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AIIS·I'H.\CT.·······Wl' dl'll'fminl'd th" bal' fillm" at \ll'sa V"rdl' Natiollal Park (\-1<,.,," V"rdei III 2006 and 2007. ")""a,,I<'f" 
i'led bat elevalional distrihution and reproduction, and investigatt.. >d l'()n~l:ing habits of "elected species, \Vc captured 
J996 bats of J5 spel'ies in ml"it nets set over wakr during 1.20 lIights nf sampling and recorded eeholo<.'ution calls of an 
;:HJditiDllal :;pecies. The hat f~llma at v{esa V(-'nlt:~ included e\'(~ry species of bat known \\'t'st of tlw Great Plains in Colo­
rado, l'xcq>t the little brown bat (AfyoU;) hICijl(~1I8.1. Some specie.... showed skewed sex ratios, primarily due to a prepon­
dl'nll1l'c ofln,,!es. Thirtl'cn species ofb"ts rl'produced at 'vlcsa Vcrde, i\bjOf dill'erenees in spring precipitation betwecn 
the 2 rears of our study \h,'rc associated "lith tliffcfCl1(;CS in reproductive rates and, in some species, with numbers of 
juveniles captured. Hedu(:cd reproductive' d-llnt during spring drought wilJ have' a greater irnpact on hat populations 
v,;uh the flJrec:astcd increase in aridity in much of westerII North AnlC'l'ica b~' models of glnhal climate changc~. \\le radio­
tral'ked <Iii bats 0[' 'j speeics to roosts and describe the [hst-kno\V1I maternity colonies of spotted bats (Euderml1 """,,,1,,­
tl1m) in Colorado, All 5 species thai we tracked to diurn:·t! roost';o; relied aJmo ... t exclusivl'ly OJ) rock crevict's rather thall 
tret>s or snags .. despite thl:' preS<:'llCl' of mature fi)resb at \l('':>H Verde ami the usc or tn-'cs fiJr ronsts in similar (C)r<.:','iis (··1.':oc­
wht're by some of these spec·ies. Comparisons \\'itli I),l<;t hat survey.'> at \'rt'~;l Venlu and in surrolllHJing :In--as suggest no 
dramatic t:'\'id,f.;tlce for effe<..'t,\ of recent st;,uH.l~rcplacinl:!fin-'s un the ('ornpositiOTI of the hat cOlllIllunity, 

Key wonl'i: bats, Chiroptent, rcpro{f,Wtlon, roosts. drought,jircs, dim/itf' chan.:;c 

Several species of westplTI bats are of con­ addressed ('<'isher and \-Vilkinson 2005). The 
servation conecrn and were l(lrIncr candidates effl'cts of drought und fire on bat bnllas is of 
for listing under the U.S. Endangered Species concern given projections of climate change 
Act (O'Shea d a!. 20Q.3). Thus a fundamental models for greater aridity in 1Tl1H:h of western 
objective of resource managers interested in North America (Holden et a!. 2007, Seager et al. 
hats is to inventory the bat hlllna in s[lecitlc 2007, Barnett et al. 2008). We songht compara­
rnanagement areas (e.g., Kuenzi el a!. 1989, tive evidence tl)J' SIlch etTects from onr survey, 
~vforrell et al. 1999_ Clmug-MacConbn'y 2005). past surveys at ~'Iesu Vcrdc National Park 
Managers may also wish to determine whether (Chllng-rvlacCoubrey and Bogan 200:3), and 
an area supports reproductively activc hats, surveys dOll(' in nearby regions of the Four 
what habitat features bats use for roosts, and Corners states (e.g., :\lo11hagen allll130gan 1997. 
how bats an.' affected by landscape-It'vel changes Mom:ll et al. llJ~m. C:hllng-MacCollbr~y 200:)). 
in habitat (e.g., Lacki et a!. 2007b). We under­
took a study at :'.'If'sa Verde National Park, Colo­ STUDY AREA 
rado. with such objectives in mind. 

Mesa Verdp National Park has suffered dra­ Mesa Verde is a large (5:3,870-ha), sonth­
matic landscape alterations {i-om droughts and ward-sloping cuesta in southwestern Colorado 
stand-replacing wildfires since 1989 (r'loyd et intersected by nllll1eroUS canyons, \-Iesa \'erde 
al. 200.3. 2004, 20(6). Large tracts of piiion­ National Park (herein referred to as Mesa 
juniper woodlands were destroyed, and tn~ps in Vcrd<~) occupies 21,-133 ha of the cuesta and 
such woodlnuds can provide important roosts spans all elevationa! range of 18,35 III to 2612 m 
for bats (Chung-MacCoubrey 20lna. 200:3b). (Floyd ct al. 20(3). We eatcgorizcd sites wlwrc 
The long-term el}(:cts of droughts and large fires we captured bats above or below thc midpoint 
on western bat communities have not been well of tllis range (2223 111) as highpr elevation 
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(2:) 11 m or higher) or ]ow{-'r {-'Ievation (2165 m 
or lower). Vegetation types at Mesa Verdc nmge 
froIll high-dpscrt shruhlands to pockets of 
montane forests, hnt the area is dominated hy 
piilOn-junipcr woodlands (Floyd ct al. 200,3). 
Climate is temperate and seIlliarid. with ~Iver­
age monthly maxilTlums of 20 cC: in .I uly and 
-8 "C in January: precipitation has high inter­
annual variahility, hut most Erlls as monsoon 
raillS in Ju]y ;Jlld August and as snow in !\dareb 
(Docskcn mId McKee 200.3). The .3 lIlonths wilh 
lowest precipitation ~lre April, May, and June, 
with Jnne the driest month of the yem' (Doesken 
and McKee 200,1). Drought coupled with 
matllre, dense f()f(~sts resulted in large wildfires 
that have hnrned extensive tracts of pif\Oll­
juniper woodlands since 1989 (over 70% of the 
park arca) (Floyd et al. 2003, 20013, nonuue et al. 
200:3). The landscape history. eco]oL,'y. alld natu­
ral history of Mesa Vcrde arc rcviewcd in the 
volUIlle edited hy Floyd (200:):, 

MCTl[eJl)s 

\Vc' sampled the hat fauna in 2006 and 2007 
bv setting mist nets (Aviuct, llle., Drvden, f'Yi 
o;;cr or ;Iong margins of water sou'recs uscd 
by hats. \Ve sampled 11 sndt sites, ranging in 
elevation from 1890 III to 2361 Ill, all within 
park boundaries except the Bear Track stock 
tank loeated innnediatdy adjacent on Bureau 
of Land Management property. Logistic and 
access considerations dictated that most sam­
pling (83';1, of nights) took place at 3 sewage 
treatmen t lagoons: Cedar 'IreI.' Tbwer lagoon 
(UT\! 723204 E. 4119490 N: "ADS3 datum) 
on lower Chapin 1vlcsa, upper Mordield Can­
yon lagoon (7290921':, 4128479 N), and 1::'11' 
View lagoon (722669 E, ·1126030 N) on upper 
Chapin r....lesa above Little Soda Canyon. In 
both years, we also sampled at the base or a 
clilf (724412 E, 411634 N) a drainage tunnel 
frc1lnented by hats carly at night (pc:rhaps for 
water) and a I(mrth st'wage lagoon on \Vether­
ill Mesa (719103 E, 4128-179 N). In 2006, 'we 
netted hats at the Far View Visitor Center 
(721940 F, 412blfm .\) at a slairwellnsed as a 

uight roost <md al Bear Ti'ack stock bnk i72-j.·'r3G 
E.ll:31913 N). In 2007. we udtcd bats at :3 
seepage and rnnolf pools in Soda Canyon 
(723711 E. 4119868 NJ and Hock Canyon 
(7HJ179 E,1115672 N; 7lD4,,)(i E, ,1115598 N). 

\Ve report eflort as "net-Ilights'"-the total 
linear lengths of nets deployed eaeh night 

divided by 12 Ill, the typical length of nets. Wt' 
determined sex and reproductive condition or 
each hat captured following critcria in nacey 
(1988) and determined age (adult or volant 
juvenile) based on ossification or phalanl;eal 
epiphyses (Anthony 1985L Netting began on 
17 .\flay in hoth years and ended on 23 Augnst 
in 20(Hi ami J 7 August in 2007. Personnel who 
handled bats worc' leather gloves, had pre­
exposurc rabies prophylaxis, and t(lllowed cap­
ture and handling procedmes approved by the 
Institutional Animal Care and Use Committee 
of thc u.s. Gcological Survey, Fort Collins 
Science Center. \Ve released bats on-site after 
capture and handling. \Ve retained 15 voucher 
spceimcns of 8 species in thc U.S, Geological 
Survev collcetion at the 1vluseulIl of South­
weste;'n Biology (M S B), U niversitv of Now 
Mexico. Albuquerque. Nomenclalnre of bats 
follows rcgionallIlannals (AnllStrong d al. 199-1, 
f,'itz[!crald d :11. 19D4:1. with n'c(mt exceptions. 
We' usc' Pa({lstl'elllls hesperus fell' the canyon hat 
(l loofer ct al. 2006), CoryrwrhinllS toumsendii IiJr 
'l()wnselld', hig-eared hat (Tllmlinson and 
Douglas 1992, Bogdanowiez et al. 19(8), and 
Myntis nccullus for the occult myotis (Piaggio 
et al. 20(2). \Ve identified occult myotis cap­
tured in this study hased on appearance 
(reddish brown pelage and missing or dis­
placed uppcr premolars; HolTmeistcr 198G) or 
occult myotis from elsewhere ill southern 
Colorado (Piaggio et a1. 2(02), but vve retained 
voudlCr specilflellS fe)r future study. 

Selected bats wen: radio-tagged soon alter 
capture to detennine locations of daytime roost.s. 
\Ve nsed miniature rCldio-transmitters tuned to 
164-165 "'1Hz (Holohil Systems Ltd .. Wood­
lawn, Outario, Canada; B1ackhurn Transmitters, 
Nacogdoches, TX). \Ve focused tracking on 
reproductive {c'lIJalcs to Hud maternity colonies. 
Transmitters weighcd 0.:32-0.78 g and were 
deployed on bats only wlH~n the transmitter 
weigbed ~5% oUhe bat's body weight (Aldridge 
and Brigham 1988, Neuhaulll d a1. 20(5). After 
trimming a small patch of fur tr l within 1 mm of 
tbe skin, tra.llsillitters were atlaclwd to the rnicJ­
'('<'pular region or thc dorsum llsing surgical 
adlll'si\l' (Skin-Bond, Smith &: Nephew, Largo, 
F I,). Bats were he·ld for :lO minutes after trans­
mitter attaclllnent to eilSUW adhesion. \-\le 
used sC'lIlning-telt:metry receivers (n-l000, 
Comlllullication Specialists, Inc., Orange, C'\) 
alld monitored si~nals li'om vehicles with l'Oof~ 

mounted 5-e1ement Yagi antemws and 011 foot 



2011] ,3 

using cullapsible :3-element Yagi anteunas. In 
2007. we augmented searches wit'll 2 tracking 
Hights in a Cessna 182 fixed-wing aircraft with 
Hutennas mounted on the wing stmts. \Vhen we 
detected radio signals of tagged hats, we zeroed 
in amllried to determine their exact loeation. In 
rnost cases, we could not rcadl the origins of 
transmitter sigrwls hecansp of cliffs and inac­
cessible eanvo~ls. \Vlten we cuuld nut get within 
5 III of the I:OOSt. we took lTIultiple: l)(~arings on 
the signals and estimated locations h~: triangnla­
tion. \Ve attempted to locate tagged hats daily 
lin the life of eDcb lr,lI1slllitlcr (8-14 days). 
Upon Ilnding a bat roost. we rccDrded stl'ue­
ture type (e,g., building, rock crevice, or tree) 
and qualitative descriplions of the roost struc­
ture and surrounding area. \Vben practicDI, 
we sat outside of roosts at dnsk and connted 
the numher of hals that fmJerged ..At !'Oosts of 
spotted bals (EudenlU1/fUlCuwtum), we observed 
hats and eonnted the number of individuilb 
hl'i-lrd making audible calls as they left crevice 
entranecs. 

W(.' recorded echolocation ealb awl searclmd 
I'llI' distinctiv(; acollstic plOperties of additional 
species not captured in [)l·ts. ,,"Ve recorded ultra­
sonic calls of bats from .sunset to sunrise on 10 
nights each month in June, July, ,md August 
200f5 at 4 random I)' selected stations on Chapin 
Mesa, We used AnaBat n' II hat detectors with 
programmable zero-crossing analysis inter­
face modules (AnnHat '" c: F Storage zeAl M: 
Tillev Elcctronics, NS\Y Australia). Detcctors 
wen: placed in weatherproof hovcs oriented ill 
random directions and angled <tS'" to a ret1(·etive 
polycar-bonate-plastic surface. Detectors were 
prc:calibrated to minimizc variation in zone of 
reeeptiuu among units. \Ve used Analook f(Jr 
\Vinclows rsoftwareJ, version ,3.20 (htlp://users 
.hni.net/corben/anabat.htm), to illlalyzc call re­
cordings, and we categorized thmn by specics, 
based Zm qualitative and qnantitative features 
documeuted in lihraries of species-specillc echo­
location calIs (O'Farrell et al. 1999, Everette et 
al. 200l, Ellison d al. 2005: C. Corben and M. 
O'r'hrrell, O'Fhrrell Biological Consulting, un­
publislwd data 2007). \Ve did not attempt to 
distinguish between calls ffom,ilver-Iwired bats 
(l"(lsi<;nyctl'ris noctivli{!./JIlS) aud hig hrown bats 
(EplesiclIsfllscus) , We defined a "hat pass" as a 
se(lilenee of 2:2 call pulst~s produced by a single 
hat fi'om the moment it was detected until it left 
tbe range of detection (Thomas 1988), Detec­
tions (;{<2 call pulses were not Llsed. 

Data Analysis 

\Ve provide simple descriptive summary sta­
tistics, pereent;lges, and eommuuitv indices 
hased un capture data, Tb compare pmportiolls 
among categorical data sets, Wt> provide q5% 
conlJdence intervals (CI) and assess degree of 
overlap. For contrasting sex ratios, we 
cxpcetcd CIs to overlap 0.5 if sex ratios of 
Inales to females were equal. \Ve also used 
logislie regressioll (PROC GENMOD, SAS 
Institute, Inl'. 200:3) coupled with an informa­
[ion-theoretic approach to select between 
competing explanatory models (Bnrnham and 
Anderson 2002) and test the biolugical 
hypotheses that reproductive rates varied 
between 200fi and 2007: the 2 veal's dinered 
greatly in amount of spring pre~'ipitation and 
community productivity. 

\Vl' cornpaJ'l'd the proportions of reproduc­
tive kmales in each ycar nsing 2 models, Under 
the general model, the prohahility of a ltmrale 
h"ing reproductive W,lS allo\w~d to vary between 
the 2 veal's; whereas under the constrained 
1Il0del: the prohability of a female being repro­
ductive was ,\ssnmed to he constant between 
lhc:2 vc-ars. lvlodds were rankcd llsing Akaikc's 
info!T;latioll eriteriou corrected Iil!- sa'; uple size 
(AICc) (Burnham and Andersou 2(02). We also 
calculated Alec ditfcrences (2:.1 == difference 
in AIC" score bctw<'t'n the itl, and the top­
ranked model) and .\kaike weights :'u'i == proba­
bility that the ilh model is the best approximating 
model arnong candidate models). The model 
with the lowest AIC" score was assumed to be 
lbe best-Jilting modd fBurnham and A,ndersOll 
2(02). 

Hcproductivc rate is the lift~ history trait of 
hat.s lIlost like!v to \'an' with ell\'irollmental 
conditiolls (I3al'~'lay et ai. 200,1), Hcprodnctive 
rates wen' calcnlated as the proportion of achilt 
females captured that were pregnant, lactating, 
or postlactating within a time period defined by 
the recognition of the first pregnant and last 
lactating female of any species. Limiting rates 
to this pcriod should rcduce incorrect field 
diagnoses (e.g.. pregnant bats with small fetuses 
not det<'ctahle by palpation earlier in tlle season 
or po.,tladating bats with regression of teats 
miscategorized as Ilonreprodllctiv(' later in the 
season), Spring precipitation data were ohtaim,d 
for the \lesa Verde station from the National 
Climatic Data Center (http://Cdo.ncdc.l1oaa.gov! 
.\ll('SlLllI/ACS). COlllparisons or reproduction, 
relalive abundances, and Sex ratios of Il:lts 
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between 2(XJ5 and 2007 an~ limited to data from 
sites that were sampled in both years, 

vVe C(Jl11pan~ the bat buna at Mesa Vcrde' 
with other regional bat t~lllllaS reported in the 
literature, \Ve limit such comparisons to other 
studies based OIl eaptures of hats in mist nets 
over water or similar high-usc areas but not to 
those studies based on ~:aptun~s at colonies or 
on echolocation recordings, Th conduct thesc 
comparisons, we calculated ·t community 
incliees: species richness (the number of species 
detected), Jaccard's index of community similar­
ity, Simpson's divcrsity iuoex, and evenness of 
distributio!] of individuals amo!]g spccies 
hased on SimpsOlls index, We calculated Jac­
card's index as 1 = e/(A + B - e). where Cis 
the numbcr of specics in l'OIlunon betwee!] the 
faunas of 2 regions, A is the numher of species 
in one region, aud B is HIe number of species in 
the other regio!] (Magurrau H)S8). \Ve express 
Simpson's index as I ..... D, wlwre J) = 12: n(n-· 

1)1i[NiN - I)], II is the; number of individllals in 
cach species, and TV is the total numbcr of 
individuals captured (M,lgmra!] .19813), EVCllllCSS 

of the distrihution uf individuals amung species 
is expressed by the [(JfInuJa (J 1]))/5, where 5 is 
the number of specics in the hat fauna. A 
nnmlwr of alternative metrics of species rich­
ness, diversity, and evenness are available in the 
ccologieal litcrature, each with its own advan­
Llges and hiases. Their properties are discnsscd 
by Magumm (1988, 2(04), and their application 
to hat studies is rcvicwcclliy 1:ingston (2009). 

vVe uscd a c<Hnparativc approach to search 
hlr evideuce of major impacts or recent extensive 
fires on bat hnna, \Ve compareo the relative 
al>undauces of spccies and the aJiirementioned 
eomnuJIlity indices with those of other surveys 
nsing similar methods elsewhere in the Four 
Corners states within about 375 kill oj'Mesa 
Verde. These comparisons did not prescnt 
major difficulties in determining species' taxo­
llomic identity. One possible exception was 
distinguishing between M. occlIl,us and 
MyoNs lllciji.lglls (little bmwn hat) on the has is 
of geographic distribution. Ilow('v('l: only '2 or 
thesc other studies reported "jther spl~cics. In 
one study (Coconino Plateau. Arizoua: \!orrcll 
et !II. I99lJ), idt'n ti tv of M. <JCClIlt us is sup­
ported by lhe literature on dislrihntion 
(HofTulCistcr 19136), and in thc other (\Iofbt 
County, Colorado, ;:no km north of iVlesa \'(~rde: 

Freeman 1%4), identity oj'l\f. luciF/,2,l1s is like­
wise supported by the literature (Armstrong 

1\)72, Armstrong et al. 199,[, Fitzgerald et aL 
1994), 

\Ve also comp,mld our results with those of 
a previous sll1'vey at Mesa Verde in HJ8D-l ~)94 

(Chung-\-lacCouhrey and Bogan 200;)) con­
ducted bdclre the most extensive burns, Our 
ability to make' comparisons with the W89-- .l9fH 
survey was limited because t.hose results were 
primarily from dine'reut locntions and cmpha­
sizcd small pools in canyons (perhaps biased 
towards maneuverable species that are more 
likelv to drink at sources with slllall sl.lrraee 
area~) sampled mostly in late July through 
August. These small poo].s have since filled with 
silt from postfire runoff or dried dne to pro­
]clllged drought, and we wew thus unable to 
repeat sampling at most of the same sitcs. How­
ever, we were able to make comparisons with 
the 1989-1994 results fnJln uelling at or wilhiu 
2.5 kill of thc' JVlorl'lkld Canyon site. Addition­
ally, in 2007. we sampled a permanent seepag,· 
pool in Soda Canyun on fi nights; the configu­
ration Il)r uetting at this site was similar to the 
configuratioll at sites sampled in J()8D-Hl94. 
\Ve used Jaccard's index and raukings of the 
IIlOSt abuudant species to make qualitativ<, 
comparisons with tlndings of the HJ89-.l994 
surveys of bats at these locations. Original data 
fi·om the .1989-.1994 surveys reported by Chuug­
l\'lacCoubrey aud Bogan (2003) are availahle 
through the fvl S B (http://an:tos.database 
.ll1useurn/horne.cfm). 

.In describing relative ablludanc,~s of bats at 
\-lesa VenIt" we arbitrarily use the term "CO!fl­

nlOn" [()]' species that account JiJr ~] 0";'; of 
total capturcs, "uncoIllIllon" for speeics that 
account for 2%·-~J'Yo of total eaptures. and 
"rare" for species that aecount fur :S 1% of 
total captures. To our knowledge, standardized 
uses for thcse terms iu hat stuelics are not 
availahle in the literatnre. 

RESULTS 

F,"unal COlllpositiun and Adult Sex Hatjos 

\Ve C':ll)tlll'ed Emf) hats or 15 species at ~'"lesa 

Verde' n:lhk' I) during 120 nights of sampling 
("'is nights in 2tlOb aud 52 uights in 2007, for a 
total of 1082 12-m net-nights). The same 15 
spec.ies were delected in both years, with similar 
relative alnJIldanccs (other than a shift in pro­
portions of silver-haired bats: Titble 1). Rela­
tivP ahundances or species at sites sampled 
in COIllmon in both ycars were similar 10 relative 
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TABLF I S[k;cie:-. <.Ind fll.l1l1hcr' l,f hilt:o. t'<I[lt1lrcd <.It \,.'ksa Vcrde NatiOlHi.l Pur\.;. Colorado, in 200b ;111112007 Pen;e11t­

ages of column totab arc givt;n in [Jarcnthl':ic~. Captures at ;-;itcs in common in 200h-;?'OOi do not indudc lJ~lb that \\'l'H; 

captured at sitl'S s<.unpkd in only 1 of the 2- .\'cars. 
---_ _--------_ _._-_._._ .._--_._--_ __ . __ _-_._-

Capturc~ at silt',\ ill 
Speeies Total bats captured Captured in 2006 Capturl'd ill 2007 COllllnQl12006---2007 

Anfrnzrn/s pallidus 

Coryl1Orhirt1lS lOW,t,~eJulii 

EJ)iesic-us ./i.r"·cu,,,· 
E1ulenna maculatunt 
LUi)'ionycteris lJ.Octi r,a~(ln8 

LasiufUS dnereus 
A1/Joli" t:aliff)rnictl,(; 
A1!}Olis CiU;J[{f!'1'1/lft 

\-f!lotis I-'{\olis 
:\fJjufis ()('(.'/tltus 

}f;/otis thysa'Hodes 
My,,!is colam 
i\1yotis W1LllwlJ.cns;s 
P(J.1'(I...~·tn::llus hfsperus 
]("lal'ida hrasiliensis 

TOTAL 

,5 «]()o) 
1:1:<1%) 

20.3 (10<:;) 
10 « lr,'t-) 

227 (1 Vii":: 
,51 (2,;,)%) 
$)~J (r5%) 

UJ() (lOr;;, 
2%(14';>,) 
100 (.~7i~) 

ill (Ql;})
 

6·1:3 1:.'32(;\;)
 
II:> (I(;~'(
 

HI (.V:'~)
 

20 (l '7,)
 

HJ9/5 

I « It;i,) 

6«1%) 
85 (9';}.,) 

4 «1%) 
1:35 (15%) 
12 (l%) 
2.t) 
7:3 

J~37 (L)s(·j 
60 (I~:~"; 

I~J (2(.;;") 

322 ()5%) 
7 «1%) 

IS (2%) 
6 «IS(;) 

O]() 

11,<l f](.) 
-; «]90) 

Ilk i 119;,) 
6«1%) 

82 (8.5i:,(;) 

J!:i (4(;'.s-) 
74 (7(;(:) 

12fi (12(}o) 
lHJ (11r;;) 
'l()(·l,?{.:,J 

22 (2~l) 

:321 (30%) 
II (1';{,) 
()~) (fj%) 
1·IO'i'c) 

IOH/5 

:3«1%) 
10«1%) 

liS2!1O%) 
10«1%) 

2271)2%) 
-!7 (3 tH.) 
Bb(5%) 

193 (]O%) 
2:27 (12'-;(.) 
100(.5%) 
3:3 (2(.ir) 

(jOt) (33%) 

16«1%) 
tjH (,1';(,) 

20 il ';'c) 
Pill 

abundances at all sites (ineluding sites sampled 
in only one year) in either year. suggesting no 
strong site differences that wonld !>ias annual 
rpsnlts. Differcnu" in monthly level nf effort 
between y·ears wert' also minor, at 1-,) ni~hts 

per site per month in MaY-Julv each yen ... The 
long-legged Illyotis (Myolis wltms) was lltc llIost 
frequently enptured bat and ilccilunled {eJr 
about ouc-third of the total bats captured ('lithic 
I), Other common species (~I ()% of captures) 
were long-eared myotis ("'1yotis evolis), silver­
haired bats, big brown bats. ,wr! western small­
footed myotis (MyoNs ci/io!,dmun), Five species 
were rarely captured, caeh nceouutiug for :5 1% 
of the total (Table n pallid bats (/l.llfroZ01/S pll!­
lidus). TimnselHl's big-cared hats, spotted bats, 
Yuma myotis (Myutis !J1I/lwne11l'is), and Brazilian 
free-tailed hats (nu!m'idll hrasili.,ltsis). Otlwr 
specil's were uncommon, ineluding migratory 
hoary h,ltS (Lasillms cinel'eus), taken primarily 
in late spring and early sumnkr; 8G~{ of silver­
haired bats and 67'/0 ()f hoary bats were cap­
tured by 30 June in both years, although only 
47',;(, of nights sampled were before 30 June, \Ve 
recorded 15.389 echolocation eall files in 200(i 
and identified 12.888 of them to species or 
species group. All calls that we identified were 
attributed to species nlso eaptureu in mist nets, 
with thc l'xception of tlte big fnT-tailcd bat 
(N!fI'tino/lw/Js tnIlCrotiS). We recorded 6DS passes 
ofhig fre()·tailed bats in 20()(j <iuling tlw montlls 
(,f'June (:388 pflsses in 8 nights). Julv (96 passes 
in 7 nights), and August (21:3 passes in S nights), 
but no bnts of this spceies were eaplured. 

Disproportionate adult sex ratios occurred in 
some specit)s of bals, These patterns included 
more males than female'S in big brown hats, 
hoarv hats, silver-haired bats, western small· 
root~d mvotis, canyon bats, and L3razili,ln h·ec,­
tailed h,~ts, but 1~lore females than males in 
long-legged myotis ('[ilble 2). Patterns in sex 
rntios were eOllsistCllt !Jclweell the 2 years at 
sites sampled in common, except fi)r [ong-earc'd 
rnyotis, which s11ifted from more males than 
females in 20()() to mort' females than males in 
2007 (Thble 2), With the exception or long-eared 
my'otis, the proportions or sexes within species in 
the 2 elcvational enkgories (:52165 III or 
~2:311 m) diu 1I0t dine)r stfOllgly betwcell years 
at !vlesa Verde (1ilhle 3), Sex ratios within 
species also were the same, with hrondly ovt'r­
lapping C Is in both elevational categories, 'I'll(' 
one exception was IfJr long-eared myotis, whicll 
had a prepomkrallce of males at higher cleva­
tions and fe'males allower elevatiolls (Table 3). A 
sceming tendency toward lIIore t(~male" at lower 
elevations was alsn indicated ilt pools in Hock 
Canyon and Soda Canyon (elevations 1899­
2103 rn), sampled only in 2007, At Hock Canyon 
we captured 2 lactating female p,1l1icl bats (the 
only pallid bats captured at Mesa Verde), We 
also captured 9 female Glnyoll bats at Hock 
Canyon (8 lactating) ami only 2 males, III con­
trast, we captnl'{·<i 64 adult canyon h,lts over 
twth years 'lt all otlwr sites, and 5(j were male, 
At Soda Canyon. wc eaught 6 adult female 
fj·ingt'cl rnyo/is ("'1yolis lhysarwdes). 4 of which 
were rcvroduetivc'. whereas all otlwr sites 
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TAlIl,!': '2, COHlpari,"iOiJ of;Hlult .... ex ratios <HId proportion!' of adults tllilt \H'l't' llW-le in ;2,006 iLlld 2007 :~\1ay-Au.!!ust tlOtil 
ycar:'i) at selected ~itl'S at \1csa Verde National Park, ColofCldo. Only lhlts at Illc:atioll~ ~amplt.:d in conmlOn in the 2. years 
are included. vI = maks. F = kmales, CI = fl5';f l'llntldenl'l' interv,,1. 

Spceit,s vl:F 2006 M:F 2007 % \-Ink 2006 i.CI) q \hlc 2007 (;1) 

Antmoous /,(dlid"" \:I) 2:0 100(')--100) \(H) (2(1-100) 
C01"!/flor!li,lus lOWliSCfl(/ii 2:·1 :2:2 ;n i,h--7h') .')0 (9--01) 
Eptesicl-ts jllsf'Hs 70:H ~IO:,') 9~1 (S,S·, -D7) 95 (SS·_.-HM) 
Eur/(;nrW?rW('iILafuIII 1::1 \:.'i :25 (1----7H) 17 (lfi'l) 
!.a.';ifnl.l!cferL, nnct-Lr,ugalkl 1:11);:> .~7:3 96 (~Jl·-!JS) 97 (9(1-9f)) 
lA/811f1''ltS l'i.nerc/./s 12:1) :31:2 100 (70--100) 94 (78-8!:.l) 
;\fUldis cliliji)ndcus 111·1 3iU:3 4-4 l25-65j 52 i.-40-i;-4) 
JJyotis L'ifio[ahrulIl -lS::27 SO::)7 62 (,S()-7~3) 61'i (5fl-76j 
i\1uolis ev01;.'1 77::'".i{i ~)2:St fiH r,·-!B--f)t)) 37 (27-/IH) 

Myotis occllltll" 2,1:;)·1 1:3:21 ,J 1 (2H··,~.S) :1b (2.156) 
Myot'i\' thljSl/llOdes 12:7 2:7 61 (39S:]) 22 (,lfiO) 

I'I{yotis vo!rm.'i 70:2:.3~J :'5:]:197 2:3 il·~--2S) 21 (16--27) 
AtyoUs !/ullwnensis -1::3 :3:5 57 (20-88) :].'; (10-74) 
lhrastrclills hespems 13:1 42:7 !):] (64--100) 86 (72-941 
T(I({arida IJI'(Lsiliensis 6:0 1:3:1 lOt) (GZ-IOO\ 9:l ((j4--IOO) 

combined yielded only 4 reproductivc £l'male 
fringc'd myoti_ in 2007; other sites with repro­
ductive f('lLwle fringed IllyOtiS were also at 
lower elevations. 

Comparisons with Other ~at hmnaJ Surveys 

The 4 most abundant slx'cies at Morefield 
Canyon in 200(j--2007 were long-e;lred Illyutis 
(2.5%) of' captures, n :::: 7S), long-Ic,gged myotis 
(24%, n :::: 75), occult Inyolis (18%, n :::: Ul), 
and silver-haired bats (l(j%, rl :::: .50). Bankings 
at Morefield Canvon in 1989-1994 werc similar 
(but proportioll~ differcd), with 101lg-earecJ 
myotis (48%, 11 :::: 41), long-legged myotis (27':"" 
/I :::: 23). silver-haired bats (6(k. 11 = .5). aud Cali­
[;lfllia myotis (Afr/ntis iXdifcJ1'nic'n~; .j,;,e. n == 4) as 
till' most ahuudant species. Hehltive abundance 
was ,lLreater [(Ir occult myotis at MoreBdd Can­
yon in um stndy (1%, n = 1 ill 1989..-lD9·1). Only 
4 uf the 61 ()('cnlt myotis captnred ilt lvlort:'­
BeJd Canyon in 200(;"'2007 were caught during 
tht:' month ofjnly. The rank order at Moref'ieJcJ 
Canyon is different than at Ivlesa Verde in that 
long-legged myotis was not the most abundant 
species either in 2006-2007 or in 1989-1994. 

Smnpling over small pools in the earlier work 
and sampling over larger ponds in our study 
resulted in different biases in rank orders of 
relative ahund<lllce. In 2007, \ve samplt'd over 
the small pool in Soda Canyon on 6 nights and 
ohtained relative rilllkings uf the varions species 
that were similar to mnkings Ii·onl the park-wide 
1%9-1994 S\ll'V('vs: long-t:'ared mvotis (fi!C,i" 11 = 
50), long-legged myotis (24%. /I :::: 20). ['ringed 
myotis (7%, fl :::: Ci). and Ic)wnscllll's hig-e,tred 
bats (2 C,fi , n :::: 2). Park-wide rankings ill the 

1989-1994 surveys were as f(Jllows: long-eared 
myotis (·10%, II = 71). long-legged myotis (30%, 
n :::: 53), 1(l\vusencl's big-careL! hats (11%. n = 
20), and h'inged mvotis -(5%, IJ = 7'1. Based on 
jaccard's index of similarity, the bat fauna at 
Soda Canyon was more similar to that of the 
1989--199-1 surveys U = 0,7:3) than to tht:' UVt:'l'­
all bat 1llllna at :\:lesa Verde in 2006-2007 U = 
UAO), 

Five snrvevs in the Fonr Corners states 
conducted within 37."5 krn of Mesa Verde cap­
tured bats in mist nets over wakr at comparable 
elevations. most including pillllll-juniper wood­
lands (Table ,J'i. Species composition of the bat 
hllllla at Me\a Verde is very \imilar to tlll' COnI­

position at all of tlwse areas. Species richness 
at our study area is identical to species lich­
ness at :3 other ,m'as and hight'r than spt:'eit's 
richness at 2 areas (hoth primarily iu pillon­
juniper· woodlands). Simpson indices indie'lte 
that \Iesa Verde h intermediate in diversitv 
and evenness. 'J\vo 01' three species not docl;­
menteJ at Mesa Verele have distributions that 
do not inducJe Colorado (Idionyctcl'is phyllotis 
in Utah and Arizoua, audlVIyotis ul/l'iwlus in 
Arizona); a third species (little brown bat, 
ZVIyotis lucifugl.is) was !(lUnd only at the Moffat 
County. Colorado, comparison site. Hased on 
'accanfs indt'x. tlw bat fauna of \'Iesa Verde is 
most similar to tlle hat fauna of the 2 geol,'l'aphi­
cally dosest areas previously survt'yed: the 
Ilelll'y !vlo11ntains in Utah and the jemez \;Ioun­
t<lins in '\ew ~vlexi('o ('[lhlt' 4). II' migratory 
tree hats (l1O<1rV and silve'r-haired bats) arc 
removed fl'olll eousicleration be'callse: of irregular 
e'lptllre biases during migratiol1 peaks, the :3 
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most common species in most study areas are 
long-legged myotis, long-eared myotis, and big 
hrown bats. Tilis is tnw in ·1 of thv (1 stlldy areas, 
including Mesa Vt'rd" i'lilhl" '1). and perhaps in 
a finll (the Califr)rnia Ill)'otis and western '1'nall­
kJutcd myotis wcrL~ tr(~atcd ,IS a single species in 
one stwly:i. In the remaining :2 study areas, at 
least '2 of tlt" 3 most abundant species at V[esa 
Verde (long-legged myotis, long-cared Illyotis, 
and hig brown bats) wcn~ among the top 3 most 
abundant species (exclusive of migratorv trpe 
bats; 'HI hie 4). The proportions of CaliJt)f]lia 
myotis and wcstCrti srnall-fc)otcd rnyotis among 
the other Four Corllers stud~J areas each varied 
frum < 1O/{; to 13% ('lithIc 4); at Mesa Verde, the 
relative abuudanees of thew :2 species were 
similar: 5':+ (Ca!i!t>rIlia myotis) 'Uld 10']';; (western 
small-I'ooted myotis). Three other sppeies 
uuconnnon at Mesa Vcrde (ol'eult myotis. 
canyon hats, and fringed myotis) Wl're also 
typically uncommon at most other stndy arpas. 
The occult myotis was only present at one other 
area (Coconino Plateau, relative abundance 
1:3%), the canyon hat was present at :3 of the () 
areas at relative abulld'lllces of < 1')1, to 11 %, ami 
the fi-inged myotis was present at all areas but 
alwavs at a low relative abundance « 1% to W;0, 
Thbl~ 4). H.are slwcics at fvlesa Verde wpre 
similarly rare or uneonunon in lUClSt of thes(~ 

other faunas (Thble 4). Big free-tailed bats 
Wt'j'(' onl\' eaptll1'l'd in one or the other studies 
ami ('onstitillcd onl\' 1<)";" or the total bats. 
'[clwnseud's big-eared' bat and the spolted bal 
always made up < 1'}{; to :3% of the total hats in 
all st.udies. Pallid bats made np 4'i(' or less in all 
otllC'r regioual studies, and 13razilian fi-ec-taj]ed 
hats made np :.s; 1% in :J of the 6 studics; the 
Yuma mvotis mpresented :2% or less of the total 
captures in all (j studies. 

Bat [{eproduction and Spring Precipitation 

Spring pn~cipitati()n differed markl'dly be­
tween t.he:2 y(,ars, with higher precipitatioll in 
:20U7 (Table .5). \luL'llmore precipitation fell in 
April aud \lay 2007 than in Aplil and May 200G. 
In April 2007 total precipitation was 1.6 times as 
high as in April :2006, and it was slightly higher 
than the monthly median and mean ftlr April 
1949-200.'5 (hut witllin the 95% confidence 
limits). '[0tal precipitation in May 2007 W,lS more 
than 25 times that in Iv1ay :20()() and lIlueh higher 
than typical for \-by in the 1940-2005 data set 
n'lble 5). Precipitatioll in Jnne varied less he­
tween the 2 stully years. 
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THH..E '-1. Comparative char,1Ch·nslic<:. ::11Jfll't;,"u1!:;;; of (j surveys of hat faunas ~\ilthin T7.5 km (Ii '\'h~.)a Verde National Park Co'iorado. ~l1r'\'t.~) s samplt'd hats by capturing tlWlll in fllisl 

lIds (Freeman lHJ84} includes 7"~ h~l.sed 1m oh~;c]"vation). All study areas ,\-vere withjn )(milar elevation ranges, and nltlst inclllded piJ:l{!n-.iunipcr ,,·ootHands. The vallie of Jaccarcrs 
Jnd(~, \.\'/d~ hased on sirnilaritv with the \le..;.-t VI~l"(k bat emna, NO = not detenninecl 

!\-,!t·S;.t Vt', de COCOB1JlO Ik"n Jemez G;tllinas-San ,\lulhJl 
l~"d.tll.n~ or sp,~cie.s Natipll<ll Park. CO Plateau. AZ" \-1 Oll1l1alli~, t:Th \1Olm1aills, N\l i \Iakn \:lountdins, 'Mel County, elY 
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lUI) 
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0.76 
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o.m 
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;;;J
::­
::£ 

Ycar..; ,,,Ul'"' eyed 2.200b-2m I, ) :3 (J 9\/3-19(5) (H)fi:3-199(i) :3 (HHJ,J-1997) ,J.Wfi,J-199'J) :3(Hl79~1%1) (J"; 
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TABLE 3. \lonthly precipitatioJl tohd~ ":Ill; April-Augutll, :!006 and 3007) and .... ummar)' stati'Stic.s fe,)1' spring and surn· 
n1cr llrcdpitatinn (cm"j at \'!csa Verde N<:Itinnal Park, CO!OfCldo. 194\:J-2005, Data f(n 1977 were ull~lvailable. 

.................................._. 
Tirn\.'lwrillil St;L!'i.')tiv April Mal' IIIlll" l,tI" Augu .... t 
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:3,., 
6,2 
.1.1 

iHj, ,5,2 
,Ul 

~,6 

1:>,3 
5,1 

'LJ. :).H 

'IK 

Thirteen species of bats at !vi esa Verde 
showed evidence of reproduction, with no evi­
(lenct' of female l't'proc!llctioll dt'tectt'd in hoary 
bats or silver-haired hats, \-\ie nrst detected pr('g­
nancy in bats Oll 22 June in 2006 and 18 JlIllt' 
ill 2007: we noted the last lactating bat on 22 
Julv ill 200b and 25 July in 2007: and we caught 
the lirs t volaut j lJ velJile on 1.5 July 2006 aud 22 
July 2007, Therefore, we limited eOIllpari­
sons of reproductive rates het\\'el'u years to 
bats captured !i-Din 18.1 uUt' to 2G July ill either 
vear to miuimiLc incorrect field diagll()scs, and 
we lilllitl'd eomparisons to species with sdmple 
sizes 2:5 females edeh ycar. Heproductive 
rates in :3 species of bats (western small­
footed myotis, long-eared myotis, and long­
legged myotis) were higher in 2007 than in 
200G, with little or no overlap in C[s and high 
suppmt hv A[Ce. fill' the geuernl l.,gistic regres­
sion models I'Jr between-)'ear dilTen'nces 
i,Tahles 6, i), ,VI od e15 wl1l'reill proportions 
were constrained to be equal had greater sup­
port in Clhl()rnia myotis, fringed rnyotis, and 
occult myotis n~lhle 7). Occult lIlyolis had 
high reproductive rates iu both lears. \-\le [IIso 
captured fewer volant juvenile bats in 200G 
UI,m in 2007, In 200G, we eaptured 6 juVC'niles 
of 3 species on 16 nights between 15 J Lily and 
IS August (0.4 juveniles pcr night). In 2007, we 
captured 68 juveniles of 8 species on 23 nights 
between the same dates (3,0 juveniles per night). 

Hoosts of Bats 

\Ve radio-tagged 73 bats of 7 species anel 
were sllceessfnl in llnding gt'm,ral roost loc[ltions 
of 46 individuals of;'j species, including long­
eared mvotis, occult myotis, fringed Illvotis, 
long-legged myotis, and spottC'eI hats ('I;lhle H), 
"Ve were unahle to Und anv davtillll' roosts 0(' 

the Yuma mvotis or luwns~nd's'big-eared bats 
that we tagged, but we occasionaii y de tee ted 
radio si!-,'11als from them at night while they were 
in Hight over the mesa lops, 

1\:lost hats roostcd jn mek erel·ices, but a fl,w 
also user! other structures. Long-legged Inyotis, 

frinw~d myotis, and .spotted bats roosted excln­
sively in roek crt'vices within steep canyon 
slopes and cliff faces, Two female long-eared 
Illyotis roosted in trees; one nonrt'productivtC 
female roosted in juniper snags, downed logs, 
and live trees north of \1esa Verde: and the 
other l'Oosted I(H' one day in a juniper snag on an 
unburned part of Chapin Mesa. The latter iuci­
deut wns our ouly observation of n reproduebvl~ 

kma1e lJat roosling in a tree in piiion-junipcr 
woodlands or :'v'lesa Verde. All otJter j('nwle 
long-eared lllyolis (11 17) roosted ill rock0:= 

crevices in canYons, often close to thegronnd 
(more detailed ;lllalyscs of roosts llsed b;' loug­
cared myotis are rcplllicd by Snider [2009]). The 
inaccessibility of nlosts nscd by other specics 
pn,clnded onr abilitv to gather ddailecl infollna­
lion on their characteristics. [n most cases, we 
tracked radio signals to clifT hLces but could not 
determine the exact locations of roosting hats, 
Hoek crevices nsed bv 10llg-legged myotis 
teneled lo he ill canyon waLls betwt'en 2 and 15 
III ill height. On ont' occasion, we were able to 
observe an em(;rgence night or 1.31 inclividn­
aIs. prt'sumahlv members of a Imltemif.y colonv, 
Signals of sjlotted bats always were deteetl'd 
hTJlII > 10 III to 1.5 III high 011 sheer elm hlces, 
but by watching mid listening to cmerging bats 
lit dusk, we detenni ned the precise location and 
l'haracteristies of:2 widdy separated roosts of 
spotted hats. In these cascs, IS and 12 bats 
were scen and heard cmerging h'om long verti­
cal crevices in high walls of Echo Cliffs in 
Navajo Canyon and in Soda Canyon, respec­
tiveh-, Spotted bats began emerging jllSt before 
dark fmaking obsel"1mtion difficult), and emer­
gence' of all individnals took about 25-:35 min­
ntt;,. l':lll('lgcnccs w,'re !(Jll.,wt.'(1 hy calling 
sounds from s\)olted IJal> circling in the air 
near tbe roost entrance; during these ohst'lva­
lions, \Vt' heard what sOllndt'r! like pairs of 
bats Ilying together, perhaps mother and 
young, Some kits were deadv observed cir­
~liug at thc roost aue! did not lca~'l' the moea until 
joiuee! Ill' a sl'(;()ud bat leaving the roost. Thc 
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TAHIY 6. Bdwepn-spet."ics t'OnlPilfi~()TI of reprodIH:ti\t(-" rates of adult It'fIIaIt-.. hats captured <It \1(-'sa Verdi~ Nat'ioTJal 
Park, Colorado, fj'llm I·S June to :!o Julv, in 200fj and 2007. Only specics with sample sizes 2:5 adult females were 
included. llL-productive rates wefe hascd on total lwts di'.lgnoscd ,\,\ pn'gnclllt, hH:tating. ur postladating as a proportion 
ofall adult IC'males s<lmpJcd i.lJId diagno~C'd during the lk .1l1rh.' to July:2.G lime period. "Il) a~"lIl"C cCJmpur,d'ility hct\wCTl 

the 2. ... ampling yc'lrS. only hats .... alllplcd <It lucation:.; ill ClllHrlIilrl in hoth ;2nOH and :3007 wen' included, 

Species Ikpro rate 200fj (''+) n 
-------_._----_..._._._-_..._-_.__._-_._..._._._---. 
i\fuoHs ca!ijlJ1'llicHS 
t"'yoti., ciliof"fmlfo 
Ail/otis l'1"otls 

hi 
:,0:,., 

.1:!·1:l1i 
1:,·.54 
22-.56 

11 
20 
:l: 

fi9 
fi.3 
69 

'18K.') 

·12HO 
.53-1:'2 

:':h 
27 
42 

~lYl)tis OCClIlt1t.S ~y 51-DD ') " 46--D4 [:3 
AlyoUs thysO//olhs :)3 6-76 h 60 17-\):3 5 
:\f!Jo1is (,u[a/Is 27 2.1··-~34 [IiO (iii .S9-76 122 
......__...__...-._._._---_........_.__._--_......__.__._.-..._._...--- ........._--_..__._----------------­

T,\[~LE 7. Hankings hy Akaikt:'s inronnaUon criterion ad.iu:,ted ror sample size (]\1(:(,: Burnham and Anderson 20(2) of 
top logistic regression m(ldcl~ (PHUC C~N\H)I) in SA;') InstitlJlc. inc. 200~)) l'omparing proportions or reproductive 
li:'llhlk hat ... caught at Mcsa V(Tell' Nafiolul Park, Colorado, in 2006 \\!jth proporti()Il~ in ;2007, ha'icd on sites ~amplcd in 
COH1IllOTl twt\vt'en tlw 2 YI~ars. SY11lbol~: 1\. = TlIHnher of par,unders in thp model; :1i = ditlercllcc in Alec ViJ]UP 11elwc('JI 
the i llt and tt)pvranked IHO(lel; lei = AkiJike wt.·ight (probahility that tht.~ i 1b model 1:'- the l}(-'~t appnp;illlill'illg nlodel amort,l! 

the candi<.btc llloclel ...). l~nder tht.: general model, the probability of u t<.'l1l'1Ie being. reproductive: \V(\~ ,tllowl'd to \'ary 
bctV"·CL'1l the 2 years, whereas under the c:onstrained model lhe probilbility of a fCfllttle being reproductive \Va!'! assumed 
to be conslant between the :2. years. 

An"ly,i, 'md model 

J1yotis (xll~rf)rflict/,i,· rqn'oductiv(' rail's in 200G vs. 2007 
COllstrairH'd I .[Inn 0.00 0.76 
(.eTil.:r:.11 2 ,50.98 2..3;'5 024 

All/otis ci]i()!ab,.IJ1H reprOdudiv(' rates ill :OOG vs. 2007 
Ceneral 2 62.3li 0.00 0.91 
Constrainl'd 1 h7.o.5 409 0.09 

i.\1uolis ('Lotis reprodlldivc rates in 200(; v,. 2007 
General 2 ~J7,:32 O.()O om 
COllstrairwd 1 ]() 11.5 b.b3 (un 

A·'yoth, occultus rqm,dl.h.'tiH: rat(-'s ill :20Uli V~. ~()07 

COll."tnlined I 2J.(j(i 000 0.72 
(~encral 2 24.f16 1..~9 0.2H 

Afyotis thYS/lll(J{les rcprodul'tin' "",tes ill 2000 V'S 2007 
Constrained I I7. {)(I li.OI) O.7b 
(~eJl('ral 2 l'lkG 2..:26 O.:!l 

AfyOiis coLans reproductive r;des il, 200b" 2007 
General 2 :)67.70 OUO 100 
C~on."tmiTI,-·d I 415.hh ,jHIS 0110 

occult tnyotis was the oilly species at tl'1esa southem eml or \Iesa Verde (pcrhaps biased hy 
Verde that did not consistently roost iu rock tagging location), and spotted bats ouly roosting 
crevices durin.\!; Slllllmer: tn parly '>ummer, a ill steep-walled canyuns on tilt' sunthern end uf 
pregnant (('male movcd between a huilding in \Iesa Vl'rde. Hepruduclive lemale hats were 
thp Mancos Valley and a rock crevice amI pon­ found ruusting in all parts of the study arca 
del"(lsa pine snag in Morefield Canyon, whereas within ahont 15 km of capture sites, hilt ruosts 
aJl other tagged female occult myotis roo'>ted tended to be at lower elevations in canyons and 
in buildings in the Mancos Valley, Iluter slopes of the cuesta (Tahle 5). Only ~ roosts 

The distIibutioll of sites llscd bv roosting bat'> llsed hy a prcgnan t lung-legged hat on sequen­
varif'd with species at \![csa Verde. H.oosts of tial days were sitnat(·d in what we considered 
long-eared myotis andlollg-Jegged IllyOtis were higher elevatiolls or Mesa Verde (~2311 11\). 

found throughout the stud~.. area. Boosts of' other The distance that bats traveled li'om tagging 
hat species were morp limited in distrihution, sites to suhsequent roosts was variable « 1 km­
with occult myotis roosting only in \![urefit'ld 14 km; 'lithic H). Sputted hats and oeclllt myutis 
Canyoll and in the Mancos HiveI' Valley, fringed traveled the longest distances, and long-eared 
m~"otis only roosting in Soda Canvou Ilcar thc myolis and Ii-ill,{!;cd myotis traveled the shortest 
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distances. ,<Ve also ohserved interspecific varia­
tion in the degree to which bats switched roosts 
from clay to day. Long-eared myotis frequently 
switelwcl romts. with an average of 2.3 roosts 
il-7 roosts per iodividual, SI) = Z.l) diseov­
el'C·d per hat fill!owed. The occult myotis also 
,witelwcl roosts /i-eqIJCntly, with an average of 
2.0 roosts (1-.3 roosts per bat, S I) = 0.8). Our 
observations suggcstlltat other species switched 
roosts less oftcn. if at all. with <2 roosts [(lund 
or suspected per individual tracked. 

DrSClJSSlO!\ 

FauI18l Composition and Adult Sex Ratios 

Sixteen species or hats occm at :vl esa Verde. 
The hal bunl' in 200IJ and 2007 included every 
speei(;> of hat known west of the Crcat Plains in 
Colorado, r·\eept for the little brovvn hat (Ann­
strong et a1. 199'1. Fitzgerald et al. 1994). Om 
ITsults illnstrate the value of condncting thor­
ongh contemporary fannal slllv'eys of manage­
ment areas of interest. The first limnallist of hats 
at ~lcsa Verdc documented 8 species based OIl 

25 specimens (Anderson 19(1): California myo­
tis, lor1.\~-eared mvotis, westem small-footed 
illyotis. 'fringed myo!is, long-legged myotis, big 
hrowu bats, lbwnscnd'.s big-cared bats, ,md Bra­
zilian free-tailed bats. The list increased by 2 
species with the inclusion uf' canvou IJats and 
huary bah in IDri:3 and 19fi'j. (based un <1 spcci­
mel IS Duuglas I <J(7). The V!psa VerdI) hat 
Emlla was a'.!ain survt~ved in 1<J8~)-1 D~)4 (Chull.\.> 
lvlaeCoubrcy and Bog,ln 200.3). This dlort rc­
suited in capture of 177 hats of II species. 
addill'.! 3 additional species: pall id bats, sil­
ver-haired hats, and oeeult lIIyotis. In addi­
tion, 3 skulls of s[Jotted bats wen~ f(ILLnd iu 
sputtpd owl (Strix occidentalis) pellets, and 
spottcd bat calls wcrc heard at night, although 
no hats were eaptured (Chung-MaeCouhrey 
and Bogan :200:3). The Elllna Ive docnmented 
in 200(j :lIld 2007 added captures of' spotted 
IJats, Yuma lnlo!is, the Erst canyon bats siJl(:c 
H)(-):3, alld the first I3razilian fi'ec-tailcd l'ats 
sinee ISl36 (Allc!et'son 19GL ChuIJg-\-Llc­
Coubrcy and Bogau 2003): we also docu­
mented big fi'ce-tailed bats by acoustic 
recordings. 

The occurrence of sJlotted hats at r-.lesa Verde 
is noteworthy. This species was first found in 
Colorado in HlS2, but its range in Colorado was 
thou.ght to be restrictecl to the northwestern 
corner of the state. There were published 
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records for jllSt :3 specimens, all from north­
western Colorado WinJey and Creasy HJS2, 
Bogan ct aL 1988'1. Past observational records 
of ~potted hats in' Colorado were aconstically­
based foraging-habitat surveys in the north­
western part of the state (Navo et aL 1992, Storz 
HJ95), \Vc provide new distrihntion records and 
the first documentation of spotted bat mater­
nitv colouies in Colorado, as well as new infor­
mation on 10catiOlLs and sizes of maternity 
colonies, Tb tHlr knllwledge, only one oth",r 
Stlld), 1i,1S observed maternity colonies or this 
species anywhere in wcstern North Amcrica 
(Bogan et aL 1998), and our findings arc consis­
tent with that report. I{ecords of otlwr species 
arc less notewOIihy, although thc Ijig!1Cr I1Il1Il­
her of hig free-tailed bat calls in Jnne difjl)rs 
from most past aeons tic and captnre reconls 
f()I' this species in Culorado, which document 
wore numerous calls in July and August (Navo 
and Core 200 l), The bat fanna at Mesa Verde 
contains sp\>cies that are continental migrants, 
species witll amnibcs for nlillT-arid south­
Wt'stem l:eosvstems (e,g" canyon bats, pallid 
hats, and Yuma myoth: Barbour and Davis 
18(9), species with 1ll0re-llHJntane arnnities 
and d istrihlltioll.s tha t tend to extend furtht'r 
northward (e,g" long-enred myotis, long-legged 
myotis, and ll'inged myotis; Barbour and Davis 
1969), and species found throughout lIIueh of 
western North America (e,g" hig hrown hats, 
spotted bats, '](J\vnsend's hig-eared bats, and 
western small-f()oted myotis; Barbour and 
Davis 1969), \Ve suggest tJmt the high specics di­
versity of bats at V[()sa Verde is a n>sult of e]e­
vational zonatitln and topographical diversity 
Although Mesa Verde .is dominated by llil-10U­
junip<'l' wtlodlaud, tIlL' elevational zonation pro­
vides gradients in temperature and aridity, 
creating lwbitats that ntugc from high-desert 
shruhlanc1 to pockets of nllJntanc tl)l'('.,t; and 
the area has a ctlmplex topograp}ly with nunwr­
ous clifTs and canyons (Floyd et a1. 200:3), Areas 
in North America with high topographical 
diversity have high hat diversity hecause such 
areas have abundant roosting opportunities fell' 
hats in crcviccs of cliff faces, cauvon walls, and 
rock outeroppings (II umphrey 1()73), 

Based on <'aptun" in mist uds (T:I!lh' 1), we 
alsf) cllaraclerizc tllC E,uua as cumposcd of'.s 
common sIlL'des (each ::.~ 10'Y;' of total captures), 
,5 uncommon species «>ach 2%,-Wi( of total 
captures), and .5 rare species kach :s; 1q of 
total captures), The 5 colllruon species of hats at 

lvlesa Verde ('1:lble I) are typical of mid-eleva­
tion [l)J'(:,sted sites in the Hockv ~Iountain and 
SoutJl-westcrn shltes (Iltblc 4; Joues 19fi.'J, Find­
ley et aL 1975, Hotfmeister 198(j), The 5 r:ll'e 
species can be categorized chiel1y as inhabi­
tants of zones that are warmer, more arid, or of 
lower elevation (pallid hats, Yuma myotis, and 
Brazilian I'ree-tailed hats; Findley et ai, 
197.5, Hoffmeister 1986) or species that lIlay be 
mort.' adept at 1ll,1Ileuvcring and avoiding nets 
(spotted bat and 'I(lwnsend's hig-eared bat)~ 

hahits lhat make them less likelv to he cap­
tured, The;) unconnu(H\ spet'it's arc a mixed 
gronp and iuclud(> species that can be catego­
rized as (1) hats or more arid lowlands (Cali(llr­
uia lIlvotis anti canyou bat; Armstroug el aL 
HJ!}1, Fitzgerald d al. 1901), 1,2) bats typical of 
the zones in which we sampled hut migratOl')7 
(e,g" hoary ba!'1 and not commonlv captured in 
Colorado ('xeept dllring migration (Armstrong 
et al. 1994, Fit7g"rald et aL 1(94), or (:l) hats 
typical hut uncommoll in Colorado and ill 
SOUlC <1I'eas of other Four Corners states 
(fringed mvotis; Thble 4; Armstrong d aL 
1994, Fitzgerald et al. LH94), except perhaps 
in areas ncar buildillgs used as roosts (e,g" 
occult myotis: Davis and Barhour 1970), Colo­
nies of hig frce-tailed hats are generally li­
mited to arcas of tile southwestern US, with 
deep canyullS and cliff walls (Bog,m et al. 1998, 
Corbett et aL 20(8), 

Comparisons with C>thm Bat Faunal Surveys 

Pit-lou-juniper wooclland is tIle dominant 
vegetation at Mesa Verde, and SUIlIC stands are 
centuries old (Floyd et aL 20(4), Fires dramati­
c,tll)' reduced the exk~nt of these woocllands 
between the Il)S9-H)9,1 survevs hI' Chung­
\lacCoubreyand Hugan (ZOO:l) ;md (;1II'S, Fin~s 
in 1\:J9h, 2000, 200:2, and '20i):,\ hurned 15,h63 
ha--'''',ahuut 7:3';{' or tll(' park arca ,mel Ilwre than 
:) times till' total an'a hurned in the prt:'ceding 
JOO years (Floyd d al. 2004, 20(6), This large 
disturbance lIlay have all'ccted availability of 
prey or roosts (in other area,s, sOllie of the sallie 
species or-bats frJlllld at Mesa Verde use crevices 
,md cavities in pilion and juniper trees as sites 
for lliatt'rnity ruosts--Chung-MaeConbrey 
Zi)O:la, :20(nb), in t1ll'rI causing shifts in species 
cOInpnsition or in relative alJUndanee in the 
hat t::tIlWL \Ve attempted to 'Issess these erlCets 
hy comparing our results with those from the 
19S\:J-J894 s1ll'veys and with similar bat studies 
iu Ilearb), rcgiollS of the other Four Corners 
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states. Our 200(j-2007 rankings of species at 
Morefield Canyon were similar with the 1989­
1m).1 rankings and with rankings in abundance 
at Soda Canyon, a site \ve sampled in 2007 with 
a similar conllgnration to sites sampled at More­
Held Canvon in 1989-1994. Given the IJiases 
and unkn;lwn factors that can influence hat bu­
nal surveys (e.g., Larwn et a1. 2007, Kingston 
20(9). these data do uot provide strong evidence 
fiJI' ehauges in hat buna hetw,~en the 198~J....19~H 

surve~' and our stnely. 
Similarly, we saw no evidence It)r major dif~ 

fC'renees between the bat [jUJUl at Mesa Verde 
aud the bat t~llJUaS at other n~gional study areas 
with different and less extensive recent fire 
histories (Table ·1). Compared to these other 
areas, Mesa Verde had identical or higher 
species dchness and inlt'IllIediate diversity and 
evenness or bat fauna. Species compnsitiou at 
Mesa Verde was rnost simiLtr to the 2 gcograpbi­
callv closest areas: and, excluding migrator'\' tn,e 
bals. tht':1 mil)[ abnndant species we're generallv 
the ,mne iu IUllSt of tllese ,urvcvs {1oug-legl!cd 
Inyutis, loug-e,ll'cll 1l1~"Oti,. mid hig brown hats!. 
Tlwse :3 species an' typically considered to he 
"rorest bats" (Barclay ane! Kl1I'ta 2007, Laeki et 
a\. 2007a, 2007b). Forest hats n:maiu among the 
most common sp,"cies at Mesa Verde, and 
the relative abundancE'S of uncommon and rare 
species of bats arc similar to those at the other 
well-studied locations in the region (Tablc .J). 
Thus we find no evidence that tlw b'lt faulla at 
Mesa Verdc is grossly dissimilar to thc buulas in 
the other n~gional studies. despitc' tlw recent 
history of e.xtpllsive fires. 

Our linclings or disproportionate sex ratios 
I:woring males in sevpral bat spceies suggest 
that for slleh species, the uppl'r reaches of 
canyons and mesa lOps that characterize mnch 
of Mesa Verde lIlay be at elevations too high aud 
too eool to be bvorable for f<:malc reproduc­
tion. Hesults of tracking bats to roosts at \.01 esa 
Verde (see helow) also indicate that !'emales 
avoid roosting on mesa tops and within the 
upper elevations or \.olesa Venll' dnring sum­
Hwr. Lower elevation.s pt'Ovide warmer roosts 
Il)r Ji..'lrrale bals lo ri'ar \ (lung, whercas highc'r 
dc'vati,ms uln allow d,~cpcr dailv torpor fill' 
males and llOnreprrH]ndivl' finoal,·s (see n~vil~w 

in \Veller' et al. 2009j. Sex ratios ofsilwr-haired 
bats and hoary bats in their sUlTlmcr distribu­
tions are consistent with continental patterns, 
with nHlles found primarily in nlOulltainous 
areas or th,; Rocky Mountains and remales 

t(}\l1ld at lower elevations to the north and east 
(Cryan 2003j. l~epJ'Odlletive !ernale Brazilian 
frcc-tailed hats arc not COIlllllon in Color;ldo 
and Il.snally favor lower. warmer, and more­
southern locations fIJI' !()nnalion of maternity 
eoloni,'s (Freemau ~uld \VLlnder 1988, Filzger­
,rid ct a\. lD\H). Big bro,vn bats are wide­
spread in Colorado: hut thel'e is increasing 
cl'idenee lltal female big brown bats LIse the 
lower, wanner elevations to tllnT! maternity 
colonies (often in buildings), while males use 
h ighel~ cooler elevations in summer-with 
both sexes hibernating in rock crevices at 
cooler elevatioIls ill winter (Neubaulll d a\. 
200ti) 

Our uelting results conpled with radio-traek­
iug suggest a similar patt<:rn for fentale occult 
myotis at \.olesa Velde. \Ve found Jittl" or no evi­
dence !iJr I'epmductil't' females al higher-eleva­
tiou sitcs ill lhe canyon hat, Clliforuia lTIyolis, 
\\'estl'111 sma\l-Il)oted myotis, and occult myotis. 
AltllOUl.dl reproductive lemale long-cared lIlyotis 
were captured at higher-elevatiou sites at Mesa 
Verde. these siles generally harl a greater a!mu­
dance of adult males, and most roosts used hv 
Ii:mmles were at 10wi"1' elevations. The patter;] 
tiJr milch of ~l'll'sa Verde to serve as habitat pri­
In,nily lill' males and nonreproductive lemales of 
some species in SUlllmer is similar 10 patterns 
that have hecn uotc'd at higher elevations in 
uther an)as of westl'nr North America i.e'.g., 
Crinnell 1918. Vaughan 195,1. Fenton et al. 
1980. Cryau et a1. 20(0). 

At other studv areas, researchers have a\.so 
noted a preJlondi~rallce of males at higher (,1,,­
vatiollS in val'ious species, including the Califor­
nia lIIyotis, westenr small-fOOled myolis, and 
Yuma myotis (see review in Cryan et a\. 2000 
and citations helow). Evicleuce It)r cOlJsistent 
lISe of nC'lting sites at all elevations at lIksa 
Verde hy n~produeti\e kmales was strong (Jllly 
for lhe long-legged myotis. Tlw long-legged 
myotis was also lhe only species that had ade­
qua1c sample sizes with sex ratios skewed in 
favor of tt)nlcll()s. LOllg-!t,gged lllvntis cau l)f~ 

ahlmdant in hjL~I«,I'-c1evalion Il)rests in Colo­
rado, where scs ratios skewed toward fenwles 
h<l\(' b()eu noted (all nOlJl'C'pnKlul'tive; Storz 
and Williams WD6). Huwever. results of om 
study indicate that although lernale long-legged 
Illyotis /i'clllient high-elevation habitats to tllr­
age and drink, based un radio-tracking, they 
did not show a greater tendel1ev than other 
species to roost at higher elevalious. 
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Hat Heproductioll and Sjwing Precipitation 

FilHlings rq;anling hat rcprOlllldioll in rela­
tion to spring prccipitation lIlav have impli­
cation,; lilr populations of westl'm bats ill tht: 
future becanse climiLte change modeL> project 
reduced spring llJoisture in large areas of wes!­
ern North America (Seager et al. 2007. [}arnett 
et al. 2008, ~'1eAI~:e aud Russell 2(08). The 
cflCets of variable spring and summer weather 
on reproduction in wes!ern hats have uot hcen 
wdl documented. Criudal et al. (1992) and 
Lewis (1993) reported an association between 
It:ngthy cool, miny periods (J1recluding foraging) 
aud decreaserl fema]" reproductive SIH:cess in 
:3 species of W<,StPITI Ilah. Spring drought has 
I)epu suggested to lower reproductiou of sOlne 
species of western bats in only OJW other study 
(Bogan et a1. 1998). 

Between-year diHerenees in female repro­
dnction of some hat species at Mesa Verdc paral­
holed diHl.'rences in primary prodnctivity of 
vegetation and a corresponding relative abun­
dance of insects. Late spring and snlllmer 
growth of herbaceous vegetation at 1...lesa Verde 
was greatpr in 2007 than in 20()(i and was 
accolllpanied bv a 1.6-tiJJlcs-grealer ,dJlllldancc 
of nocturnal insects in :200i (illcluding coleop­
[cran,,> and \c'pidopteraus), witli Ilwrkl'd dilI~'I'­

C'nccs in insect ahllndann'llv ulid-Iune fSllider 
:2(09). TIIC'>e difference'> oC~llrrcd 'ill dreas tklt 
had recent fires (in 200:2) as well as in unburned 
areas. Drought has lwen expeliuwntaJly shown 
to redllce inspct ahulldallce (Frampton et. ,11. 
:WOO). Decreaspd abundance of noct.urnal fly­
iug insects during drought has beeu rcported in 
Arizona (Hovorka 1996); and reproduction is 
enhancl~d in inscctivorons hirds in arc,ls with 
greater ahundmHxls of insects ~md other imuic­
brates (Burkl~ and N01 1998. Zanetti.' ct aI. 200t}!. 
Curtail,"d reprodudioll in insectivorous hats 
c1min.Q c!mllgh t y"'ll', lias becn notl'cl in Australia 
(I{hodes 10(7): and in solllC' an;;" or the world, 
bat reproduction is thought to be timed wit.h 
increases in {ilOlI abllndauee associated with sea­
soually predictable rain/iill (,e.g., Fleming et ,iI. 
1972, McWilliam 1987. Bernard and CUlllming 
1997). 

Insectivorons bats in temperate areas have 
physiological mechanisms that can facilitate 
curtailment of reproduction. They mate in 
autumn or winter, and sperm is stored in the 
remale reproductive tract until ovulation in 
spring. Fenwlcs Iludl'r l'llvirollllll'lll"al strl'S\ 
can I()rc\:o o\·ulatioll !ilil to in\]Ilanl li_'I"tiliLc'd 

el11brvos, or resorh emhrvos (HaecI' and Ent­
wistle: 10(0). Adult [l'mal~'s in temr;crate are,l, 
UlIJS 'lct like "incOIue" breeders ill that thev relv 
on food re';OlllTes to SIlPPOIt developing )~ollng 
during late gestation and lactation. Food re­
sources arc acquired more or less simultane­
ously to thcse phases of reprodnetion (Henry d 
al 20(2). 

The 3 months with the lowest average pre­
cipitation at j'vlesa Verde National Park are ApJiI. 
\lay, and Jnne-with June being the driest 
(Do('sken and McKee 200:3). These spring 
llHJ1Iths llIay be crilicall(Jr reproductioll in bats 
beeause tllPY art: the period when bats h",,'e 
hibernation and when fetnses develop in adnlt 
females. Births occur in Illid- to late ./ulle. 
followed by the heavv nutritional demands of 
lactation over the subseqnent :>-5 weeks. \Ve 
conclude that incrl'a,;es in spring precipitation 
at Mesa Verde in 1007 resulted in conditions 
nlOn" hlvorable tllr reproduction in sOllle species 
of bats than eonditions in 200f5. The literature 
{or mosl species of bats that reproduec at Mesa 
Verde shows higher raks of reproduction elsc­
where compared to our observatiolls in 200fi, 
also supporting our conclnsion that reproduction 
in 2006 was lower than nonna!l.e.g., ./ones 1964, 
Edstr'rla 1D7:\. Ihn·lay 199[, !'vlO1wll et a1. 1999, 
Lacki "lid 13aker 10(7). 'I\vo of the species thM 
did not show reduced reproduction in 100G 
Wl~rc the Calif(mtia myotis and the oeclllt 
mvotis. The Calil(JrI)ia myotis may be more 
ad'apted to arid lwhitats th~1l the otiwr speeics 
Ill' myotis we captuH'd (Holfmeister !rJ86), and 
radio-tracking showed that reproductive female 
occult myotis moved li'om Vlesa Verde to lower 
elevations in the inigated :\laneos Vallev, where 
precipitation effects mav he 'II1H~lior'akd hv 
IUlman-subsidized water ~levt'loprnellt and in·i­
gation. Till' l'lIIg-eared mvolis also showed a 
,hift iu e!cvationa] distrib;ltion of thc SI~.WS in 
:200i as well as increasl·d reprodnction. 

Prolonged, multiyear droughts with reduced 
reproduction could have an additive impact 011 

rellncing growth rates in popu btions of bats 
and would likely lead to lower abundances of at 
leas! some speeil's iu SOIlle areas of western 
North America. Climate-change models suggest 
con tinned warming in western North Am~rica, 
with bster spring snowmelt and altered 
hydrologv (Clnistcnscn and LcttclIluaier 2007, 
Barnett et ill. 200K). Current pn,cipitation pro­
jpctiol1s of glohal climate-change models II)r 
the broad soutllweskrn region inelurk ,I high 
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likelihood for imn'ased 11t'rio(ls of aridity th;tt 
will be more extensive than in the past (Seager 
d al. 2007). Decreased spring precipitation has 
oeclllTed in tlw southwestern United Statps felr 
the last 20 years (Holden et al. 20(7) and will be 
a feature of (uture dinla((' trends throughout 
the \vestern lJnikcl States (~,leM('e and Bussell 
:Z008). Given the din~rences in reproduction 
seen at Mesa Verde lx,tween the dry spring of 
2006 and the moist spring of 2007, model 
projections for climate change have negative 
implications fe)r reprodllc!ioll, ahlllidance. and 
perhaps evcn the continued presence of .\(llllC 

speci,'s of hats. An incn';lse in ariditv also adds 
to the imporlance of managing len accessible 
drinking water to llIaillLlin higll-diversity bat 
bunas in western North America (Adallls and 
Hayes 2008). 

Roosting Habits 

Our radio-tracking res nIts revealed very li­
mited use of trees as roosts by the species offor­
est bats we followed. Many of these species 
tend to be roost generalists. In other parts of 
their ranges, long-cared lIlyotis. hinged myotis, 
and long-legged Ill~'otis fimn snmmer colonies 
iu tree,;, roek crevices, and buildings (e.g., 
Barbour and Davi, 10liO, Onnsbce Hnd 
McComb 1908. Cryan et al. 2001. Chung­
MaeCou Im'y 2003a. 2003b, 200.5, Solick and 
Barclay 2006, Lacki awl Bah'r 2Q()!). Wc 
fonnd all :3 slwcies using mostly rock ('['evie(·'s 
at Mesa Verde, despite reports that they pri­
marily roost in trees in sCJlnc' other !e)l'cstud 
regions, including pil'lOn-juniper woodlauds of 
west central New Mexico (Chllng-VlacCouhrey 
2003a. 20mb. 200.5), Piiion-jnllipl'l' woodlands 
at Mesa Verde art' among thc ()ldcst <lit the 
CllntilH'nt Wlovd d "I. 2(03), ;lIld structural 
characteristic., or tl1(;se ancient I r(-'cs arc likel~ 

as alHC'nahle to IJats ;IS the structure or 
younger forests of this tvpe el.sc~wlwre, Tlw older 
trees eOtnl1lon at Mesa V(-'rde mal' provide t'V{'I, 

hetter polt'ntial roosts [i)r bats, with their COlll­

plex. twisted truuks and limbs and decp cracks 
and pockets. However, onr resnlts suggest that 
f('males of the species we [clllowed might gcu­
erall~, prefer rock crevices ovcr trees as sunnner 
roosts at Mesa Verde when both types of struc­
tures are available. The only other study tlJat 
investigated usc of roosts by hats in pill0n­
juniper woodlands took place in a landscape 
with much less exposed rock than exists at 
[vles.1 Verde lA. Chnng-MaeCoubrev pc~rsonal 

communication). Difl('rences ohservpd between 
our study and tl1OS(-; or Chling-MacCoubrey 
(2003a, 20mb, 200,5) likely relate to the relative 
availability of rock c'rpviees and trees suitable 
as roosts. 

Manv species of hats in westertl North 
America rely on rock crevice's ,lS roosting sites. 
hut the extent of nse and requisite ('haract(~ris­
tics or snch sites are poorl~' nnderstnod (Hog:m 
et al. 2003. Neuhanm ct a1. 20(6). Hl'seardwrs 
working in other fon?sted regions also not,'d the 
predominant lise or wck crevices IJy long-eared 
Inyotis (Chrllszu.•llId Barclay 2002. Haneourtl'l 
a1. 2005. Soliek and Barclay 20(6) and h'inged 
l1lvotis ( :ryan et al. 200], Lacki and l3aker 
2007). Allhough 101lg-legged [Ilvotis :IIT knowll 
to f(lrIn maternity colonies in rock crevic('s 
(Onnshee and .\-lcCornb HJ98, Cryan et al. 2001, 
B;lker and Lacki 200(i), their exclusive use of 
rock crevices in forest cd habit:\ts has not bel,n 
previously reported. Our rcsnlts fnnn Mesa 
Verde indicate that use of trees as roosts hy 
certain specics of bats way not be ex tens ivc? 
when snitahle rock en:\'iees arc ahnndant. Bats 
g(-'nerally tend to sho\-v greater fidelity to per­
nlanent roosts than telllporary roosts (Lewis 
l!:J9,s) and thns lllay prefer more stahle roost 
strnctures :md miewelimates in rock over those 
in trees. Pretl"rence fill' rock over tree roosts 
docs not, howe"er, indicate thaI Mcsa Verdl,'s 
pj{lOn-jnniper woodlauds arc not an important 
n',>ource to hats. '1'11(-' woocllands host an ahun­
dant and diverse ;1ssemhlage of insects on whicll 
bats [elntge (Snider 2009j. 

Bats spend tlw majority of their time spljues­
ten:,cl in dav roost'>, and availahilitv or '>nilahlc 
roo,;ts is <t t;wjor litl'lor in!1ucncin,i bat [>opu1:l­
lions ("-l1nz I~J!,;2), This work repn'sC'nts the nrst 
targeted research into use of daytime roost.s Ily 
hats at Mesa Verde anel emphasizes thc illlpor­
bnce of sitc-speeiHe studies of roosting habits of 
bats. Spotted hats were the only sj;eeies we 
tracked that exhihited consistent use of t.he 
,;aflle type of roost. structure acros,; thcir entire 
range. Only spotted bats an' known to roost in 
crevices of high cliff laces; hul hecame roosts 
arc typically high al)(J\(' the ground (Lcon,ml 
and Fentou 1983, \Vai-Ping and Fenton 19R9, 
Hahe et a1. IfJflSb). observations at roosts are 
lacking (but see l30gan et al. 19(8). Other 
species followed to roosts used a wider variety 
of structures hnt did not exploit trees at Mesa 
Verde to the degree they seem to in other 
rl'giollS. Thus. generalizations allout the roosting 
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habits of forest bats should lw treated cau­
tiously. Although radio-tracking studies of this 
kind are labor intensive', the knowledge gained 
is essential for the effective management of 
habitatliJr bats in specilk areas. 

The reliance of nUJ't bats at \ksa Verde on 
crevices in rocks and dills for ruosts wunld sug­
gest that a warming and more arid climate would 
not greatl~' impact bat roosting hahitat in sum­
mer, althougb cboice of specific roosts might 
shih upward iu elevation as preferred tenI[lera­
turc regimes alsu shift upward. The eurrcut pat­
tem uf sex-biased p]evatioual distribntions cuuld 
also chauge with a wanning climate; it is pos­
sible that bat species more typical of arid low­
lands will increase in abnndancp. Additionallv, 
almost nothing is known abuul overwinteling 
lIabits of most bats that liS<' ;vlc,a Verde during 
the summer. I t is likelv that SUIlIt' rnav over­
winter by hillcnlaliug ill inculispicuuus rock 
LTevicl'., at higlwr devatiom, .,illlilar to big 
brown bats on the "astern slop" of the Hocky 
Mouutaius (Neubaum et al. 2006). Fl!- example, 
we suspect that thc t()llJale occult myotis Wl' 
followed during early summer betwepn nat.­
ural roost.s at Mesa Verde aud a building in 
the Mancos Valley may have been in t.ransi­
t.ion from winter to summer quarters. Ifhiber­
nating sites at. upper elevations warru at sum­
cieut depth from the surbee, then such sites 
may hecome unsuitahle as hibernacnla beeanse 
hats would expcud more ulC'laholic energy at 
higher overwinter hihcrnacula temperatures. 
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