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\Vc used rnark-recaplllf'e estimation techniqucs and radiography to test hypothcscs about 3 irnportant aspects of 
recruitment in big brown bat, (Ej)/I'sicus j'uscl1.s) in Fan Collins, Colorado: adult breeding probabiliti~s. IJtt~r 

~ilc, and lst-ycar survivul of young. \"ic marked 2,968 females with passive integratcd transponder (PIT) tags at 
multipk sites during 2001-2005 and based our assessments on direct recaptures (brceding probabilities) and 
pas"ive delection wilh automaled PIT tag readers (lSI-year survival). We interpreted our data in relation t.o 
hypothe,ses regarding demographic intlucnces of bat age, roost, and effects of years with unusual environmental 
('ondilions: ~xll'erne thought (2002) and arrival of a WeSI Nile virus epizootic (2003). Conditiollal breeding 
probabiliiies at 6 roo~ts ~ampkd ill 2002-2005 wnc estimated as 0.64 (95% confidence intcrval [95% Cn = 

0.53-(73) in 1-ycar-old females. hUI were consistently high (95% CI = 0.94-0.96) and did not vary by rollsL 
year, or prior ycar brecding status in oldcr adlllts. )"kan lincr size was 1.11 (95% CI = 1.05-1.17 J, bascd on 
examination of 112 pr~gnanl females by radiograpby. Litter size was not higher in older or larger females and 
was ~imil<lr tl' results of other qlldies in western Nonh America despite wide variation in latitude. First-year 
survival was estimated as 0.67 (95% Cl = 0.6]-0.73) tor weaned females at 5 rnmemity roosts over 5 
conseculive years, was lower tban adult ~urvival (0.79; 95S0 CI = 0.77-0.81), and varied by roosl. Ba~ed on 
model sl~lecUon criteria. strong evidence exists for complex roost and year effects on Ist-year survival. First
year survival was k)I,J,ie~t in bats bam during the drought year. Juvenile remales thai did nOl reLUfTI to roosts as 1
year-old~ had lower body condition indice.' in late summer of their nat.al year than tbose known to Sl1fY1VC. 
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Rccruitment is a Inajor component of population dynamics. 
Dalil necessary for understanding recruitment arc rates of 
rcpmc!uetion or rcmalc~ (breeding probabi Iity), number of 
yuung produced in a Iiuer, and ~uf\'ivai of young to 
rcprouuel.iw; age. Knowledge about spurce, or variation in 
these pCiramCU"r'i in bat populati')r1s is 1J00ited, parLielllarly for 
ht-year survival (Frick ct 31. 2007; Pryde et al. 1005; Scndor 
and Simon 20m) and breeding prohabililies. The objectives of 
our study werc 10 tesl hypl1Ihc,c" about thcsc aspc(;(~ or 
recrllittlll~nl in a population or big brown bals (L"ptesiciis 

fI!JCfIS) in Colorado through tbe study of marked indi viduals. 
In pa.rtieular. we songht to tesl hYPolheses thaL breeding 
probabilitie~ in our study popUlation vary by age of female, 
roost. prior year brceding stntus. and year. E~timation of 
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conditional breeding probabilitic~ (Nichols ct aJ. 1994; White 
l~t a1. 2006) i~ being applied increasingly in studies of 
mammals because it is an important demographic paramctt'f 
that quantifie~ a critical cornponem or reuui tmellt and help~ 

mfonn life-history theory <BeaupleL cl al. 2006; Hadley et al. 
2006; Kendall el al. 20(4). Our hypotheses about possible 
effects of the ahove factors on breeding probability arc ha~ed 

on evidence from Olher species of bats tl1,ll nm alJ fern<i1e~ 

produce young in their hi year of life. v..·ith a delay In reaching 
sexual maturity thought to increase IiCctime rcprouuctivc 
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T·\HLL J.--·EJ1vironm~llt;d -:ondition, lhar diffcrea aJnong y~ar, and predlered effccts on 1st-year survil'ai or breeding prohabilities of kmak 
big brm'>n bal' (Ertcsicf.l:J .fUSW.I) in Fort Collin" Colorado. Precipitation and Palmer Droughl Severity Index (PDSJ) dara art' fOt Apnl-August 
each year. LO\hll' PDSi$ indicate greater drought. and a value of 99 Illdieates avcrage condition; (Colorado Climate ('enter 2006). Sl)lIrce~ for 
West Nik \ iru, epizvoric and pcrrnelhrin <:pphcarion data are given in the texl. S = estimaied ,url'ival, ,[' "'" eSlimated br~~ding probability, NA 

not applicable 10 estimates. 
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.'ucccss (Racey and Entwistle 2000; Tuttle and Stevenson 
19821. A limitcd amount of evidence also exists for year 
effed~ Ull recruilrnenl in bats uue 10 ann ual dIfferences in 
weathl'l' patterns (Grindal ct aL j 992: Lewi." 1993; RlInwOlc 
and \kOwaL 19(4). including curtaileu brecding during year, 
\-vith )'rojonged urought (Rhoues 20(7), Reproductive success 
in big brown bats ha, been suggcHcd to vary by roost (Lausen 
and Ban.:Ja) 2006) du.: to Jifferences among rOOSlS in 
favorabiliLy of lhermal environments; to our knowledge the 
erkel, of prior )'e<if rcproduction on brceJing prohability have 
noL heen cAarnined in bats. We also tested the hypllthesis thai 
[he oc<:urrcn<:e of singletons or twins corresponds with age or 
size of mother,. 

Fir,l-ycar survival was the 3ru key <:omponenl of r.::cruil
menl thai we eva]ualcd 1'01' bypothesized effects or age, roosl. 
yeti:' 01 .mldy, and their po.'.,ihle interaction~. We predicted that 
l~\-)cJr ~\Iniva! wOI:Jd bc low(~r than ~urvivaJ of older haL~. 

Thi, C.lll occur if young (;Clhc ~r'ear have grealer .... ulnerability to 
pr,~dalors Lhan adulL~ or ,Ill inability lo gain ;;uff'ieient energy 
~lorc~ for ~ucce<;sful hibernation. Evidenl:c c:o-i~lS for difkrcn
Lial I ~l·year ~urvival in other ~pecies of bats (reviewed ill 
O'Shea ct al. 2(04). Year effects were an impormnt aspect of 
hyputhe~i~ testing for both breeding probabililies lind survival 
bec<lu,e the slUdy area sufkred a severe drought during I year 
(PicIke ct al. 2005), and another year was marked by the arrival 
or Ihe rnO~l virulent phase of the Nonh American epi7.00lic of 
West Nile virus (Bode et al. 200tS: NemeLh ct a1. 2(07), with 
accompanying application or inscdicide f,w v-:ewr comrol 
(31)Iiing ~t at. lOOn Ye:ll' efTecl' in hret:ding probahilillt~S and 
,urvi'al were pred'L'[eL! ii' lhi, populatIon \va~ impac{ed 
nL'g;}[lycly by the diifcrcill cnviJOI1lIlelltal conditiolls that 
\lC~'urrcJ in the~e :: years, Research on po~sible il11[K!.ClS of 
WC,l Niie virus infeCtion Oil big brown bar populations ha~ been 
encouraged (Bunde el al. 2006; Pilip~ki el <11. 2(04). allu effects 
of modern insecricides Oil bat reproduction ancl sUlvi val are 
poorly Iclltiwn (O'Shea and Johnston 200!)). 

Few !Uodern ecological studie.s of bats have been conducted 
with the objccli\~s or tcsling hypothe;,cs aboul sources of 
V<lrialion ;n vilal paramelers (e.g., Frick et at. 2007; Pryde et 

a!. 2005; Send or and Simon 20(3). This Sb1nds in contra,t to a 
large number of siudies in the 1960s and 1970s lhat used 
banding and ad hne analytical methods to investigale bat 
population dynamics (for revicws see O'Shea et a1. 2004: 
R<lccy J982; TUIl!e and Slewnson 1082), laler curtailed dUt, to 

COllcerns about banding injuries (e.g., Baker eI al. 200 I; Jones 
1976) and disturbance Within nurscry roosts (ShertJeld el al. 
1992). In thi, ,tudy we imenllonaUy used Inure <:ol1ternporary 
mark-recapture analytical techniqnes (e.g., Lebreton el 31. 
1992; While cL al. 2006), alternative marking and dClcction 
rnethod~, and noninvasive evalualion of lilter size. 

MATERIALS AND METHODS 

Study area. srudy population. and environmefiwt (ilI1111

ri()ns.~We sludied big brown bats in Fort Collins, Colorado. 
e1cvatlon 1,525 tn. Climate is remperare and semiarid, ",iLb 
uverage ~.\nnual precipitation or 36.8 <:111 and avera~e monthly 
LemperaLures of -2"C in .Tanll~ry and 22'C in July (Colorado 
Climate Cenler 2(06). Big brown bats roO~l in buildings 111 the 
<:it)' during [he summer, migrating lO higher elevations 111 the 
mnuntains lO hibernale in rock crevices in autumn INeubaum 
et a1. 2006, 2007). We located matemity <:olonics hy 
radiotrackillg bats c<lptured over water in parks anu ciiy
designated natural areas, and through local knowledge. The 
population is dominaLed by aduJ L females and young; ad"lt 
males are more common at higher elevations In the adjacent 
Rod.)' Iv1ountain~ (Neubaum et al. 20(6). Roost~ whcre we 
sampled were <:hosen based on logdic and accc~." comidcr· 
ations. 

Each of the firsl .' years of [he stlldy (2001--2003) tlad 
diffe.rcnce' in pOlentially important environmental eh~I1l~. The 
area cxperiellceu ."evere droughl in 2002 (Table J). Drought 
can reduce tlte ahundance of insects in temperate zones (e.g., 
Frampton et aL 20(0) and thus impact reproduction III 

insecLivorous bats (Rhoues 2007). We documenLed the 
comparative extent of tbe drought for each year of (he sludy 
by compiiing lotal precipilation and the monlhly Palmer 
Drougbl Scveri[y [ndex (Tahle I) for t.hc ""arm-season period 
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FIr.. I.-···Rddio~raph ,11' a ne.ll'-renn pregnane femhle big brown b,if 
i F/JieSlc 1/.\' jim II ~) wjill I,gin felu,e,. AJs(l note (he presence of lile 
pa'>I\'C 1ntc"r~ted tran'pondcr lPIT) tag. which has migrated 
,ubd~rmally away from it.' original darb3! in,;ertioJl P0IrlL 

when bill, are mOSl active (April-August) based on lhc dala 
available for F0l1 Collin:; und Cl1lorado Zone II, norlh Fronl 
R.lng.;, and adjacent plainI'> (Colorado Climate Center 2006). 
Til,~ in ..":" is ,t ~lal1d:Jfdjzed method ror meusuring intensilY, 
duration, and ~p\Hiil) eXlent or drought bascd on precipitation, 
air temperalUrc, :lnd loea! soil lTlOiSlUre, with values rangiug 
from -6.0 (exlremc drought) ro +6.0 (Heim 2002: Nalional 
Climatic Data Ccnler 2(07). ln addition to drought, the area 
cXl)Lriene~d the arrival or the most virulent phase of the Norih 
Am.;riean epiw0lic of Wesl Nile virus in 2003 (Bode et al. 
2006: 1\cmclh et al. 2007). As a result, the p)'i'crhroid 
pellll~lilrill ~a general inse.:ril:ide) wa~ appljed ror pnblic 
health rurp0,>e~ in AlIgusl 2003 lo eonLrol mosquilo veelDrs 
(BoEing Cl al. 20(H). 

CO!Jfiire, handling. !11odillg, !md asse.lslI1el11 or l'eproduclil'l! 
,\W!ILI.-VV,; cHpiured h,Jls as Lhcy ell1erged from matemilY 
roo"" ~It du~k (hals were captured imernally 0111y m 1 roosr) 
w,ing rniq neLS. harp traps. runnel tr<lPS, and handheld nelS. 
Bats were rransported [() the laboratory where they were 
lagged. sampled, dnd examined under rull illumination 
(d,;~cr(bcd in detail by Vv'imsaLt et al. [20D5]); bats were 
released aL the roost on Ihe mgl1t of capture, We individually 
lagged bats \11 = 2.968 females) by )ubdcnnal 111Sel1ion of 
passiVe llllegrated transponder (Pff) lags (AVID, lnc., Norco, 
CalifClrl1ia) aL the lower dorsum on their !st capture (Wimsatt 
eL al. 2(1)), and all bals were scan ned by handheld PIT tag 
iConders at lea,t lwi~'e during each subsequent caplure. Age 
(VOlcll1l Juvenile or adult) and reproductive condition were 
:lsscsscd hc\scd on e,;ritcna i.n Anthony (J 988) and Racey 
( 19Hi-\). 

"Ve arlcmptcu to ,,~<;es<; littcr size in fema1cs in lale 
gCSl1.l1iori by palpation and evaluured the accuracy of lhis 
technique hy <,uQsequen! eUihanizatioll (wi th a kciamine
\}hvine overdo~e) and di:,section (n = 41). Palpation wa~ 

unreliable for assessing litter size, and in 2005 we instead 
ddel mined liller sizes tn a largcr sample or near-lenn pregnant 

remale bats using radiography (Fig. I). These bats were 
captured on 5 nigbts nelweeu 6 and 13 June and transported to 
tbe radiology facility ai the Colorado Slate University 
Velerinary Teaching Hospital. Cloth bag, with bms were 
tarcd to radiographic cils"cttes (5 bags p.;r cu,settc) and 
exposed under a lvlammoview low-dose mammography 
insLrulHt>,I1L (General Electric. Milwaukee, Wisconsin). Illen 
released at the roost the same night To avoid undue 
disturbance at matemity colonies, we did not regularly e,;apture 
bats within roosts and have no dara on young rrior to tlcdging. 
We assume that prewcaning mortality i~ low U-7% in North 
American vespertilionids that do not give birlh over water--· 
Christian 1956; Holroyd 1993~ Humphrey et al. 1977; 
0'Farrell and Studier 1973). Capture, markiug, ~arnpling. 

and eUihanization foJIowed guidelines or the Amcrican 
Soeiely or Mamrnaiogi ..,ts (Gannon el aL 2007j and wen~ 

approved by the Inslitutional Animal Care and Poe Commit
tees of Colorado State Uni\'erslfY and the Unlled Swtes 
Geological Survey. Bats were captured under authority of a 
scientiric wHecling Jicen~e issLlcd by the Colorado Division or 
Wildlife. 

listimatioil of conditiollal breeding probahilifies, 1st-y('w 
sun-ivaI, and body ('O/u]ition.-We used? dil'ferenl dala sets io 

ealculme breeding prohabilities (see statistical methods latcr in 
text) and a 3rd data ser for estimarion of I sl-year survivaL 
These di fferent data sets were used to lake ad "anlage of the 
largel'>i p()~siblc smnplc sizes for tcsting different hypothc~e~. 

We based the initial analysis or hreeding pfl)habiJitie~ on 

known-age individual adu! t females ph;sically capwreu and 
examined for evidence or breeding at the 6 roosr~ sampled 
each year in .Tunc and July. The 2nd analysis wa, based on a 
larger data set eonsisling or all adults captured and examined 
at Lhese 6 SHes ealegonzed as 2 years old or 0lder (adull~ of 
unknown age entered into COtnputaljol1s only the year after I SL 
captme as an adult). These data were used to assess year and 
roo~t effeCts on estjmated hreeding probabilities of fcmalc~ 

older than yearlingI'>, based on reproductive q,Hus records in 
2002-200,"i (~ee "Data anuIYlis"). Rcpmducrive ~tatu~ (or 
stat.c) was eatcgorized as nonhrecding or breeding (pregnant. 
lactating, 0)' po~tlae18ringJ. Our CSlimales or brceding 
probabijities assume lhaL the raIl: of mi ~elas,irie,;ation or 
breeding Slaws during lhi., period i~ low. We had 37'2 ~'ase~ 

where we recaptured individual adult females in hand lIlore 
than once during Junc--July wilhin a year (up to 4 reeaptLlJ'C's). 
Diagnoses or breeding stalu" (e.g., nonreproduelive versus 
pregndnl. laclaLing, or posllactaLing) were conflicting in jusl 
15 cases (4tk,), supporting rhe assumption of a low rare or 
mi,~dassification. Our met.hods also assume Lhat bias from 
nonreproductive bats failing to use maternity roosts i~ ~l11all, 

One study found this assumption 10 be the case 1'01' most hats 
(8 arda)! et "I. 2004) but repolled C>..cepll\lTIs and suggested 
eautlOn. We have limited data thal indicate Ihis bias wa~ smail 
io our stndy. We caplured 79 adult fCllluie big brown bal" oycr 
waier (etlllsidcred random by critcria of Barclay cl a1. [2004]) 
away from roosts between 10 June and 20 July 2001-200): T!. 
(91.1 %) were hreeding 195% coot-ldcn.;c intCl'val f95% C/J = 
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R5-<)7(i;:,j, W~ captured 2,521 adult femalc~ emerging rrOIn 
mUlernicy ron,lS o\'t~r [he same period ~md 2,333 (92.5%) were 
reproducllVC (95% C/ = 91--94%)_ 

\Ve used a sampling leehnique for eSlirnaLioll of I sl-year 
~Llrvival thai was different than thal used 1'01' eslimating 
hreeding probabilily, This allowed larger ,ample sizes because 

it Jid 11\)L require physically cxami n ing bats, Previous 

meihodoh)gical research comparing the 2 mcthod~ of 

sarnriing (capwre ver,us pas~ivc encounLers by PIT Lag 

rc"der<) show tl1ar highel caplilre probahilitics and more 
precis': ,'Ir\'i\:al ,;Sllmmc" arC obLained using pa~sive deleClion 

(Ellison ct aL 2(07) We (kpl'Jyed hoop-slyle PiT lag reader" 
o"er the openings of roos!>; Ln monilor the eIllranee ~H1d el<.i I 
dales and Limes or lagged baLS aULomatically (El1isOli eL aL 
2007; O'Shea ct aL ~004: Wimsatt et al. ~{)05)_ This allow~d 

II~ to examine rccord~ for evidence of returns of bats cach year 
as "captun:," (encounters) for eSlimaLion of juvenile l:;t-year 

survival (sec "Dota analysis"). Although bats at some roosts 
could use ,1dditional openings thallacked PIT rag readers, only 
I detcetion per year was necessary f()r annual survival 

e';timation. ,md ihe high encounter probabJlilks dcrived Crom 

this l,:chiliqllC demonslralc il~ as'>Umcd clTicicncy (Ellison ci 
al 2(i(r!), We a"ign~d a hody condition IIldex. tl) Juveni 1(' 

[emale hal' c<,p!liITcl in Lite SUJ1l1ncr (2-3 September 2003, 
30-3 i August lO[)·1, and 7 Septemher 20(4) at roosts 

rnoniwred with PIT lag readers, This index wa~ the ratio of 
hody mass to length of forearm (Speakman and Raeey 1986) 
validaled for this population by total lipid analysis ,Pearce et 
al. 20(8)- We compared indice:; in bats that did not return to 
(he: 95% [,'ls oC lllcan condition indices or bats LhJL returned, 

Th~,e comparisons were limited 10 hat" initiJHy captured aL 
tbe ,al1lC ror)sc on (he same dace, heeause 01' expected 

dill'crencc'> in condition with dUie (Pearce ct a1. 20(8), 

!Jol" una!v,)! \ ,--We: used all inf'ormatiotl-thcoreLie approach 
luI' data anal)",!s (BunJh.ml and AndersQn 200~), We 

compuLed breeding. prohabili(ie~S and 1st-year '>urvival csti
rnalc~ using program MARK (White and f3l1rnh:un 1999; 

Vihile eL a1. 2006), We used multistale eaplure-recaplure 
models LO estilDale known-age bat hreeding prohabilities (al 
1-4 years or agel and probability ()f hreeding ror females 
2 YCllrs old or oidcr. The mulliSlate model of Brownie ct aL 
(1993) ancl lkslbeck ei aL (' 991) is an eXLen~i()n or che 
Curmack-}olly-Seber live recapwre model. In addilioll La 

"urvi val and capcure or enl'Ollnter probabi liLies, Lhis model 
enabk, considcr~lIion oC 1r:U1:>itioll probabilities among strata 
01 ,latc~, (;lge and reprUdllL'tive 'tatu<,---- White eL aL 2(06)- A 

ch,mge :n rcprO(LIC:liv,~ <,liltus or stale (nonbrccder to hreeder. 

or vicc \'a;<I) hetween yei-.r' cOnstllute,s a bat transitioning or 
changing, sraies and allow'> for the estimation of a hreeding 
probability, Our bt analysis estimalccI bn:cding prohahilities 
oC known-age bats (hats marked as juveniles and ree,lptured in 
laler year~!. The 2nd analysis was hase,d on a larger sample 
thm inchlded female,,; of unknown ages at leaST ~ years or older 
(b;>,~d on 1st capture the previou~ year when 460 adult blltS 
\Yere markL'd and recaplured as adlll(~), \Ve lcsted for yeilr and 
rl)()S( c[fc'('(, lH! breeding prohahilities III Lhis 2nd analysis, 

For the mulristate analysis of known-age hilts, we ~I~signed 

Individuals \() 9 slales hased 011 age and reproductive Slalu, 
(juvenile, ] -yea,r hreeder, J-year nonbreeder, 2-year hreeder, 
2-year nonhreeder, 3-year hreeder. 3-year nonhreeder, 4-year 
breeder, and 4-year nonhreeder), Some LransiLion~ arc not 
p(lssible (i,e" 2-year breeder (0 1-year breedcr or nonbrecdcr): 

we set these lransitions to 0 in MARK, \Ve exalnined 5 models 
to assess the effects of state (reproductive SWillS and age) on 

survival, capture, and hreeding probahilities (models Ii<;ted in 
Appcndi:-; I), We could not include roost as a covariate III LtllS 

analysi~ of known-agc bab heeause of sample-silt' limilations, 

For the analysis of hreeding probahiJilies oC ddull~ 2 years old 
or older, we assigned haLS lo I of 2 states (breeder or 
nonhreeder), Models considered for thi~ an1dysis included the 
following main effects and their interactiOlI'> on ~uf\:ivaL 

eaplure, and breeding probabilities: reproductive status (state); 
year-Lo-year variation (year); effeeLS of 6 differenl roo~ts 

(roost); and interactions of state, rOOSL, and year. We also 
included models with survival, caplure, and breeding proba

bility a~ conslanL (.), Thi'> resulted in a sct pI' 14 CJndldall: 

model~ (}\,ppendix 0, We did nOl include models with an ag~ 

Slructure in the ~nd anillysis because preclse age was unknown 
(al! bat, were more than 2 years old). 

We eSiimated b:r-year postweaning and adull survival from 

200] to 2005 using an age-based Cor:naek-Jolly-Seher model 
(White and Burnbam 1999) wilh encouncer histories frnm ,I 

larger data set (n = 557 juvenile females) than LJ1::Jt used Cor 
estimating i sl-year breeding prohabiJiiie~, Unlike the breeding 
probahility studies, this dala set did not require physical 

capture of hals after marking hut insLead was based on 

encounters obtained Lhrough <lutoml1lic registration oC PIT lag 
numhers hy hoop reader~. ESlimales were for ' 'apparent 

survival" betause they cannot distinguish between death l:lnd 
pert rwnCTH emigration (\Vhite and Burnham 1(99), We 

constJ'ueted a set of 13 a priori cJndidate models (AppendIX 

0, Thc~c modd" includcd the roliowing main effect, and their 
inleractions on survival (<pJ and encoumer probabiJilic~ (p): 
age ,trueLure (age): effects of 5 different roosLS (roosr); year

to-year variation (yean; and interactions of age, roo'>!, and 
year, We also included a model with apparent survival and 
encounler probabilities as tonslant (.) aero,,>s age, roost, and 
year. We also were inlerested in the addilive effects of year on 
survival so we included a mod<:1 in am candidate sel that 

examined survival vllrying by age and roost with the parallel 
efTeciS oC year (age x roost + year). For mOdeb including age 

structure, 1st-year poslweaning juvenlle5 were cnn"derec! 
aduJrs the year follo\\iing birth and were modeled as adults In 

succeeding year,. \Ve constructed an inpuL file for program 
MARK with 5 encounters (years) and 2 age classes (01 

groups): juveniles ~iI1d adults, AI! individual~ born and iniLial!y 
marked in a given summer belong lO the sallie hirth coborL 
We created all age-based struelUre in program 1\'fARK as the 
basis for further model building and selection (Cooch and 
White 2006), We also calculalcd an overall populatiL)J1-widc: 
es(imate for juvenile and adult ~urvival by c()l1~lraillJflg 

survi val LO be COnSla1ll across roosts and time, and e~LiBlaleci 
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I,I-yellr ,urvival at 1 additional roost with 4 conseclltive years 
or encounier daia (2002··:,005) 10 helier a~'e... s v<.:ri;1lion in 

juvenile ,;,urvival cstimaLe~. 

The ril of cOlnpcting rnodel~ in our breeding probabilily and 
... urv ival .ll1aJy,'ic;, were :l......e;,sed using infomwlion-Iheoretic 
method~ (Bumham and Ander;,~)n 2002). Models were ranked 
using Akaike', information crircrion corrected for sample ~ize 

(AlCc-,-Burnham and Anclcrson 2002). We also calculatcd 
Alec differences (i\,; difference in AICc '>core beiween iih 
<\nd lop-ranked model), :\kaike weights (w,s; probability that 
the l1il Illodel i, Ith~ hc... t approximating modt~l alllong 
cwdiclale modd...), and evidence r;ltio~ (the ralio pr mode! 
weighl> for the LOp mod<'! and the neXI highe."t ranking model). 
The variance inflatioll factor ((~) was used as au estimale of 
~!oodne~s-()r-I'tr of the models with C v:llues or 1,0 indicati ng 
good ric, and values of l-J acceptable fit of the data 10 the 
models lLebrdon ,'L ,d. 19Y2), Wo::. a,scsscd the goodness-of-fit 
or rnodeb using lhe median-c' approach and estimated (, using 
a iowcr bound of 1.0, an U[Jpcr bound of 5.0, 10 intermediate 
[Jllints, and 10 replicates al each point (Cool;h and White 
2006J. AICc values were convcrh:d to Akilikc's il1foLl11illion 

criterion euJTccwd lor ovcrdispcrsccl data and STnill1 sample 
size" IQAICc) values to adju'>i rl)r (I\'crdi~persioll, We selected 
!he mml-p:llsimllnious modeb t1.,ing ,I combination of QAICc , 
,\QAICe - and QAlCc weights (w--..Burntum and i\nderson 
2002; Lebret(ln el ;11. 1(92), Mudds wiih ~'\Qi\rCc ;:: :2 were 
nOI ellnsldered competitive with tbe highesl ranked model 
(Burnham and Anderson 20(2). 

RESULTS 

Anrluol brcedins /iro!Jabilirics,-Annual bn:eding prohabil
it)' e"limalc" (conditional on sun iv,,1 and capcure prob~bjij
ties) of knol,l.·n-age adult female bats I;;t captured as juveniles 
at 6 maternity roost, ranged from 0,64 at I year of agc to 0,90 
or more in <jld::r bals (T:lhlc 2), These cslimate~ were bast'd on 
}In bats lSI capLurcd and tagg.ed as juveniles at 6 matemity 
r()O~t5 b';lwecn 2001 and 2004 and examincd for brceding 
"latus ",hen re(;aplurcd at I year old (n = 83 bah). 2 >'citrS old 
in = 59). :3 y<oar'> old (Il = 30), and 4 yea.r~ old (n = 15). 
Breeding probabilities were lowest in l-year-old females, and 
95<?;' CI." were nO!1over1apping with those for breeding 
probabi!itie'i or oJdt~r bats (Table 2). Once females reached 
<lge 2 years, the [Jrob<lhi Iil)' of brccding increased LO O,YO or 
higher. wllh broadly <"'erlapping 95% C{~ belVvecn estimale;, 
f\>r 2-y<':at-010 femaks that had (II' had not bred as I-year-olds 
(Table 2), Conditional breediug probabiJitie'> wcre very high 
f<ir 3- and 4-1'::ar-olds with overlapping 95% C/~ (Tahle 2). 
The higheq ranking model had bre~ding prohabilitie.s differing 
hI' s[Ule (age and reproductive stalus) and e0l1st:lIIt <'urvival 

and capture probabililics "Appendix T}, This model had "n 
evidence ratio of 12,6: 1 over the nCAl higbe~l ranking model. 

Bl'CGding probabilities of females :2 or more years old were 
v,;ry high (Table 3), Thh dal,~ ~C{ indudcd 460 individuals 
,:,lpwrl'd at Groosts (number 01 mmked ball' at each roo,t.x "" 
!7' 24 SF. range 23- (87). The lop-r:.lnked nwdel 

T~nl.!: 2.-CondilionaL annual brcedlrlg probabl.lirie, ('P, lran,llillll 
probability of bre~dlllg. at the ,ubsequenl age) of indivlLJuall)' m,\rked, 

known-dge big brown hat.s (I::,).J//',iinr:, (t<', liS) captured and eXdDlJned 

ill hand at 6 materrlllY roOSt, in Fon Colllll;" CoLoradD, 2002--2005, 
Probahilities of a haL l11(l\'ing 10 l10nbreeding staw, are approxlIllale.ly 
(1.00 - 'I') for each age group Da~hes o<xur where probabili\ie\ 
were iIle~til1lab\e (in both cnse.' only J bat did not hreed at age, J or 
4 ye~rs). Effect,; of c~lendar year 01' roost were not examllleo in thi, 
data set because of sample Sil,C lilnitations. 

Age (y ..:~ars) and Subscqucm 
prior year ~wtll:-' [lge (year:-;) 'fJ 95% CJ 

IUI./cnilc I 064 o53 {),7J 

Age ) br~cdl,;~l 2 0,'1l! 0,78-097 

Age I llonhreGdef 2 0\1<1 () 76··1 (Ill 

/\f!t:' 2. brt'~d('·T .l 096 08-1-1 On 
Age '2 [lonbl'ccac,r 3 
Age :1 breed,,, 4 (147 o75·-1.()(J 

Age J llonbrc2dcr -+ 

incorporated survival [Jrobability as conswnt, capture proba
bility as a ['unction of r00;;1- and brecding probability as a 
functl()n of breeding slate (Appendix 1), This model had fin 

~videnee ratio of /5: lover the neX[ highesl ranking: mudel; 
models including roost ancl year erfect~ on survival and 
breeding probabiliLies had negligible '>uppon ba~ed on Alec 
\wighl&, 

LitreI' size,-Littcr size in ncar-term pregnant bats sampled 
al 5 roosls in 2005 included 100 females with singletons and 
12 (l0,7°k) with (win~, rOr:l mean Jitter ~il.e of ),11 (95% C'f 
= I.05-l, 17). In a subsarnple of known-age and known
mini mum-age bats we found no reliltionship beCv'ccn 
increased age und liLter size: twins were carried by 8 
(J 2,3%) of 65 bills 4 or more year> old (hiler size X = 

1.12. 95% CI = 1.04-1,21); more precise ages were available 
only for 14 of the radiographed b;1ts), Twins occurred m .3 of 

Lhe 5 roos'~_ but our s:lmplc sizc" al some roosts w;:;re ~maJL 

precludi ng ~tali,Lieal comparhon by roOSl. :vtcall length or 
forearm was nearly idenLical in females "'dLIl litter slze~ of I 
(X = 47,2 mm, 95% CI = 46,t)-47.5 \l)m; n = 98) and 2. (}i{ = 
47.1 rnl1l. 95~~ C1 "" 45.6-48.6 rnm; I! = 9), pl"Oviding no 
evidence for higher (winning f:lleS in ldrger f~lTlalt::~. 

Fin/-year survival ot'.iul'cnife j'erna{es,--The overall ,UfVJV

aJ rate for juveni Ie females (or the lst year of life, ba;,cd on 
eroeounters with PIT tag readers during 2001--2005, was 0,07 
(95% CI = ()'(JI-O.73; Table 4) compared TO the adult rate of 
0.79 (95%' CI = 0.77-0,81; ea!culalc:d using model ~~(dge) 

plage», Juvenile survival althe additional rnoq wJlh <1 year.\ 
of encounter histones was similar to the 5-year e,IInlale for 
tile other 5 roosts: 0,63 (')5% CI = 0.47-0.78). as wa\ the 
adult rate of 0,78 (95% CI == 0,72-0,84), First-year survival 
varied afll011g Ihe 3 years (aero,',s "II roosl~) and was lowe~t for 
bats born in the drought year or 2002 but higbest in tbe year of 
Ibe \Vesl Nile virus epizootic (Table 4), FiN-year survival 
ba",cd on roOst was variable, but Wilh overlapping confidence 
intervals. When estimated by both year and roost. 1st-ye3r 
survi val of juvenile females rangcd frclfn 0.08 to 0,88, The 



Apn! .?Vj() O'SHEA £T AL-RECRUITME'H IN COLORADO BIG BROW~ BATS ,.23 

TUlI.1'. 3,--C)J)(hliorl.l! ann:wl breeding proniJbd:lie~ (\1'. tr"n~iLion 

probdl!llly of breedillg ;;L th~ ,ub,~qu¢Tll ag(~) for adult female big 
hrown bar, (J:{)f('\;CU,\ JUSCU,\) 2 y"ar~ old or older (It 7" 460) caprur~J 

anel c\.hrnineel at 6 materniLy r()o"t~ ill Fort Collin" Colorado, 2002
2005. [,ti.mare' are bw;ed on the higheSt ranking model (lUI (".If a selof 

14 ~andjdate model, V\PIJ<'ndix I). 
-_..._--

Pr:o: year swn.,lS S"b.,eq"~1l1 )t\ar ~l[llll.s \1' 95% Cf 
--~-.._---._
fl,...~«kr Ilreeder O!J6 O.94-·(l.Slk 

Hr~~dcr Nllnbr~~ucr 0.04 0.0~--{J.()6 

N~'n br~~{~~1~'r Brc;"uer 0.')4 0.6H) <)9 

N(~l1bn.:'eJ~r Nonbreeder o fJ6 O.OI-O.,g 

paLLtTIl of iow~r estimatc:s during 2002 held for mOSL of the 
roo,;ts. but with wide confidence interval:; (Table 4). 

The highe,t rail king model for 1st-year ~l1fvival was a 
function of vW'iablc encounter probabilities by roost, with 
survival probability a function of complex. interactions 
befween ycar. r005(. and age (this model had an evidence 
r~lli<) or 11,5:1 over lh~ 2nd highesl ranking model in the 
candid~le ~cl of models: Append! x n. ....\.l1Tlual cncounter 
prohahililie, of juveni1e and adult females were high at 
indivlduai ro()~lS and pro\,jde strong evidence for natal 
philopillry. Encounter prohability for juvenile femJlcs acros~ 

aE 5 roO,I, W;1S O.9~ (95% Cl = O.9J--D.99) and for adulL 
female, "\,l~ 0.99 (9Y1;- CI = O.97··.{).99), Result, from model 
sckci"iol1 illc!lC31eG no age effCcl on subsequent encounters, but 
strong evidellce thaI. encounter probabilities varied by roost 
was oblained. :\fatal phiioparry also was inferred from the 
laggmg of 557 juvellilc fctnak bal~ at multiple rooSb in the 
Ilr~i 4 ycar~ of the sludy. JUSI 12 were enconntered al roo~t~ 

(llh,~r than their natal cO)\)flY siLe, 1Il ~ub.,equ~JIl y~ar~ (or 357 
r,;ma!e., clele\,'led arter their year or birth). Only J of these 12 
!l1cJi\'Ic\uals switched to a differclll nlonitored colony. Seven of 
thc 'CnUlJiling 11 hats L]',cd alL~rnme colonics I'or a ,ingte night 
and ,.~ dId so lor 3-13 nighls. 

B\)dy condilion of 69 juvenile females owasured in late 
August and Sepl~lllbcr was compa,red between bats th,lt 
returned in subsequenl years and tho~e that failed 10 return. 
We captured 29 juvenile females on :'-3 September 2003. 

Twenty-seven of these returned in 20()4 or 2005. Body 
C:llndition indices of the 2 lhat thd nlll return rO.37 and 0.38) 
were less than Ihe mean and less than or eqnal 10 the lo\.ver 
c(lllfidenee limit (en for indiL:es uf the 27 knldies thar 
rc:tUllled (X = 0.40, 95% cr = 0.38-0.42), SiXTeen juveni Ie 
female bats were sampled on 30-31 August 2004. Three or 
these failed to return the subsequcnt year and had body 
condition indices (0.28, 0.31, and 0.33) less than or equal to 
the lower CL for the l3 juvenile. females ill the group ktlOlJcn to 
survive (X = 0.36, 95% CI = 0.33-0.39). On 7 ScptclTlbcr 
2004 \ve determined condition indices for?7 juveni Ie femak~. 

Th~ upper CL for th~ mean hody condition Index or 16 
juvenile females (}? = OAO; 95% Cl ~. 0.38-0.43) that did nul 
return in 2005 wus equal to lhe lower CL for the~ I l bat, 
captured lbaL night and known to be alive the next ,ummel' (X 
= 0.46; 95% C! = 0.43-0,48)_ 

DISCUSSION 

Breeding probabilities or l-yeM-old female big brown billS 
\.vere lower than in oldcr known-age hats, Once bats reached 
ages 2-4 years the prohabilily of brc~djng \.~l\~ COl\Si,tenlly 
high, ranging from 0.90 to 0.97. Bats that were 2 years old (lr 
older had very high probabilities of breeding each year, \\'J1h 
only a OJJ4-0.06 chance of not breeding. in a sllb,equellt year, 
Lower fecundity in I-year-old bal' is consiSk'nt with filldJng~ 

ba~ed on simple reproductive rate calculations (perl'~l1t 

pregnanl or lactating) from studies of hig: browll bals in other 
areas (If North America (Brigham and FenlO Il 19R6; 
Schowalter and Gunson 1979; Sidncr 1997). Once iCmale 
big brown bats reached age :2 years in the Colorado 
population, the probability of breeding each year was vcry 

high and conditiunai on a C(ln~talll ,urvlval probabHity and 
Cupture probabilities varYing by 1'00,1. Breeding probabiJitie, 
did not vary h;' year or rO\)5r. An a~wmed constant rate 
commonly is ob,crved in models of adult ~urvival in long
live.(1 mammals (e.g., Gaillard et al. 2000), and variable 
caplure probabilities by roost wcre expected becau~e eae~h 

building pre~ented cliffc:renl logistical ,iluations for capture or 
hats in net, or other deviee8. Lack of a year effecl on adull 

TIlILE 4,--Estitnale~ of I,t-ye-ilr pO~lweaning ~ur\'ival (¢) of juvenile female hig brown bat~ (Eplesicus fi/scll,~) at 5 maternilY roo,!> 
rnonitoreJ frum ~OO I 102005 in Fort Cnllins, ColoraJo, blim:Hes and 95% confidence imervab (95% CI,) are provided fOI hats aL e:Kh roU'l 

for each ell 3 ~nnuaJ perioJ,; b,",ed on pa"iv¢ enI'0l11Her, rel!i~tered by pai-sive integrated transponder (PIT) t'lg reader.~. Estimate, for bal., at 
elK'h I'''()~t WJlhlfl a }~ar are tr(>111 the ne,l approxjnl3l.ing model' <jl(Jge + roost / year) p(roosll (~ee Appendix lL iHld the csrimak for hat, over 
,ill ye,lr\ ,Iml r"(;,l' c[)mblned 1-' in the lov:cr right cdl ot the table (based on the model <jJ(ageJ p(age)), E~IJmates of hr-yem sun,j"al of b:ll, dho 

,Ir,o P!ll\ irkd for ed,'il yc:,r :]ero." ail roo'!., (~'limat", In.HI) ulodel ¢(ilge 4- roo,>!) p(roost)) and f')l ea.:;h roO,1 acro~, .J1I yew', k;,l1!nal~' t'r"lll 
!1lodc-i (\)(ai"> x le,lr) P\fOOSI) 

R,x>,t 
Born II! :2001 
.; (950; en 

Hl)rTI III 20112 

,; (9~('" CI) 
B"rn lTl 20m 
<~ (95'''' C{) 

f..dch n)l)Sl aero;.;;.: <"l.ll }~;lr ... 

~ (95% Cf) 

Hh\ 
PET 
CR4 

LAH 
T'.\!l 

:Gill.h y~ar ncross all rO()~Ls 

0.72 10.S(}"O.84) 
0.62 (0.31-086) 
0.83 (O.S5-D.98) 
lncstilH3blc 
O..t~ (0.2Y-Il.(>8) 
0.67 (0.57 ·0.77) 

O.6R (O.50-0.S2) 
0.)3 (0.07-078) 
0.08 (O.OI-D.SO) 
0.50 (0.04-0.9(,) 
O.S7 (0.19-1).88) 
0.52 (0.38··0.65) 

0.84 (O.65-D 94) 
0.72 (0.40-!l (j I) 
0.45 (0. 15-<!.?9) 
067\0IJ-(97) 
0.78 (1J,49-D.93I 

0.76 10 6.~-·O.85J 

n.71 iO.62-D.791 
0.77 (0.62--0. P) 
0.51 (0.J5-<J.67) 
0.75 (0.32·-0.95) 
0.59'OA4--il.( 1) 

Ovcrall 0.67 (I) 61· .0.73) 
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hrceding probability is particularly instructive. in the context of 
Ihe drought in 2002 and tltC 8rrival of Lhe West Nile virus 
t'pi/o,)Lic and .:\pplicatio[) of perrnethrin in 2003. The lack of a 
yc;)r dfee'. in 2003 is consistent with findings lhM hig hrown 

hats arc insensitive to West Nile virus when dosed hy 
experimenlal inllcuhlion in caplivc experirJl(:Ol~ (Davis ci OIl. 
~(05) The lack \)f a 1"\)O,t errect on hreeding prohabilities also 

'.uggcSl', thal all of [he sirt's 'we sampkd may provide required 

lhe.fln,;l c[)ndjli()n~ for pregnancy and lactation in adult 

rClllak~, Lower breeding prl1babilitics of ] -year-aids is 
cVIDence thai ~orne bats of Ihis age class might In<::h. ,urfieient 

nUlritional reserves in .,pring and early SlHnmer to alI01" 
suc::essful partul ition and lacta(ion. These bars defer repro
duction unlil age:: years or older. We spe.;;ulalc that the lack 

01' ,1 ye:,T dlel' I and Ih,· high brcc,ding probabilities obserwd in 
bai~ 2 llr nwrc Yi;ar~ old also may indi<.:ate thai lht: ul'baniring 

;:!1vircmmcnl ,upp<,ning our ~lndy populfltiol1 is fa\'orahle to 

big. brov,.n bal dcmography. This species is typically the most 

"bundant biit lTI urban and suburban areas of North America 
Ii: .g., .)()hn,;;of1 Cl d. 200R: Kuna and Teramino 1992: Loeb et 

ai 20(9) 

Big brown bms Me geographically bimooai in liUer Sill', with 
lillcrs D~' 2 in e,lslern and J in we~lern North America. ft is 

unknown why litter size iillhis spc<:ics is pilniti<,ned so sll'Ongly 
by longilude but nOI btltudc. Dat" for lilter sizes O[ big brown 

1)<1IS in ",estern North America sp"n 2.500 km in lalitude and a 
diH:r,ily of babilat and climatic condilions, wilh representative 

,tudiC's in Ari70na, Colorado. ~nd Albena, Canada, In the 
:,outht.:11l Arizona descrc 3 colonies of banded hig. brown bats 

roosting jn brid~e~ "~'ere sampled inlemivcly for 12-14 years: 

similar to our sludy, litter 'J/.e was 1.1-1.2 tSidner 1997). Liner 

~j'/e wa~ I.l.~ (lleady id'onticallO Colorado) in Alberta tHolroyd 
] ')9.1: Schowalter and Gunson 1979). A sharper longitudmal 

than latitudinal gradient in liner size cf big brown hal., exist,;: 

590 km e"sl of our stud)' arca litter size W,IS 2.0 in Kamas (Kunz 
1(74), and moclal hlter size is aho 2 Ihroughout cenlral and 
C"Slern \'onh America (Chriqian 1956: Cockrum 1955; KUrla 
and Baker 19(0). The ecological or hi,wrieal factors (hat have 
iC~I.dlcd in thi~ relnarkable longitudinal dichoLomy in lilter sile 
,tre unh:nown. a ponll thal i!lustrale, huw liuk i~ underslood 
conccming forces that mold aspeels of life hislory in even (he 

mo>l comrnnn bats. 

Threi.' other sludi,~, applied Cormad,-Jolly-Seber models to 

""tim,llc' l.'\I-ycar '.urvival in microchlrOp(eran,s. First-year 
slIn'ival was lower than adult survival in pipisLrclles 
(Fq!l.\'lrel!7l.\ PlfJi~t1'd!u~) in Germany (Sendor and Simon 
20(3) and in long·lailed bal' tC!wlino!obf,II Lubei'( ulatus) in 
New Z.:alilnd I.Pryde ri ill. 2(05). Years with different weather 
:1;1;[ predator condilions illrillcnccd survival in lung-Iailed bats, 

Juvenile: ~un'ivaI ill Yllma lOyoli~ V"lyori5 yumanensis) banded 
al mal<::rnil) eolunics and nigbl roosts in bridges and buildings 
111 Calif'ornin also was low,"r than ill adults (Frid: d a1. 2007), 
\l(hl pa~r re,earch on survival in bars generally relied on ad 

hoc analyses Ihal did nol :ldju~t for caplure probability, used 

ballds thal can affect slirvi val, and marked bats at hib<~macula 

""Ilen Ju"enile, could n()l be disti nguished from adultS (0' Shea 

et a1. 2004). However. estimmes of Ist-year survival ill other 
speeie~ of lemperate mne North American bats derived from 

.~ueb approaches have generally been lower and less precise 
tball nur overall estimate (e,g .. l"lumphrey and Cope 1970; 
Pearson ct al. 1952; Sidller 1997; Stevenson and Tuttle 19H I ). 

This could be due nol only 10 Clll' app1icmion of analytic"ll 
techniques thai ineorporale caplure probabilily t I~t-:car 

surVival in the Yuma myotis also was high relative LO Ihe,e 

past studie.~-Fricket al. 20(7) but also to thc pas,~lve lllc(hod 

or detection using PIT tag reader:;, which resulls ill higher 
encounter probabiJitie, (]nd grealer precision of {;;~timale~ Ihan 

thme made lhrough d.ireet caplums (Ellison el aJ. 2007). 
Estimated 1st-year sllrvival rates in our study were higher (han 

ad bor.: (Iifc-wbk) estimates for big brown bat" in Arizona 
\Sidner 1997), which sbowed IOIA'er survi val in jnveniles than 
in adults and higher return ra[<:.., of juveniles thai wcrt' in heller 

body condition the previous summer. In our study juvenile,s 

that wert nol known to be alive as adults <LIsO had lower body 
condition indices in lHtc August and early S<::p(eJllbt~r of the 

year of birth t:(lmparcd lo bats known lO return. c<Jnsislenl v,ith 

',ludies of other temp::'fclte wne bats tba( concl uded that enlry 

into hibernation in good body eond,tion is a prerequisite for 
survival 10 the ensuing, year (D"vis 1966; Humphrey and Cope 
1977; Ransome 1990). 

\Ve found no evidencc for negative effects on 1st-year 
survival in Ihe cohon l)f big brown bats born during the year 

wilh arrival ilF the West Nile virus -:pizooUc, Unlike breeding 
probahi! ities. Lst-year survival varied with roost and year 

thrl1ugh complex interactions between these 2 effects and age. 

The eSlimates of survival were generally lo<... cr in lSi-year ba.ls 
born during the droughl year. suggesting Ibal Ihis droughl may 

have affected big brown bill demography more Lhrougb juvenile 

survival lhan through adult bre.eding probability. \'fodel 
selection results also suggcst that this effen mig,ht vary by 
roost. The imporlance of the roost environment for sustaming 
bat populations has long been recognized (Kunt, 1982;. Firsl
year sur~'ival might be mor" variable than adult hreeding 
probability '1l11Ong Lhc aOlhropogenic s[ructures used as roo~ts 

in OLlr study. This variability could rl'late to at leasl 2. I'a<::lors: 
iledged juveniles could be al energetic dis::tdvant:lgcs or have; 
greater vulnerabilily LO predator, al S()Tne roost,. We did no[ le,1 

for these effects directly but noted lower body conditions 

indic<:~ in ju venilcs not known 10 return aflor their year of binh. 

Additionally. 2 roOsts with low survival in some yeaI', were 

ohserved 10 be visiLed by domestic CliS thaI stalked bat~ c1ulillg 
emergence. These "ites bad emergence poinls closer to the 
ground than roost, with higher survival, and inexperienced alld 
Jess agile t1cdglings could have been ea~icr prey m thcse roosb, 

ReenJitment ill the study population of big brown bats 
involved high breeding probabilities in adult females 2 years 

old or older. low variability in IiUer si/.e. and lower survival 
and hreeding probabili(ies in i -year-olds th'JIJ in adul[s. 
Breeding probability in adults did no{ vary by roo,t or year, 
bUI Isl-year survival varied with Lhese 2 !'aelors in complex 

ways. The suggesled negative iniluencc or drought Oil 1\l-year 
suryival h:l." impljealioll~ for the conservalion of bat 
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pop,liatiol1S giv~n projections or climme change models for 
(!r~Jl\>r drou!yhl condition:' over lar!!e areas of western Norlh
~ ~. ~. . . 

Amcric;, iBarneu et ~L 20UR; Seager Cl aL 20(7), This work 

a)',} d'::!1IOI1,trales tbal "dtcrn,liivc marking and recapture 
ml:lho(j~ coupkd v,.lth modern ,tal.1,ticai approach~:, can be 

c'inploy.:d profitably in nK' !>Iudy of vilal pararncler~ crucial lo 
recruitmcJH in bal populations. Vole hope lhal approaches 
sjiDdar m lh(,sc we uscd with this common specie, wi\] be 

cOJlSldered in future ~ludit, of other species of bats LO <\dvancc 
under'qanding of their popUlation dynamics. The de,leriorating 
conservation statu" of many bat populations dictate·" a need for 
impro\'cd llmkrsi;:nding or vital paramclCfs Lo bettcr gauge 
progrc,~ in aehjevin?! 1l1.1nagcrnent goals. 
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ApPENDIX I 

;;·bdd ,ekl'!ion result, for.\ allaly.lcs Ihing program Ivlf\RK. For cach modele"" include the fol1<)\l;lllg remls (Burllilam and Alldc:r<;on 20(2)' 
number 01 paranlcLer, 1n the model (KJ. Akaike', int(lrmatlOll criterion ~(ljusled for oVerdisper,eJ dilt,l anJ ~rnall sample ;;ize (QAlee ), rile 

drf1erellcc In (lAlC( V<lJue bem-een the CIllTent Ilwdel ~Ild the top·rnnked model (AQAlee). and the Akaike weights (>1'5), The term f i, rhe 

eSiimJl~ (11' ovcrdispersion. :vIoJd notation follows Lebrelon e( al. (1992): for analy.>es A and B (breeding probJbilities of female big brOl'd) bal~. 

l:'pll'sic/.l.I/iIS'·U,I). survival (S). capture probabilil) fp), and transition:, (IF were modeled il~ either constant aero,s years and .tate~ i. l, constallt 

o\·er year, but different by ,Me (state). con,rani over yeilr, bllt different by roosr (roost). diffcrenr by yea" with no romt or state diffcren.;e; 

1ye,lr), and" c(lmhlllauon of Slat~, fl)Oot, and yeJr difference~ 151,lte x roo~l x year). For analysi. C (1 ,t-yea! 'llrvival pro"tJabiliues), apparenl 

,urvlval (<'~), and captnrc probability (pi Wfre modekd wiih iOn age qTuclure (age). ,J' ClHl,Lanl i\(:r()~, agf' anJ year 0, differenL by roO,l (r<wst), 

diff-::rcnr by ro,,~t and age (wo,t x age). diff<?r~r1l hy age and Yfar (age x yeal), differcllt all]()Jlg Je"r~ (ye-ar). and differem among roo,r, and ,tge 

and year 1a~.<, x rooH / yeai). Amdy~es A and B are ba>ecl on )),11> captureJ and eAamineJ In hand (requlfed to as,es, breeJing COndll"h.}n). 
Ana:y~i,; C WiJ, conductf'd 'ieparmely kcause li i, ha,ecl on a larger data 'et of passlYe encounler, regi~terf'd by unw:naied passive in1e~ratcd 

',rarhpunJn (PIT) lag realkr,. 

K (MICe <'lQAIC, ,,'-_.__. 

1\ Br~l,;ti:n)1' prl)bilhlfllh.' .... r(\~ knou,-lI-a~e rertJ.:.lIo.:.· .... (/- .::.,' 3.021 

S~ ) p( J "P('laIC.1 III 689.1 O.U 088
 
':>(.) Pl ,t~le) '1'Islale) i3 694.2 5.1 0.07
 

S(SI:<lIC) pl,t'"Il') 'I'(wt\c) 15 696,2 7. L U.ln
 

S(cLale) pC I '1'{sr'llel J5 696./i 7.7 0.02
 
S(.) 1'(.) 't'1.1 .\ 3,414.7 2,725 6 (1.00
 

B Bfee.dHlg pn)~·h;hlJitl~.~ fo:' female:.: ? 2 yedrs old (t = 1 21) 

S{ J p~LUU~n \)Jt ";lm~~J 'i 1.25D U.O U.'!! 
S: I pi '~:Jc) \JI (stale) 5 L25S 6 5..1 U06
 
St')l;L(,~; r{,;oi[~.W} \}J(t.t:l'.(') (> 1,261).7 7.3 U02
 
S(.) P(,'.;li.ltl,.' ~ 1\)U~t.l \Prst:He + ruo\t) 25 1,324.0 70.7 0.00
 
){~I:a;i..") p(,ti.;It - 100..;[1 II'ISI<JlC;' n)(j~() 26 1,325,2 7LlJ om
 
S\,n,''.) ...,L) p(n>(Hl: \Y(<';~O:Ilr ... IT,O,,n 24 1.332 I 7ii 8 0.00
 
Shllllc + r~)(lsl} p(SI.<\ll' -;- roos-ll '1J(~',lll.:' ...!.. rnos() 311 1,348.4 95.1 000
 
Sl)"':lIr) pl:~\~a!') l]J(y~~ar) 9 1,J69tJ 115.7 (111)
 

SC J P(IOllSl) '1'u 8 LJ7J.3 117.9 o.on
 
.'>C j p\) 'p\.) -' 1.374.6 12U 000
 
SU pl,(>('st) 'P(mo,l) IJ 1,375.2 12U 000
 
S(,la\CJ ['troOSI) 'f'(n:-,{'SI) J4 1,377.2 123.9 n.Oo
 
S(rOO')I) f'(rOOSl) I¥(ro()s~) 18 1,384.6 13U 0.00
 
S<SLdlc X ;'P()'S' X yO\,;ar) pl)latc "< lT11)St ;< )'eJ.r) 'f(~t:-uc X r()~)!)l '/ year) 108 1,469.2 21:;.H tWO
 

C. firSI y~ilr PO$l'•.•... ~:Uling ~ur\'ntll 01 rt~lllalc::, ((' -;- l.J~1.) 

~)'Ha.~~ " h)(h( '>" yc.;Jr) plr'DO.'\) <i) 1,670.1 D.O lJ 92
 
~lla~l' / n.'L'l::it + )'l\ar) [)([{IOS~} 19 1,674.9 4.8 0.08
 
tNa~-\:'" X rl){J:-'{} p(rop"l) 15 1.6~7 .4 17.1 Il 00
 
.!)ld~': \( ) ~.(}r, ~){roo ... IJ L1 1.690.6 20.4 IJ 00
 
(pi rOOq j p~ rno ... n IU 1.691 6 21.5 0.00
 
etu,l~e) pidp-d 4 1,6'-17.8 277 0.00
 
l~;(~l~(,; p(Y~iU) 6 l,7UIA Jj 3 0.00
 
0(y~:,f) p(),,:\r) 7 UOI.S .1 ~ .7 000
 
<;)(8.g-.;:) P{I\)l!St} 7 1,702.1 32 D 000
 
qHyem j pi t'C)()$ll 9 1,704.1 34.0 (l.OO
 

~(.) p(J 2 1.709.U 38.8 O.OlJ
 
~l(.) p( :EM) :; 1,7147 ·i~.6 U00
 
lp(tlg,: X 100:'[ X yeti)) p(age X rf)~)s.l X yea.:) 6R 1.714 <) 4U 0.00
 


