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Summary 

1. Estimates of demographic parameters for female" in many organisms. afC ,parse. This is p,lrtic

ularly \\'oLTisome as more and more species arc faced wilh high cxtinCLJon probabilities and (;LJn~r

vatioll increasingly depends on actions dictated by complcx predictive models that require accurate 

estimates of demographic parameters for each sex and species. 

2. This study a~sesses demographic parameters. specifi..:ally temporary emigration and survival, for 

fem<lies, a class lha L has been ditheult (0 investigate bistoric:aHy because of Jack of data. Amphibians 

provide a particulady good example because there is global concern ahout amphibian decline; yel 

most demographic pararnekr estimates are bdsed (In data rrom males. which we sho~' can lead 10 

erroneous conclusions. 

3. \\\: usc Inyears of capture recapture data from boreal toads (Bur/) borcos) and thc multi-state 

open rob1lSt design model 10 provide evidence tor the occurrence of skipped breeding oppoTiuni tics 

(i.e. temporary emigration) in females. This is the first time that the open robust design model has 

been applied to an analysis of an amphibian population that we are al'lare of. 

4. We detern1ined that the transition from breeder to non-breeder is obJigme and the probability or 

a non-breeder remaining a non-breeder is 64 ';',,: thus, temporary emigration is fmt-order Markov

ian in nature, where breeding proba bility is dcpendel1t on the previous year's activity, i.e. if a femallC 

did not breed in year one. there is a 36% chance that she wilt breed in year tVi·O. With temporary enu

grati()11 acx.:ounted for. we estimated between-year female survival at 87%. 
5. Est<:lbli"hing the oc:currcnu; of temporary emigration not only reeluccs bias in C~llmate~ of 

s\Jt"vival probabilitIes but also provides lllfornlntion about expected breeding a[[empts by females, 

~t critical elemcnt in understanding the ecology of an organism and thc impacts of outside strcssors 

and con~el"valioLla..:[ion~. 

Key-words: boreal toad. capture recapture, Colorado. In ulti-state open L"Obust design. sur

vival. temporary emigration 

panlnleLer;, or female anuran;, (frogs or toad,). In sp!le ofgreal
Introduction 

concern over declining amphibian populallOfls and data 111.11 

1,'ndl:r~Lalldil)g the demographiC proees,es that drive popula indica Ie over 32% of lhl: wnrld\ ~tinpl1ibians Jee al nsk (Swan 
Lion dynamics IS :J ('cnlntl {ulCUS 01' ecology (Kreb~ 20(1) alld eI (//. 20()4), comprellensivc dc:nographic data are UfI;1vHiJabk 
identifying threats LO species" welJ·being is predicaLed on such for most amphiblan species (Hick eI at. 20(2). 
KrHmlcdge (RIchieI' & Seigel 2002; Tornillo er ai. 20(8). All Jncl"ca.singly. scienlisLs are using predictlvc model, "fgrearer 

L1nder~(andil\g or these proc:esses b limited 10 l11ale, for mall} <:omplexit} In the m:·ln:Jgemenl and conservation of specie, 

specics. In panJl'ular. informatioll cm the demographics of (e.g. popnlallon viabiliLy model" Slevens & Baguetle 200!>; 
pond-bt\:eding bnfonlds (IH1C toads) is sparse and only a hand cxtll1ction risk assessments, Purvis <'I al. 2000). -'\s Ihese mod

ful ,)[ "Indies (Kuhn 1994: Scbmidt & Anholi 1999: Reading el> become more C0JllpleX, ,pl:cies· and sex-specific' pMamder 

2007: Vasconcellos & Call: 2009) haw addressed demographie estiJTl<ltes arc importa1] t if demographic population models Me 

to be rclcv:\l1l 10 conservation science. Wilh amphibian." hav' 

4C,)rrL~:"lp')IH.knc..: a.ulhor. E-nHld~' enn_rnuth.t..~~usgs gov ing a current extinClioll raLe of 221 iimes their backgrollI1d rale 
Corresp<1ndcl1cG Sltc· http ',WWII" respond2'lfl.!dCS.GOilliYlEE: (\'1cC<lllum 20(7), conservation errort~ bec0Ir\e more urgenL, 
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esc'IhLtJrl.'! the need ror such tHrgeted data. Given that buronid, 

;1rc one of the .mosl threatened I;lmilics of amphihians (Collins 

& Crump 20(9). lhis p<lllCily or haslC knowkdge ath'ut I~m;llc 

buronids i, "br1l1in~ anclillnits (Hlr ahill'.y 10 rnnke sound con

~crv;dH)n decisions 

:\l1lpl.llblan:, are Gl'tcn sampled at hrceding ponds. and Indl

vldlJab that ,·\re 110t pre.sent at a breeding site ll1 a particular 

lm.xdmg season d re wnsidcrL'd temporary cmigrarHs 1ll cap

tUfe-recapture models Cl\"ldlOls el (//. 1987), Temporary emi

grati,m reras lO t.emporary absence Crom the study area rather 

tildn pennanem dispersal In some eas~, cemporary emigra

tion i:i equIvalent io skipping; a breeding opportunity. BNeal 

10a(1:,. ror example. are phdopatric to hreedlllg ponds (Olson 

1992. Ca:ey 1"1 al 200:'il. Theref('l·c. we assumc telllpomry enll

grant" ale SklpplDg a breeding l)pportHnily and llN br~ed1ng in 

,1 liil"fercnl pond NichLlIs eJ al. (\987) de:icrilx ,IVO kimh or 

li:mpOrary .'nligrallon, random and vlarkovliln: in it \larkov· 

J,1I1 process, ',~mp<)rary cmigratwn depend~ ,m whetnG an 

individual hrcd in the previous brec:ding season and in i1 filn

<lorn sy,tem. temporary emigration is independent of an indi

vili-1l31\ bchaviour previously. For remales wc might ,IlPPl)SC 

that temporary emigration, if il occurs, is linked 10 reproduc

tiVe st;H~ in Ihe previolls breeding ~eaSOll Qnd thus follows a 

yfarkovwn p3!tcrn (\','I1SU Church <'I al. 2007). Temporary 

emi~l:r,Hj(11l is of interest biological1y oc.c<\us;: il provide,' infor

III <ll!,)f] about hdwviolH and rcproduct!on. It;" ahu interesting 

complH,uionnliy beeau'e tile presen..:e of Markcwi:w t~rnpo

ra:-y e.milLrallon can bias ~!>{\maLe" ,)1" ~urvival I-rom ihc Cor

maek Jolly Seber (CJS) models (Kend,lll, Niehuls. & Hines 

1997; Frct~y ,'I al. 2004; SehaLLh elol 20(4). whsequcntly 

alreclin,~ r~sLlllS 1'n)Jn elaslicity nnalyses or other appli,'atwm 

thtl' depend on rdi,\bk e"llm;Hes or demographic: p'l ra;ne leI',. 

A number or 3i1t1J{)rS allude ({) the pre~cnee (,~r ab.'Cnce) of 

temporary emigrati')J1 in bufonids (Olson 1992; K nhn 1994; 

Williamson & Bull 1996: Corn. Jenning;. & Mllths 1997; 

Schmidt & i\nlwlt 1999: F1'eley el 01.2004; Henle 2005; Bull & 

eIre)" 20(9). bUl pllbli~dl"d re1',)1'ls Iypically /IKu:, on male:; or 

(bi.;j sds where bOlh 't:xe, are iumped logelher (,Inl! arc )Sener

.llly high];, male biased). MOSi d,) not attempt to quantIfy Tcm

porary "mlgration specifically for females and Ihe sludies thai 

prcSenl dala on Ihis ph~JJl)menuL1 in Jl1lile bufol1ids pr~sent 

divagcnt results. from eVIdence agd1llst (Vascolll:cllos &: Colli 

21)09) 10 evidence 1"01' (Schmidt, Schaub, & Anholl 2002; Fr~tey 

cr al. 20(14: i'l'1ulh, N al. 2006; Bull & Carey 20(9). 

In contrast kl The phenomenon of [ClIlporary emigration. a 

re" :itudiCS bave estimated anmwl SllfVlval probahilitie~ in 

femak bufonids. Res~areht'rs ~stinHHing snnival probability 

have pJinmrilv llsed fhe CJS model (Sehmidt & Anhalt 1999; 

Scbmidf ct "f 2002: Reading 2007). aithl)ugb V;',~oncello~ & 

(\.]]; (2009) "prj} multi-stale modelll11j! io a 3-yeardmH ,d. 

hlinmllOrl of (knh)gr,iplti": pf\r<lmetcrs \lnder models thai 

MC cun'ellll" IIvadnble I'd) Oil reC:ipru1-es or" individuals (\Vii
hams. Nichols. & Conroy 20(2). ytt a common tran or cap

lUre-reCapture dat,) rmln populations of buronids i~ a Ingb 
proportion ofcap(ure~ ar,d recapture., ormales eomrared with 

il1,11 01" !emales. making precise e,;limate; for parilJ1Jd_ers 

speclEe to rcmales dlniculL For example, F1'etcy ('/ al. (2004) 

e<tptured more than 1500 males, but only 728 retnaks in a 16· 

year study or Bu/v bura in Franee_ Of the 72R remales. only Jl 
(4'''-;,) were captured m,)re ihan one time dunng the ,wdy. B) 

contraST, LIver 400 (55%) of the males werc capt\Jled multlple 

limcs. In a (i-year ~tudy <)1' [/1.£10 1'0ft'U., 111 northern Colorado, 

Corn ('/ (II. (1997) ,',lpluroo 40! mab and ~7 femab_ While '.16 

(24%) of the male, were capt ured mor~ Ibn once. only six 
(7'~'1l) o[ tile remale, werc recaptured Another long-I~rlll ~llldJ 

of B. IJl~/;) in Briwin reportecl the capture of J \n remales, hIll 

only 453 (14%) Wete recaptured more Ih.1I1 onee (Readin(? 

lO(7). Kubn (l994) documented th~ eapturc ,)f 2385 female 
common toad~ wiih only 329 (14%) recaplured. 1n a lTIore 

ree~nl, hUI shorter (3-year), study vI' IwO t.ropieal hu[onid" 

B, ~"C"neld'?1"1 and B. ruhesc<:'Tls. Vasconeei!os & Colli (2009) 
captllrcd 141 l1l:lle.~ (B. schneidere 66, B. mhC'scc1/s 75) and 22 

remales (B. schneider!: Y. B. l"lI{1c)"(;('II\": ] 3). The,e 'lUthors n('led 

Ihat4VO;" vfthe llld,vldnab for bl)th speele~ \\ere ,)nl) caplurcd 

once hUI did 1101 provide sWti,lics .specific t.ll each ,ex. 
These ,tudie, 'He l.:l)nSistenl in their relaiively low numbers 

l)f rC\.<lplures [or females. We hYPOi.hc,ize that femak bufol\id, 

ar~ cilplUrcd less rrC(lllentJy for the followmg reasom (l) th(~ 

<1re not presenl ,1l the bretxl!ng site be~au»c remale>, skip breed

ing oPPMtunities (i.e. temporary emigration is occurring); and 

(2) when they do breed, they remain at the: breeding site for ,l 

~hojler period of time because remales wngregale and cli"as

semble in a mMe random fashion than males (: e in" typical 

cxplmlvc brecdin£ situation the' eongrCf!:i\tlon of males is rela

tively .,ylu;hrol1ou:i). These hypothese., 1~)lIo\\' the ,generally 

deecpkd paradigm fl)r female bu[onid behaVIour arriving 

dftcr ma!cs, hreeding:, then retlcating: !o summ{;( nablt;H 

(D,1I'ie, & Hall:day I97S; Stebbll1.\ & Cohen \995. Fretty ('[ (// 

20(4), bUI lhese hypolhes~, Jack quanl.ilmive support. 

i'dalc survivaJ rate, arc oJkn used in mode;' because d~lla on 

kmale:, j" lacking (e g. Biek ('/ ,d. 2002: VOll~,h &. De In Cruz 

20(2). For example, ecologiC'll scnsitivity analyses indie'tle thar 

adull sllrvivnl has a strong influence on population grl)\Vlh 

rates of severa! specics of wt;;slern anurans (Biek el (// 20()2). 

They targeled r~m:lk ,;u[\'lval rate ,1> a rocal pill"l-l1neter oeclillse 

!c.nalcs pr(ldue~ Ihe olfspring. but in praelil'e [hey SubsuLUled 

male 'llI"\·ival e,"IJl1:Hes (Biek ('I (Ii. 20(2) SUhs(lIl1lmg mak

spc:~dic daia (1.l', surVival rate,) may lead lo <~ITOn~<l\b cOI1,·lu· 

sion;, To addr"s, lhi, laek <)finfonnation for rCHUlk bufonids, 

We applied ihe mlllii-~lalc op~n rob It:, I design (MSORD) (Sch

warz & Sl.<lbo 19')7: Kendall & Bjorklclnd lOO]; Kt:ndnll & 

Nichols ~O(2) lo a J l-year ..:aptnre -recapture data sel from a 
"ingk popu!<ltiol1 01" boreal ioads (B horem) III central Colo

radv. LSA. Our goals were to ass~s., kmpomry immigration 

as n1anifcsled in the Iransition between brceding and nOI1

breeding srat"e$ in a temaJe bul~)nid ilnd TO pi ovi(k an unbrased 

estimatc of sun· ivaI. 

Materials and methods 

We colkcLed d?ld using the robus( dcsign !'1",unework (Pollu.::k 19~2: 

Kendall & N,"hois 1995). WlllIin each Qre"dlng se,\,ul1 from 194910 
2009. \\Ie condUl.... teU 111ldtipic sampllllg S~~\lons d{ Lhe breedIng 
pond 01" a popllial10n 01" bGrc,,1 I'lads lB. horc/J.;j al Dennv Creek 
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(I UkJl,h!O) n~(,(J III Clev"t.iun) Al1Il11'ih were ,,:.ptureil by hand, <If 

n~ghl. (L.)f ..,He de~cnptl(Jn l:Ind deL.1!lt:J tn~[hod~, ~e~ Scherr:l, ~V[ulh~, 

& Ldfllt'o:n200S). Thl~ 'pe':lcs lu.\ 'lIllcred lh>pubtioI\ dcdmes ,n [hc 

Rod) !vlo"rlt"j1\S since thc emd-l'l90s letrcy 1993. Muth, <'I III. 
200J) :tnd h;iS bt:'~n \.:0llsidt'Tcd Lor h~t.Jng ll1ldt'T ~he ft::deral 
Frillang",~d Spccie" !\cl. RL'Cently, lhc US Fish and W,IJill;; SL'r~,cc 

(1. i Sl·WS! h,\, becn $ctvcd \\·;(11 ,', 'Notice of lnro:rn lO Su," by a 
ll'ln-g()"ernI1lC1l1dl cOIl,<er,·uli,.'n org'H117ut1011 O' Ireland, lJSFW::l. 

r~er'-: comm) inui~:din;? lha~ th~ feJertil S~'JlWS ()j" lhe hl)rc:aJ rOLld i:> 

u1)rcs01,..cd. 

\Vc rcl't'i lO tllc D~~l'iclfj oftilrlt over \vhlch slunplmg v·:as condUClcd 

t(l;;h Vt;c}f d:o. the pfli11,Hy p:::T!()U .and f,) the \dtnpilOg ~e·"""I('n3 ('t)n

ddctl.xl WILhln each rrimary pl;;rh.)(l (J.~ cnpLun: O(X:,l~I~)ll~, Dliring -':i.lch 

c..:plufe 0ccd-sior:., the .sit.;, !ndudlr~g ildj,t,,:cl.lt \\'t;t!and~ und \crJ.'c-;lrl::J1 

,lr:::l~. v"a,;; :-,ci:ln..:hed ,lud IOdd ... \\.'er~ captul ...~d ill Individu~ll plaQH.: 

h~\g~ !\I".'\·r C~'pltlh~'" n,..,x;iv ...~d :d Pd";";I\>..:! int~gl tttc\:l ~ral1,,;,p~Hh.1er (P1T) 

lag \ViIl1 <.1 uniqu{' nllmbcI R~ciJ'pru[cd <lnun..!.15 \\'eu.,; mC'a",ui~(L lht,!L' 

PII tdg llull1b~r r~(:Ol'ded :-J.nd. then reka:\~d, 

\Ve u~~d t\VO HhJdtl.,:-- lO analys~ the data For lhe InujOt'lly pf the 

an'-lIy .... l~, \\·e ~scd the relativdy IlC~, rnulli·s~,au..', op.,;n r(lbll~t design 

m.xie! t\1S0RD: Kcndull &. BJoJki~nd 2001) Iil prOS"lm MARk 

(\\'h1t~ &. BUTnh,un h1qq) ThL~ JEPdd H1COrpofHte" lnfonndtion O\i 

\\·ll.IHn-}.:at d~namh.':~ III (.lddlllon lO our lHrg:et par£lnwIt'r~ l)f" sl1rvi\:al 

;,JJ1d Temporary e-mJg;,ation. For reasons dl~cussed b;;!.o\l,/, we :dso us~d 

lI't mLJI\I·>l.al~ model Cpr II\c reeaptlllcs (JnIJIU-S1.•ltC In<lrk ··recapture, 

\iI','vl R; Hr,-,wili~ ,: (Ii. 1(191) 10 u,sc<" plJt~lI:iJi blU, in the par"l11cwi" 

~,til11"t" frorn ,he \1S0RD modcl We ",,,,,m'd lhat Icm<lles in Ihe 
]"'<\)[)Jbl.h.Hl '.\'C'"112 j!l one l)f [\.l,.() ')1...1I e:; c~l...:h ),c(:I.l" breooer (Jlrl;..~ent dl Lhe 

hI t,;,'uJ:1;? <;nc and ;J\-,·li!a~"'Ih.: lor c~tpture) or nc.'n~hn.·t:der (:lb:,enl frGJ11 

rhe brC'cdHlg ~il.e), 1\ ... nnn·brc:....~d~r~ ",·\.'ere not prc!-:cnl. al !hc hri."'e\.lmg 
sIte and, chf'J~t()rc, w('~c ]jot available for cLlpture. Lhc 'nonLbrccder' 

'1l,H~ \.I,'a~ url(J'hscrvable (s(-nsu S<.:h.IUb er oj 2004~ Vascont::ell(\g & 

CDI\; 21109). 

r,..1ULTI-S;f,TE OPEN ROBUST DESIGN 

Th~rc ;H~ hv\) l:k:rnenh III Hu.: i\·fS()RD HhKid: (t I pdfam:::Lt:fs COt 

nloc!elhng. (11\Jvr:menl c1}llClffi!cS ,tnd eapLurl' pfohlbJJir)' d.~1'(Y)S cap~ 

~Ul~ (It\.:a... il)ll~ \.\.'llhin ~ach primary period (l ~ \\·ithm ye:-i.l"':i dl1J l2) 

paniJnetcl .... Co, tthh"klltn,:;: (he L'h(JrJg~.'l m. dCl11ugr,q)hlC V..dLLe,"l (~ltl~ 

v1vid PI,..)L"'~lhdily an... l T..:-m po I ,1I) cit~lgra~!\)n) b:::lv..:~~cn primary [I('noels 

(I ~' hel \'-('\;'1 }""~;'J1"':1 

Element 1 

In g..;:n~Il)I. lH()\.. ern:;:nt and ~lllnpJing proceSs.c:-. '\\ iihln pnrn ..H) pcnods 

,lie Illocldled wIth I\\'0 lype, nfpd.riJln(~tcr$· penl;" Ih~ I'wb,thlltty Ih,u 

an mdlvlddalill stal'r;- ,\' {!~. hreedc::r ~)]' lh)n-b1"~edt':r) enrers ;hc -;lUd)' 

Hi"l'd ,Il~:-:\ ot:J'nrc ('~tplul'e O<''C~~SH)n Jwilhin pnlnary penl.)d I a.nd (j)~. l he 

prohlbilm lh,H UII ll1ch\idual in slatc \ remains in the study Mea 
bct'..\'tcn ~(.q;rU1"(:' PCC;I$j(lO'".j <:.u,d I j I wllhm primary penod t giver: 

Ih,1t ;c \l"d pre"I('U,ly "Ilkfed Ihe ,llIU} drC'1. Thc probllbdll} <>!'C.lp

LU~'. I);. l~ the probi:1bllHy dlal all indiVIdual m stiLte \ \."; d(:lCCl~d on 

(l(\':.!;,1011 J I.)t pnm:Hy p~ri\)d l gJven lhi:l.i.. it IS Hi ~he ~t[Jd~ ,1I"c::\, The 

ll·IO.. ~d ;dh\'r\"~ :nd{\ Id lldb lo ~nt~r ,uKI CXll the POPUll\fIOn l)\iCe dUrtllg 

t~ r'fllTu,ry pt,:'nod (!.~ l~)dividual:ol CaU1101 ent~r the sluJ) iHC'c.l ~lg(!lll 

a!rel c;.liln~ wilhllll.hc ,Wle year) {K~lld,!li &. BJ0r,i~l1d 2(X)l) 

Eiement 2 

Chaflgl.:7l in dcrn(-.g.raplllc par8l"':ldcr.., b0l\\'l'l'J) pnlllar: pel'lods are 

111(ldc1kd by S:, the pl'c~b(1bihty {hat an indl\'!duaJ 111 slal(' \ SUl"VIVC~ 

I.i·om pnmaJ)' period i to I • I: l1J,u 'j). rhe )'n.lhatllliry \h~l an IrIdi\"ld

uc..d Iran,lonti ..ln..; fronl ~'l breedt:i tl) <1 n(ln~hreeder :-Ilate bel\",~en 1 dnd 

J - I 1J.t- bCLOl11eS" \ernpomry ~rnlgnHJI) ,Hid if,~H ~B, [he pr0bi\hil

it)' lh,n an Indlvidua.ll'cmains d Ilol'l.-brcc"kr between 1 i.l.nd i - J 

In rh~ ,lppli,;arion or thl' mouel w our dala, we a,sumed [har lIon

bro:e.:hng kmalc:; wonlJ nol be allhc breedlJ)g pond ill all an,l Iherc· 
fore. ,0:[ Ihe probabllily of CIHI) inw rhe siudy <lrca for non-brL'O:ucrs 

(penl;:U) 10 (I. A; our u"ta were rd>ltlvely ,>parse. \~e c','aluJted lTloueb 

wirh (~'W p::lraml;lers. Prc::v!<.)u::; st.ud~e-~ h!w~ noted thal [eln ...llit bUI o· 

Iuds congf~gall" <.loti "h:..;asscmblc In a Inon~ Hi.nde·J!l (\~h10n th~ln 

males. and g~n~i'aily dnivC' i.H brc~ding sHes later 1Il ~hr l'\rc~xfjn£. Sl'a~ 

'on til.Ul 111"1", IDavle, &. Hai!iddY 197R. Fr'::tc). (" "I ~OO4. Skbbl!" 
drlJ Cohen 1995, EM & RDS. per.' ob,). Th(~rcf();(\ \,~ !J.~p,Jlhe"l.tJ 

llu.ll pcnr~J would b~ higher in "llel ~~!tpturc ()CC~'I~}lc~ns \\':l; ChD:"~' 10 

tXunlme thiS p;-l.ttern tr) the- prohabltily of entry VlH Irn~aL pcrH(hJl~ 

~()r), ..\T)(.1 qUi.ldrallc. p<.'r:l~qIlCl(J). rn()~kl" ~h w..:]i :l~ ..... \·r~h.J(llHlg rnuJ::J~ 

lh ..u dHowcd t.he lmcaf and quadralic fc!anon3-htps 10 Y'aty h~l\\'e~:n 

}C'H$ (i,e. limc): pCl1tlf" I;n<ur) and pelll(1 x qilaU) We also allowed 
pent lo vary :unong all (;aplur~ occaSIOlb and ~dl primi:lfY p{:notl:-. 

[penl(fulltilne)]. Fii!ally. we hypol he."LC.'<i lilat the penl~; ,,('ukl be 

the s:unc across C<lpTUrC (lCCa510nS j bw would Val) ai110llg pnrnary 
pel'i(lu~ i; penl{pri01ary'. 

Onc\;' IfIdlvldltab hd\.'~ ~nl~red the pdpu'ation. ~l);\ desL:nbe~ lh~ 

})rObi1bilitj thal the)" r("m~un ,H th~ breeding. ::ilk f(ll sLlbsequl~lli C~·lp· 

turt Oi.,:caSI('ln~. "~we dssum~d lllat. nOI1·brc:eder... \\t~re not presc'Llt (\I 

Lhe bJ't.'"~dln.;;r site we s~t all lj)::IJ IlJ I) F~)j hrt;c'{.kr~. \\'~ 11yplJ1hesi~t.:d 

[i1<lllhe probabillly (Jl"rern,lIllll1~ .11 the br~edm" ,i,e \\"ilIJ be a hl:1~

tl"" of \.h~ length oftllile th:t; an in,Lvldual had a!re'ldy been ,,,,he 
bretXlmg sik ~I.e lhe nllllloer or C;'q)lUrC {l('>..::,~ipn.l., ~in,-'C' the Indi\ldu.:l1 

Mnved al the br(.,<;,.uing ,ilej .lI1d u"llot~d lili, rrlodd a~ ~)("iJY) Wo: 

cxpecHxl CstllnalCS of <j;~ 1.0 be low (I.e (cmdlc; do not stay d( lh;

breeding .sHe very long) and to bC.i.:tnaHer lhe longer an indrvidual \i,a~ 

presenl ~t (he breeding slIe ba;:ed Oil OUI SUpp,)SlrHH\ (ubm'~) thai 

females move inlo and a\h)Y from t.hc brC"\:ding site quickl} relative [0 

mai~~ V\,'e abo el.'ctluated model" In which (~~ varied among all ~ap' 

ture lICC,1'il0n.s "nd all primary penods. ,p(fHllum~). <:md model ... truc

~lIrc.,> \VhCfC <()~ v,.a~ constatll Heros", Chp1.lIr~ ucl...·a:'l-iOnii j and prtl'ni.lr~ 

pen odS!. vl(·) 

W~ ,el the (:uplme probu bili" orll(l,,-I'reLXier'.I'~", 100 \Vc e\'dl

u~lteJ lhl~e mod~ls. of c~1.ptLlr...: rrobi.lbdil·~' i'OJ bn:ed'er" P~;. '['unume' 
<lnd '.' modei, fa, dcscnbed a!:l<)w lor (he pc:n[~ and ,,\~) a'nd u model 

\I.-here ll;r~1 \\,a.;; dllowed lO \ nry ,Im~)l)g pnm.dry ;~t'J'j~)(h i....u: (]1)1 ilHlonf 

capture n(;ca:Sl()n~ wlthm prllnary pltfl()d.'1 [dendted as p(pranan J1. 
Afr(:( r2\·aluatll)g strt..lClure:. for pnmary period p:trilrnclcrs 

l...elcm~nt 1). \.vc turned t.O the bet\.\'eell-year panlrndi.:"fS (element. 2); 

lhe pfobabilllic:"l of annU<.i.l SUn'!\'i;tl dlld temp(,lfar~r cmlgnHlon ..-\:'1 

Hon~b.rceder~ iJ.rc not obscrvuhle.. lhc llloJd require,., that WI:: a;-,.... unw 

Ill~l surveval pmbability III br~cders is equal 10 snrv[\'ai probl\bi!lt} In 

non-hrccda, (S~j "" S;'k) (Kendall & BJorkl>:nd 2001) 

Vr'.,:, i1O{."I~ss;,:J lWO rnodeb ['01 S~; one H.'prc~eTlllng ~u\ ;ncrLlg\:~ 

Ll.rlnl!.;::d [Jrobahllity ofsun"lv~iJ lS'(-lj ~lnd on~ ,ulo\.\-jng V,U'ld{lUU nl [h~' 

prOOJhlllty o(curvl'.·,]1 :lIlhHlg )"""rs [8(1)! S\lc'llihar 'IH~·iY.11 prohai1il

it)' was e:-:tllll;\ led for ~jJch yei.~ 1. 

Tran$itil111 prob"bliltie~ ("'l J,""crrbe, th~ probablil} ol'u breeding 
indlVlduJi beconlin~ a i)on-hreeding i,)(II\"ldu:tl (I,I,D ~B 1 .\llU ~ ,")11
bre~ding indiVIdual rem,,:nlng " non-brtcd~r (tll~U ~H). Horealt(>a.d 

i'clllak:s, d.moTlg olh~r hllrunld,~, are th0ught nu~' to hrc(:d ~\ay year. 

b\lt fa skip on~ 01 more years hen':;:eo brcechng (Olson 1992: Coro 

'"' a/ 1997: Care) e, a/. 2005: Bnli & Car~y 21J09; hut.'ee Vasc,medlos 

& ("olii 20(9). The phY"O«>~lC'll requirements "I' kmal~ toad., (c g 
acquiring. dd~qllarc ellergy to yolk eggs) s\Jppon lhe phcIwrne.noH vI 

skipp:n~ hreeding opportlln.i\.i,~s (i c. t~mporarv ClTIlgmunn). '1 ne.)e 
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phy.'il' }idFh.:,d ~,t1~1:·!(' I C...1Ill: C ~~dc:q 1J~1 Le r(·"":l.lr('~s d linn p I.llC ~.rowinp.. 

'~I!:!:-;(ln, ~il.d c.'!f~ h-:: GUn1nrl)11Ij-;(;\1 by H P~H'lIcular!) e~lrly "l..\'mtel or IMe. 

\.·l\id 'iprm;; { '(Jff!ln~en 191.)2. R..:::\ding 2l1{J7l 

1tJ'Polh,,~s{7.Jng that (emdl('$ !l\::\~' be physlo~og:jc(jll~ UrHd")i..;-.:o bl'('~d 

every Y~ar) \'r~ expel'ted th:u the proh~thtltt.y ()( tri:H1SllJOlling (rcom. 

bl'<.:cder lO nOI"!-bn:l.;~der (;/IL•. ~n) Vcoukl b..:: grcaler lhan lnl!l"illlonUlg. 

from rWIl·"brc,'dcr to non-breeder Slate (ifJ",o.Nfi) Th~f IS, Il is 1l10r~ 

likely t,o hcc~)ll]e :-:.non-breo::lcr ('o11ce an mdivldual hi:l$ heen ,"l hreedel 

rill' ,;cenJ no. wh~re l'rel'J:ng ~t~{IU~ depend;; ,}Il lIle hraul11g ,taluS 

01 the }'.'rc\'t0US year cxemplloc's lir3t-ord~r i\1arkovnln (I.e. nOIl-ra.n

dom) «mpororv <'m;grati0n (KendalL N1Chois & HlIl~S 1997), FU1

lhcl'ml>r~, gJ\,en (he c..Olhlnlllll:; '-1.:s....,ociaLt:d \"il!1 living In 'l hal"sb 

... r1\'lnJrtil1.:nL °re:-.tmg' Il."':: ...kipplllg ,til opportunily } H!h~r.\ year l}f 

bH:l'\.~ln~ !l1.:\',' b..:: obfig<tI(.Cy (n \·!e\\ o( \hc"lo,;": hyp('lLhc~c:,,;. \\·c l;.~\'~lu· 

rll ..',l ...,c~era; 1110dcb "'lr"t ';.\.'c" (J~s~:-:,"'''':-o I,ft(,lall'), whll:h n::fk~l.;, dllTer

eli.l.:e:-. !ll LrcHj;:;illun ~"'ll"n!Mbdnie .... bet'''''~l.:ri SLitl,;"... lot ~·Jarku\'n.in 

t,~IT.lpOrary l'migratlOll (1;1 "-u '\U f. \UIJ,Ntl). S\':c\:md \...e te~Ie..t amodel 

(hell 1i~ed th< If<ill,lflOll from breeder to Ilon-hr~ed"r t,) I. 

lif(R --t '1B = I), "hi,h le't, IhL',npp,),HioTllhdllfan uKh,idual,o 
H. hr\."edcr 111 )'~~U I. t!1..::n lIldl mJlvldllal1~ (~bl:i:.!ed to be a nun·nn.:cd..::r 

III ~,~:u:2 1i.tird, \.\L' ,,[lowed differences in tr~H1SlliOn probabthlicS and 
V.lridU0n ,iCn,)S:-- )-e<1r::-, ( tjm~): l!I(''ilure x tinle) ;;llld 11nall.y. we eval"'7 

~!all:d the nH.xid l/I(-), (h<.u tran~lt1on probahtlltie~ hrt;~dil1g to non

brcedHl~ ,lnd rh)ll-br...::tdlHg (0 brcecwg arC' not dlrf.:::rcni Ii.e randclIll 
lCl"i1l)()1 ~)t) C"lllf!!.r•.ttJon ) cr ~{ble I), 

MODfLl,ING PROCEDURE' AND GOODI\ESS OF FIT 

Al'h.~)ugh ...q~ .... cre prirn;.udy Inlen.~'teu In e~[irnalln!=! ,urvi\'.tl and 

It"~ln'''llIOt'. pfl)bdbll1u~s lor h.:mak;:; . .I.pprl'·pn~H(: asses:,rt\;;nl \)l 1rIOh~

m"lll dynamlG$ and eaplUfc proba[)lill!' "'i\!1m ~ach pnm:ny p,,,·,od 

l~!eDl~nl I 111 thc MSORD model) W'J.> essential 10 J\oid bia, ami 

llHPn:.,,<:l:;ltm Hi. 1hl.:. pUI ltmeiers. (~r Intetltst. \V~ began our (lnajy~i;:; by 

usin,l~ tile J'~L)st highl) p~ll~Unererl"zcd lllodd of the bc(w"en-r~ar 

p:~raIl1er.en., thnt l$. \'-'e Slfuclurt'"d .:-.lHv·ival prohdbllH-} (l'> tillie-specific 

(S[I]\ "ild tran'lIJOil prnbab:lily as 'I'lt" and I.lI11C ,kper,denr l!flS(~

l~ x lmh:), ihen "'cpt Ihis ,~r.ruc\ur~ const-i.lll. ~"'hJl~ Wl,) 1;;\',l.!uakd rnod

eii- ~)f P~lH·:,. (:<, dnd r( The c\';;ihtlltiou of~hl: wJ(llin-y~al parameters 

\.,~)J-:J t'(~lll' ;l)~~dd,) \\ ilh ~1/\iC...: 10 tBurnlidlil &'. ·\r;dc:r~()n 2tl(2) 

rh..::,~~ ";lIUdUfC:-. on Pl'flt~" (PI:' anJ P';l \-verl: ret.lined \,-Iwn ~"'rtlLkltIn8 

j)(;l-..v('.:n~.vc;H ~)ar..i.ml'lcr~ usmg all pl)ssibk coniblr1ad(ln~ ui lnodd:-;: 

for S and Iff \\'e a"es'ed ~ondn~,s of iiI of lh~ \1S0RD u"mg l'rtl

gnnl1 ()~I.)."'UR\'I\. (Kt:nd.di & Bjorll~nJ 20(1) 

MUL rl-STATE MARK--RECAPTURE 

(jOtx1ne:--::-~~)f-nt t~~llng ~ugg~Sl.ed lhttl a g:enerai .~\iISORD luodd lit 

rh~~ daTa p(\orly h 1$ lmp0rI(lllt \.0 n0t~, ho\-ltever. Ih~H t.hlS t(;st (I he 
Peiu"'un chj~=,qu.1n:~d ~l.)udne:~~-l)rfh \.e~L) C;ln loo frequently re.lect lh~ 

f1l111 hH'll)th~Sb or ~\dl?"qU;lt\;' foh ".,.lwn lhe d8\.a ;'l"t:.: spar"e {Ki.'ndc:dj & 

DlorklH.lld 200i; \','i!li;:erns- ~~; at, ~OO,!), On the ol.h~r hd.Ild, (1 p0.~.~lblC' 

call'" ,,:- the ponr Iii 01 lh~ \'lSORD InPut! to th~ (io\.[ b 1n11111l'le 

Cnirall("~$ and exlt.\ oj' mdl\·lduaJ.r., into (he. Soli;; \-ltltnH) pril1i-,Hy pt'l"Hitb 

(I ~ b~ll"~en ~apturt Ol'l'aSl\lI1,) If rh~ 111'XJeI fib lhe U,i1J ponrly 

p~1.ramcter C~llm:lles Irom the H10LJd m<'l) hi.' bm~o:d Theret()ri.:-' \·... e 

(hose 10 ,in~ll>";,~ lhc ~ia\a uSlIlg ..t SC(:(llhi modcllolook.. (0\ l:Vldci.ll:~ or 

bl;\S in pcl ramelcr eS(lm'lt.e~. 

We used the :vIS\1R mudd (Drowme <'f of 1993) whiGh rl'ljU1rC, 

pooting dald acro~s captlll';':: occaSiOns wllhln d primary p~1"10d (i.e 

e~(:h mdl\'ldu,J1 is <:Orlsidcred caplllr~d or Ilot fnr eacb pntn.ny per

iod), B:-r pooling ;lCTOS~ c.:aptun: oe~£J:;.,ion,' wHhlil e£1cn prim.:uy pcnt)J, 

"·c diminaicd Ih" porcminl prol,lcI1l of multiple ,'nrries dnd exit, <ind 

the estim~trlOn of !.i1e movemenl p{lraillClcr~ v~·li.hll1 primary pCrJ\)d ... 

(pent;, dnd r,);,). The r~l1MIJW1~ parameter, I'rom rlw \1S0RO model 

arc ;r;c1l1dcd in lhe :vtS:vtR model fS~. S'u, r/J~i f'.", V/ H 
", I,ll end 

p,"I11. although p:J and p;'lD ha",~ it .;lJgtnly tiltr~r~nlIlHcr'pn"la11~ln jJ~ 
I:; tlll: probabilHy 0[" detectjng a bre~~(Jel .1t l~a~t OllC<, dUfing pnmary 

perIod/and <,r; I~ G. 

rh~ set orllll~dels \\.. c cV<:,llt~HeJ u~lng the VI S?vl R rn0dd h·ne SLn;,c~ 

lurally sumlar t.o the model> we n~llJilt~d us.illl! the iVIS0RD modd 

<inti \\It <.:OlllmUOO lO a~;'Jume ~qllivalclll l.;urvIyul pn)b;;l.blllties rl)f 

brc<:dcl:" and non-brct:d~rs, S~H = S;J \Vll'h thiS constr'lint an pLu,,:e, 

we evalLl,llcd models In which survival pJOb~biliry caricd rOT 0il,h 

ye..rr [S(I)], ,lnG W<i, constant ~Cr(hS ye:lr~ [S(-)l '0':e evaluat0J I'c.>ur 

s'ru\.~ture:'l on Lransition probablhly. (I) tratlsltit)l! pt\)h~1l"'l1\Jly from 

bn~,;cJe[ to nOtl~breeder"aries ovc:r LIme and is dlllcrcnt Irt)lll lhl:~ tr~1n .. 

SilJon prnbahilit.y from non-breeder t,) Iwn-breeckr \1;/I',tat, \( !D. (il) 
II dll:';lllu·n prOO.lntlily rr~)lll breeder to n(m· hreeucr dl)r;;:~ n~)l "'iU'~ ~n't'"1 

tlme bUll"; dlfIcr..::nl from d:~ i:ral1~ILl0n prub;·'b11In· fn..Hn llOn-brt:cf,h.', 

10 notl~l.)I'c:-e.U~r (l/rfSt;"'I~f1, (Ill) rrf~n~ll:~on probdbdny fr;)11 1 hr~~~1~1 Lp 
I1dn·hn:edel I:, ,H1t~ Jnd I:) dIfT~r~lll l-r~Hn lhc lran~itd!n prnbahllli} 

treHd lhm·brecdd Ll ' r1o!1-bre(;~der (1/I'St.t.l<:, B "\ill :.,.- I]) ~Hl(J, ll\-l"'j 

uanS1110n probahllity to 110Il·hreeda doe~ 1l0l V~H)-' (iCIOSS t.unC' o~ 

,kpellli 01) an ind'Yldual', ,l:~te III th~ pre\'lou,; brc<:ding ,eJ'OLl (Iitl']) 

Finally. Wl' \:valua£{,"'(l h·\,() strUl.::tun:~ CHI P6 . \\'e ,\llo\\'ed \arm!,lon
J 

(ICW,; yeHs [p{l)]: OJ 8sslIrn,u it \hl$ constanl across ye~f$lp(-)] We 

~\'aludted every possible combination of the model slrlll't.llre,' for 

th~:'loe pdfameter:"\ and (krived l11()dcJ-ll\-"erdg~deSllinale~ \)1 S;. d/~~ :-.. h 

allO W;"'J8 Ii To cvalu:·Hc pOl.(;~nLHll h)t.~~ (n p3rai"l1~{l"1 C..,llffklC;-. ['rom {he 

\1S0RD rnociel. we cornpared lho",' c',lJrn,itCS wnit ,he mcxicl-:i\~r

dgtd ~~tun,"e~ from th~ i\;iS~1R mode! VV~ ',L"ed lh~ Ill~dl;;dl C:~:)tn 

pr~)L~d.tll\: In p:l)grarn "'IM~K l() ..:..:~tJrnah:; tht k,·d ('I (lVCr~dl~j1{"r:-'10n, (. 

tn t.h...: datd f<')t the most p;1.l"'UnC'Crrl~d i\;1 SJ\1R nl(~<.kl 

A L'onU1l0r1 probkrn In ~-IIlal)':)~~ofGlptlire-recaptlire tLl((l J,) (allure 

01" the l"":-.-lirn;ilio;\ pr<.Kl'dufC 10 produce ;;;')umak:'l 01 Slnllt;; ptlr(.IJ"T1~lcr'\ 

m a m0dcl, [n panicular. tlle fadure to gc-llCrU(e Un ~$t.imate (dJl uC;CUI 
\vhe.n the esttnl:Hc- is nedr the h0un<Js of l'he rang~ or p()~:;ink \'(J.fw:s 

(i e all estirnale ofsurvlval proha.hrllty "e'HO or I) Instanee, in wh'ch 

~ome para1nctt"~ are- nOI estlrl)at~d arC lmport.,uH to LO(hld~j" because 

non-r$tim~Hiun of () pr.ranielcr can ...:ausc bi.lS in eSlHn;lteS 1)1" other 

p(.~n~merer~. In thlS analy.t.,ls, the e~t1matJon proce<Jur~ fdlied tt~ pr...)

JlIe~ ~stlJll:l.leS fm ;;;;olne pan.nHctl.::1:."'l lil rr1:lny 1JlGdl+, In (:"VI21"\ c~{sc:, 

lhc pnrdrnct::rs rhtll wer~ not C',\umatcd wen" nui::iiUlC(' p..H,ulletc(S (I (" 

lht'y \.v~rc. !lOl the pararm:'il'l""; (If pnllldl'y inrtrc:;-,l.. -SJt\-I\·(t! dnd 
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rrilOSIl.lnn probd blhr,~,) '1" de~l with Ib,·, jlloblem. we eXdll1111td t.h~ 

fd\;, d~;ta lo (kH.·nl11lH~ [f' lh~ VJ.(lk nl a p~\ro:lmr;lCI lhdl \'(a~ l)l)l 

~~tiTlialL"ci was IH:~lrO 01 I Ir~hal v... as 1h~ L(l~e. '.\·t;.·l~\.ed I.h(: r~HClmd~l 

1(' Ih, IdeV<1I1t vallie and rail the moclel2g.1in. hx "JIN)k.ln Ihe wp 

rn'xtel fro'" lh~ \lSMR "n"ly'l>. c~plur~ probabd'li<:S In v~ar:; ?OOn 
,tnd 20{)1 ':~:';:lC noll~:,l)rni:llLx.i. EX;1ITlInatlon of (he raw data HH.bcat.cd 

th.u p for 2000 W<l~ e1os~" to lj \I.,,~ no toad.:; WL'r~ t'e-cap!tir('~ 1n 2000) 

al'dpfol :?lIOt "'<isclo!><-(() I (I.l' mony In.divldual,w<':r~r~-cap{.ure!». 

rhe,e!"H~, \~e 'eillle,e ("\Plur~ probabjlltl~., t" 0 and I. rcspecllvdy, 

dn"l fdn. r be model agalll RcsullH1g cs;liln.ar.t:s (~r the target pardmetr:rs 

\,\"C'fe r:,~;ld~ !d~~llllcn1lo t)ltr0ngJHi.1.1 nlodd~. 

Results 

Df.,TA SUMMARY 

WeO c<cplllred 124 femak tn'lds ,n'er II)ear, (11·J per 
yeanThe results ,)f the goouncS)-offil ies1 [(II' the MSORD 
model indlcatcd p,)(,r tit to {hc data (/ -" iii·59. P ~ 00002) 
illld tnoderale,)\tr-disper,ionlD thedall\«( = [,95). 

f':'SORD MODEL SELIOCIION AND PARAMEiE:R 

EST'iVlIITES - WIHIIN-YEAR (ELEMENT 1) 

l. sing the gcneral stnlcllJrC f,)r survival and tranSlliol1 probi~

hlliue,. S(t) ,~nd 1!1(,lalt x II. we explored dilTerent 'lmctures 
for the within-primary period paralllder-, Cfahle I). In the sel 
of candidate l1J(ldcb. Ihc dalil pr,wldcd '1Jong suppon 

(a, ~ 0 (6) I(Jr a 'Ln~k ,lrllc\ure: pei-,t(prirn~lIY). q)(,lay). P(,) 

(Tilbk i). Contrar)' kl our hypothese,. eSlimale~ ,,1' PCnl~; fr,'Jn 
Ihc top modd suggesl thm the lllg:hest pn'ponioll ,,[ fClllnks 
'\'<on; pre,clll at the breeding 'lk during th<o lir,t capture ,)CCil

,ion e<,eh year. and lhJI ,mailer pruportiolls arrived lalcl. For 

c~a'lIpie. the cSlimale of pem l1 [or the fir,t oCcflsion iIi 2001 is 
(l·gS '111d estimate, of pCilt~ for the remallJlI1g capture OCC(l
,iuns in thai YC:u al";;: < 005. The lop model indicated that once 

at the CJrcc~ding sile_ the probability thm a fc-m:dc rcm~lincd al 
thc brc'cd;ng ,HC in snb,eqllcnt capt I"'" occa,ic)n; (1J,)- vaned 
hy lh,' length 01' time [he (emak had already been al the site:. 

Due to thl; ,p,uscnes, of Ihe dat,;_ only on<: Cstimak of <JI, wa, 

reiurncd floln the lOp modeL thereforc. wc prc,clll [he ,\wrage 

value 1'01' (lJ from the ,ccond ranked model: ,iJ = 056 (95% Cl 
(l-j~.{I-78l and p:ovide Irlforrnati"ll from the r:1W data 10 i1lu5

[r;ll~ Ihe behaviour mea,ured by dus paramcler. 1\-0 I'emilks 
"ve!.'<~ c'aptun~d ill C<lll,'eurw'(' )'('((1'.\ amj unl)' 61 (49'%) w<'re 
capwred more Lhall once during lheclllire 'itud\,. Of tile 61 thal 
were recaptuled. only )9 wen: captured more [han once lI·ithin 

£'·idel1ce (ur skipped breedinll 0pJ!vl'/wlJlie., 127 

.l pnlllMy p:'riod, S¢\'('.nty-seven per eenl 00 of W) or the indi
viduah thai w('re encountcred in Ill-XC than one capturc .1l:C<-I

,ioJ1p;or pnmar\' perjod wen:: c'aptllrw ill (lnsenwJ'(' onll.l/oI/')' 

II' w<, \be the e~111l1ill<: of 0·56 for <il. the probability or remalJ1

mg 111 the .'l.l1cly areH f()r 1\\'0 const.-cutj,·c capture OCe,bll)n" 

would be ()'56 x 0-5fi = 1)-]1 ,tnd lhell d~erea-,e by .56"';' 1'01 

e<tc:h capture ()(,Ci15ion thc:reafler. 

FJrlally, the struClure of [''/ ill the top model suggc'ted low 
capture probabdity 1'01' females and low \',HiabiJity In capture 

prubilbilltv :1Cf0SS primMy periods ilild capture OCCiblon, 

within breeding sea~olls (P,/ ~ 0'22,95% CI 0-1 5· 0-3U). 

MSORD MODEL SELECTION Af\D PARAMETER 

ESTIMATES - BETWEEN·YEAR (ELEMENT 2) 

The d,1 ta provided suppor1 for the first two models Icomblned 

II, ~ ()'95), althoug.h the rap rn,)dd !'oecejve(\ considerably 

high~r ,upporI. The !'oJ' two l1]odels ditkred only in I!le ;,l!u~
lure of l/I~J NB: the top model fix<'d !,VB,Ni' to 1 li.<,. bretxkr, 

alway> lramit to non-breeder, t.he following year) and the sec
ond model allowed Ib u 

NB 10 be c,umatcd fj'OIn tbe datJ. Esti
m;Hl':s from tbe [\vO nJodeis \\'cr~ Hem!)' identicaL therefor.:. We 

report the estinullcs from Ihe tor model only (T.l.blc 2 and 
T~,blc ~) 

The ,trtlclllr~ of the LOp f<1l1l-ed modd indiedlctj jh~lI ,ur
viva I probabIlity III b,)rca] [oriel fem,dcs "ancd litLie bCl1h:CIJ 

yea!', (S ~ (}(l,7_ 9.5% CT 0·73 095) and thai I.he iran\Jlll'll 

from breeder to non-breedcr W,IS obligatory (i.e I!I 
B 'u = I) 

The pr"babiliry Ihnt an llldividuaJ remall1ed a nou-breed;;!' 
aner ,kipping orecdtng the pleVlOUS year, ~/'B '.il.l \I·as ()./i4 

(l)5'~';, Cl (J-:\8--084) (THble 3 J. Therefore. terllp"rary elTIll!rJ

tion in female bore<\J toad\ i~ Mukovian: Ib~ probability (hut 

Tilblt' J. Estl.m{)kS of key de.tllographtc paramr:LL;)rs .';UI VlvJ;1I 

probJ.biiily COl' br~eders 'end n,)n-hr~ed~l's, .S·!!: rht' prob:tbiIoL\ "I 
lransilion rrom breed<-r 10 non-brc~c1n. \il:; NJJ ,;nd the probahtlil)' or 
Lran!)]{IOIl (h)11l non-breeder l0 non-brtedt>L JJ~13 ~B (rOll; th~ 
\lS0RD (lOP model) dnd MSMR (m()del-~I\·er"ged)lllo,ki, 

PanUllClcr :VfSORD \,-ISVJR 

S" O~i (073-·095) 090 (fJ74 ll'1?1 
rki"'H 

1.1/, I lIO Illxed) J Of) (f).~~-! 'U()l 
.""'-I"l:"-I] 

Ijf; O·M (03~-{J-t':4) 065 (U-44--0'32) 

l'umhL:f'> In p2.rc/lt.hest'" l'epr~~CUl 95%~ ('ontldcrH':~~ in ren· a 1:-... In 
th~ lOp model ('rom th~ 1vISORD, 1//;1."0 wa.s Ih~d w I ilnd ""." 
not .:,tlrnat~d. 

De1!u 
QMC,. Q.AIC. "'(1) ()DeVl:\l1c, 

"'H",_._.~ .•,.• ,.• ·_ •• •• 

;)-~), t.ltfH ..j. '18 = J). pt'nt(fJrnlltlry)~(!){stdY) PVI: 
:SI-). t!t\\(,Ii(·). pCIlI(prHllMyl. dSIJ)), pl)) 

55 i 0 
S)!·4 

0·0 
24 

073 
022 

I~ 

J9 
5J I , 
51l , 

:5l" :j\B -, Nil = l). pcnllprjn1~\rvJ. <p('). p()) 5~7-4 (,'4 om 15 )2~'O 

:S(-l 'if(lli/l(,). j'cnt(prilll,lr:). 'M).!'l·]} 5597 Ril O'Ot 16 525-11 
------.._---._-----------------------------
Model, I'd:/) Dclld ()AIC, :> It} nnl shown 



" I:::rmdt' ship, brt'edif11; lrl a p,nlicuielr yc',lr dep~nd, on her 
br\'cdll\g ,tatm the previous ycar. These resulls ,uppon.ed our 
observatiolis r",m the raw data (no (emale, were cnc,Juntered 
in conseculive yC'ars) and OUl" hypolhesis Lhat kmak;, Sklp 
hreeding opportunities frequenlly. It is impOrl.'lll[ tc) not(' thilt 
Sclme parameters were not eSI ima ted despi1e the reia Ijvely 100y 

nunlber 01' par<unelers in Ihe top two model~. We discus> the 
issue 01' {lOn-estimation earlier III Ihe modelling procedure ,>,c
tiOIl. 

MUL 11·S T ;, fl: t.'.i\RK· f,ECAP1URE MODEL 

L lIckr the' .\1S!vi I( Hlc1ckl. esll1Yl~Ue, ell' the ''''a-disperslon 
pill ,Hl1cler. ('. Well.' ,Jl1"l! If -.- 0,%, 45'~';, C1 0·63 [.j!.)). Tim 

sug.ge;;ts tlu\1 pooling i\(f'OSS capture :,c"ions wilhm primM)' 
period, addre,scd some or the laek 01' iit of the MSORD 

· t' dl ,1.1.;-J1l d {NHNBrnad,~.t \1 j I cd es t lnWles t) u 
j 

' lJI,' an III;,.' oce -elVCrilg 
(r,)m tl1e M9...1R modd wei e neal 1y idenLical to those I'rl)nJ the 

lop mode! I'rom lhe analysi'> uSing ;vlS0RD (Table 3). 

Discussion 

'T'tk'12 2r(~ rC:hor),:; \"\'h;' pr~ci$":: C"llHnali'~ or d~rnog.raplllc 

p"r,lH1Clcr, f"r Icmak bui'onids arc rare. Ddkrenees in 

hrecdini! bebavlour anJ the assumplions 01' Iradilional 
capl.ure··r(;eapture models (e.g. ~hc CJS lIlodel) conspIre w bi;lS 
clemograpllle swdies and 1l1li)rrlnlion resulring from Ih(;m, 
wwards mJle~. Despite the d;ilit:ulLies. It j, unr;o;a."onable to 
expeel eeoJogie'llly Jecumte CO!lclUSlOn~ <'Ind prccticllons aboul 
tCllldlc, ~tnd hencc popl.dati,)n; ... based on models Ih;,t \lSC 

d'lI« only from mak,. Giyen Lhe' current world-\\ide amphih
i,,1'1 en~is. demographic dJia thilt ;\ceuralely reOt'el an entire 
P()pl.Il;dinn and not \)11':- ~~x \~n'y~ ar~ even Inor..:- vlud. 

We u,.oc1 ,'onte,mpt)r<tl') c'lplure..,rcc<lplmc mc)ckh to e,ll' 
milk ,W \;\ei! alld Iransition prulnbiltty bel\... e<'11 breeding. and 
non-breeding bufonid female, In the temperaLe 701)c;. capililli7" 
mf: (Ill ,I l-eccndy Jeveh)pcd model (MSORD) lhal relaxe, 
olHne of the pftlblemaic <1s>umpLJOilS or eddier llJt)dels. The 
gllodness-,)f-!it tesl sugge.,led poor til of Ihe MSORD model 
(l' the d<J t'l. ,cnd nol 'll! pammcIers we·re cstlma1e'cL even III the 
lc)P modeb. Notably P(;llt~ (probabIlity 01' enlry) and 1);,. (prob
ability of,layiilg once r.he animal ha~ arrived ,It the ~ilc) were 
nOL ,~limatcd 111 the i\.lSORD model. Because orthesc difficul
ties, L) pical with ,par,;c dUl,;, we also as,e~sed lhe dal'-l using 
the j\·1S\·llZ modd The fact th,1I model r~suh, wert' qUill' simi
13(' ,ugg·.>h lhat the l.ln·c~tl1naled panin1et~r~ \Vere not nf'dlrC'Cl 

~>.-,nsei..1uc!l(·e kl our fOl,.:al p(~r(;l1jL~t;.~r~ of l/l and Sand tberefore 

did no! alfecl the e~lllllates. 

ESrtfv1ATiNG SURVIVAL AND THE PHENOMENON OF 

1 EMPORARY EMIGRi'.!·ION ARE ENTWINED 

l:::~lLjlmlleS 01' survival Crom lhe CJS model are bi,l,ed in lhe 
prcS/.:nce of nOlH'andom (MarkovI:ln) temporary l:Hligration 
~ueb lhar uoe of the CJS modL:i imrhe:; Lhat no ICmpOr<lry 
cmigl·~tloD OCCllr~. A t'lLr~ory e:\<lnHll,llIOIl 1)1' female bufonid 
phy,i,li,)gy ,Hid ':CO!clgy. c>p<,cI:dlv or lho~, sp~"cies ii,·ing al 

hjt!h~r deViH1QiiS. ~trongly sugg~~ts lhHt it i\ blolot{kally u.nre

ah:;tie 10 assume that ;ollle ~ort of lcmporarv emigration (10<:7S 

no! OCCllr. As 'capillil brecder~' (s<,nIH 13onn.o1. Brad,haw. & 

Shine 199~), female bufonids :1cqU!re and store ena!!.y for eg:g 
produC!.ion rrior t.o the breeding season rat.her tlmn during the 
breeding season [~.g. in temperate zone anunln" fat (energy) i, 
nol accumulated umil after the eomplelion or breeding, 
Jerrgcnsen 19')2]. f\nimah !iving at the (;dge llf the:r cllfilHl.lt' 
range <Ire probably Llced With hMSh cmlronmenlal condlll,)i)s 
lha l por.emially res(r:Cl :Ivaibble resource, and Lht' \'pporlllnity 
to ,lC'ce;s therD Th!s scellMio all()\,·s I,)l' a projpnged period nl' 
energy acqlli~i(lon (e.g. lnOl'e' than a yc~r) ,mel lhus 'kipped 
br.o~dintt oprorlunJ lJes. 

Boreal wad) in the I{c)eky Moumalm are ,1 good eAilnipk 01' 
such a Icmpenl1c zone buf'onid. Thc.~e t'Jads lypll'ally livc al 
elevatioll<; over ~2~6 m (Muths &. Nanjappa ~005) at siLt:, with 
shari growing seas,)n, and harsh winters. Ft'maJes h,1VC grC<ller 
~ncrgetic r':t.juir;;;ment;. than n13b (Carey <'I al. ~OO5). limiLed 
Lime to acqllir~ r;;;,,)\lrCeS and a re1~\tively long Ide spew (10 or 
more years) t01soTi ]iJY2: Carey ('{ ai. 2005) The)ech,Ha';ICl1S
lies ~l1ggesl Ih,ll fClTlaics are ph)'swJogically 'lild el1vironmen" 
t:"lv cOJi,trmned such thal SklPPlill! brt:eding ,1pptll'tuniti;;;> 
lTlay be obligatOry. 

TEMPORARY EMIGRATiON 

Temporary cmigration is an imponanl ,qnd understudied com
ponent of huf'omd lxhaviour. Wc pr<:scnl evidence thal female 
boreal toads skip brccding opportunities, Ihat thc Lransi(ion 
rrom breeder to non-breeder i~ oblig<ltory and the probability 
of transilinning f!'Om !loil-breeder (0 non-br<:eder is b4'~(, 

Incorporating our c:,timal.cd surviv:11 probahilily (O-~7) and 
t.1king inlo ;]ccounl obligatc nOIl-brcxding lh" IiI'S! year' afkl a 
bre~dil1g event, we expect thaI 27'~,~, \lr rem'll;;:, will br(~cJ lite: 
year 1i>llowlllg:l ,kipr~d opportuTl\ty ('lirvlv,lI in year I x sur
vl'<l1 In YC:lr 2 x the probabililY 01' transl(ionJllg I'rom NB ill 
13 - ()·!(i x [J'87 x 036 n271. f,)lInwlllg that logic, 7Y',0-'0 

wdl skip (WO or mure breeding oppor!uTlltie, (I - ()·n = 

0·73). These t'indings quantit~, the lde<'l that some iterorarous 
anim<tls, indudll1g blll()Illds. skip brl::eding l)ppOnUnllies!Bull 
& Shine )')79). 

We comend lhat .skipping hrceding orportunilie~ 1~Il'illldt~S 

the accnlnulcdion 01' energy nec.:ssary I()r brecding. p~rh,lp.":l 

crillcal Gonc~rn Jl) ared~ where high elcv:Hiolb and lo\v lemra
"lUres potentially curtail ror,iging, growl.h and \'iLell()gen\'sl~ 

(BIlII & Shine 1979, Dudlman & Trll~b I ~g6: Feder & Burg

gren 1992). Furlhermore. Lhe probability of iel npOr'-lI)' cmiwa, 
1.1On in felnalc boreal toad, IS higher th,m in male borealload~, 

whcre 1emporar:' cmigmtiol1 ror mo,r yean IS low «().Q} 0'23. 
Mllths L'I aI 2(06). Our results support .:"rl~ reports of breed .. 
ing intervals of greater than I yl',lr in bufollids (Bragg 1940: 
Blair 19-13) ,lI1d more recent studics that aliude 10 tel11por;lry 
emi~'Talion (see IntroducLion). 

Understanding temporary emigration in kmalc buronids 
<1no recogni7ing porentia] difj\>.rencc~ between POpul3ltOm or 
species at high amllo\\- elevaLions 1I1 the frequency of ,kippeu 
breeding c.ln be in~Lrllel!Ve mid sch lh" Slage 1'01' c\'olution~lry 



qUc'.l!on, abrlUl IiCdi~ne Ceel!ndily, ,eJection Jnd ihe inf1uenee 

df CTl"lrr'llnH:mal e-0o,tr:,iJ1IS 

SUfWlliAL 

\Ve ,\s>umed equill s\lr\,]val prl)b:lbiliti~, ,'or breeders and 

rhm-breeder;, because ,11l'vlva) i~ ineSlln1:lble Cor the un"b

served slale (nol\-!Jtc'Cder). This assumption can be sup

ported 1)1' re:I'Uled b,bed on standard hre-hl~tory the,lry, It 

c'an be arg\,,'J thal non-breeder, do not bear the co,;t of 

r::-produerior. (tr<LveL egg yolking ami cornpelltlon) and 

Ih"rdMe Illl~hi !l;\ \C lugha ,univ,,1 {,d!\hough In lhi, e<l,C, 

,ol'tJe ~u~r:c~Y '''ouki be e'renJed In tile: pWlrueled eilorL ()f 

~()I;';:nj' t:gg,) On th" other hand, il can ,11>0 bc' illgued 1.l\f\1 

only veJ!' lit load, breed ,0 Ihi\! c\'en with lhe increased risk, 

sun'l";) in breeder, i, about equal 10 the k,~ fil IH)n-hrecd

CfS Thi, 1, relevant LO how we mtcrprci 0\11 estimat"s oC sur

vi,,),1 and ]ongevlly, btimate'i oC ,w'vivaJ rlobabilay 'll' 

ii:~Jnak, fmrn lhi, anfdysi, <1I'e high (87'~'(,), consi,tenl dero,s 

year.> _HId bigher than the survival pn)b3bilily rcpl)rLed for 

common toad kt11,l1e, in Europe (38%, Schmidl t'l ai, 20(2) 

,md hlad~ in d neolropieaJ ,,1\'anna (~,}71~,;1. based 011 <:sti

nklcS (lC IT)(Illthl\ ;;llrvj',Jl prob8bllily ,11" 92%, Vasconcellos 

& C'i!l 2(09) The t:slinmtL's r,,.. f'cm;lk boreal wad, are al;n 

h'l'hcr Ih"n ",due,,; reponed Cor male hore'll load, (Corn 
('/ ,/1. ]YY7, Scherel ('/ (/f. 2005, 20u8: 074 U 83) HC1\\,eVer, If 

thc SlU v'I\'ill rate h CO!l,r<lIil among hnxdcrs and nOIl-hrcc,d

~r.;, k\\' annn"h Will ~lIn ive up 10 Ibe ago: or iO year\ and 

further eXjJ\or<ltivl1 01- ,urvival difference, between breed<:r, 

and llon-br.:cders would bc imtructiYe, Use of 5I.1r"i\'al esti

maleS from our analysis r()r t'<'male boreal roads (r,Hher than 

ihe male estimate L\sed) would not change the conclusion~ of 

the prcvioL\; ,;cllsili\',ty <Jnalyses of Bid el ai. (2002j ilild 

VI)11I::,11 & Ut: la Cruz (2002) because the male <:,till1,l(e lhey 

u<;o.:d [,1 ll1l;ir nwrkls >vas ill$() rdalivdy hif',il (iR%l, Tf any

Ih1l1~, lIh'll (:,)I1c:!n,Jon, til;\! i\ reduc[lon m adull S\lIViVid rate 

w(JulJ hJ"'~ 'InV1~Ci' dkl'l'i un pc:p\llatlon grO\\lh rale" Ihd!1 

r,~dIKti()n, in vlha vlud rafes are magnil:e,i "'hen l'emak SLlr

\'lVal l, hi~hcr. I-!nwev.:r, :f C.:rnaJc survlval wa:; <;ubstalltIally 

1\)\Vcr L11;1I1 lhc wr'.'i~al c;,lim;ll,c, ror males u,eJ in Ihe <lllaly, 

;,c's, their condu,ioll;i nlay have been (hO'en:nl. 

This p.H1K\llar example, wher.: survi"fd nlte'S bel ween m:\1c 

;Ind k111111e \o~\ds were ;,imilar. would be unlikely LO in !I lLence ;', 

COJ1~C'r\'almn de:dsioll negatively, but <\, long a, re,nlLs derived 

li'HTl :il1lgk sex paramet..:r cSlimates are applied I,) entire popu

laliOf1s, Illlh\)ul kll<1Wlcdge aboul sex-buscd parameler dilfer

...:rlcc:>. lh~ potcnlJal I"or 'iu..::h ~l ITli:-,infurn1t:".d deci~ion i~ pn>;ent.. 

iil..1PL :Cl;T10I\; S 

Sampk ;ilze iSSUC'; make 1\ dlflkult tc) pil1pl)lnl the exacl pal

lc'rn of the; ;Irrival and departure or' rem:dc; In the breeding 

siie during a primary p~rilld, b\ll our ~valua(illn of ptlramc

krs Wilhin pmTlary penc1ds proVIdes Sl1IT\e i11Si.\!.h(~ into these 

paltcrn~, Our work and earlJCf ~tudles (DaVies &. Halhday 

I'l7~: Slebbin, & C'lhen 1995; Fn;ley cl aI, 2(04) ,ugge;t 

lh31 lema Ie, tHrive and depart in a fa;;hion dinerellt lrom 

E~idcn(,f for skipped brt!c'diny, vPJlonw'/lie" 129 

male" ('ontrary 10 our (I priOri hypothe~e" tbe lop nwdel 

suggested 111M most females were rrc;ellt at rhe brccdJl1g Silc 

al thc iir'l c:Jplure occaSIOn, and smalle;' propc1fii,)n, entered 

tile brcl:.'(lint! site prior to laler cartur;; occa~jons in CilCh pri

mary period, Our r<:sllib also indicated Ihul abour halC of 

the Cemales (hal were pre"ent al the br~eding 'iit~ on one car

lur<: occa,;ion left prIM 10 the next capture occa'lon Iv! ulhs 

er ai, C:W06) found lillie e\'idenee lhat rnaks enlcred the 

breeding ~ile indi\'ldually or that In:Jles leflthc breedIng "ite 

dnring a primary period, Raiher, lho:,e data sugg<:stlXl th:\l 

males rCil1<lined ;1£ the breeding ;,ite li'om Ihe first 10 the Ja<1 
caplure occasion In most yea rs Addilionally, we mal,' be 

(kaling with an unobservc'd sl;il~ nested wilhin an observed 

Slille, that is, fe-males may mlc[ the orccdlllg ,ill", breed, tkn 
SI<I)' al rhe br'.:cdmg ,ite bUI mc1';c lO adjacenl lelTeSlflal 'il,:S 

(llndergrollnd Dr ~Hhcrwise cam,1nlbged), remOved f10m \hc' 

risks of brcc'ding yet lll1flVaibbic f0T capwre This uIIob

served st;Jl.~, occurnng at the breeding slk "here we 01.-<: 

~s>uming ;,boervabilit), could bl.' aOK:l1ng the arrival and 

depiHLure dala and possibly conlJibming to rhe c1bscn,ed 

inek of tit and the low (0'22) capturc probJbility, The CUlft:nl 

i\nalysis sngg<:sb thaI earlier. and perhnr' more Ire'jlic'lil. 

C:lpl urc occasions within the breeding 5C"50n way help lO 

e1arifv ill rival und dcpanurc p,itlernS .)1' Cell1ak bU{'OTlHi, and 

thu~ hend'it .;uhsequem analyse", 

Conclusions 

Understandll1g the behavioural componenls 01' breeding 

aC!lvily (e.g, l.:mporary emigralion). nnd the 'Impacts on '~ur

vi\'al i~ necessary to lhoroughly comprehend rhe demogra

phy or a ,pccies, The eonllnued deehne in amphibian 

populations, ,(;( <l.gaiost the backdrop of <xologlcaJ dislur, 

bance - climate change_ di~ase or inrroducTd rredalon 

furlher e:mphasizes lhi~ n~d, Thi, ,tudy hii!hhght.s lhe 

lmrort~HJCe at acql.llI'ing ,ex-specific e,Limdtcs fo! c'r1uc~11 

demogr~lphJc parUlTIela", espcclt\lly when behcl\J()1Jr ,111!gesb 

lhal ,nell cSlJmal<~~ might be drlkrc'nl, -Inti prr)vrde, :111 

applJed example of tht: usc oC the opal robust cksign mudd 

\0 eluciJhle pl'pulalioL1 Jynamic" Our example hlgh!lghh 

the mCormation gamed by eSlablishlng thc' O(XurrCf1cX Hnd 

p;\ltern oC temporMy cmigralll1n 11l n population SpceLti

caily, we are able to provide an unbia"ed e,slimtlle 0" the 

probabibty or sur"ival ilnd quanlilaliH: e"idenc:c then l'em:tle 

boreal loads skip brl'Cding: 0PP(lrllnullcs J(j a non-random 

(Marko,,.ian) fashioll - in!(,rmJtion llwt rrcwides imporl;llll 

in'lghb inlo expc'Ckd lXlltern,. III br~edrng drOIt" 
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