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During 1993 and 1994, we radiotracked 11 adult female and juvenile northern bats (Myotis 
septentrionalis) to 32 roost trees: 18 silver maples (Acer saccharinum), 1 red maple (A. 
rubrum), and 13 green ashes (Fraxinus pennsylvanica). Fifty-three percent of the trees were 
living; 52% of the roosts were in crevices or hollows, and the rest were under exfoliating 
bark. Northern bats did not use American elms (Ulmus americana) in proportion to their 
abundance, but in general. characteristics of roost trees were similar to a random sample 
of apparently suitable trees. Northern bats changed roosts every 2 days, and distance be­
tween roosts varied from 6 to 2,000 m. As many as 60 adults were found in a single tree, 
making this the largest summer aggregation ever reported for the species. Compared with 
Indiana bats (M. sodalis) separately studied at the same site, northern bats moved greater 
distances between roosts and roosted more often in maples, cavities, living trees, and areas 
with high canopy cover. 

Key words: Myotis septentrionalis, northern bat, Myotis sodalis, Indiana bat, behavior, 
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Appropriate shelter is 'a necessity for 
small terrestrial vertebrates, providing them 
with refuge from predators and protection 
from extremes in temperature or precipita­
tion. For small mammals and birds, appro­
priate shelter also is needed for raising de­
pendent young. Recent development of 
miniature « 1 g) radiotransmitters has al­
lowed biologists to detennine that many, 
perhaps the majority, of small (5-20 g) in­
sectivorous bats of temperate North Amer­
ica roost in trees during summer, often in 
hollows or crevices (Barclay and Brigham, 
1996; Vonhof and Barclay, 1996). The habit 
of roosting in tree hollows, similar to those 
occupied by birds and squirrels (Baker, 
1983; Brewer et aI., 1991), makes one won­
der how sympatric species of bats partition 
a resource that already is in demand by 
birds and rodents. In addition, many bats 
roost underneath exfoliating bark of dead 
trees (Barclay and Brigham, 1996; Kurta et 
aI., 1993a. 1996). The prevalence of this 
habit among different species of bats, and 
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at least one species of bird (Kurta and Fos­
ter, 1995) also suggests that different or­
ganisms may partition a potentially limiting 
resource (Humphrey, 1975; Tidemann and 
Flavel, 1987). Anecdotal evidence indicates 
that birds do occasionally compete, directly 
or indirectly, with temperate bats for roosts 
(Maeda, 1974; Mason et aI., 1972; van 
Heerdt and Sluiter, 1965), and some tree­
roosting bats often move into manmade 
bird houses or bat houses, which suggests 
that suitable trees may not be sufficiently 
available in all areas at all times (Gerrell­
Lundberg and Gerrell, 1994; Harmata, 
1969; Maeda, 1974; Thttle and Hensley, 
1993). 

Despite the possible niche overlap and 
potential for limited roosts, there have been 
no studies comparing the roosting or nest­
ing requirements of North American bats 
and other taxa, and there have been few at­
tempts to compare the requirements of dif­
ferent species of tree-roosting bats. The dif­
ficulty and expense of capturing small bats 
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and radiotracking them has led most re­
searchers to either concentrate on a single 
species (Brigham et a1. 1997; Callahan et 
aI., 1997; Kalcounis and Hecker, 1996; 
Lunney et al., 1988; Ormsbee, 1996) or ra­
diotrack whatever bats are captured (Taylor 
and Savva, 1988; Vonhof and Barclay, 
1996). The first approach makes interspe­
cific comparisons difficult because of vary­
ing methodology, habitat, and geography, 
and the second approach limits interspecific 
comparisons because of small samples. 
Vonhof and Barclay (1996), for example, 
compared roosts of five groups of bats in 
western Canada, but average number of 
roosts per taxon in their study was only 
four. 

The northern bat, Myotis septentrionalis, 
is a small (6-9 g) insectivorous bat that 
lives in eastern North America, ranging 
from southern Canada to Florida (Barbour 
and Davis, 1969). Northern bats hibernate 
in abandoned mines or caves in winter and 
then disperse throughout their range in 
spring. Females are colonial in spring and 
smnmer and gather in small groups to give 
birth and raise their single young to matu­
rity, before returning to their hibernacula in 
September for mating. Prior to our study, 
little was known concerning the roosting 
habits of females and young during the ma­
ternity period. Virtually all information on 
the roosting ecology of the northern bat in 
summer came from serendipitous finds of 
single roosts, such as a park shelter (Bran­
don, 1961) and a barn (Cope and Hum­
phrey, 1972). Observations of northern bats 
in manmade structures, however, were rare, 
which indicated that these bats did not use 
buildings consistently as roosts and that 
trees were the most likely location of ma­
ternity roosts (Mumford and Cope, 1964; 
Sasse and Pekins, 1996). 

Our objective was to describe the roost­
ing niche of the northern bat during the ma­
ternity period and various aspects of roost­
ing behavior, such as the frequency and dis­
tance of movements. We also compared the 
ecology and behavior of the northern bat 

with those of the federally endangered In­
diana bat (M. sodalis), another small-bodied 
(7-10 g), insectivorous, tree-roosting spe­
cies that occurs in sympatry with the north­
ern bat throughout much of the eastern 
United States (Barbour and Davis, 1969). 
Kurta et al. (1993a, 1996) documented the 
roosting ecology of the Indiana bat in sum­
mer in southern Michigan. The present 
study of the northern bat, performed in the 
same area with the same techniques and 
overlapping in time, allowed us to quantify 
similarities and differences in roosting re­
quirements of these two bats. Such a com­
parison enabled us to test the hypothesis of 
Vonhof and Barclay (1996:1802) that char­
acteristics of roost trees are "similar re­
gardless of the species" of bat. 

MATERIALS AND METHODS 

Field work was conducted ca: 5 Ian E of Ver­
montville, Eaton Co., Michigan, from late May 
to August 1993 and 1994. Land surrounding 
Vennontville originally consisted of medium­
textured ground moraine, with upland forests of 
beech-sugar maple (Fagus grandifolia-Acer 
saccharum) and swamp forests dominated by 
trees such as American elm (Ulmus americana), 
green ash (Fraxinus pennsylvanica), silver ma­
ple (A. saccharinum), and swamp white oak 
(Quercus bicolor-Albert et aI., 1986). Most of 
the area currently is a highly fragmented agri­
cultural landscape, dotted with islands of decid­
uous woodlands and an extensive, albeit narrow, 
strip of forest along the Thornapple River and 
its tributaries. 

We primarily attempted to capture northern 
bats in mist-nets while they foraged over the 
Thornapple River, but on one night in each year, 
we also netted a flyway between a heavily used 
roost tree and the river. In either case, bats were 
removed immediately from the net, and sex, age 
(juvenile versus adult), and reproductive condi­
tion were recorded. Age was assessed by degree 
of epiphyseal ossification. Pregnancy was deter­
mined by palpation, and lactation versus postlac­
tation was detennined by condition of teats and 
ability to express milk. 

We attached a miniature radiotransmitter (BD-
2B, Holohil Systems Ltd., Carp River, Ontario, 
Canada) to 12 of 27 northern bats that we cap-
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tured (Foster, 1997). After removing a patch of 
fur from the mid-scapular region with scissors, 
we glued the transmitter to the skin using a sur­
gical adhesive (Skin-Bond Cement, Smith and 
Nephew United, Inc., Largo, Fl.). Each radi­
otagged bat was punch-marked (Bonaccorso and 
Smythe, 1972) for future recognition, although 
northern bats that were not tracked were either 
punch-marked or banded (Lamboumes Ltd., 
Middlesex, England). Each radiotagged bat was 
released near the site of capture and radiotracked 
to its roost the following morning, using a re­
ceiver (TRX-2000S, Wildlife Materials, Carbon­
dale, IL) and a three- or five-element Yagi an­
tenna. After locating a roost, we estimated pop­
ulation size by counting bats as they emerged 
during the first 50 min after sunset. 

Each tree was designated by a letter repre­
senting the order in which it was discovered 
within a particular year, followed by a two-digit 
number indicating the original year of discov­
ery; for example, roost B93 was the second roost 
discovered in 1993. To characterize the habitat, 
we established O.l-ha circular plots centered on 
each roost and identified all trees ~ 10 cm in 
diameter at breast height. WI? ranked each tree 
according to the amount of loose and peeling 
bark that remained, based on a system developed 
for the Indiana bat (Gardner et al., 1991). A tree 
with ;:::25% of loose and peeling bark was 
ranked high; ;:::10% to <25%, medium; and 
>0% to < 10%, low. A rating of zero denoted 
total unsuitability, either because the tree lacked 
bark or because bark had not yet loosened from 
the trunk. We also documented presence of cav­
ities and if the tree was dead or alive. If <50% 
of a tree was living, it was classified as dead. 
Height of the most-used emergence point of the 
roost and total height of the tree were measured 
using a clinometer (PM-10/360PCL, Suunto 
Company, Helsinki, Finland). Canopy closure 
was detennined using a concave densiometer 
(Forest Densiometers, Bartlesville, OK); mea­
surements were taken initially at the base of and 
5 m away from the roost, in each of the four 
cardinal directions, for a total of eight readings 
(Gardner et aI., 1991; Lemmon, 1956). However, 
preliminary comparisons of the 5-m readings 
and those taken at the base indicated no signif­
icant differences (P > 0.10); hence, final anal­
yses were perfonned using only readings taken 
at the base of the tree. Trees had fully leafed out 

before field work began in the last week of May 
of each year. 

Differences in continuous variables were an­
alyzed using the two-tailed Mann-Whitney (Wil­
coxon) test with the standard normal deviate Z 
or the X2 approximation to the Kruskal-Wallis 
test, depending on number of treatments. Coch­
ran's Q test was used for categorical analyses of 
dichotomous variables when sample sizes were 
equal, and chi-square tests were used for more 
complex contingency tables. Correlations were 
examined with Spearman's test. Level of rejec­
tion for all tests was P :5 0.05, except for mul­
tiple-comparison (Mann-Whitney) tests per­
fonned after a Kruskal-Wallis test; alpha for 
these tests was adjusted according to Bonferroni 
procedures. Statistical analyses were perfonned 
using SPSS (Norusis, 1990), and data are ex­
pressed as X ± SE. 

RESULTS 

Roosting habitat.-Radiotransmitters 
were placed on 12 northern bats, including 
one adult female that was not palpably 
pregnant (captured on 26 May), five pal­
pably pregnant females, three lactating fe­
males, one postlactating female, and two ju­
venile females. Generally only one bat car­
ried a transmitter at anyone time. One lac­
tating bat could not be located following 
placement of its transmitter, but the other 
transmitters remained attached and func­
tional for an average of 5.6 days (range = 

2-9 days). Those 11 radiotagged M. septen­
trionalis eventually were tracked to 32 
roost trees. 

All roost trees were located in wetlands, 
and the base of each trunk was submerged 
in water at some point during both years, 
either due to seasonal flooding or penna­
nent inundation. Twenty-nine of the 32 
roost trees were concentrated within a 20-
ha site that was part of property owned by 
the Borntrager family. The entire roosting 
area on the Borntrager property had been 
forested pasture at one time. Although part 
of the area still was used as pasture in 
1993-1994, some of the land was flooded 
permanently ca. 15 years ago, leading to the 
death of most trees in the flooded area 
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(Kurta et aI., 1993a, 1996). The roosting 
area was bounded by riparian woods along 
the Thornapple River and Lacey Creek to 
the west, pasture and Vennontville High­
way to the north, a cornfield and Bradley 
Road to the east, and an abandoned railroad 
track and more pasture to the south. The 
other roost trees were in two forested wet­
lands; one roost was 800 m N of the Born­
trager property. and the last two were 2 km 
SW of the Borntrager property. Greatest 
distance between any two of the 32 roost 
trees was ca. 2.55 km, but maximum dis­
tance between roost trees on the Borntrager 
property alone was 632 m. Greatest dis­
tance from the Thornapple River or Lacey 
Creek to any roost was 183 m. Two-Ianed 
roads, paved or gravel, were <0.7 krn from 
each roost. 

Woody stems ===10 em in diameter were 
identified to species in plots surrounding 26 
roost trees; to preserve independence of the 
data, separate surveys were not completed 
on six roost trees because of significant 
overlap with neighboring roosts. Twenty­
three plots were on the Borntrager property; 
one was in the northern wetland, and two 
were in the southwestern wetland. A total 
of 562 trees representing 14 species was 
identified. The most common species of 
trees were green ash (40%), silver maple 
(26%), and American elm (24%); no other 
species contributed >3% to the total (Fos­
ter, 1997). 

Characteristics of roost trees.-Roost 
trees belonged to three species (Table 1). 
Eighteen roosts (56%) were silver maples, 
one (3%) was red maple (A. rubrum), and 
13 (41 %) were green ashes. Silver maples 
and the red maple were combined under 
"maples" in all analyses, due to structural 
similarities and the small sample of red ma­
ples. 

Among the 32 roost trees, mean diameter 
was 65 :t 1 cm, and mean height was 23.3 
:t 0.2 m; diameter and height were corre­
lated (r, = 0.77; P = 0.0001). Height of the 
bats' exit averaged 10.7 :t 0.04 m and was 
correlated with height of the tree (r.

1 
= 0.55; 

P = 0.002). Height of the exit as a propor­
tion of the height of the tree ranged from 
0.12 to 0.98, with a mean of 0.48 ± 0.04; 
that proportion was not correlated with 
height of the tree (r, = 0.04; P = 0.82). 
There was no significant difference among 
the four cardinal directions in amount of 
canopy cover (X' = 0.33, d.f = 3, P > 
0.10), and the mean was 44 :t 7%. Canopy 
cover was bimodally distributed, with 13 
roosts having 0-20% canopy cover, and 
nine roosts having 81-100% canopy cover 
(X' = 13.63, d·f = 4, P = 0.009; Fig. I). 
There was no correlation between amount 
of canopy cover and diameter (rs = -0.11, 
P = 0.56), date on which the roost was dis­
covered (rs = -0.25, P = 0.12), or maxi­
mum population size observed at each roost 
(r, = -0.10, P = 0.60). 

There were differences between maples 
and ashes that were used as roosts. Mean 
diameter of maples was 83 :t 6 cm com­
pared to 39 ± 0.1 em for green ashes (Z = 
-4.32, P < 0.001). Average height of ma­
ples was 26.0 ± 1.2 m but 19.3 ± 1.9 m 
for green ashes (Z = -2.74, P = 0.006). 
Height of the exits, in contrast, did not dif­
fer (Z = -1.05, P = 0.29); maples aver­
aged 11.7 ± l.l m compared to 9.6 ± 1.3 
m for ashes. Although there was consider­
able overlap (Table 1), mean canopy cover 
was greater at roosts in maples (52 :t 8%) 
than in green ashes (40 ± 11%; Z = -2.07, 
P = 0.04). 

Twenty-nine roosts were observed during 
emergence, allowing us to determine where 
bats were roosting (Table 1). Bats roosted 
underneath exfoliating bark at 15 trees and 
rested inside hollows or crevices (hereafter 
combined as "cavities") at the other 14 
trees. Roosts in cavities or under bark were 
split evenly within the maples (eight cavity 
and eight bark) and within the green ash 
(six cavity and seven bark). Six of 14 roosts 
in cavities (four in maples and two in ashes) 
were crevices or hollows within the main 
portion of the bole; one roost in a green ash 
was a crevice formed at the top of a broken 
trunk. and seven roosts in maples were 
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TABLE I.-Characteristics of roost trees of the northern bat in southern Michigan. 

Roost 

A93 
B93 
C93 
093 
E93 
F93 
G93 
H93 
193 
J93d 

K93 
L93d 

M93 
N93 
093 
P93 
Q93 
R93 
A94d 
B94 
C94 
094 
E94 
F94 
G94 
H94 
194 
194 
K94 
L94 
M94 
N94 

Species 
of tree 

Silver maple 
Silver maple 
Silver maple 
Silver maple 
Silver maple 
Green ash 
Silver maple 
Green ash 
Green ash 
Silver maple 
Silver maple 
Silver maple 
Green ash 
Green ash 
Red maple 
Silver maple 
Silver maple 
Silver maple 
Green ash 
Silver maple 
Green ash 
Green ash 
Silver maple 
Silver maple 
Green ash 
Silver maple 
Green ash 
Green ash 
Green ash 
Green ash 
Silver maple 
Silver maple 

Diam-
eter Height 

of tree of tree 
(cm) (m) 

49 21.3 
97 32.5 
76 22.7 
71 24.1 

110 36.7 
47 26.3 
64 18.8 
44 17.2 
39 13.2 
89 26.5 
81 27.9 
88 25.9 
26 18.1 
28 10.0 
54 27.1 
95 31.4 
85 26.9 
73 21.7 
61 26.1 

105 30.0 
48 29.6 
42 20.5 
90 23.3 

III 29.1 
33 20.0 
34 23.1 
40 23.0 
28 9.6 
36 26.1 
28 10.5 
54 15.0 

150 30.5 

Height 
of exit 
(m)' 

11.4 

11.1 
9.6 

17.7 
13.8 
5.1 

12.0 
12.9 

U.8 
14.9 
11.7 

1.2 
17.5 
13.3 
17.7 
5.7 

14.4 

15.0 
8.5 
9.0 

14.3 
5.4 

17.3 
14.8 
6.8 
4.1 
3.7 
6.3 
4.6 

• Missing data are due to the absence of emergence observations. 
~ Categories follow Gardner et al. (1991). 

Type 
of 

roost' 

Cavity 

BMk 
Cavity 
Cavity 
Cavity 
Bark 
Cavity 
Cavity 

Cavity 
Cavity 
Cavity 
BMk 
Cavity 
BMk 
Bark 
BMk 
Cavity 

BMk 
BMk 
BMk 
BMk 
Cavity 
Cavity 
BMk 
BMk 
BMk 
BMk 
BMk 
Cavity 

Amount 
of barkb 

Low 
Low 
Medium 
Medium 
High 
High 
High 
Low 
Low 
Low 
Low 
Low 
Zem 
High 
Low 
High 
Low 
High 
Low 
Low 
High 
Low 
Medium 
Low 
Low 
Low 
Lo'o/ 
Low 
High 
Medium 
Low 
Low 

Cavities 
present Dead 

Canopy 
cover 
(%)C 

84.6 
77.S 
89.1 
63.5 

0.0 
0.0 
0.0 

81.4 
85.1 
85.1 

0.0 
95.3 
10.9 
0.0 

74.1 
0.0 

64.1 
45.9 
93.3 
71.4 
40.9 

0.0 
59.3 
40.9 

8.0 
10.3 
83.4 

0.0 
4.0 

19.0 
27.1 
86.9 

'Each value represents the mean of four readings, with one taken in each of the four cardinal directions at the base of each 
tree. 

d Located off the Borntrager propeny. 

crevices at the end of large broken branch­
es. Seventeen trees were living (11 maple 
and 6 ash), and 15 were dead (eight maple 
and seven ash). Analysis comparing pro­
portions of roost trees among different spe­
cies (maple versus ash), types of roost (cav­
ity versus bark), and status (living versus 
dead) indicated no significant differences 
(Q = 0.24, d.f = 2, P = 0.89). There was 
no difference in amount of loose bark be­
tween trees used as cavity roosts and those 

used as bark roosts or between maples and 
ashes (P > 0.1; Table I). 

Comparison with a random sample of 
trees.-We compared roost trees to a ran­
dom sample of trees that appeared suitable 
for roosting (Betts, 1997). A suitable tree 
was defined as one ;::=: 10 cm in diameter that 
contained obvious hollows or crevices or 
possessed exfoliating bark under which bats 
might roost. To minimize confounding ef­
fects of differences In stand composition, 

84.6 
77.S 
89.1 
63.5 

0.0 
0.0 
0.0 

81.4 
85.1 
85.1 

0.0 
95.3 
10.9 
0.0 

74.1 
0.0 

64.1 
45.9 
93.3 
71.4 
40.9 

0.0 
59.3 
40.9 

8.0 
10.3 
83.4 

0.0 
4.0 

19.0 
27.1 
86.9 

84.6 
77.S 
89.1 
63.5 

0.0 
0.0 
0.0 

81.4 
85.1 
85.1 

0.0 
95.3 
10.9 
0.0 

74.1 
0.0 

64.1 
45.9 
93.3 
71.4 
40.9 

0.0 
59.3 
40.9 

8.0 
10.3 
83.4 

0.0 
4.0 

19.0 
27.1 
86.9 

84.6 
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89.1 
63.5 

0.0 
0.0 
0.0 

81.4 
85.1 
85.1 

0.0 
95.3 
10.9 
0.0 

74.1 
0.0 

64.1 
45.9 
93.3 
71.4 
40.9 

0.0 
59.3 
40.9 

8.0 
10.3 
83.4 

0.0 
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19.0 
27.1 
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a 

n = 32 roost trees 

0·20 21-40 41-60 61-80 81-100 

Percentage of Canopy Cover 

Percentage of Canopy Cover 

FIG. 1.-Relationship between canopy cover 
and a) number of roost trees and b) number of 
bat-days; 1 bat-day represents one radiotracked 
bat roosting in a tree for 1 day. 

we restricted the analysis to the 29 roosts 
located on the Borntrager property and 
chose the random sample from trees within 
the 23 associated circular plots. We used a 
table of random numbers to choose 46 suit­
able but unused trees. two from each plot. 
If two suitable trees were not available in a 
plot, we randomly chose a replacement 
from the entire pool of suitable trees. To 
simplify analysis, only red and silver ma­
ples, green ashes, and American elms were 
chosen because they made up ca. 90% of 
all trees in the O.I-ha plots. Although not 
all parameters were measured for trees 

TABLE 2.-Diameter, number of trees alive, 
and number of trees with cavities for 29 roosts 
and a random sample of 46 potential roost trees, 
from the Borntrager property. 

NUffi-

Diameter (em) 
Num- b" 
b" with 

Category n X SE alive cavities 

Roosts 

Maples 17 84 7 9 15 
Ashes 12 37 2 5 8 

Random sample 

Maples 14 62 6 5 II 
Ashes 16 36 3 7 II 
Elms 16 15 0 0 

within the plots, we did note species, di­
ameter, amount of bark, presence of cavi­
ties, and if the tree was living or dead. 

Although suitable elms (i.e., those with 
cavities or loose bark) made up 35% of the 
random sample (Table 2), northern bats did 
not use this species for roosting (X2 = 13.7, 
d.f = 2, P = 0.001). Overall, diameter dif­
fered significantly among the five potential 
categories-roost maples, random maples, 
roost ashes, random ashes, and random 
elms (X' = 55.5, d.f = 4, P < 0.0001; Table 
2). Multiple comparisons indicated that 
elms were smaller than each of the four 
groups of maple and ash (Mann-Whitney 
tests, P < 0.0001). There was no significant 
difference in diameter between roost and 
unused maples (Z = -2.03, P = 0.04, 
which was not significant because a Bon­
ferroni correction reduced alpha to 0.008) 
or between roost and unused ash (Z = 0.26, 
P = 0.80). The overall sample of roost trees 
(all species combined) did not vary from 
the random sample in terms of the propor­
tion of trees that were alive, the proportion 
that had cavities, or the proportion that had 
zero, low, medium, or high amounts of 
loose bark (P '" 0.08). 

Population size.-Mean population size 
was 17 ± 2 bats (n = 65 observations; Fig. 
2a); maximum count at any tree averaged 
13 ± 3 bats (n = 29 roosts). The largest 
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g-
o , 
cr • u. 

g-
o , 
cr • u. 

a 

n '" 65 observations 

2·11 12·21 22·31 32·41 42·51 52-61 

Population Size 

10.-----------------------~, 

0-100 101-200 201·300 301·400 >400 

Distance Moved (m) 

FrG. 2.-a) Population size detennined by 
counting emerging bats at dusk and b) distance 
moved by each bat that changed roosts. All 
movements >400 m involved sites off the Born­
trager property. 

populations were observed at silver rna­
ples--A93, G93, and K93--with maximum 
counts of 60, 43, and 38 bats, respectively. 
Roost A93 had the 10 highest emergence 
counts, ranging from 43 to 60 bats; those 
high counts occurred even though A93 was 
used only in the last week of May and the 
first week of June of both years, which was 
well before flying juveniles entered the vo­
lant population and inflated the population 
size. 

Northern bats roosted with other bats 
more often than roosting alone (X 2 = 18.84, 

d.f ~ 1, P < 0.001; Fig. 2a). Nevertheless, 
only a single bat left the roost tree during 
16 (25%) emergences, and 8 of the 11 bats 
roosted alone on;::=1 day. Two lactating bats 
and one pregnant individual always roosted 
with other bats, but they were tracked for 
only 2-4 days each. 

Fidelity to roosts and movements.-One 
banded bat used the same tree (A93) in 
1993 and 1994, but only three roosts (A93, 
E93, and G93) were used by different ra­
diotagged bats in both years. Northern bats 
frequently changed trees within each sea­
son, averaging 2.8 switcheslbat (range = 1-
6). Thirty-one changes by the 11 bats oc­
curred over 61 days of observation, indi­
cating that northern bats typically changed 
roosts every 2 days. Northern bats generally 
moved to new trees, and only two bats in 
the 1 st year and one bat in the 2nd year ever 
returned to a tree that the animal had used 
previously while it was being radiotracked. 
Mean number of different trees used by 
each bat was 3.6 (range = 2-7). Number of 
switches per bat (r, ~ 0.76, P ~ 0.006) and 
the number of different trees per bat (rs = 

0.74, P = 0.009) were correlated with the 
number of days that the animal was tracked. 

Distance that a bat moved was measured 
for 30 of 31 changes (Fig. 2b; for one 
change, the animal left to forage before the 
roost tree was located). Longest distance 
between two roost trees used by the same 
bat was ca. 2 km, and shortest distance was 
6 m. Average distance moved was 333 ± 
88 m, including three switches each ;::=850 
m involving the two sites off the Borntrager 
property. If only trees on the Borntrager 
property were included, average movement 
for the remaining 27 changes was 191 ± 22 
m; most (62%) were <250 m. To avoid 
problems with nonindependence, we also 
calculated mean distance moved between 
roosts using average distance traveled by 
each bat. That mean distance was 414 ± 
172 m (n ~ II bats) and 190 ± 36 m (n ~ 
9 bats) for switches including and not in­
cluding trees off the Borntrager property, 
respectively. 
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TABLE 3.-Comparison of roost trees, habitat, and behavior of northern bats and Indiana bats on 
the Borntrager property. Continuous variables are presented as X = SEJollowed by n in parentheses. 

Northern bats 
Character (This study) 

Roosting area ca. 20 ha 
Species of tree 17 maple; 12 ash 
Type of roost 14 cavity; 15 bark 
Alive or dead 14 alive; 15 dead 

Canopy cover 

0-50%,51-100% 17, 12 

Diameter of tree (em) 

All species 63 ~ 6 (29) 
Maples 82:!: 7(17) 
Ashes 37 ± 2 (12) 

Total height of tree (m) 

All species 23.0 ± 0.2 (29) 
Maples 26.0 ± 1.3 (17) 
Ashes 18.7 ± 2.0 (12) 

Height of bat's exit (m) 

All species 10.5 ~ 0.9 (27) 
Maples 11.5 :::': 1.2 (15) 
Ashes 9.2 :::': 1.4(12) 

Amount of loose barke 

High, medium, low 6,3,6 

Frequency of changes 112 days 

Distance moved (m) 

All changes 191 :::': 22 (27) 
Mean valuelbat 190::!: 36 (9) 

Indiana bats 
(Kurta et ai., 1996) 

ca. 5 ha 
o maple; 23 ash 
o cavity"; 23 bark 
o alive; 23 dead 

23b,O 

41 ± 1(23) 

41 ± 1(23) 

25.1 ± 1.6 (23) 

25.1 ::!: 1.6 (23) 

9.9 :::': 0.9 (21) 

9.9 :::': 0.9 (21) 

12,9,2 

1I2.9 days 

74.2 :::': 8 (37) 
79.0::!: II (17) 

Statistics 

x2 = 20.03; P < 0.001 
X2 = 15.19; P < 0.001 
X2 = 15.19; P < 0.001 

X2 = 13.53; P < 0.001 

Z = -2.38; P = 0.02 

Z = -1.52; P = 0.13 

Z = 0.84; P = 0.40 

Z = 2.12; P = 0.03 

Z = -0.45; P = 0.66 

Z = -0.34; P = 0.74 

X2 = 5.56; P > 0.1 

Z = 4.28; P < 0.001 
Z = 2.37; P = 0.02 

• A few fecal pellets were present in a cavity of one roosl tree (Kurta et aI., 1993a), but bats were only observed leaving from 
beneath adjacent bark. 

bAll 23 trees were essentially unshaded, with canopy cover likely <20% al each. 
'Only trees al which bats actually roosted under bark; categories of low to high follow Gardner et at. (1991). 

Comparison with the Indiana bat,~Kur­
ta et al. (1996) discovered 23 roosts used 
by adult female and juvenile Indiana bats 
over 3 summers (1991-1993) compared 
with the 32 roosts that we located for the 
northern bat during 1993-1994. 1\vo trees 
used by female Indiana bats were each used 
on 1 day by northern bats; however, the two 
species of bat never were found in the same 
tree on the same day (not even within the 
same year at one tree), and the exact roost­
ing site on the tree also differed (Foster, 
1997). AIl 23 roosts of the Indiana bat were 
on the Borntrager property, as were 29 
roosts of the northern bat (Table 3). We re­
stricted comparisons to roosts on the Born-

trager property to minimize stand differ­
ences; nevertheless, inclusion of the three 
roosts located off that property did not 
change the significance of any test. 

Roosts of the Indiana bat were tightly 
grouped into a 5-ha flooded area that was 
totally within the more heterogeneous 20-
ha site that contained roosts of the northern 
bat. Although height and diameter of ma­
ples and ashes differed for the northern bat, 
ashes used by northern bats were similar in 
diameter to, but slightly shorter than. those 
used by Indiana bats (Table 3). Heights of 
the exits used by the two species did not 
differ. The amount of loose bark on trees 
used as bark roosts did not differ between 
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species of bats (Table 3) or from samples 
of available trees for either species of bat 
(Kurta et al., 1996; this study). 

Despite similarities, there were many dif­
ferences in roosting behavior (Table 3). 
Adult female and juvenile Indiana bats 
were radiotracked only to green ashes, but 
northern bats were found most often in ma­
ples. All trees used by Indiana bats were 
dead (as defined in the present study), but 
those used by northern bats were equally 
divided among living and dead trees. Indi­
ana bats always emerged from underneath 
loose bark, but northern bats roosted in cav­
ities or under bark in about equal propor­
tions. Canopy cover at roosts of the Indiana 
bat was invariably <20%, but 17 of 29 
roosts of the northern bat were more heavi­
ly shaded. Average distance moved by 
northern bats when- changing trees was 
more than double that of the Indiana bat. 

DISCUSSION 

Population size.-In summer, the north­
ern bat generally is colonial, but reproduc­
tive females and juveniles often roost alone 
(Fig. 2a)-a pattern similar to that seen in 
the Indiana bat (Kurta et al., 1996). On 27 
May 1993, we counted 60 adult northern 
bats leaving the hollow of roost A93, and 
nine other observations of this tree yielded 
emergence counts of >42 bats, making this 
the largest nonhibernating group ever re­
ported for the species. Sasse and Pekins 
(1996) watched 36 northern bats leave a 
roost on an unspecified date in New Hamp­
shire, and Cope and Humphrey (1972) not­
ed 34 adults at a bam in Indiana on 22 June 
1966. 

In both years, the largest emergence 
counts occurred early in the season at roost 
A93, a living maple with 85% canopy cov­
er; population size then rapidly fell to <20 
animals during most counts after mid-June. 
Sasse and Pekins (1996) also reported high­
er population counts of northern bats early 
in the maternity season, before parturition. 
A large number of bats per roost early in 
the year may be related to thermoregulatory 

needs, because clustering by bats and other 
small homeothenns should allow them to 
maintain a high body temperature with less 
energetic expenditure, especially with the 
added insulation of a wooden cavity (du 
Plessis and Williams, 1994; Kurta, 1985, 
1986). However, if energetic constraints 
were the main reason for these large group­
ings early in the maternity season, one 
might not expect bats to roost in a tree with 
heavy canopy cover (A93; Table I), which 
would reduce solar warming during the 
coolest part of the maternity season. Anoth­
er possibility for large colonies early in the 
year, when air temperatures are low and 
prey are scarce, is that such large groupings 
may facilitate the transfer of infonnation 
among bats concerning the location of pro­
ductive foraging areas and thereby increase 
foraging efficiency of individuals (Sparling 
and Krapu, 1994; Wilkinson, 1992). 

The number of northern bats presumably 
swelled to > 100 individuals in this "colo­
ny" in July, after young became volant, be­
cause litter size typically is one (Cope and 
Humphrey, 1972), and preweaning mortal­
ity in colonial insectivorous bats generally 
is <12% (1ilttle and Stevenson, 1982). Ob­
viously all members of this colony did not 
roost together during the remainder of the 
summer, because maximum population size 
after 4 July of either year, when volant ju­
veniles first were captured, was only 38 
bats and most counts were <20 bats (Foster, 
1997). This suggested that some members 
of the group dispersed to different areas, or 
if bats remained nearby, they used a large 
number of different trees at anyone time. 

Fidelity to roosts and movements.­
Northern bats changed roosts about every 2 
days, which appears typical of tree-roosting 
bats (Lewis, 1995). For example, our data 
on roost switching by northern bats were 
similar to those reported for Indiana bats 
(2.9 days-Kurta et al., 1996), silver-haired 
bats, Lasionycteris noctivagans (ca. 1 
day-Mattson et al., 1996), and long-leg­
ged bats, M. volans (2.2 days-Ormsbee, 
1996). Northern bats generally switched to 

D
ow

nloaded from
 https://academ

ic.oup.com
/jm

am
m

al/article/80/2/659/899920 by guest on 12 M
ay 2021



668 JOURNAL OF MAMMALOGY Vol. 80, No.2 

a new tree to which they had not been 
tracked previously. They used 3.6 different 
trees on average, and some bats used as 
many as seven different trees; however, the 
number of trees used was correlated with 
the number of days that the transmitter re­
mained functional. This implied that each 
bat would have used a much larger. but un­
known, number of trees over the course of 
an entire maternity season, as reported for 
Indiana bats (Kurta et al., 1996) and long­
legged bats (Ormsbee, 1996). The need for 
a large number of trees by these bats is ex­
tremely important from a management per­
spective, especially in the agricultural land­
scapes of midwestern United States, where 
forested areas often are young, widely dis­
persed, and limited in extent. 

Characteristics of the roosts and habi­
tat.-There has been only one other study 
of the northern bat that involved radiotrack­
ing. Sasse and Pekins (1996) surveyed 
roosting habits of the northern bat in the 
White Mountain National Forest in northern 
New Hampshire during the same 2 years as 
our study (1993-1994). Unfortunately, it 
was difficult to compare our results to those 
of Sasse and Pekins (1996) because of dif­
fering methodology and because they ap­
parently restricted their statistical analysis 
to a subset of their roost trees (snags). Nev­
ertheless, our study and that of Sasse and 
Pekins (1996) showed that the northern bat 
was primarily a tree-dwelling species, de­
spite earlier reports of this bat using man­
made structures (Brandon, 1961; Cope and 
Humphrey, 1972). 

Sasse and Pekins (1996:97) "presumed" 
that the northern bat preferred totally dead 
trees (snags), as do most species that use 
cavities or bark (Barclay and Brigham, 
1996; Brigham et a!., 1997; Campbell et aI., 
1996; Kurta et a!., 1993a, 1996). However, 
13 of 47 roosts in New Hampshire (Sasse 
and Pekins, 1996) and 17 of 32 roosts in 
Michigan (Table 1) were in living trees. 
This suggests that choice of a living tree is 
common among northern bats compared 

with other species of North American bats 
with similar roosting habits. 

Sasse and Pekins (1996) did not deter­
mine if their bats were roosting underneath 
bark or in cavities, but northern bats in 
Michigan were generalized in their roosting 
behavior, with about one-half of the roosts 
in cavities and the other one-half under ex­
foliating bark (Table I). Breadth of the 
roosting niche of a population is determined 
by variation among and within individuals 
(i.e., a generalist popUlation may result be­
cause different members of the population 
specialize in different ways or because 
some or all individuals are generalists-C. 
Gubbins, in litt.; Heinrich, 1976). In our 
study, five of 11 bats that were radiotracked 
roosted in cavities and under bark, suggest­
ing that this generalized roosting pattern is 
a result of variation within individuals. 

Northern bats in southern Michigan 
roosted mostly in silver maple (56%) and 
green ash (41%), with a single roost in red 
maple (3%). Our study is the first to report 
the use of silver maple and green ash by 
this bat. Mumford and Cope (1964) found 
a colony of northern bats living under the 
bark of an American elm in Indiana, and G. 
Gardner (in litt.) discovered one under the 
exfoliating bark of a slippery elm (U. ru­
bra) in Illinois. Clark et a!. (1987) reported 
northern bats under the bark of an unspe­
cified elm in Iowa. Sasse and Pekins 
(1996), in contrast, found most of their 47 
roosts in American beech (30%), sugar ma­
ple (28%), yellow birch (Betula alleghan­
iensis-17%), and red maple (13%). Most 
likely, northern bats are not dependent on a 
particular species of tree throughout their 
range. Rather, certain species of trees tend 
to form suitable cavities or retain bark and 
will be used whenever they are present. 
Different ecological equivalents likely oc­
cur in different habitats and geographic ar­
eas, and northern bats will use whatever ap­
propriate species of trees that happens to be 
there (Gardner et aI., 1991; Mattson et aI., 
1996). 

Despite roosting in elms elsewhere in the 
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Midwest, northern bats in Michigan did not 
use them, even though 34.7% of potential 
roost trees (i.e., those with cavities or peel­
ing bark) were elms (Table 2). Tree-roosting 
bats often select trees that are larger in di­
ameter than the mean for all available trees 
(Kurta et aI., 1996; Sasse and Pekins, 1996; 
Taylor and Savva, 1988; Vonhof and Bar­
clay, 1996), possibly because large trees 
provide more insulation or a larger space in 
which bats may cluster, thereby reducing 
thermoregulatory costs (Gardner et aI., 
1991; Kurta, 1985, 1986). However, Dutch 
elm disease is common in southern Michi­
gan, and many elms succumb before reach­
ing even moderate size (Barnes and Wag­
ner, 1981). Presumably the lack of roosts in 
elms was related to their extremely small 
size and the absence of cavities in such 
young trees (Table 2) and not to specific 
structural characteristics of elms in Michi­
gan. Other than failing to use elms in pro­
portion to their abundance, northern bats 
did not appear to select their roost tree on 
the basis of any of the observed parameters. 

After comparing roosts in maples and 
ashes, we found that the two groups did not 
differ in amount of loose bark, proportion 
that was alive or dead, or proportion that 
had cavities. Mean height of the tree was 
significantly greater in maples than ashes, 
but this had no noticeable effect on the bats, 
because the height at which bats roosted (as 
indicated by height of the exit) did not dif­
fer between maples and ashes. Although av­
erage diameter of maples was more than 
double that of ashes, this also may not be 
biologically significant because of the dif­
ferent growth form of the two types of 
trees. Ashes generally have a single trunk, 
whereas maples frequently divide into mul­
tiple trunks ca. 2 m above the ground (i.e., 
above the height at which diameter is typ­
ically measured-Barnes and Wagner, 
1981). Reports of average diameters of 
roost trees that lump multiple species of 
trees with different patterns of growth (Cal­
lahan et aI., 1997; Sasse and Pekins, 1996) 
are of questionable use in predicting if a 

particular tree will or will not be used by a 
bat. 

Northern bats in Michigan did not re­
quire trees low in canopy cover for roosting 
and exhibited a bimodal choice in percent­
age of canopy cover (Fig. 1). Most bat-days 
were spent in trees with either 0-20% or 
81-100% canopy cover, and this likely re­
flects the fact that about one-half of the 
roost trees were living and one-half were 
considered dead (Table 1). Northern bats 
were not forced to use trees with high shade 
because permanently flooded areas of the 
site contained hundreds of apparently suit­
able unshaded trees (Kurta et aI., 1996). 
That low canopy cover is not required by 
northern bats also is evident in the data of 
Sasse and Pekins (1996), who reported an 
average of 83% canopy cover for their 
snags-a value similar to the forest sur­
rounding their roosts. 

Vonhof and Barclay (1996) showed that 
some bats in western Canada favored roosts 
with low canopy cover. They speculated 
that such a clear space would provide easier 
access for bats (less chance of accidents), 
make the roost more visible in the land­
scape, and decrease predation, because bats 
could fly directly to and from the roost 
without maneuvering. The bimodal nature 
of our data (Fig. 1) is not consistent with 
the various hypotheses proposed by Vonhof 
and Barclay (1996). It may be that, for 
northern bats, an average value for clutter 
around a tree is less important than clutter 
directly in front of the opening to the roost 
(Betts, 1997). In addition, the northern bat 
is a gleaning species (Faure et al., 1993) 
and should be able to maneuver around 
clutter better than similar-sized bats (Nor­
berg and Rayner, 1987). 

Interspecific comparisons.-We did not 
analyze as many characters as other com­
parative studies in North America (primar­
ily between silver-haired and big brown 
bats in heavily forested areas of the West­
Betts, 1996; Vonhof, 1996; Vonhof and 
Barclay, 1996), but we detected differences 
in the roosting behavior of Indiana and 
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northern bats. In southern Michigan, the 
northern bat had a distinctly broader roost­
ing niche, utilizing maples, cavities, living 
trees, and sites with higher canopy cover 
more often than its congener, the Indiana 
bat (Table 3). Those differences were de­
tected at a site where the number of trees 
that appeared suitable for roosting was very 
high (971ha in the flooded area alone-Kuf­
ta et a1., 1996), and trees that were used 
presumably reflected preferences of each 
species at this latitude. The fact that both 
species remained in such a small area over 
multiple years also suggested that roosting 
conditions were quite favorable and, per­
haps, optimum. 

Although the roosting niche of these two 
species differed, they showed considerable 
overlap at our study site (Table 3). and the 
fact that Indiana bats occasionally have 
used cavities in other areas (Callahan. 1997; 
Kurta et aI., 1993b) indicates further simi­
larity in what the two species find accept­
able. The overlap in roosting niches sug­
gests the possibility of interspecific inter­
actions in areas where suitable roosts are 
not as abundant as on the Borntrager prop­
erty, and this could be especially important 
for the management of the endangered In­
diana bat. because its breeding range is cen­
tered on the agricultural Midwest-a region 
where. on average. suitable trees are likely 
low in number and widely scattered. To 
gain further insight into the roosting re­
quirements of Indiana and northern bats, as 
well as potential interactions between them. 
we suggest that future studies simultaneous­
ly examine the roosting niche of each spe­
cies in areas where they do not coexist. 
where the composition of the forest differs, 
and where the abundance of suitable trees 
differs. 

In addition. previous comparative reports 
from North America have concentrated on 
gross characteristics of roost trees and their 
surrounding habitat (Betts, 1996; Vonhof. 
1996; Vonhof and Barclay, 1996; this 
study). Future projects also should compare 
aspects of the roosting site itself (e.g., di-

mensioos of cavities and openings. diame­
ter of the trunk and canopy cover at the 
actual roosting site. thickness 'and insulative 
value of wood or bark, etc.). Quantifying 
such microcharacters (Robb et al .• 1996; Ti­
demann and Ravel, 1987) will be difficult 
but ultimately may provide better insight 
ioto requirements of coexisting species and 
how their roosting niche is differentiated. 
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northern bats. In southern Michigan, the 
northern bat had a distinctly broader roost­
ing niche, utilizing maples, cavities, living 
trees, and sites with higher canopy cover 
more often than its congener, the Indiana 
bat (Table 3). Those differences were de­
tected at a site where the number of trees 
that appeared suitable for roosting was very 
high (97/ha in the flooded area alone-Kur­
ta et aI., 1996), and trees that were used 
presumably reflected preferences of each 
species at this latitude. The fact that both 
species remained in such a small area over 
multiple years also suggested that roosting 
conditions were quite favorable and, per­
haps, optimum. 

Although the roosting niche of these two 
species differed, they showed considerable 
overlap at our study site (Table 3), and the 
fact that Indiana bats occasionally have 
used cavities in other areas (Callahan, 1997; 
Kurta et aI., 1993b) indicates further simi­
larity in what the two species find accept­
able. The overlap in roosting niches sug­
gests the possibility of interspecific inter­
actions in areas where suitable roosts are 
not as abundant as on the Borntrager prop­
erty, and this could be especially important 
for the management of the endangered In­
diana bat, because its breeding range is cen­
tered on the agricultural Midwest-a region 
where, on average, suitable trees are likely 
low in number and widely scattered. To 
gain further insight into the roosting re­
quirements of Indiana and northern bats, as 
well as potential interactions between them, 
we suggest that future studies simultaneous­
ly examine the roosting niche of each spe­
cies in areas where they do not coexist, 
where the composition of the forest differs, 
and where the abundance of suitable trees 
differs. 

In addition, previous comparative reports 
from North America have concentrated on 
gross characteristics of roost trees and their 
surrounding habitat (Betts, 1996; Vonhof, 
1996; Vonhof and Barclay, 1996; this 
study). Future projects also should compare 
aspects of the roosting site itself (e.g., di-

mensions of cavities and openings, diame­
ter of the trunk and canopy cover at the 
actual roosting site, thickness and insulative 
value of wood or bark, etc.). Quantifying 
such microcharacters (Robb et al., 1996; Ti­
demann and Flavel, 1987) will be difficult 
but ultimately may provide better insight 
into requirements of coexisting species and 
how their roosting niche is differentiated. 
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