MOVEMENTS, FORAGING AREAS, HABITAT SELECTION, AND ROOST SITE
SELECTION OF RED BATS IN AN INTENSIVELY MANAGED

PINE FOREST IN MISSISSIPPI

By

Leslie Dianne Welch

A Thesis
Submitted to the Faculty of
Mississippi State University
in PartialFulfillment of the Requirements
for the Degree of Master of Science
in Wildlife and Fisheries Science
in the Department of Wildlife and Fisheries

Mississippi State, Mississippi

May 2003



MOVEMENTS, FORAGING AREAS, HABITAT SELECTION, AND ROOST BE
SELECTION OF RED BATS IN AN INTENSIVELY MANAGED

PINE FOREST IN MISSISSIPPI

By

Leslie Dianne Welch

Approved:

Frangsco J. Vilella, Ph.D. Darren A. Miller, Ph.D.

Associate Professor of Wildlife Adjunct Assistant Professor

(Co-Director of Thesis) (Co-Director of Thesis)

Bruce D. Leopold, Ph.D. L. Michael Conner, Ph.D.

Graduate Coordinator and Associate Scientist

Department Head Joseph W. Jones Ecological Research Center
(Committee Member) (Committee Member)

Bruce D. Leopold, Ph.D. G. Samuel Foster, Ph.D.

Graduate Coordinator and Dean of the College of Forest Resources

Department Head



Name Leslie Dianne Welch

Date of Degree: May 10, 2003

Institution: Mississippi State University
Major Field: Wildlife and Fisheries Science
Major Professor: Dr. Francisco J. Vilella

Title of Study: MOVEMENTS, FORAGING AREAS, HABITAT SELECTION, AND
ROOSTSITE SELECTION OF RED BATS IN AN INTENSIVELY
MANAGED PINE FOREST IN MISSISSIPPI

Pages in Study: 92

Candidate for Degree of Master of Science in Wildlife and Fisheries Science

Little is known of red batl@siurus borealis ecology within forests intengly
managed for pineRinusspp.) production. | radiomarked 46 red bats Judeptember
2000 and May July 2001 to examine movements, foraging areas, habitat selection, and
day roosts of red bats within a managed pine forest in Mississippi. Ovezat, m
minimum distance traveled from roost sites to foraging locations was 191.8&0 m,
whereas mean maximum distance was 1,259.804.09 m. Red bats switched roosts
every 1.2 days, moving 95.3913.03 m between roosts. Foraging ar€as 94.41V
20.16 ha) were considerably smaller than others have reported. Radiomarlkkd bats
select habitat within the study aréa< 0.743) nor within their home rangd3=£ 0.954).
Red bats roosted in 16 species of hardwoods (70% of roosts) and lobloll?iping (
taedg 30% of roosts). Unlike other studies in the southeasterndJ8ttges, red bats in
this area roosted routinely in pine trees and midstory hardwoods. This indicates roost site
requirements by red bats may exhibit greater plasticity than previously thought.
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CHAPTER |

INTRODUCTION

Literature Review

Research on population biology and spetiakitat relationships of insectivorous
bats has been limited because bats are secretiveymalctand small (Barclay and Bell
1988). Most information from initial studies of bat ecology was provided through direct
observation (Constantine 1958, Constantine 1966) or by implementing marking
techniques borrowed from studies of other species férd.leg bands used as wing
bands; Barclay and Bell 1988 ). Wing bands, ultrasonic detectors, light tags, or
combinations of these techniques have been used to document roost sites, habitat use, or
movements (Burford and Lacki 1995).

Until recently, radbtelemetry studies of smaller bats were not feasible due to
weight limitations of radiotransmitters (Aldridge and Brigham 1988). However,
development of miniaturized radiotransmitters has allowed collection of more detailed
information on roost selectiohabitat use, foraging areas, and movement patterns of
individual bats as compared with previously available equipment and techniques
(Bradbury et al. 1979). Technological advances have facilitated the means to expand our

knowledge of bats and enabledtascquire more detailed and complete information.
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Because roost sites are vital components of bat ecology, this topic has been

studied intensively (Fenton 1997). Historically, research in bat roosting ecology focused
on species associated with cavesnanmade structures (Kunz 1982, Barclay et al.
1988). Species found in these types of roosts are more likely to be colonial (Gaisler
1979) and vulnerable to disturbance from man (Barbour and Davis 1969, Clark et al.
1993).

Endangered bat species and theast preferences have been studied extensively.

Kurta et al. (1993) and Callahan et al. (1997) documented small maternity colonies of
Indiana batsNlyotis sodali¥ that predominantly roosted under the bark of decaying
hardwoods and in hardwood snag#fichigan and Missouri, respectively. Sherwin et al.
(2000) found that colonies of Townsersbigeared batsGorynorhinus townsendiin

Utah were more likely to roost in caves or mines with low (<1.5 m in height) entrances
and preferred roosting in caviesmines. Humphrey and Kunz (1976) discovered thermal
insulation capabilities of roosts determined if a site was suitable for Tovwsseérd

eared bats. Similarly, Lacki et al. (1994) proposed thermal warming may be an important
roost site selection féar for Virginia bigeared batsG. t. virginianus.

Only recently has much attention been given to bat ecology in managed forests,
with the bulk of this focusing on the Pacific Northwest and Canada. Campbell et al.
(1996) documented roost use by sithaired batsl{asionycteris noctivagafs
coniferous forests of Washington. Bats roosted <3.5 km from their capture sites in

decaying trees with cracks and crevices. Vonhof (1996) investigated roost sites of silver
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haired bats and big brown baEpfescus fuscupsin British Columbia. He found both
species roosted in large decaying hardwoods, preferably trembling &syperus
tremuloide$. The only detectable difference between the 2 spectesting sites was
silver-haired bats tendency to roosafther below mean canopy height. Vonhof and
Barclay (1996) documented the first occurrence of westerndarggd bats\Myotis
evotig roosting in tree stumps left in clearcuts of British Columbia.

Foraging behavior of endangered bat species has bezstigated in an attempt
to provide and manage for activity areas used. Clark et al. (1993) found Ozad«dulgy
bats C. t. ingenyin Oklahoma selectively foraged in wooded edge habitats of streams.
Dobkin et al. (1998) in Oregon documented Townsersbig-eared bats used open,
forested, and edge habitats, likely in proportion to insect availability. Similarly,
Wethington et al. (1996) found Ozark kegred bats use habitat in response to insect
abundance.

Bat activity within managed forests has bedecumented using bat detectors.
Grindal and Brigham (1999) discovered edge habitat was an important foraging habitat
for bat species in fragmented forests of British Columbia. Jung et al. (1999) monitored
bat activity in a predominantly coniferous areifaaent to a managed forest in central
Ontario. They found activity of multiple bat species to be 24.0 times greater in old
growth forest than mixed woods, mature stands, and selectively logged pine stands.
Erickson and West (1996) investigated itethuse of bats in the Cascade mountains of

Washington using Anabat Il bat detectors; most detections were recorded in mature (50
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70 year old) stands. Thomas (1988) found bat activity in the Cascade mountains of
Washington and the Oregon Coast Randgetgreater in okdjrowth forests (>200 years
old) than in mature (100165 years old) or young stands (<75 years old). Using bat
detectors, Hayes and Adam (1996) found bat activity to beZ71times greater in
forested stands than in nearby loggezharof managed forests in Oregon. Humes et al.
(1999) recorded greater bat activity in-gicowth @200 years old) and thinned stands (50
- 100 years old) than in unthinned stands-(%00 years old) in Oregon.

Because roosting and foraging requirements of bats influence habitat selection
(Fenton 1990), it is important to examine roost sites in catipmwith foraging areas to
gain a more complete understanding of bat community ecology. Brigham (1991)
simultaneously explored roosting and foraging behavior. He found that although bats
should choose roosts near their foraging areas to reduce erpemges (Kunz 1982),
big brown bats in British Columbia, routinely foragétlkm from roost sites. Crampton
and Barclay (1998) examined roost selection and foraging habitats of little brown bats
(Myotis lucifugu¥, northern longeared batsMyotis septentrionaljs hoary bats
(Lasiurus cinereus and silvethaired bats to assesspacts of timber harvests on bats in
Alberta. They found bats preferentially foraged in old stands and roosted in tall decaying
trees. Dobkin et al. (198@p monitored movements, roost use, and foraging activity of
Townsenets bigeared bat in Oregon amaund little roost fidelity. They concluded that
foraging areas were more likely a function of prey abundance than roost site location.

Grindal (1999) reported forested edge habitats create corridors thereby facilitating access

-4-



to roosts. Hurst and Lkic(1999) discovered that Rafineseusebigeared batsQ.
rafinesqui) in Kentucky foraged close to roost sites in c@k€rcusspp.) and oak
hickory standsQuercusCarya). Leonard and Fenton (1983) investigated roosting and
foraging behavior of spottdahts Euderma maculatum E. maculatunroosted on cliff
faces and preferentially foraged in open areas encompassed by ponderd3a pine (
ponderos® Waldien and Hayes (2001) found activity areas of4eaged myotis in
Oregon included a water source hot their respective day roosts. Based on guano
surveys, Zielinski and Gellman (1999) compared bat activity in unfragmentgplavdih
redwood forests with activity in fragmented, commercial;grlolwvth redwood $equoia
sempervirensforests in Califorra. The authors reported bats roosted in fragmented old
growth forests more often but foraged equally in both sites.

The red batl(asiurus borealisis one of the most common and widely distributed
bat species in North America (Barbour and Davis 1969, $ramd Shump 1982, Wilson
and Ruff 1999). Still, until 1998, roosting information on this species was limited to
anecdotal accounts (Constantine 1958, Constantine 1966). Red bats typically roost in the
outer branches of live trees where they hang conrtea®ng foliage (Barbour and Davis
1969, Shump and Shump 1982, Sealander and Heidt 1990). The red bat is generally a
solitary roosting species, although females are routinely found roosting with their young
(Shump and Shump 1982, Sealander and Heidt,A®88on and Ruff 1999).

Menzel et al. (1998, 2000) documented preferential use of large diameter

deciduous species by red bats in Georgia and South Carblibarealisalso were found
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to prefer live hardwood roosts in mature upland forests of Kenfittktghinson and

Lacki 2000). Mager and Nelson (2001) documented red bat roost use in an urban area of
lllinois. Although red bats were found roosting in roof shingles, leaf litter, and grass,

most red bats (89%) were found roosting in or on large decgltrees.

As stated above, previous research suggested red bats favor large deciduous trees
in Georgia and South Carolina (Menzel et al. 1998, Menzel et al. 2000), Kentucky
(Hutchinson and Lacki 2000), and lllinois (Mager and Nelson 2001). Howevdrated
composed >60% of bat captures in mmst surveys (Miller 2003) conducted in
intensively managed loblollyP{nus taed®pine plantations in Mississippi. Therefore,
the role intensively managed pine plantations play in the annual cycle of batsastoru
developing and incorporating management options. | used the red bat to begin examining
these speciekabitat relationships.

Pine plantations are quickly becoming a major habitat type throughout the
Southeast. Total area of pine plantations isetqd to reach 18.6 million ha by 2030,
more than double the area occupied by pine plantations in 1985 (Allen et al. 1996).
Loblolly pine, the primary commercially planted pine species, is native to the Southeast
and not without habitat value if managegapeopriately (Allen et al. 1996).

Forest fragments and edge habitat resulting from timber harvest have been
documented as important foraging sites for many bat specied (éogrealis[Furlonger
et al. 1987]L. cinereugFurlonger et al. 1987, Grimadland Brigham 1999Myotisspp.

[Furlonger et al. 1987, Brigham et al. 1992, Crampton and Barclay 1998, Grindal and
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Brigham 1999], Ctownsendii ingengClark et al. 1993]C. townsendi[Dobkin et al.
1995, Erickson and West 1996], ahdnoctivagangErickson and West 1996, Hayes
and Adam 1996, Crampton and Barclay 1998, Grindal and Brigham 1999, Jung et al.
1999]). However, timber harvest leads to a loss of older trees and stands that may
provide foraging areas (Erickson and West 1996, Hayes and A89&) and roost sites
for certain species of bats. Research is needed to determine how best to manage for

roosts and foraging habitats of bats in industrial forests of the Southeast.

Study Area

My study was conducted on approximately 24,000 ha of mostifiguous land,
owned and managed by Weyerhaeuser Company for the production of pine sawtimber, in
Kemper County, Mississippi. This area in esetitral Mississippi (Figure 1.1) was
dominated (>70 %) by intensively managed stands of loblolly pine uglthmixed pine
hardwood (MPH) stands, streamside management zones (SMZ), and permanent food
plots were present. My study site {82'N, 8830'W) was located roughly 6 km
southwest of Scooba, Mississippi and 48 kilometers narttheast of Meridian,
Mississippi. Average temperatures for summers of 2000 (June, July, August, and
September) and 2001 (May, June, and July) were 26.6 andQ4&spectively.
Average monthly precipitation for summers of 2000 and 2001 was 2.64 and 4.63 cm,
respectively (Natinal Oceanic and Atmospheric Administration, www.srh.noaa.gov). |

defined my study site (approximately 4,000 ha) as the area encompassing all foraging
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locations by radiomarked red bats, all roost trees used by radiomarked red bats, and all
sampled randonrees, with a 100 m buffer around the entire area (Figure 1.1).

| classified stands within my study site, including those under private ownership
using grounetruthing, with a Geographic Information System (GIS) developed by
Weyerhaeuser Company, and imf@mtion from Weyerhaeuser foresters. | characterized 5
habitat types within my study area based on stand type and thinning history. They
included: (1) young, open stands (approximateB/@year old pine plantations with open
canopies), (2) closed canogptands (approximately®15 year old prehinned pine
plantations with closed canopies), (3) thinned (approximatehB¥3year old post
thinned pine plantations with open canopies), (4) mixed-pardwood (150 ha stand of
private, unmanaged foresttiviclosed canopy; approximately-16 years old), and (5)

streamside management zones (SMZ) that include pines and hardi@0ogsars old.

Objectives and Hypotheses
Within a forested landscape intensively managed for production of loblolly pine,
my objectives included:
1.) Documenting movement patterns of red bats;
2.) Estimating foraging area of red bats;
3.) Determining hbitat selection of red bats;
4.) Examining roost site selection of red bats;

5.) Developing roost selection models of red bats.



| achieved these objectives by testing the following hypotheses:

Ho1: There is no difference in minimum and maximum distameved
from day roost sites to foraging locations with respect to bat classes
(i.e., male/female, juvenile/adult) or seasons (i.e., month/year).

Ho2: There is no difference in distances traveled between successive roost
sites with respect to bat classeseasons.

Hos: There is no difference in maximum distance traveled among roost
sites with respect to bat classes or seasons.

Hos: There is no difference in minimum distance traveled among roost
sites with respect to bat classes or seasons.

Hos: There isno difference in foraging area size with respect to bat classes
or seasons.

Hos: There is no difference in habitat variables (e.g., canopy closure,
species diversity, basal area) of roost trees and random trees with
respect to all bats, bat classes, oseaa.

Ho7: Species of roost trees are used similar to availability.

General Methods

Capture and Marking Techniques
| captured bats over water at 4 separate sites udiieg dist nets during June

September 2000 and MayAugust 2001. | set nets &tor 2 sites during any given
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session, which | define as a period of consecutive trapping (i.e., netting) nights. Mist
netting was conducted fé&d consecutive nights, or until a maximum of 10 red bats had
been radiomarked. | recorded species, gender, age, weight (g), forearm length (cm), and
reproductive status (e.g., scrotal, lactating,-leatating) of all captured bats (Racey

1988). | clasdied bats as adults or juveniles by shining a light through the wing
membrane and observing degree of fusion of the finger joints (Anthony 1988). | used a
Pesol&spring scale to weigh bats and a standard ruler to measure forearm length. All red
bats weghing38 g received a 0.470.54g LB 2 radiotransmitter (Holohil Systems

Limited, Ontario, Canada; battery life = 128 days). Mean radiotransmitter load was
4.66% (range = 36.75%) of the body mass of radiomarked bats as suggested by
Aldridge and Brighan{1988). | trimmed the fur between the scapulae prior to
radiotransmitter attachment with Skiond surgical cement (Smith and Nephew United,
Largo, Florida, USA). This project was conducted under the auspices of the Mississippi

State University Institubnal Animal Care and Use Committee protocol numbed 8.

Radiotelemetry

| established radiotelemetry stations=(165) throughout the study area, generally
separated by approximately 350 meters. Stations were individually numbered and
flagged. |reorded universal transverse mercator (UTM) coordinates using a Trimble
GeoExplorer Il (Trimble Navigation, Limited 1996) global positioning system (GPS). |

used Wildlife Materials TRX2000S radio receivers (Wildlife Materials, Inc.,

-10-
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Carbondale, IllinoisUSA) within the 148.00049.999 MHZ frequency range and 3
element Yagi antennas to obtain locations of radiomarked bats.

In general, | began nocturnal tracking of radiomarked bats the evening after
transmitter application and continued for approximat@yights or until the transmitter
could no longer be heard. The exception to this was the tracking period in June 2000,
September 2000, and July 2001. Equipment problems in June 2000 postponed nocturnal
radiotelemetry for 8 days. Red bats tagged in&epér 2000 were thought to be
transient or migratory because none remained in the area for more than 4 nights, thereby
precluding radiotelemetry data collection. Other equipment problems in July 2001
limited my radiotelemetry session#6 nights. | did not monitor bats during the night of
their capture to avoid recording unusual movements. | located bats frenalbheur
before sunset until they roosted the following morning. Two or 3 observers stayed in
contact via 2vay radios andimultaneously recorded azimuths from nearby
radiotelemetry stations and attempted to triangulate each radiomarked bat every 15

minutes.

Vegetation Sampling

Each day following radiotelemetry, | flagged day roosts of all monitored bats for
future habitasampling. If possible, | determined aspect and height of the roosting bat
using strongest signal strength of the radiotransmitter. For each roost tree located, |

selected a random tree. | located random trees by pacing a random distance and direction
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from a random radiotelemetry station in the study area. |recorded species, diameter at
breast height (DBH, cm), percentage canopy closure (at 2 and 10 m from the roost or
random tree), distance to nearest forested edge (m), and distance to nearestiveater s
(m) for each roost and random tree.

Roost and random trees (i.e., center trees) served as the center of 2 nested circular
plots. | established midstory plots of 0.004 ha (radius = 3.5 m) and overstory plots of
0.04 ha (radius = 11.35 m) around eembst or random tree. | recorded species and
DBH for all shrubs 3 10 cm DBH within the midstory plot and all tre&s0 cm DBH
within the overstory plot. | estimated total, pine, and hardwood basal argaa;(m
Wenger 1984), stems/ha, and speciesrdityeusing Shannars Diversity Index (Ludwig

and Reynolds 1988) within midstory and overstory plots.

12-
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Figure 1.1 Location of study area and study site (shown with defined habitat types) in
Kemper County, Mississippi, 2062001.

E=] Mixed pine-hardwood
SMZ

Post-thinned

[ ]Open

Closed

[ ] Mississippi
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CHAPTER Il

MOVEMENTS, FORAGING AREAS, AND HABITAT SELECTION

Introduction

Many techniques, such as light tags, ultrasonic bat detectors, and radiotransmitters
have been used to determine movements, foragias, and habitat selection by bats.
Light tags are gelatin pill capsules filled with a luminescent chemical (e.g., Cyalume;
Buchler 1976). While light tags are inexpensive and lightweight, investigators have
reported bats dying from biting capsulesl amgesting the contents (LaVal et al. 1977).
Ultrasonic bat detectors, which record bat echolocation calls, often are used because they
are noninvasive (Fullard 1989), requiring no handling or manipulation of the animal.
This is an especially useful tedque when working with very small (i.e., <8 g) or
endangered species or when interest is limited to detecting presence or absence of bats.
However, when using ultrasonic bat detectors it is impossible to ascertain if calls are
being made by many batsame bat intensively using the habitat=fearrell et al. 1999)
and adequacy of bat detectors to ascertain habitat selection has been questioned (Miller et
al. 2003). Although radiotelemetry is manpower intensive and more intrusive than other

procedures his technique allows collection of detailed movement and behavior
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information on individually marked bats over a longer period of time and comparisons
between individuals to be made (Wilkinson and Bradbury 1988).

Intraspecific variation often exists betredissimilar landscapes. Furlonger et al.
(1987) found red bats in southwest Ontario active over terrestrial habitats (e.g., fields and
forests) significantly more than water habitats (e.g., ponds and streams). This differs
from Hutchinson and Lacki (@) who found red bats in foredbminated areas of
Kentucky foraged over water more than expected. In the White Mountain National Forest
in New Hampshire, red bats were most active over water, but within forests, their activity
did not differ between hdwood and softwood habitats (Krusic and Neefus 1996).
Therefore, comparisons of red bats between different biogeographical regions may not be
appropriate. No studies have investigated roost site selection, movements, foraging areas,

or habitat selectionf red bats in intensively managed pine forests in the Southeast.

Methods

Radiotelemetry

Beginning the evening after capture (see chapter 1 for capture details), | located
radiomarked bats to document foraging area size and habitat selection. BRaxditiel
began 30 minutes before sunset, ended 30 minutes after sunrise, and conti#li@d for
consecutive nights or until the transmitter could no longer be heard. Loss of a transmitter
signal can be caused by battery failure, transmitter damage, emigration of the bat out of

the study area, or the transmitter being dropped by the bat. T3vivetdl personnel

15
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equipped with TRX2000S receivers,-8lement Yagi antennas, compasses, anay?

radios recorded simultaneous azimuths on radiomarked bats from established
radiotelemetry stations. | recorded bat activity (determined by fluctuating
radiotransmitter signal strength) as an indication of whether the bat was foraging or night
roosting, and signal strength (provides a weak approximation for the proximity of a bat
because height above or below canopy and forest density also affect sigighstoen

each bearing.

Because bearings were obtained at irregular intervals and were more easily and
commonly recorded near the roosting areas of the bats, many bearings were discarded so
that only bearings taketB0 minutes apart were included in ars&dy The resultis a
more realistic view of how red bats foraged and what habitats they selected. Moreover, it
helps meet the assumption of independence of successive locations (Swihart and Slade

1985, White and Garrot 1990).

Movements

| measured disteces between successive roosts of individual bats by creating a
Apolyline@from these point files using the Movements extension (Hooge and Eichenlaub
1997) in ArcView 3.2 (ESRI 2000). This not only generated successive distances bats
moved between roostsut also rendered minimum and maximum distances moved
among roosts. | only calculated distances between roosts found on consecutive days (i.e.,

distances between 2 roosts used oncwrsecutive days were not measured).
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Using the bat as the experimentait, | used a mixed modeh&ay analysis of
variance (ANOVA; PROC MIXED, SAS Institute 2001) to test the null hypotheses that
(1) mean distance moved among successive roost sites does not differ among bat classes,
(2) minimum distance moved between rogitts does not differ among bat classes, and
(3) maximum distance moved between roost sites does not differ among bat classes. If
these results were not significant, | tested for differences among seasons. These
hypotheses were tested using gender, aye season as independent variables and mean,
minimum, and maximum distances moved between successive roosts as dependent
variables.

The mixed model ANOVA (PROC MIXED, SAS Institute 2001) technique is
robust enough to detect significant differences ofpamametric data. Therefore, | only
tested my data for homogeneity of variance using Levetest (PROC GLMptions=
hovtest, SAS Institute 2001). Data with unequal variances were reciprocally transformed
to meet homogeneity of variance assumptions {2&4). Data that did not meet
homogeneity of variance assumptions after transformation were analyzed using-Kruskal
Wallis tests (PROC NPAR1WAY, SAS Institute 2001). All data were analyzed using
SAS 8.0 (SAS Institute 2001). Data are presented as rivestasidard errors (SE).
Significance level was set Bt#0.05.

For each tracking night, | generated minimum and maximum distances (m) from
day roost sites to foraging locations for every radiotagged bat using the spider distance

function of the XTools exnsion (DeLaune 2000) in ArcView 3.2 (ESRI 2000). Ithen
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calculated a mean minimum distance for each individual by averaging minimum
distances traveled each night. Likewise, mean maximum distance was calculated for each
bat by averaging maximum distand¢esveled each night.

| used a mixed model®ay ANOVA (PROC MIXED, SAS Institute 2001) to
determine if differences existed among bat classes regarding mean minimum and mean
maximum distances moved from roost sites to foraging sites. If these reseltsoive
significant, | tested for differences among seasons (i.e., month combined with
corresponding year). Gender, age, and season were independent variables; mean
minimum distances and mean maximum distances traveled from roosts to foraging sites

were d@endent variables; the bat was the experimental unit.

Estimation of Foraging Areas

| used program Locate Il (Nams 2000) to generate UTM coordinates of bat
locations using 8 bearings taken from radiotelemetry stations with known UTM
coordinates. | impted location coordinates for each bat into ArcView 3.2 (ESRI 2000)
and generated home ranges using the 95% adaptive kernel estimator within the Animal
Movement extension (Hooge and Eichenlaub 1997). The adaptive kernel technique
generates areas of usesbd upon number of locational crosses found in these given
areas. | used the adaptive kernel method (Worton 1989) because it is a nonparametric
technique that is less affected by fewer observations than are other techniques (Hansteen
et al. 1997). Homeange estimation of mammals is often feasible using4ZD

independent radiotelemetry locations (Hawes 1977, Seaman et al. 1999). Except for one
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bat, only batsr(= 17) with330 locations were included in this analysis; bat # 046 only
had 24 locations,ui was included because so few juvenile females were captured. This
number of locations is similar to what other bat studies have used in the Southeast (e.qg.,
Adam et al. 1994, Menzel et al. 2001).

With the bat as the experimental unit, | tested thehygothesis that no
difference in foraging area existed among bat classes. If these results were not
significant, | tested for differences among seasons. These hypotheses were tested with a
mixed model 2vay ANOVA (PROC MIXED, SAS Institute 2001) withegder, age, and

month as independent variables and foraging areas as the dependent variable.

Habitat Analysis

Alldredge and Ratti (1986) suggested limiting number of habitat types included in
habitat analyses to reduce likelihood of Type Il errors (fgito detect existing
differences). Similarly, if many habitat types are included, this will result in smaller
individual habitats (Aebischer et al. 1993). This makes defining habitat availability more
difficult. Therefore, only 5 habitats were desigrth{see Chapter 1).

Timber harvest resulted in landscape changes within and between years.
Consequently, Asnapshot@were designated (Table 2.1) by creating 4 coverages. Bat
foraging areas were overlaid on their respective coverage in ArcView 3.2 2868,
depending upon when they were tracked.

| used Euclidean distances (Conner and Plowman 2001) to investigate habitat

selection of radiomarked red bats. Euclidean distances, like compositional analysis
(Aebischer et al. 1993), uses the animal as#mepling unit. Similar to Johnses
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(1980) thirdorder habitat selection model, when investigating habitat selection within an
animaks foraging area, animal locations represent habitat use and each foraging area
represents available habitat.

The Eucldean distance procedure measures distances from an indradjal
estimated locations and generated random points to the nearest representative of each
habitat type within the foraging area and study area; a distance value of zero was applied
to habitatan which locations were found (Conner and Plowman 2001). If habitats are
used at random, then average distances between an=sioadtions and its associated
habitats A) should be equal to average distances between random locationsitor the
animd and their associated habitak)( If habitats are used more than expected, then the
ratio of A :R will be <1. Likewise, if habitats are used less than expected, then the ratio
of Ai:R will be >1. An averagé :R (hereafter defined a%) was gnerated for each bat.

All dis were averaged to yield a mean vecigr (Using multivariate analysis of variance
(MANOVA), | tested for differences betweénand a vector of 1s.

Previous habitat analysis methods (Aebischer et al. 1993, Neu et al. 49€4) h
investigated occurrence of animal locations (habitat use) in different habitats and
compared habitat use to habitat availability for animals. As the Euclidean distance
approach measures distances and does not require the animAbSsigme@to a

particular habitat, it is robust to radiotelemetry error (Conner and Plowman 2001).

Results

Movements
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| captured 163 individual bats, including 64 red bats (Figure 2.1);Augest
2000 and Junrduly 2001 in Kemper County, Mississippi. | attachedatdnsmitters to
46 red bats (20 adult females, 11 adult males, 5 juvenile females, and 10 juvenile males).
Investigating bats that us@@ roosts (one bat used only one roost and thus was
not included in this anadys), | found that 140 roosts (including one roost tree that was
not found during habitat sampling and therefore not included in other analyses) were used
by 25 bats, including 9 adult females, 5 adult males, 5 juvenile females, and 6 juvenile
males. Eachat used an average of 5.6 roosts (rangg&22roosts), switching roost trees,
on average, every 1.2 days (rangerldays). Red bats in the study area moved, on
average, 95.39 13.03 m (range 1.8B 1,037.22 m; Table 2.2) between successive
roosts. Adults and juveniles did not differ regarding mean distances traveled between
successive roost&{ ,;=0.02 P = 0.88), minimum distances traveled between
successive roost&{ »; = 0.16 P= 0.696), or maximum distances traveled between
successive roost&{ »; = 0.31 P=0.583). Males and females did not differ regarding
mean distances traveled between successive régsis< 0.76 P = 0.393), minimum
distances traveleldetween successive roosis ;= 2.46 P=0.132), or maximum
distances traveled between successive robgts € 2.51, P=0.128). There was no age

by gender

interaction effect
regarding mean

@ Red bat distances traveled
1 Seminole bat

Evening bat
W Eastern pipistrell¢
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between successive roosks (1= 0.43 P=0.518), minimum distances traveled between
successive roosts{ »; = 0.07 P=0.793), or maximum distances traveled between
successive roost&{ »;=0.01, P=0.906). Season did not affect mean distances traveled
between successive roosks (9= 0.78 P = 0.577), minimum distances traveled between
successi ¥%®2.18 Bo00s8813 or (naximum distances traveled between
successive roost&{ 9= 0.57, P=0.723).

Overall, the mean minimum distance traveled from roost sites to foraging
locationswas 101.387 18.70 m, whereas the mean maximum distance was 1,289.84
204.09 m (Table 2.3). Adults (61.998.11 m;n = 10) moved significantlyH; 14= 5.80,

P = 0.03) shorter minimum distances between roost sites and foraging locations than
juveniles(150.63V 34.37 m;n = 8). Differences between adults and juveniles were not
detected R, 14=0.04 P = 0.852) for mean maximum distance traveled from roost sites

to foraging locations. Males and females did not differ regarding mean minimun~

0.41, P=0.531) or mean maximunf{ 14= 0.03 P= 0.867) distances traveled between
roost sites and foraging locations. There was no age by gender interaction effect
regarding mean minimunf{ ;4= 1.25 P =0.282) or mean maximunf{ ;4= 1.92,P =

0.188) distance traveled between roost sites to foraging locations. Season affected mean
maximum distance traveled. Bats traveled farthgn¢=4.73 P=0.014) from roost

sites to foraging locations during June 2001 (2,258.387.11 m) than they did during

June 2000 (935.72 353.67 mP = 0.013), July 2000 (491.84170.63 mP = 0.002),
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August 2000 (799.02 114.74 mP = 0.007), and July 2001 (1,186.8879.74 mP =
0.025). All other seasons were similar to one anqtér0.05).

Radiomarked bats were often located >3 km from their roost sites. Due to the
short radiotransmitter range (<2 km), lack of accessible roads in some parts of the study
area, and the ability of red bats to travel quickly between areas, eligthiat distances

between roost sites and foraging locations reported here are underestimates.

Foraging Area Estimates

Red bats included in foraging area analysis (L8) had an average of 46.9
locations (range 2B 128, Table 2.4) per bat. Averagige of foraging areas was 9441
20.16 ha (Table 2.4). Male foraging area size (94723%.73 han = 8) did not differ
(F1,14= 0.0Q0 P = 0.964) from female foraging area size (94%830.62 han = 10).
Adult foraging area size (101.64 28.87 han = 10) did not differ F; 14=0.24 P=
0.631) from juvenile foraging area size (85.8629.35 han = 8).

Adult females 1§ = 7) had a mean foraging area of 82¥281.72 ha. Adult males
(n = 3) had a mean foraging area of 146v883.23 ha. Juvenile femalas<£ 3) had a
mean foaging area of 123.18 80.22 ha. Juvenile males£ 5) had a mean foraging
area of 62.6% 11.72 ha (Table 2.4). No difference was detected among foraging areas
regarding an age by gender interactibn {4,= 2.02 P=0.178). June foraging area sze

(n=8) were 123.9% 31.32 ha. July foraging area sizas=(7) were 72.7% 35.74 ha.
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August foraging area sizes £ 3) were 66.4% 22.94 ha. No differences were detected
among foraging areas regarding morih6= 1.53,P = 0.252).
Except for bost # 134 used by an adult female (# 010), bat roosts were located
within their respective bas foraging areas. Foraging areas were composed Of 1
distinct areas of activity. Foraging areas of red bats captured at the same site often

overlapped.

Habitat Selection

Stands were being harvested and thinned throughout the study. Usually,
harvesting occurred in stands not being used by monitored bats. However, during one
session, harvesting was taking place in the same area where | was trackinghisats
harvesting continued for approximately 4 days, resulting in a dynamic landscape. |
excluded 2 adult female bats (#s 033 and 034) from habitat analyses as | could not
ascertain what habitats were available in this stand. Therefore, 16 red ddut (5
females, 3 adult males, 3 juvenile females, and 5 juvenile males) were included in habitat
analyses.

Monitored red bats in Kemper County, Mississippi exhibited no preferences for
particular habitats within foraging areds = 0.2Q P = 0.954). Males and females did
not select habitat differentlyv§ s = 1.0Q P = 0.476) within foraging areas. Adults and

juveniles did not select habitat differentfsg = 0.07,P = 0.995) within foraging areas.
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No age by gender interaction for habitat selectathin foraging areas was detectéd
=0.67 P=0.66). Overall, habitats within the study area were used randBgyy (
0.54,P =0.743). Habitat selection within the study area was not detected with regards to
age Fs5=0.57 P=0.726), geder Fss=0.49 P=0.775), or age by gender interaction

(F518: 063 P= 068)

Discussion

Movements

No differences existed between males and females nor adults and juveniles
regarding distances moved between successive roosts. This mayusehecaniles
roost with their mothers throughout most of the summer. As late as 12 August 2000, a
juvenile male red bat (# 014) was found roosting very close, possibly even clinging to
another bat (presumably, his mother). Because juvenile bats werespeently
roosting with other bats (presumably, their mother and siblings), it is probable that
distances moved between successive roosts for juveniles should closely match those of
adult females.

Audit (1990) found juvenile mouseared batsMyotis mytis) had a more direct

path, albeit slower flight, back to the roost than adults. In my study, there was no
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difference in mean maximum distances traveled between roost sites and foraging
locations between adults and juveniles. However, adults travglaticantly shorter
distances between roost sites and foraging locations than did juveniles. Kunz (1974)
found newly weaned juvenile cave bawy6tis velife) had shorter foraging distances

than adult females because the adults leave the roost eadegrease intraspecific
competition. Shiel et al. (1999) found that juvenile Lefssdpats Nyctalus leislen were
more likely than adults to roost away from the colony and foraging distances of juveniles
increased with time, possibly due to explomti&Ghorter mean minimum foraging
distances of adult bats in my study may be from adults returning more quickly and often
to their day roosts, whereas juveniles used alternate night roosts rather than returning to
the day roost to rest and digest theirdod\Iternately, it may result from a greater degree

of experience or familiarity with the area.

Foraging Areas

Foraging area sizes were considerably smaller than those reported by Hutchinson
and Lacki (1999) in upland hardwood forests. Landscape canpopresent throughout
the study area, including abundant water sources and structural diversity within pine
plantations, provided breeding sites for many insect species. Therefore red bats may not
need to travel far in search of prey. Except for onstrased by bat # 010, all foraging
areas contained their respective bat roosts and a water source (i.e., SMZ habitat). This

may help reduce energy expenditure due to commuting (Kunz 1982).
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Due to difficulties inherent in this type of study (e.g., sh@ms$mitter range, lack
of roads in some parts of the study area, and the ability of red bats to travel quickly over
large distances), | occasionally lost contact with radiomarked bats. Therefore, reported
sizes of foraging areas may be underestimatedal&e of small sample sizesH18), it

also is possible that differences among bat classes exist but were not detected.

Habitat Selection

Numerous studies have shown bats most active in mature forest stands within
managed forests (e.g., Thomas and V891, Erickson and West 1996, Kalcounis et al.
1999). Using ultrasonic detectors, Hayes and Adam (1996) found bat activity to-be 4.1
7.7 times greater in wooded habitats than in nearby logged areas in a managed forest in
Oregon. Similarly, Jung et.g11999), examining bat activity in selectively harvested pine
forests of Ontario, recorded twice the numbegbtiscalls in mature pine and mixed
woods as logged areas. However, within the same managed pine plantations, red bats
preferred open areas all other habitat types (Jung et al. 1999). Although my study site
provided red bats with open and mature stands in which to forage, no habitat selection by
red bats within my study area was detected. Given the mild climate, abundance of water,
and stuctural diversity created by midstory and understory vegetation, it is likely that
insects are ubiquitous throughout the study area. Likewise, red bats may have used roads
to a large degree. These roads may have been situated around any habitatitiypg, res
in random use of habitats. However, it is more likely that lack of habitat selection is a

result of red batsinability to distinguish between habitat types. Most (85.58%) of the
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pine plantations in Kemper County have open canopies, being gireno posthinned
stands (Table 2.1). Itis possible that these habitats offer similar foraging space for red

bats, resulting in equally efficient foraging in all habitats.



Table 2.1 Respective percentages of habitat types as they existed iAshapghoi®as the landscape was altered by timber
harvest throughout the study in Kemper County, Mississippi,-200Q. (Open = open canopy pine plantations,
Closed = closed canopy pine plantations, flasined = posthinned pne plantations, MPH = mixed piffeardwood,
and SMZ = streamside management zone)

Open Closed Pettinned MPH SMZ

JuneJduly 2000 17.24 3.12 68.33 3.77 7.53
August 2000 18.48 3.12 6711 3.77 7.53
June 2001 22.36 3.12 63.23 3.77 7.53

July 2001 25.28 3.12 60.31 3.77 7.53
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Table 2.2 Red bats captured and radiomarked in Kemper County, Mississippi in 2000
and 2001 with thir corresponding age [adult (A) or juvenile (J)], gender
[male (M) or female (F)], tracking month, tracking year, and mean, minimum,
and maximum distances (m) traveled between successive day roosts.
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Table 2.3 Red bats captured and radiomarked in Kemper County, Mississippi in 2000 and 2001 with their corresponditig age [ad
(A) or juvenile (J)], gender [male (M) or female (F)], tracking month, tracking year, and mean minimum and mean
maximum distances traveled from day roosts to foraging sites.
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Table 2.4 Red bats captured and radiomarked in Kemper County, Migsiadipp24
locations with their corresponding age [adult (A) or juvenile (J)], gender [male
(M) or female (F)], tracking month, tracking year, number of locations, and
foraging area size (ha) in 20Q001.
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CHAPTER Il

ROOST SITE SELECTION

Introduction

Roosts are vitally important structures to bats, providing mating and nursery sites,
and protection from heat, cold, and predatorsn(K1982, Vonhof and Barclay 1996).
Species that switch roosts may obtain benefits such as decreased parasite loading,
increased thermoregulation, predator avoidance, escape from disturbance (Lewis 1995),
and decreased commuting distances between ro@stthfpraging sites (Kunz 1982).
Tradeoffs for the advantages include increased energy expenditure during searches for
new roosts and decreased foraging efficiency due to unfamiliarity with new surroundings
(Alcock 1989).

Many bat species roost in abanéd buildings, mine shafts, caves, or other semi
permanent structures. Protection of such permanent structures may involve use of gates
or bars to protect bats from human disturbance. The result is a relatively simple and
viable management option for mabat species (Wilson 1997). Understandably, most
studies involving bats that roost in sep@rmanent structures have focused on locating
and preserving roost sites (Hutchinson and Lacki 2000). However, preservation of more

ephemeral roost sites suchteees may not be a viable option (Fenton 1997). Many

38



3¢

studies suggest forest management on a larger scale may be necessary to protect roosts of
forestdwelling bats (Brigham et al. 1997, Crampton and Barclay 1998, Kalcounis and
Brigham 1998, Rabe et al. 98).

Lasiurusis the only North American bat genus that is adapted to roost in foliage
of live trees (Barbour and Davis 1969, Shump and Shump 1982, and Sealander and Heidt
1990). However, comparatively little is known of this group. Only recently hak mu
attention been brought to 2 Lasiurine species. Menzel et al. (1998) examined roost use by
Seminole batslasiurus seminolysand red bats in landscapes dominated by pines,
mixed pinehardwood communities, and hardwoods. They found Seminole batsdrooste
almost exclusively in pines, whereas red bats preferred roosting in white oak species.
Similarly, Hutchinson and Lacki (2000) documented red bats roosting in live hardwood
trees in mature upland forests. Mager and Nelson (2001) documented red hateoost
an urban area lllinois. Although red bats were found roosting in roof shingles, leaf litter,
and grass, most red bats (89%) were found roosting in or on large deciduous trees (Mager
and Nelson 2001). Given red batspparent preference for largardwoods and red bat
abundance on the study site (Miller 2003), it was of interest to determine roost site

selection of red bats in a landscape of intensively managed pine.

Methods

Vegetation Sampling
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| located and flagged day roosts of all radiokedrbats daily for approximately
10 days, beginning 2 mornings after capture. | did not document roosts of bats the day
after capture to minimize roosts selected by bats while adjusting to the stress of capture.
For each roost tree located, | selectedralom tree. A random tree was the closest tree
to a point located by traveling a random distance and direction from a randomly selected
radiotelemetry station. Because no monitored red bat roosted in a snag, only live trees
were selected for random saimg. UTM coordinates were recorded for roost and
random trees and overlaid on a GIS coverage of the area.

For each roost and random tree, | recorded species, DBH (cm), percentage canopy
closure (at the cardinal directions, 2 and 10 m from the base wé#)eaising a spherical
densiometer (Lemmon 1957), distance to nearest forested edge (m), and distance to
nearest potential water source (m). Because the nearest forested edge was usually
delineated by a road, this distance was calculated by perforrsipafial join of the tree
and road attributes in the Geoprocessing Wizard in ArcView 3.2 (ESRI 2000). However,
when the nearest forested edge was a loading deck or clearcut, the distance was measured
by pacing. The distance to nearest potential wateceauas calculated by performing a
spatial join of the tree and SMZ attributes in the Geoprocessing Wizard in ArcView 3.2
(ESRI 2000). Due to drought conditions in 2000, water was not always present in SMZs;
therefore only distances to potential waterreses are known.

Two nested circular plots were created around each roost and random tree.

Within a midstory plot of 0.004 ha (radius = 3.5 m), | recorded the species and DBH of
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all trees 3 10 cm DBH. | also recorded the species and DBH of all ##éxm DBH
within an overstory plot of 0.04 ha (radius = 11.35 m). Using this information, |
calculated species diversity using Shannon's Diversity Index, (Ludwig and Reynolds
1988), stem density, and total, pine, and hardwood basal afa)m
Roost Hhbitat Selection

To explore the possibility that habitat type influences roost selection, | measured
distances from each roost and random tree to the edge of the nearest representative of
each habitat type (i.e., | measured the distances from each tineectiige of the nearest
open canopy pine plantation, closed canopy pine plantationitposed pine plantation,
MPH, and SMZ plantations). A distance value of zero was assigned to the habitat in
which the roost or random tree was found (Miller et @0®. Often times | could not be
sure of the distance to open habitat due to ongoing timber harvest. In these cases, no
measurements were made. No distances to open habitat were known for juvenile females

(n=05).

Data Analysis

| tested data for hongeneity of variance using Levergtest (PROC GLM
options= hovtest, SAS Institute 2001). | reciprocally transformed most data prior to
analysis to meet homogeneity of variance assumptions. However, data in which zeros
occurred often (e.g., basal arggeaes diversity, and stem density) were transformed
prior to analysis using the formula: 1/x+1 (Zar 1974) to correct for nonhomogeneous

variance. Data that did not meet homogeneity of variance assumptions were analyzed
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using KruskalWallis tests (PROC RAR1IWAY, SAS Institute 2001). | divided the data

into 4 Aclassificationgi(i.e., adult females, adult males, juvenile females, and juvenile
males) prior to testing. All other data were tested using a mixed maodef ANOVA

(PROC MIXED, SAS Institute 2A0) to determine if differences existed among bat

classes. In cases where there was no significant effect due to age, gender, or an age by
gender interaction, | usedvtay ANOVA (PROC GLM, SAS Institute 2001) or Kruskal
Wallis tests, whichever was apprate, to examine differences between seasons. | used

a Chisquare to test the hypothesis that tree species were used proportionally to
availability by comparing roost species to random species sampled. Significance level

was set aP #0.05.

Roost Site Modeling

To develop roost site models, | grouped bats into 4 age/gender classifications and
randomly divided random trees into 4 classifications such that the number of random
trees was equal to number of roost trees. | usedayJANOVA or KruskatWallis test
to compare tree variables of the age/gender classes with corresponding random tree
variables. Often smallét-values are set by the investigator to reduce the risk of Type I
errors. This may result in loss of biologically sfgrant results (Pielou 1977).
Therefore, significance level was sePat 0.10 for 2way ANOVA or KruskalWallis
tests comparing roost and random tree variables.

| conducted stepwise logistic regression (PROC LOGISTIC, SAS Institute 2001)

with maximum likelihood estimators (Hosmer and Lemeshow 2000) on variables that
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differed between roosts and randoms to develop roost site models. Logistic regression
may be used to model data with binary (e.g., roost vs. random) distributions (Hosmer and
Lemeshow 2000). Stepwise logistic regression is a tool used to effectively reduce the
number of variables from a model, keeping only those that render the largest likelihood
ratio statistic; significance is determined through likelihood ratiorsgbare tests

(Hosmer and Lemeshow 2000). It is especially useful in studies in which aneatoe

know which variables affect the dependent variables (Hosmer and Lemeshow 2000). All
data were analyzed using SAS 8.0 (SAS Institute 2001). Data are presented as means

standard errors (SE).

Results

| documented 141 roost trees used by 27 resi@at 5.22, range of 112
different roost trees per bat). Except for adult females roosting with young, most bats
roosted alone. However, bats 014 and 015, both juvenile males, shared a pine roost (#
172) on 16 August 2000. Therefore, this rooshcduded twice in the analyses. These
bats shared no other roost while | was tracking them.

Investigating bats that usé@ roosts, | found that 140 roosts (including one roost
tree not found during habitat sampling and therefore not included in othgses)alvere
used by 25 bats, including 9 adult females, 5 adult males, 5 juvenile females, and 6
juvenile males. Each bat used an average of 5.6 roosts (raidger@osts), switching

roost trees, on average, every 1.2 days (rangedays).
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Monitoredbats roosted in loblolly pine (on bark, in vines, and in canopies) and 16
species of hardwoods, including 2 red oaBadrcusspp) that could not be identified to
species. Only live trees were used as roosts. The 141 sampled random trees were
composed Dloblolly pine and 20 species of hardwoods, including a red Qalkrcus
sp.) that could not be identified to species. Hardwood roost trees averaget 13406
cm DBH (range 2.3 83.5 cm); | neglected to measure DBH for 2 hardwood roosts.
Hardwood radom trees averaged 7~%50.6 cm DBH (range 1.240 cm). Pine roost
trees averaged 37.1500.9 cm DBH (range 26.557.0 cm); pine random trees averaged
33.2V 1.3 cm DBH (range 5.453.0 cm). Hardwoods made up 70% of day roosts and
64.5% of the randortrees. Pines made up the remaining 30% of roosts and 35.5% of the
random trees. Mean distance from forested edge was 13@.33! m (range 1.0B
417.41 m) for roosts and 65.044.43 m (range 1.0B 291.00 m; truncated at 300 m) for
randoms. Mean diahce to a potential water source was 23%.42.40 m (range 10.35

B 516.34 m) for roosts and 317.5017.69 m (range 2.48 941.23 m) for randoms.

Roost Sites

Roost speci e$%=1953Pk 0.601)fronmeavadabilit BRoost and
random tees were placed into 1 of 5 categories [i.e., loblolly pine, hickdZias/aspp.),
sweetgumI(iquidambar stiraciflud , oaks, and %@*h08P30.008) Hi ckori es
and s we%= 496 e 0(085) were used disproportionately more than
availb i | i t y3=05Bm= s0 .(46 8) % & B.477,P e @K6) wdresused in

proportion to &\v&D0Pab.026)iweryused disptoporionately(
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less than availability. Females roosted in trees with larger DBHs (261527 cmn =
78;F1 135= 5.14 P=0.025) than males (20.661.89 cm,n = 61). DBH of adult roosts
(24.86V 1.86 cm,n = 70) did not differ F1 135= 0.24 P = 0.623) from that of juveniles
(23.06V 1.61 cmn = 69) and there was no age by gender intera¢E@nss= 1.0Q P =
0.319). Distance from roosts to forested edge did not differ between adults {92 8%

m) and juveniles (168.24 14.80 m;F; 137=0.01 P=0.942), males (118.2311.26 m)
and females (140.9% 14.19 m;F; 137= 0.68 P=0.411), and there was no age by gender
interaction F;, 137=1.77 P=0.186). There also was no effect due to seds9mzé=

1.11, P=0.36). Juveniles (293.3716.48 m) roosted farther from a potential water
source than did adults (190.9716.03 m;F; 137=11.13 P=0.001). Distance to nearest
potential water source did not differ between roosts used by males (2683888 m)

and females (217.0% 14.76 m;F, 137= 2.25 P=0.136); there was no age by gender
interaction F1, 137=1.01 P=0.316). An age by gender interaction effect exists for roost
canopy closureH; 137=18.4Q P< 0.001). Mean separation showed juvenile females
roosted in plots with less canopy closure (84/0R.61 %) than adult females (94.83

1.13 %;P < 0.001), dult males (90.6% 2.19 %;P = 0.015), and juvenile males (94.42

V 1.14;P <0.001).

Overstory Vegetation Variables
| detected an age by gender interaction for total basal area of roost overstory plots

(F1 137=5.21, P=0.024). Mean separation indted juvenile females used roosts with



46

less total basal area (15.901L.03 nf/ha) than adult females (19.161.01 nf/ha;P =
0.046). Total basal area for roost overstory plots were similar for all other age/gender
classes. Differences existed amonggge/n d e r %3 12.86 e 6.007) & pine
basal area of roost overstory plots. Adult males roosted in plots with less overstory pine
basal area (8.36 1.65 nf/ha) than did juvenile females (14.870.87 nf/ha; P = 0.002)
and juvenile males (13.68 1.04 nf/ha; P = 0.005), but was similar to that of adult
females (11.1¥ 1.25 nf/ha;P = 0.121). An age by gender interaction existed for
hardwood basal area of roost overstory plBis:67= 5.33 P=0.023). Hardwood basal
area within roost overstp plots of juvenile females (1.531.01 nf/ha) and juvenile
males (4.107 0.97 nf/ha) was less than that of adult females (8/11334 nf/ha;P <
0.001 and® = 0.024, respectively) and adult males (10v2P.31 nf/ha;P < 0.001 and®
= 0.003, respectiveg).

Species diversity within roost overstory plots had a signifidant{;= 5.21, P=
0.024) age by gender interaction. Mean separation indicated tree species diversity within
overstory plots of juvenile femaleS£ 0.63Vv 0.09) was less than thatadult females
(5S=1.17v 0.99;P < 0.001), adult malesSE 1.11V 0.14;P = 0.004), and juvenile
males §=1.01v 0.1;P = 0.01).

Stem density did not differ between adult (337v509.41) and juvenile red bats
(304.71V 15.12;F;, 137= 0.41,P = 0523), between male (329.%618.97) and female
red bats (314.7% 16.43;F; 137= 0.15,P = 0.699), and there was no age by gender

interaction F; 137=1.88,P = 0.173). Differences were detected among seasgnsd=
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3.70,P = 0.004). During Septeber 2000, roost overstory plots had fewer stems per ha
(131.25V 25.77) than plots sampled in June 2000 (34&.25.79;P = 0.005), July 2000
(385.00V 26.69;P = 0.001), August 2000 (326.0932.23;P = 0.012), and June 2001
(334.62Vv 33.77;P = 0.008). July 2001 had fewer stems per ha (269%588.69) than

June 2000R = 0.035) and July 200@P(= 0.002).

Midstory Vegetation Variables

An age by gender interaction was detected for total basal area for roost midstory
plots F1 137= 9.63 P=0.002). Mean separation indicated juvenile females roosted in
plots with less total basal area (14®.34 nf/ha) than adult female plots (2.800.28
m?/ha;P = 0.008) and juvenile males (2.910.33 nf/ha; P = 0.002). Total basal area for
roost midstory pla were similar for all other bat class®s3(0.05). No differences in
pine basal area for roost midstory plots were detected between aduifsn®ha) and
juveniles (0.02v 0.01 nf/ha;F1 137= 0.93 P = 0.337) or males (0.02 0.02 nf/ha) and
females (0V O nf/ha;F1 137= 0.93 P = 0.337). Additionally, no age by gender
interaction was detecteffy( 137= 0.93 P = 0.337). No effect due to season was detected
(Fs 135= 0.55 P=10.736). An age by gender effect exists for hardwood basal area for
roost midstory plotsK;, 137=9.32 P=0.003). Hardwood basal area within roost

midstory plots of juvenile females (1.480.27 nf/ha) was less than that of juvenile



48
males (2.887 0.33 nf/ha; P = 0.002) and adult females (2.600.28 nf/ha; P = 0.008)
adult males had similar hardwood basal area (2.0853 ni/ha) to all other bat classes.

An age by gender interaction effect existed for tree species diversity within roost
midstory plots F1 137=5.31, P=0.023). Mean separation indicated greapacies
diversity within midstory plots of adult femaleS< 0.43Vv 0.10) compared to adult
males §= 0.68V 0.07;P = 0.047) but similar to that of juvenile femal&<0.51V
0.08;P = 0.555), and juvenile maleS€ 0.66V 0.08;P = 0.213).

An ageby gender interaction effect existed for stem density within roost midstory
plots F1 137= 7.49 P=0.007). Mean separation indicated juvenile females in plots with
fewer number of stems/ha (674.249.41 ni/ha) than adult female plots (1,038.89
99.23 nf/ha; P = 0.015) and juvenile males (1,000.9024.00 ni’ha; P = 0.038). Total

basal area for roost midstory plots were similar for all other bat classes.

Roost Habitat Selection

Six of the 45 roosts (13.3%) occupied by adult femalesq) werelocated in
SMZs, with the remaining 39 (86.7%) occurring in pitghned pine plantations. Despite
high usage of poghinned pine plantations, only 17.8% of adult female roosts were
pines. Ten of the 27 roosts (37%) occupied by adult mateg) werelocated in SMZs,
whereas the other 17 (63%) occurred in fibstned pine plantations; 14.8% of all adult
male roosts were pines. All juvenile female roosts {) were found in poghinned
stands; 66.7% of roosts were pine trees. Only 1 (2.8%) @ttiheosts used by juvenile

males ( = 6) was found in an SMZ; the rest were in pgibétined pine plantations.
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However, only 25% of juvenile male roosts were pines. No red bat roosts were found in
open canopy pine plantation, closed canopy pine planfatianixed pinehardwood
stands.

An age by gender interaction occurred for distances to open h&hitatH6.71,
P =0.002), posthinned plantationsH, 137= 5.46 P=0.021), and MPH standB4( 137=
14.21 P<0.001). Compared to adult fema(&21.85v 32.09 m;P < 0.001) and
juvenile males (491.62 19.07 m;P < 0.001), adult males roosted in trees closer to open
habitats (185.6& 36.20 m). No distances to open habitats were known for juvenile
female roosts. Adult males roosted farthenfnoostthinned plantations (29.68 12.55
m) than adult females (4.221.80 m;P < 0.001), juvenile females (& 0 m; P < 0.001),
and juvenile males (1.72 1.71 m;P < 0.001). Roosts of juvenile males were located
greater distances from MPH stands (269% 55.08 m) than were those of adult females
(1,550.26v 85.94 m;P < 0.001), adult males (1,725.96185.96 m;P = 0.016), and
juvenile females (1,152.09 75.20 m;P < 0.001). Juvenile females roosted shorter
distances from MPH stands than adult feea@ = 0.004) and adult maleB & 0.001).

| used the KruskaWallis procedure to examine differences in distances to SMZs
and closed pine plantations between bat classes (i.e., males, females, adults, juveniles)
and agegender combinations (i.e., adt#males, adult males, juvenile females, and
juvenile males). Differeres existed amongagee nd er c o mdriléG56P< ons ( G
0.001) for distances to SMZs. Adult females used roosts closer (12380 m) to

SMZ habitat than did adult males (258¥93%8.74 m;P = 0.02) and juvenile males
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(252.32V 20.69 m;P = 0.018)but similar in distance to those of juvenile females
(193.87V 17.58 m;P = 0.325).
Juveniles roosted closer (1,2652270.34 m) to closed habitat than adults
(1,476.67v 139.21 mP = 0.035). No difference was detected between males (1,654.89
Vv 20934 m) and females (1,145.6§797.04 m;P = 0.272) regarding distance from roosts

to closed habitat.

Roost Site Modeling

Comparing the 4 red bat classifications with the random equivalent classifications
(PROC GLM, SAS Institute 2001) revealed differenbetween roost and random tree
variables (Tables 313.4). Regression of roost and random tree variables indicated
roosts of adult females closer to SMZ habitat (\Wald; s 7.10,P = 0.008), water
(Wald=s 2 5 8.48,P = 0.004), and closed habitat ld=s % 5 5.71,P = 0.017) but
farther from open habitat (Watd 2% 5 9.59,P = 0.002). Adult female roosts had greater
canopy closure (Wafts % s 7.52,P = 0.006) and overstory (Watd % 5 3.96,P =
0.047) and midstory (Wats % s 5.05,P = 0.05) stem density than their random
counterparts. The model correctly classified roosts 79.4% of the time and randoms
83.3% of the time.

Regression indicated overstory hardwood basal area was the only variable
necessary to classify adult male roosts. [Aohale roost plots had larger overstory
hardwood basal area (Waisl %, s 5.69,P = 0.017) than corresponding random plots.

Randoms were correctly classified 88.9% of the time, whereas adult male roosts were
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correctly classified only 52% of the time. This low percentage indicates little choice of
roost characteristiasn the part of adult males that have no parental responsibilities and
may roost wherever is convenient.

Distance to closed habitat differed between juvenile female roosts and random
trees, but was discarded from regression analysis because its inobssilbad in a
complete separation of data points. Complete separation occurs when independent
variables used to classify an event or+eeent are so dissimilar as to result in a vector
that correctly partitions all observations to their response groops9®&3). With
complete separation, there is no maximum likelihood and therefore a less reliable model
(So 1993). A greater DBH (Watd % s 13.29,P < 0.001), greater distance to forested
edge (Walds % s 8.23,P = 0.004), and less overstory total hlearea (Walds %
4.72,P = 0.03) were associated with juvenile female roosts. The model correctly
classified roosts 90.9% of the time and randoms 87.9% of the time.

Increased distance to open habitat (Wald, s 13.48,P < 0.001) and canopy
closue (Waldss % & 8.90,P = 0.003) with less distance to closed habitat (Wald; &
4.63,P = 0.03) were associated with juvenile male roost models. Juvenile male roosts
were correctly classified 88.9% of the time; randoms were correctly classified @6.5%
the time. However, because juvenile males were found roosting with or clinging to other
bats as late 12 August 2000, it is likely that juvenile males exhibited little roost site

selection, leaving that to the mothers.

Typical Roost Sites by Bat Catey
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Within my study area, a typical adult female roost was a hardwood of relatively
large diameter (i.e., 25 cm) located in a pbgtned pine plantation. These roosts were
approximately 75 m from a forest edge and 200 m from a water source. Carsypg clo
in these roost plots was very high (94%), as was stem density (overstory and midstory).
Overstory basal area (total, pine, and hardwood), midstory basal area (total, pine, and
hardwood), and species diversity (overstory and midstory) were high erated Adult
female roosts, on average, were far from open habitat (>500 m), mixedgvoheood
habitat (>1,550 m), and closed pine plantations (>1,300 m) but close to SMZs (150 m).

Similarly, a typical juvenile male roost was a hardwood of smalleret@mii.e.,

19 cm) located in a peshinned pine plantation. These roosts were approximately 100 m
from a forest edge and 300 m from a water source. Canopy closure in these roost plots
was very high (94%), as was stem density (overstory and midsOwgrstory basal area
(total, pine, and hardwood), midstory basal area (total, pine, and hardwood), and species
diversity (overstory and midstory) were relatively high to moderate. Juvenile male roosts,
on average, were far from open habitat (500 m), mpieethardwood habitat (>2,000

m), and closed pine plantations (>1,600 m) but relatively close to SMZs (250 m).

A typical adult male roost was a hardwood of moderate diameter (i.e., 22 cm) and
was more likely to be situated in an SMZ than other bat dieasstins. These roosts
were roughly 125 m from a forest edge and 200 m from a water source. Canopy closure
in these roost plots was high (90%), as was overstory stem density; midstory stem density

was moderate. Overstory total basal area was modevatsiary pine basal area was
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low, and overstory hardwood basal area was high. Midstory basal area (total, pine, and

hardwood), and species diversity (overstory and midstory) were moderate. Adult male

roosts, on average, were far from mixed gnaedwoocdhabitat (>1,700 m) and closed

pine plantations (>1,650 m) but close to open habitat (<200 m) and SMZs (250 m).
Juvenile females were the exception to the rule. A typical juvenile female roost

was a loblolly pine of large diameter (i.e., 27 cm) and wasya situated in a post

thinned pine plantation. These roosts were approximately 280 m from a forest edge

and >250 m from a water source. Canopy closure in these roost plots was moderate

(84%), as was overstory stem density; midstory stem denagyow. Overstory total

basal area and overstory pine basal area was low to moderate, and overstory hardwood

basal area was low. Midstory basal area (total, pine, and hardwood), and species diversity

(overstory and midstory) were low. Juvenile femalests, on average, were relatively

close to mixed pindardwood habitat (>1,000 m), closed pine plantations (850 m) and

SMZs (250 m). Distance from juvenile female roosts to open habitat is not known.

Because juvenile females tended to roost in-foated pine plantations, more

specifically pine trees, it may be that intensive pine silviculture is beneficial to this

important segment of the population, although future research may be necessary to

discover the reason.

Discussion
In a similar study condted by Menzel et al. (1998, 2000) in areas of Georgia and

South Carolina dominated by pines, only one occurrence of a red bat roosting in a pine
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was found; all other roosts were overstory hardwood trees. Based on this, | assumed that
radiomarked red bata my study area would be found roosting in nearby SMZs where
they were captured due to the presence of more large hardwoods in that habitat, as
compared with other habitats in the area. Although | documented some roosts in SMZs
(n =17, 12.06%), most (124, 87.94%) were located in pasinned plantations. The
most likely explanation for the spectrum of roost trees used within my study site is the
fact that the red bat is a generalist species (Barbour and Davis 1969).
On average, red bats in my stuglyitched roosts every 1.2 days. This is more
often than Hutchinson and Lacki (2000) documented for red bats in Kentucky that
switched every 2.3 days. Lewis (1994) concluded that roost lability is directly related to
roost availability. In other word#he more plentiful appropriate roost sites are, the more
likely it is for an animal to switch between sites. The frequency with which red bats in
my study site switched roosts suggests that adequate roost sites were abundant in the area.
Midstory trees (20 cm) composed 49.6% of random trees. However, red bats
roosted more often in overstory hardwoodlsQ cm DBH; 74.0%) than in midstory
hardwoods (<10 cm DBH; 26.0%). Red bat use of hardwoods may be a product of tree
growth characteristics. Sweetgum and hickories (quigkbyving trees) were used more
than availability, whereas oaks and others (eegl. nnaple Acer rubrum), and blackgum
(Nyssa sylvaticg, which are slowegrowing trees and unable to gain much height before

timber harvest eliminates them, were used proportional to or less than available.

Roost Sites
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Females were found to roost ieds with larger DBH than males. Because DBH
is proportional to tree height, it is possible that females chose taller trees to avoid
terrestrial predators (Morrison 1980, Cramptom and Barclay 1998) or to remain cooler
during the day (Hutchinson and LacKi®). Lack of familiarity with the area might
explain why juveniles roosted farther from water. However, it is more likely that this, as
well as lower canopy closure for juvenile females, is a product of more juvenile roosts

being situated in poghinned pine plantations.

Overstory and Midstory Vegetation Variables

Juvenile female roost sites exhibited many differences from other bat
classifications. They had less overstory total basal area, overstory species diversity,
midstory total basal area, dsitory hardwood basal area, and midstory stem density.
Intuitively, one would expect these variables to be smaller inthosted pine stands, in
which trees have been removed, resulting in a more open forest.

Adult male and female roost sites simildngd less overstory pine basal area and
greater overstory hardwood basal area than roost sites of juvenile males and females.
This is to be expected because the adults roosted in SMZs much more often than
juveniles did. Adult male roost plots had less stody species diversity than adult
female roosts. This may be due to the greater number of roosts found in SMZs. SMZs
are predominantly composed of tall, large diameter trees, which grow closely together,

shutting out most of the sunlight and impeding ¢ginowth of midstory trees.
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Roost Habitat Selection

Because only one small area of mixed gwaedwood exists in the study area, |
suggest that results of tests that include this variable offer little valuable information. The
same may be argued for tfesv closed canopy pine plantation located far from capture
and roost sites. The relatively high numbers of adult male roosts located in SMZs
explains why adult male roosts were farther from jploisined stands, which were the
primary roosting areas forlather bat classifications. It is unknown why adult male
roost sites are closer to open habitats. Neither adult males, nor any other bat group,
selectively foraged in open habitat, therefore it may not be argued that males roosted near
open sites to deease energy expenditure from roosting to foraging sites (Kunz 1982).
This most likely results from low sample sizes.

| was surprised that so many males roosted in SMZs. | expected to find more
adult females roosting in SMZs in large hardwoods thantiatly provide greater cover,
insulation, and protection from predators. However, predator avoidance may explain why
adult females roosted less often in SMZs. Adult female red bats in my area roosted
predominantly in hardwoods (82% of roosts), whicteiobetter camouflage, cover, and
insulation, but only 13.3% of roosts were found in SMZs. Because SMZs contain the
only water sources and may constitute a linear corridor for many species, it is possible
that predators are more concentrated here. Aelulale bats and their noisy young would

profit from avoiding areas of high predator concentrations. It seems plausible that the red



57

bat population in my study area will benefit given stand management, resulting in

different aged plantations, and SMZs araintained across the landscape.
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Table 3.1 Variables for adult female roosts and a group of random sites in Kemper County, Mississipp0200ieh means,
standard errors, and test statistics generated through comparisons of the 2 grolypss(vabald indicate significance).
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Table 3.2 Variables for adult male roosts and a group of random sites in Kemper County, Mississigpb200@h means,

52
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standard errors, and test statistics generaredigh comparisons of the 2 groups (variables in bold indicate significance).
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Table 3.3 Variables for juvenile female roosts and a group of random sites in Kemper County, Mississipp0200ith
means,
standard errors, and test statistics generatedghrcomparisons of the 2 groups (variables in bold indicate significance).
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Table 3.4 Variables for juvenile male roosts and a group of random sites in Kemper County, MississigpD200ith means,
standard erra, and test statistics generated through comparisons of the 2 groups (variables in bold indicate significance).
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CHAPTER IV
SUMMARY, MANAGEMENT IMPLICATIONS, AND

FUTURE RESEARCH NEEDS

Summary

The recent miniaturization of radiotransmitters allowsermmmplete and detailed
information on bat ecology to be gained. | used standard radiotelemetry techniques to
document movements, foraging areas, habitat selection, and day roosts of red bats within
an intensively managed pine forest in Mississippadiomarked 46 red bats June
September 2000 and Mayuly 2001 to examine movements, foraging areas, habitat
selection, and day roosts of red bats within a managed pine forest in Mississippi.

Forest fragments and edge habitat resulting from timber haregnportant
foraging sites for many bat species (eLghorealis[Furlonger et al. 1987],. cinereus
[Furlonger et al. 1987, Grindal and Brigham 1998yotisspp. [Furlonger et al. 1987,
Brigham et al. 1992, Crampton and Barclay 1998, Grindal aigth&m 1999]C.
townsendii ingenfClark et al. 1993]C. townsendi[Dobkin et al. 1998, Erickson and
West 1996], andl. noctivagangErickson and West 1996, Hayes and Adam 1996,
Crampton and Barclay 1998, Grindal and Brigham 1999, Jung et al. 1988jever,

final timber harvest leads to a loss of older trees that are common roost sites for red bats.

66
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Red bats in my study area behaved much differently than red bats in pine, mixed
pine-hardwood, and bottomland hardwood forests of Georgia and Sorglhn@a
(Menzel et al.1998, Menzel et al. 2000), upland forests of Kentucky (Hutchinson and
Lacki 2000), and urban areas in lllinois (Mager and Nelson 2001). Nearly all previously
documented roosts of red bats have been tall, deciduous, live trees gatlitameters.
Although SMZs, containing large hardwoods, were located throughout my study site, red
bats routinely roosted in pines and midstory hardwoods. Most roosts were located in
postthinned pine stands (n = 124, 87.94%). | expected red bats stuchyarea to
concentrate their foraging activity near SMZs, which offered a water source and, possibly,
a greater prey density for bats. However, radiotagged bats neither selected foraging
habitat within the study area nor within their home rangesth&uresearch would be
useful to determine how best to manage for bats in industrial forests.

The purpose of this project was to further the knowledge of red bat ecology and
examine red bat ecology within a forest intensively managed for loblolly pifatso t
viable management practices for red bats might be implemented on Weyerhaeuser
property. Because pine plantations are rapidly becoming a major component of the
landscape throughout the Southeast (Allen et al. 1996), it is critical to understand how
bats exploit these forests to ensure proper management of this important and diverse
group of mammals. It is hoped that knowledge acquired during this study may be

extended to other managed pine forests in the southeastern United States and beyond.
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Management Implications

Timber harvest on Weyerhaeuser property in Kemper County, Mississippi peaks
during summer (D. A. Miller, Weyerhaeuser Company, personal communication). This
coincides with the birth of red bat pups. Radiotagged red bats regularlgdaogtines
and posthinned pine stands. Although timber harvest effects tevotant bats are
unknown, it would likely be beneficial to this population for timber harvest to be
postponed until late July or early August when red bats are fully volant.

Most of the pine stands in Kemper County, Mississippi were planted during the
1970s, resulting in a predominantly exeged forest. Due to their age, most stands are at
or near harvesting age. Because such a narrow window of time (i.e., approximately 15
years based on local timber practices) exists within which trees may be adequate roost
sites, stand management, resulting in different aged plantations across the landscape,

must continue.

Future Research Needs
Often, female foraging areas change thrauglsummer (Adam et al. 1994,
Wethington et al. 1996). Foraging area size may be a product of additional weight due to
pregnancy early in summer affecting foraging behavior (Aldridge and Brigham 1988) or
young becoming volant, thereby increasing competitor foraging space (Kunz 1974).
Because we were able to quickly capture and radi#t@guvenile bats with poorly

honed senses, we rarely netted long enough to capture the more elusive adults. Therefore
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6 of the 7 radiomarked adult female red bats were captured in June and | was not able to
determine if foraging areas changed throughioeitseason. By selecting which red bats

to radiotagged each month, more adult females could be radiomarked to evaluate home
range changes. Selectively choosing adult female red bats would also allow one to test
for differences in roost switching behavimtween lactating females and adult females

with volant young.

No studies have specifically addressed winter roosting sites of red bats. Because
many red bats are known to winter in this area (Barbour and Davis 1969), knowledge of
winter roosting requim@ents would enhance capabilities to manage red bats more
effectively. Moorman et al. (1999) reported red bats roosting in leaf litter during winter.
However, given that Seminole batséiurus seminolysa close relative of the red bat,
roost in pines dring summer (Menzel et al. 1998, Menzel et al. 1999) and have been
documented roosting under exfoliating bark (Sealander 1979), it is possible that red bats
may be able to use tree cavities and snags, which offer greater insulation from the cold
during winter. Vonhof and Barclay (1997) found Western leaged batsMyotis evoti}
often roosted beneath the loose bark of stumps in clearcuts. Although undocumented,
many bat species in Kemper County, Mississippi also may be able use snags in clearcuts
if they are left standing.

Timber harvest leads to a loss of older trees in-fhished plantations that
provide roosts and roosting areas for red bats in my study area. Further research into how

timber harvest affects survival, spatial fidelity, and rodstselection is critical. For
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example, during timber harvest in 2001, an adult male bat (# 036) was forced from his
roost to another roost during the day because his roost tree was being harvested. On the
second day of harvesting, he was found roostiran SMZ, 430 m away from the area in
which he had roosted the previous 4 days. Although | can not determine if this bat would
have moved into a different habitat (i.e., from a gbstned plantation to a SMZ) if

timber harvest was not occurring, | assd roost selection was occurring and included

his roosts in my analyses. This bat rarely was active when | monitored him and moved
only short distances from his roosting site. He was found dead and intact 8 days after
capture. All radiotelemetry dateom this bat were discarded due to his strange behavior,
his death, and landscape changes resulting from harvesting. Whether his death was a
result of stress due to habitat changes, capture and handling, or an illness is unknown.
Therefore, effects ofrtaber harvest should be investigated and handling time should be
kept to a minimum. Prior to radiotransmitter application, | clipped fur between the
scapulae to prolong radiotransmitter attachment. However, Dobkin et albfT606d

no difference in re@ntion time of radiotransmitters by falipped and unclipped

Townsenets bigeared bats. By not clipping fur prior to radiotransmitter application,

handling time, and possibly, handling stress to bats would be reduced.
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APPENDIX A
FORAGING AREAS OF RED BATSN KEMPER COUNTY, MISSISSIPPI,

SUMMERS 20062001 (Refer to Table 2.4 for age and gender of bat)
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