 1# 01#')1- ()%($ :+'/ '/1$% 1# '/% 6)%&('1)
%J0-1$3)%8

R(4-% D8 I)$4</$ %' ?"$+."C"&2&/ '4&+/"%& 2&2<0$"$ $6%L"&5
B%%<)? L"/6"&N5.%4B +%..)<2/"%&$ %' +2&%&"+2< .%%/$ 2&?
$"5&"O+2&+) <)#)< %' #2."23<)$ +%&/."34/"&5 /% /6) ?"$+."C"&2&/
'4&+/"%&H I%%/ 7 2&? .%%/ 8 2.) /6) O.$/ 2&? $)+%&? ?"$+."C"&2&/
'4&+/"%&$

01))%-('+1# 12 6)%&+0'1)
5()+(4-%$ :+'/
&+$0)+,+#(#'
23#0'+1#$

5()+(4-% )11'D )11' I KI.QE B

5+$+4+-+'* (' DG, G8YM %G8DG Dd8eY $ G8GGD
$-16% G8eG G8DM Y8FG G8GGD
&%(&2(-- %G8GY %G8eY I8MG G8GY
16%# G8De G8dY D8dd G8I
$6)30% $+K% %G8Dd G8FE D8GM G8F



0-($$+70('+1#$ (#& $1 '/%$% ':1 0($%$ :%)% 611-%& :+'/ (
&%(&2(-- +#&%J 12 I8 _0036+%& 43))1:$ '%#&%& '1 /(5%
,1)% &%(&2(-- '/(# 5(0(#' 43))1:$ @J" Q8GF. &828"I.
B" G8GMA @7>3)% FA8 _# 13) $+'%$. $,(-- $6)30% :%)%
(4$%#' (#& -()>% $6)30% :%)% )()% @1#% 0($%A $1 '/% -()>%
(#& ,%&+3, 0('%>1)+%$ :%)% 611-%& 4%21)% (#(-*$+$8 R/%
6)161)'+1# 12 43))1:$ +# ,%&+3, $6)30% /(4+'(' &+& #1'
&+\%) $+>#+70(#'-* 4%':%%# 10036+%& 43))1:$ @dYNA (#&
5(0(#' 43))1:$ @QMNA @J" G8Fe. &828"D. B" G8QQA8

,/. *+,,-. &/#,#&"0,$%"$&% -( "/0 1,02#"-, 03&'+%$-(
",0#"40("

<% 3$%& '/% &+$0)+,+#(#' 23#0'+1#$ 2)1, '/% 01#')1-
()%($ '1 6)%&+0' '/% $+'%$ 1# '/% 6)%&('1) %J0-1$3)% '/(' :%
/(& (-)%(&* 0-($$+7%& ($ 10036+%& 43))1:$. 5(0(#'
43))1:$ (#& )(#&1, $+'%$8 R/% 6)%&+0'%& 0-($$+70('+1#$
1# '/% 6)%&('1) %J0-1$3)% ')%(',%#' &+\%)%& 2)1, 13)
14$%)5('+1#$ @"I"De8GQ. &828"I. B$G8GGDA8 i%()-* (--
@MENA )(#&1, -10('+1#$ :%)% 01))%0'-* 6)%&+0'%& (#&
'/3$ :%)% $+,+-() '1 '/1$% 1# 01#')1-$8 i1#% 12 '/%
10036+%& 43))1:$ (#& 1#-* DdN 12 '/% 5(0(#' 43))1:$
:($ 01))%0'-* 6)%&+0'%&8 i%()-* (-- 43))1:$ @MMN. &"DeA
:%)% 6)%&+0'%& ($ )(#&1, -10('+1#$8 R/3$. :/+-% /(4+'('
0/()(0'%)+$'+0$ 12 )(#&1, -10('+1#$ :%)% $+,+-() 4%':%%#
'/% 01#')1- (#& '/% 6)%&('1) %J0-1$3)%. 43))1: -10('+1#$
:%)% #1'8 L3))1:$ 1# '/% %J0-1$3)% ')%(',%#' $/()%&
,1)% /(4+'(' 0/()(0'%)+$'+0$ :+'/ )(#&1, -10('+1#$ '/(#
'/%* &+& :+'/ 43))1:$ 1# 01#')1- ()%($8

R1 &%'%),+#% '/% #('3)% 12 '/% $+,+-()+'* 4%':%%#
43))1:$ (#& )(#&1, -10('+1#$ :% %J6-1)%& %(0/ 5()+(4-%
$%6()('%-*8 _0036+%& 43))1:$ 1# '/% 6)%&('1) %J0-1$3)%
/(& -%$$ '/(# /(-2 '/% 5+$+4+-+'* (' DG, '/(# '/1$% 1#
01#')1-$ @KD.IF"Y8FE. B" G8GDA @7>3)% IA. '/13>/ 5+$+4+-+'*
(' )(#&1, -10('+1#$ :($ $+,+-() 1# 41'/ ()%($
@KD.dI" G8FD. B" G8QMA @7>3)% IA8 i%()-* ':+0% ($ ,(#*
10036+%& 43))1:$ 1003))%& 1# $-16%$ 1# 01#')1- $+'%$
@MDNA '/(# 1# '/% 6)%&('1) %J0-1$3)% @ddNA @J" F8Qd.
&828"D. B" G8GeA8 V+,+-()-*. #%()-* ':+0% ($ ,(#* )(#&1,
-10('+1#$ 1003))%& 1# $-16%$ :+'/+# 01#')1- $+'%$ @IGNA
'/(# 1# '/% 6)%&('1) %J0-1$3)% @DDNA @J" G8dI. &828"D.
B" G8QIA. 43' 13) (4+-+'* '1 &%'%0' ( &+\%)%#0% :($ -1:
@61:%) @D%#A" G8FdA8 R/3$. &+\%)%#0%$ +# 2)%?3%#0+%$ 12

43))1:$ +# $-16%$ 4%':%%# '/% 01#')1-$ (#& '/% 6)%&('1)
%J0-1$3)% :%)% ( 23#0'+1# 12 (5(+-(4-% $-16%& /(4+'(' (#&
:%)% +#&%6%#&%#' 12 6)%&('1)$8<% 611-%& &%(&2(-- +#&+0%$
I. F (#& d. 1:+#> '1 '/% -1: 2)%?3%#0* 12 /+>/ &%(&2(--
(>>)%>('+1#8 L3))1:$ 1# 01#')1- $+'%$ :%)% $-+>/'-* ,1)%
-+;%-* '1 4% -10('%& +# ()%($ 12 #1 @+#&%J" GA 1) 5%)* -+''-%
@+#&%J"DA &%(&2(-- @FDN (#& QeN. )%$6%0'+5%-*. 21)
01#')1-$ 5%)$3$ DDN (#& FFN 21) '/% 6)%&('1) %J0-1$3)%b
J" Q8FE. &828"I. B" G8GYA8 <% &+& #1' 7#& ( $+>#+70(#'
&+\%)%#0% 4%':%%# '/% ')%(',%#'$ 21) )(#&1, $+'%$
@J" F8eY. &828"I. B" G8DeA &%$6+'% ( /+>/ 61:%) #G8EE8
L1'/ ')%(',%#'$ /(& ( $+,+-() 6%)0%#'(>% 12 16%# ()%(
()13#& 10036+%& 43))1:$ @KD.IF" G8GY. B" G8MGA
@01#')1-" eI8Q#Q8dNO 6)%&('1) %J0-1$3)%" ed8d#I8dNA
(#& 21) )(#&1, -10('+1#$ @KD.dI" G8YM. B" G8FMA @01#')1-
" QI8Y#I8eNO 6)%&('1) %J0-1$3)%" QY8M#Q8INA8 <%
013-& #1' 01,6()% $6)30% $+K% +#&+0%$ 4%':%%# ')%(',%#'$
&3% '1 -1: 2)%?3%#0+%$ 21) $1,% 0('%>1)+%$ 43' :% 013-&
01,6()% )(#&1, (#& 10036+%& -10('+1#$ :+'/+# ')%('C
,%#'$8 _0036+%& (#& )(#&1, -10('+1#$ 1# %+'/%) ')%('C
,%#' :%)% $+,+-() @01#')1-b J" G8Fe. &828"I. B" G8MdO
6)%&('1) %J0-1$3)%b J" G8IF. &828"D. B" G8eFA8 R/%)%21)%.
)%&30%& 5+$+4+-+'* :($ '/% 6)+,()* /(4+'(' 0/()(0'%)+$'+0
0)%('+#> '/% $+,+-()+'* 4%':%%# 43))1: -10('+1#$ 1# '/%
6)%&('1) %J0-1$3)% (#& )(#&1, -10('+1#$ 1# 41'/ $+'%$8
L3))1:$ 1# 01#')1- ()%($ :%)% ,1)% 12'%# 213#& +# $+'%$
:+'/ /+>/ 5+$+4+-+'* 01,6()%& :+'/ )(#&1, -10('+1#$ (#&
43))1:$ 1# '/% 6)%&('1) %J0-1$3)%8

2" (#/*)//#'$

_3) )%$3-'$ +#&+0('% '/(' 6)%&('+1# +#B3%#0%$ '/% &+$')+C
43'+1# 12 =)0'+0 >)13#& $?3+))%-$ +# '/% 41)%(- 21)%$' 4*
$%-%0'+#> (>(+#$' >)13#& $?3+))%-$ -+5+#> +# /(4+'(' '/('
)%&30%$ '/%+) (4+-+'* '1 &%'%0' 6)%&('1)$8 =-- >)13#&
$?3+))%- 43))1:$ 1# 01#')1- $+'%$ :%)% -10('%& 1# $-16+#>
$+'%$ :+'/ /+>/ 5+$+4+-+'* @(' DG,A8 =2'%) ( '/)%%C*%()
6%)+1& 12 +#'%#$% 6)%&('+1#. 43))1:$ '/(' )%,(+#%& 1003C
6+%& :%)% ,1)% -+;%-* '1 4% +# ,1)% 16%# ()%($ :+'/ -%$$
&%(&2(-- '/(# 43))1:$ '/(' 4%0(,% 5(0(#' @7>3)% FA8
</%# ,(,,(-+(# 6)%&('+1# :($ %J6%)+,%#'(--* )%&30%&
@6)%&('1) %J0-1$3)%A. 43))1:$ :%)% -10('%& (' )(#&1,
:+'/ )%$6%0' '1 -10(- /(4+'(' $')30'3)%8 R/3$. =)0'+0
>)13#& $?3+))%-$ :13-& 10036* ( ,30/ 4)1(&%) &+$')+43C
'+1# 12 /(4+'('$ +# '/% 41)%(- 21)%$' :%)% +' #1' 21) '/%
6)%$%#0% 12 ,(,,(-+(# 6)%&('1)$8

<% &+$03$$ ':1 0(5%('$ '/(' 013-& (\%0' 13) +#'%)6)%'(C
'+1#8 f+)$'. &%#$+'* 1# '/% 6)%&('1) %J0-1$3)% :($ (66)1J+C
,('%-* ':+0% '/(' 12 3#,(#+63-('%& 01#')1- $+'%$ @W()%-$
)/ 2<8 DEEEA. (#& 6%)/(6$ 0)1:&+#> 21)0%& >)13#& $?3+))%-$
'1 10036* $3416'+,(- $+'%$8 91:%5%). '/% 211&C
$366-%,%#'%& 01#')1- $+'% /(& &%#$+'+%$ ':+0% '/(' 12 '/%
6)%&('1) %J0-1$3)% (#& 213) '+,%$ '/(' 12 '/% 1'/%)
01#')1- +# 1'/%):+$% $+,+-() /(4+'('8 L3))1: $+'% /(4+'('
:($ #1' +#B3%#0%& 4* &%#$+'* $+#0% 43))1:$ 1# '/% /+>/C
&%#$+'* 211& (&&+'+1# $+'% :%)% -10('%& +# $+,+-() /(4+'('
'1 '/1$% 1# '/% -1:%)C&%#$+'* 01#')1- $+'%$8 </%# &%#$+'+%$
:%)% /+>/. $?3+))%-$ +#0)%($%& $/()+#> 12 43))1:$ @W()%-$
)/ 2<8 DEEEA '/3$ -+,+'+#> '/% (,13#' 12 /(4+'(' 3$%&8
R/%)%21)%. /(4+'(' 3$% 1# '/% 6)%&('1) %J0-1$3)% :($ #1'
( )%$3-' 12 $10+(- +#'%)(0'+1#$8 _3) $%01#& 0(5%(' &%(-$
:+'/ ( 6$%3&1C)%6-+0('%& %J6%)+,%#'(- &%$+>#8 <% /(&
1#-* $+#>-% ')%(',%#'$ 2)1, :/+0/ :% ')%('%& 43))1: $+'%$
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f+>3)% F8 P1,6()+$1# 12 &%(&2(-- +#&+0%$ :+'/+# DQ, 12
10036+%& =)0'+0 >)13#& $?3+))%- 43))1:$ :+'/ '/(' 12 5(0(#'
43))1:$ 1# 01#')1- ()%($8



($ )%6-+0('%$. ($$3,+#> %(0/ 43))1: ($ (# +#&%6%#&%#'
$(,6-%8 _3) $'3&*. ($ :%-- ($ 1'/%)$ '/(' /(5% 3$%& '/%$%
$(,% %J6%)+,%#'(- ()%($ @%8>8 W)%4$ )/ 2<8 DEEQO 9344$ T
L11#$')( DEEYO W()%-$ )/ 2<H DEEEA. /(5% ')(&%& )%6-+0('%&
&%$+># 21) -()>%) $0(-% (#& -1#>C'%), ,(#+63-('+1#$. (
01,,1# 6)14-%, :+'/ :/1-% %01$*$'%, %J6%)+,%#'$
43)&%#%& :+'/ -+,+'%& 23#&+#> @P()6%#'%) )/ 2<H DEEQA8

l+$+4+-+'*. :/+0/ :($ '/% ,1$' +,61)'(#' 5()+(4-% 1#
13) 01#')1- $+'%$. +$ ( 0)+'+0(- 2(0'1) (\%0'+#> )1&%#' &+$')+C
43'+1#8 f1) $1,% $+'3('+1#$. &%#$% 5%>%'('+5% 015%) ,(*
6)1'%0' 6)%* 2)1, 5+$3(- %J61$3)% '1 6)%&('1)$ @L)1:# )/
2<8 DEMMO W1'-%) )/ 2<8 DEEDA8 f1) 1'/%) $+'3('+1#$. &%#$%
015%) ,(* (--1: '/% 6)%&('1) '1 (66)1(0/ 6)%* 3#&%C
'%0'%&8 "# '/% -(''%) $+'3('+1#. 6)%* #%%& ( 0-%() -+#% 12
$+>/' '1 &%'%0' (66)1(0/+#> 6)%&('1)$ @P($$+#+ DEEDA (#&
'/+$ /($ 4%%# &%,1#$')('%& %$6%0+(--* 21) >)13#& $?3+))%-$
@c(093'0/1# T 9()%$'(& DEEGO V0/11-%* )/ 2<8 DEEQO
R)(5+$ T =),+'(>% DEYIA8 P($$+#+ T n(-(#'% @DEEIA
213#& '/(' :+-& >3+#%(C6+>$ @>2#"2 2B).)2A $1-5% '/% ')(&%C
1\ 4%':%%# 21)(>+#> (#& 6)%&('+1# )+$; 4* 3$+#> ( $/%-'%)
:/%# +#(0'+5% (#& 4* 21)(>+#> :+'/+# >)136$ :/%# 2()
2)1, 015%) @P($$+#+ DEEDA8 k#-+;% >3+#%(C6+>$. >)13#&
$?3+))%-$ 01#$')30' '/%+) 1:# $/%-'%) @+8%8 43))1:$A +#
()%($ '/(' ,(J+,+K% 211& (5(+-(4+-+'* (#& '/3$ 0(#
)%&30% '/% '+,% $6%#' 5+>+-(#' $+#0% '/% &+$'(#0% '1 %$0(6%
'1 $/%-'%) +$ $,(-- @91-,%$ DEMdA8 R/%* 0(# (-$1 )%&30%
5+>+-(#0% '+,% 4* 21)(>+#> +# ()%($ :/%)% 6)%&('1)$ 0(#
4% &%'%0'%& (' >)%('%) &+$'(#0%$ @=),+'(>% DEMIO P()%* T
c11)% DEMeA8 "# 13) $'3&* ()%( +# DEEd. -*#J :%)% ':+0%
14$%)5%& (66)1(0/+#> >)13#& $?3+))%-$ '1 :+'/+# Q, 1#
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