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Introduction

Bats are critical to their surrounding environment, proviégimgimber oecosystem
servicessuch as pollinatio(BorbonPalomares et al. 201,&eed dispersgbugiyama et al.
2018, and pest contrdOlimpi & Philpott 2018; Russo et al. 2018) the United States,
bats have been estimated to save the agricultural industry >$3.7 billion in pesticides and crop
damages annuallBoyles et al. 2011 Despite theibenefits bat populations are being
threatened by the cumulative impaectdabitat lossdiseaseand landuse changéFrick et
al. 2017) For instance, since 2006we-nose syndrome, a disease caused floygal
pahogen Pseudogymnoassulestructany hasspreadacrass the United States and Canada,
resultingin the deaths o#6 million bats(Rhodes & Fisher 2018 omparativelythe
fatalities oflarge numbers dfeedwelling migratory bas (>500,000annually have been
reportedat wind energy resources throughout North Ameriéanett & Baerwald 2013;

Frick et al. 2017)However,while whitenose syndrome and the installation of wind turbines
haveonly impacted bats in the last decadabitat los$ias led to the decline of bat
populatiors globally for at least the 1aS0 years(McAney 1994; Robinson & Stebbings

1994; Scanes et al. 2018&pr examplethe Indiana bat\Myotis sodali¥ was registered under
the Endangered Species Actli®67due totheloss of roosting and foraging habitat
(Bergeson et al. 2018; FWS 2018he najority of habitat losaffecting batdias ben a

result of intensive farmin¢Olimpi & Philpott 2018) industrialforestry practice¢Bergeson

et al. 2018) andurbanizationBeninde et al. 2015; MacGregbors et al. 2016; Scanes et

al. 2018) This loss of habitaand critical resources has resulted in reports of alteaed
activity (Uhrin et al. 2017)abundancéKrauel & LeBuhn 2016)andspeciesliversity

(Threlfall et al. 2012; Kahnatth et al. 2018)However to some exterthe effectsof



agriculture and forestry practicean be alleviated througtppropriatenanagemeniOlimpi

& Philpott 2018) For examplein studies evaluating the impacts of forestry management on
Indiana bats, @scribed burns established greater foraging opportunities and created
desirable roosting habitat in the form of hollow tr@@srgeson et al. 2018 contrastit is
more of a challenge to manage urban areas, asepegsenhighly modified environmets

with aconcretenfrastructureand impervious surfaces that appear to offer little or no
resourcesor bats(Gallo et al. 2018)Thus,the continuedexpansiorof urban areas

anticipated to further impact bpopulations, which may increase their risk of extinction

(Luck et al. 2013; Krauel & LeBuhn 2016; Scanes et al. 2018)

Despite these negative connotaticgrmerging studies suggest thabanareas have
the potential to provide resouraescessary teushtin healthy bat populatior{&ehrt &
Chelsvig 2003; Krauel & LeBuhn 201.8n anurban environment, these resouroesy be
available infragmented green spaces, suclpaks, cemeterieand golf coursefurta &
Teramino 1992; Kowarik et al. 20163 nunber of studies have shown bat actiutiybe
higher in these greenapes than in theurroundingurbanareagBasham et al. 2011;
Verissimo Silva de Araujo & Bernard 2016)evertheless,dr suchgreen remnant®
supportbats they need to provide suitabladareadily available resourcesoktover for
these areat® supporian abundant andiverse bat communityhey must providespecies
specificresources, such as roosting sites, foraging opportunities, water samates
movement corridors to access these other reso(icc&sWilkins 2014; Beninde et al. 2015;
Krauel & LeBuhn 2016)For examplethe treedwelling silver-haired ba{Lasionycteris
noctivagan} prefesto roost in théhollows oftrees,underneattioose bark, athin

woodpecker holeBAmmerman et al. 2012)



While urban areasiaynothaved c | a s s i c Gefinedheyemawidalye s (
acknowledged or preferred) is becoming morevidentthat bat species have been able to
behaviorallyadapt to using unconventionaftenanthropogenic alternas For instance,
Australianfruit bats(Pteropusspp) have been observed utilizing noative food sources in
an urbarenvironmeni{Paez et al. 2018gimilarly, bats known to roost in cavesevices
and treehave been able to takelvantagef anthropogenic stictures suchaswine cellas,
buildings and bridgess alerndive roosting sitegLi & Wilkins 2015). For example, tri
colored batgPerimyotis subflavyshave been foundsingbox culverts along Texas
highways as wintelnibernacula site€Sandel et al. 2001Furthermoretreelined streetand
hedgerowsn urban areas casffer foragingopportunitiesand commutingoutesequivalent
to woodland edgethatprovidebatsprotectionfrom predator¢Oprea et al. 2009; Kelm et al.
2014) Finally, water sources an urban environmegtan often be founoh the form of
ornamental ponds dakes,retention pondsstreamsand drainge ditchegBowles et al.
1990; Nystrom & Bennett 2019%uch water resourcglsowever, may be ephemevehen
subjectedo prolongecdhigh temperature@Vallace et al. 2005; Goodrich et al. 201B)us
in areas whee water sources become scalm@smusteither leave an area seek an
alternative to persist.

One alternativevater sourcenay include residential swimming pools siudy
revealedhat batgeadily drank at swimmingoolsin an urban area when accessiore
conventionalvatersourcedecame restricteNystrom & Bennett 2019 urthermore, this
study noted that the frequency at which ik atswimming poolsncreased witligher
temperature We therefore hypothesizédat residenbatsin urban environmentsould

concentatetheirhome rangegdefinedhereas an area a bat travels nightly in search of food



and wateyto green spaces when resources were avail¥elewe predict when resources,
such as watehecome limited in green spac¢essident bats would expand or shift their
home rangeto accessilternativesources of watein the form of residential swimming
pools,in thesurrounding neighborhoods.

To explore whether bats expand or shift their ranges to encompass residential
swimming pools, we conducted a telemetry study in which we tracked resident evening bats
(Nycticeius humeral)sin local parks across their summer activity period in Fort Worth,
Texas, USABY identifying periodic shifts in their range sizese may be able tdetermne
the importance of such alternative water soynadsch may in turn provide insights into
how we can effectivelymprove urban habitat for bats.

Methods
StudySite

We conducted our study avo connected parks in Fort Worth, TexaSA: Foster
Parkand OvertorPark(32A4 162 1. 1706 N, Fi§ I)ATRededparks.addvbed W;
and operatebly the City of Fort Worth ParindRecreatiorDepartmentCombined, the
parkscovera24.5halineartreelined green spaceentered arounddrainage ditctand a
~60 m by 20 m retention pond when at capa@tth the pond and drainage ditch are
ephemeral; in particular, the drainage ditch tends to only contain water immediately after
heavy rainsThe site isalsoheavily manicured with littl®r no understory vegetation, and
the majority of trees are mature, exceeding >6 m in helgbé pecies includdur oaks
(Quercus macrocarpacedar elmgUImus crassifolia American elmgUImus americang
commonhackberriegCeltis occidetaliy andTexas ashe@-raxinus texensi&FWPR

Undated)
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Figure 1: Map of study site including Foster and OverRarkin Fort Worth, Texas, USA.

Colored polygonéndicate mist netting siteSectionsA to C delineatehe mist netting
survey rotation.



Mist Netting

From previous eousticmonitoring and mist nettingurveysundertaken from 2013
2016 thestudysite contained ambundancanddiversity of bats(Bienz 2016; Smith 2019
unpublishediatg. From these surveys, seven species wemdrdedeastern redL@siurus
borealig, hoary (asiurus cinereus silverhaired, canyonRarastrellus hesperystri-
colored, eveningandMexican freetailed (Tadarida brasiliensisbats Of these speciethe
evening bahas been acoustically recordad capturednost frequenthand resides in the
areayearround(unpublished dajaAs a resultwe selectedhe evening bats our study
speciesTo increase capture succesg, wgedthe aforementioned acdissurveygo identify
9 surveysiteswhere evening bat activity was concentratgthin the parkgunpublished
datg Fig. 1).We divided thestudy siteinto 3 sections (see Fig. 1) asdnducted mist netting
surveys at a selected survey site within esexttion.We then rotatedmongthe 3 sections
and survey site from March to September (representing the seasonal activity period of

evening batsAmmerman et al. 2012)

To capturebats akach surveysite we used triple, double, asthglehigh 618 m
length monofilament mist netsom AvinetResearch Supplig&ig. 2) The nets were opened
~10 mirs before duslandremainedpen 13 hrsto encapsulate the evening haimary
activity period, weather permittin@@aerwald & Barclay 201;,IMcAlexander 2013
unpublished dajaPrior tothe start of eachurveynight, werecordedhe datesite, start
time, temperature (°C), cloud cover (full, partial and clear), average wind speed and wind
gusts (kph), dew poirffC), humidity (%), pressureifiHg), moon phase, moon illumination
(%), and whether the moon was visiblée recorded these variables as they amua to

potentiallyinfluence bat activitfAppel et al. 2017; Pettit & O'Keefe 201¥ye did not



conduct mist netting surveys when there was lightmrnge immediate are@recipitation,
averagevi n @&kphD g u st sor ténpdratukegstC. We then opened the nets
movel ~20 m awayand returned every 10 nsto check for batsOnce a bat was captured
in a net, we removed the dat handwithin 5 mins or elseit wascut outusing curved

embroidery scissot® minimize further stres@-ig. 3).

Figure 3: Picture of bat being removed from a mist net.



After removal we immediately released bats that widemntifiedaspregnant,
lactating,carryingyoung or any other species (i,&0ot evening bats)We placedall
remainingbatsin cloth bags antlung the bagen the side of te mist nets until the survey
was compleed Once netsvereclosed and disassemblede noted the survey end time and
processed attapturedoats byrecordng thar weight(g), forearm lendt (mm), sex age
(juvenile or adult) condition(pregnant, lactating, neloreeding, or descended testicles)d
assigninghem a unique 1Qe.g., 1INyhu23Aprl9ncluding the numerical order the bat was
caught, species, and dpaté/e thenselected an individual that weighefl gto ensure the
transmiter did not exceed 5%s body weigh (Sikeset al.2016) andappearedo bevisibly
in goodcondition(i.e., little or no parasite loacho bald patchesnd no current injuries, such
as holes in wings)Vhere possibleye tried to alternate the selection of males fandales
over the survey period. Once an individual was selected, we released all remaining bats and
transportedhe selecteatto acustomizedlight facility (described irBienz 2016) This
openair facility was kept as close twaturalconditiors as possibland containea 1 m by 2
m water trayanabundance of aerial pregnd roosting opportunities the form of puppy
carriers and carpeted cat housée keptthe batin this facility until ~30 mins before dusk
the following day At this time,we attacleda SOM-2007transmitterfrom Wildlife
Materials Inc. For thisprocesswe trimmedthefur from the mid-dorsal back of the baind
thenusedPermatype surgical cemenbd adhere the transmitter to this a(Eay. 4). Once the
transmitter was secure, we placed the bat into a cloth bag and transported ititsegitetof

capture We then released the kmther on a tree dsy hand at dusk.



Figure 4: Evening bat with an attachedth SOM-2007transmitteffrom Wildlife Materials,

Inc.

Note thatal technicians handling batsedrabies preexposure vaccinatiorend wore
bite-resistant gloves. Furthermoma) Institutional Animal Care and Use Protocol (IACUC
permit #1609-01) wasin placefor these procedurewhich followed guidelines provided by
Sikes et al(2016) We did not require permits from statefederal agencies, as north central
Texas does not currently have amgistered threatened or endangdratispecies
Neverthelessye did havepermits to conduct surveys within the park system from the Fort
Worth Park and Recreation Departme@tur method and capture dataere alsannually
inspected and reviewed by tAeimal and plant health inspection sersioéthe United

StatesDepartment of Agriculture.
TelemetrySurveys
To determine thbome rangef bats within our study site arlde surrounding

neighborhoogdwe conducted radidracking telemetry surveygor this, wecoordinatech

teamof 3-4 techniciango biangulatetriangulate or quadrangulatévhere possiblethe



position ofabat withanattached transmittdrased orthe signalstrength(Ryan 2011)Thus
we used th&lobal Positioning System@P9 locationof each technician and tla@imuth
bearing of the signdtom that techniciamo determinethelocation of the bati.e., the
intersection of th@-4 bearingsFig. 5). By taking bearings and locatioesnultaneouslyat
regular intervals (i.eevery minute)we were then abl® geneate the area flowhy a bat
We used TRX48 16 channel receivevdth 3-element lightweight folding antennas from
Wildlife Materialsto determine the bearingf the strongest signflom theradio-transmitter
(Fig. 6A). We also use&amsung Galax85 andS7 mobile phones with two Android
compatible apps installed: 1) Locus Map Roorecord GPS locatiorsf the technicianand
signal bearingand 2) Seconds circuit trainer app used to ensure that all technicians

recordedGPS locations and bearinggthin asettimeframe (i.e.sening as a timer,)

- )Mp \ <2 Technician 4
‘ \ '

Fechnician 1

\

N e g

\\ Technician 3 Technician 3
"

Y ‘Technician 2

<

e

Figure 5: Example of(A) triangulation andB) quadrangulation of thiecation of a bat

determined from intersecting bearing lines from technicians.
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Figure 6: Telemetry equipment used in survefs) shows a technician with BRX-48
receiverand3-elementantenmafrom Wildlife Materialsand(B) shows &Samsungnobile

phoneheld atop an antenrmgoen tothe compass display @bcus Map Pro app

Prior to the release of the bat with the transmitter attached atwiesklibrated the
aforementioned equipmefdr each technicigrensuringhat all receiversveresetto the
correcttransmitterfrequency(e.g., ranging from 150.000 to 150.186#Hz) and thathe
signal strength was strorad clear (i.e., confirminthat allequipmeniwasworking
correctly) We alsamade certaithat GPS and compadsplayson the mobile phonesere
as accurate as possibkor this, we confirmed thail the phones displaygdPS coordinates
thatwerewithin 1 m of theactual locatiorof the techniciamndthedirection (i.e.azimuth
displayedwasO 2 A f rapmuthshoma on a standard handheld comiggs 7). We
thensynchronized the Seconds app betweethallnobile phonesThis app wasisedto emit
a warning beef0 secs prior to the turn of each minutena 3sec courdownoccurred
(i.e., 3 beepsypto theturn of a minute andfinally asecond3-seccountiown to the end of a
10-sec periodlirectly after the turn of the minut€hus, ace a bat started flying, technicians

would recordheir GPS location and bearingshere possiblen this 10sec periodollowing

11



the turn ofevery minutelLastly, a3- to 4way phone calbetween techniciansas set upo
ensurgpromptcommunicationwhich enabled the techniciansdmordinate and reposition

themselveswhen necessayyo bettertriangulate the bahroughouthesurvey.

B S 6 B Q N . 52xm 8:37 PM
< No target!

GPS COMPASS

N 32°42'29.617" W 097°22'40.394"

Laf e Longitude

GPS Coordinate

Distance

0 ft

Azimuth

Bearing/Azimuth - 27°

Elevation Error_@

Altitude

Speed
am 492 A 007

Time 1o next waypoint

(©) - <

Figure 7: Screenshotfahe compass screen in the Locus Map Pro app.

Technicianspaced themselves evenly ap&s00 m awayrom wherethe bat was
releasd (i.e, in a triangular or quadrangular formatioA} the startof the survey, we
recorded survey informaticaate, bat ID, start tim@ndtechniciangresentand
environmental datéreferto mist netting surveys abovejs well as the starting location and
initial bearing of each technicialRor the latterwe heldthe mobile phonedisplayingthe
Locus Map Pro app compass) top of the antenn@ig. 6B). Astechnicias angled tleir
antennain the direction othe strongest signal from the transmittbgr GPS location and

theassociated bearingeredisplayedon the mobile phones (Fig..Th addition, to improve

12



bearing accuracy, technicians minindzadtitude and bearing errors (i.e., below 10°; Fig. 5B)
that occurred by holding the antenna parallel to the ground (i.e., the vertical plane was
adjusted not the horizontal plan&he bearing an®PSlocationwere then recorded by

takinga screenshoof the phonedisplay(Fig. 7).

Once he batwasreleasegdtechniciangook screenshotat the turn of every minute
but only whenthey had determined thdirection of the strongest signdlechnicianghen
moved and reoriented themselyea foot or by vehicle)o ensure they remadin a
triangular or quadrangular formatisarroundinghe bat Screenshots were takantil the
batremained sedentast aroost sitefor >15 mins at which point we consideredtd be
roosting As the obgctive of this study was to determiarea usagassociated with drinking
activity, we focused our survey effort orlleB hr periodafter duskwhen this activity would
primarily be undertake(McAlexander 2013)Furthermore, preliminary surveys revealed
that when bats returned to roost after their first flying bout they would remain there for 2 or

more hours. Thus, wanly tracked bats during this first bout of activity.

Thefollowing day, we confirmedwhether the bat was still located at the roost
identified from the previous nighBased on the location of the pat proceeded as follows
1) if the bat was preserd,screenshavastaken to record thiecation of theroost siteand
surveysstarted athis locationthatnight, 2)if the batwas not presentve searched 2.5km
radiussurroundinghe park systermntil anewroost site was locatettom which surveys
were started that nighand 3)if we were unable to finthe bat within thi.5-km radius
during the daywe started surveys witlechnicians distributedcross the study site
locationswith high elevation(identified inAppendix A;Ryan 2011)attempting to detect the

bat in flightat dusk onwardsNethensearched for a transmitter sigalthese locationgnd
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if found weproceededo trackthe batas previously detailed abavéa signal was not

located during a-hr period,we repeatedearchesor 2 moreconsecutive nights toonfirm

that the bat hatkft the area. Fathosebats that remained in the ay@gghtly surveys

(weather dependentjere undertakefor ~10 days, ountil thetranspondewas damaged,

groomed offor its battery died\ote thatfor safetypurposestechniciansvore high

visibility vests and any vehicles uskdd magneticsignsi t h ABat Resear ch in

andtheir hazard warning lights oduring surveys.

Data Processing

After each surveywe extracted the following information from each screenshot:
time, GPSlocation(converted fronDegrees Minutes SeconttsDecimal Degregsbearing
and bearing errqiFig. 7). Using ArcMap versiorl0.6(ESRIInc., Redlands, CA)weinput
the coordinates and associated attributes to create abasidshapefile for each technician
every survey nightWe then used théearing Distance to Lirggool (found in the Data
Managementoolbox)to create a linextending up to 2.5 km fromachpoint location(i.e.,
the location ofatechnician)n the direction okach correspondingearing(hereafter calle@
bearing line) We created a point at each intersebeve 2 or more bearing lineserlaped
within a givenminute These poinlocations were thesaved to a shapefilgith their
associated bat |Ddate,and confidence valu&he lattervaluewasa measure of our
confidence in pinpointing the location of the bahere ligher values were given to points
representing the highestrdaence. For example, when two or more bearing lines
intersectedwe allocated a value of 1®@/herebearinglinesdid not intersect, we creat®
additionalbearing linedased a the bearing errarWhere a bearing error line intersected an

original beamg line, we created a point which we allocated a confidence value of 9. If only
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bearing error lines intersected, we extracted the area between thesadicesated a
polygon to represent the intersect{®ig. 8).We thenconvertedhe polygoninto a sees of
points using t h ¢oudddthe BatadanBgermemtrioellod histtoolo |
generatea single point ireach 10 m by 10 m cell withirthe polygon.Thesepoints were
saved to the point location shapefile @ivkn a value of G\Next, if there were instances
where areastill did not intersect, we created a furtharserbasedoearingerrorlines on
either side of the bearing error lind$esesecondanpearingerrorlines represeretda user
error+5% of thebearing erro Again,we created a polygonherethe area withir2 or more
of theuserbasedearingerrorlinesintersectedThearea within thespolygonswas then
convertedo points @sabove) and saved to the point location shapefile withrdidence
value of 3 Finally, where only one technician had the direction of thédrsat5 consecutive
screenshotsve created a polygahatencapsulatethe maximum lateral range of their
bearirg linesextendng 2.5 km from the techniciain instances when landscape features
(such as high ground and buildinggre known to block the transmitter sigrthak extent of
the polygonwasadjusted accordingly.€.,resized to<2.5 km). The plygonwasthen

converted to points with eonfidencevalue of 1.

15



Figure 8: Example of plygon(shaded regioncreatedvhensecondaryearing error lines

intersected

To determine home range sizkthetrackedbats, weusedthe Home Range Analysis
and Estimation toolbox (a ngrarametric kernel estimatonjithin OpenJUMP versiod.14.1
(an open source GIS softwate)create local convex hulls (LoCoH) for each (ta¢tz et al.
2007) This methodwhich associatspoint locations with their nearest neighbotl(kas a
series of convex hulls, was selectedtasfectively excluded aredbat were not usebly
bats When creating these L o Caddtofthewotml ngnmberofé k 6 v
point locations recorded for each bas. part of this exercise, waso generated different
home range sizdsased orthe distribution of poirg includingl) 68% of the pointghat were
within 1 standard deviation of their distributi¢hereafter referred to as there arep 2)

95% of thepoints equivalent t@ standard deviation{secondary arg@aand 3) 99.7% adthe
pointstheequivalent td3 standard deviatior{sertiary arex For each coresecondary, and

tertiaryareagenerated, we extracted the total area?kmsed by each batve also
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determind the percentagef these Jareaghatfell within the surrounding neighborhodd
addition,nightly foraging activitie®f batsprimarily usingparksmaynot have beerstrictly
limited to theconfinesof thatpark.For exampledepending on speciepecific perceptions
of risk, different speciesnayforage or commuteithin arange ofdistancesrom linear
features ohabitat edgefBennett & Hale 2018)We considered that thaditional foraging
extentmayhaveinfluencel the percentagef the home range that fell within the surrounding
neighborhoodThus, we include@ buffers(20 m and 40 m dtances from the park edges),
astheserepresented the extent evening bats were likely to forage from the edges of tree
canopies and tree lines, and therefmweld beconsidered part of the park systéorris et

al. 2011; Ammerman et al. 201Bennett & Hale 2018 Subsequently, @/identified3
different variantgor the park system: 1) the total area of the park with no baffamdthe
park edge?) the total area of the park with a 20 m buffieundthe park edgeand 3) the
total area oftie park with a 40 m buffearoundthe park edgeNote that for thisand the
belowanalysis, we did not includeny bats that were tracked for <3 dayswaswvere not

confident that there was enough dataffectively establishome range sizes

To deternme areausage by batsye conducte@ hotspot mapping exercise based on
the confidence values allocated to eachploatt location.For this exercisaeye used the
dPoint Statistic8tool in the Spatial Analyst Tools toolboX his toolsums theconfidence
values within each10 m?cell to form an outputraster maulelineatingthe variations in
concentration of activity within thiotal areseach baflew. Fromthese mapswe identifiel
areas with the highest concentration of actiaityl determing the proportion othesearea
that fell within the surrounding neighborhood (as described abdkealso determined how

far the edge of these lepots were from the edge of thark systemAs multiple hotspots

17



could potentiallyoccur, we determinetbotha maximum and a minimum distandéote that

if a hotspoffell within or abutedthe park systemwe designated a distance of 0 m.

Finally, wedetermined the number of residential swimming pools wiglaich core,
secondary, and tertiareausingaremote sensingechniqgueWe acquiredaLandsat 8 OLI
sensoiimageandadjusted thepectral resolutioto incorporae bands 5 (Near Infrared), 4
(Red) and 3(Green)to highlightall waterbodies(e.g., it makes water more distinguishable
from features such as vegetation or impervious surfaéésthen converted the raster map
to polygons based on raster cell values usingRiaster to Polygastool from the Raster
toolset.Next, we usedSelectby Attribute®tool in the Data Management toolbtuxexclude
any objects that were €2n?, which we established to be the minimum size of a residential
swimming pool. Walsomanuallyexcluded any natural or sematural water bodies
includedwithin the areaand used Google Eartfreeware (Keyhole Incand Zillow (Zillow
Group, Inc. Seattle, WA), an online real estate databasenfirmthatthe remaining water
bodies were swimming poolBinally, we determined the number of pools within each home
range of a bat usi ngtoeéxiraetall éeSdemtiad ssimmimypodlso c at i on

that fell within (entirely or partially) eaatore, secondary, and tertizayea

Data Analysis

From the above, egenerate@1 dependent variablder each batthesize of each
corg secondary, and tertiary argan?), thepercentagef the core, secondary, and tertiary
areas (k) that fell within the surrounding neighborhoaith no buffer, a 20 m buffer, and
a 40 m buffelaroundthe park thepercentagef a hotspots) that fell within the surrounding
neighborhoodvith no buffer, a 20 m buffer, and a 40 m bufieoundthe park andthe

minimum and maximum distan¢mn) of a hotspofs) from the park system edgéth no
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buffer, a 20 m buffer, and a 40laffer. We thenidentified 3 independentariables thatve
predictedwould impact the home range size of bats: temperature, precipitation, and number
of residentiakwimming poolsFor temperature, we calculatadaverageof the
temperature(°C) recordedacross the nights an individual bat was successfully tradlad.
thatthe temperature used was recorded at the start of each surveyaightecipitationye
first estimatedhe total amount of rainfall (mmhat occurredcrosghe tracking period cén
individual bat(hereafter referred to as the first precipitation variakg)the extent of
precipitation thabccurredprior to tracking a bat mayaveinfluenceal water availability
during the tracking period, wasoestimated other rainfall valuesl) the total amount of
rainfall that occurredicross the tracking peri@ong with a7-day period prior to the surveys
(second precipitation variarand?2) the total amount of rainfalhtat occurredcross th
tracking period along with a 3@ay periodorior to the surveyghird precipitation variant;
www.usclimatedata.comNote that these additional variables were relétetlinearity) and
werethereforevariants of precipitatiothat weconsidered separately in the analy$isus,to
determine whether our 3 independent variabteselated alone or in combinatitmeach of
the21 dependent variablese conducted series ofegression analgs(linear, norlinear,
and stepwisewhere possible (e.g., only areglated variables cédibe compared with the
number of swimming poolskor these analysesherewere2 assumptions:)lthat the data
werenormally distributed and) that theravasno collinearity among the independent
variables.To avoid violating the assumptionsetestedfor normality and separately
repeated the analysis for each of the precipitatiorantgiAll statistical analyses were

conducted using IBM SPSS Statistics (IBM 200RereU=0 . 0 5 .
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Results

We conducted surveys froBO Marchto 28 Segember2017,22 Marchto 27 August
2018, and?1 Marchto 25 Sefgember2019.In summary, dotal of 97 eveningbats were
capturedn mist netsand of these, wattachedransponderso 36 batgTable ). Six of the
36 bats were tracked for <3 days, and therefore were not included in the following analysis.
We tracked theemaining 30 baten averag®&8 mins per night (ranging from-182 mins)
for 7 dayson averagéranging from3-16 dayg. Note thathe maimum time spent tracking
a bat per night did not exceed thédatactivity periodafter dusk
Table 1: Total number of evening batycticeius humeral)scaptured and tracked from

March 2017September 201Note thatM refers to males anfé refers to femalesSection

refers toareas in which mist netting surveys westated (see Fig. 1).

2017 2018 2019

Section Caught Tracked Caught Tracked Caught Tracked

A 8 2 6 3 6 3
(AM/4F) (1IM/1F) (6M/OF) (3M/OF) (4M/2F) (3M/OF)

B 20 5 23 5 8 5
(8M/12F)  (BM/2F)  (9M/14F)  (1M/4F) (8M/OF) (5M/OF)

C 6 3 8 3 12 7
(4M/2F) (3M/OF) (5M/3F) (IM/2F)  (1IM/1F) (7MIOF)

Total 34 10 37 11 26 15

(16M/18F)  (7M/3F)  (20M/17F)  (5M/6F)  (23M/3F)  (15M/OF)

After processing therackingdata,we generatec total 0f32,790bat pointlocations
(9,451with aconfidencevalue of 1231 with avalue of 9944 pointswith avalue of 6,
1,696with avalue of 3 and20,468with a value of 1 For home rangsizes, we found that

the core aresaverage®.97 km?+ 3.44SD (ranging0.06-12.94km?), secondary area
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averaged.24 km?+ 9.85 SD(ranging0.16-35.73 km?), and tertiary aressaveraged.5.93 km?

+ 20.99 SD (ranging0.16-93.19 km?; see Appendix Bor individual bat home ranggaVhen
we compared the core, secondary, and tertiary areas for each bat withrélge ave
temperature, we observadincreasen the sizeof these areasith anincreasen
temperatur@and we found this positive correlatitmbe significantbestfit with an
exponential regressidifable 2 Fig. 9. Comparing the core, secondary, and tertiary areas
with each of thé precipitation variantsye saw no apparesignificantcorrelationbetween
precipitation andhesizeof the® areagTables 3-5; Fig. 10. Upon further investigation, we
found thatprecipitation appeared to be independenmbafje expansion and was not an
effective measure of water availability within the park systsrhypothesize(see

discussion for further detailsf.onsequentlywe did not include precipitation ag
independent variabl®r the remaining analyseBinally, when we compared the core,
secondary, and tertiary areas for each bat with the average number of swimatsngigion
thesearea, we observednincreasan areawith a highernumber of swimming pooland
found this positive correlation to be significamd besfit a linear regressiofTable6; Fig.

11). Further to these results, thiepwise regressiamith temperature anthe number of
swimming poolgevealed gositive relationshippetweerthe dependent variablésore,
secondary, and tertiagrea sizgand onendependentariable,number of swimming pools
(Core:R=0.692,F = 25.737, df =29, P<0.0% SecondaryR=0.731,F = 32.1, df = 29,

P<0.01 TertiaryR=0.819,F = 57.052, df = 29P<0.0]). Despite temperature being an
influencing factor by itself, when combined with swimming pools in this analysis the strong
positive correlation between ime range size and the number of swimming pools excluded

temperature. However, vaeknowledgd thattheincrease in range size with swimming
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poolswaslikely a result of autocorrelatioithus, while an increase in swimming pools
demonstraté that batsvereexpanding their ranges intbe surrounding urban environment
we cannot assume these alternative resouveesdriving the expansiorSubsequentlyywe
did not consider interactions between temperaturetlEadumber of swimming poolis the

following analyses
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Table 2: Summary of the linear and ndinear regressions for treverage temperature

compared to theore, secondary, and tertiary areas {kwithin the home range of each

evening baf{Nycticeius humeral)s* represents significarR values.

Linear Exponential Logistic
R 0.381 0.451 0.451
df 29 29 29
Core

F 4.767 7.14 7.14

P 0.038& 0.01Z 0.01

R 0.399 0.48 0.48

df 29 29 29
Secondary

F 5.299 8.396 8.396

P 0.02% 0.007 0.007

R 0.357 0.408 0.408

df 29 29 29
Tertiary

F 4.087 5.581 5.581

P 0.053 0.025 0.025
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Table 3: Summary of the linear regressions for first, secand, third precipitation variants
with the core, secondary, and tertiary areas’(kmithin the home range of each evening bat

(Nycticeius humeral)s

1st 2nd 3rd

Precipitation Precipitation Precipitation

Variant Variant Variant
R 0.091 0.270 0.012
df 29 29 29
Core

F 0.235 2.205 0.004

P 0.632 0.149 0.948

R 0.057 0.212 0.056

df 29 29 29
Secondary

F 0.90 1.318 0.087

P 0.767 0.261 0.770

R 0.046 0.020 0

df 29 29 29
Tertiary

F 0.060 0.011 0.850

P 0.809 0.917 0.364
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Table 4: Summary of the exponential regressions for first, seconah@adorecipitation
variants with the core, secondary, and tertiary aread (kithin the home range of each

evening bafNycticeius humeral)s

1st 2nd 3rd

Precipitation Precipitation Precipitation

Variant Variant Variant
R 0.300 0.201 0.003
df 29 29 29

Core
F 2.765 1.173 0.00
P 0.107 0.288 0.989
R 0.245 0.168 0.020
df 29 29 29
Secondary
F 1.783 0.818 0.011
P 0.192 0374 0917
R 0.217 0.088 0.095
df 29 29 29
Tertiary

F 1.380 0.219 0.254
P 0.250 0643 0618
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Table 5: Summary of the logistic regressions for first, second, and third precipitation variants
with the core, secondary, and tertiary areas’(kmithin the home range of each evening bat

(Nycticeius humeraljs

1st 2nd 3rd

Precipitation Precipitation Precipitation

Variant Variant Variant
R 0.300 0.201 0.003
df 29 29 29

Core
F 2.765 1.173 0.000
P 0.107 0.288 0.989
R 0.245 0.168 0.020
df 29 29 29
Secondary
F 1.783 0.818 0.011
P 0.192 0374 0917
R 0.217 0.088 0.095
df 29 29 29
Tertiary

F 1.380 0.219 0.254
P 0.250 0643 0618
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Dotted lines and Rvalue represent linear regression fit.
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Table 6: Summary of the linear and ndinear regressions for the number of swimming

pools within each home range compared to the core, secondary, amy e (krf)

within the home range of each evening (datcticeius humeraljs* represents significarR

values.

Linear Exponential Logistic
R 0.692 0.645 0.645
df 29 29 29

Core
F 25.737 19.961 19.961
P <0.001* <0.001* <0.001*
R 0.731 0.649 0.649
df 29 29 29
Secondary
F 32.1 20.334 20.334
P <0.001* <0.001* <0.001*
R 0.819 0.767 0.767
df 29 29 29
Tertiary

F 57.052 40.066 40.066
P <0.001* <0.001* <0.001*
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Table7 summarizeshe percentage of the home range that fell within the surrounding
residential neighborhoods for each liadmparingthe percentage afore areavith the
average temperaturee obseneda positivecorrelation betweethe percentagef thisarea
andtemperaturavith no buffer, a 20 m buffer, and a 40 m bufieoundthe park systerand
this relationship was significaahd besfit with a linear regressio(Table8-10; Fig. 12A).
For the percentage eecondarareain the surrounding neighborhoodte found napparent
correlationbetweerthe percentage of aread temperatureith no buffer and a 20 m buffer
aroundthe park systerrin contrastwe observed aignificantpositive correlation with a 40
m bufferwhich bestfit a linear regressiofiTables 810; Fig. 12B). For the percentage of
tertiary area in the surrounding neighbartipwe found no apparent correlation between the
percentage of area and temperature with no buffer, a 20 m buffer, and a 40 rarouifelr
the park system (Tald&-10; Fig. 12C). Finally, when wecompared th@ercentagef the
core,secondary, antertiaryareas for each bat that fell within the surrounding neighborhood
with the number of swimming poofsesentwe observed an increasepercentage areaith

an increas@ the number of swimming poolfables 11-13; Fig. 13).
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Table 7: Percentage of the core, secondary, and tertiary ariglais the home range @ach
evening batNycticeius humeral)sthat fell within the surrounding neighborhoeith no
buffer, a 20 m buffer, and 40 m buff@roundthe pak.

No Buffer 20 m Buffer 40 m Buffer

Mean 70.5% 61.1% 54.5%

Core SD 32.1% 34.1% 36.5%

Range 0-100% 0-99.8% 0-98%

Mean 75% 66.9% 60.4%

Secondary SD 25.8% 29.2% 31.2%
Range 0-99.9% 0-98.7% 0-96.7%

Mean 81.8% 75% 69.6%

Tertiary SD 19.7% 24.4% 27.2%
Range 15.599.9% 1.598.7% 0-97.9%
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Table 8: Summary of the linear regressions for the average temperature compared to the

percentage of theore, secondary, and tertiary areas{kaf the home range of each evening

bat(Nycticeius humeraljsthat fell within the surrounding neighborhoath no buffer, a 20

m buffer, and a 40 m buffaroundthe park This analysis did not work faxponential and

logistic regressions as a Log transformation could not be performegkesents significant

P values.
No Buffer 20 m Buffer 40 m Buffer
R 0.398 0.427 0.455
df 29 29 29
Core Area
F 5.277 6.229 7.304
P 0.029 0.01% 0.012
R 0.296 0.343 0.361
df 29 29 29
Secondary Area
F 2.668 3.722 4.196
P 0.112 0.064 0.05
R 0.338 0.455 0.344
df 29 29 29
Tertiary Area
F 3.606 7.304 3.759
P 0.068 0.063 0.063
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Table 9: Summary of th@xponentiategressions for the average temperature compared to
the percentage of the core, secondary, and tertiary are3safkiine home range of each
evening baf{Nycticeius humeral)sthat fell within the surrounding neighborhood with no
buffer, a 20m buffer, and a 40 m buffaround thepark. This analysis did not work fdhe

core areass a Log transformation could not be performfagpresents significar®® values.

- indicates that an analysis could not be performed.

No Buffer 20 m Buffer 40 m Buffer

df - - -
Core Area

Secondary Area

R 0.297 0.248 -
df 29 29 .
Tertiary Area

F 2.702 1.843 -

P 0.111 0.185 -
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Table 10: Summary of théogistic regressions for the average temperature compared to the
percentage of the core, secondary, and tertiary are&¥ ¢gkthe home range of each evening

bat(Nycticeius humeraljsthat fell within the surrounding neighborhood with no buffer, a 20
m buffer, and a 40 m buffaround theark. This analysis did not work for the core areas as
a Log transformation could not be performedepresents significarR values.- indicates

that an analysis could not be performed.

No Buffer 20 m Buffer 40 m Buffer

df - - -
Core Area

Secondary Area

R 0.297 0.248 -
df 29 29 -
Tertiary Area

r 2.702 1663 :

P 0.111 0.185 -
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Figure 12 Relationship betweetine percentagef (A, D, G) core,(B, E, H)secondary, and
(C, F, 1) tertiaryareas (krf) of eacheveningbat(Nycticeius humeral)ghatfell within the
surrounding residential neighborhoaddaverage temperatures (°C) recorded across the
nights an individual bat was successfully trackeith no buffer (dark blue), a 20 m buffer
(medium blue), and a 40 m buffer (dark bloa}he park sysm. Each point on the scatter

plot represents the percentage of a home rangdaraa individual batDotted lines and R

values represent linear regressi@stfit.
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Table 11. Summary of the linear regressions for tluenber of swimming pools within each
home range compared to the core, secondary, and tertiary aré&asvitkim the home range
of each evening b&Nycticeius humeraljswith no buffer, a 20 m buffer, and a 40 m buffer

aroundthe park systent. representsignificantP values.

No Buffer 20 m Buffer 40 m Buffer
R 0472 0.546 0.568
df 29 29 29
Core Area
= 0.008 0.00Z 0.00r
R 0.508 0.56 0.587
Secondary Area
E 9756 12.77 14.705
P 0.004 0.00r 0.00r
R 0.526 0.56 0.587
df 29 29 29
Tertiary Area

= 10.715 12.77 14.705
= 0.003 0.001* 0.00r
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Table 122 Summary of the@xponentiategressions for the number of swimming pools within
each home range compared to the core, secondary, and tertiary ardagittkimthe home
range of each evening b@tycticeius humeral)swith no buffer, a 20 m buffer, and a 40 m
buffer around the pargystem. This analysis did not work for the core areas as a Log
transformation could not be performed. * represents signifRamalues - indicates that an

analysis could not be performed.

No Buffer 20 m Buffer 40 m Buffer

Core Area

df - - -
Secondary Area

R 0.427 0.364 -
df 29 29 -
Tertiary Area

F 6.229 4.726 -

P 0.019* 0.048* -
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Table 13: Summary of théogistic regressions for the number of swimming pools within
each home range compared to the core, secondary, and tertiary ardagittkimthe home
range of each evening b@tycticeius humeral)swith no buffer, a 20 m buffer, and a 40 m
buffer around the pargystem. This analysis did not work for the core areas as a Log
transformation could not be performed. * represents signifRamalues - indicates that an

analysis could not be performed.

No Buffer 20 m Buffer 40 m Buffer

Core Area

df - - -
Secondary Area

R 0.427 0.364 -
df 29 29 -
Tertiary Area

F 6.229 4.726 -

P 0.019* 0.048* -
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Figure 13: Relationship between thgercentagef the(A, D, G) core,(B, E, H) secondary,
and(C, F, I) tertiary core areas (kinof eacheveningbat(Nycticeius humeraljswithin the
surrounding residential neighborhoatth no buffer (dark blue), a 20 m buffer (niech
blue), and a 40 m buffer (light bluajoundthe park systerandthe number of swimming
pools within the core, secondary, and tertiary areas of the home range dtachgboint on
the scatter plot represerite percentage of a home rarageafor an individual batDotted

lines and Rvalues represent lineeggressiorbest fit.
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For the percentage of the hotspots that fell within the surrounding residential
neighborhoods for each bat with no buffer on the park system, we determined t#@t-60.3
38.7 SD of these hotspots fell within this area (ranging frel0@/%4 see Appendix Gor
hotspot maps for each individual pdtor the percentage of hotspots with a 20 m buffer on
the park systerrwe determined that 50.4%40.1SD of these hotspot®fl within this area
(ranging from 8100%).For the percentage of the hotspots that fell within the surrounding
residential neighborhoods for each bat with a 40 m buffer on the park system, we determined
that 45.8% + 41.3 SD of these hotspots fell withiis tirea (ranging from-000%).

Comparing these percentages with the average temperature, we obssappdrent

increase in the percentage and associated temperbainle 14; Fig. 14).

Table 14: Summary of the linear regressions for the average temperature compared to the
percentage dfotspotdor each evening bgNycticeius humeraljsthat fell within the
surrounding neighborhood with no buffer, a 20 m buffer, and a 40 m lauéfendthe pak

system.This analysis did not work faxponential and logistic regressicasa Log

transformation could not be performed.

No Buffer 20 m Buffer 40 m Buffer
R 0.322 0.337 0.311
29 29
df 29
Hotspot

Percentage 3557 2 998
F 3.241 ' )
P 0.08 0.069 0.094
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Table1l5 summarizes theminimum and maximurdistanceof a hotspofrom the

nearest edge of thgark system for each b&omparing these distances with the average

temperature, we observed apparent increase in distance from the park system with an

increasing temperaturd@dble16; Fig. 15).

Table 15: Summary of the minimum and maximum distancesatépotsor each evening

bat (Nycticeius humeral)jgrom the nearest edge of the park system with no buffer, a 20 m

buffer, and a 40 m bufferound the park edge

No Buffer 20 m Buffer 40 m Buffer
Mean 0.086 km 0.083km 0.080km
Minimum
. SD 0.350km 0.346km 0.342km
Distance
Range 0-1.89km 0-1.87km 0-1.85km
Mean 0.219 km 0.207 km 0.195km
Maximum
. SD 0.376 km 0.371km 0.367 km
Distance
Range 0-1.89km 0-1.87 km 0-1.85km
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Table 16: Summary of the linear regressions for the average temperature compared to the
minimum and maximum distances of hotspots from the park system for each evening bat
(Nycticeius humeral)swith no buffer, a 20 m buffer, and a 40 m buffer on the park system.
This analysis did not work for exponential and logistic regressions as a Log transformation

could not be performed.

20 m Buffer 40 m Buffer
No Buffer
0.122 0.117
R 0.123
29 29
df 29
Minimum
Distance 0.424 0.391
F 0.431
052 0537
P 0517
0.19 0.185
R 0.194
29 29
df 29
Maximum
Distance 1.043 0.988
F 1.095
0.316 0.329
P 0.304
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Figure 15: Scatter plot delineating the relationship between the minimum and maximum

distance of hotspots for eaelieningbat (Nycticeius humeraljdrom the park system edge

to theaverage of the temperatures (°C) recorded across the nights an individual bat was

successfully trackedith no buffer (dark blue), a 20 m buffer (medium blue), and a 40 m

buffer (light blue) on the plrsystemEach point on the scatter plot represé¢hésdistance

of a hotspot from the park system for individual batDotted lines and Rvalue represent

linear best fit.
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Discussion

In this study, we determined that evening bats expanded and/or shifted their home
ranges into the surroundimgighborhoodluring their summer activity perioghen
temperatures increased to access areas with a greater number of swimminggeols.
specifically, we recorded home ranges to vary in size fodté kn¥ to 9318 knf,
representing a-6old difference in size. The smaller ranges occurred at the beginning and end
of the summer activitperiod while the larger ranges occurred towardnhddle of the
seasor{Fig. 16). This change inrange sizeshowsthat during the middle of the summer
activity period these bats are either expanding and/or shifting their home ranges to

incorporate the surrounding neighborhoods.
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Figure 16: Average monthly home range expansion by evening(Ngtticeius humeral)s
from March to September 20:2019.
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The expansion of home ranges into the surrounding neighborhood provides evidence
that these areadfer important resources for bafBhus, even though green spaces are
generally perceived to bhd only suitable habitdbr batsin an urban or suburban
environmen{Kurta & Teramino 1992; MacGregdiors et al. 2016; Verissimo Silva de
Araujo & Bernard 2016)our results suggest thiais entire area ipotentially suitable for
eveningbats Moreove, such expansions in evening bat home range size have been
previouslyreportedn a study conducted in southwestern Geofifiarris et al. 2011)

However, the increase reported in taisrementionedtudy did not occur to the same extent,
which may have been due2@otential reasons: 1) timing of the study and 2) location. In

our study, bats were tracked from March to September, while Morris et al. tracked bats from
June to August, the months in whiwe recorded the largest home ran@é4.1) In

addition, as thetudywasconducted in Georgia, there were most likely variations in resource

availability and environmental differense¢hat could havmfluencedrange size

To explore the factors diiivg this expansioand/orshift in home ranges of evening
bats, we originally predicted that 3 variables could be influential: temperature, precipitation,
and number of swimming pools. Our study revealedtdraperature and the number of
swimming pools wee significantlycorrelated to home range siZéis correlation
demonstrated that as the temperature increased, bats extended their honietoeagss
with a higher number adwimming poolsWe cannotonfirmwhether this expansion was to
access alteative water sourceslowever a previous study by Nystrom and Benr{2@119)
proposed that as temperatures exceeded a certain threshold bats would utilize residential
swimming pools as an alternative resoufa@rthermorein our study we found that the

temperature was positively correlated with the percentage of the core area that fell within the
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surrounding neighborhoods bats tend to access water to drink upon emeffgamg their
roosts(McAlexander 2013)we would therefore expect to observe an egpanin their core
areas as they travel further distances to access alternative water.90eedso noted that
during our study watehat was initially availablén the park system at the beginning of the
activity season became limitéater in the seson which coincided with the bat range
expansion. For example, the majority of the drainage ditch running through the park system
was dry and any areas of water that remained were either small or covered with algae and
aguatic vegetation, restricting thbility of bats to drink from themHg. 17A-C). Even

larger water bodies within the study area, such as the Trinity River, had receded, exposing
rocks and other debris, which in turn created clutter that prevented bats frgntheésinas a
watersource Fig. 17D; Todd & Williamson 2019)Subsequently, for bats to remain in the
area, they would have to seek water from alternative sources on occasions when natural
resources were limited. As there were little or no water resources available inktlsggtam
when we recorded bats expanding their ranges and accessing areas with higher numbers of
residential swimming pools, this provided support for the use of the pools as an alternative

water sourcdor bats
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Figure 17: (A) and(B) show the depleted water within the drainage ditch system from a
period of high temperatures and low precipitation in Overton Park, Fort Worth, T€Xas.
depicts algae growth in the drainage ditch system of Ov&dok, while(D) shows the
decreased water levels in the Trinity RiveAugust 2019

While we expectegbrecipitationto be directly linked wittwater availability angd
therefore home range expansiatiere waso significant correlation betwegmecipitation
and home rangsgize This result may be becauser measure of precipitatiomas not an
accuratesstimateof water availability. For examplelthoughit did rainduring the hotter
months, the restihg rainfall was insufficiento influencewater levels or wash away algae in
the natural or sermatural water bodiewithin the park syster(Fig. 18). Furthermore,
despite abnormally high precipitation throughout the summer in the studygtsom and

Bennett(2019)within the same study sitalgaeand vegetation continued to create clutter in
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these water bodie$hus, perhaps a better measure of water availability would be surface
area, or in otlr words, the amount of area thamaineduncluttered anevassubsequently

availablefor bats.
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Figure 18 Graph showing the total monthly precipitation levels from March to September

20172019 and the average montlplsecipitation levels from all 3 years.

We acknowledge that bats could have been expanding their range to increase foraging
opportunitiegMcGlynn et al. 2019; Urcola & Fischer 2018pr example, the backyard or
the space above pools might provide foragipgortunitiesWhile our study does not
identify specific resourcassed by the batshe fact that we recordekpansions and/or shifts
in rangesshows that these bats might be changing treia usagas a result ofeductionin
availableresourcesTherefore, to fully understand the importance of urban habitat and the

guality and availability of resources, we recommaunthier research beonductedo identify
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thespecificresourceshat bats aresng in areas, such as Texas (e.g., studies asich

Sakamendi et al. 2012 and Straka et al. 2019)

We also acknowledge that asurveys only focusn the speciespecific behavior
and habitat use of evening bdteverthelesdNystrom and Bennett (20183corded of the
7 local bat species drinking at swirnmg pools, including: evening, easterul réoary, and
silver-haired batsThese results suggest that other species rely on residential swimming pools
as an alternative resource. Additionatiyherstudies havalsoobserved multiple species
utilizing the same water sour¢g@ddams & Simmons 2002; Adams & Thibault 2006jus,
we recommendhat future studies be conductedittermine if other species demonstrate an
equivalent range expansion and/or si8ftnilarly, it shouldoe noted that we did not find any
sexspecific differences in range expansi@hen temperatures were below thé@0
threshold, female home range sieraged.37 knt (ranging 0.9419.46 knf) while the
home range size for malageragedt.32 knt (ranging 0.1623.42 kn%). When temperatures
exceeded the 3@ threshold, female home range sixerage®0.10 kn? (ranging 1.2545.2

km?) while home range sizfor malesaverage®5.63 kn? (ranging 1.1393.18 knf).

Another consideratioim regard toour study ighat the number of swimming pools in
the home rangmaynot directly relate to pool use Iwats.Not all swimming pools may be
suitable or accessibfer bats(e.g., water quality, lighting, size of pool, canopy coteg
KalcounisRueppell 2018; Straka et al. 2018he expansion of home ranges with increasing
temperatures clearly dicates that bats were selecting to use swimming pools when their
preferred water resources, natural and seatiral sources, were no longer available. This
resul t pos eisthete h way weucansrake oesideiitial swimming pools a preferred

water resource?o
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Conclusions

Our study highlights the importance of h@rounding neighborhood adjacent to
green spaces in providing resources, such as water, foAbgtase of the surrounding
neighborhoodurther indicates that urban habitat can potentially support an abundant and
diverse bat populatiofMacGrego+Fors et al. 2016; Verissimo Silva de Araujo & Bernard
2016) Thus, understanding resource use in urban environments would help inform wildlife
practitioners on how to enhantteeseareas for bats. For example, by maksungmming
poolsreadilyavailablefor bats urban environmentsiay become more suitaldad
accessibldor bats throughout their activity period. Thus, improving these urban areas may
contribute to the conservation of bats and help mitigate the impacts of urbanjzeom&

Calwo 2011; Gallo et al. 2018)

52



Appendix A

We used ArcGIS Pro 2.2 to analyze the high elevation points of our study site. First,
using Lidar data of the study site we created a Digital Elevation Model (DEM) and Digital
Surface Model (DSM) rasters to indicditee bare ground and surface height of tall objects,
such as trees and houses. To get the heighal{e) of these objects, we used the minus
raster tool to subtract the DEM elevation from the DSM elevation. We joined the maximum
Z-value recorded for eadjuilding to a building footprint map from the City of Fort Worth.
We then extruded these buildings to the extent of thialde, creating a-® model of the
buildings surrounding our study site. Next, we ran a Radial Line of Sight analysis using
Military Tools for ArcGIS to analyze the line of sight from 18 high elevation points
throughout the study site from a person standing on the ground holding an antenna (2 m off
the ground) to the average height of a flying bat (8 m off the ground). This andlysisdl
us to observe where the transmitter signal from a bat would be strongest (i.e., the bat was
within the line of sight) and where the signal would be wedBEthe 18 elevation points,
we found locations 1, 7, 13, 14, and 18 to be the most effectivadictracking bats

throughout the study site and therefore used these locations during surveys.
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Figre A6: (A-B) depictaline of sightanalysis of locations 1and18.
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USA.
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Figure B2: (A) shows the core (6 ki)
(B) the secondary (16 kf)) and(C) the
tertiary (16 kni) areas for evening bat
i3Ny hu?26 Maticeiug 0 (
humeralig captured and raditracked
in a suburban neighborhood in Fort
Worth, Texas, USA.
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Figure B3: (A) shows the core (723 Kin
(B) the secondary (1,408 Knand(C) the
tertiary (1,460 krf) areas for evening bat
i 1 Ny hu 1l 3Nyaticeilsiumerdlig
captured and raditracked in a suburban
neighborhood in Fort Worth, Texas, USA.

62



N N
Ab ] A A
H “ k)
9 > %
2 kS <
- % <
o, S i 5
%, > X
< 3 "
“. o EX %
v 2 S o
%
3
2
o
|
“a . =
g .
3
Q E
% H
3 :
3 :
>
P [*en <
%
3
5
-
ES
5
2
% -
' i
%0 <
_0.05 snm*t;n,;tkc&omﬁ um‘mmua%sno m":ém 0.06 uméu.eﬁnci uo-u:asw.; Nclw'lﬁlgacnclm
- dspan, METL.Ess China (Hong Kosg), Exn Koma. Exi (Thaiand). NGCC. © dapan. METI, Ess China (Hoog Kosg), . Esi (Thatand), NOCC, ©
| Kiometers honSrevti ceoviets snd 4 G5 UsarCommunty | Kilometers Coansrewtins conmibios 105 8 G Usar Communty

0.07 - Scurces: E3n, HERE. '3?.0306. Intermas. NCREMENT P, NRCan. Esri-

dapun METI, s China (S0 Kosg). E8ri Koma, v (Thalasd) NOCC.©
SreetMap con

3nd e IS User Communty  {

Figure B4: (A) shows the core (37 ki)
(B) the secondary (97 ki) and(C) the
tertiary (146 km) areas for evening bat
A1lNyhul éWcticeiddtumeraiy
captured and raditracked in a suburbar
neighborhood in Fort Worth, Texas,
USA.
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Figure B5: (A) shows the core (99 ki)
(B) the secondary (173 Ky and(C) the
tertiary (173 kn) areas for evening bat
i 3 Ny h u 3 INycticeiddtumera(ig
captured and raditracked in a suburbar
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Figure B6: (A) shows the core (426 K
(B) the secondary (780 Ky and C) the
tertiary (807 kn) areas for evening bat
A1lNyhul8 Nyetigelug lumgrad)
in a suburban neighborhood in Fort
Worth, Texas, USA.
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Figure B7: (A) shows the core (8 ki)
(B) the secondary (21 kf)) and(C) the
tertiary (25 kmi) areas for evening bat
il Ny hub5 Slgcticdius buméral)s
captured andadiotracked in a
suburban neighborhood in Fort Worth
Texas, USA.
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neighborhood in Fort Worth, Texas, US,
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Figure B9: (A) shows the core (19 K
(B) the secondary (58 ki) and(C) the
tertiary (94 kmi) areas for evening bat
2Ny hu?2 6 Nyaticelu8 0 (
humeralig captured andadio-tracked in
a suburban neighborhood in Fort Wortl
Texas, USA.
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Figure B10: (A) shows the core (57 K
(B) the secondary (112 K and(C) the
tertiary (334 k) areas for evening bat
il Ny hul9Mypticelu8Sshaimetal)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, USA
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Figure B11: (A) shows the core (7 kij
(B) the secondary (21 kf)) and(C) the
tertiary (55 kmi) areas for evening bat

i 3 Ny h u6 MyodticeiBsthunieral)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas,
USA.
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/ —— i 2 ; : ;A Figure B12 (A) shows the core (456 K
e (B) the secondary (1,398 K and(C) the

tertiary (1,946 krf) areas for evening bat

A1Nyhul®6 Matcedu8 liumdral)s
captured and raditracked in a suburban
neighborhood in Fort Worth, Texas, USA.

71



e

s
mnart
) s \‘ ) I
e
o 25, H

Ak
\

Heywess.

Ssourcen £, HERL Gacmin, USGS. infermas, NCREVENT ) NRCan, Est

Kilome § J0ow VET. E14 China (Hags osa) Ex Koma. Es NGEC B
iy Opes: coombitoss, 390 Be IS User Communty

Figure B13: (A) shows the core (454 K
(B) the secondary (1,545 K and(C) the
tertiary (3,244 k) areas for evening bat
A5 Ny hu25 Matcdu8 huméral)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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Figure B14: (A) shows the core (11 ki)
(B) the secondary (41 ki) and(C) the
tertiary (113 kn) areas for evening bat
2Ny hub5 Nycticdiu® buméral)s
captured and raditracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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Figure B17: (A) shows the core (559 Kin
(B) the secondary (1,426 K and(C) the
tertiary (2,170 k) areas for evening bat
il Ny hu2 INycticeids Brumerél)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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Figure B18: (A) shows the core (1,294 Km
(B) the secondary (3,573 K and(C) the
tertiary (4,521 k) areas for evening bat
A1Nyhul®6 Ryetigelus8 Rumgral)s
captured and dho-tracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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Figure B19: (A) shows the core (19 Ky
(B) the secondary (57 ki)) and(C) the
tertiary (515 km) areas for evening bat
A1lNyhu2 1Nyaticelu® lumeral)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, USA
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Figure B20: (A) shows the core (189 Kin

(B) the secondary (334 Ky and(C) the
tertiary (636 kr) areas for evening bat
il Ny hub5 Alpcticéi® dumeéral)s

captured and raditracked in a suburban
neighborhood in Fort Worth, Texas, USA.
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Figure B21: (A) shows the core (19 Ky
(B) the secondary (56 ki) and(C) the
tertiary (104 kr) areas for evening bat
A8 Ny hu 2 5Mypticelu®hdimetal)s
captured andadiotracked in a suburban
neighborhood in Fort Worth, Texas, US,
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