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A B S T R A C T

We investigated patterns of moth occurrence among habitats in two different landscapes surrounding

roosts of the endangered Ozark big-eared bat (Corynorhinus townsendii ingens) from May to August 2005,

and compared these data with published results on the diet of this subspecies. Landscapes were situated

in the Ozark Mountains, USA, and consisted of a fragmented, agricultural landscape and a contiguous

national forest. We captured 8720 moths constituting �314 species and 22 families. Pastures

demonstrated a lower abundance and richness of moths than other habitats in the fragmented landscape

( p < 0.05). Neither abundance nor richness of moths varied by habitat in the forested landscape, but we

did observe variation among roost locations ( p < 0.05). Abundant families of moths (n � 100 specimens

captured) did vary in abundance among habitats in both landscapes ( p < 0.05), with poletimber stands,

riparian forest and upland forest selected, and pasture, forest edge, sawtimber and sapling stands avoided

by at least one family of moths. Density and richness of woody plant species were correlated with the

occurrence of moths at sampling sites. We recommend maintaining habitat heterogeneity around roosts

of the Ozark big-eared bat to encourage an abundance and richness of moth prey, and suggest that

forested riparian corridors are important habitat elements for Ozark big-eared bats foraging in

fragmented landscapes.

� 2008 Elsevier B.V. All rights reserved.
1. Introduction

The occurrence of Lepidoptera in temperate forest ecosystems
has been linked to site-level patterns of disturbance (Intachat et al.,
1997; Summerville and Crist, 2002, 2003), as well as with habitat
variation at landscape and regional scales (Hill, 1999; Beck et al.,
2002; Hamer et al., 2003). Variation in the abundance and richness
of insects, moths especially, is believed to have implications for
suitability of foraging habitat of insectivorous bats in temperate
forest ecosystems (Burford et al., 1999; Lacki et al., 2007).

The Ozark big-eared bat (Corynorhinus townsendii ingens) is a
subspecies of Townsend’s big-eared bat that is endemic to the
Ozark Mountains of northeast Oklahoma (Caire et al., 1989) and
northwest Arkansas (Sealander and Heidt, 1990). This subspecies
has yet to recover to historic population numbers, although it was
listed as federally endangered in 1979 (USFWS, 1984). Because the
Ozark big-eared bat is a cave-obligate subspecies, and the majority
of the subspecies is concentrated in a limited number of roosting
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sites, these bats are susceptible to disturbance at roosts and to
foraging habitat in landscapes surrounding roosts (USFWS, 1984).

The Ozark big-eared bat is a moth specialist (Leslie and Clark,
2002; Dodd and Lacki, 2007), and habitat associations of moth
species eaten by these bats are poorly understood. The Ozark big-
eared bat is capable of foraging up to 10 km from roosts and to use
a range of forested habitats when feeding (Caire et al., 1989; Clark
et al., 1993; Wethington et al., 1996; Wilhide et al., 1998); thus,
data on the use of habitats by potential moth prey are needed to
identify habitats important to supplying the prey base of this bat
(Burford et al., 1999; Dodd and Lacki, 2007).

Although data are limited, studies have shown variation in
moth assemblages in temperate zone forests (Summerville et al.,
2004) including variation at the family level among stands ranging
in tree size class and age structure (Burford et al., 1999). We predict
that comparable variability in moth abundance is likely for other
temperate zone forests, including forests of the Ozark Mountains,
where landscapes have been altered to varying extents. Our
objectives were to measure associations of moths and moth
families with habitats surrounding roosts of the Ozark big-eared
bat in both a fragmented and a forested landscape in the Ozark
Mountains, Arkansas, and to evaluate these patterns for habitat
suitability of the endangered Ozark big-eared bat in this region.

mailto:mlacki@uky.edu
http://www.sciencedirect.com/science/journal/03781127
http://dx.doi.org/10.1016/j.foreco.2008.03.034
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2. Methods

2.1. Study areas

Maternity roosts of the Ozark big-eared bat are known from two
counties in the Ozark Mountains, Arkansas, USA (Harvey and
Redman, 2003). One concentration of roosts is in north-central
Arkansas in Marion County, hereafter fragmented landscape, and the
other is in northwest Arkansas in Crawford County, hereafter
forested landscape. The fragmented landscape is located in northern
Arkansas near the Missouri border in the Ozark Highlands. Average
size of forest fragments is 592 ha with large fragments (>2025 ha)
constituting <4% of the landscape (Rudis, 2001). Forests in the
fragmented landscape are predominantly in private ownership and
impacted by agricultural uses and timber harvests. Three caves in
this area are used by the Ozark big-eared bat. Marble Falls Cave is
surrounded by forests comprised of oak (Quercus spp.) and shortleaf
pine (Pinus echinata). Reed Cave supports the majority of female
Ozark big-eared bats in the fragmented landscape in summer
(Harvey and Redman, 2003). Forests surrounding this cave are
dominated by stands of oak-hickory, with an area of sandy, xeric,
conifer-dominated forest north of the cave. Blue Heaven Cave is the
most southerly of the caves with surrounding forests a mix of oak
and hickory (Carya spp.).

The forested landscape is north of the Arkansas River in the
Boston Mountains. Average size of forest fragments is 1207 ha with
large fragments (>2025 ha) constituting >19.4% of the landscape
(Rudis, 2001); thus, this landscape was also fragmented but to a
lesser extent than the fragmented landscape used for comparison.
The population of Ozark big-eared bats in the forested landscape
occurs on the Ozark National Forest, with the maternity population
using roosts in Devil’s Hollow. Mature, oak-hickory forest
dominates the upper elevation ridges, with vegetation becoming
more cove-like deeper into the hollow. Whitzen Hollow, which
contains feeding roosts of the Ozark big-eared bat, is located on the
western edge of the Ozark National Forest along the Oklahoma
border and supports upland hardwood forest.

In the fragmented landscape, we sampled moths in the vicinity
of Marble Falls Cave (hibernaculum), Reed Cave (maternity roost),
and Blue Heaven Cave (maternity roost). In the forested landscape,
we sampled moths in the vicinity of the maternity roost in Devil’s
Hollow, the north face slope of Devil’s Hollow where feeding roosts
were plentiful, and the western cliffline of Whitzen Hollow, also
where feeding roosts were common.

2.2. Study design

The habitats we chose to sample as experimental units were
randomly selected from those available surrounding roosts of the
Ozark big-eared bat in each landscape. Habitats sampled in the
fragmented landscape included upland forest, riparian forest,
forest edge, and pasture. Riparian forest was defined by the
presence of vegetation change associated with mesic site condi-
tions and, at a minimum, an ephemeral presence of water. Forest
edge was defined as the interface between forest and non-forested
habitat. Pasture was agricultural fields consisting of non-native
grasses used for grazing and hay production. Habitats sampled in
the forested landscape were based on timber size, and included
sawtimber stands (>30.5-cm diameter size class), poletimber
stands (>20.3-cm diameter size class), and sapling stands. We used
criteria outlined by the U.S. Forest Service (Silvicultural Practices
Handbook: FSH 2471.1 R8) in classifying habitats. Because
available habitats differed between the two landscapes, we ran
separate tests for each landscape using mixed model ANOVAs
(Model III; Zar, 1999), with habitat as a random effect and roost
location as a fixed effect. Roost location within a landscape was
used to assess variation in landscape position (Zar, 1999).

2.3. Moth and habitat sampling

We sampled moths in habitats within 10 km of a roost or a
feeding roost area because this is the maximum travel distance from
a roost recorded for the Ozark big-eared bat (Clark et al., 1993;
Wethington et al., 1996; Wilhide et al., 1998). Sampling sites were
>100 m apart to ensure minimum overlap in moth assemblages
collected among habitats. We trapped moths using 10-w blacklight
traps (Universal Light Trap, BioQuip Products, Gardena, CA)
suspended 2.5-m aboveground (Burford et al., 1999). A cotton
wad soaked in ethyl acetate was placed in each trap to kill moths.
Moths were removed, sorted into containers, and placed in cool
storage for later identification. We sampled moths using two
blacklight traps at each sampling site, with traps run for different
periods of the night because storage life of portable batteries was a
maximum of only 5 h. On a sampling night, traps were randomly
assigned to either ‘‘early night,’’ i.e., 5 h post-sunset, or ‘‘late night,’’
from the end of the ‘‘early night’’ sampling until sunrise. We used
Edwards-style DC timer switches (#2835 BioQuip Products,
Gardena, CA) to standardize activation and deactivation of traps.
Duplicate traps were situated�50 m apart within a habitat to reduce
error in moth-catch in the ‘‘late night’’ trap, due to the possible
capture of early fliers that were attracted to but did not succumb to
the ethyl acetate of the ‘‘early night’’ trap. Effective attraction
distance of moths to light traps with power higher than those used in
our study (125 w) is <25 m (Muirhead-Thomson, 1991); thus, we
believe a spacing of 50 m between traps was sufficient to minimize
bias within a night at a sampling site. Sampling of moths occurred
from 20 May to 3 August 2005. We randomized the date of sampling
among cave locations within landscapes, with sampling alternated
between landscapes to lessen temporal variation associated with
different hatch times among species of moths. We completed four
iterations of sampling resulting in 24 nights of trapping. All trapping
was completed on nights of fair weather.

We identified moths to species using Covell (1984) and Holland
(1903). Bats of the genus Corynorhinus are known to feed on
macrolepidopterans (Hurst and Lacki, 1997; Burford and Lacki,
1998; Dodd and Lacki, 2007); therefore, we focused on moths with
wingspans �20 mm and classified all moths with <20 mm
wingspans as microlepidoptera. These were combined for a single
estimate of biomass at each sampling site/trap/night.

We recorded abundance of moths (no. of moths captured/trap
night), richness of moth families (no. of moth families captured/
trap night), richness of moth species (no. of moth species captured/
trap night), and microlepidopteran biomass (g/trap night).

We measured habitat characteristics where moths were
sampled based on a 20-m radius, circular plot centered on each
sampling point from 19 to 21 July 2005 in the forested landscape
and from 9 to 10 August 2005 in the fragmented landscape. We
measured density of woody stems (no. of stems/ha), richness of
woody plant species (no. of species/plot), density of snags (no. of
snags/ha), and stand basal area (m2/ha), including woody stems
>4 cm and�1 m in height in the analysis. Basal area was measured
with a 10-factor prism at the plot center. We estimated distance to
the nearest source of water using topographic maps.

2.4. Statistical analyses

We tested effects of habitat and roost location on occurrence of
moths using nested, two-way ANOVAs. We evaluated abundance of
moths, richness of moth families, richness of moth species, and
microlepidopteran biomass. We tested for homogeneity of variance
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using Variance Ratio FMAX-tests, with ANOVAs based on log-
transformed values when variances were heterogeneous (Sokal
and Rohlf, 1969). Time of night was incorporated as a nested
(hierarchical) effect (Zar, 1999); we assumed duplicate samples
from the same site on the same night were not independent. When
ANOVAs were significant, we used Tukey’s Honestly Significant
Difference (HSD) means separation procedures to evaluate effects
(Zar, 1999). We chose not to use repeated-measures ANOVAs,
despite the apparent remensuration of the same ‘‘experimental
subjects,’’ because moth assemblages are ephemeral and broods
within species occur sporadically throughout the summer (Thomas
and Thomas, 1994; Thomas, 2001).

We compared abundance of moths by family among habitats
using chi-square goodness-of-fit tests (Thomas and Taylor, 1990).
We assumed moths were equally distributed throughout a habitat,
or that occurrence of moth taxa was the same regardless of where
blacklight traps were set within a habitat. We tested abundance at
the family level when sample size was �100 moths/family. This
arbitrarily helped us distinguish ‘‘common’’ families of moths from
families of moths where sample size was small and could yield a
difference in habitat selection by chance alone (Johnson, 1980).
When the null hypothesis of equal abundance among habitats was
rejected ( p < 0.01; Burford et al., 1999), a Bonferroni z-statistic
(a = 0.05) was used to determine if selection of habitats by a family
of moths was more or less than expected (Neu et al., 1974; Burford
et al., 1999). We evaluated patterns in the abundance of families of
moths captured by habitat with published data on families of
moths eaten by populations of the Ozark big-eared bat living in
these same landscapes (Dodd and Lacki, 2007).

We tested the effects of habitat and roost location on individual
characteristics of woody vegetation using nested, two-way
ANOVAs. Homogeneity of variance was tested using Variance
Ratio FMAX-tests, with ANOVAs based on log-transformed values
when variances were heterogeneous (Sokal and Rohlf, 1969). We
evaluated density of woody stems, richness of woody plant species,
and stand basal area. We performed Tukey’s HSD means separation
procedures when ANOVAs were significant (Zar, 1999).

We developed models to predict moth occurrence based on
characteristics of woody vegetation at sampling points. Pre-
dictor variables were first evaluated based on Pearson’s
correlation coefficients to assess their potential to explain
variation in moth abundance and richness of moth species.
Retained variables were screened for multicollinearity using
tolerance and variance inflation factors. The final variables we
selected were evaluated using forward-stepwise, multiple linear
regressions for their ability to predict abundance and species
richness of moths.
Table 1
Four measures of moth assemblages (mean � S.E.) by habitat and roost location in a fra

Landscape Habitat/roost

location

n Moth abundance

(no./light trap)

Fragmented Riparian forest 24 70.3 � 9.9 a

Upland forest 22 70.0 � 12 a

Forest edge 22 35.0 � 5.1 a

Pasture 24 8.9 � 2 b

Reed Cave 31 62.5 � 10.2

Blue Heaven Cave 31 40.7 � 7.1

Marble Falls Cave 30 33.8 � 6.7

Forested Sawtimber 24 64.1 � 9.5

Poletimber 23 73.9 � 11

Sapling 22 57.9 � 9.1

Devil’s Hollow 24 64.5 � 9 b

North Face 22 37.2 � 5.5 c

Whitzen Hollow 23 93.3 � 10.8 a

Within landscapes, uncommon letters (a–c) by habitat or roost location indicate signifi
3. Results

Our collection of 161 blacklight trap samples yielded 8720
moths, representing �314 species and 22 families. We had seven
trap malfunctions, where a blacklight trap did not activate due to
equipment failure or damage from black bears (Ursus americanus).
We captured 4209 moths in the fragmented landscape, represent-
ing �249 species. Noctuidae was the most abundant and rich
family, with 1486 individuals and �94 species captured. Other
abundant families (n � 100 specimens) included the Arctiidae
(n = 781), Pyralidae (n = 527), Geometridae (n = 520), Lasiocampi-
dae (n = 321), Tortricidae (n = 206), and Notodontidae (n = 188).
Families of occasional or rare occurrence (n < 100 specimens)
included Saturniidae (n = 47), Oecophoridae (n = 38), Limacodidae
(n = 27), Lymantriidae (n = 22), Yponomeutidae (n = 15), Mega-
lopygidae (n = 8), Sphingidae (n = 8), Mimallonidae (n = 4), Apate-
lodidae (n = 3), Drepanidae (n = 3), Epiplemidae (n = 2), Cossidae
(n = 1), Pterophoridae (n = 1), and Zygaenidae (n = 1).

We captured 4511 moths in the forested landscape, represent-
ing �267 species. Noctuidae was the most abundant and rich
family, with 1262 individuals and �93 species captured. Other
abundant families included the Arctiidae (n = 836), Pyralidae
(n = 759), Geometridae (n = 637), Notodontidae (n = 373), Tortri-
cidae (n = 117), and Saturniidae (n = 101). Families of occasional or
rare occurrence included Lasiocampidae (n = 92), Limacodidae
(n = 59), Lymantriidae (n = 59), Yponomeutidae (n = 53), Mega-
lopygidae (n = 42), Oecophoridae (n = 42), Epiplemidae (n = 28),
Apatelodidae (n = 15), Cossidae (n = 13), Sphingidae (n = 12),
Zygaenidae (n = 7), Mimallonidae (n = 2), Drepanidae (n = 1), and
Thyatiridae (n = 1). See Dodd (2006) for a complete list of moth
species.

3.1. Patterns in moth occurrence

Moth abundance (Fd.f.=15, 76 = 10.3, p = 0.0001), moth family
richness (Fd.f.=15, 76 = 5.24, p = 0.0001), moth species richness
(Fd.f.=15, 76 = 8.82, p = 0.0001), and microlepidopteran biomass
(Fd.f.=15, 76 = 5.18, p = 0.0001) were different in the fragmented
landscape (Table 1). Variation in moth occurrence was primarily
due to habitat and not roost location. Captures in pasture resulted
in lower measures of moth abundance, richness of moth families,
and richness of moth species when compared to other habitats.
Microlepidopteran biomass varied by habitat (Fd.f.=3, 76 = 6.43,
p = 0.001); however, Tukey’s HSD procedure did not find a habitat
difference. Microlepidopteran biomass was greater in the Reed
Cave area than other roost locations (Fd.f.=2, 76 = 9.56, p = 0.0002).
There were significant interaction effects between habitat and
gmented and forested landscape in the Ozark Mountains, Arkansas, 2005

Family richness

(no./light trap)

Species richness

(no./light trap)

Microlepidopteran biomass

(grams/light trap)

6.9 � 0.41 a 21.5 � 2.3 a 0.25 � 0.07

7.0 � 0.29 a 19.4 � 1.7 a 0.24 � 0.09

6.0 � 0.35 a 16.0 � 1.8 a 0.13 � 0.05

3.1 � 0.42 b 4.8 � 0.9 b 0.02 � 0.01

5.6 � 0.44 16.0 � 1.9 0.29 � 0.07 a

6.3 � 0.39 19.0 � 1.7 0.04 � 0.01 b

5.2 � 0.45 13.9 � 2.1 0.14 � 0.05 b

8.1 � 0.61 22.1 � 2.4 0.10 � 0.02

8.5 � 0.47 24.0 � 2.6 0.18 � 0.05

7.5 � 0.3 21.7 � 2.3 0.12 � 0.03

8.2 � 0.39 a 21.7 � 2.1 ab 0.09 � 0.02

6.6 � 0.48 b 17.0 � 2 b 0.12 � 0.05

9.3 � 0.45 a 29.0 � 2.6 a 0.19 � 0.04

cant differences ( p < 0.05).



Table 2
Selection and avoidance of habitats by families of moths (n � 100 specimens) based on occurrence of moths among habitats (Neu et al., 1974)

Family Fragmented landscape Forested landscape

Riparian forest Upland forest Forest edge x2 Sawtimber Poletimber Sapling x2

Arctiidae Select Select Avoid 168.0 Select Select Avoid 140.1

Geometridae Select – Avoid 112.6 Avoid Select – 21.0

Lasiocampidae Select – Avoid 22.7

Noctuidae Select Select Avoid 97.9 – – – 2.2

Notodontidae – Select Avoid 28.2 – Select Avoid 43.3

Pyralidae – – – 8.4 – – – 7.6

Saturniidae – – Avoid 10.5

Tortricidae – – – 0.6 – – – 0.4

Dashes (–) denote proportional occurrence of habitat use and blank spaces indicate no analysis was made (n < 100 specimens).
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roost location for moth abundance (Fd.f.=6, 76 = 3.49, p = 0.004) and
microlepidopteran biomass (Fd.f.=6, 76 = 4.05, p = 0.001). Microlepi-
dopteran biomass was greater during the early half of trap nights
(n = 46; x̄ ¼ 0:23 g � 0:05 ðS:E:Þ) than in the latter half of nights
(n = 46; x̄ ¼ 0:09 g � 0:03; Fd.f.=4, 76 = 3.17, p = 0.02).

Moth abundance (Fd.f.=11, 57 = 4.99, p = 0.0001), moth family
richness (Fd.f.=11, 57 = 3.91, p = 0.0003), moth species richness
(Fd.f.=11, 57 = 3.06, p = 0.003), and microlepidopteran biomass
(Fd.f.=11, 57 = 2.06, p = 0.04) were different in the forested landscape
(Table 1). In contrast to the fragmented landscape, variation in
moth occurrence in the forested landscape was affected most by
roost location and not habitat. Richness of moth families was lower
at the North Face feeding roost area than at Whitzen Hollow and
Devil’s Hollow. Richness of moth species was greater at Whitzen
Hollow than at the North Face feeding roost area. Microlepidop-
teran biomass did not differ by roost location ( p > 0.05). There was
an interaction between habitat and roost location for abundance of
moths (Fd.f.=4, 57 = 5.36, p = 0.001), richness of moth families
(Fd.f.=4, 57 = 4.7, p = 0.002), and richness of moth species
(Fd.f.=4, 57 = 3.62, p = 0.01). Microlepidopteran biomass was greater
during the early half of trap nights (n = 36; x̄ ¼ 0:19 g � 0:04 ðS:E:Þ)
than in the latter half of nights (n = 33; x̄ ¼ 0:07 g � 0:01;
Fd.f.=3, 57 = 3.03, p = 0.04).

3.2. Habitat selection of moth families

Families of moths varied in their use of habitats in both the
fragmented and forested landscapes (Table 2). Disproportionate
occurrence of a moth family within at least one habitat (i.e.,
selection or avoidance) was observed in the Arctiidae, Geome-
tridae, Lasiocampidae, Noctuidae, and Notodontidae in the
fragmented landscape and in the Arctiidae, Geometridae, Noto-
dontidae, and Saturniidae in the forested landscape. We found
forest edge to be avoided by several families of moths in the
fragmented landscape, whereas riparian and upland forests were
Table 3
Three characteristics of woody vegetation (mean � S.E.) by habitat and roost location in

Landscape Habitat/roost location n Stem densi

Fragmented Riparian forest 6 4501 � 684

Upland forest 6 2584 � 229

Reed Cave 4 2569 � 30.9

B H Cave 4 4641 � 908

M F Cave 4 3419 � 819

Forested Sawtimber 6 1421 � 226

Poletimber 6 1466 � 87.3

Sapling 6 4738 � 788

Devil’s Hollow 6 2996 � 946

North Face 6 1714 � 371

Whitzen Hollow 6 2915 � 943

Within landscapes, uncommon letters (a–c) by habitat or roost locations indicate signi
selected by several families of moths. In the forested landscape
sapling stands were avoided by most families of moths, whereas
poletimber stands were selected by the majority of families of
moths. Geometridae was the lone family of moths to avoid any
forested habitat (sawtimber). Pasture was not included in analyses
of habitat selection by family, as family totals were low and
insufficient for analysis using x2 procedures.

3.3. Patterns in woody vegetation

Characteristics of woody vegetation varied by both habitat and
roost location in the fragmented landscape (Table 3). Pasture and
forest edge, by definition, had reduced or nominal assemblages of
woody plants; therefore, our analysis of woody plant character-
istics was restricted to forested habitats. Density of woody stems
(Fd.f.=7, 4 = 41.2, p = 0.001), richness of woody plant species
(Fd.f.=7, 4 = 24.6, p = 0.004), and stand basal area (Fd.f.=7, 4 = 10.1,
p = 0.02) were different in the fragmented landscape. Riparian
forests had a higher density of woody stems than upland forests,
and the Blue Heaven Cave area had a higher density of woody
stems than the Marble Falls Cave and Reed Cave areas. Riparian
forests demonstrated a greater richness of woody plant species
than upland forests. Blue Heaven Cave area supported the greatest
richness of woody plants of the three roost locations. Stand basal
area of upland forests was higher than that of riparian forests.
There were interaction effects between forested habitats and roost
location for density of woody stems (Fd.f.=2, 4 = 33.2, p = 0.003) and
richness of woody plant species (Fd.f.=2, 4 = 9.72, p = 0.03). Nested
effects (non-independence between duplicate sites) were not
significant for density of woody stems, richness of woody plant
species, or stand basal area ( p > 0.05).

Woody vegetation varied by size class of timber (habitat) and
roost location in the forested landscape (Table 3). Density of woody
stems (Fd.f.=11, 6 = 12.7, p = 0.003) and richness of woody plant
species (Fd.f.=11, 6 = 10.0, p = 0.005) were different, with density of
a fragmented and forested landscape in the Ozark Mountains, Arkansas, 2005

ty (no./ha) Species richness (no./plot) Basal area (m2/ha)

a 20.0 � 1.77 a 14.3 � 1.1 b

b 15.0 � 1.53 b 28.5 � 1.3 a

b 13.2 � 0.85 c 19.5 � 4.4

a 21.0 � 1.1 a 20.7 � 3.9

b 18.2 � 2.8 b 24.1 � 4.4

b 11.5 � 1.12 b 28.5 � 2.9 a

b 17.2 � 1.5 a 28.1 � 4.3 a

a 19.7 � 1.63 a 16.3 � 2.2 b

a 15.7 � 0.88 ab 22.6 � 3.7

b 13.8 � 1.85 b 30.8 � 4.7

ab 18.8 � 2.52 a 19.5 � 1.3

ficant differences ( p < 0.05).



Table 4
Abundance and frequency of moth families collected in blacklight trap samples in

the Ozark Mountains, Arkansas, 2005, compared with abundance and frequency of

moths eaten by Ozark big-eared bats (Corynorhinus townsendii ingens; Dodd and

Lacki, 2007)

Family Fragmented landscape Forested landscape

Abundance Consumed Abundance Consumed

n % n % n % n %

Noctuidae 1486 35.3 24 52.2 1262 28.0 108 64.3

Arctiidae 781 18.6 3 6.5 836 18.5 – –

Pyralidae 527 12.5 1 2.2 759 16.8 1 0.6

Geometridae 520 12.4 13 28.3 637 14.1 1 0.6

Notodontidae 188 4.5 5 10.9 373 8.3 13 7.7

Sphingidae 8 0.2 – – 12 0.3 45 26.8

L.E. Dodd et al. / Forest Ecology and Management 255 (2008) 3866–38723870
woody stems higher in sapling stands than stands of poletimber
and sawtimber. Devil’s Hollow was higher in density of woody
stems than the North Face feeding roost area. Sawtimber stands
supported fewer species of woody plants than poletimber or
sapling stands. Whitzen Hollow supported a higher richness of
woody plant species than the North Face feeding roost area. Stand
basal area was lower in sapling stands than in poletimber and
sawtimber stands. There was an interaction effect between timber
size class (habitat) and roost location for richness of woody plant
species (Fd.f.=4, 6 = 5.11, p = 0.04). Nested effects were not signifi-
cant for density of woody stems, richness of woody plant species,
or stand basal area ( p > 0.05).

The best model for abundance of moths included density of
snags (Xa) and density of woody stems (Xb) as predictor variables
(Y = 0.33Xa + 0.13Xb + 0.75; R2 = 0.42; p = 0.03). The best model for
species richness of moths included density of snags (Xa) and
richness of woody plant species (Xc) as predictor variables
(Y = 0.18Xa + 0.42Xc + 0.41; R2 = 0.46; p = 0.001).

3.4. Comparison with Ozark big-eared bat diet

Noctuidae represented the majority of moths in both land-
scapes, and are the moths most often consumed by the Ozark big-
eared bat in both locations (Table 4). Arctiidae and Pyralidae were
the next most abundant families present, but are rarely consumed
by the Ozark big-eared bat. Arctiidae contribute 6.5% and 0% of the
prey of the Ozark big-eared bat in the fragmented and forested
landscapes, respectively.

Measurable differences between availability and consumption
exist among landscapes for two families of moth prey (Table 4).
Relative abundance between landscapes in our study was
relatively constant within the Geometridae (12.4% and 14.1%)
and the Sphingidae (0.2% and 0.3%); however, at 28.3% the
Geometridae are a major component of the diet of the Ozark big-
eared bat in the fragmented landscape. In turn, the Sphingidae are
absent in the diet of the Ozark big-eared bat in the fragmented
landscape, but are important in the diet of these bats (26.8%) in the
forested landscape. As prey in the forested landscape the
Geometridae are nominal.

4. Discussion

Responses of lepidopterans to disturbance have been
measured in tropical forests (Hill et al., 1995; Hamer and Hill,
2000; Summerville and Crist, 2002), yielding two patterns of
lepidopteran diversity following timber harvests (Summerville
and Crist, 2002). These patterns are (1) species richness of moths
does not vary greatly between stands regenerating after harvest
and those left unharvested, and (2) species richness of moths is
depressed in stands regenerating as a monoculture following a
clearcut harvest. Our data for a temperate forest ecosystem are
consistent with the first pattern. Other studies in temperate
forest ecosystems have produced similar results (Burford et al.,
1999; Summerville and Crist, 2002). Forest structure and harvest
regime have been hypothesized to be ‘‘snap-shots’’ of the seral
condition of a forest, and changes in the occurrence of moths
only takes place when the change in a forested ecosystem
surpasses a critical level of floristic change (Summerville and
Crist, 2002).

4.1. Fragmented landscape

The differences we observed between pasture and forested
habitats were not unexpected, considering pastures were com-
prised of graminoid plants of relatively homogenous composition.
Burford et al. (1999) found a similar trend when comparing
clearings in forests to forested habitats. They found that richness of
moth species and abundance of several moth families was lowest
in clearings. Our study and previous work (Burford et al., 1999;
Summerville and Crist, 2002) support the contention that non-
forested habitats possess moth assemblages that are lower in
richness and abundance than those found in forested habitats.
Given the acreage of land covered by non-forested habitat in the
fragmented landscape, our results suggest that overall availability
of moth prey may be reduced to Ozark big-eared bats inhabiting
this region of Arkansas.

Our data indicated that riparian forest could be of particular
importance in the provision of moth prey for the Ozark big-eared
bat in the fragmented landscape, given the abundance and richness
of geometrids found in riparian forests and the importance of
geometrids in the diet of Ozark big-eared bats inhabiting this
region (Dodd and Lacki, 2007). Moreover, other species of moths,
such as the arctiid Halysidota tessellaris, which were documented
as prey of Ozark big-eared bats in the fragmented landscape (Dodd
and Lacki, 2007), were most common in riparian forests relative to
upland forests or forest edge (Dodd, 2006). We suggest that
riparian forests are especially important to the Ozark big-eared bat
in the fragmented landscape, because these habitats support an
abundance and richness of moth prey, are used by the Ozark big-
eared bat as foraging corridors (Clark, 1991; Wilhide et al., 1998),
and are the primary forested habitat remaining in the fragmented
landscape.

An edge effect (i.e., heightened biodiversity at the junction of
two different habitats; Yahner, 2000) was not apparent in moth
assemblages at forest edges in the fragmented landscape. Forest
edge possessed a combination of moth species associated with
pasture and forests, but the majority of moth taxa captured in
these habitats were species typical of forested habitats. Thus, the
assemblage of moths at forest edges differed little from forested
habitats, with moth assemblages along edges heavily comprised of
moths from adjacent forest interior. These ‘‘matrix spillover
effects’’ (sensu Summerville and Crist, 2003) may alter moth
assemblages across a forest/agricultural setting and shift moth
communities toward a more homogeneous assemblage of species
in fragmented landscapes (Davies et al., 2001; Summerville and
Crist, 2003).

Roosts in the fragmented landscape (4.65 km � 1.22 (S.E.)) were
closer together geographically than those studied in the forested
landscape (28.2 km � 12.7), so variation in floristic composition and
species pools of moths was possibly less in the fragmented landscape.
Further, disturbance patterns in the fragmented landscape probably
produced two distinct habitats, forestland and pasture. We believe
our data reflect the reduced presence of woody plant hosts in the
fragmented landscape, resulting in a homogenized moth fauna that
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was more uniform across the fragmented landscape than in the
forested landscape.

4.2. Forested landscape

Data for the forested landscape indicated that sapling stands
were not selected by any family of moths, and were generally
avoided by most families of moths that demonstrated some
selectivity in habitat use. Sapling stands were dense when
compared with poletimber and sawtimber stands. Flight in the
interior of such dense stands is likely to be difficult and hazardous,
possibly for both bats and larger-sized moths, such as saturniids
and sphingids, the latter of which was commonly eaten by Ozark
big-eared bats in the forested landscape (Dodd and Lacki, 2007).
Overgrowth of vegetation and a lower abundance of moths in
sapling stands, suggests that foraging in the interior of such
habitats would be less productive for the Ozark big-eared bat,
especially given the availability of other size classes of timber
possessing less cluttered habitat.

Our results demonstrated that patterns of occurrence of moths
in poletimber and sawtimber habitats were not consistent with
those of Burford et al. (1999). These trends are potentially
explained by differences in how stands of timber were classified,
as our data were delineated by diameter size of trees and not stand
age. Poletimber was the youngest age class (<30 years) of forested
habitat considered by Burford et al. (1999), whereas our study
evaluated both poletimber and sapling stands separately. Perhaps
the distinction between poletimber and sapling stands that we
examined, but not considered by Burford et al. (1999), resulted in a
consolidation of these habitats in their study confounding patterns
of habitat use by moths in younger-aged forest habitats.

5. Conclusions

Timber size class and rotation age are central considerations in
management of forested ecosystems. Our results suggested that
stand condition (i.e., size, age, and basal area) were only minimally
correlated with the occurrence of moths. Presumably, silvicultural
harvests alter the density of the overstory resulting in temporary
changes in the occurrence of moths, but a larger concern is the
impact on the overall richness of woody plant species that serve as
hosts in the larval stage of moths. We agree with Summerville and
Crist (2002) that timber harvesting, as a management objective,
should be able to be accomplished without producing a severe
change in the assemblage of moth species in temperate forest
ecosystems. This is especially important in the Ozark Mountains
where forested habitats support the remaining foraging habitat of
the endangered Ozark big-eared bat. Regardless, more data are
needed to confirm which silvicultural practices, if any, reduce the
diversity of woody plants in the understory of forested stands,
resulting in consequences for local assemblages of forest moths.
We recommend that land stewards in the Ozark Mountains strive
to maintain a diversity of woody flora, through the application of
silvicultural practices that create a range of habitats in areas where
the Ozark big-eared bat is known to occur.
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