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Abstract
Spatial relationships among locations of day-roosts, activity areas, and water arc poorly uderstood for forest{welling bats. We
used radiotelemetry to investigate tempoml pattems of activity, characteristics of activity areas, and the spatial relationships
among activitj? areas, day-roosts, and water of female long-eared myotis (M)otir ?votit. We tlacked 12 adult female long-eared
myotis for 23 nights from June to August, 1996 and 1997, on the westem slope of the Cascade Mountains in Oregon. Activity
areas of nine bats (n = 11 nights) aveGged 38.3 ha ald were centered an avemge of5l8 m from the day-roost (SE = 60 m) and 73
m from water (SE = 10 m); centers of activiry were significandy closer to water than random points (P < 0.001). Odds of an area
being used decreased with distance to available water (P = 0.0001). Activity arens typically encompassed water but did not
include the day-roost. Activity areas did not significandy difrer in forest compositiotr from raddomly select€d circular plots.
Bodies of open water appear to function as import nt centers of activity for long-€ared myotis. We contend that management of
habitats for bats should consider spatial relationships among activity areas, alay-roosts, and water.

Introduction

Spatial relationships of day-roosts, activity areas
(defined as the area used by a bat betwe€n emer-
gence from and retum to a day-roost), and avail-
able water are poorly understood. Foraging bouts
can account for the largest proportion of a bat's
daily energy budget (Kurta et al. 1989a) and roost-
ing close to foraging areas with adequate prey
may minimize energetic costs of commuting be-
tween roosts and activity areas (Tuttle 1976).
Knowledge of spatial relationships among re-
sources that are important to bats would provide
a foundation for the conservation of bats through
informed management ofroosts, water sites, and
npanan zones.

In tbrests of the Pacific Northwest, bats are
thought to roost pdmarily in older forests and travel
elsewhere to fbrage (Thomas 1988, Barclay and
Brigham 1996). In coniferous forests, most spe-
cies of bats generally roost in upland areas in large
conifer snags (Campbell et al. 1996, Vonhof and
Barclay 1996, Brigham et al. 1997, Betts 1998,
Ormsbee and McComb 1998, Waldien et aI.2000).
In addition to large conifer snags, the long-ea-red
myotis (Mlolir evolis) roosts in conifer trees,
hardwood trees and snags, conifer stumps, and
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logs (Marming and Jones 1989; Vonhofand Barclay
1996, 1997; Waldien et al. 2000). Although bats
often roost in older forests (Campbell et al. 1996,
Vonhof and Barclay 1996, Brigharn et al. 1997,
Betts 1998, Ormsbee and McComb 1998), some
species of bats will roost in younger forests if
roost structures are available (Vonhof and Barclay
1997, Waldien er al. 2000).

Bodies of open water ard riparian areas are
often assumed to function as foraging areas or
drinking sites for bats (Caire et al. 1984, Lunde
and Harestad 1986, Thomas 1988, Barclay 1991,
Brigham et al. 1992, Grindal er al. 1999). Higher
levels of bat activity are more often detected over
or near water sites compared to terrestrial habi-
tats (Geggie and Fenton 1985, Lunde and Harestad
1986, Furlonger et al. 1987, Grindal et al. 1999)
and many species forage within 100 m of water
(Tuttle 1976, Fenton and Bell 1979, Racey and
Swift 1985, von Frenckell and Barclay 1987,
Brigham etal. 1992, Wilkinson and Barclay 1997).
The extensive use of water and riparian habitat
as foraging sites may be related to an abundant
prey-base in close proximity to a ready source of
water (Grindal et al. 1999).

Although water may be important as drinking
and foraging sites for some species, water sites
may be less important for long-eared myotis and
species that primarily forage over teffestrial habi-
tats. The long-eared myotis is a subshate-gleaner
(Faure and Barclay 1992, 1994) that specializes
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on moths (Lepidoptera;Whitalcr et al. 1977, l98l)
and Lypically forages in terrestrial habitats (Man-
ning and Jones l9tl9, Barclay l99l). Recent te-
lemetry work has shou'n that day-roosts of the
long-eared myotis (Waldien et al. 2000). long-
legged nyotis (M. r?lars; Ormsbcc and McComb
1998), and the silver-haired bat (krsioucteris
l?ocfir.rg.r1j: Mattson et al. l996,Betts 1998) were
not associated with water, suggesting that prox-
imity of roosts lo watcr may not be crit ical for
some specics.

Curent understrLnding ofhow bats use resources
in an area (e.g., water, dav-rcosts. and night-roosts)
often is int'erred fiom captures (Kunz 1973, Reith
l9E0). use of chemiluminescent l ight tags (Caire
et al. 1984. Racey and Swift 1985, Barcla1 l99|.
Brighanl ct al. 1992). or ultrasonic detectors (von
Frcnckcll and Barclay 1987, Thomas 1988, Hayes
1997, Grindal rnd Brigham 199E. Humes et al.
1999. Zielinski and Gellman 1999.). These meth-
ods provide raluablc information on activity of
bats at speciflc sites but do trot provide informa
tion on pattems ofuse ofresources by individual
bats across their home range. Assessmcnt ot ac-
tivit) areas with ladiotclcmctry provides the op-
portunity to gathcr more detailed intbrmation
concerning spatial relationships of habitat use.
However, because of methodological difficulties.
usc ol'radiotclemetry to achieve this end has been
rest.icted to relatively 1ew species (e.g.. big brown
batlEptesi(us fus(usl, Brigham and Fenton 1986.
Brigham 1991, Hamilton and Barclay 1994,
Wilkinson and Barclay 1997; brown big-eared bat
lP leco tus  dr r l t& , r1 .  Entw is t le  e t  a l .  1996;
Townsend's big-eared bat lCorrnorhinus
trnr,iiscrrrlill. Clark et al. 1993, Adan et al. 199,1.
Dobkin ei al. 1995. Wethington et al. 1996) and
relatively few habitats. As aresult. l i tt le is known
about the charactedstics of activity areas ofbats
and their spatial relationship \\,ith day roosts and
u'ater sites in coniferous folests.

Our  . rh iee t i re '  \ \e re  lo  chufac le r i /e  ac l i \  i l )
areas of female long-eared mlotis and 1o cxam-
ine spatill relationships among activitv areas. day-
roosts. and \\"ater. Specificall),. $'e tested whether
ch;uactedstics of activity areas and randomly avail-
able areas differed, and whetheractivity areas were
closer than random areas to available waler

Methods

We conducted our study on the wcst slopc of the
Cascade Mountains in Lane County, Oregon. be
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tween 44"30' and 43'58' nofih latitude and 123o50'
and 122'30' west longitude. Climate in the study
area is mild with average minimum temperatures
of -2  to  5 'C in  Januar5  and r rc rage mar imum
temperatures of 24 to 29"C in July (Franklin and
Dymess 1973). Study sites were located in Dou-
glas-fir fbrests in the westem hemlock (k&ga
heteropb-lla) zone (Franklin and Dymess 1973)
and ranged lrom 350 lo 700 m in eler ati, 'n.

The study area encompasses a dir'ersity of
habitats in three major drainage systems: Fall
Creek. Little Fall Creek, and South McKenzie
River Douglas-fir (Ps eudotsuga menz iesii) is lhe
dominant overstory species in all three lreas;
western hemlock and westem redcedar (Thuja
plicata) Ne minor components in many lorcst
stands. Clear-cuts are generally replanted with
Douglas fir following harvest. The Fall Creek
*atershed has a history of relatively little timber
harvest and is generally characterized by large
blocks of fbrests >80 yr in age. The Little Fall
Creek watershed and the South McKenzie River
area are primarily under private ownership *ith
a history ofhigh yield timber management; these
areas are generally dominated by forests <80 yr
in age with few, small areas of older lbrests re
malnlng.

Capture and Transmltter Attachment

We captured bats using mist nets, harp traps, hoop
nets (Kunz and Kufia 1988), and H-nets (Waldien
and Hayes 1999) underbridges used as night roosts
and over ponds and slreams from June through
August in 1996 and 1997. Captured bats were
identihed to species, sex. age class (adult orju-
venile; Anthony 1988). and reproductive condi-
tion (Racey 1988).

We attached a 0.51 g radio transmitter (nodcl
LB2, Holohil SystemsLtd.. Ciup. Ontario. Canada)
to adult temale long-eared myotis that weighed
)6 .5  g  rnd  $erc  n , \ l  in  i l  l i l l e : lu fe  o l  p regnanc) .
We himmed a small patch of fur from between
the scapulae and glued the transmitter to thc
trimmed area using Skin-Bond (Smith andNepheu'
United. Inc.. Largo, FL). Transmittels were held
in place for ca. 2 nin and bats were rctained in a
container for an additional 20-30 rnin to allow
the adhesive to set. Instrunented bats were re-
leased at the capture site within I hr of capture.

Transmitters weighed 5.7-7.7clc of the mass
of the bat. an amount similar to relitt ive weights



rcponed for several studies of roost-selection (e.g..
Campbell et al. 1996. Vonhofand Barclay 1996,
Brigham et al. 1997. Onnsbee and Mccomb 1998)
and habitat use (e.g.. Adam et al. 199,1, Dobkin
et al. 1995. Entwistleetal. l996,Wethington 1996).
Transmitters that comprised 6.,1-9.5% ofthe bats
mass did not influencc the maxinum drstance
brown long-earcd bats traveled lion the roost or
thc time bats spent \\,ithin 0.5 kn of the roost
(Entwistle et al. 1996). Based on behavioral pal-
tens \\,e observed in the field, we are unau'are of
any impacts of transmitte$ on the behalior of
Glemetered bats in our study. although rl'e were
unable to examinc this directly.

Bad ote emetry and Act v ty Areas

We used TRX-10005 (Wildlife Matcrials. lnc.:
Carbondale, I l l inois) and TR 2 (Telonics, Telem-
etry-Elcctronic Consultants; Mesa. Arizona) re-
ce i r  e r .  and hanJ-he lJ  I -  : rnJ  6  e len ten t  l  i rg i  . rn -
tennas to track fenale Iong-eared nlyotis
throughout the night. We used direct obseryatlon
and fluctuation in signal sfength to determine thc
time f'en-Iale long-ear.ed myotis dcparted tiom day-
roosts. $,hethcr instmmented bats were mobile.
and the time they retumed to a day roost. Hand-
held and cit izcn band ladios were used to coordi-
nate simultaneous bearilgs at 10-minute intervals
among thlee mobile telcmetry stations. Rugged
topography, location of roads, and movcment
pr r te r r .  o l  b r t .  requ i reJ  lh i r l  te le rne l ry  . ta t ion '
he  m, ' r .  r l  pc r iod ic l l l )  in  an  e l  l i ' n  l  cn .u re  op l i
mal angles bet\r'een tclenefy stations: maxrntum
detcction distance oftransmitters in the study arca
was ca. 3 km although most bats werc tracked at
distances <1.2 km. We successfully tracked bats
tbr which we defined activity areas for an aver-
age o l  q4 ' ,  o l ' rhc  n igh l .  Temporur l  t r rn \mi l t c r
f'ailure for one bat on one night and another bat
periodically retuming to a roost during the night.
where we could not typically receive a radio-sig-
nal, resulted in our inability to detenninc a bat's
status lor an average of67. ofthc night. Locations
oi t<lemctq .l.r l ion: uere identif icd u.in! ir ge,r-
graphical positioning system (TrimblcNavigation,
Ltd.. Sunnyvale. Califomia).

We idcnti l led locations of instrumcnted bats
by triangulation ofbearings using XYI-OG (Dodge
and Steincr 1986). Locations with < 3 bearings
were cxcluded. We examined errorassociated with
beadngs by conducting blind tests using station-

ary transmittels placed along roads within areas
used by instrumented bats. Transmitters placcd
on or rear the ground wcre often screened fiom
telemctry stations by topography and lbrest stands
to simulate conditions tiequently encountercd
while tracking bats. We exanrined bcarings from
blind tests and instrumentcd bats for undue in-
fluence of angles bclween stations. topographl-.
and distance the bat or transmittcr was from te
lemetry stations. Locations resulting tiom nearly
parallel bearings were excludcd.

We used the irdaptive kemel nethod (Wortql
1989. 1995) rvith least squares cross-validation
to cslimate nightly activity areas. We used
CALHOME (Kie ct al. 1996) to calculate 95%
utilization distributions (nightly activity areas) for
bats that $ere activc for at least:l hr (approxi-
natcly 50% of the night) and fbr which *e ob
tained locations lbr >50c/. of the time the bat was
activc. Polygons of activity areas were impofied
into a Geographical Infomation System (GIS.
ArcInfb. Environmental Systems Research Insli-
tute. Redlands. Calitbrnia. USA).

we used GIS te dct'ine available habitat at each
clpturc site. Polygons of rvailablc habitat were
defined by conbining 2..1 kn radius circlcs cir-
cumscribing each day-roost of all bats captured
at the same capture site (n = 5 polvgons). This
radius was the ma-rimum distance ary instrumcnlcd
bat was detected lrom a day-roost (Waldien l998).
We randonrly selected 50 points in elch of thc
five polygons and established 500 m radius cir-
iu la r  p lo ts  r  78  h l  t  a rou  nd  erL  h  f , ' i n t  I t ,  . : l i rnc le
available habitat (random areas). We determined
the proponion of0 l2, l3-35, 36-80, or >80 yca$-
old forest in each activity area (arca within the
95 c/r ntilization distribution polygon) and random
area. Wc also detemined the proponion oi cach
activity area and random area composed of ri-
parian habitat; riparian habitat was defined as the
area within 20 m of intemrittent and small strcams
(avcrage annual llow 3 0.0;1 rnr). 50 m of me
dium streams (averagc annual f low > 0.0.1rnrand
< 0.2 rnr) and ponds. and 100 m of larye strcams
(average annual t'lor') 0.2 mr). A1l other areas
u'ere classificd as uplands. We delinecl availablc
\\, ater as medium streams.large stteams, rnd pond\;
small streams in our stndy rrea arc alfrost en
tirely covered by vegctation and generally do not
otler pools from which bats could drink. We uscd
GIS to determine distance tronr cach random point
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and liom the geomctric center of each activity
area to the nearest a\,ailable water, the day-roost
lrom which the bat depaned. and the site at u'hich
the bat \r,as capturcd.

Statistica Analyses

\\ 'e used stepwise logistic regression (PROC
GENMOD. SAS Institure l997) to compare char-
acterjstics of activit)' areas and randorrly avail
rb le  r re . r .  rnd  to  tc r t  tu r  d i l fe |en ie :  in  p l t tenr :
of use among landscapes. Wc conducted logistic
regression analyses forhabitatvariables, distances
between centers of activit), areas and available
$atcr, and all variables combincd. Variables wcre
considercd statistically significant and included
in the models at P < 0.05. Odds ratios werc cal-
culated by taking the antilogarithm of the pi:ram
eterestimate (Ramscy and Schafer 1997); examples
of calculations 1br odds ratios are prescnted in
the rcsults. We used the Mann-Whitney U test to
test for diff'erences in htrbitat charactcristics and
distance of activity areas from available water
betwcen used and random areas. We also used
Mann-Whitncy U-tests to test fbr differsncas
among charactedstics of activity areas in differ
ent landscapes.

Results

We trackcd l2 female long-eared myotis (l non
parous. 4 pregnant. 5 lactating, and 2 postlactat-
ing) on 23 nights (l to 4 nights each): seven bats
\\'erc tracked on more than one night. We col-
iected sufficicnt data to identity I I activity areas
for nine bats (l non-parous. 2 pregnant, 5 lactat-
rng. and I post-lactating); fbur ofthese bats (five
nights) were captured atponds and tlve (six nights)

were captured at bddges used as ni-lht-roosts. A1l
bats used the sanre genelal activitv area at a cap
ture site and females lracked on morc than one
night rcpeatedly uscd the same gcneral arca.

Act v ty Areas

Activilv areas averagcd 38.3 ha (SE = 7.3 ha; n =
1J nights) and were centcred 100 m fiom cap
ture sites (SE = 12 m). Centers of activity arcas
averaged over 500 rn from the clay-roost but <100
m from available water (Table l). Activity arcas
wcre significantly closer than randon arcas to
available water and contprised a greater propor-
tion ofdparian habitat than riindom arcas. but did
not  d i f t ' e r . ign i f re rn l l )  u  i lh  fe \ l ( ( l  roprop  r t i , ,n
of forest in dif lerent age classes (Table l). No
difl'ercnces among fcmales differing in reproductive
condition werc evident, allhough small sample
sizes prccluded meaningtul statistical aoalysis.

Of thc I 1 activitv areils determincd. oine en-
compassed opcn u'ater. Pattems ofuse werc sirnilar
for four activity arcas tion bats that we ffacked
fbr the entire night but had insufficienr locations
to delineate specific activitv areas. Most female
long-eared myotis had activity areas that cncom
passed available water but not the day-roost (n =
7 activitv areas); all bats captured at upland ponds
exhibited this patlcrn. Bats captured at bridges
exhibited greater Yariabil ity in palterns of usc;
two actlvity arcas did not encompass opcn \t ater
whereas tbur did.

The distance an activily area u'as from avail
able watcr $as the only variable that entered anv
moLlel rP = 0.U00 | r and rhc oJJ' of rn rrer beirrg
used by female long-eared m5rotis decreased with
increasing distance fiom available water (modc1

TAtsLE l  Compar i \on of  char acler is t ic  s ofact i l i t l  r rers (n = l l )o l  nefemalelonse:rednr lot isandnndomarca\(n=1.19r
in !h. C.rscade Rangc of westefn Orego.. 1996 and 1997.

\ J  b le

ActivityAreas
S E

Randoln Areas
st-t P2

Di\rancc 1o dr) roost (m)
Dislance to alailable $ ater (ml

Ripariar habirai (9i)
Forest 0 l l years otd ( % )
Forest  l3--15 iears o ld (?)

Foren 16 80 ye s o ld ( t ; )
Forest  >80 )e:m old (+)

5 r 8 . 2
12.1
19 .0
1 . )

216
26.0
l t . 8

60.0
10 .1
.1.9
1 .8
7 .8

9.2

562.5
] ] . 1
10 .5
22.1
39.9
15..1

23 .8
o.1
0.9
1 . 8
1 . 9
t 3

<0.001
0.05
0.22
0.69
0 . l 2
0 .91

rDistance variablcs were mersured tiom geomerric ccntcrs of acrivitv atcrs and r.rndon arets.
:P ralues:re the result o1 \Iann-Whiinct U rests corrparing used and random reas.
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- -0.0684 - 0.0166 (Distance to water):957. CI
lntercept = Ll68 to 1.076, Distance to water =
-0.008 k) -0.029). For example, an area centered
72.7 rn tiorn available watcr (Table l) *as 3.4
tinlcs more l ikely to be used as an activity arca
than an area centered twice as frr ( 145.,1 n) from
ava i lab le  $  a tc r  (72 .1  -145.1= 72 .7 :0 .9835r :1
= 3 . 1 : 9 5 %  C I =  1 . 8  t o  8 . 1 ) .

Tempora Patterns of Act v ty

Fcmale long eared myotis depaned day-roosts an
average of 19.6 min aticr sunset, (SE = 2.1 nin:
n = 28) and retuned to da)' roosts an average of
2 hr 16 min belbre sunrise (SE = 23.3 nin: n =
16). Bats were activc for approximately half of
thc night F= 52.77.: SE =.1.56/c) and exhibiLcd
an avefage of 4.2 pcriods of activity (sE = 0..1)
punctuated by rclatively shoft pcriods of inactiv
ity (gencrally <20 min in length).

Discussion

Our  re 'e r r .  h  p ror  i t l c r  e r  idence lha t  uu le r  . i te .
and riparian areas play an impoftanl role in de
termining aclivity areas of female Iong-eared
myotis and that water sitcs can be focal points
fbr terrcstrial lbraging bats (Szewczak et al. 1998).
The association between water and activity areas
of long-eared myotis is pa icularly noteworthy
becausc the long eared myotis forages primarily
o\,er terrestrial habitats (Manning and Jones 1989;
Barclal, 1991; Faure and Barclay 1992. 1994).
Our observ tions indicate that female long-eared
myotis rarely occur over water, but frequently use
teffestrial habitats or riparian areas immediate]y
adjacentto water. Bats afe adapted to exploit patchy
food sources and increases theirtbraging efficiency
by leeding on conccntrations of insects that are
olien encountered near \r'ater (Fcnton and Mor
ris 1976. Bell 1980, Geggie and Fenton 1985,
Furlonger et al. 19U7.).

We postulate that activity arcas of female long-
eared nryotis are associated with water sites bc-
cause of increased foragi ng efticiency and access
to u'ater fbr drinking. Female bats may spend little
tinle foraging near day-roosts and lly to nore
productivc tbraging aleas near \r'atgr or along
tbrest edges (Brigham ct al. 1992, Wilkinson and
Barclay 1997, Grindal and Brigham 1998, Grindal
et al. 1999), only returning to thc day-roost dut-
ing the night to nursc young (Anthony et iil. 19E 1 .
Racey and Swil1 1985, Adam et al. 1994). A1-

though silcction of roost sites is not strongly in-
fluenced b,v commuting costs to tbraging areas
(Mattsonetal. l996.Fenton etal. 1985, Brigharr
l99l). activity areas near water and day-roosts
can reduce energetic costs associatcd with com-
muting between arcas (Tuttle 1976) during peri-
ods when energl requirements are high because
of leproductive demands (Kurta ct al. 1989a).
Fur ther ' .  mr r r l  :pe i ies  L l f  b l ts  requ i re  u r te r  in
excess of that obtajned tiom their dict (Kurla et
al. l9U9b. 1990; Webb et al. 1993t Mclean and
Speakman 1999) and having aclivity areas close
to watcr would facilitate meeting this need.

Spatial pattems in the availability ofresources
can influence the distances bats fly anrong roosts.
water. and activity arcas. Mean distances that fe
rnr lc  lonS:  e r rcd  rn l  o t i \  \  o rnmulcJ  l ,  '  r ( l i \  i l )  J r -
eas is sinilar to those reported for the gray brt
(.M) otit gise.\.en.\. T uttlc I 976) but shofier than
those rcported for lalger species in other habitats
(i.e.. big brown bat. Brigharn and Fcnton 1986,
Brigham 1991 ; Townsend's big eared bat, Clark
ct al. 1993. Adam et al. 199,1. Wethington et al.
1996). Although thc disLance bats fly to foraging
areas can vary with region, reproduction. scx. and
age (Tuttlc 1976. Brigham l99l, Adun et al. 199,1,
Entwistle et al. 1996), we 5uspect that rclalivel) '
short comnrutirlg distances are typical of small
specics ofbats in forested habitllts. However. our
findings may be a function of availabil ity and
proxinrity ofpotential roosts to u, ater in our study
area.

Studies of the roosllng ecology of bats in 1br-
est often fbcus on chiiracteristics of roost struc-
tures (e.g.. Vonhof and Barclay 1996. 1997:
Brighan et al. 1997; Crampton and Barclay 1998:
Kalcounis and Brigham 1998). with proximity of
roosts to watcr or other habitat features rarely being
considered (e.g., Campbell ct al. 1996,Betls 1998.
Ormsbee and McCornb l998, Waldien et al. 2000).
While many spccics of bats in temperate forests
exhibit low fidelity to specillc roost structurcs
(Lewis 1995, Vonhofand Barclay 1996,Brighan
et al. 1997. Betts 1998. Olmsbee and McComb
1998, Waldien et al. 2000). they exhibit higher
lldelity to foraging areas (Racey and Swift 1985,
Brigharn 1991. Entwistle et al. 1996. Wilkinson
and Barclay 1997). Water resources tunction as
important fbcal points tbr populations of bats
(Szewczak et al. 1998), including species that
forage over tenestrial habitats. and provide im-
portant drinking and tbraging sites (Racey and
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SrlifL 1985, Brigharn er al. 1992. Wilkinson and
Barclay t997). Our data suggest rhar managing
tor-roosts betwecn 0.5 1.0 km fron open water
$'ill bc nost bcneficial firr bats in firrested habi
lats. Crealing ponds with open water that are frec
of vcgetation in upland habitats rvhere roosts are
available u ill provide folaging and drinking sites.
and ultimarely wil l improve the qualiry and suir
abil ity of habitat in thaL area for bars.
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