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ApsTrRACT.—We quantified changes in capture rates and sex ratios from May to Sept. for
eight species of bats, derived from 8 y of extensive mist netting in forests of the Ouachita
Mountains, Arkansas. Our primary goal was to determine patterns of relative abundance for
cach species of bat captured over forest streams and to determine if these patterns were
similar to patterns of abundance found in other types of studies, including studies of bat
mortality at wind turbines. We also wanted to discern regional patterns in sex ratios that have
implications for seasonal distributions and migration. Capture rates for eastern red bats
(Lasiurus borealis) were up to 25 times greater in Aug. and Sept. than in spring or early
summer. Although not significant (P = 0.063), capture rates of hoary bats (L. cinereus)
peaked in both late spring and late summer. Silver-haired bats (Lasionycteris noctivagans) were
abundant in late spring and late summer but were absent during mid summer, suggesting
they migrated from the area. Sex ratios of red bats were predominately male in late spring
and late summer but were dominated by females in mid summer, possibly because of
increased activity of lactating females during mid summer. Female Seminole bats (L.
seminolus) were only captured after Aug. 1, suggesting a seasonal geographic separation of
sexes. Our results suggest that patterns of bat abundance derived from mist netting over
forest streams may be similar to patterns of bat fatalities at wind turbines, communication
towers, aircraft strikes, roads and patterns derived from trapping at cave entrances for many
species, but it is unclear why this pattern appears ubiquitous.

INTRODUCTION

Conservation efforts for forest bats are complicated by a lack of information on migration,
seasonal changes in distribution and abundance and sex-based geographic separation. For
example, migratory tree bats, including hoary bats (Lasiurus cinereus) and eastern red bats
(L. borealis) are the species of bats most often killed at wind turbines during late summer
and early autumn (Cryan and Brown, 2007), and information on regional and temporal
changes in relative abundance and migration eventually may help managers reduce these
mortalities. Consequently, information on abundance and sex ratios in different regions
throughout the year is important for understanding ecology, critical periods and critical
areas of habitat needed for bats.

Although broad-scale geographic distributions generally are known for most species of
bats in the United States and Canada, seasonal changes in bat abundance within their
geographic range are poorly understood and temporal differences in abundance and sex
ratios may occur throughout the range of many species due to sexual segregation and
migration. Information compiled from museum records often notes temporal and spatial
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differences in sex ratios (Findley and Jones, 1964; Barbour and Davis, 1969; Cryan et al.,
2000) and studies frequently suggest regional differences in abundance or sex ratios.
However, only a few studies (e.g., Cryan, 2003) have demonstrated geographic changes in
abundance and sex ratios throughout a season.

Many bats are migratory and sex-biased migration may occur in some species whereby the
sexes differ in their tendency to migrate, distances traveled or geographic location (Fleming
and Eby, 2003). Among the bat species that occur in the Ouachita Mountains of Arkansas
and Oklahoma, tri-colored bats (formally eastern pipistrelle, Perimyotis subflavus), evening
bats (Nycticeius humeralis) and possibly Seminole bats (Lasiurus seminolus) are considered
regional migrants (typical movements of 100-500 km; Barkalow, 1948; Humphrey and
Cope, 1968; Barbour and Davis, 1969; Watkins, 1969), whereas red bats, hoary bats and
silver-haired bats (Lasionycteris noctivagans) are considered long range migrants (movements
frequently >1000 km; Fleming and Eby, 2003).

Although bat captures from mist netting can be affected by factors such as weather, bat
activity and avoidance of nets by experienced bats, data from mist netting may be used as an
index of relative abundance for comparing yearly or seasonal changes in bat abundance if
appropriate measures are taken to ensure methods are standardized. Here, we quantified bi-
weeKkly capture rates and sex ratios for eight species of bats from late spring to late summer
(summer hereafter) that were derived from 8 y of extensive mist netting surveys in a forested
landscape. Our overall goal was to determine the patterns of relative abundance and sex
ratios of bats captured over streams throughout summer and whether these patterns
reflected patterns of abundance from other studies, including studies of bat mortality at
wind turbines. We also wanted to compile information on regional changes in sex ratios and
abundance, which has implications for seasonal distributions, migration and demography.

METHODS
STUDY ARFA

We conducted the study in a 6545-ha area of the Ouachita National Forest (ONF; U.S.
Forest Service), in northwestern Saline County (34°45'N, 93°15’'W), within the Ouachita
Mountains of central Arkansas. The Ouachita Mountain ecological subregion extends from
central Arkansas into eastern Oklahoma. The area is humid, with hot, frequently dry
summers and mild winters. Mean annual precipitation in the Ouachita Mountains ranges
from 112 to 137 cm and mean annual temperature ranges from 13.9 to 16.1 C (Skiles, 1981).
Elevations in the study area ranged from 244 to 574 m above mean sea level. The study area
was completely forested; no residential areas, houses or agricultural lands existed in the
study area. Predominant forest types were shortleaf pine (Pinus echinata)-hardwood forests
and oak (Quercus sp.)-hickory (Carya sp.). Twelve percent (778 ha) of the area was
intensively managed industrial timberlands consisting primarily of closed canopy and older
thinned plantations of loblolly pine (P. taeda). National forest lands in the basin included
several blocks of forest that underwent silviculture treatments in 2000. These areas included
partial harvesting and midstory removal (2096 ha) and group selection harvesting (1044 ha).
For a detailed description of the study area, see Perry et al. (2007).

BAT CAPTURE

We captured bats with 2-8 mist nets (2.6-12.0 m wide X 2.6 m tall) between 1 May and 17
Sept., 2000-2005 and again in 2007-2008. Nets were opened at dusk (approx. 2115-2200 h
CDT, depending on month) and monitored continuously for an average of 3.27 * 0.05 h.
Although we typically netted during nights of dry weather, we occasionally (6% of nights)
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netted on nights of intermittent light rain. We netted bats at 21 sites distributed throughout
the study area. However, most (90%) netting was concentrated at 10 highly productive sites.
Trapping sites were distributed across an area approx. 4.5 X 10.3 km. These sites were
centered on pools (typically about 600 m?) that occurred either along small intermittent
streams beneath the forest canopy (n = 9), or on the Alum Fork of the Saline River (n = 1).
At each capture site, multiple mist nets were placed in a variety of locations but primarily
over water. Among all trap sites, net locations included roads (47 net nights; 1 net night = 1
net open for 1 evening), forests (8 net nights), streams (625 net nights), dry creek beds (30
net nights) and ponds (3 net nights). Elevations of trap sites ranged from 244 to 347 m
above sea level.

For all captured bats, we determined sex and female reproductive condition by
abdominal palpation and mammae inspection. We determined age class (juvenile or
adult) based on the degree of ossification of metacarpal-phalanx joints (Racey, 1974), but
we could not distinguish juveniles from adults for most species beyond the first week of Aug.
We affixed bands to the forearms of captured bats to distinguish individuals; each band had
a unique identification number. We followed the guidelines of the American Society of
Mammalogists for the capture, handling and care of mammals (Gannon ¢t al., 2007).

ANALYSES

Comparing captures among areas or time periods with mist netting surveys can be
complicated because of differences in trapping effort. These differences include different
sizes or numbers of nets and differences in time nets are open. Therefore, to standardize
capture rate estimates among weekly time periods, we calculated a catch per unit effort
(CPU) that adjusted for differences in net length (sample area), number of nets open,
length of time nets were open (sampling duration) and number of nights trapped among
weekly periods. As our CPU, we used captures/100 net-meter-hours (NMH); NMH was
derived as the total length (m) of 2.6-m-tall net multiplied by hours open. All nets,
regardless of length, were 2.6-m tall. Because nets were monitored continuously, we
included captured bats that were identified to species before they escaped from nets but
lacked other information such as sex or reproductive status. We included recaptures in
estimates of capture rates although recaptures comprised only 3.4% of total captures.

To determine if capture rates changed significantly throughout the summer, we
calculated our CPU for each night, then compared mean capture rates (both sexes
combined) among 10 time periods (2 wk intervals) using analysis of variance on ranks
(ANOVA) (Conover and Iman, 1981). When significant effects were indicated via ANOVA,
we conducted multiple comparisons on least-squared means with a Tukey-Kramer
adjustment for multiplicity. We determined overall sex ratios throughout the summer for
each species without including recaptures. We tested whether sex ratios differed from 50:50
using chi-square tests. Throughout, we present all means * st and all statistical tests were
conducted at alpha = 0.05.

REsuLTs

Over eight summers, we trapped 159 nights (713 net nights) or 18,701 net-meter-hours
(NMH; Table 1) and had 2199 captures. On 20 nights, we trapped at multiple sites. On 24
(15%, or 99 net nights) occasions, the same site was trapped during two consecutive nights
(97% of nets were in identical locations at each area). However, mean capture rate at sites
trapped the first night (6.65 = 2.02 bats/100 NMH) did not differ from mean capture rate
the second night (7.10 % 2.76 bats/100 NMH) when compared using a paired ttest (1 =
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TasLe 1.—Trapping effort for each 2 wk interval, including total nights trapped, net nights, net-
meter-hours (NMH) and total number of years trapped, compiled during 8 y (2000-2005 and 2007-
2008) of summer mist netting for bats in the Ouachita Mountains of Arkansas

Week Nights trapped Net nights® NMH" Years trapped

1-14 May 12 56 1,422 3
15-28 May 19 98 2,441 6
29 May-11 Jun. 16 73 2,075 5
12-25 Jun. 24 111 2,662 6
26 Jun.—9 Jul. 15 66 1,717 7
10-23 Jul. 22 100 2,654 6
24 Jul.-6 Aug. 17 79 2,223 6
7 Aug.—20 Aug. 14 44 883 2
21Aug.—-3 Sept. 10 38 921 2
4 Sept. =17 Sept. 10 48 1,703 4
All weeks 159 713 18,701

“ 1 net night = 1 net (regardless of size) open for 1 night
"1 NMH = 1 liner meter of 2.6-m high net multiplied by hours open

—0.34, df = 23, P = 0.736). For all weeks and years combined, we captured 1602 (76%)
different red bats, 164 (8%) northern long-eared bats (Myotis septentrionalis), 86 (4%)
evening bats, 84 (4%) tri-colored bats, 52 (2%) hoary bats, 49 (2%) Seminole bats, 45 (2%)
silver-haired bats and 25 (1%) big brown bats (Iptesicus fuscus).

MIGRATORY BATS

Red bats were the most often captured species throughout the sampling season (Fig. 1).
We found a significant difference among time periods in capture rates of red bats (F =
21.27, P < 0.001) (Fig. 2). Capture rates were similar from May through late Jul. but were
substantially greater from mid Aug. to mid Sept. During this peak period, capture rates were
up to 25 times greater than rates in May—Jul. and often we captured >50 red bats per night
in 2-3 nets. Sex ratios varied throughout the season for red bats. Males comprised 75% of
red bat captures in May and up to 90% of captures in mid Sept., whereas females made up
62% of red bat captures during Jun. Overall sex ratio for red bats was dominated by males;
ratio of adult males to females (2.4:1) differed from 1:1 (X2 =226.4,df = 1, P < 0.001) and
overall sex ratio among juveniles (n = 116 bats) was 1.9M:1F, which also differed from
1:1(x* = 9.97, df. = 1, P = 0.002).

The greatest numbers of hoary bats were captured 15-28 May (Fig. 1). Based on capture
rates, mid May and mid Aug. were two periods when hoary bat capture rates peaked (Fig. 2).
However, because of relatively low sample sizes, differences in capture rate among time
periods was just above significant (P = 0.063). From late Jun. to late Jul., capture rates were
low and we captured no hoary bats during many of these mid-summer weeks. Most adult
captures were males, but overall ratio of adult males to females (1.6:1) did not differ
significantly from 1:1 (3* = 2.69, df = 1, P = 0.101). We captured only one juvenile hoary
bat (male; Fig. 1), which was captured on 2 Aug.

Silver-haired bats were captured only before early Jun. and in Sept. (Fig. 1). We captured
no silver-haired bats between 3 Jun. and 9 Sept. Two female silver-haired bats were captured
in Sept., but all other captures were male. Capture rates peaked in early May (Fig. 2), but we
did not conduct analyses on these data because we captured no silver-haired bats during
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Fi6. 1.—Total number of 8 species of bats (by sex) captured during each 2 wk interval, combined
from 8 y (2000-2005 and 2007-2008) of mist netting in forests of the Ouachita Mountains, Arkansas.
Numbers above columns indicate the percent of total captures that were juveniles during that period.
Dates on x axis indicate mid-point for each 2 wk period. Note the different scales on y-axis
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Fic. 2.—Capture rates (captures/100 net-meter-hours; NMH) for 8 species of bats (by sex) derived during
ten 2 wk intervals over 8 y (2000-2005 and 2007-2008) of mist netting in forests of the Ouachita Mountains,
Arkansas, including analysis of variance results comparing capture rate (both sexes combined) among time
periods. Degrees of freedom for each test was 9, 149. Like letters above columns indicate no significant
differences using a Tukey-Kramer adjustment for multiplicity. Dates on x axis indicate mid-point for each
week. One NMH = 1 linear meter of 2.6-m-high net open for 1 h. Note the different scales on y-axis
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most periods. Overall sex ratio of adults (24M:1F) differed from 1:1 (x2 =37.36,df=1,P <
0.001), and no juveniles were captured.

REGIONAL MIGRANTS OR NONMIGRATORY BATS

Captures of Seminole bats were almost exclusively male and overall sex ratio of adults
(10.1M:1F) differed from 1:1 (¥* = 32.36, df = 1, P < 0.001; Fig. 1). Only four female
Seminole bats were captured during the study and all were captured after Aug. 29.
Furthermore, we captured no juvenile Seminole bats. Capture rates of Seminole bats
fluctuated throughout the season, but we found no significant difference among time
periods (Fig. 2).

Northern long-eared bats were the second most captured species (Fig. 1). In early May,
capture rates were relatively low and were primarily females (Fig. 2). An overall peak in
capture rates was apparent in mid-Aug., but differences among time periods was just above
significant (P = 0.067). Overall proportion of adult males to females was 1:1.1, which did
not differ from 1:1 (x2 = 0.26, df = 1, P = 0.610). Sex ratio among juveniles (n = 18 bats;
1.6M:1F) did not differ from 50:50 (x> = 0.89, df = 1, P = 0.346).

Big brown bats were the least captured species (Fig. 1). We captured 19 male big brown
bats (2 juveniles) but only 6 adult females. Capture rates among time periods did not differ
(P = 0.860) (Fig. 2). Overall proportion of adult males to females (2.8M:1F) differed from
1:1 (¢ = 5.26, df = 1, P = 0.022.

Evening bat captures were almost entirely male (Fig. 1). Females were captured only
between 12 Jul. and 31 Jul. and a pregnant female was captured on 12 May. In late Jul., we
captured five females (three juvenile). Capture rates of evening bats peaked during late Jul.
and early Aug. (Fig. 2), but overall capture rates did not differ among time periods (P =
0.622). Overall sex ratio of adults (32M:1F) differed from 1:1 (x2 =7021,df =1,P <
0.001). Sex ratio for juvenile evening bats was 1M:1.5F, but sample size (n = 5 bats) was too
low to determine significance.

Captures of tri-colored generally bats were low and sporadic (Fig. 1). We found no clear
pattern in abundance and no significant difference in capture rates among time periods (P
= 0.379) (Fig. 2). Overall sex ratio among adults was predominantly male (3M:1F), which
differed from 1:1 (3% = 17.25, df = 1, P < 0.001). We captured 10 juvenile tri-colored bats
and their sex ratio (2.3M:1F) did not differ from 1:1 (X2 = 1.60, df = 1, P = 0.206; Fig. 1).

Discussion

Indices of abundance are affected by true abundance, observer effect, environmental
effects and aspects of animal behavior such as catchability (O’Shea and Bogan, 2003). Using
mist nets to estimate relative abundance is affected by extraneous variables such as bat
activity, weather, net location and net placement. Because perceived bat activity can be
highly variable among sampling nights (Hayes, 1997; Seidman and Zabel, 2001), relative
abundance indices derived via mist netting are likely to discern only coarse-scale changes of
relatively large magnitude (O’Shea and Bogan, 2003). Herein, we employed the same
trapping methods using the same personnel throughout the study to reduce observer bias
and we trapped primarily (90% of trapping) in the same 10 locations to reduce trap site
effects. Furthermore, we used multiple trap nights and years for each 2 wk sample period to
reduce the effects of variable weather. Also, we standardized trapping effort among nights
by using a standardized capture rate (captures/100 NMH) that compensated for differences
in number of nets, size of nets and length of times nets were open. Consequently, we believe
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effects of trapping location, trapping effort, observer bias and weather on temporal changes
in relative abundance were reduced with our design.

Studies suggest that trapping success decreases when trapping is conducted on
consecutive nights at the same location (Kunz and Brock, 1975; Larsen et al., 2007; Robbins
et al., 2008; Winhold and Kurta, 2008). Although 15% of our trapping effort was consecutive
nights of trapping at the same location, we found no difference in trapping success between
the first night and the second night at sites trapped for two consecutive nights. In addition,
our sample size (number of net nights) was substantially larger than most previous studies
comparing trap success between consecutive nights.

We found adult sex ratios were predominately male for all species except hoary bats and
northern long-eared bats. Bat populations frequently are skewed toward males (e.g., Kurta
and Matson, 1980; Agosta et al., 2005) and males may have greater survival than females
(Keen and Hitchcock, 1980; Kurta and Matson, 1980), possibly because of additional
energetic pressures associated with pregnancy and lactation. However, differences in spatial
or temporal patterns of abundance between the sexes may account for some observed
differences in sex ratios (see below). Although captures of adult red bats were mostly male
(71%), we found females dominated in mid-Jun. to early Jul., similar to observations of
Caire et al. (1988) in southeastern Oklahoma. Females of some bat species may increase
their activity (e.g., foraging and/or drinking) during lactation when energy and water
requirements increase (Barclay, 1989; Adams and Hayes, 2008) and the weeks when females
dominated red bat capture rates coincided precisely with red bat lactation in our study area.
Alternatively, some males may have migrated to other areas during this period.

For red bats, capture rates in Aug. and Sept. were up to 25 times greater than in May to
Jul. and large concentrations of red bats typically were observed over roads in the study
area in Aug. and Sept. of most years. Similar mass concentrations, consisting primarily of
male red bats, have been reported by others in the mid-southern United States during
Aug. and Sept. (Baker and Ward, 1967; LaVal and LaVal, 1979; Saugey et al, 1989).
Explanations for the apparent increase in red bats during late summer include increases in
abundance, increases in activity or movements, or a combination of these factors. Potential
hypotheses to explain this peak include: (1) an overall increase in bats resulting from
additional migrating individuals; (2) an increase in the population resulting from the
addition of first-year cohorts in a species that typically produces larger litters than other bat
species; (3) increased trapability of less experienced first-year juveniles (e.g., LaVal and
LaVal, 1979) that could not be distinguished from adults; (4) bats concentrating their
activity at gather sites such as riparian areas for mating; or (5) increased capture rate of
bats concentrating more on mating and fighting than avoiding minor obstacles such as
nets (Tumlison et al., 2002).

Although low capture rates of hoary bats reduced our ability to discern significant
differences among time periods (P = 0.063) capture rates peaked in May and Aug., which
likely coincided with individuals migrating. These two peaks in capture rate are similar to
observations made in Arkansas and southwestern Oklahoma by others (Baker and Ward,
1967; Gardner and McDaniel, 1978; Caire et al., 1986; Saugey et al., 1989). Furthermore,
movements of hoary bats we instrumented with radiotransmitters in late May suggested most
were migrating (Perry and Thill, 2007). Cryan and Brown (2007) found relative abundance
of migrating hoary bats peaked during mid Sept. on an island off the coast of California.
Furthermore, this peak in abundance coincided temporally with hoary bat mortalities at
wind turbines and published observations of hoary bats (Cryan and Brown, 2007; Arnett et
al., 2008).
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Using museum records, Cryan (2003) suggested silver-haired bats were absent in the
southeastern United States between May and Sept. However, they are present during winter in
the Ouachita Mountains (Perry et al., in press). Although there is no evidence that they breed
in the Ouachita Mountains and likely are not present during the summer, we captured silver-
haired bats as late as 3 Jun. and as early as 9 Sept. They were absent in samples from mid-Jun.
to mid-Sept. Only two female silver-haired bats were captured, both in mid-Sept. Similarly,
Saugey et al. (1989) indicated that captures in the Ouachita Mountains typically were males in
Apr. and May, whereas both sexes were captured in autumn and winter. Our results suggest
female silver-haired bats may migrate from the area earlier than males and subsequently
return before males, similar to findings of Cryan (2003). Similarly, females of many bat species
depart hibernacula and migrate to summer areas before males (e.g., Fenton, 1970; Humphrey
et al., 1977; Rodrigues and Palmeirim, 2008).

Besides a few roosting studies, little is known of the ecology of Seminole bats or the extent
to which they migrate. Barkalow (1948) suggested Seminole bats in northern portions of
their range move southward during autumn and winter, which suggests they are short-range
migrants. Of 48 Seminole bats captured, only four were female and all females were
captured after 28 Aug. We found no evidence that Seminole bats reproduce in the Ouachita
area; no juveniles were captured and no females were captured during the reproductive
period (late May—Jul.). In contrast, female Seminole bats tend to dominate summer
captures in more easterly areas of their range (e.g., Jennings, 1958; Miller, 2003; Miles et al.,
2006). Although others have reported female Seminole bats collected in Arkansas, those
bats were collected after 30 Jul. (Wilhide et al., 1998a; Fokidis et al., 2005). This absence of
females during the maternity period suggests a partial geographic segregation of sexes
throughout the summer range; males may reside further north and west than females in
early to mid summer. Nevertheless, we recaptured one male at the same location where it
was banded the previous year, which suggests this individual was a permanent resident or
returned to the same area in consecutive summers. Geographic differences in sex ratios
have been reported for many bat species (e.g., Findley and Jones, 1964; Kurta and Matson,
1980; Bain and Humphrey, 1986) and possible explanations include differences in
migratory routes and summer ranges (Barbour and Davis, 1969; LaVal and LaVal, 1979;
Whitaker and Hamilton, 1998). Geographic differences in temperature coupled with the
different physiological needs of each sex may lead to geographic sexual segregation (Cryan
et al., 2000; Ford et al., 2002).

Captures of evening bats mostly were males and only five females were captured (three
juveniles and two adults) and females were not captured during the juvenile growth period
(generally mid-Jun. to mid-Jul.). Female evening bats are captured as often as males during
summer in other areas of Arkansas (Baker and Ward, 1967; Wilhide et al., 1998b; Fokidis et
al., 2005). Maternity colonies of female evening bats are common in buildings approx. 20 km
from our study area (Saugey et al., 1989). Towns, with their abundance of permanent
structures and heat island effect, may provide better roosting areas for maternal females of
some species. Lausen and Barclay (2006) suggested manmade structures may provide
thermoregulatory benefits over natural roosts during the juvenile growth period for some
bats. Thus, female evening bats in the vicinity of our study area may have roosted primarily
in buildings or manmade structures, which were absent in our study area and the juveniles
we captured may have been dispersing from these locations.

Similar to evening bats and Brazilian free-tailed bats (Tadarida brasiliensis), maternity
colonies of big brown bats often are found in manmade structures such as buildings and
bridges; they are common in towns of the Ouachita Mountain region, but their abundance
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in forested areas lacking these structures is relatively low (Saugey et al., 1988, 1989). Most
(74%) captures of big brown bats were male. Males of both evening bats and big brown bats
(which roost solitarily) may be distributed more evenly across the landscape whereas
distributions of females (which roost in colonies) may be concentrated in more urban areas
or locations with manmade structures.

Significant peaks in capture rate in late summer for red bats, and likely peaks for hoary
bats and northern long-eared bats (P = 0.067) were similar to peaks in bat fatalities at wind
turbines (Arnett et al., 2008), static communication towers (Crawford and Baker, 1981),
collisions with aircraft (Peurach et al., 2009) and observations of bats on remote islands
(Cryan and Brown, 2007). Activity and mortality on roads also has been found to peak in
Sept. in European bats (Gaisler et al., 2009). Furthermore, the late-summer peak in capture
rates mirror peaks found in other species captured at cave entrances during swarming (Hall
and Brenner, 1968; Whitaker and Rissler, 1992; Agosta et al., 2005), suggesting that forested
streams may also be used as swarming sites by some species. Reasons why this pattern
appears ubiquitous is unclear and it is unknown if this pattern reflects sites where bats
congregate during late summer (e.g., wind turbines, roads, streams, islands, caves or roads),
or whether this pattern reflects changes in movements, bat activity, vigilance or actual
increases in abundance.

Determining species presence, relative abundance or population trends is important for
developing conservation strategies. We found capture rates and sex ratios of forest bats
during summer derived from mist netting were contingent on the period of summer in
which surveys were conducted. Mist netting is a common method used to determine species
presence, relative abundance and diversity of bats (e.g., Gardner et al., 1996; Jung et al., 1999;
Lacki and Hutchinson, 1999). Because abundance, sex ratios and presences of some species
changed throughout the sampling period, multiple surveys, distributed throughout the
summer, likely are needed to accurately reflect species presence, relative abundance and sex
ratios.
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