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O){'JJ 2; iI{1ff< R I:{ItT L, tJl.f~O) 7htJ\O)~- 7. iI{ Lt':H:1p '1 D, f- tL~: -')tL-C 
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*II fil\ t!&1J1:T 1.> Ao'J': 

;fy;;S t B.z;;S t:"7:J -) ~1r.~:~T ;;Sl:E!1&J~B~J7J:t:ltm-,\:,~*!£;Q{, fELO)~~)\)70 

- /' ~:Btajc2' n '"(v';;S tv' -) -=. t fJ:, l:E!1&J"f:~Jfj'E~::J3~t;;s AO"f:tf.J77°0-1­

O);ff~j]tt t !1&J~! -:J '"( v';;S J: -] ~: }[~t:b n;;s 0 

6 AD~B97NJTO)£~'I1: 

:<$:~~::J3v,'"(*g1i'- Lt-.:: 4 "':)O)iiJfj'E~i, ~1r.t ~frl~:~T ;;Sl:E~PJAO"f:tf.J~Jfj'E 

0) ~i !vO)-j/ffiH: T ~" 7J: v' -=. t t, WOC\flf-:J '"( :J3 ~ t-.:: v'o -=. 0)5t!iff0)~§YI. ti'J!JJJ!. 

T;;S -=. t li:<$:~O)~~l1!I t ~.:Z ;;S ~lIU~!'C';fy ;;S 0 -=. O)iiJfj'E~J.[±~~: "':) v' '"( it <!J;O VJ t-.:: 

v'~%:1H: Ii, ~t*7J:~Jfj'E.:EJI1!t*ll1~ L t-.:: 2 i!lTO)fniix#; (Wachter and Finch eds. 

1997; Carey and Tuljapurkar eds.2003) ;Q'11l1:':fIJ"(';fy7:J -] 0 

mfr, ~ <0) OO"('7i§'j~~ A O;Q{~J\!'I L '"(:J3 V), 7i§'jiiJiJir.U;ii;~::J3 ~t ;;S ifIigtf.JU 
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AO"f:~ ~, ~~)\)7 - /' O)Mtn5tTJTO)ifI,~t -t /' ;;<, tY5;Q' L '"(, -=. 0)J.i~ 
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Ii, ~:l:tf.J7 7'0 - 1- (-=. -=. "('[i, AO"f:tf.J7 7°0 -1- tltP* L '"( v';;S) ;Q{, 

~1r.l:E!1&J"f:~Jfj'E0) v' <"':) ;Q'0)~l'l~ t::J3 v' '"(, ;ff Jtl7J: t~~tf.Jl~%'tl t ":!~U-.:: T "(';fy 7:J 
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~: A O"f:tf.J 7 7°0 - 1- tljiZ VJ An;;S -=. t O)£~tt t ~!l:lw.J L '"( v';;S 0 ~.rE"f:0) 

Carey (1993) ~:v't-'::-:J'"('i 1l:E!1&J"f:~O)t-.::.l6O)r.tfflA0'7:Ar'J tv'-)~H+ 

'i=t~J\:. L, AO"f:tf.J5J\"TJTO);ff~j]tt~:"':)v,'"(, l:E!1&J"f:~·tf§~ L J: -] t ~.l6,"( 
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*6:!i': ot1tc%fr;-O)AO'J': 
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*1iHnJJ. :¥LXiJ!-1.l, 0) JEt::, ttt~· t!:l iff 0)1j-1jHfE f: J: 1.> 9Et:: if 1::' f: -::J Ii' "C 0) A D"ti¥J 

~Jf1E;6{, iffn· +!-l.l,f4 . frW An . ~~WJtt if 1::'0)~"t5Hfc 'E~f: 1J,lli! L "C it6/') G 
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Jjl; f: i> ft 1.>, [OJ L:;f! f: ~ T 1.> tt!lm1~1*~0)±l\1iJ!t -?53':ffi" H& -), tt!i~"to) J:j:1 ,~,i¥J if 53' 

!ff"'C' j; 1.> 0 tt!lm A LJ"f~ (biodemography) c v' -) ~jHi, tt ijlf se. (life history) 0) tt 
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2) '?- 5', ;mf;t53';f!fO))ji);, J;jOlj!'E"T'!v, Mi* 0) f;UIH if c'f:-::Jv'"CWP*'3:' t t,::h.t,: 

f;J'C1ffi, t c O)~)( (Wilmot h, Deegan, Lundstrom, and Horiuchi 1999; Horiuchi, 

Finch, Mesle and Vallin 2003; Horiuchi and Wilmoth 1998; Horiuchi 2003) '3:' ~~.l\ 

L"C v' t,: t!. ~ t,: 11'0 

3 ) 100:iltt..t0)~i'iJitiit 1IU) y .. - 7 f: IJ,ll L"C fi, A '7 .I. - '? / 0) AD;mf;tO)!fi1'9:.O)~Jf1E 

1f"'Cib1.> Hans Lundstrilill ;6'"HlHif5H!fT1T-:Jt,:*fi*, 1750if'-;6'G1860if'-1;ll"1"'C0) 

'T'- 5' f±1B'~"'C' (I (,: v';6'. IK60 1!'. tl1£ 0) 'T'- 5' fiiEJit"'C ib 1.> c w1iffi L "C v' 1.> 0 -~ 

I:li, ~j','J;tlit1lo)-j"" y fJ,oj; llJitr"'Cib IJ, c <1:*lig96"M~...tOO"'C'li. 100:iltL...t I:: 

L "CfIHs- ~ :h.t..: 1',':jl~0 riU) A ,",1\))' fi, ~k~~H: fi 100:il*l/.ilj"'C ib}) -) c:fiJE ~ :h. "C v' 1.> 0 

Jjj(~1j i¥J I: fi, c~ -: 0) Ilil-CI" }N~'ff',: if 111\tt~iiFO):/ ;;<, T A ;6{~OO i¥J f:JitJ1 L "C;6' G~ 

1l0if'-H£:i&l L "Cv'ifHI.\.I,":-lU),Lli,','ljUi01t0)'T'- 5' Ii, c <1:~1.E!t."'Cib}) -) 0 ;;<, '7 

.I. - 'T' / O);mn"'C t, illi,',':jUI0ri A I Io)jl'll~!H±l860if'-j;Ljltr c J:L1£"'C',illjj G;6' f:~ if-:J 

"Ci> IJ, 1860if'-~.:LJltrO))\i~l;6{,oj<Ii:.ji{(0:7'- 7 f: J: 0"C%PX:~ :h.t,: t O)"'Cib1.> -: I:: '3:' 

7FU~ L"C V' 1.> 0 

4) 1]3 '!10) :1J;6{.I'{ - A ;6{il! v' 0) 'i,,\~r,1li00) ~H!I: O)4~LW1)'lUX1'J91f\;v ';6' G"'C fi if <, 
30:il1-t"'Cli1]3'!10)9Et::$;6':;C!1f:.tt«"C;fIIk-J(19f: ;6'to: f) j','J;v';6' G"'Cib 1.> 0 I:: <f:-: 

O)~WJO)~*"'Cfi, 30:ilftO)1]3t1"'Cfi.I.1" A' f: J: M~t:;6{~;6'-:J t,:o 

5 ) t c O)~Jf1Ef&-j:!j- (Horiuchi et al. 2003) "'C'li e '3:' Ji\: c T 1.> t~t!i:1J,ll ~O)if'- ra~ ...t~$ 

(r) '3:'f;t~ Lt:;6\ :: -: "'C'li~~i¥Jif...t~$. Tifhi:> exp(r)-l O)Jf;I:~.z"C, J\ 

- -l: / r "'C'7F L t,:o 

6)	 ib 1.>if'-ili%'1iIHH:i>V'''C9Et::$O)...teJl;6{i!V'9EIEIO) 1);;<' r c, +O)if'-~,1iIHl"'CJEt:: 

$O)*~;6{i'itv'9EIEIO)l);;<'rfi, ;6'iflJ£tlT1.>;6{,z,fLtfO]L:"'Cfiifv'o t,:l::.z 
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