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Quantitative comparison of tree roosts used by
red bats (Lasiurus borealis) and Semindle bats

(L. seminolus)

Michael A. Menzel, Timothy C. Carter, Brian R, Chapman, and Joshua Laerm

Abstract: We radio-tracked 11 red bats

and 5 Seminole bats (L. seminolus) t0 64 and 34 day roosts,

respectively. Individuals of both species were found roosting within the canopy of the roost trees, clinging to leaf petioles or
the tips of small branches (<4 cm in diameter). Red bats roosted primarily in hardwoods (97%), whereas the roosts of
Seminole bats were located primaiily in pines (94%). Ten of the 16 roost-site variables examined differed significantly
between red bats and Seminole bats. number of trees in the overstory, overstory height, understory richness and diversity,
overdory richness, diversty, and evenness, roos-tree diameter, percent canopy closure, and percentage of conifers in the
overstory. These differences were related directly to the differentid use of roosting habitats by the two species. The roosts of
red bats were located in pine « mixed hardwood communities and hottomland hardwood swamps, while the roosts of
Seminole hats were located in communities dominated by pines. To examine within-stand roost selection, the diameter,
height, and species composition of roost trees used by red and Seminole bats were compared with those of neighboring trees.
Roogt trees of red and Seminole bats had significantly larger diameters and were significantly taller than surrounding trees.
Day roodts of red and Seminole bats were located in 18 and 5 tree Species, respectively. The tree species used differed
significantly from expected for the red bat but not for the Seminole bat.

Résumé : Nous avons suivi par radiotélémétrie les déplacements de 11 Chauves-souris rousses (Lasiurus borealis) vers 64
dortoirs de jour et de 5 Chauves-souris Seminoles (L. seminolus) vers 34 dortoirs. Les chauves-souris des deux especes ont été
trouvées dans le feuillage des arbres des dortoirs, cramponnées ax pétioles des feuilles ou aux exwémités de petits rameaux
(diametre <4 cm). Les Chauves-souris rousses ont été trouvées surtout dans les bois durs (97%) et les Chauves-souris
seminoles, surtout dams les pins (94%). Seize variables relides aux dortoirs ont été examinées € dix d'entre dles differaient
significativement chez les deux especes : nombre d'arbres dans I'étage superieur de la forét, hauteur de 'étage supéreur de la
for&, richesse et diversite de 1'étage inférieur de la forét, richesse, diversité et régularité de I'ttage superieur de la forét,
diambtre des arbres de repos, densité du feuillage en pourcentage, pourcentage des conifgres dans ['étage supérieur de la for&.
Les differences Ctaient directement relides a I'utilisation differentielle des habitats offerts par les dortoirs chez les deux
especes. Les dortoirs des Chauves-souris rousses étaient situés dans les communautés mixtes bois durs — pins et dans les
marécages bas 2 hois durs. dors que les dortoirs des Chauves-souris stminoles Ctaient situés dans les communautés dominées
par les pins. Pour determiner les preferences de sites de repos & I'inttrieur d’un dortoir, le diamttre, la hauteur et la s
composition en especes des orbres du dortoir utilisés par le deux espboes de chauves-soutis ont été compares auxX mémes
vaiadiles des arbres avoisinants. Les arbres utilisés par les deux espbees avaient un diametre € une hauteur significativement
supérieurs A ceux des abres avoisnants. Les dortoirs des Chauves-souris rousses comportaient 18 especes d'arbres, ceux Oes
Chauves-souris seminoles. 5 especes. Chez les Chauves-souris rousses, mais pas chez les Chauves-souris séminoles, les
epeces d'abres utilisées  differaient  significativement de celles indiqutes par les predictions thtoriques.

[Traduit par la Redaction]
Introduction

Although bats are an important component of forest ecosys-
tems, our understanding of their habitat requirements has
lagged behind our understanding of those of other mammalian
groups. Until recently, most of the information on bat roosts
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and roosting behavior came from observations made at caves,
mines, or artificial structures (Betts 1995). Other than anecdo-
tal accounts, little was known of roost-site selection among
tree-roosting bats (e.g., Barclay and Cash 1985; Constantine
1958, 1966; Parsons et al. 1986). With the advent of miniatur-
ized radio transmitters, more detailed analysis of chiropteran
habitat preferences, roost selection, and roosting behavior is
possible (see Barclay et al. 1988; Lunney et al. 1988; Taylor
and Savva 1988; Vonhof 1995). It is now feasible to compare
roost-site selection between closely related species in the same
locale (Lacki 1995).

In eastern North America, few details are known about the
characteristics of tree roosts used by two related species, the
red bat (Lasiurus borealis) and the Seminole bat (L. semi-
nolus). Based upon anecdotal accounts, red bats are assumed
to commonly roost in foliage at the edge of hardwood tree
canopies (Barbour and.Davis 1969; Constantine 1966; Koontz
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= and Davis 1991; McClure 1942; Mumford 1973). Their roosts
. may also be located in clumps of Spanish moss (Tillandsia
usneoides; Constantine 1966; Jennings 1958), in coniferous
trees (McClure 1942), in woodpecker holes (Fassler 1975),
and under sunflower (Helianthus sp.) leaves (Downes 1964).
Seminole bats often roost in Spanish moss (Barbour and Davis
1669; Constantine 1958; Harper 1927; Jennings 1958; Wilkins
1987). They may also occupy clumps of foliage (Sealander and
Heidt 1990), tree branches (Barkalow and Adams 1953), the

_tips of pine limbs (M.A. Menzel et d., in preparation),> and

.(J;..:
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cavities under loose bark (Sealander 1979). Destruction of

" roosts may be the most important factor in the decline of bat
. populations in North America (Kunz 1982). Because red bats
= and Seminole bats spend more than half of each day in forest

roosts (Kunz 1982; Vonhof and Barclay 1996), conservation
of these species may depend in part on a detailed knowledge

~ of their roost-site characteristics. Since these two species are

closely related, it is often assumed that their roost locations are
similar within a limited geographic range. Since studies of
related species in the same locale are valuable for identifying
interspecific differences in roost-site selection (Betts 1995).
we compared the characteristics of roost trees used by the red

bat and Seminole bat in two locations with similar forest ¢har-
acteristics.

Methods

Study areas

We conducted this study during June and July 1995 and from June to
August 1996. The study was conducted on Sapelo Island, Georgia, in
1995 and at the Savannah River Site National Environmental Re-
search Park, South Carolina, in 1996. Sapelo Iland isa4411-ha
barrier idand located approximately 63 km south of Savannah, Geor-

7 gia, and 5.5 km off the coast (31°27'N, 81°16’'W). The Savannah,

. River Ste is a 76 900-ha Nationd Environmentd Research Park ad-

-1: minigered by the United States Department of Energy. It is located
o 23 km southesst of Augusta, Georgia (33°15'N, 81°40°W). Commu-

. nities of longleaf pine (Pinus palustris), loblolly and slash pine
. (P. taeda and P. elliotii, respectively) and pine — mixed hardwoods

"% were common to both sites Pond pine (P. serotina) communities and

ok

i

- maritime oak forests dominated by live oaks (Quercus virginiana)

rfstricted to the Savannah River Site.

:Bats were captured in mist nets set up over small ponds or creeks or
_along trails. The species, sex, mass, forearm length, and age of all bats
captured were recorded. Individuals were separated * into juvenileand
adult age-classes based on the degree of epiphyseal—diaphyseal ossi-

« Roosting sites

' #22 fication (Anthony 1988).

- Roost trees were located using standard radiotelemetric tech~
ques. We attached LB-2 radio transmitters (046 g; Holohil Systems
l;tdt,WOOdlawn,Onmrio) to 11 red batg and 5 Seminole bats. Trans-
Jamitters were attached between the scapulae of the bats with Skin

hgnd@ surgical adhesive (Pfizer Hospital Products Group, Inc.,

3 m,{‘aﬂgm Florida). The fur was not clipped prior to attachment of the

transmitters.  Transmitter load was less than 5% of the anima's mass
(Aldridge and Brigham 1988). Radio-tagged bats were located during

-} M.A. Menzel, D.M. Krishon, T.C. Carter, and J. Laerm. Notes
on tree roost characteristics of the northern yellow bat (Lasiurus
intermedius), the Seminole bat (L. seminolus), the evening bat

(Nycticeius humeralis), and the eastern pipistrelle (Pipistrellus
subflavus). f

were found only on Sapelo Tsland. Bottomland communities were:
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the day using Advanced Telemetry System R2000 receivers (Isandt,
Minnesota) and threedlement Yagi antennas. When roost trees could
not be reliably identified using radiotelemetry, roost locations were
verified using hinoculars during the day or by watching the roost for
emerging bats at dusk. We conducted exit counts on 24 roost trees of
red bats and 16 roogst trees of Seminole bats. For roogt trees on which
exit counts were conducted, 23 (96%) and 14 (87%) used by red bats
and Seminole bats, respectively, were correctly identified using radio-
telemetry. In the three cases where the roost tree was incorrectly
identified using radiotelemetry, the actual roost tree was within 2 M.
In al three cases, the roost tree identified using radiotelemetry dif-
fered by less than 3 m in height and 15 c¢m in diameter from the actua
roost tree, and was of the same species as the actud roogt tree. All bats
were tracked as long as the transmitter remained operationad and at-
tached to the hat. Average transmitter life was 14 days. Transmitters
remained atached to the bats for an average of 8 days.

After a roogt tree was located it was maked with flagging. Be
tween 2 and 14 days after the roosting site was located, quantittive
measurements were taken on the roost tree and the vegetation sur-
rounding it. A 0.04-ha sampling plot (radius 11.35 m) was established
aound the roost tree The diameter a breas height (DBH), height,
and species of dl overstory trees (DBH >9 cm) within the plot were
messured. The species and stem number of dl trees in the understory
were recorded. Measurements taken on the roogt tree included DBH,
tota height, and height to the base of the live crown. All heights were
measured using a clinometer. Percent canopy closure was measured
for each plot using a spherical densiometer (Forest Densiometers,
Arlington, Virginia). We measured the density of the canopy 2 m
from the base of the roost tree on the side of the tree on which the bat
was roodting. Measurements were taken in the four cardind directions
and the mean density was recorded. The aspect of the roost and the
height of the bat in the tree were dso recorded. We measured aspect
using a compass and corrected to true north. Shannon's diversity
index and Pielou’s measure were caculated for hoth the overstory and
understory  vegetational  communities  surrounding the roosts (Pielou
1966). Measures of basd aea were used in caculaing al overstory
indices. Understory caculations are based on the number of stems per
0.04-ha sampling plot.

The heights and DBHs of roost trees used by red and Seminole
bats were compared with the average height and diameter of al over-
sory trees within the sampling plots. The average height and DBH of
all overstory trees surrounding the roost tree within each 0.04-ha
sample plot were caculated. The average height and DBH of al tress
‘surrounding the roost trees of red bats were compared with the aver-
age height and DBH of al trees used as day roosts by red bats. The
average height and diameter were also calculated for all trees sur-
rounding the roost trees of Seminole bats and the same comparisons
were made. The use of eech tree species as a day roost was compared
with the abundance of each species within the sample plots.

We determined the universal transverse mercator (UTM) coordi-
nates of al roost trees using a Trimble Pathfinder globa positioning
sysem (GPS). Find coordinates were obtained using differentid cor-
rection. We caculated the roogt aea of five adult red bas and four
adult Seminole bats using the minima convex polygon method and
the progran calhome (Kie e a. 1996). The rooding aea caculated
for each individual was the area of a minimal convex polygon that
included all roost trees used by the individual while it was being
tracked. Roosting areas were compared hetween adult red bats and
Seminole bats using a two-sample  test (SAS Inditute Inc. 1990).

We tesed for differences in al roost characteristics between roosts
located on Sepelo Idand and & the Savannah River Site usng a two-
sample t test. No sgnificant differences were detected, therefore data
collected a hoth sites were pooled for al anayses.

We compared 16 characteristics of day-roost sites between red
bats and Seminole bats by means of a two-sample ¢ test. The aspects
of roosts selected by red and Seminole bats were compared with
those expected on the assumption of a random distribution, using a
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Table 1. Comparison of 16 roost-site characteristics between
and L seminolus.

Roost-site  characterigtic L. borealis L. seminolus P

No. of trees in understory 42.0£3.92 45.6+9.03 0.7161
No. of tress in overstory 23.9k0.89 17.9+1.57  0.0006
Height of overstory (m) 17.310.49 21.1+0.73  0.0001

Basal area of overstory '

(m?ha) 3534217 35.2ti.36 0.9767

Richness of  understory 6.9M.33 3.7M.39  0.0001
Diversty of understory 1.4+0.06 0.8M.09  0.0001
Evenness of understory 0.7£0.02 0.6£0.05  0.0760
Richness of overstory 6.5k0.29 3.1M.32 0.0001
Diversity of overstory 1.3M.04 0.5£0.90  0.0001
Eveness of overstory 0.7£0.02 0.4+0.06 00001
Diameter of roost tree (cm)  38.0f2.24 43.6f1.69 0.0510
Height of roost tree (m) 2504099  27.8£1.03  0.0762
Roost height (m) 15.3f1.87 16.3£1.03 0.6432
Percent  canopy  closure 92.3k0.76 68.5+3.68  0.000 1
Percentage of snags in

overstory 2.6M.01 2.0+0.01 0.6097
Percentage  of  conifers in

overstory 19.7£0.03 82.9+0.04 00001

Note: Valuesare given asthe mean + SE.

likelihood-ratio test (Sokal and Rohlf 1969). To examine within-stand
roost sdlection, we compared the heights and DBHs of roost trees used
by red and Seminole bats with the average height and DBH of sur-
rounding trees using a two-sample ¢ test. The number of times a tree
of a particular species was used as a roost was compared with the
abundance of that species within the sampling plots, using a ? te<.

Results

We tracked 11 red bats and 5 Seminole bats to their day roosts.
The 64 roost trees of red bats were used on 74 nights, the 34
roost trees of Seminole bats on 57 nights. Average roost-site
fidelity for red and Seminole batswas 1.2 and 1.7 nights per
roost tree, respectively.

Radio transmitters were placed only on Seminole bats cap&d
a the south end of Sapelo Idand. Although over hdf (54%)
of the study area on Sapelo Island consisted of hardwood-
dominated communities, 25 roosts of Seminole bats (88%)
were located in communities dominated by pines. While the
Savannah River Site study area contained primarily pine-
dominated communities (74%), 55 roost trees of red bats
(86%) were located in hardwood communities. At the Savan-
nah River Site, dl nine (100%) of the roosts of Seminole bats
were located in pine-dominated communities. Ten of the 16
roost-site characteristics examined differed significantly be-
tween red and Seminole bats (Table 1). The 0.04-ha sampling
plots surrounding the roosts of red bats contained more over-
story trees (mean + SE = 23.90 £ 0.89) than the plots surround-
ing roosts of Seminole bats (17.94 + 1.57). The overstory
surrounding the roosts of Seminole bats (21.1. £ 0.7 m) was
significantly higher than that surrounding the roosts of red bats
(17.3 £ 0.5 m). Roost-tree diameters also differed between the
two species. The average DBH of red bat roost trees (38.0 +
2.2 cm) was significantly smaller than that of Seminole bat
roost trees (43.6 + 1.7 cm). Both the overstory and the under-
story surrounding the roosts of red bats showed greater rich-
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Table 2. Proportion of each species of tree used for roosting
compared with the abundance of that species within the (,04-ha

sampling plot surrounding the roosts of Lasiurus borealis and
L. seminolus.

L. borealis L. seminolus

Tree species Roosting Random Roosting Random
Acer leucoderme 1.6 01 0 0
A. rubrum 1.6 4.7 0 0
Carya glabra 1.6 0.9 0 0
Liquidamber

styraciflua 24.6 25.2 0 0
Liriodendron

tulipifera 4.9 6.0 0 0
Nyssa aquatica 3.4 5.6 0 0
N. sylvatica 8.3 7.0 0 0
Platanus  occidentalis 1.6 0.4 0 0
Quercus alba 9.8 4.8 0 0
Q. durandii 3.4 0.2 0 0
Q. falcata 1.6 0.6 0 0
Q. michauxii 1.6 1.4 0 0
Q. laurifolia 8.3 9.6 0 0
Q. nigra 21.3 15.1 0 0
Q. stellata 1.6 11 0 .0
Q.virginiana 0 0 5.6 = 3.0
Ulmus americana 1.6 2.3 0 0
Pinus palustris 1.6 0.8 139 10.7
P. taeda 1.6 14.2 30.5 25.4
P. elliottii 0 0 47.2 55.6
P. serotina 0 0 2.8 5.3

ness and diversity than those surrounding the roosts of Semi
nole bats (Table 1). The percentages of conifers id the over
story aso differed significantly between the roosts of red aw
Seminole bats. On average, 20% of overstory trees surround
ing the roosts of red bats were conifers. In contrast, the over
story surrounding the roosts of Seminole bats consisted, o
average, of 83% conifers. Percent canopy closure surroundin
the roosts of red bats (92.3 + 0.8%) was sgnificantly highe
than around the roosts of Seminole bats (685 £ 3.7%).

Red bats were found roosting in 18 species of trees (Table 2
Sweetgums  (Liquidamber styraciflua), black gums (Nyssa sy.
vatica), white oaks (Quercus alba), laurel-leaved oak
(Q. laurifolia), and water-oaks (Q. nigra) were commonl
used. The species composition of roost trees differ&d signif
candy from the composition expected in hardwood habitat
assuming random selection of tree species within the roostin
area (G = 29.25, P = 0.03). Red maples (Acer rubrum) an
loblolly pines commonly occurred within the roost plots, how
ever, each species was used only once as a day roost. Whi
oaks and water-oaks occurred infrequently within the roo
plot, but both species were commonly used as day roos
(Table 2). Both DBHs and heights of roost trees used by r¢
bats were significantly greater than the average DBH ar
height of surrounding trees (Table 3). The roost aspects s
lected did not differ significantly from a random distributio;

Seminole bats were found roosting in five species of tre:
(Table 2). Loblally pines, slash pines, andlongleaf pines we
commonly used. The species composition of roost trees did n
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Table 3. Comparison of the diameters and heights of trees used as roosts by Lasiurus borealis and L. seminolus
with the average diameter and height of all overstory trees within theg.04-haplots surrounding the roosts.

L. borealis L. seminolus
Roost Random Roost Random P
DBH (cm) 37.7582.22 22.5340.70 0.0001 42.08f1.84 30.18f1.27 0.0001
Height(m) 24.85%1.00 16.96k0.48 0.0001 26.5 El.O7 20.72+0.72 0.0001
Note: Values are given as the mean « SE.

iffer significantly from the expected composition within
me-dominated habitats. Like red bats, Seminole bats roosted
1 trees of greater heights and DBHs than the average vaues
yr trees within the roost plot (Table 3). Roosting sites were
elected randomly with respect to aspect.

Roosting areas differed significantly between red and Semi-
ole bats. Both species moved to new roost trees often. Red
ats and Seminole bats spent an average of 1.2 and 1.7 days
n one roost tree, respectively. While individuals of both spe-
ies often moved to new roost trees, adult red bats selected
osts within a significantly larger area (2.6 * 0.6 ha) than
dult Seminole bats (0.2 £ 0.1 ha; P = 0.01).

Jiscussion

‘he differences between the roosting sites of red and Seminole
ats were related directly to the different roosting habitats used
y the two species. The roosts of red bats were located both in
ine = mixed hardwood communities dominated by sweet-
urns, water-oaks, and loblolly pines and in bottomland hard-
rood swamps dominated by cotton-gum (Nyssa aquatica) and
ald cypress (Taxodium disrichum). The roosts of Seminole
ats were aways located in forest communities dominated by
ines. Both on Sapleo Island and a the Savannah River Site,
ine-dominated communities are intensively managed for the
roduction of forest products. Stands of pines were typicaly
omposed of a single tree species and dl individual trees were
f approximately the same age and size. The understory com-
unities surrounding the roosts of Seminole bats were man-
ged with the use of prescribed fires, resulting in a open
nderstory or shrub communities dominated by a few fire-
dapted species. The understory communities surrounding the
>osts of Seminole bats were less diverse than those surround-
1g the roosts of red bats. The pine -mixed hardwood commu-
ities and bottomland hardwood swamps where red bats
»osted were managed much less intensively. These stands
rere not thinned. Because red bats roosted in less intensively
lanaged stands, their roosts were surrounded by more over-
lory trees than those of Seminole bats. Since there were more
‘ees in the overstory, canopy density surrounding the roosts of
*d bats was greater than that surrounding the roosts of Semi-
ole bats. Because of the uneven-aged overstory in the less
itensively managed stands, average overstory heights were
wer and average roost-tree diameters smaller for red bats
ran for Seminole bats.

Except for their height in the tree, the roosts of red bats were
milar to those described in the literature. We found red bats
dosting at an average height of 15.3 m, higher than those
ound by Mumford (1973; 2.6 m), Koontz and Davis (1991;
-5 m), and McClure (1942; 1.6-12.5 m). Previous investiga-
ons into the roosting habits of red bats involved visualy To-

[ro————

cating the roosts. Bats roosting lower in the tree may be located
more easily by visual searches than those roosting high in the
canopy (Mumford 1973). Because we located our roosts by
means of radiotelemetry, our estimates of roosting heights are
probably more representative than previous estimates. Like
McClure (1942) and Congtantine (1966), we found red bats
roosting in many species of trees. Although McClure (1942)
compared the proportions of roosts located in different species
of trees with the relative abundance of each tree species, he
did not determine if any tree species were used more often than
expected. We found that red bats preferred white oaks and
water-oaks and did not roost in red maples or loblolly pines as
often as expected.

The roosts of Seminole bats that we found were unlike those
previoudy described. Congantine (1958) found Seminole bats
roosting at an average height of 2.5 m, but we found them
roosting a an average height of 16.3 m. Roosts of Seminole
bats were commonly located in Spanish moss (Barbour and
Davis 1969; Condantine 1958; Harper 1927; Jennings 1958;
Wilkins 1987). Although Seminole bats forage in pine-domi-
nated communities (Harper 1927; lvey 1959; Jennings 1958;
Moore 1949; Zinn 1977), we could find no reports of Seminole
bats roosting in pines. The Seminole bats we tracked amost
always roosted in pines. Constantine (1958) searched for
roosts of Seminole bats in Spanish moss from February
through June. He located bats in every month except May and
June. Jennings (1958) collected roosting Seminole bats from
Spanish moss throughout the winter, but failed to collect any
during July, August, or September. Jennings examined Span-
ish moss for bats throughout the year, but few litters of Semi-
nole bats were found. Thus, during the period of parturition
and lactation, Seminole bats may commonly roost in pines.
Many species of bats use different types of roost during the
year in response to differing physiologica demands
(e.g., hibernation, pregnancy, lactation; Barbour and Davis
1969). Thus, the differences between the roosts we located and
those previously described likely relate to the time of the year.

Congtantine (1958, 1966) suggested that red bats and Semi-
nole bats select roosts on the southwestern and southern side
of roost trees, respectively. We found that the roosts of both
species were selected randomly  with respect to aspect.

Comparisons between the size of trees used as roosts by red
bats or Seminole bats and the average size of surrounding trees
in the overstory are lacking. However, Vonhof and Barclay
(1996) made general comparisons between trees used as roosts
by four species of bats in British Columbia and trees selected
randomly from the overstory. The trees used as roosts were
significantly taller than randomly selected trees. Roost trees
selected by four species of bats in Tasmania had larger diame-
ters than randomly selected trees (Taylor and Savva 1988). We
found that roost trees used by red and Seminole bats were
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significantly taller and had larger diameters than surrounding
trees. Our results support the findings of Vonhof and Barclay
(1996) and Taylor and Savva (1988).

Adult red bats possibly select roosts from larger areas than
adult Seminole bats because of the relative availability of the
habitat types in which they preferred to roost. On both of our
study sites, pine ~ mixed hardwood communities were more
abundant than stands composed only of pine. The roosts of
Seminole bats were found in islands of pine monoculture sur-
rounded by pine « mixed oak communities. Seminole bats had
to either restrict shifts in roost location to other trees with the
idand or make major shifts to different idands. Because the
type of roosting habitat preferred by red bats was fairly ubig-
uitous, they were free to select roosts from larger areas than
Seminole bats.

These data on the roosting habits of Seminole bats raise new
questions concerning the effects of summer timber-harvesting
operations in the southeastern United States on the reproduc-
tive success of this species. Future studies investigating the
response of Seminole bats to timber harvesting in upland pine
stands are needed.

Acknowledgments

We thank E.B. Higgins, SB. Castleberry, N. van der Maath,
N. Hicks, M. Witcher, R. Hendi, C. Mooreman, and T.S.
McCay for field assistance, M. Davalos for assistance with
GPS equipment and Arc Info, and the Savannah River Ecology
Laboratory for professiona support and the use of telemetry
equipment. We aso thank R.J. Warren. J. Kilgo, and W.M.
Ford for editoria advice. This project was funded by the
United States Forest Service.

References

Aldridge, H.D.JN., and Brigham, RM. 1988. Load carying and ma
neuverability in an insectivorous bat: a test of me 5% “rule’ of
radio-telemetry. J. Mammd. 69 379-382.

Anthony, ELP. 1988. Age determination. Ecologicd and hbehav-
iord methods for the study of bas. Edited by T.H. Kunz. Smith;
sonian Inditution Press, Washington, D.C. pp. 47-57.

Barbour, R.W., and Davis, W.H. 1969. Bats of America. University
Press of Kentucky, Lexington.

Barclay, R.M.R., and Cash, K.J. 1985. A non-commensal maternity
roost of the little brown bat (Myotis lucifugus). J. Mammal. 66
782-783.

Baclay, R.M.R.,Faure, PA, andFarr, D.R. 1988. Roosting behavior
and roost-sdection by migrating silver hared bats (Lasionycteris
noctivagans). J. Mammal. 69; 821-825.

Bakdow, FS, and Adams, D.A. 1955. The Seminole bat. Lasiurus
seminolus, in North Cardlina J. Mammal. 36; 453-454.

Betts, B.J. 1995. Roosting: behavior of silver haired bats
(Lasionycteris noctivagans) and big brown bals (Eptesicus fuscus)
in northeast Oregon. In Proceedings of the Bats and Forests Sym-
posum, October 19-21, 1995, Victoria, British Columbia Edired
by R.M.R. Barclay and R.M. Brigham. Working Pap. 23/1996,
Research  Branch, Ministry of Forests, Victoria B.C.

Condantine, D.G. 1958. Ecologicd observations on lasiurine bas in
Georgia. J. Mammd. 39 64-70.

Congtantine, D.G. 1966. Ecologicd observations on lasiurine bats in
lowa J. Mammd. 47: 34-41

Can. J. Zool. Vol. 76. 1998

Downes, W.L. 1964. Unusud roosting behavior in red bas. J. Mam-.
md. 45: 143-144.

Fasder, D.J. 1975. Red bha hibernating in a woodpecker hole. Am.
Midl. Nat. 93 254.

Harper, F. 1927. The mammas of the Okefinokee Swamp region of
Georgia  Proc. Boston Soc. Na. Higt. 38 191-39%.

Ivey, RD. 1959. The mammas of Pdm Valey, Florida J. Mammd.
40: 585-591.

Jennings, W.L. 1958. The ecologica digtribution of bats in Florida
PhD. dissertation, University of Forida, Gainesville.

Kie, J, Badwin, JA., and Evans, CJ. 199%. Calhome: a program for
etimating anima home ranges. Wildl. Soc. Bull. 24; 342-344,

Koontz, T., and Davis, W.H. 1991. Winter roosting of the red bat,
Lasiurus borealis. Rat Res. News, 32 3-4.

Kunz, TH., 1982 Ecology of bas Plenum Press New York.

Lacki, M.J. 1995. The role of research in conserving bats in managed
forests. In Proceedings of the Bats and Forests Symposium, Octo-
ber 19-21, 1995, Victoria, British Columbia. Edited by R.M.R.
Barclay and R.M. Brigham. Working Pap. 23/1996, Research
Branch, Ministry of Forests, Victoria, B.C.

Lunney, D., Baker, J, Priddd, D., and O'Connel, M. 1988. Roost
selection by Gould’s long-eared bat, Nyctophilus gouldi Tomes
(Chiroptera:  Vespertilionideg), in logged forest on the south coast
of New South Waes. Aust. Wild. Res. 15 375-3834.

McClure, HE. 1942 Summer activities of bats (genus Lasiurus) in
lowa. J. Mammal. 23: 430-434.

Moore, JC. 1949. Putnam County and other Florida mamma notes.
J Mammd. 30: 57-65.

Mumford, RE 1973. Naurd history of the red bat (Lasiurus bore-
alis) in Indiana. Period. Biol. 75: 155-158.

Pasons, HJ, Smith, DA, and Whittam, RF. 1986. Materity colo-
nies of slver-haired bats, Lasionycreris nocrivagans, in  Ontario
and Seskatchewan. J. Mamma. 67: 598-600

Pielou, EC. 1966. The measurement of diversity in different types of
hiological collections. J. Theor, Biol. 13: 131-144.

SAS Inditute Inc. 1990. SAS/STAT® user's guide, verson 6.4th ed
Val. 2. SAS Indtitute Inc., Cary, N.C.

Sealander, J.A. 1979. A guide to Arkansas mammals. River Roac
Press Co, Conway, Ark.

Sealander, J.A., and Heidt. G.A. 1990. Arkansas mammals: thet
naturd  history, classification, and distribution. Universty of Ar
kansass Press,  Fayetteville.

Soka, RR., and Rohlf, F.J 1969. Introduction to biostatistics. W.H
Freedman and Co., New York.

Taylor, RJ, and Sawa, N.M. 1988. Use of roogt stes by four specie
of bats in state forests in south-eastern Tasmania. Augt. Wildl. Res
15: 637-643.

Vonhof, M.J. 1995. Roost-site preferences of big brown bats (Ez
tesicus fuscus) and Slver-hared bats (Lasionycteris noctivagans
in the Pend d’Oreille Valey in southern British Columbia. In Prc
ceedings of the Bats and Forests Symposium, October 19-2:
1995, Victoria, British Columbia, Edited by RM.R. Barclay an
RM. Brigham. Working Pep. 23/1996, Research Branch, Mini:
try of Forests, Victoria, B.C.

Vonhof, M.J., and Barclay, R.M.R. 1996. Roost-site selection an
roogting ecology of forest-dwelling bats in southern British Cs
lumbia Can. J. Zool. 74; 1797-1805.

Wilkins, K.T. 1987. Lasiurus seminolus. Mamm. Species No. 28

pp. 1-5.
Zinn, T.L. 1977. Community ecology of Florida bats with emphas

on Myotis ausrroriparius. M.S. thesis, University of Florid
Gaineville.

© 1998 NRC Cans



