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The Pineywoods eco-region covers 6.3 million hgast Texas and is an extension of the
pine, mixed hardwood and bottomland hardwood ferekthe southeastern United States
(Diggs and George 2006). In East Texas, bottomtemdwood forests have greatly diminished,
primarily as a result of timber extraction, resénomnstruction and urban development.
Creation and restoration of bottomland hardwoodsdtaurred for a variety of reasons,
including abandonment of agricultural land, natgrawth replacement of harvested stands, and
conservation efforts; however, these have not eeengh to compensate for initial and
continuing losses (Henderson 1997, Diggs and Ge20g6). Furthermore, second-growth
hardwood stands do not provide many of the hafatdtires (e.g., large, hollow trees) used by
bottomland hardwood specialist wildlife species.

Bottomland hardwood forests within the Pineywootis-eegion represent the western extent
of two chiropteran species found within the soustea United States: the Rafinesque’s big-
eared bafCorynorhinus rafinesquiiand the Southeastern myafidyotis austroriparius) Both
species belong in the family Vespertilionidae arelspecies of conservation concern throughout
their geographic ranges (IL ESPB 2009). In Teias Rafinesque’s big-eared bat is a state
threatened species and the Southeastern myotspescees of special concern (Mirowsky et al.
2004, Bender et al. 2005) due to perceived pomuateclines associated with bottomland
hardwood forest loss in the region (Hofmann eL889, Mirowsky et al. 2004, Trousdale and
Beckett 2004).

A recent increase in research interest concermmagtrand habitat use by Rafinesque’s big-
eared bats and Southeastern myotis (Lance et@l, Ferrara and Leberg 2005, Medlin and
Risch 2008) has provided roost specific and snpatial scale information (e.g., fourth order

selection); however, few quantitative data arelalée regarding occupancy and habitat use at



larger spatial scales. As with many other spediabitat suitability for bats may be influenced
by various factors (e.g., forest fragmentation stavailability) at all four orders of selection
(Yates 2006). Understanding these influenceslaaldl to more effective management of habitat
for bats (McComb 2008).

Directed studies pertaining to Rafinesque’s bigeddrats, Southeastern myotis, and habitat
selection at second-order or larger levels havdbaeh completed within the Pineywoods or
most locations throughout their range. Mirowskyle{2004) examined fourth-order habitat
selection (primarily selection of day roost locaspin East Texas. Most existing East Texas
information available for Rafinesque’s big-earetskand Southeaster myotis is either anecdotal
and available in natural history books (Schmidl@1.9Tuttle 2003) or consists of semiannual
monitoring of known roosts for these species (TéXaks and Wildlife Department,
unpublished data).

OBJECTIVES

In light of the gaps in understanding related tovey techniques and habitat needs of both
Rafinesque’s big-eared bats and southeastern mygatsst Texas and elsewhere, Stephen F.
Austin State University and Texas Parks and Widbepartment initiated this research project
to further our understanding of the ecology and agament of these species. The objectives of
this study were to (1) evaluate the effectivendéssmnous survey techniques for determining
presence of the target species in southeasterst foabitats at the western edge of their natural
range, (2) quantify second-order selection hab#aibles associated with occupancy of
forested habitats by Rafinesque’s big-eared batsSautheastern myotis in East Texas, (3)
evaluate roost characteristics (fourth-order selapbf Rafinesque’s big-eared bats in East

Texas.



STUDY AREA

The Rafinesque’s Big-eared bat and Southeasterrid$/ngach the western extent of their
ranges in the Pineywoods eco-region of east TeXhis eco-region occurs in the Gulf Coastal
Plain physiographic region (Nixon 2000) and extefnds) the Red River along the northern
border of east Texas south to the northern sulafrBl®uston. The Pineywoods covers 6.3
million ha in east Texas and is an extension opihe, mixed hardwood and bottomland
hardwood forests of the southeastern United S{&tgg)s and George 2006). Topography of the
area is mostly flat with low rolling hills and elgon ranging from 15 m to 230 m. The average
annual precipitation of 89 cm 127 cm combined vibh summers (24-25 °C) and mild winters
(11-12 °C) produces a long growing season of 220 days (Nixon 2000).

We selected seven study areas within the Pineyweoalsegion based on historic
occurrence records for our target species, hatotaditions, and accessibility: Caddo Lake
National Wildlife Refuge (CLNWR - Harrison Coun®®,440 ha), Caddo Lake State Wildlife
Management Area (CLWMA - Marion County, 3,240 Hajtle Sandy National Wildlife Refuge
(LSNWR - Wood County, 1,538 ha), Big Thicket Natib Preserve (BTNP - Hardin County,
42,770 ha), Trinity River National Wildlife Refug@RNWR - Liberty County, 10,117 ha), The
Nature Conservancy’s Roy E. Larsen Sandyland Sanc{@NC - Hardin County, 2,250 ha) and
Village Creek State Park (VCSP - Hardin County, A4} (Fig. 1). Two of our study areas (Big
Thicket National Preserve and Trinity River Natibwéldlife Refuge) are comprised of multiple
management units that are separated geographidalythis study we selected 3 units within
Big Thicket National Preserve (Big Sandy, Lancei®osnd Village Creek Corridor) and 2

units within Trinity River National Wildlife RefugéDaniel-Cohen-Ming and Hirsch).



Among the seven study areas, ecological communmniteze variable but the basic habitat
structure that supports Rafinesque’s Big-eare@bdtSoutheastern Myotis populations was
present: cypress and tupelo swamps, bottomlandvoaxdi forests, and mixed deciduous/pine
upland forests. Dominant overstory species fosdhareas included: sweetgubgliidambar
styraciflug, Southern magnoliaMagnolia grandiflorg, water tupeloNyssa aquatica
blackgum Nyssa sylvaticg loblolly pine Pinus taed@ overcup oakQuercus lyraty swamp
chestnut oak@. michauxij, water oak Q. nigra), willow oak (Q. phello3, baldcypress
(Taxodium distichuin American elm JImus americanpand cedar elm. crassifolig.
Dominant midstory species included common buttohl{Gephalanthus occidenta)isswamp
privet (Forestiera ligustring, green ashRraxinus pennsylvanigaand water elmRlanera
aguaticg.

Within each of the seven study areas, we randoetgcted 100 ha study blocks for
survey. We used the 100 ha cell size to matclestimated home range size of Rafinesque’s
Big-eared bat (Menzel 2003) and meet the assumpfiarclosed population in occupancy
modeling (MacKenzie et al. 2006). Home range fré&outheastern Myotis is unknown but is
probably similar to other Myotis species (100-5@0) Menzel 2003). A systematic block
sampling grid consisting of 100 ha cells was laglereer aerial photos of each area of interest
using ArcGIS 9.3 (Environmental Systems Researstitine, Redlands, CA). We used a
random number generator to select cells from titetgrbe used as study sites (Fig. 2). Total
area surveyed within each study area was varidblb (- 80%) depending on conditions but was
not less than 10% of the total land coverage.

Field surveys were conducted between 12 May andutfist 2008, and 19 May and 13

August 2009 during the season of maximum actitytiie target species. We conducted



concurrent acoustic and roost search surveys @ttsegl cells to compare detection probabilities
directly. Repeated sampling in study cells ocaiw&hin a short time period of one week
(session) to maintain the assumption of a closgaifation (MacKenzie et al. 2006). We
conducted single night passive acoustic recordiné fnights, and surveyed 10 (1 km by 40 m)

transects within each 1-week session.



PART I: COMPARISON OF ACOUSTIC SURVEYS AND SYSTEMAT IC ROOST
SEARCHES TO DETERMINE OCCUPANCY OF RAFINESQUE'S BIG -EARED BATS
AND SOUTHEASTERN MYOTIS

Two bottomland hardwood bats; the Rafinesque’sdaiged bat@orynorhinus
rafinesqui) and Southeastern myotiglyotis austroripariuy, are species of concern in the
southeastern United States. State listing througth®@ir range has been attributed to the historic
and current loss of bottomland hardwood habitatedst Texas, bottomland hardwood forests
have diminished from pre-settlement estimates ®héllion ha to approximately 2.3 million ha
today as a result of timber extraction, reservonstruction and urban development. Creation
and restoration of bottomland hardwoods has ocdumeluding abandonment of agricultural
land, natural growth replacement of harvested stamud conservation efforts; however, these
have not been enough to compensate for initial ematinuing losses (Henderson 1997, Diggs
and George 2006). There are seven major rivenbasieast Texas, with most of the remaining
stands of bottomland hardwoods occurring along\idehes, Sabine and Trinity rivers. The
remaining documented populations of Rafinesquejsdaired bats and Southeastern myotis
populations in east Texas occur primarily in theeger basins (Mirowsky et al. 2004, TPWD
unpublished data). Population declines of bothsbaties have been perceived to be a result of
habitat loss in east Texas, resulting in statentisdf the Rafinesque’s big-eared bat as threatened
and the Southeastern myotis as a species speniaco(Mirowsky et al. 2004, Bender et al.
2005).

Research interest in Rafinesque’s big-eared batSantheastern myotis has increased in
the past decade. Most study has focused on rbasa@eristics and roosting ecology (e.g.,
Bennet et al. 2008, Carver and Ashley 2008, Laheé 2001, Mirowsky 1998, Clark 1990)

with a few studies focused on natural history ($ab@77, Rice 1957), distribution, and habitat



use (Medlin and Risch 2008, Cochran 1999). Orteefmost important limiting factors yet to
be addressed for Rafinesque’s big-eared bats amthé&astern myotis is the lack of information
about proper survey methods. Survey guidelinestionate abundance and occupancy are not
available for many bat species, particularly thibsg do not roost or hibernate in caves (Weller
2007).

Commonly used survey methods for forest bats irchapture methods, acoustic
monitoring, and roost searches. Capture methadbighly variable and the tools selected are
dependent on roosting and foraging habits, nigkthergence times, dispersal behavior (Kunz
and Kurta 1988) and general trapping environm@fist nets are the most common capture tool
and are used in areas of high bat abundance aaxtiotty (e.qg., feeding areas, roosting
locations, flyways) (Carroll et al. 2002, Weller@@). Acoustic surveys can be conducted both
actively and passively using various models ofasibnic sound detection devices (bat detectors).
Because most bats are inactive and seek out spemifst structures during daylight hours,
diurnal roost searches are a popular way to surayany species. Bats roost in a variety of
locations including tree foliage, hollow tree c#ast beneath loose tree bark, cracks and crevices
within rock walls, caves, and anthropogenic striegye.g., wells, abandoned houses and
buildings, mines and bridges) (Weller 2007). &aurvey methods vary according to roost
type, but generally include systematic searchegppfopriate natural or anthropogenic structures
(e.g., caves, hollow trees, bridges).

All three survey methods have limitations and Bas@d often multiple methods are
used to increase success in survey accuracy anpleemess. O’Farrell and Gannon (1999)
found that acoustic sampling produced more detestiban capture methods, but that capture

techniques detected a wider range of species. wawthey did not find any difference between



capture and acoustic sampling for species usingoensity echolocation (O'Farrell and
Gannon 1999). Flaquer et al. (2007) used all thosemon survey methods and found that each
method under or over-sampled certain species. &wehgent comparative studies emphasize
the utility of using multiple techniques for comniiyrievel studies and the need to compare
technigues quantitatively for single-species stsidie

Many studies have found that Rafinesque’s Big-ebedd are difficult to survey by
acoustic or capture methods. This, in combinatidh a lack of survey guidelines, has
produced a limited understanding of their ecologiegeds. They are difficult to capture in mist
nets and the use of traditional mist net setupseal@as been considered an ineffective sampling
technique for this species (Hurst and Lacki 1998leket al. 2003, Trousdale and Beckett
2005). Rafinesque’s Big-eared bats are often eecldrom analyses in acoustic studies (Britzke
2003, Menzel 2003, Ford et al. 2006, Schirmachat. &009) due to their low call intensity and
perceived difficulty in detecting them in areas vehthey occur; however, acoustic detection
probability has never been quantified. Congenkovnsend’s Big-eared b&Corynorhinus
townsendii)has been recorded in acoustic surveys at rateparaivlie to other species (Kuenzi
and Morrison 1998, Smyth 2000).

Southeastern Myotis appear to be caught readily @ahventional mist net techniques
and were the most common species captured in eistfor one study in east Texas (Mirowsky
1998). Southeastern Myotis have a characteriatidrequency around 44kHz (Cochran 1999)
similar to other species in the genus. Call sintifamong Myotis species has caused difficulty
in reliably determining species in the genus whettipie species are sympatric (Yates 2006);
however M. austroripariusis the only species of the genus to occur in €asas (Cochran

1999).



Roost searches for both species have been condueteently (Clark 1990, Mirowsky
1998) within appropriate habitat. Visual inspegtfor roosts have been conducted at bridges
(Lance et al. 2001, Trousdale and Beckett 2004nBetret al. 2008), in trees (Mirowsky 1998,
Carver and Ashley 2008), and in various man-madetsires (Clark 1990) for both species.
These roost searches are often informal or oppisttamand may be unsuitable to estimate
occupancy or abundance at the landscape scalee flonal, transect-based roost search
protocols are being developed (D. Richardson, Bish and Wildlife Service, personal
communication) but have not been widely applied.

Recognizing the uncertainty in survey methodstiesé species, we quantitatively
evaluated roost searches and acoustic monitorisgrasy methods near the western extent of
their range in east Texas. Specifically our goase to 1) quantify detection probability for
each species, 2) determine the optimal survey methcombination of methods, and 3)

determine the required number of surveys to detexraccupancy reliably.

METHODS

Acoustic surveys We recorded full spectrum echolocation calls ustetiersson D240x
heterodyne and time expansion detectors (PetteEs@ironik AB, Uppsala, Sweden, referred
to as detectors from this point). Detectors wesedufor passive recording sessions with
automatic trigger settings and a time expansiotofaaf 10. Gain setting was high to allow for
greater range sensitivity of the internal microphioiWolume was set to the lowest possible
setting to prevent feedback while recording andmatic trigger settings were set to low and
high frequency. We used 1 GB iRiver mp3 playersttwe echolocation calls. To protect the

detectors and mp3 players a plastic housing wastiearted (Appendix A-2) from clear

10



containers (12cm x 14cm x 24cm) with a 45° polyViethyoride (PVC) elbow to provide a
protected opening for the bat detector microphdau(el et al. 2009).

For each survey night, we deployed 2 detector#farent selected locations in the study
block. Using bungee cords, we attached deteabdrees or t-posts at a height of 1.4 m above
the ground (Duchamp et al. 2006, Weller and ZabéP2. Detector placement was selected to
maximize call detection (Lance et al. 1996). Werted microphones towards a perceived area
of use such as a flyway (trail, abandoned roaesfogap) or foraging area (stream, lake, pond)
and at a 45° angle to minimize vegetative obstonst{Weller and Zabel 2002). The 2 detectors
were oriented in opposite directions to avoid ayedf microphones (Duchamp et al. 2006). We
adjusted detector sensitivity to maximize call data and minimize background noise (Broders
et al. 2004). If weather conditions were not canael to call collection (e.g., heavy rain or high
winds), detectors were not placed and instead placed another night within our one-week
session. Detectors were activated thirty minutdere sunset each night and were retrieved the
following morning.

We transferred all electronic files from the iRivep3 players using iRiver software,
converted to .wav files using the software progfaotdwave (Goldwave Inc., St. John's,
Newfoundland, Canada) and then analyzed in Sor®ba (Sonobat 2.5.9, SonoB4tArcata,
California). We separated files that containetidadls visually by examining Sonobat’s time-
versus-frequency sonogram. We then separatedabcilis that were likely to be Rafinesque’s
big-eared bats or Southeastern myotis based ontajived characteristics (call shape, frequency)
and verified with quantitative methods (call medjic Call metrics used were call duration, high
frequency, low frequency, bandwidth, maximum fregrye maximum amplitude, and slope.

We verified echolocation calls as Rafinesque’sdaged bat or Southeastern myotis if one or

11



more call metrics fell within the range considedeaignostic for that species. We derived a call
library (Amelon et al. 2006, Weller 2007) by colieg calls using three methods: exits from
known roosts, hand releases, and ziplining (Szekv2@80). We used our call library and a call
library from another research project (Szweczaksq®al communication) to compare and
identify calls.

Roost search transect survey$\Ve located potential roost trees by visual obderma
along transects located in the 100-ha study bloamkdomly selected from our seven study areas.
In each study block we randomly located 10 1-knglbg 40-m wide transects. We searched all
trees within the transect boundary to identify ptitsd cavity openings. If we noted a potential
cavity, we investigated for signs of bat presendepending on the characteristics of the tree
and cavity opening, we used either direct obs@watith Surefire 9p flashlights (105 lumens)
with red filters (SureFire LLC., Fountain ValleyA; or hand held mirrors and flashlights to
inspect tree cavities. If the tree cavity posséssbend or some other hindrance that prevented
visual inspection, we used acoustic detectors teraene if bats were using the tree.
Identification of species was made through visteseovation, photographic evidence, or
acoustic analysis of call characteristics (Son@©0, Sonobal!, Arcata, California).

Data analysis- We used occupancy modeling in program PRESENGEtermine
species-specific detection probabilities and gdaudifferences in detection probability between
methods (MacKenzie et al. 2006). We combined dietes from acoustic surveys for each night
(2 detectors) and transects from each day (2 tcssjs® derive 5-day detection histories per
study site for both Rafinesque’s big-eared bats@matheastern myotis. A species was

considered detected during a survey if its echelogaalls were recorded and identified to

12



species on either bat detector or if a target ggawsas visually observed within a roost at least
once on a survey transect that day.

We compared twa priori candidate models for each species: detection piltlgavas
constant in one and allowed to vary by survey teghanin the second. We used Akaike’s
information criterion corrected for small samplees (AIC) to rank our candidate models and
computed Akaike weights Mo compare the models (Burnham and Anderson 2002)e
constant detection model ranked higher, that sugdebat the methods were equivalent. If the
variable detection model was ranked higher theadtiein probability varied by method and the
derived detection probabilities provide an estinadtevhich technique was more likely to detect
each bat species.

Using the derived detection probabilities for etathnique and for both combined, we
constructed detectability curves for both speci@stectability curves indicate the number of
visits required to detect a species with a spetieel of confidence and can be used to
estimated required survey effort for future studies
RESULTS

During May-August 2008 and 2009, 20 study unitsenesich repeatedly surveyed five
times for a total of 100 acoustic sampling nightd 400 transects. In acoustic surveys, we
detected 6 bat species: Rafinesque’s big-eare@batheastern myotis, Evening bidi/ticieus
humeralig, Tri-colored batPerimyotis subflavysBig brown bat Eptesicus fusciisEastern red
bat (asiurus borealiy and Seminole bat.&siurus seminolis We identified 16C. rafinesquii
calls and 38\V.. austroripariuscalls. We detected both species during roost searahd did not

record any other bat species. We detected Rafieésgig-eared bats in 12 study units (9 with
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acoustic surveys only, 2 during roost search tr@esenly and 1 with both). We detected
Southeastern Myotis in 17 study units (acoustiy @amll4 and in by both techniques in 3).

Detection probabilities +or both Rafinesque’s big-eared bats and Southeasigotis,
our model allowing detection probability to varysmhe top model (Table 1 and 2), suggesting
that detection probabilities for the two techniquese different for both bat species. For
Rafinesque’s big-eared bats the constant detestael was also plausible; however, it was
ranked below the variable model. For Rafinesqbgjseared bats, the model estimated 0.12
probability of detection for acoustic methods ari@ detection probability for roost transects
(Table 1). For Southeastern mydtere was a 0.35 probability of detection for atiousurveys
and a 0.03 probability of detection for roost teets (Table 2).

Detectability Curves- Based on the calculated detection probabilifi8sacoustic
survey nights would be required to achieve 0.9 idenice in detecting Rafinesque’s big-eared
bats when present (Fig. 4). To achieve the saus ¢ confidence, 56 roost search transects
would be required. To detect Southeastern myatis avconfidence of 0.9, 6 acoustic survey
nights or 61 roost transects would be required. (b)g
DISCUSSION

Acoustic monitoring was the most effective surveshinique for both Rafinesque’s big-
eared bats and southeastern myotis. The prolyatiildetection for acoustic surveys was an
order of magnitude greater than roost searchesoiatheastern myotis and three times greater for
Rafinesque’s big-eared bat. Although the use dfipd@ survey techniques may increase the
probability of detection, the benefit of combiniteghniques was relatively minor, particularly

for the southeastern myotis. Our results sughestthe perception of Rafinesque’s big-eared
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bats as difficult to detect in most surveys is aatr) at least at the densities present near the
western extent of the species’ range in east Texas.

This is one of the first studies to use acoustibéques successfully to survey for
Rafinesque’s big-eared bat€orynorhinusspecies have been excluded from acoustic analysis
due to difficulty encountered in detecting the spgcassumed to be a byproduct of their low
intensity echolocation calls (Britzke 2003, O’'Féresnd Gannon 1999). However, studies in
Georgia and South Carolina have had success cagtecholocation calls of Rafinesque’s Big-
eared bats (M. Sherman, personal communicatior) bod Britzke 2010). We detected calls of
Rafinesque’s Big-eared bats less commonly tharr gieecies; however, our results suggest
acoustic monitoring is preferred to other techngyjtigesurvey for this species.

The reasons for low detection probability for thbaés are not clear, but could reflect
limitations of the technique for these species.{elgtectors were not sensitive enough to detect
bats with low intensity calls unless they pasdyailose to the microphone) or characteristics of
the populations in the region (e.g., low densitg aocattered throughout the area). Although we
estimated occupancy and not abundance, abundamsggoaficantly impact detection
probability (MacKenzie et al. 2006). To improveoastic survey methods, variables potentially
impacting detection, such as weather and vegetdgosity, should be explored in detail. Both
Patriquin et al. (2003) and Loeb and O’Keefe (2006)d that the density of vegetation did not
impact detectability for bats that echolocatedighbr frequencies (> 40 kHz); however this may
not be true for the lower frequencies used for Extation by the Rafinesque’s Big-eared bat
(20-65 kHz).

Other studies have reported success in locatingisad Rafinesque’s Big-eared bats

(Rice 2009, M. Clement, University of Georgia, meal communication); however, these were
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generally conducted subjectively in areas knowbe@ccupied by the bats or in areas of
“prime” habitat (e.g., large black tupelo swamps$hey also used radiotelemetry to aid in
locating diurnal roosts. In contrast, we survegkdhabitats systematically within randomly
selected study blocks, allowing quantitative estesaf occupancy. Roost searches may have
limited utility in areas where little is known aldidbe status of Rafinesque’s big-eared bats.

Southeastern myotis are frequently detected inyaaalof acoustic surveys (Britzke
2003, Corcoran 2007), although few quantitativeneties of detection probability are available
for this species. The detection probability in sturdy was comparable to those from several
western species in the genus (0.24-0.53, Welle8R00ur detection probability was lower than
that forMyotis lucifugus, M. septentrionaliandM. sodalisin Missouri and Indiana (0.55-0.77,
Duchamp et al. 2006), possibly due to differencegeigetation density. Acoustic surveys are an
appropriate survey option for Southeastern myatisast Texas due to their high intensity calls
and the ease of identification.

We did not detect southeastern myotis with roostcdees in any cells where they were
not also detected acoustically, suggesting thattreearches did not add appreciatively to our
chances to find these bats. They may be usefulifi@rentiating between occupied cells (those
with roosts where the bats are generally presentlused cells (e.g., used for foraging but bats
do not roost there).

Based on coarse cost estimates, acoustic survdysigifainitial equipment costs but cost
differences were negligible between the two metiodadditional surveys. Time spent walking
transects, checking suitable trees, and identifgperies if located was roughly 3 hrs per
transect. Initial equipment cost for two researshveas $874 and included: 2 machetes ($18), 2

compasses ($50), 2 GPS units (Garmin eTrex Legét] $843), 2 small hand mirrors ($3),
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two flashlights with red filters ($254), batteriggl 26), and 2-way radios ($80). Total labor for 5
repeated surveys (2 transects each) was 30 resedualrs and $300 (assuming $10/hr). Initial
equipment costs for acoustic surveys totaled t8&Band included: two bat detectors ($3,000),
two mp3 units ($150), batteries ($367), echolocatinalysis software ($320), weather proof
containers ($25), and bungee cords to attach tmttees ($10). Total labor costs came to $350
and included one hour to deploy the detectorserfitid each night, two hours to download calls
each day and roughly two hours to analyze data boensurvey night. Initial cost of acoustic
surveys was $4,222 and additional surveys througiheuseason cost $350 per study unit.

Our results emphasize the importance of quantifgetection probability for surveys of
any rare or cryptic species like bats. For a gzeltke Rafinesque’s big-eared bat, multiple
surveys over time are necessary to determine thig¢ & unoccupied with any degree of
confidence. Surveys of known roost sites (TPWDulohished data) or other easily identifiable
structures (e.g., bridges, Bennett et al. 2008)Ir@s higher rates of detection, but interpretatio
of these results for landscape-scale occupancistitaition is often difficult. Further study or
development of survey methods may be necessastitbate occupancy of Rafinesque’s big-

eared bat at large spatial scales with reasonalliédence.
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Figure 1. Locations of study areas for Rafinesgji3Q-eared bat and Southeastern Myotis

surveys conducted in eastern Texas, 2008-2009.
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Figure 2. Selection of study cells at Caddo LakklNé& Management Area using a 100 ha grid

pattern and random number generator.
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Table 1. Detection probabilitiep)( and Akaike’s Information Criterion (Al AIC change AAIC,), and AIC weights (AlG;) for candidate

models evaluated with program PRESENCE for RafinesgBig-eared bats in eastern Texas, 2008-2009.

Rafinesque's Big-eared bat

Survey

Method Model Parameters p (SE) AlCc  AAICc AIC wi
Acoustic ¥(.)p(method) 3 0.012 (0.0325) 114.47 0.00 0.7058
Transect 0.040 (0.0196)

Both Y()p() 2 0.080 (0.0192) 116.22 1.75 0.2942
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Table 2. Detection probabilitiep)( and Akaike’s Information Criterion (Alg, AIC change AAIC.), and AIC weights (AlG) for candidate

models evaluated with program PRESENCE for Soutegadlyotis in eastern Texas, 2008-2009.

Southeastern Myotis

Survey

Method Model Parameters p (SE) AICc AAICc AIC wi
Acoustic ¥(.)p(method) 3 0.3499 (0.0587) 160.95 0.00 1.0000
Transect 0.0318 (0.0183)

Both Y()p() 2 0.1841 (0.0341) 193.23 32.28 0.0000
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Figure 3. Detection probabilities (p) and assed&@5% confidence intervals for Rafinesque’s

big-eared bats and southeastern myotis for acoaisticoost search surveys in eastern Texas,

2008-2009.
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Figure 4. Calculated probability of detecting RaBgue’s big-eared bats
by number of independent surveys using variousesunvethods in

eastern Texas, 2009-2010.
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PART II: HABITAT CHARACTERISTICS ASSOCIATED WITH OC CUPANCY AND
USE BY RAFINESQUE'’S BIG-EARED BATS AND SOUTHEASTERN MYOTIS

Development of effective wildlife management plabased on understanding
interactions between a species and its associatathh Fifty-five percent of North American
bats reside in forests and depend on them for tladly survival (e.qg., roosting, foraging, and
reproduction; Brigham 2007, Miller et al. 2003)er€eived population declines of bats have
been associated with decline of forested habi¥dses and Muzika 2006). Within these
forested habitats, vegetative structure, land fexgation and landscape characteristics impact
bat occurrence and abundance (Brigham 2007).

Due to their cryptic nature, nocturnal habits, egldtively large home ranges, abundance
or density estimates for forest bats are veryadliffito obtain (Weller 2007). Determination of
presence or occupancy in a given site is oftenIeingnd may provide valuable information for
wildlife managers (MacKenzie et al. 2006). Occugamodeling is an information-theoretic
approach that measures species occurrence/useaghdenting for imperfect detection and
incorporating temporal and spatial variables (Baigh2007, MacKenzie et al. 2006). Habitat
can be 100% predictive of species occurrence wipatial and temporal boundaries (Morrison
2001) and is often a focus in occupancy modelinat€¥ and Muzika 2006, Gorresen et al.
20009).

Occurrence records for Rafinesque’s big-eareddradssoutheastern myotis in east Texas
are patchy and primarily associated with a smathiner of known roosts that were discovered
opportunistically throughout the region. No sysééimsurvey of bottomland habitats in the
region has been conducted, although with known ladipas appear to be stable but small

(Mirowsky 1998). Similar to many other forest hatsource selection and ecological
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requirements for our target species are relativaknown (Miller et al. 2003). Recognized
habitat associations for Rafinesque’s big-eared @atl southeastern myotis have been
extrapolated from roost studies and researchemadisens (Hofman et al. 1999, Hurst and
Lacki 1999, Clark 1990). Both species have besnaated with bottomland hardwoods and
tupelo/cypress swamps for diurnal and winter ragstiRafinesque’s big-eared bats have been
documented in oak-hickory and upland pines fordorg while southeastern myotis have been
documented foraging in a broad range of habitasn@él 2003). Characteristics within these
generalized habitat associations have not beertitatarely explored.

Recognizing the need for greater understandingbinberactions with their habitats, we
used occupancy analysis to quantify Rafinesquejsehred bat and southeastern myotis habitat
associations at 7 study areas across east Texas.

METHODS
Bat Surveys

Acoustic surveys We recorded full spectrum echolocation calls ustegersson D240x
heterodyne and time expansion detectors (PetteEsatronik AB, Uppsala, Sweden), (referred
to as detectors from this point). Detectors wesedufor passive recording sessions and adjusted
to maximize call detection and minimize backgroande (Broders et al. 2004). Trigger
settings were set to automatic and a time exparfaaiar of 10 was used. Gain setting was high
to allow for greater range sensitivity of the im&@rmicrophone. Volume was set to the lowest
possible setting to prevent feedback while recayéind automatic trigger settings were set to
low and high frequency respectively. We used liBer mp3 players (iRiver Inc., Irvine,

CA) to store echolocation calls. To protect detexand mp3 players a plastic housing was

constructed (Appendix A-2) from clear container®afh x 14cm x 24cm) with a 45° polyvinyl
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chloride (PVC) elbow to provide a protected operforghe bat detector microphone (Krauel et
al. 2009).

For each survey night, we deployed 2 detector#farent selected locations in the study
block. Using bungee cords we attached detectdreés or t-posts at a height of 1.4 m above
the ground (Duchamp et al. 2006, Weller and ZabéP2. Detector placement was selected to
maximize call detection (Lance et al. 1996) by mtireg microphones towards a perceived area
of use such as a flyway (trail, abandoned roaesfogap) or foraging area (stream, lake, pond)
and at a 45° angle to minimize vegetative obstonst{Weller and Zabel 2002). The 2 detectors
were oriented in opposite directions and spacethamam of 250 meters apart to avoid overlap
of detections (Duchamp et al. 2006). If weatherdititons were not conducive to call collection
(e.g., heavy rain or high winds), detectors weregptaced and instead placed another night
within our one week session. Detectors were aed/thirty minutes before sunset each night
and were retrieved the following morning after sser

We transferred all electronic files from the iRivep3 players using iRiver software,
converted them to .wav files using the softwareggpamn Goldwave (Goldwave Inc., St. John’s,
Newfoundland, Canada) and then analyzed in Sor®ba (Sonobat 2.5.9, SonoB4tArcata,
California). We separated files that containetidadls visually by examining Sonobat’s time-
versus-frequency sonogram. Prior to classificatibcalls we constructed a call library (Amelon
et al. 2006, Weller 2007) using three methods:aalection at known roosts, hand releases, and
ziplining (Szewczak 2000). We used our region-gpecall library and a call library from
another research project (J. Szweczak, Humbold Shaiversity, personal communication) as

references for call identification. Initially wéassified bat calls that were likely to be
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Rafinesque’s big-eared bats or southeastern mlyatisd on qualitative characteristics (call
shape, frequency).

For calls classified as either Rafinesque’s bigédrats or southeastern myotis, we
examined call metrics and compared them to oureete library. We used call duration, high
frequency, low frequency, bandwidth, maximum fregeye maximum amplitude, and slope to
classify calls. We verified echolocation callsRedinesque’s big-eared bat or southeastern
myotis if one or more call metric value fell withiihe range considered diagnostic for that
species.

Roost search transect survey$\Ve located potential roost trees by visual obderma
along randomly located transects (1-km by 40-mhivibur study blocks. We searched all trees
located within transects to identify potential ¢g\dpenings. If we noted a potential cavity, we
investigated for signs of bat presence. We usettdobservation using flashlights (105 lumens)
with red filters (SureFire LLC., Fountain ValleyAfand hand held mirrors to inspect tree
cavities. If the tree cavity possessed a bersbore other hindrance that prevented visual
inspection, we used acoustic detectors (Pettei240K, Pettersson Elektronik AB, Uppsala,
Sweden) to determine if bats were present. Ideatibn of species was made through visual
observation of identifying characteristics, photggric evidence, or acoustic analysis of call
characteristics (Sonobat 2.5.9, SondBaArcata, California).

Habitat Measurements

We characterized structural habitat characteri$ticeach of our 20 study blocks by
guantifying 10 variables (Table 4.1). We measuredriables (stem density in 3 size classes, 0O-
26cm, 27-51cm, and 52cm, canopy closure, and canopy height) in O®tHctular plots that

were located throughout the 100-ha study blocketsRvere located at all potential roost trees
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discovered during roost transect searches, ataamlstic monitoring location and at 10
randomly located plots per study block. Data abdid from all plots within a single study block
were averaged to characterize that block. WeethHill vertical stems and then sorted into size
classes within our 0.01-ha plots to estimate stensitly. We estimated percent canopy closure
by using a spherical densiometer at the plot bayndeeach cardinal direction. We used a
clinometer to estimate canopy height by recordirggtteight of all large trees 63 cm DBH)
within the plot.

Five variables were collected remotely. Percerarspand percent bottomland
hardwoods were estimated using digital land coata éfom the 2009 Texas Vegetation
Classification Project. We used the spatial patteralysis program Fragstats 3.3 to calculate
patch size (McGarigal and Marks 1995). We alsauke Near tool in ArcGIS 9.3
(Environmental Systems Research Institute, Red|g@Aa}¥ to determine the presence of a
permanent water source and the presence of stegouithin 1-km of the study block.

Data Analysis

We examined the association between habitat cleistats and occurrence of each bat
species using Program PRESENCE 3.1. We used ibetecif bats via acoustic monitoring or
roost surveys to construct a seriesa@iori candidate models using constant detection
probabilities. We used the 10 habitat variablegh singly and in combinations, as covariates
potentially influencing occupancy in the formulatiof candidate models. We avoided
combinations of variables that were highly cormetilbased on calculation of PearsdR’s
correlation coefficients.

Due to the large number of habitat variables anallsmmber of study blocks, we

encountered overparameterization problems in amagythe underlying occupancy models. To
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overcome this issue, we simulated surveys to gemadalitional detection histories (MacKenzie
et al. 2002, MacKenzie 2005). For the simulatedesys, we used site-specific detection
probabilities based on combined survey methodo(fdgy6 for Rafinesque’s big-eared bats and
0.35 for southeastern myotis) and the estimatedoeuiof repeat surveys to reach a 90%
confidence level (13 repeated surveys for Rafine'sgpig-eared bats and 6 for southeastern
myotis). We used these simulated detection hetdo evaluate the priori candidate models.

We ranked the candidate models according to pargirand explanatory power using
Akaike’s Information Criterion (AlQ) values adjusted for small sample size (Burnhath an
Anderson 2002, MacKenzie et al. 2006). Any singléable models with AAIC.<2.0 were
considered plausible and used to generate a sér@sndidate 2-variable models. Model
goodness-of-fit was assessed for global modeladi species with a parametric bootstrap
procedure (MacKenzie and Bailey 2004), in whichearBon? test statisti®-value < 0.05 and
an estimated over-dispersion parameter > 1.0 wegesures indicative of poor model fit
(Burnham and Anderson 2002).
RESULTS

We detected Rafinesque’s big-eared bats in 12{26 ®r a naive occupancy estimation
of 0.60. The default model that contained no lzdlibvariates was the highest ranked model for
Rafinesque’s big-eared bats, suggesting that oooypaas only weakly explained by the
variables we measured. Distance to an anthropogémnicture, density of medium trees (27-51
cm DBH), and percent of bottomland hardwoods weeecbvariates that best explained
occurrence of Rafinesque’s big-eared bats. Cordbthese variables accounted for 31 percent
of AIC.model weights (Table 4). Occurrence of bats was@ated with presence of structures,

lesser stem density (in occupied calls: 108 stems/ha and in unoccupied cells- 122

30



stems/ha) and greater proportion of bottomlandwaods in the study block (= 0.56 in
occupied cells and = 0.45 in unoccupied cells). The estimate for mode{djtof our global
model was 0.305 indicating less variation than etguebut not requiring adjustment of standard
errors.

Southeastern myotis were detected in 17/20 sites f@ive occupancy estimate of 0.85.
The top model for southeastern myotis occurrenckeided density of small stems26 cm
DBH), and this accounted for 95% of Al@odel weights (Table 5). The estimatefér model
fit of our global model was 0.999 indicating angm@able model fit and no need to adjust
standard errors. Greater probability of occurremas associated with lower stem density, with
occupied study blocks averaging 1,360 stems/haiandcupied sites 2,169 stems/ha.
DISCUSSION

We did not find clearly defined habitat variablbattwere predictive of occupancy by
Rafinesque's big-eared bats. The use of anthropogeuctures-including buildings, bridges,
wells, cisterns, and bat towerss well-documented for this species (Bennett e2@08,
Mirowsky et al. 2004, Clark 1990); however, ourulés suggested that these structures may be
critical components of habitat for these bats ims@reas. The other habitat variables had only
minor influence on occupancy, but the overall pietsuggests that variables associated with the
more mature, closed canopy stands (lower densityeafium and small stems, greater swamp
and bottomland percentage, taller and more cloardpy) were associated with greater chance
of occupancy by these bats. None of these vasdidd sufficient influence on probability of
occupancy by itself to result in a highly rankedd®lo for reasons that are not entirely clear.

For southeastern myotis, the strong associatidm le#iser density of small woody stems

is difficult to interpret. This species appearsdierate a cluttered environment and has been
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observed foraging in forest gaps (Menzel 2003, Meathd Risch 2008), neither of which
suggest a strong avoidance of locations with extersecondary forest growth. Greater density
of small stems may reflect locations within ourdst@reas that were more upland in character
and included more stands under active timber manage however, it is not clear why habitat
covariates such as percent bottomland or presdmrmanent water did not pick up this
relationship. Perhaps most importantly, southeastgotis were nearly ubiquitous throughout
the study blocks. With so few unoccupied block@3 it is difficult to draw conclusions about
the factors affecting occurrence.

The relatively small number of study blocks we walpée to survey in the designated
seasons likely contributed to the difficulty in idigying predictive habitat variables. First, this
statistically affected the ability of PRESENCE noarporate the habitat covariates and
distinguish among@ priori models. We were able to offset this partiallytigh the simulation
exercise, but not completely. In the process lgfcsimg study areas, we chose locations that had
the basic characteristics of Rafinesque's big-eha¢thabitat—mature forests with a significant
bottomland component that were associated with mpggeennial streams. With a small number
of study blocks, this meant that the study blockseasomewhat homogenous and limited the
ability of the modeling algorithm to distinguish ang occupied and unoccupied cells.
Furthermore, the study areas had historic recdrtisedarget species, suggesting that they
possessed the minimum requirements for occupantlydse species.

Thus, it appears that our target species occurlyvatel commonly throughout the study
areas that we selected. This is especially truthfosoutheastern myotis. From a management
perspective, our general characterization of apjatgphabitat for the target species was

apparently accurate. Both species appear to bespidad throughout eastern Texas in areas of
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appropriate habitat. Based on coarse number ai@cdtion calls, both species are less
abundant than other species such as Semibaufus seminolysand evening batdNfcticeius
humeralig. In particular, Rafinesque's big-eared bats wairely recorded compared to other
species, suggesting that they occurred at low adnoed Abundance of forest bats is notoriously
difficult to estimate (Weller 2007), but even caaebundance estimates would be very useful in
defining optimal habitat for this species. Alteiaely, expanding study areas to include
locations with less apparently suitable habitatando history of occupancy for the target

species might provide better insight into the cbimastics that determine occupancy.
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Table 3. Habitat variables used as covariatestiistcuctinca priori occupancy models in program PRESENCE analysis &finBsque’s bi-
eared bats and southeastern myotis in eastern, T20@8-2010.

Type of

Habitat Variable Variable Description

Stem Density -26 cr Continuou The total number of stems within the size clas?-26 cm were tallied in fixed radius plots (0.01
as a measure of vertical clutter that may inhikght

Stem Density 2-52 cr Continuou The total number of stems within the size clas&7-52 cm were tallied in fixed radius plots (0.
ha) as a measure of vertical clutter that may ibfight

Stem Density>53 cn Continuou The total number of stems within the size clas& 53 cm were tallied in fixed radius plots (
ha) as a measure of vertical clutter that may ibflig t

% Closed Canoy Continuou Percent closed canopy was recorded in fixed rgmats (0.01 he and averaged for the study unit
represent the average closed canopy per aec

Canopy Height (n Continuou Canopy height was recorded in fixed radius plot8Xha) and averaged for the study un
represent average canopy height per hectare

% Swam| Continuou Percent of landcover with the 100 ha study sitewss classified as swal

% Bottomlan Continuou Percent of landcover with the 100 ha study sitews classified as bottomland hardwood fc

Patch Size (h Continuou Total area of continguous forest that surroundetiaciuded each study blc

Structure Categorice Presence of anthropogenic potential roost stru within the study block: presentl andnot
present =0

Permanent Wat Categorice Presence (permanen water sourc within the study block: presentl andnot present :0
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Table 4. Model definition, number of parameters fkaike’s Information Criterion
(AIC,), change in AICAAIC,), and Akaike weight (W for candidate models explaining
occupancy of Rafinesque's Big-eared bat at se\easan eastern Texas, 2008-2009.

Model k AlICc  AAICc Wi
psi(.),p(.) 2 220.58 0.00 0.208
psi(Structures),p(.) 3 221.23 0.65 0.151
psi(Stem Density 27-51cm),p(.) 3 222.46 1.88 0.081
psi(% Bottomland),p(.) 3 222.52 1.94 0.079
psi(Canopy Height),p(.) 3 222.71 2.13 0.072
psi(% Swamp),p(.) 3 223.07 2.49 0.060
psi(Patch Size),p(.) 3 223.28 2.70 0.054
psi(Water),p(.) 3 223.30 2.72 0.053
psi(% Canopy Closed),p(.) 3 223.35 2.77 0.052
psi(Stem Density 52cm),p(.) 3 223.35 2.77 0.052
psi(Stem Density 0-26cm),p(.) 3 223.37 2.79 0.052
psi(Structures + % Bottomland),p(.) 4 224.25 3.67 .038
psi(Structures + Stem Density 27-51cm),p(.) 4 224.4 3.82 0.031
psi(Stem Density 27-51cm)+ % Bottomland),p(.) 4 B35 4.50 0.022
psi(Global),p(.) 12 280.51 59.93 0.000
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Table5. Model definitionnumber of parameters (k), Aka’s Information Criterior
(AIC,), change in AICAAIC,), and Akaike weight (W for candidate models
explaining occupancy of southeastern myotis atrsaveas in eastern Texas, 2008-
20009.

Model k AlCc  AAICc Wi
psi(Stem Density 0-26cm),p(.) 3 146.38 0.00 0.951
psi(% Canopy closed),p(.) 3 152.71 6.33 0.040
psi(Patch Size),p(.) 3 158.59 12.21 0.002
psi(.),p(.) 2 159.07 12.69 0.002

psi(Canopy Height),p(.) 3 159.54 13.16 0.001
psi(Water),p(.) 3 161.09 14.71 0.001
psi(Stem Density 52cm),p(.) 3 161.22 14.84 0.001
psi(% Bottomland),p(.) 3 161.23 14.85 0.001
psi(Structures),p(.) 3 161.36 14.98 0.001
psi(Stem Density 27-51cm),p(.) 3 161.4115.03 0.001
psi(% Swamp),p(.) 3 161.49 15.11 0.001
psi(Global),p(.) 12 207.45 61.07 0.000




PART Ill: ROOSTS OF RAFINESQUE'S BIG-EARED BATS AND SOUTHEASTERN
MYOTIS IN EAST TEXAS *

Abstract- Because diurnal roosts can be important in detengpinat occupancy and abundance
in forested habitats, we identified characteristitsavity trees that influence roost selection by
Rafinesque’s Big-eared bats and Southeastern Myo#iast Texas. We identified used and non-
used cavity trees with a combination of transeatdees, radiotelemetry, and historical records
at 7 study areas. These bat species selectedusuaility trees for summer diurnal roosts,
showing an affinity for tupelo treeblyssaspp.) with 55% of diurnal roosts Myssa aquatica

and 33% inN. sylvatica Of 17 tree and habitat variables we measureded and unused cavity
trees, those related to cavity size and availgl(tiavity height and diameter, tree diameter,
density of large trees in the area) were the nmpbrtant predictors of use. Characteristics of
the surrounding stand at both local and landscegleswere less important. These bats
appeared to use the largest cavity trees avaitattleve speculate that the availability of suitable

trees with large cavities may limit abundance inregion.

Introduction
Suitable diurnal roosts are vital for the success@ersistence of all bat species. Diurnal
roosts provide protection from predators and antl@emironmental conditions and aid in
reducing energetic costs associated with partardiod thermoregulation (Barclay and Kurta
2007). Within forested systems, bats utilize aetgrof structures for diurnal roosts, including
tree foliage, exfoliating bark, cracks or crevigeghe tree, and internal cavities (Brigham 2007).

Due to the importance of diurnal roosts and thatine? ease of studying bats in their roosts, roost

! This portion of the report has been submitted mmauscript to th&outheastern Naturaliswith authors L.A.
Stuemke, C.E. Comer, M.L. Morrison, W.C. Conwayd &W. Maxey. In light of this, we have includdubt
manuscript in its entirety.
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selection has been extensively studied for someiesgehowever, these activities often have
been focused on certain species (&4yotis sodali} or certain regions (e.g., the Pacific
Northwest) (Brigham 2007). Because roost charesties are often very species-specific, local
information on individual species’ needs is neettefbrmulate effective plans for conservation.
Corynorhinus rafinesquiLesson (Rafinesque’s Big-eared bat) 8ybtis austroriparius
Rhoads (Southeastern Myotis) are closely assocwitédoottomland hardwood and forested
swamps throughout their ranges in the southeakheited States (Mirowsky 1998, Lance et al.
2001, Clark 2003). Although habitat associatiarspmorly understood this association is
believed to be related primarily to their preferena roost in large, hollow trees of certain
bottomland hardwood species. In east Texas, atosts occur in mature to overmature
hardwood trees that have formed hollow cavitiehwesal and/or top openings in a variety of
species, includingjlyssa sylvaticéBlackgum),N. aquatica(Water tupelo)Magnolia
grandiflora (Southern magnoliajsagus grandifolialAmerican beechRlantanus occidentalis
(Sycamore), an@axodium distichuniBaldcypress) (Clark 1990, Lance et al. 2001, Gugpdnd
Langford 2004, Mirowsky et al. 2004, Trousdale &astkett 2005). In most cases,
Rafinesque's Big-eared bats used multiple roogts (oost switching) in close proximity (e.g.,
<1 km) within a given season (Trousdale and Bed@@5, Stevenson 2008). The use of
multiple roosts may be related to site, stand/@rdndscape characteristics that minimize
energetic costs of survival (Lewis 1995). In aidditto tree roosts, these species also utilize
caves and various anthropogenic structures (dagndoned buildings, bridges, wells, culverts,
and artificial roosts) for roosting in the southteas coastal plain (Hoffmeister and Goodpaster

1962, Clark 1990, Lance et al. 2001).
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Many factors related to individual trees, foreansis, and forested landscapes influence
selection of diurnal roost sites for various speatforest bats (Barclay and Kurta 2007). For
example, tree height, tree diameter at breast hépH), percent canopy cover, density of
surrounding vegetation, stand age, and proximitydter influence tree roost selection by forest
bats (Crampton and Barclay 1998, Jung et al. 2004is and Brigham 2005, Ober and Hayes
2007). Due to the perceived importance of diurnakts in the distribution of our target species,
recent research activity has defined natural atifical roost requirements at small spatial
extents, including characteristics of the roodlitsr the immediately surrounding forest stand.
Roosts that were spacious and partially lit (Lagical. 2001) and within close proximity to
water (<1 km) were selected more often by bothisggdirowsky et al. 2004). Rafinesque’s
Big-eared bats generally chose larger trees (84-cin DBH) than Southeastern Myotis (76 —
108 cm DBH) as diurnal roosts (Gooding and Lang0€4, Carver and Ashley 2008, Rice
2009). Roosts for both species occurred in lanussavith a minimum of 1/3 bottomland
hardwood forest and a prevalence of large Baldsgooe Water tupelo. Habitat surrounding
bottomland forest stands used by Rafinesque’s Bigeebats and Southeastern Myotis can be
quite variable and may consist of mixed pine-hamidvstands, upland pine forest, pine
plantations, and urban interfaces (Gooding and taad@004, Carver and Ashley 2008,
Trousdale et al. 2008).

In Texas, the Rafinesque’s Big-eared bat is a sagatened species with a high
conservation priority based on perceived populatieciine (Mirowsky et al. 2004, Bender et al.
2005). The Southeastern Myotis is considered ratésinot afforded any state listing; however,
the Texas Wildlife Action Plan lists the speciesadsgh priority for conservation (Bender et al.

2005). Much of the concern related to these ggdasirelated to the loss of up to 75% of
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original bottomland hardwood forests in the regidany of the remaining bottomland
hardwood stands were logged in the middle to latec2ntury, and perceived low abundance
may be related to limited availability of treestabie for roosting. Within east Texas, data about
roost requirements are limited to a single studyopmed in the mid-1990’s (Mirowsky 1998).
Recent data in the region is limited to semianmoahitoring of known roosts for both species.
Our objectives in this study were to locate addiioroost trees and identify factors
differentiating between used and non-used cawigstfor Rafinesque’s Big-eared bats and
Southeastern Myotis. Our results will provide diddial information on roosting ecology in the

region and assist with prioritizing conservatioti@ts for these species.

Study Area

The Rafinesque’s Big-eared bat and Southeasterrid/ngach the western extent of their ranges
in the Pineywoods eco-region of east Texas. Td¢wsregion occurs in the Gulf Coastal Plain
physiographic region (Nixon 2000) and extends ftbemRed River along the northern border of
east Texas south to the northern suburbs of Houstbe Pineywoods covers 6.3 million ha in
east Texas and is an extension of the pine, migedWood and bottomland hardwood forests of
the southeastern United States (Diggs and Geor@®) 20 opography of the area is mostly flat
with low rolling hills and elevation ranging fronbIn to 230 m. The average annual
precipitation of 89 cm 127 cm combined with hansoers (24-25 °C) and mild winters (11-12
°C) produces a long growing season of 220 270 (Myn 2000).

We selected 7 study areas within the Pineywoods&gion based on historic occurrence
records for our target species, habitat conditians, accessibility: Caddo Lake National

Wildlife Refuge (CLNWR - Harrison County, 3,440 h&jaddo Lake State Wildlife
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Management Area (CLWMA - Marion County, 3,240 Hajtle Sandy National Wildlife Refuge
(LSNWR - Wood County, 1,538 ha), Big Thicket Natb Preserve (BTNP - Hardin County,
42,770 ha), Trinity River National Wildlife Refug@RNWR - Liberty County, 10,117 ha), The
Nature Conservancy’s Roy E. Larsen Sandyland Sanc{@NC - Hardin County, 2,250 ha) and
Village Creek State Park (VCSP - Hardin County, B4} (Fig. 1). Among the 7 sites,
ecological communities were variable but the basigitat structure that supports Rafinesque’s
Big-eared bat and Southeastern Myotis populaticass present: cypress and tupelo swamps,
bottomland hardwood forests, and mixed deciduone/ppland forests. Dominant overstory
species for these areas includeiduidambar styraciflugSweetgum), Southern magnolia,
Water tupelo, BlackgunRinus taedgLoblolly pine),Quercus lyrata(Overcup oak)Q.
michauxii(Swamp chestnut oak]). nigra(Water oak)Q. phellos(Willow oak), Baldcypress,
Ulmus americangAmerican elm) andl. crassifolia(Cedar elm). Dominant midstory species
includedCephalanthus occidental{uttonbush)Forestiera ligustrina(Swamp privet),

Fraxinus pennsylvanicéGreen ash), andlanera aquaticgWater elm).

Methods

Bat surveys

We used standardized transect searches and radietey to locate cavity trees used as
diurnal roosts by our target species. In additiwe,opportunistically identified a small number
of roosts during other research activities andned data at used cavity roost trees identified by

historical records. We defined a tree as used wiren or more individual(s) of our target
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species were documented inside the tree. Fielkgsrwere conducted during season of high
bat activity between 12 May and 15 August 2008, Edlay and 13 August 2009.

We located potential roost trees by visual obs@muatlong transects located in 100-ha study
blocks randomly selected from our 7 study areag owérlaid systematic block sampling grids
(100 ha) onto aerial photos of each study areayusinGIS 9.3 (Environmental Systems
Research Institute, Redlands, CA), then used aramtimber generator to select blocks for
transect searches. We chose a grid cell size®ha@o match the estimated home range size of
the Rafinesque’s Big-eared bat (Hurst and Lacki9l98enzel et al. 2001Y.here were 4 study
blocks at LSNWR, 4 study blocks at CLNWR, 4 stuttycks at CLWMA, 2 study blocks at
TRNWR, 3 study blocks at BTNP, 2 study blocks atCIldnd 1 study block at VCSP for a total
of 20. In each study unit we randomly located 40rilong by 40-m wide transects. We
searched all trees within the transect boundaigdntify potential cavity openings. If we noted
a potential cavity, we investigated for signs df fm@sence. Depending on the characteristics of
the tree and cavity opening, we used either dobservation with Surefire 9p flashlights (105
lumens) with red filters (SureFire LLC., Fountaialléy, CA), or hand held mirrors and
flashlights to inspect tree cavities. If the toawity possessed a bend or some other hindrance
that prevented visual inspection, we used acodstiectors (Pettersson 240X, Pettersson
Elektronik AB, Uppsala, Sweden) to determine ifsbaere using the tree. Identification of
species was made through visual observation, ptreptbg evidence, or acoustic analysis of call
characteristics (Sonobat 2.5.9, SondBaArcata, California). If target species bats weoe
present in a cavity tree at the time of survey thiedtree was30 cm DBH (Clark 1990), we

classified that tree as a non-used cavity treéuidher analysis.
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For our radiotelemetry activities, we captured ligtsnist net or hand capture at known roost
trees. In addition, we opportunistically set nmets in areas of appropriate habitat and hand
captured bats from known roosts in artificial stames. Upon capture, we recorded species, sex,
forearm length, hind foot length, tragus lengttr,leagth, body weight, reproductive condition
and age class (juvenile or adult) as determinethéyepipheyseal-diaphyseal fusion of the finger
joints (Anthony 1998). We then outfitted captuRafinesque’s Big-eared bats and Southeastern
Myotis weighing a minimum of 7 g with 0.52 g trariters (Model BN-2N, Holohil Systems,

Ltd., Carp, Ontario, Canada) or 0.50 g transmittetslip Blackburn, SFASU, Nacogdoches,
Texas). Transmitters were affixed with surgahesive (TorbSt Torbot Group Inc.,
Cranston, Rhode Island) between the shoulder hladésdid not clip fur and did not find this to
hinder attachment duration. To allow for propeaettment of the transmitters, a thin layer of
glue was placed on both the transmitter and thamatllowed to stand for 5 min or until the
glue bubbled as indicated by the adhesive instnsti Tags were then affixed to the bats and
the bat was held for another 15-20 minutes to enghat the glue had set completely prior to
release.

We attempted to locate all radiomarked bats dadgnfthe day after transmitter attachment
until transmitter failure or drop-off . We trackbdts using a handheld R2000 receiver
(Advanced Telemetry Systems, Isanti, MN) with a#ielement yagi antenna. Whenever
radiotracking led to a tree roost, we marked tres with a handheld GPS unit and visually
verified the presence of the bat in the tree.dtfisonal bats were present in the tree, we

attempted to determine species and number by visysiotographic examination.
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Habitat measurements

We recorded 17 habitat-related variables at altl @sel non-used cavity trees at three spatial
extents (tree, stand, landscape). Tree charaatsriscluded species, DBH, and tree height. We
also measured several characteristics of the gamithuding interior diameter and height, width
and height of the main cavity opening, distancenftbe bottom of the main cavity opening to
ground and total number of entrances to the cau¥y estimated the height of the cavity by
locating a point on the exterior of the tree th@tresponded with the top of the cavity. We then
used a clinometer to measure the height to thist@oid used this number to determine the
height of the cavity. For trees that had multigdeity openings, the largest opening was used
for opening measurements height and width andrdisttéo the ground.

We collected stand information in 0.01-ha circydbnts centered at each focal tree (used or
non-used) to characterize the forest immediataisosading the focal tree. For each plot we
used a spherical densitometer to measure canopyrelon the perimeter of the plot at each
cardinal direction. We also recorded stem densitiiree size classes according to DBH (0-26
cm, 27-52 cm, and 53 cm) We measured distance to permanent water, h&loitggt, and
anthropogenic structures using the Near tool inGA&9.3 (Environmental Systems Research
Institute, Redlands, CA). Because we were concktfmg non-used cavity trees were clustered
at the landscape scale, we used random pointswittbistudy blocks for comparisons using
landscape scale variables. For these measurememgsnerated 34 random points in each study

block using the Create Random Points tool in Arc%8
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Data analysis
We used univariate analysis of variance (PROC ANQSAS Institute Inc. 2004) to identify
differences between roost trees for the two tasgeties and to identify factors differentiating

between used and non-used cavity trees. We d& &l|0.05.

Results

We documented 18 trees used as diurnal roostsitaet species, including 11 used by
Rafinesque’s Big-eared Bats and 7 used by Soutreastyotis. We included 7 trees
discovered on 200 roost search transects, 7 frdin-talemetry methods, and 2 discovered
opportunistically during other activities. We alscluded two roosts from Texas Parks and
Wildlife Department’s occurrence records for thegyét species.

We radiomarked and tracked 7 Rafinesque’s Big-ebatsl (4 females, 3 males) to 6 new
tree roosts and 3 Southeastern Myotis (all femate$)new tree roost for a total of 54 days. We
observed very little roost switching during thiady: six of the 7 Rafinesque’s Big-eared Bats
and all of the Southeastern Myotis used only oee toost during the period they were
radiomarked. The remaining Rafinesque’s Big-e&at(a male) switched approximately every
2 days among 4 water tupelo trees. Two of the iRafenesque’s Big-eared bats roosted in an
artificial structure for one night each: a concietielge and the attic above a garage in an
occupied dwelling). One post lactating female frexatly roosted under a concrete bridge. We
did not observe Southeastern Myotis roosting inamiicial structures.

We also documented and recorded data for 244 ned-aevity trees during the roost search
transects. Based on the roost search transectstualy blocks had approximately 12.3 cavity

trees £ 30 cm DBH) per 100 ha of habitat.

45



Nyssaspp. were the most common trees used for roostethyspecies with 55% of diurnal
roosts in Blackgum and 33% in Water tupelo. Thesespecies comprised approximately 50 of
262 (15%) trees with cavities in the area but 18$efl8 (83%) used cavity trees. The remaining
three used cavity trees were located in a SweetguBajdcypress, and@uercus laurifolia
(Swamp laurel oak). All but one of the used catiigées contained a hollow trunk cavity with a
wide interior diameter and smooth interior wal@3f the 18 used cavity trees measured, 11
(61%) possessed a main cavity that was at growad, iur (23%) had cavities located in the
trunk of the tree above ground, and three (18%3®whimney trees with the top broken off
allowing entrance to the cavity.

We found that characteristics of cavity trees usg&afinesque’s Big-eared bats and
Southeastern Myotis were similar (Table 1). Inegah Rafinesque’s Big-eared bats used trees
with larger cavities than Southeastern Myotis betdifferences did not reach statistical
significance. Roosts used by Southeastern Myatigw areas with higher stem density at the
smallest size class, 0-26 cm; however, other sdmddandscape characteristics were similar
(Table 1). Used cavity trees for both species aoatbhad cavities that were nearly twice as
large (in both height and diameter) as the cavitie®n-used trees (Table 2). Perhaps reflecting
the cavity size, used trees were larger in diantbter unused trees, but height did not differ.
Cavities of used trees also had more entrancesranahces that were higher above the ground.
Used trees were located in areas with a higherityasfdarge £53 cm) trees, but other stand

and landscape characteristics were similar for asekdnon-used trees (Table 2).
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Discussion

Cavity size was the most important factor in detaimng use of a tree as a diurnal roost by
rare forest bats in east Texas, which was sinvlar $tudy in Mississippi (Stevenson 2008).
Tree DBH was also important, and may be an appatgpgroxy for cavity size. The importance
of large trees for roosting by these species has ell-documented, and our roost trees
(x = 93.8 cm) were similar in diameter ©. rafinesquiiroost trees previously found in Texas
(* = 99.8 cm, Mirowsky 1998) and Louisiana (59-103 cm, Laatal. 2001), and slightly larger
than roost trees in Mississippi € 79.4 cm, Trousdale and Beckett 2005). However, several
studies have found that Rafinesque’s Big-eareddsésted roosts that were considerably
larger, including in Arkansag (= 155.3 cm, Cochran 1999), Louisian@a € 120.1 cm,
Gooding and Langford 2004), and Tennessee (124.5 cm, Carver and Ashley 2008). The
reason that bats in Texas used smaller trees ide®t but it may reflect a paucity of
overmature, very large cavity trees on the easa3 éandscape. We found approximately 12.3
cavity trees per 100 ha on our study sites; howewany of these cavities were small. Using the
smallest used cavity size (DBH62.9 cm, cavity diameter 40.6 cm, cavity height 63.5 cm)
as a minimum “suitable” cavity size, we found ofilguitable roost trees per 100 ha (1 suitable
tree per 16 ha) on these study sites. In apprdrignd,000 ha surveyed for this study, we
measured only 20 trees (12 with large cavities) weae>124 cm. Although few studies of
roost selection report cavity tree density, Goodind Langford (2004) estimated 65.5 cavity
trees/ha and both these authors and Carver anéyA&008) noted that large, hollow trees were
common on their sites. In contrast, Trousdale Beckett (2005) commented that suitable trees

were uncommon on their study site in Mississippi.
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Although the implications of using smaller cavities roosting by Rafinesque’s Big-eared
bats are unknown, our observations suggest thédahiiy of suitable roosts was low in east
Texas. We observed very little of the roost-switghbehavior often observed for both species
(Lewis 1995), perhaps due to the large distancegdam suitable roost trees (Gooding and
Langford 2004). Only one male Rafinesque’s Bigeddrat switched among multiple tree
roosts, using four large water tupelos that wdrevighin approximately 200 m of each other.
Use of anthropogenic structures (abandoned homespid buildings, concrete bridges,
concrete bunkers, abandoned wells) was commonristady, and roost switching that did occur
often included moving between a single tree roodtastructure. No information exists
comparing relative selection for natural and ambgenic roosts by Rafinesque’s Big-eared
bats; however, it is illustrative to note that sésdwith few large trees for roosting (Mirowsky
1998, Lance et al. 2001, Trousdale and Beckett P@6&umented >40% of roosts in manmade
structures and studies with more suitable treetsdosind fewer (Carver and Ashley 2008) or
none (Gooding and Langford 2004).

Although it is difficult to quantify the relationghbetween bat abundance and availability of
suitable roost sites, most authors agree thatsppatticularly maternity roosts, are critical
components of habitat for forest bats (e.g., Bgralad Kurta 2007). In our study, only one of
the 11 cavity trees used by Rafinesque’s Big-ebetsl contained more than two bats, suggesting
that use of natural tree roosts as maternity celis uncommon. In fact, of 7 maternity roosts
documented for this species in east Texas, onlyocners in a natural tree roost (Mirowsky et
al. 2004, Texas Parks and Wildlife Department, lipbed data). The remainder were in
anthropogenic structures, primarily abandoned ngkl with several colonies containing >40

individuals. If the availability of suitable naalroosts is an important limiting factor in
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abundance of Rafinesque’s Big-eared bats, thedhtrkees with cavities in the optimal size
range may be limiting abundance in our region. Wdance of forest bats is difficult to estimate
(Weller 2007), and we do not have reliable estimafeabundance for either target species. In
bat surveys conducted over the same study aredeunwe that Rafinesque’s Big-eared bats
were widely distributed but never abundant compéweather species (Stuemke 2011).

In contrast to Rafinesque’s Big-eared bats, wettmtour apparent maternity roosts for
Southeastern Myotis in natural tree roosts witty amle located in a structure (concrete bridge).
These colonies contained 50-150 bats and occunrgdas ranging from 71 cm to 86 cm in
DBH. Although direct comparisons are relativelyereSoutheastern Myotis generally use
smaller cavities than Rafinesque’s Big-eared bass\er and Ashley 2008, Rice 2009). We
did not find differences between tree size usethbytwo species, but this may reflect the lack of
trees in the preferred size range for RafinesgBejseared bats or the presence of more large
maternity colonies in the Southeastern Myotis toeests. If Southeastern Myotis readily use
smaller natural tree roosts, this may help exphdiy it was among the most common species
detected in bat surveys at these study sites (&r@0il1).

Although we did not survey comprehensively acrbsslandscape of east Texas, our study
areas were located throughout the region. Furtbexnthe areas we surveyed included several
of the highest quality remaining bottomland harddiaad forested wetland sites in the region.
Therefore, it is likely that the relative scaraitfylarge, hollow trees is common across the region.
The reasons for this are unclear and may be bdthaland anthropogenic. The east Texas
Pineywoods are at the western extent of the ramigiedth preferred roost tree specidy{sa
aguaticaandN. sylvatica)and both bat species. The extensive forest swaipge Mississippi

River valley and large river systems in the eastguif Coastal Plain may never have been
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present in Texas. Furthermore, historic loggingast Texas bottomlands may have been more
recent (mid-1900s), widespread, and thorough thanthier states in the southeast. More
recently, hurricanes Rita (in 2005) and Ike (in 0€everely impacted the remaining stands of
mature bottomland forest in southeastern Texasergkhistoric natural tree roosts for both bat
species in that part of the state were lost duteghurricanes (C. Comer, personal observation).
Historic range and abundance for rare forest bratsiaknown, so it is difficult to determine the
impact on these species.

Long term management goals for Rafinesque’s bigeebat and Southeastern Myotis
should include preservation of known roosts andsé mature-overmature bottomland
cypress-tupelo swamp. Additionally, preservingryger stands and allowing them to reach
these older age classes will potentially improvieita& conditions for these bats. Anthropogenic
roost structures (including artificial towers consted specifically for Rafinesque’s Big-eared
bats) apparently are playing an important role atemity roost sites in the region (Mirowsky et
al. 2004), but the implications for long term pagdidn health are unknown. Particularly in areas

with few large tupelo trees, structures known ot maternity colonies should be preserved.
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Table 1. Means, standard errors (SE), numbenrge$ ) , andp-values p) for habitat, and landscape variables for trest®o
used by Rafinesque's Big-eared bats and Southeaddiertis at 7 study areas in east Texas, 2008-2009.

Rafinesque's B-eared b

Southeastern Myol

Variable Mean S.E. n Mean S.E. p

Tree height (i 17.€ 1.37 11 20.¢ 2.0C 0.190:
Tree diameter (cm) 101.3 8.65 11 81.9 4.77 m114
Cavity, interior diameter (cr 174.¢ 74.01 8 80.£ 9.4% 0.179¢
Cavity, interior height (cm) 813.6 135.71 10 766.7 358.10 6 0.8707
Cavity, distance from ground (c 2614 117.3¢ 11 53.7 33.71 0.188:
Cavity, opening width (cm) 25.6 4.04 8 42.6 10.66 0.0804
Cavity, opening height (cr 96.2 31.11 8 70.C 12.0¢ 0.390¢
Cavity, number of entrances 1.8 0.30 11 1.1 0.14 0.1038
Plot, percent canopy clost 85.¢ 2.67 11 93.2 1.5¢ 0.050¢
Plot, stem density 0-26 (cm) 48.6 12.10 11 92.3 .620 7 0.0236
Plot, stem density 52 (cm 7.C 1.71 11 4.7 1.6¢ 0.380¢
Plot, stem density 53 (cm) 25 0.71 11 17 0.56 0.3132
Plot, canopy height (r 21.1 2.1z 11 21.c 1.5¢ 0.948"
Distance to permanent water (m) 452.6 101.85 11 4.@3 120.84 7 0.1909
Distance to habitat edge ( 82.C 12.9¢ 11 81.2 17.5¢ 0.972:
Distance to human structures (m) 821.0 129.82 11 632.6 191.87 7 0.4103
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Table 2. Means, standard errors (SE), numbaeettmeasured) andp-value @) for univariate ANOVAs for tree, habitat, and
landscape variables measured at used roosts angsedrcavity trees for Rafinesque's Big-eared &radsSoutheastern Myotis at 7
study areas in east Texas, 2008-2009.

Used Tree Non-usedTree
Variable Mean S.E. n Mean S.E. n p
Tree height (m) 18.9 1.17 18 21.3 0.45 244 0.1532
Tree diareter (cm 93.¢ 5.9¢ 18 77.2 1.9C 244 0.021¢
Cavity, interior diameter (cm) 130.8 40.47 15 58.3 2.16 205 <0.0001
Cavity, interior height (cn 796.( 151.5¢ 1€ 431.5 23.5¢ 164 < 0.000:
Cavity, distance from ground (cm) 180.6 75.58 18 29.6 7.86 237 <0.001
Cavity, opening width (cn 33.€ 5.6¢ 15 25.2 1.21 237 0.102¢
Cavity, opening height (cm) 84.0 17.30 15 78.3 035 237 0.6958
Cavity, number of entranc 1.€ 0.2C 18 1.2 0.0¢ 242 0.044(
Plot, percent canopy closure 88.5 1.99 17 88.9 908 243 0.8882
Plot, stem density-26 (cm 65.€ 9.7 18 61.2 3.27 244 0.720¢
Plot, stem density 27-52 (cm) 6.1 1.23 18 51 0.25 243 0.2824
Plot, stem densit> 53 (cm 2.2 0.4¢ 17 1.3 0.11 24(C 0.043:
Plot, canopy height (m) 21.2 1.40 18 22.6 0.44 244 0.3841
Distance to permanent water | 367.¢ 80.01 18 278.( 9.3 68C 0.128(
Distance to habitat edge (m) 81.7 10.13 18 111.6 .00 6 680 0.4194
Distance to human structures 747.¢ 107.7¢ 18 964.1 18.3¢ 68C 0.058¢
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