VARIATION IN DIET OF THE GRAY BAT (MYOTIS GRISESCENSY)
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During spring and summer 1991, a total of 1,476 fresh fecal pellets of gray bats, Myotis
grisescens, was collected at Blowing Wind Cave, Jackson Co., Alabama. Fourteen orders
of Insecta, unidentified Insecta, an unknown organism (possibly Insecta), two orders of
Arachnida, and hair from gray bats were recovered; in decreasing order, the most common
taxa were Lepidoptera, Diptera, and Coleoptera. Food categories exhibited significant varia-
tion among sampling sessions, nights within sampling sessions, and hours within sampling
sessions. When quantity of each food category in fecal pellets was compared with quantity
of potential prey available for consumption, there was no statistically significant correla-
tion. There was significant variation in diet over time, but bats did not select prey in pro-

portion to availability.
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Bats of the genus Myotis consume a va-
riety of insects, including Coleoptera,
Diptera, Ephemeroptera, Lepidoptera. Neu-
roptera, and Trichoptera (Anthony and
Kunz, 1977; Belwood and Fenton, 1976;
Brack and La Val, 1985; Brigham et al.,
1992; Buchler, 1976; Easterla and Whitaker,
1972; Hayward, 1970; Herd and Fenton,
1983; Husar, 1976; Kunz, 1974; Ross,
1967; Shiel et al., 1991; Swift and Racey,
1983; Warner, 1985; Whitaker, 1972; Whi-
taker et al., 1981). Most previous studies of
diets of Myotis have been limited by dura-
tion of sampling effort and size of samples
(e.g., Brigham et al., 1992; Buchler, 1976;
Hayward, 1970; Lacki et al., 1995), but
Brack and La Val (1985) conducted an in-
tensive study of the diet of the endangered
Indiana bat (Myotis sodalis) in Missouri,
where samples were collected at 2-week in-
tervals from 7 June to 1 August. Their
analyses of 1,272 fecal pellets provided in-
sight into variation in diet over time. To bet-
ter understand foraging requirements of a
species, particularly of species that may be
threatened or endangered, it is highly desir-
able to document the full range of variabil-
ity in dietary components.
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Studies of the endangered gray bat (Myo-
tis grisescens—GQGreenwalt, 1976) have em-
phasized ecology, behavior, growth, and
management (e.g., Best and Hudson, 1996;
La Val and La Val, 1980; La Val et al., 1977;
Stevenson and Tuttle, 1981; Thomas and
Best, in press; Tuttle, 1975, 1976a, 1976b,
1979). M. grisescens forages over streams
and reservoirs where it consumes night-
flying aquatic insects (La Val et al., 1977;
Rabinowitz, 1978; Rabinowitz and Tuttle,
1982; Thomas and Best, in press; Tuttle,
1976h), but there is a paucity of data on
foods consumed by this species (Lacki et
al., 1995). Guthrie (1933) reported remains
of insects in feces of gray bats, Tuttle
(1976h) noted remains of at least six spe-
cies of mayflies (Ephemeroptera) under a
roost, Rabinowitz (1978) and Rabinowitz
and Tuttle (1982) reported remains of seven
orders of insects in fecal pellets, and Lacki
et al. (1995) identified nine orders of insects
in fecal pellets. Objectives of our research
were to use contents of fecal pellets to as-
certain what items were ingested by M.
grisescens at intervals throughout its annual
activity period (April to October), to docu-
ment variation in diet among sampling ses-
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sions, nights, and hours of the night, and to
compare variation in diet with variation in
availability of prey.

MATERIALS AND METHODS

Blowing Wind and Hambrick caves, located at
Guntersville Reservoir in northeastern Alabama,
contain the two largest (>100,000 gray bats
each) summer colonies of M. grisescens (Tultlle,
1976a, 1976b). A total of 1.476 fresh fecal pel-
lets was collected at Blowing Wind Cave, Jack-
son Co., Alabama, 19 April-20 September 1991.
Two cloth bed sheets were spread on the ground
at the lower opening of the cave to collect fecal
pellets from bats entering and exiting the cave.
The sheets were cleaned and repositioned after
each sample was removed. For most samples, 10
fecal pellets were collected during each of the
six 1-h or 2-h intervals from 1930 to 0630 h Cen-
tral Daylight Savings Time (interval 1, 1930—
2030 h; 2, 2030-2230 h; 3, 2230-0030 h; 4,
0030-0230 h; 5, 0230-0430 h; 6, 04300630 h)
for 1-3 nights during each of 11 sampling ses-
sions (session 1, 19-20 April; 2, 34 May; 3,
24-25 May; 4, 8-9 June; 5, 25-28 June; 6, 8-12
July; 7, 22-26 July; 8. 5-8 August: 9, 19-22 Au-
gust; 10, 3—-6 September; 11, 17-20 September).
Each sample of fecal pellets was placed in a plas-
tic bag and frozen until examined.

In the laboratory, individual fecal pellets were
placed in water in a petri dish and warmed on a
slide warmer to soften and expand the contents.
Then, each pellet was gently teased apart with a
probe while viewed at 60> magnification. A
sample of the contents of each fecal pellet was
added to one drop of 90% ethyl alcohol, which
had been placed on a glass microscope slide. A
mixture of mounting medium and xylene (75%
mounting medium—7Permount, Fisher Scientific,
Pittsburgh, PA, and 25% xylene) was used to ad-
here the sample of contents of each fecal pellet
to the slide, which was dried on a slide warmer.

Ten fields on each slide were examined at
=200 magnification; a square ocular grid (10
squares on a side) divided each field into 100
equal-sized squares. Average percentage compo-
sition by volume of each food item based on 10,
100-unit grids was calculated by dividing the
number of squares occupied by a food category
by the total number of squares with food present
for the fecal pellet, then multiplying this num-
ber by 100. It was assumed that Acari (chiggers)
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and hair of M. grisescens were not ingested as a
source of food, but were taken in during groom-
ing. These nonfood categories were quantified
separately from food categories; Acari was re-
corded as total number of squares occupied in
10, 100-unit grids and bat hair was assigned val-
ues of 0 (absent), 1 (=15 hairs observed on 10,
100-unit grids), and 2 (>15 hairs observed on
10, 100-unit grids).

Identification of remains to taxonomic order
was determined, when possible, using keys and
descriptions in Whitaker (1988) and Borror et al.
(1989) and by comparison of remains with speci-
mens in the Auburn University Entomology Col-
lection. Insects that could not be identified to
taxonomic order were included in the category
Insecta; structures in this category included frag-
ments of wings, legs, head capsules, and com-
pound eyes. Round, eye-like structures, which
appeared to be all from the same type of organ-
ism (possibly Insecta) and could not be identi-
fied to any taxonomic unit with certainty, were
recorded as Unknown 1.

Reliable estimates of the quantity of prey that
is available to foraging bats are difficult to ob-
tain (Whitaker, 1994). We attempted to quantify
the relative number of prey that potentially was
available for consumption by gray bats by col-
lecting a total of 384 samples of potential prey
from within 2 km of Blowing Wind Cave. One
terrestrial and three aquatic habitats were
sampled with a 38-cm diameter, hand-held
sweep net at ca. 2-h intervals during seven sam-
pling sessions (25 June—20 September). In ob-
taining these sweep-net samples, the collector
walked through the terrestrial habitat or was
riding through aquatic habitats in a canoe; the
collector made a total of 50, ca. 3-m wide,
figure-8 swings during each sweep-net sample.
The terrestrial habitat sampled was an open field
adjacent to Guntersville Reservoir (characterized
by grasses—Sorghum, goldenrod—Solidago.
and sumac—~Rhus glabra). There were three
aquatic habitats: over water with no aquatic veg-
etation; over water with emergent Eurasian wa-
termilfoil (Myriophyllum spicatum); over water
with emergent American lotus (Nelumbo lutea).
These four habitats were selected because they
represented most habitat types available to M.
grisescens at the reservoir. Contents of each
sample of potential prey were identified to taxo-
nomic order by comparison with keys in Whi-
taker (1988) and Borror et al. (1989). Average
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TABLE 1 —Average percentage composition by volume of food categories and relative abundance
of nonfood categories in fecal pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co., Ala-
bama, during 11 sampling sessions from April to September 1991 (see Materials and Methods for
dates). The number of fecal pellets examined is in parentheses.

Sampling session

1 2 3 4 5 6 7 8 9 10 11

Contents of feces (30) (6O) (70)  (70) (170) (18O) (1BO) (18O) (18O) (18O) (176)
Food category
Lepidoptera (moths) 30.5 456 485 57.8 300 40.8 329 324 224 275 325
Diptera (flies) 46.0 256 16.0 188 13.1 23.0 216 1838 354 402 31.8
Coleoptera (beetles) 179 144 242 3.8 54 13.6 14.3 T2, 37 2.8 9.2
Insecta 3.5 6.4 2.3 2.8 9.3 5.6 36 121 10.3 18.1 12.6
Unknown 1 0.5 0.5 2.8 4.1 303 5.2 a3 133 9.3 0.4 0.5
Trichoptera (caddisflies) 0.0 27 1.3 3.8 4.2 4.8 13.7 1.7 10.2 4.3 34
Hemiptera (bugs) 0.0 1:5 2.0 16 0.1 1.9 3.0 I:5 3.3 1.3 34
Homoptera (leafthoppers) 0.1 0.3 0.5 0.3 0.5 3.2 2.3 1.7 4.0 2.0 3.4
Hymenoptera (wasps) 1.4 151 0.1 0.8 0.2 2.6 23 | W 25 2.8 1.9
Ephemeroptera (mayflies) 0.0 0.0 0.0 0.0 5.6 0.0 1.9 3.0 0.0 0.0 0.0
Araneae (spiders) 0.2 2.1 1.7 <0.1 0.7 0.0 0.2 0.2 0.1 0.5 0.3
Neuroptera (lacewings) 0.0 0.0 0.3 0.1 0.1 0.0 0.3 0.0 0.1 0.3 1.1
Plecoptera (stoneflies) 0.0 0.0 0.3 0.0 0.0 =<0.1 =<0.1 1.7 <01 0.0 0.0

Orthoptera (grasshoppers) 0.0 0.0 0.0 0.0
Mecoptera (scorpionflies) 0.0 0.0 0.0 0.0

Thysanoptera (thrips) 0.0 0.0 0.0 0.0
Odonata (dragonflies) 0.0 0.0 0.0 0.0
Nonfood category

Acari (chiggers) 1.3 0.0 0.3 0.0
Bat hair 062 02 02 5

0.0 0.4 0.3 0.0 04 =0 <041
0.0 0.0 0.0 03  <0.1 0.0 0.0
0.0 0.0 0.0 0.0 0.0 <0.1 <0.1
0.0 0.0 0.1 0.0 0.0 0.0 0.0

0.8 0.4 0.8 0.2 0.9 0.1 0.4
0.3 0.5 0.4 0.3 0.2 0.1 0.1

percentage of individuals of each potential prey
item in each sample was calculated by dividing
number of individuals of each taxon by total
number of individuals in the sample, then mul-
tiplying this number by 100. Prey taxa that could
not be identified to taxonomic class were listed
as unidentified Insecta.

Variation among sampling sessions, nights,
and hours (1-h and 2-h blocks), for contents of
fecal pellets and samples of potential prey, was
assessed using analysis of variance and a
Student-Newman-Keuls a posteriori test for mul-
tiple comparisons among means. Spearman-rank
correlation coefficients were used to compare
variation in each taxon between contents of fe-
cal pellets and potential prey (Norusis, 1990:
Sokal and Rohlf, 1981; Swift et al., 1985). The
level of statistical significance was corrected for
multiple comparisons with the sequential Bon-
ferroni adjustment (Rice, 1989); to obtain the
corrected a-value, 0.05 was divided by the num-
ber of statistical comparisons made in each
group of analyses.

RESULTS

Contents of fecal pellets —Remains of 14
orders of Insecta, unidentified Insecta, eye-
like structures from Unknown 1, two orders
of Arachnida (Araneae, Acari), and hair
from gray bats were recovered (Table 1).
The three most common taxa recovered, in
decreasing order of presence, were Lepi-
doptera, Diptera, and Coleoptera. Together
these three taxa represented =48.5% of
the total in each of the sampling sessions.
Araneae, Hemiptera, Homoptera, Hyme-
noptera, Trichoptera, unidentified Insecta,
and Unknown 1 also were present regular-
ly. Ephemeroptera, Mecoptera, Neuroptera,
Odonata, Orthoptera, Plecoptera, and Thysa-
noptera occurred sporadically in fecal pel-
lets (Table 1).

Variation among sampling sessions.—Of
the 17 food categories listed in Table 1, 12
exhibited significant variation among sam-
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TABLE 2—Qccurrence of items in fecal pellets of Myotis grisescens as shown by one-way analysis
of variance® and Student-Newman-Keuls a posteriori test among 11 sampling sessions used to obtain
fecal pellets at Blowing Wind Cave, Jackson Co., Alabama, April to September 1991 (see Materials
and Methods for dates). Numbers corresponding to sampling sessions are listed above the average
percentage occurrence of each food or nonfood category (d.f. = 10,1465 Jfor all comparisons). Lines
beneath averages indicate nonsignificant subsets.

Contents of feces  F-ratio Results of Student-Newman-Keuls analysis

Food category

2 3 5 10 11 7 8 1 9 + 6
Arancae 3.04" 2.1 1.7 0.7 0.5 0.3 0.2 0.2 0.2 0.1 <0.1 0.0
3 1 2 7 6 11 8 9 5 4 10
Coleoptera 12.02* 242 179 144 14.3 13.6 9.2 T2 i 5.4 3.8 2.8
1 10 9 11 2 6 ik 4 8 3 5
Diptera 20.03* 46.0 402 354 31.8 256 23.0 21.6 19.8 188 160 13.1
5 8 7 1 2 3 4 6 9 10 11
Ephemeroptera 10.59% 5.6 3.0 1.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
11 9 7 3 6 8 2 10 4 5 1
Hemiptera 3.60° 3.4 33 3.0 2.0 1.9 1.5 1.5 1.3 1.1 0.1 0.0
9 11 T 6 10 8 3 5 4 2 1
Homoptera 5.67° 4.0 3.4 23 24 2.0 127 0.5 05 0.3 0.3 0.1
4 3 2 6 7 11 8 1 2 10 9
Lepidoptera 901* 578 485 456 408 329 325 324 305 300 275 224
11 3 7 10 5 9 4 1 2 6 8
Neuroptera 4.23* 1.1 0.3 0.3 0.3 0.1 0.1 0.1 0.0 0.0 0.0 0.0
8 3 6 7 9 1 2 - 5 10 11
Plecoptera 3.75% 1.7 03 =01 <01 =01 0.0 0.0 0.0 0.0 0.0 0.0
74 9 6 10 5 4 11 2 8 3 1
Trichoptera 9.72% 13.7 10.2 4.8 4.3 4.2 3.8 3.4 2:7 i 1.3 0.0
10 11 8 9 5 2 6 7 1 4 3
Insecta 16.95% . 181 .. 426, 121 10.3 93 6.4 5.6 3.6 3.5 2.8 2.3
5 8 9 7 6 4 3 11 2 1 10
Unknown 1 41.67" 303 177 5.3 53 52 4.1 2.8 0.5 0.5 0.5 0.4
Nonfood category
6 < 7 5 8 2 9 3 1 11 10
Bat hair 9.67" 0.5 0.5 0.4 0.3 0.3 0.2 0.2 0.2 0.2 0.1 0.1

* Significant differences based on sequential Bonferroni minimum table-wide significance level set at 0.0026 for a table of 19
tests.

pling sessions (Table 2). The largest differ- from fecal pellets were remains of this un-
ence among sessions (F-value = 41.67) was identified organism. Other than in sampling
for Unknown 1; most items in this category sessions 5 and 8, Unknown 1 in the remain-
occurred during sampling sessions 5 and 8 ing sampling sessions was represented by
(25-28 June, 5-8 August) when 30.3 and =5.3% of contents. Coleoptera, Diptera,
17.7%, respectively, of items recovered Ephemeroptera, Lepidoptera, Trichoptera,
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and unidentified Insecta had F-values =9,
indicating they also were more variable than
remaining food categories. Of these six cat-
egories, Ephemeroptera was the only one
that occurred sporadically. No consistent
chronological patterns relative to changes in
occurrence of any food category could be
discerned.

Variation among nights within sampling
sessions—Variation in contents of fecal
pellets was assessed among 3 nights for
each of seven sampling sessions (sessions
5-11, 25 June—20 September). There was no
significant difference among nights for any
food category in sampling sessions 5, 6, 9,
or 10. In sampling session 7, signilicantly
more Coleoptera (' = 0.89; average =
23.3%) was present 25-26 July than 23-24
and 22-23 July (13.6 and 6.1%, respec-
tively), more Ephemeroptera (F' = 6.53; av-
erage = 5.8%) was present 22-23 July than
23-24 and 25-26 July (0% for both nights),
and more Unknown 1 (F = 8.57; average
= 11.2%) was present 22-23 July than
25-26 and 23-24 July (3.0 and 1.6%,
respectively). In sampling session 8, signifi-
cantly more Diptera (FF = 11.03) was
present 7-8 and 5-6 August (26.3 and
22.2%, respectively), than 6-7 August
(7.9%), more Ephemeroptera (F = 7.28; av-
erage = 6.6%) was present 67 August than
7-8 and 5-6 August (2.4 and 0%, respec-
tively), and more Unknown 1 (F = 19.51)
was present 5-6 and 6-7 August (27.3 and
25.2%, respectively) than 7-8 August
(0.8%). In sampling session 11, signifi-
cantly more Coleoptera (F = 6.69) was
present 17—-18 and 18-19 September (aver-
age = 12.9 and 12.2%, respectively) than
19-20 September (2.2%), more Hemiptera
(/7 = 15.32) was present 18—19 September
(average = 7.4%) than 17-18 and 19-20
September (2.3 and 0.1%, respectively), and
more Lepidoptera (I = 38.19) was present
19-20 September (54.6%) than on the pre-
vious 2 nights (25.1 and 19.4%, respec-
tively). Thus, nine of 91 comparisons (109%)
indicated significant differences among
nights within sampling sessions.
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Variation among hours within sampling
sessions.—To ascertain the degree of vari-
ation among hours (1-h and 2-h blocks),
we analyzed data from the 3 nights com-
bined within each of sampling sessions
5-11. When all 91 comparisons were con-
sidered together, the sequential Bonferroni
minimum significance level was 0.0006
(Table 3). At this significance level, 25 of
91 comparisons (25%) exhibited significant
differences among hours. Four food cate-
gories (Diptera, Lepidoptera, unidentified
Insecta, Unknown 1) accounted for 18
significant comparisons (72%), with Co-
leoptera, Ephemeroptera, Hemiptera, Ho-
moptera, and Trichoptera each representing
one significant difference among hours
(Table 3).

Greatest differences among hours (F-
values >27) were for the five significant
comparisons of Lepidoptera (Table 3); these
five comparisons showed that M. grisescens
had significantly more Lepidoptera in fecal
pellets at 1930—2030 h than at other times.
Three of these comparisons also indicated
that, although it was significantly less than
for 1930-2030 h, Lepidoptera was present
in significantly greater quantities at 2030
2230 h than during the remainder of the
night. Except for Lepidoptera, 1930-2030 h
often was the hour with the least amount of
other food categories listed in Table 3.

Variation in presence of Acari—Acari
was detected in fecal pellets in nine of 11
sampling sessions (Table 1). There was no
significant difference among sampling ses-
sions, nights, or hours within sampling ses-
sions in incidence of Acari. No chronologi-
cal pattern in abundance of this taxon was
detected.

Variation in presence of bat hair—Hair
of M. grisescens was present in fecal pel-
lets collected during every sampling session
(Table 1); there was significant variation in
quantity of hair among sampling sessions
(Table 2). Although not statistically well-
differentiated, there was a tendency for
more bat hair to be present during sampling
sessions 4-7 (8 June—26 July) than in ear-
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TABLE 3—OQccurrence of food items at different hours of the night, as shown by selected results of
one-way analysis of variance® and Student-Newman-Keuls a posteriori test among hours of collec-
tion of fecal pellets of Myotis grisescens at Blowing Wind Cave, Jackson Co., Alabama, April to
September 1991. Results are presented for Coleoptera, Diptera, Lepidoptera, and other food catego-
ries that exhibited significant variation among hours. Hourly sampling intervals (1-h and 2-h blocks)
are listed above average percentage occurrence by volume of each food category represented in fe-
cal pellets (see Materials and Methods for times). Lines beneath averages indicate nonsignificant
subsets.

Sampling
session Food category d.f. F-ratio Results of Student-Newman-Keuls analysis
5
4 3 2 6 &) 1
Coleoptera 5,164 4.49 14.4 10.8 4.1 2.5 2.1 0.0
4 6 3 5 2 1
Diptera 5,164 3.42 19.8 18.8 14.3 127 12.5 0.8
1 2 3 4 9 6
Lepidoptera 5,164 27.60° 81.7 35.8 17.9 14.8 13:3 124
5 6 3 2 4 1
Insecta 5,164 4.62% 15.6 112 9.6 9.4 8.7 1.2
5 6 3 2 4 1
Unknown 1 5,164 6.42% 50.1 46.0 27.9 22.6 21.8 12.7
6
%) 6 4 5 2 1
Coleoptera 5.174 5.30¢ 255 20.2 16.3 13.9 34 2:1
5 4 6 3 2 1
Diptera 5,174 16.02* 36.7 34.1 31.0 27.9 T2, 0.9
3 6 5 -+ 1 2
Homoptera 5,174 5.99° 9.1 2.6 0.7 0.5 0.4 0.0
1 2 5 6 4 3
Lepidoptera 5,174 77.61* 93.2 79.0 24.9 18.7 14.8 14.1
4 6 3 5] 2 1
Insecta 5,174 T21% 15.3 6.5 6.2 29 13 1.3
7
3 5 6 4 2 1
Coleoptera 5,174 391 28.6 18.2 14.0 13.0 11.4 0.8
6 3 5 4 2 |
Diptera 5,174 11.52¢ 39.7 29:7 28.1 14.0 13.3 4.9
2 6 4 5 3
Lepidoptera 5,174 39.12% 90.5 33.7 21.0 TR 18.7 14.4
4 2 6 3 3 1
Trichoptera 5,174 13.39° 37.5 259 6.7 6.3 6.3 0.0
5 6 3 1 2 4

Unknown 1 5,174 9.64% 19.1 7.1 3.4 1.0 0.9 0.1
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TABLE 3—Continued.
Sampling
session Food category d.f. F-ratio Results of Student-Newman-Keuls analysis
8
3 4 2 6 ) 1
Coleoptera 5,174 3.28 17.1 9.5 6.6 4.7 4.2 1.2
6 3 -+ 5 2 1
Diptera 5,174 9.68" 31.7 30.4 25.0 12.8 L2 1.7
5 6 1 2 3 4
Ephemeroptera 5,174 11.87° 13.6 4.5 0.0 0.0 0.0 0.0
1 2 3 4 5 6
Lepidoptera 5,174 32517 85.0 50.1 17.9 16.1 12.9 125
5 6 -+ 3 1 2
Insecta 5.174 7.22° 22.0 20.8 12.2 8.1 5.9 4.0
9
3 6 4 2 5 1
Coleoptera 5.174 1.95 10.0 9.1 7.2 4.3 2.9 0.7
5 4 6 2 3 1
Diptera 5.174 9.007 46.1 44.8 41.1 36.2 31.9 12.4
3 2 B 5 6 1
Hemiptera 5,174 4.66% 7.9 4.5 3.2 29 1.8 0.0
1 2 3 6 5 4
Lepidoptera 5,174 29.86* 67.2 21.4 18.5 10.5 8.5 8.2
5 6 4 2 1 3
Unknown 1 5.174 15.83% 21.7 9.2 0.8 0.2 0.0 0.0
10
2 5 6 4 1
Coleoptera 5,174 1.39 5.8 2.9 2.8 2.6 1.7 0.8
5 3 + 2 6 1
Diptera 5,174 3.60 48.4 45.2 44.9 44.0 30.4 28.3
1 4 2 3 6 3
Lepidoptera 5,174 1.87 38.0 29.6 274 27.0 24.0 1971
6 1 2 5 4 3
Insecta 5.174 5.44% 28.3 26.7 20.6 11.8 10.6 10.5
11
6 5 4 3 1
Coleoptera 5,170 4.28 18.2 14.3 10.3 8.3 2.2 1.2
1 2 3 4 6 5
Diptera 5,170 4.56" 45.0 41.7 35.1 28.7 22.0 19.8
4 5 6 3 2 1
Lepidoptera 5,170 2.13 38.5 37.2 36.9 31.6 31.0 18.0
1 2 3 3 6 4
Insecta 5,170 6.50% 28.8 13.7 10.1 8.7 8.5 8.1

# Significant differences based on sequential Bonferroni minimum table-wide significance level set at 0.0006 for a table of 91

tests.
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TABLE 4.—Presence of bat hairs in fecal pellets of Myotis grisescens at different times of the night,
as shown by one-way analysis of variance® and Student-Newman-Keuls a posteriori test of presence
of bat hair among hours of collection at Blowing Wind Cave, Jackson Co., Alabama, April to Sep-
tember 1991. Hourly sampling intervals (I1-h and 2-h blocks) are listed above the average incidence
of bat hair in fecal pellets (see Materials and Methods for times). Lines beneath averages indicate

nonsignificant subsets.

Sampling
session d.f. F-ratio Results of Student-Newman-Keuls analysis
1 2 4 5 6 3
5 5,164 40.66" 1.4 0.3 0.1 0.1 <0.1 0.0
1 2 4 6 5 3
6 5,174 49.02% 1.5 13 0.2 0.1 0.1 0.1
1 2 — 3 o 6
7 5.174 19.78* 1.4 0.5 0.5 0.1 0.1 0.1
1 2 4 2 5 6
8 5.174 42.61° 1.2 0.4 0.1 0.1 0.0 0.0
1 4 5 3 2 6
9 5.174 33:95° 1.0 0.2 0.1 <0.1 0.0 0.0
1 4 2 5 3 6
10 5.174 3.45% 0.3 0.1 0.1 0.1 0.0 0.0
1 + 5 2 3 6
11 5,170 0.37 0.2 0.2 0.2 0.1 0.1 0.1

* Significant differences based on sequential Bonferroni minimum table-wide significance level set at 0.0071 for a table of seven

lests.

lier or later sampling sessions. Comparisons
within sampling sessions 5—11 revealed no
significant differences in presence of hair
among nights.

When hours within sampling sessions
5—-11 were compared, there were significant
differences among hours in all but sampling
session 11 (Table 4). For all sampling ses-
sions, fecal pellets obtained during 1930—
2030 h, the first session of the evening, con-
tained the most bat hair, and this hour was
significantly different from all other hours
in four of the seven sampling sessions. We
believe presence of bat hair in fecal pellets
resulted from incidental ingestion during
grooming.

Availability of potential prey.—One order
of Arachnida (Araneae), 10 orders of In-
secta, and unidentified Insecta were repre-
sented in our sweep-net samples (Table 5).
Results of analysis of variance revealed that
Diptera and unidentified Insecta varied sig-
nificantly among sampling sessions: more

Diptera was present in samples taken dur-
ing sessions 8 (5-8 August; 63.2%) and 10
(3—6 September; 65.9%) than in samples
taken during session 11 (17-20 September;
30.3%); more unidentified Insecta (5.2%)
was recorded in sampling session 5 (25-28
June) than in the six other sessions (Table
5). When variation among hours within
sampling sessions 5—11 was analyzed, there
was no significant difference within any
category of potential prey.

Comparison of potentially available prey
with food categories represented in fecal
pellets.—Average percentage by volume of
each food category in fecal pellets during
each sampling hour (1-h and 2-h blocks)
was compared with average percentage of
individuals of the respective prey category
that potentially was available for consump-
tion by M. grisescens. There was no signifi-
cant correlation.

Because it usually takes ca. 0.5-2 h for
most ingesta to pass through the digestive
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TABLE 5—Potential prey available to bats as shown by one-way analysis of variance® and Student-
Newman-Keuls a posteriori test among sessions 5—11 for samples ar Guntersville Reservoir, Jackson
Co., Alabama, April to September 1991. Sampling sessions (see Materials and Methods for dates)
are listed above the average percentage of individuals of prey taxa collected in each sampling ses-
sion (d.f. = 6,377 for all comparisons). Lines beneath averages indicate nonsignificant subsets.

Availability of prey F-ratio Results of Student-Newman-Keuls analysis

10 8 5 9 6 7 11

Diptera 3.50% 65.9 63.2 53.6 50.9 49.1 43.6 30.3
7 8 11 9 10 6 ]

Lepidoptera 2.86 9.1 33 2.9 2.0 1.0 1.0 0.3
8 <) 9 7 10 6 11

Ephemeroptera 1.66 S 4.1 4.0 2.0 0.7 0.6 0.0
5 7 6 9 8 10 11

Araneae 3.22 75 34 2.8 1.3 0.9 0.2 <0.1
10 8 7 6 9 S 11

Trichoptera 3.05 6.5 1.6 1.2 1.1 0.6 0.4 0.1
6 8 3 7 L2) 10 11

Coleoptera 2.29 4.0 2.1 1:5 0.8 0.0 0.0 0.0
5 6 8 i 9 10 11

Homoptera 1.07 2.3 2.0 128 1.4 0.5 0.1 0.0
Unidentified ) 11 7 9 10 8 6

Insecta 10.207 52 1.0 0.3 0.2 0.2 0.1 0.0
9 7 6 8 5 11 10

Odonata 1.26 2.8 1.6 1.0 0.6 0.3 0.1 <0.1
8 5 9 6 7 10 11

Hemiptera 2.39 1.0 0.3 0.2 0.0 0.0 0.0 0.0
5 6 8 7 9 10 11

Hymenoptera 242 0.6 0.1 <0.1 0.0 0.0 0.0 0.0
9 3 6 7 8 10 11

Neuroptera 0.90 0.8 0.0 0.0 0.0 0.0 0.0 0.0

* Significant differences based on sequential Bonferroni minimum table-wide significance level set at 0.0042 for a table of 12

tests.

tract of similar vespertilionid bats (Anthony
and Kunz, 1977; Buchler, 1975; Kunz and
Whitaker, 1983; Whitaker, 1988), we also
compared contents of fecal pellets with
quantity of potential prey that was available
ca. 1-2 h prior to the time fecal pellets were
collected. There was no significant correla-
tion in these comparisons.

The third comparison of occurrence of
food categories in fecal pellets and avail-
ability of potential prey was among sam-
pling sessions 5—11. Again, there was no
significant correlation among these com-
parisons.

Because there was no significant correla-

tion between quantity of each food category
in fecal pellets and availability of potential
prey, we examined data in Tables 2 and 5
and looked for patterns of variation within
sampling sessions 5-11. For Coleoptera,
Diptera, and Lepidoptera there were strong
indications that these categories were not
being selected in proportion to availability.
M. grisescens had a greater amount of Co-
leoptera and Lepidoptera represented in fe-
cal pellets during each of the seven sam-
pling sessions than was present in samples
of potentially available prey. Conversely,
Diptera was taken less frequently than
available, except during sampling session
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11 (17-20 September). Gray bats did not se-
lect prey in proportion to availability.

DiscussION

Whitaker et al. (1996) recently suggested
that interpretations of food habits may be
biased unless samples from all nightly feed-
ing bouts are included in analyses. Our
samples, which were obtained throughout
=20 nights, revealed that gray bats took a
wider variety of prey items than previously
reported (e.g., Lacki et al., 1995; Rabinow-
itz, 1978; Rabinowitz and Tuttle, 1982). Al-
though we had anticipated variation in diet
over time, as has been shown in other spe-
cies of Myotis (e.g., Brack and La Val,
1985; Herd and Fenton, 1983; Shiel et al.,
1991; Swift and Racey, 1983; Warner, 1985;
Zinn and Humphrey, 1981), we had not an-
ticipated the significant differences shown
among sampling sessions and hours within
sampling sessions. We expected that avail-
ability of prey would change through time,
and that this change would be reflected in
dietary components. Perhaps availability of
prey in habitats where gray bats forage is
related to the sporadic emergences and re-
sultant swarms of potential prey. These
emergences provide a temporary abundance
of food represented by a few taxa at any
time, but a number of taxa become avail-
able at intervals during the night, month,
and annual activity season.

A recent study by Barclay and Brigham
(1994) indicated that insectivorous bats may
not be as selective in what they eat as has
been shown in laboratory trials. Under con-
trolled laboratory conditions, insectivorous
bats used echolocation to make detailed dis-
criminations among targets. However, bats
did not make such discriminations under
natural conditions. Barclay and Brigham
(1994) reported that insectivorous bats, in
the field, attacked any moving target of an
appropriate size and appeared not to make
fine-detailed discriminations based on shape
and texture of target that occurred in the
laboratory. This lack of discrimination may
be due to rapid flight of bats and the short
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range at which prey can be detected by
echolocation. Bats have only a fraction of a
second between detection and capture of
prey, possibly not enough time to distin-
guish among prey (Barclay and Brigham,
1994), Thus, diet of insectivorous bats
should change over time if diet is deter-
mined by what prey items are encountered;
i.e., as long as prey items are of proper size,
shape, texture, etc. Herein, we have dem-
onstrated that M. grisescens consumes a
wide variety of taxa of prey during its an-
nual activity period (Table 1), and that com-
ponents of the diet are significantly differ-
ent over short periods of time (Tables 2 and
3). As might be predicted from observations
by Barclay and Brigham (1994), our find-
ings could indicate that M. grisescens en-
countered a variety of acceptable taxa of
food that varied in abundance and distribu-
tion throughout the season of activity of the
bats, and that components of the diet var-
ied accordingly. However, our data on prey
that potentially were available for consump-
tion by bats rarely varied significantly
through time (Table 5).

Fenton and Morris (1976) suggested that
most insectivorous bats would eventually be
shown to be opportunistic feeders. As
pointed out by Jones (1990), opportunistic
foraging suggests that a strong positive cor-
relation should occur between incidence of
a particular prey in the diet, and its abun-
dance in the environment. For selective for-
aging, a similar comparison should result in
no correlation, or even a negative correla-
tion between dietary incorporation and
abundance of less-preferred prey (Anthony
and Kunz, 1977; Jones, 1990). Because
there was no significant correlation between
contents of fecal pellets and availability of
potential prey, we believe the population of
M. grisescens we studied was selective in
what it consumed. Our data indicated that
the three primary components of the diet
(Lepidoptera, Coleoptera, and Diptera) were
not consumed in proportion to their avail-
ability at Guntersville Reservoir. Gray bats
were opportunistic in the sense that they
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probably took advantage of emergences of
these taxa, and also because they consumed
a variety of other taxa in small quantities.

Araneae has been reported in small quan-
tities in the diet of Myotis evotis and Myo-
tis volans in eastern Oregon; both of these
species are common inhabitants of forested
areas (Whitaker et al., 1981). In northern
Alabama, spiders often dispersed from
hatching sites by ballooning, and spiders
frequently were suspended in open areas
that made them susceptible to capture by M.
grisescens. Although a regular component
of the diet in our study, spiders were never
present in large quantities (Table 1).

Previously, Acari was recovered in small
quantities from fecal pellets of M. volans
from eastern Oregon (Whitaker et al., 1981)
and from fecal pellets of M. grisescens from
Tennessee (Rabinowitz and Tuttle, 1982).
Because ectoparasites may be ingested dur-
ing grooming (Marshall, 1982), we believe
that the chiggers we found in fecal pellets
were incidentally ingested. Kunz (1974)
also noted small percentages of acarines
(Mesostigmata) in stomachs of Myotis
velifer from Kansas. It also is possible that
these acarines crawled onto fecal pellets
during the =2 h when fecal pellets were on
collecting cloths at the lower opening of
Blowing Wind Cave (J. O. Whitaker, Jr.,
pers. comm.).

The significantly greater amount of bat
hair in fecal pellets defecated during the
evening exit from the roost probably is re-
lated to grooming behavior of gray bats.
Other species of bats are known to groom
extensively before beginning their nightly
forays (Kunz, 1982; Nellis and Ehle, 1977),
and this probably also is true for M. grise-
scens. When cleaning pelage and other
structures, hair is ingested incidentally. Be-
cause there usually was significantly less
hair present in fecal pellets later in the night,
gray bats may spend little time grooming
during the nighttime hours. In general, there
was more hair present in fecal pellets from
early June to early August than earlier or
later in the activity season of gray bats
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(Table 2). June—August is the time of par-
turition and lactation, and the time when
young become volant. Perhaps these repro-
ductive activities increase the need to
groom, or this period is when annual molt-
ing of pelage occurs.

Buchler (1975) demonstrated that food
moves quickly through the digestive tract of
Myotis lucifugus. Because this probably is
true for M. grisescens as well, we believe
the samples of fecal pellets we collected
usually represented food ingested within ca.
1-2 h prior to defecation. The exception
would be samples collected during emer-
gence of bats from the roost at dusk. Con-
tents of fecal pellets voided on emergence
might be more representative of what was
ingested just before entry into the roost that
morning. We were not able to test this sta-
tistically, but there usually were more Lepi-
doptera (in five of seven sampling sessions)
in samples of potential prey collected after
midnight than before midnight. Perhaps, it
took longer for scales and other body parts
of Lepidoptera to pass through the digestive
tract of the bats, and these remains were not
defecated until the evening emergence. This
might account for the high incidence of this
taxon in fecal pellets obtained early in the
evening when Lepidoptera rarely was
present in sweep-net samples.

A criticism of analyses of fecal pellets to
determine dietary components is that re-
mains of the same insect may appear in fe-
cal pellets voided from 0.5 to 32 h after con-
sumption; in Eptesicus serotinus, scales
from two moths were contained in 59 fecal
pellets, and fragments from three beetles
were in 28 fecal pellets (Robinson and Steb-
bings, 1993). Another criticism is that soft-
bodied insects, i.e., small or recently
emerged forms, may be digested and ren-
dered unrecognizable, thus potentially con-
tributing to underestimates of the number
and kinds of insects actually eaten (Bel-
wood and Fenton, 1976; Rabinowitz and
Tuttle, 1982). However, tests conducted by
Kunz and Whitaker (1983) demonstrated
that analyses of fecal pellets can yield rea-
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sonable estimates of foods eaten by insec-
tivorous bats. In addition, Whitaker et al.
(1981) reported relatively good agreement
between contents of stomachs and feces of
bats from eastern Oregon. Our analysis of
fecal pellets revealed a variety of small and
recently emerged insects, indicating that
many of these food items were well repre-
sented. Because we examined a large num-
ber of fecal pellets from a large number of
bats over a long span of time, we believe
the data presented herein is a reasonable es-
timate of what taxa are consumed by gray
bats in northern Alabama.

Prior to the study by Lacki et al. (1995),
there were no quantitative data on foods
consumed by M. grisescens. Although they
examined only 58 fecal pellets, Lacki et al.
(1995) demonstrated that gray bats con-
sumed nine orders of insects in Kentucky.
In addition, their samples (of 24, 2, 23, and
9 fecal pellets from May, June, July, and
August, respectively) indicated variation in
diet among months. The predominant order
of insects in the diet of M. grisescens in
Kentucky was Coleoptera, but Diptera,
Lepidoptera, and Trichoptera also were con-
sumed in appreciable amounts. Conspicu-
ously absent from samples collected by
Lacki et al. (1995) was Ephemeroptera. Pre-
viously, Rabinowitz (1978), Rabinowitz and
Tuttle (1982), and Tuttle (1976b) reported
that Ephemeroptera was an important com-
ponent of the diet of M. grisescens. Their
assertion was supported by observations of
M. grisescens feeding in swarms of
Ephemeroptera, but they discovered few re-
mains of mayflies in fecal pellets of bats.
To investigate why mayflies were under-
represented in fecal pellets, Rabinowitz and
Tuttle (1982) fed gray bats a diet contain-
ing Ephemeroptera and then examined the
fecal pellets. They determined that mayflies
ingested by gray bats rarely were identifi-
able in fecal pellets, except when wings
were eaten. They concluded that body parts
of mayflies, other than the usually discarded
wings, were largely digested and rendered
unidentifiable in the feces. Likewise, Bel-
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wood and Fenton (1976) fed mayflies to
captive M. lucifugus and ascertained that no
recognizable trace of ephemeropterans
emerged from the digestive tract. However,
other studies have been able to detect
remains of mayflies in feces of M. lucifugus
(Anthony and Kunz, 1977; Buchler, 1976)
and Pipistrellus pipistrellus (Swift et al.,
1985). On several occasions, we observed
M. grisescens foraging at sites where there
were swarms of emerging mayflies. Al-
though our quantitative data do not support
our qualitative observations of the fre-
quency of Ephemeroptera in the diet, we are
confident that gray bats regularly consume
mayflies, that many of these are completely
digested (at least when only the body of the
mayfly is ingested without its wings), and
that the actual incidence of Ephemeroptera
in the diet of M. grisescens is greater than
quantified by us or by previous investiga-
tors. Our speculation also is supported by
the presence of only pieces of wings of
mayflies in fecal pellets where this taxon
was detected.

Subadults usually consume a wider vari-
ety of prey than adults (Anthony and Kunz,
1977; Belwood and Fenton, 1976). Perhaps
subadults are unable to differentiate among
prey types as effectively as adults. If
subadult gray bats were less selective in
what they consumed than were adults, we
would expect to see a greater variety of prey
consumed during sampling sessions after
young at nearby Hambrick Cave became
volant and began to roost in Blowing Wind
Cave, than during the time only adults were
foraging. In addition, as females entered hi-
bernation in September the proportion of
subadults in the active population would in-
crease. However, we observed no increase
in diversity of diet in September. An inter-
esting topic for future study would be vari-
ability in diet between subadults and adults
before and after adult females enter hiber-
nation in September. Because differences in
diet between sexes have been demonstrated
in other species of Myotis (Husar, 1976) and
because gray bats generally segregate by



May 1997

sex into maternity and non-maternity (pri-
marily adult males and yearlings of both
sexes) colonies (Tuttle, 1976a), it also
might be informative to examine dietary
differences between sexes of M. grisescens.

Our study and that of Lacki et al. (1995)
demonstrate significant variation in diet of
M. grisescens over time, but contrary to
conclusions of Lacki et al. (1995), we have
shown that gray bats are selective regard-
ing the most common food categories they
consume. It would be informative to con-
duct multi-year studies at the same study
site to examine the degree of variation in
diet of gray bats among years, and to ex-
amine multiple sites during the same year
to quantify geographic variation in diet,
e.g., as has been done for Eptesicus fuscus
(Whitaker, 1995), Eptesicus nilssoni (Ry-
dell, 1986, 1989), Nycteris grandis (Fenton
et al., 1990, 1993), and Rhinolophus hippo-
sideros (McAney and Fairley, 1989). We be-
lieve the degree of variability that would be
elucidated in long-term or multi-site stud-
ies would demonstrate that our findings,
those of Lacki et al. (1995), and those of
previous researchers (Rabinowitz, 1978;
Rabinowitz and Tuttle, 1982; Tuttle, 197654)
are in concordance and are indicative of the
large amount of variability in diet of this en-
dangered species.

ACKNOWLEDGMENTS

This study was funded by The Tennessee Val-
ley Authority as part of the Tennessee Valley Au-
thority and United States Army Corps of Engi-
neers, Joint Agency Guntersville Project. We
thank J. S. Atkins, J. Bartlow, L. Bates, W.
James, J. R. Jordan, C. P. Nicholson, B. Redman,
and D. Webb of The Tennessee Valley Authority
for logistical support and for many helptul sug-
gestions, personnel of the United States Fish and
Wildlife Service, Alabama Department of Con-
servation and Natural Resources, and Tennessee
Wildlife Resources Agency for granting permits
to conduct the research, J. Shearer and H. T.
Stone for assistance in the field and for permis-
sion to conduct research on Wheeler National
Wildlife Refuge, K. McCutcheon of the Alabama
Department of Conservation and Natural Re-

BEST ET AL—DIET OF MYOTIS GRISESCENS 581

sources for providing support facilities and ac-
cess to North Sauta Wildlife Management Area,
N. R. Holler and J. B. Christian for administra-
tive support from the Auburn University Coop-
erative Wildlife Research Unit of the United
States Fish and Wildlife Service, L. A. McWil-
liams for assistance in obtaining some of the lit-
erature and in proofreading, A. M. Coffman and
L. L. Thornton for assistance with interlibrary
loans, A. B. Goebel and T. H. Henry for identi-
fying and quantifying samples of potential prey,
and especially J. Amold, S. L. Burt, S. C. Fra-
zier, G. L. Gardner, T. H. Henry, J. L. Bartig,
W. M. Kiser, and A. A. Ridlehoover for assis-
tance in the field. J. B. Armstrong, M. J. Har-
vey, R. S. Lishak, J. O. Whitaker, Jr., and an
anonymous reviewer critically evaluated drafts
of the manuscript. This is research contribution
15-965156 of the Alabama Agricultural Experi-
ment Station.

LITERATURE CITED

ANTHONY, E. L. P, AND T. H. KuNz. 1977. Feeding
strategies of the little brown bat, Myotis lucifugus,
in southern New Hampshire. Ecology, 58:775-786.

BAarRcCLAY, R. M. R., AND R. M. BRIGHAM. 1994,
Constraints on optimal foraging: a field test of prey
discrimination by echolocating insectivorous bats.
Animal Behaviour, 48:1013-1021.

BELWOOD, J. J., AND M. B. FENTON. 1976. Variation
in the diet of Myotis lucifugus (Chiroptera: Vesper-
tilionidae). Canadian Journal of Zoology, 54:1674—
1678.

BesT, T. L., AND M. K. HUDSON. 1996. Movements
of gray bats (Myotis grisescens) between roost siles
and foraging areas. Journal of the Alabama Academy
of Science, 67:6-14.

BORROR, D. J., C. A. TRIPLEHORN, AND N. F. JOHN-
SON. 1989. An introduction to the study of insects.
Sixth ed. Saunders College Publishing, Philadelphia,
Pennsylvania, 875 pp.

BRACK, V., JR., AND R. K. LA VAL. 1985. Food hab-
its of the Indiana bat in Missouri. Journal of Mam-
malogy, 66:308-315.

BRIGHAM, R. M., H. D. J. N. ALDRIDGE, AND R. L.
MACKEY. 1992. Variation in habitat use and prey
selection by Yuma bats, Myotis yumanensis. Journal
of Mammalogy, 73:640-645.

BUCHLER, E. R. 1975. Food transit time in Myotis {u-
cifugus (Chiroptera: Vespertilionidae). Journal of
Mammalogy, 56:252-255.

1976. Prey selection by Myotis lucifugus
(Chiroptera: Vespertilionidae). The American Natu-
ralist, 110:619-628.

EASTERLA, D. A., AND J. O. WHITAKER, Jr. 1972.
Food habits of some bats from Big Bend National
Park, Texas. Journal of Mammalogy. 53:887-890.

FENTON, M. B., AND G. K. MORRIS. 1976. Opportu-
nistic feeding by desert bats (Myoris spp.). Canadian
Journal of Zoology, 54:526-530.




582 JOURNAL OF MAMMALOGY

FENTON, M. B., C. M. SWANEPOEL, R. M. BRIGHAM,
J. CEBEK, AND M. B. C. HICKEY. 1990. Foraging
behavior and prey selection by large slit-faced bats
(Nycteris grandis; Chiroptera: Nycteridae). Biotro-
pica, 22:2-8.

FENTON, M. B., ET AL. 1993. Variation in foraging
behavior, habitat use, and diet of large slit-faced bats
(Nycteris grandis). Zeitschrift fiir Sdugetierkunde,
58:65-74.

GREENWALT, L. A. 1976. Determination that two spe-
cies of butterflies are threatened species and two spe-
cies of mammals are endangered species. The Fed-
eral Register, 41:17736-17740.

GUTHRIE, M. J. 1933. Notes on the seasonal move-
ments and habits of some cave bats. Journal of Mam-
malogy, 14:1-19.

HAYWARD, B. J. 1970. The natural history of the cave
bat Myotis velifer. Western New Mexico University
Research in Science, 1:1-74.

HERD, R. M., AND M. B. FENTON. 1983. An electro-
phoretic, morphological, and ecological investiga-
tion of a putative hybrid zone between Myotis lu-
cifugus and Myotis yumanensis (Chiroptera: Vesper-
tilionidae). Canadian Journal of Zoology, 61:2029—
2050.

Husar, S. L. 1976. Behavioral character displace-
ment: evidence of food partitioning in insectivorous
bats. Journal of Mammalogy, 57:331-338.

JonEs, G. 1990. Prey selection by the greater horse-
shoe bat (Rhinolophus ferrumeguinum): optimal for-
aging by echolocation? The Journal of Animal Ecol-
ogy, 59:587-602.

Kunz, T. H. 1974. Feeding ecology of a temperate
insectivorous bat (Myotis velifer). Ecology, 55:693—
T11.

. 1982, Roosting ecology of bats. Pp. 1-55,
in Ecology of bats (T. H. Kunz, ed.). Plenum Pub-
lishing Corporation, New York, 425 pp.

Kunz, T. H., AND J. O. WHITAKER, JR. 1983. An
evaluation of fecal analysis for determining food
habits of insectivorous bats. Canadian Journal of Zo-
ology, 61:1317-1321.

LACKI, M. J., L. S. BURFORD, AND J. O. WHITAKER,
JR. 1995. Food habits of gray bats in Kentucky.
Journal of Mammalogy, 76:1256—1259.

LA VaL, R. K., AND M. L. LA VAL. 1980. Ecological
studies and management of Missouri bats, with em-
phasis on cave-dwelling species. Terrestrial Series,
Missouri Department of Conservation, Jefferson
City, 8:1-53.

La VaL, R. K., R. L. CLAwSON, M. L. La VAL, AND
W. CAIRE. 1977. Foraging behavior and nocturnal
activity patterns of Missouri bats, with emphasis on
the endangered species Myotis grisescens and Myo-
tis sodalis. Journal of Mammalogy, 58:592-599.

MARSHALL, A. G. 1982. Ecology of insects ectopara-
sitic on bats. Pp. 369401, in Ecology of bats (T. H.
Kunz, ed.). Plenum Publishing Corporation, New
York, 425 pp.

MCcANEY, C. M., aAND J. S. FAIRLEY. 1989. Analysis
of the diet of the lesser horseshoe bat Rhinolophits
hiposideros in the West of Ireland. Journal of Zool-
ogy (London), 217:491-498.

NELLIS, D. W., aND C. F. EHLE. 1977. Observations
on the behavior of Brachyphylla cavernarum

Vol. 78, No. 2

(Chiroptera) in Virgin Islands. Mammalia, 41:403—
409.

NorusSis, M. J. 1990. SPSS/PC+ Statistics 4.0 for the
IBM PC/XT/AT and PS/2. SPSS Inc.. Chicago,
paged by chapter.

RABINOWITZ, A. R. 1978. Habitat use and prey selec-
tion by the endangered gray bat, Myotis grisescens,
in East Tennessee. M.S. thesis, The University of
Tennessee, Knoxville, 56 pp.

RABINOWITZ, A. R., AND M. D. TUTTLE. 1982. A test
of the validity of two currently used methods of de-
termining bat prey preferences. Acta Theriologica,
27, 21:283-293.

RICE, W. R. 1989. Analyzing tables of statistical tests.
Evolution, 43:223-225.

RoOBINSON, M. F., AND R. E. STEBBINGS. 1993. Food
of the serotine bal, Eptesicus serotinus—is faecal
analysis a valid qualitative and quantitative tech-
nique? Journal of Zoology (London), 231:239-248.

ROsS, A. 1967. Ecological aspects of the food habits
of insectivorous bats. Western Foundation of Verte-
brate Zoology, 1:205-263.

RYDELL, J. 1986. Foraging and diet of the northern
bat Eptesicus nilssoni in Sweden. Holarctic Ecology,
9:272-276.

1989. Occurrence of bats in northernmost
Sweden (65°N) and their feeding ecology in sum-
mer. Journal of Zoology (London), 227:517-529.

SHIEL, C. B., C. M. MCANEY, AND J. S. FAIRLEY.
1991. Analysis of the diet of Natterer’s bat Myotis
nattereri and the common long-eared bat Plecotus
auritus in the West of Ireland. Journal of Zoology
(London), 223:299-305.

SokAaL, R. R., aND F. J. ROHLF. 1981. Biometry: the
principles and practice of statistics in biological re-
search. Second ed. W. H. Freeman and Company,
San Francisco, California, 859 pp.

STEVENSON, D. E., AND M. D. TUTTLE. 1981. Survi-
vorship in the endangered gray bat (Myotis grise-
scens). Journal of Mammalogy, 62:244-257.

SWIFT, S. M., AND P. A. RACEY. 1983. Resource par-
titioning in two species of vespertilionid bats (Chi-
roptera) occupying the same roost. Journal of Zool-
ogy {London), 200:249-259.

SWIFT, S. M., P. A. RACEY, AND M. I. AVERY. 1985.
Feeding ecology of Pipistrellus pipistrellus (Chirop-
tera: Vespertilionidae) during pregnancy and lacta-
tion. II. Diet. The Journal of Animal Ecology,
54:217-225.

THOMAS, D. P, AND T. L. BEST. In press. Radiotele-
metric assessment of movement patterns of the gray
bat (Myotis grisescens) at Guntersville Reservoir,
Alabama. Special Publication, North Carolina State
Museum of Natural History, Raleigh.

TUTTLE, M. D. 1975. Population ecology of the gray
bat (Myotis grisescens): factors influencing early
growth and development. Occasional Papers of the
Museum of Natural History, The University of Kan-
sas, 36:1-24.

1976a. Population ecology of the gray bat

(Myotis grisescens): philopatry, timing and patterns

of movement, weight loss during migration, and sea-

sonal adaptive strategies. Occasional Papers of the

Museum of Natural History, The University of Kan-

sas, 54:1-38.




May 1997

19765, Population ecology of the gray bat
(Myotis grisescens): factors influencing growth and
survival of newly volant young. Ecology, 57:587—
595.

. 1979, Status, causes of decline, and manage-
ment of endangered gray bats. The Journal of Wild-
life Management, 43:1-17.

WARNER, R. M. 1985. Interspecific and temporal di-
etary variation in an Arizona bat community. Jour-
nal of Mammalogy, 66:45-51.

WHITAKER, J. O., JR. 1972. Food habits of bats from
Indiana. Canadian Journal of Zoology, 50:877-883.

1988. Food habits analysis of insectivorous

bats. Pp. 171-189, in Ecological and behavioral

methods for the study of bats (T. H. Kunz, ed.).

Smithsonian Institution Press, Washington, D.C.,

533 pp.

1994. Food availability and opportunistic
versus selective feeding in insectivorous bats. Bat
Research News, 35:75-77.

BEST ET AL.—DIET OF MYOTIS GRISESCENS 583

1995. Food of the big brown bat Eptesicus
fuscus from maternity colonies in Indiana and Illi-
nois. The American Midland Naturalist, 134:346—
360.

WHITAKER, J. O., Jr., C. MASER, AND S. P. CROSS.
1981. Food habits of eastern Oregon bats, based on
stomach and scat analyses. Northwest Science,
55:281-292.

WHITAKER, J. O., JrR., C. NEEFUS, AND T. H. KUNZ.
1996. Dietary variation in the Mexican free-tailed
bat (Tadarida brasiliensis mexicana). Journal of
Mammalogy, 77:716-724.

ZINN, T. L., AND S. R. HUMPHREY. 1981. Seasonal
food resources and prey selection of the southeast-
ern brown bat (Myotis austroriparius) in Florida.
The Florida Scientist, 44:81-90.

Submitted 9 January 1996. Accepted 2 August 1996.

Associate Editor was Barbara H. Blake.



	1997BestEtAl01of15.bmp
	1997BestEtAl02of15.bmp
	1997BestEtAl03of15.bmp
	1997BestEtAl04of15.bmp
	1997BestEtAl05of15.bmp
	1997BestEtAl06of15.bmp
	1997BestEtAl07of15.bmp
	1997BestEtAl08of15.bmp
	1997BestEtAl09of15.bmp
	1997BestEtAl10of15.bmp
	1997BestEtAl11of15.bmp
	1997BestEtAl12of15.bmp
	1997BestEtAl13of15.bmp
	1997BestEtAl14of15.bmp
	1997BestEtAl15of15.bmp

