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Bats

BAT DETECTOR ORIENTATION

Variation in bat detections due to
detector orientation in a forest

Theodore J. Weller and Cynthia J. Zabel

Abstract Bat detectors are widely used to compare bat activity among habitats. We placed 8

Anabat Il detectors at 2 heights, 3 directions, and 2 angles with respect to horizontal to
evaluate the effect of detector orientation on the number of bat detections received. The
orientation receiving the maximum number of detections had 70% more detections than
the mean of the 7 other orientations on the same night. We found that detectors on 1.4-
m stands received 30% more detections than detectors placed directly on the ground.
Detectors oriented toward the direction with the fewest trees received 24-44% more bat
detections than those oriented in 2 other directions. We hypothesize that many of the
noises we could not positively identify as bats were actually poorly recorded bat calls.
Listening to audiotapes may be more efficient than visual inspection of time-frequency
displays for comparison of bat activity among habitats when species identification is not
important. Studies that standardize methods among sites and maximize the number of

bat detections received at a site via detector placement will be most effective.
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Field study of bats has advanced markedly due to
the commercial availability of bat detectors (Ahlen
and Baagoe 1999, Fenton 2000, Hayes 2000). How-
ever, with the promise of greater insights into bat
biology, bat detectors have been used in the field
without a thorough understanding of their limita-
tions or standardized protocols (Hayes 2000).
Recent research has begun to evaluate the equip-
ment and methods necessary to obtain reliable
information from bat detectors (Fenton 2000,
Hayes 2000, Larson and Hayes 2000).

Due to its relatively low cost and reputation for
ease of use, the Anabat II bat detection system (Tit-
ley Electronics, Ballina, New South Wales, Australia)
is widely used to monitor bat echolocations.
Anabat II detectors have been used to compare rel-
ative amounts of bat activity among habitats
(Everette et al. 2001), forest types (Krusic et al.
1996, Law et al. 1998, Jung et al. 1999, Kalcounis et

al. 1999), timber prescriptions (Erickson and West
1996, Humes et al. 1999), heights in the canopy
(Hecker and Brigham 1999, Kalcounis et al. 1999,
Hayes and Gruver 2000), and stream sizes (Seidman
and Zabel 2001). Recently the ability of Anabat II
to discriminate among different species of bats has
been challenged (Barclay 1999, Fenton 2000).
Despite these concerns, Anabat II remains a valu-
able tool for comparing relative amounts of bat
activity among habitats (Fenton 2000).

Previous comparisons among habitats usually
have been accomplished by deploying detectors
remotely within the habitat to be sampled (Krusic
et al. 1996, Humes et al. 1999, Jung et al. 1999, Seid-
man and Zabel 2001). The operator coupled the bat
detector to a delay unit and cassette tape recorder,
positioned the unit in the field, and returned the fol-
lowing day to retrieve the data collected. The
implicit assumption in each of these studies was
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that the area sampled by the detector was repre-
sentative of the habitat (Hayes 2000). However, our
field experience using hand-held Anabat II detec-
tors indicated that slight differences in the spatial
orientation of the detector resulted in large differ-
ences in the number and duration of bat detections
received. Laboratory studies also have documented
that receptivity of bat detectors was directional in
both the vertical and horizontal planes (Waters and
Walsh 1994, Larson and Hayes 2000). Other studies
have called attention to spatial variation in bat
activity, particularly as it applies to different heights
in the canopy, but those differences were attributed
to ecological rather than methodological differ-
ences (Hecker and Brigham 1999, Kalcounis et al.
1999, Hayes and Gruver 2000). We assumed that
smaller differences in orientation would affect the
number of detections received by remotely
deployed detectors, but we wanted to quantify the
magnitude of this variation.

Larson and Hayes (2000) recommended orient-
ing bat detectors toward probable flight paths
because laboratory tests showed the Anabat II's
field of detection was longer than it was wide. In
the field, this translates to orienting detectors away
from structural clutter created by vegetation
(Oliveira 1998). Law et al. (1998) found no differ-
ence in the number of detections between detec-
tors oriented parallel with and those oriented per-
pendicular to roads; however, detection quality was
better for detectors oriented parallel to roads. We
wanted to determine whether the orientation of
detectors would substantially influence the num-
ber of bat detections received within forests.

Most studies that compared bat activity among
habitats placed detectors either on the ground
(Law et al. 1998, Seidman and Zabel 2001) or <2m
from the ground (Krusic et al. 1996, Grindal and
Brigham 1999, Humes et al. 1999, Everette et al.
2001). For ground-level studies, we hypothesized
that detectors elevated above the understory
would receive more bat detections than those
placed directly on the ground.

Field studies using Anabat II that reported the
angle detectors were oriented with respect to hor-
izontal most often used 30° (Erickson and West
1996, Hayes 1997, Humes et al. 1999, Seidman and
Zabel 2001), based on the recommendation of
Hayes and Hounihan (1994). However, 45° is com-
monly used (Law et al. 1998, Kalcounis et al. 1999,
Everette et al. 2001). Studies that strictly followed
the recommendations of Hayes and Hounihan
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(1994) or Oliveira (1998) used frames to standard-
ize angles among detectors (Hayes and Adam 1996,
Hayes 1997, Humes et al. 1999, Everette et al. 2001).
However, most studies did not specify how this
angle was standardized among detectors. We want-
ed to determine whether slight differences in
detector angle would influence the number of bat
detections received at a site.

When remotely recording bats in forested habitat,
many calls are short fragments, not easily distin-
guished from background noises (Britzke et al.
1999). Many researchers have used Thomas’ (1988)
definition that a bat detection consists of >2 ultra-
sonic pulses (Krusic et al. 1996, Grindal and Brigham
1999, Jung et al. 1999, Seidman and Zabel 2001). This
implies that the time-frequency display of each ultra-
sonic noise was evaluated. However,in some studies
bat detections were identified by simply listening to
audiotapes (Krusic et al. 1996, Grindal and Brigham
1999, Seidman and Zabel 2001). In studies that
remotely recorded echolocations onto audiotapes
and then viewed time-frequency displays, only
50-70% of calls were of sufficient quality to be cate-
gorized even into species groups (Hayes and Adam
1996, Oliveira 1998, Hayes and Gruver 2000).
Accordingly, we expected that many of the bat detec-
tions we recorded would be of poor quality and dif-
ficult to distinguish from background noise.

We had 2 competing hypotheses regarding
sounds that could not be easily identified as bats.
We reasoned that the only significant source of
ultrasonic sounds in a forest would come from bats.
Therefore, we hypothesized that many of the nois-
es we could not positively identify as bats were
actually poorly recorded bat calls. If this were true,
we expected that when we received a large num-
ber of bat detections, we would also receive a large
number of sounds we could not positively identify
as bats. However, sounds such as twigs breaking
under the feet of vertebrates, stridulating insects,
and drops of precipitation striking a surface also
have ultrasonic components that trigger bat detec-
tors, particularly at close range. These sounds are
more prevalent near the ground, so our alternative
hypothesis was that detectors on the ground would
receive more non-bat ultrasonic sounds than detec-
tors elevated above the ground.

Our main objective was to quantify variation in
the number of detections due to orientation of bat
detectors placed at the same site within a forest.
This included evaluating the relationship between
orientation and extraneous noises recorded. Our
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ultimate goal was to determine an orientation for
bat detectors in future studies that would maximize
the number of bat detections received. Secondari-
ly, we evaluated the accuracy and efficiency of
identifying bat detections directly from audiotapes
versus visual evaluation of time-frequency displays.

Study area

Our study area was a 10-ha old-growth redwood
(Sequoia sempervirens) stand in Van Duzen County
Park, Humboldt County, California. The stand was
adjacent to the Van Duzen River on a flat river ter-
race. Vegetation in the stand consisted almost entire-
ly of redwood trees and swordfern (Polystichum
munitum). Redwoods formed a tall (>80m) closed
canopy and were predominantly large trees with few
low branches (<20m). Midstory, or shrub layer, was
effectively absent at this site. However, swordfern
created structural clutter similar to a low shrub, with
some fronds reaching 1.1 m in height. Therefore, the
only structural clutter that would affect reception of
echolocations by bat detectors consisted of the
boles of redwood trees and ferns. The amount of
clutter in the stand was likely less than in other for-
est types (Humes et al. 1999, Jung et al. 1999).

The following bat species occur in redwood
forests of northwestern California: Corynorbinus
townsendii, Eptesicus fuscus, Lasionycteris nocti-
vagans, Lasiurus cinereus, Myotis californicus, M.
evotis, M. volans, M. lucifugus, M. thysanodes, M.
yumanensis, and Tadarida brasiliensis (Zielinski
and Gellman 1998; M. J. Mazurek, United States For-
est Service, unpublished data; D. M. Purdy, Hum-
boldt State University, personal communication).

Methods

Prior to sampling, we calibrated bat detectors rel-
ative to one another using a SONIN 60 PRO elec-
tronic distance-measuring tool (SONIN, Scarsdale,
N.Y.) to emit an ultrasonic pulse at 40 kHz (Larson
and Hayes 2000). We decided a priori that detec-
tors should be set to a sensitivity of approximately
7.0. We set the sensitivity of the first detector to 7.0
and moved away from the signal to the farthest
point where the signal was detected clearly. We
placed each of the other bat detectors at this point
and adjusted their sensitivities to match the audio
output of the first detector. One detector was set to
a sensitivity of 6.7, another was set to 7.2, and the
remaining 6 were set to 7.0. All detectors were pur-
chased at the same time, so we did not expect large

differences in sensitivities (Larson and Hayes 2000).

Each bat detection system consisted of an Anabat
II bat detector with an Anabat Delay Switch coupled
to a voice-activated tape recorder (Radio Shack
Optimus CTR-115; Tandy, Fort Worth, Tex.). Delay
units contained an electronic clock that placed an
audio time stamp on the tape after each ultrasonic
noise. We synchronized the clocks on the 8 delay
units prior to deployment in the field. Hereafter, we
refer to the entire bat detection system as a bat
detector. We built wooden frames to standardize the
angle of the detector with respect to horizontal. We
also built stands from SCH 80 PVC pipe, which ele-
vated the frames 1.4 m off the ground. We selected
this height so that detectors would be above most
shrub-layer vegetation in redwood and nearby Dou-
glas-fir (Pseudotsuga menziesii) forests.

We subjectively selected 7 sites within the stand
to control for effects that may have been specific to
a single site. We selected sites with relatively little
structural clutter created by trees or downed
woody debris (Erickson and West 1996, Grindal and
Brigham 1999). We placed 8 bat detectors at each
site (Figure 1). First, we subjectively determined
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Figure 1. Schematic of bat detector placement at 7 sites within
an old-growth redwood (Sequoia sempervirens) stand in Van
Duzen County Park, Humboldt County, California, 1999-2000.
The direction with the least structural clutter was considered 0°
at each site, and 120° and 240° were established with respect
to 0°. Sampling of the structural clutter created by vegetation
was conducted within the 120° sections bisected by the direc-
tion in which detectors were oriented.



the direction with the least clutter at each site and
called this direction 0°. Next, we established 2
other directions at 120° intervals. We placed 2 bat
detectors facing each of the 3 directions (0°, 120°,
2409), 1 on the ground and 1 on a stand. All 6 of
these detectors were oriented at an angle of 30°
with respect to horizontal. We placed detector
stands as close together as possible and the detec-
tor on the ground 0.3 m in front of the stand. To
assess the effects of placing detectors at different
angles with respect to horizontal, we oriented 2
additional detectors toward 0°. Both of these
detectors were set at an angle of 45° with respect
to horizontal, 1 on the ground and 1 on a stand. The
entire array of 8 detectors and their stands was con-
tained within a 3 X 2-m area.

Sites were sampled from 1-5 times each for a
total of 16 sample nights. We sampled 12 nights
between 6-30 September 1999, 2 on 23-24 May
2000, and 2 on 31 October-1 November 2000. In
addition to calibration of detectors, we randomly
assigned individual detectors to 1 of the 8 orienta-
tions each night to control for variation among indi-
vidual detectors.

We sampled vegetation structure in a circular
plot, with a 15-m radius, centered on the array of
detectors. The circle was divided into 3 120° sec-
tions that were bisected by the direction detectors
were facing (Figure 1). We measured the diameter
at breast height (dbh) of all trees >5 cm dbh and
calculated basal area for each of the sections. We
used the mean of 2 visual estimates of percent fern
cover and measured the distance from the detector
to the first fern frond as indices of the understory
clutter confronting detectors in each section.

lape transcription

Using audio output alone and based on previous
experience, we subjectively categorized each noise
on the tapes as a bat detection or an extraneous
noise. Noises separated by a calibration tone from
the Anabat delay were counted as separate noises.
All tapes were analyzed by 1 observer (TW) to pre-
vent observer variability (Weller et al. 1998).

For the first 12 nights of the study, tapes were
also played through the Anabat zero-crossing analy-
sis interface module (Titley Electronics) so that a
time-frequency display of each noise could be
viewed on a computer screen. We made a prelimi-
nary visual assessment of whether noises were bat
detections as the tape was playing. Noises were
considered obvious bat detections when time-fre-
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quency displays showed a series of high-frequency
(>20 kHz) pulses with a consistent interpulse time
(Figure 2A). For noises that were not obvious bat
detections, we saved the file and evaluated it more
carefully using Analook software (Version 4.8n, Tit-
ley Electronics). Bat detections consist of a series
of bat calls. Any file that showed >1 complete bat
call was counted as a bat detection. A complete bat
call had an uninterrupted sweep from high to low
frequency on the time-frequency display (Figure
2B). Most files did not contain uninterrupted
sweeps but instead displayed a series of high-fre-
quency fragments. Categorization of such files was
more subjective because bat detections could not
be identified based solely on the presence of indi-
vidual bat calls. Therefore, we used a combination
of high-frequency fragments with relatively consis-
tent interpulse times (Figure 2C) to identify bat
detections. If a noise could not be identified as a
bat detection via examination of its time-frequency
display, it was recorded as an extraneous noise.

When evaluation of the time-frequency display
disagreed with identification of bat detections
based on audio output alone, we used the former in
our analyses of differences among orientations.
However, because of high concurrence between
the 2 methods (see Results) and because the audio
method was much quicker, the tapes for the final 4
nights were analyzed using audio output alone.

We were able to ascertain whether something
identified as extraneous noise at one orientation
was identified as a bat detection at another orienta-
tion because we deployed 8 detectors at each site
with synchronized clocks. For each extraneous
noise identified at a particular orientation, we
reviewed data from the remaining orientations to
determine whether they had received a bat detec-
tion at the same time. If so, we assumed that the
extraneous noise was actually a poor recording of a
bat detection.

Data analysis

We used mixed-effects models to examine differ-
ences among sections for vegetation variables and
among orientations for detections and extraneous
noises. We compared variance structures of models
using likelihood ratio chi-square values. In each
case, we selected models that did not assume equal
variances among treatments. For analysis of vegeta-
tion variables, we assigned 120° sections as fixed
effects and site was a random effect. We used
Tukey-Kramer adjustments to compare among
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Figure 2. Examples of noises identified as bat detections using Analook soft-
ware. The time between noises has been compressed: A: bat detection con-
sisting of several obvious bat calls; B: bat detection consisting of one well-
defined bat call; C: bat detection based on the presence of high-frequency call
fragments and relatively constant interval between fragments.

sections. We analyzed variation in
detections and extraneous noises by
assigning each of the 8 orientations as
fixed effects in the model and using
planned comparisons to investigate dif-
ferences among heights, directions, and
angles with respect to horizontal. Ran-
dom effects were the detector assigned
to each orientation and sample night.
Means and standard errors presented
in the results were calculated by the
least square means option of PROC
MIXED in SAS Release 8.1 (SAS Insti-
tute, Cary, N.C.).

Results

We found significant differences
among sections in the number of trees
and percent fern cover (Table 1).
Numerically, 0° sections had the lowest
mean number of trees and the fewest
trees at 5 of 7 sites. They also had the
lowest mean basal area and the lowest
basal area at 4 of 7 sites. Percent fern
cover was greatest in 0° sections at all
7 sites, and the mean of 0° sections
was greater than the cover at 120° (49 o
=8.66, P< 0.0001) and 240° (¢;4-=
3.60,P=0.012).

There was great variation in the
number of bat detections among
detectors at 8 different orientations at
the same site (Figure 3). On 4 nights, a
detector at one of the orientations
(120° on stand, 240° on stand, and
twice at 240° on ground) did not
receive any bat detections. The mean
number of bat passes detected at the
remainder of the orientations on those
4 nights ranged from 1.6-5.5. On the
remaining 12 nights, the orientation
that received the maximum number of
detections had 1.7 (range =1.4-2.4)
times more detections than the mean
of the 7 other orientations and 7.7
(range = 1.8-43) times more than the
orientation with the fewest detections.

Number of detections varied among
orientations (Fg 15=9.04, P<0.0001,
Figure 4). Factors contributing to dif-
ferences in numbers of detections
were height, direction, and angle with
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Table 1. Structural clutter created by vegetation measured in 1209 sections in 15-m radius
plots. Each section was bisected by the angle that bat detectors were oriented. Sampling
occurred at 7 sites in an old-growth redwood stand in Van Duzen County Park, Humboldt
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received more detections
(x=17.3, SE=3.1) than

County, California, 1999-2000.

those at 30° (x=13.6, SE=
3.2, 1y 5=2.25, P=0.036).

oo 1200 2400 However, there was no dif-
Variable x__SE___ % SE % SE___F P ference in number of
Number of trees 30 02 46 08 63 12 521 0034 ge;egtlcl’)ns (t19-5=do‘3 5, P=
Basal area (m2/ha) 1552 72.6 244.8 85.6 3537 887 229 0.168 ‘ 33 ctween detectors
Fern cover (%) 732 61 113 37 336 89 3771 <0001 At 450 (¥=20.7, SE=3.4)
Distance to first fern (m) 1.6 0.4 28 08 13 04 256 0157  and detectors at 30° (x=

respect to horizontal. Detectors on stands received
more detections (¥=17.2, SE=3.1) than those on
the ground (%=13.2, SE=3.0, £55 5=3.32, P=0.002).
There were also differences among the directions
that detectors were oriented (Fy ,44=3.13, P=
0.033). Those oriented toward 0° received signifi-
cantly more detections (¥=16.7,SE=3.2) than those
oriented toward 240° (¥=11.6,SE=3.0,135 7=3.51,P
=0.001) and numerically more than those at 120° (%
=13.5,SE=34, 135 9=1.49, P=0.146). Detectors on
the ground and at 45° with respect to horizontal
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Figure 3. Box and whisker plot of the nightly variation in num-
ber of bat detections received by 8 bat detectors oriented in dif-
ferent directions at the same site. Seven sites, in parentheses
after dates, were sampled within a stand in Van Duzen County
Park, Humboldt County, California, 1999-2000. The box indi-
cates the median, 25%, and 75% quartiles. Whiskers are the
maximum and minimum values for the night. Outliers, repre-
sented as circles, were >1.5 times the interquartile range.

19.7,SE=3.6) when detec-
tors were on stands.

On 94% of the occasions, we identified the same
noises as bat detections using audio output as we
did using visual inspection of time-frequency dis-
plays. Whether audio or visual methods more accu-
rately identified bat detections was unclear. We
recorded 685 extraneous noises at 574 different
times during 15 nights. We eliminated one sample
night from this analysis due to early-morning driz-
zle, which caused ground-level detectors to record
about 5 times as many extraneous noises as the cor-
responding detector on a stand. An extraneous
noise at a particular orientation was identified as a
bat detection at >1 of the other orientations on 56%
of these occasions. Extraneous noises were corre-
lated with the number of bat detections received
by the detector on that night (#=0.49, n=112, P<
0.0001). Detectors on the ground did not receive
more extraneous noises (x=6.3, SE=1.1) than the
corresponding detector on a stand (¥=5.9,SE=1.2,
165=0.43, P=0.667).

Bat detections
- N
[, o
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-
4

0- Stand | Stand [Ground! Stand | Groundl Stand 1Ground ! Ground
> ° ° 120° 0° ° 120° 240°
30° 30°
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Direction

o [
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Detector orientation

Figure 4. Mean number, in order of most to fewest with 95%
confidence limits, of bat detections at each of 8 bat detector
orientations recorded at 7 sites within an old-growth redwood
stand in Van Duzen County Park, Humboldt County, California,
1999-2000. Detector orientation varied according to height
(on a 1.4-m stand or on the ground); direction (where the direc-
tion with the least structural clutter was considered 0° at each
site and 120° and 240° were established with respect to 0°);
and angle (with respect to horizontal).
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Discussion

The goal of studies comparing habitats by remote-
ly sampling bats is to acquire a reliable index to their
activity at a site. Bat detectors sample only a limited
airspace, but the assumption is that this sample can
be used to make inferences about the surrounding
habitat (Hayes 2000). Variance due to differences in
methods must be minimized to maintain validity of
the index. Our results emphasize the importance of
standardizing orientations of bat detectors among
treatments. Indeed, the differences in number of
detections we found among detector orientations at
one site were comparable to differences among
treatments in other studies (Erickson and West
1996, Brown et al. 1997, Humes et al. 1999).

The consequences of orienting bat detectors in
directions that do not maximize the number of bat
detections received can be serious. For instance,on
the 4 nights where one of the orientations did not
receive a bat detection, we would not have been
able to detect presence of bats at a site where they
were present. Therefore, it is critical to select an
orientation so that each detector maximizes the
number of bat detections it receives.

Our results suggest several practical measures
that can help maximize number of bat detections
received when remotely sampling bats at ground
level. Elevating detectors provided the greatest
improvement in numbers of bat detections
received. We attribute this to detectors having a
larger detection area and being closer to heights
where bats were echolocating. Also, detectors
were above understory vegetation that created
obstructions between the bat and the detector
microphone. Therefore, studies of “ground-level”
bat activity in forests should elevate detectors off
the ground so they are above the understory. More-
over, elevating detectors above the understory can
minimize consideration of angle with respect to
horizontal.

We also found that the direction detectors were
oriented at a site was an important consideration.
We detected more bats when detectors were ori-
ented toward the area with the fewest number of
trees. This supports previous recommendations to
orient detectors toward the least cluttered area
(Oliveira 1998, Larson and Hayes 2000, but see Law
et al. 1998). Systematically changing the direction
in which detectors were oriented has been used to
prevent directional bias but required an operator to
be present (Everette et al. 2001).

The orientation angle with respect to horizontal
was an important consideration only when detec-
tors were on the ground. Based on laboratory stud-
ies, a difference of 15° between ultrasonic sounds
and bat detector microphones considerably
reduced the distance at which sound was detected
(Larson and Hayes 2000). We attribute the higher
number of detections at 45° to larger volumes of
airspace, potentially used by bats, sampled in com-
parison to detectors oriented at 30°. Additionally,
detectors on the ground oriented at 30° faced more
obstructions from ferns than those oriented at 45°.
Our subjective determination of the direction pre-
senting the least clutter for bat flight (0°) was most
influenced by the number of trees. This bias is
probably warranted for determining flight areas of
bats within an old-growth redwood forest. Howev-
er, 0° also had the most fern coverage, so the effect
of angle with respect to horizontal for detectors on
the ground may have been exaggerated.

Many studies have reported the angle of bat
detectors with respect to horizontal, but few have
specified the means by which this angle was main-
tained. Our results, in conjunction with those of
Larson and Hayes (2000), indicated that standardi-
zation of this angle was important to acquire com-
parable results among treatments. Using a log or
rock to prop the detector is probably an inadequate
method to standardize angles among treatments.
Our study illustrates the importance of using
frames to standardize the angle at which detectors
are oriented (Hayes and Hounihan 1994, Oliveira
1998, Humes et al. 1999).

Several studies have oriented bat detectors
upward (90°) to sample bats in forests (Burford and
Lacki 1995, Brown et al. 1997, Grindal and Brigham
1999). This obviates the need to orient detectors in
any direction in the horizontal plane. It is likely
that orienting detectors upward would adequately
sample bats, provided detectors were also elevated
above the understory. We considered orienting
detectors upward for comparison to other angles
from horizontal. However, orienting detectors
upward was not practical for this study because of
the potential for microphone damage due to con-
densation from fog. For this reason, we would not
recommend orienting detectors upward where fog
or rain may collect on the microphone.

Although we conducted our experiment in a single
forest stand, our results are likely applicable to other
stands and forest types. Structural clutter affects
both the area where bats fly and the receptivity of



echolocations by bat detectors and is therefore an
important consideration. The differences among
detector orientations that we documented may
vary according to the amount of structural clutter
in other habitats, but elevating detectors above
understory and orienting them toward open areas
where bats are likely to fly would generally be ben-
eficial. Also, while Anabat II detectors lack
sensitivity compared with other systems (Fenton
2000), our results should be applicable to other bat
detection systems.

Standardizing and elevating detectors does not
come without costs. Time and funds must be bud-
geted for stand construction. The detector system
we used had a mass of 6.2 kg, including detection
equipment, 12 V battery, and carrying case. The
stands we built were rigid enough to support the
detector system, endured >4 months of use in the
field, and survived occasional attacks by black bears
(Ursus americanus). The tradeoff was that the
stand had a mass of 5.2 kg. Thus, the logistics of
deploying detectors and stands in the field were
not trivial.

Orientations that received more bat detections
also received more noises that could not be identi-
fied as bats, and detectors on stands received more
detections than those on the ground. However, the
number of extraneous noises received by detectors
on the ground was indistinguishable from the num-
ber received by those on stands; this indicated that
most extraneous noises probably were not caused
by ultrasonic components of ground-level noises
such as precipitation or breaking twigs. In combi-
nation, these findings support our hypothesis that
many noises classified as extraneous were actually
poorly recorded bat echolocations.

Listening to tapes to identify bat detections
required a comparable amount of subjectivity to
visually evaluating time-frequency displays. It was
easy to identify noises that were obvious bat detec-
tions using either audio or visual techniques. Con-
versely, bat detections consisting of a few poorly
defined calls were difficult to identify using either
technique. This indicated that call quality is impor-
tant for assessing presence of bats as well as identi-
fying species (Law et al. 1998, O’Farrell et al. 1999).
We cannot objectively assess the accuracy of either
method because we did not know which noises
were actually bats. However, neither method was
perceptively more accurate than the other. Time
may be saved in future studies by identifying bat
detections from audiotapes because the human
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brain is capable of quickly processing subtle differ-
ences in sound (Ahlen and Baagoe 1999). As long
as the noises are classified consistently and scientif-
ic rigor is maintained, the validity of the index will
be retained.

In conclusion, we emphasize the need for stan-
dardization in bat detector studies. We specifically
recommend elevating detectors above understory
vegetation and orienting detectors toward the
direction with the fewest obstructions. When an
index to bat activity without regard to species iden-
tification is the goal, detections can be efficiently
quantified by trained personnel listening to audio-
tapes.

Acknowledgments. The United States Forest Ser-
vice’s Pacific Southwest Research Station funded
this study. Thanks to M. J. Mazurek and A. C. Miles
for their help in the field. C.V.Ogan helped design
and construct frames and stands. A. A. Albert assist-
ed in preparation of figures. J. A. Baldwin provided
statistical advice. The comments of J. Gore, S. C.
Grado, J. P Hayes, M. J. Mazurek, and J. R. Waters
improved the manuscript.

Literature cited

AHLEN, 1., AND H. J. BAAGOE. 1999. Use of ultrasound detectors
for bat studies in Europe: experiences from field identifica-
tion, surveys, and monitoring. Acta Chiropterologica 1:
137-150.

BarcLay, R. M. R. 1999. Bats are not birds: a cautionary note on
using echolocation calls to identify bats:a comment. Journal
of Mammalogy 80: 290-296.

Britzkg, E. R., K. L. MURRAY, B. M. HANDLEY, AND L. W. ROBBINS.
1999. Measuring bat activity with the Anabat II system. Bat
Research News 40:1-3.

BrOWN, G. W, J. L. NELSON, AND K. A. CHERRY. 1997. The influence
of habitat structure on insectivorous bat activity in montane
ash forests of the Central Highlands, Victoria. Australian
Forestry 60:138-146.

BURFORD, L. S., AND M. J. Lack1. 1995. Habitat use by Corynorbi-
nus townsendii virginianus in Daniel Boone National For-
est. American Midland Naturalist 134:340-345.

ERICKSON J. L., AND S. D. WEST. 1996. Managed forests in the west-
ern Cascades: the effects of seral stage on bat habitat use pat-
terns. Pages 215-227 in R. M. R. Barclay and R. M. Brigham,
editors. Bats and forests symposium. British Columbia Min-
istry of Forests, Victoria, Canada.

EVERETTE, A. L., T. J. O’SHEA, L. E. ELLisON, L. A. STONE, AND J. L.
McCANCE.  2001. Bat use of a high-plains urban wildlife
refuge. Wildlife Society Bulletin 29:967-973.

FENTON, M. B. 2000. Choosing the “correct” bat detector. Acta
Chiropterologica 2:215-224.

GRINDAL, S. D., AND R. M. BRIGHAM. 1999. Impacts of forest har-
vesting on habitat use by foraging insectivorous bats at dif-
ferent spatial scales. Ecoscience 6:25-34.



930

HAYEs, J. P 1997. Temporal variation in activity of bats and the
design of echolocation-monitoring studies. Journal of Mam-
malogy 78:514-524.

Haves, J. B 2000. Assumptions and practical considerations in
the design and interpretation of echolocation-monitoring
studies. Acta Chiropterologica 2:225-236.

HAVYEs, J. P, AND M. D. Apam. 1996. The influence of logging
riparian areas on habitat utilization by bats in western Ore-
gon. Pages 228-237 in R. M. R. Barclay and R. M. Brigham,
editors. Bats and forests symposium. British Columbia Min-
istry of Forests, Victoria, Canada.

Havss, J. P, AND J. C. GRUVER. 2000. Vertical stratification of bat
activity in an old-growth forest in western Washington.
Northwest Science 74:102-108.

HavEs, J. P, AND P HOUNIHAN. 1994. Field use of the Anabat II bat
detector system to monitor bat activity. Bat Research News
35:1-3.

HECKER, K. R., AND R. M. BRIGHAM. 1999. Does moonlight change
vertical stratification of activity by forest-dwelling insectivo-
rous bats? Journal of Mammalogy 80:1196-1201.

HuMmes, M. L., J. P HAYEs, AND M. W. CoLLopPY. 1999. Bat activity
in thinned, unthinned, and old-growth forests in western Ore-
gon. Journal of Wildlife Management 63:553-561.

Jung, T. S., I. D. THOMPSON, R. D. TITMAN, AND A. P. APPLEJOHN.
1999. Habitat selection by forest bats in relation to mixed-
wood stand types and structure in central Ontario. Journal
of Wildlife Management 63:1306-1319.

KaLcounis, M. C., K. A. HOBsoN, R. M. BRIGHAM, AND K. R. HECKER.
1999. Bat activity in the boreal forest: importance of stand
type and vertical strata. Journal of Mammalogy 80:673-682.

KRrusic, R. A., M. Yamasaki, C. D. Nggrus, AND P. J. PEKINs. 1996.
Bat habitat use in White Mountain National Forest. Journal of
Wildlife Management 60:625-631.

LARSON, D. J., aND J. P. HavEs. 2000. Variability in sensitivity of
Anabat II bat detectors and a method of calibration. Acta
Chiropterologica 2:209-213.

LAw, B. S., J. ANDERSON, AND M. CHIDEL. 1998. A bat survey in State
Forests on the south-west slopes region of New South Wales
with suggestions of improvements for future surveys. Aus-
tralian Zoologist 30:467-479.

O’FARRELL, M. J., B. W. MILLER, AND W. L. GANNON. 1999. Qualita-
tive identification of free-flying bats using the Anabat detec-
tor. Journal of Mammalogy 80:11-23.

OLIVEIRA, M. C. D. 1998. Anabat practical system guide: survey
techniques, collection and characterisation of reference bat
echolocation calls, common field problems and problem
solving. Department of Natural Resources, Queensland, Aus-
tralia.

SEIDMAN, V. M., AND C. J. ZaBEL. 2001. Bat activity along inter-
mittent streams in northwestern California. Journal of Mam-
malogy 82:738-747.

THoMas, D. W. 1988. The distribution of bats in different ages of
Douglasfir forests. Journal of Wildlife Management 52:
619-626.

WATERS, D. A., AND A. L. WaLsH. 1994. The influence of bat detec-
tor brand on the quantitative estimation of bat activity. Bioa-
coustics 5:205-221.

Wildlife Society Bulletin 2002, 30(3):922-930

WELLER, T. J., V. M. SEIDMAN, AND C. J. ZABEL. 1998. Assessment of
foraging activity using Anabat II: a cautionary note. Bat
Research News 39:61-65.

ZIELINSKI W. J., AND S. T. GELLMAN. 1998. Bat use of remnant old-
growth redwood stands. Conservation Biology 13:160-167.

Theodore J. (Ted) Weller (photo) is a wildlife biologist with the
United States Forest Service’s Pacific Southwest Research Sta-
tion, Redwood Sciences Laboratory, Arcata, California. He
received his M.S. from the Wildlife Department of Humboldt
State University. His current research includes the ecology of
bats and methods used to survey them, and the effects of thin-
ning on salamanders and prescribed fire on small mammals.
Cynthia J. Zabel is a research ecologist with the Pacific South-
west Research Station and adjunct professor in the Biology and
Wildlife Departments at Humboldt State University. She has a
Ph.D. in biology from the University of California, Santa Cruz.
Her current research includes the ecology and habitat-selection
patterns of northern spotted owls and their prey, red tree voles,
bats, and the effects of prescribed fire and thinning on small
mammals and salamanders.

Associate Editor: Grado



	Article Contents
	p. 922
	p. 923
	p. 924
	p. 925
	p. 926
	p. 927
	p. 928
	p. 929
	p. 930

	Issue Table of Contents
	Wildlife Society Bulletin, Vol. 30, No. 3 (Autumn, 2002), pp. 665-994
	Front Matter
	Editor's Page: Do Your Homework [p. 665]
	Waterfowl
	Distribution of Wood Duck Harvest in the Atlantic and Mississippi Flyways in Relation to Hunting Season Length [pp. 666-674]
	Effects of Mosquito Larvicide on Mallard Ducklings and Prey [pp. 675-682]
	A Multi-Scale Investigation of Piping Plover Productivity on Great Plains Alkali Lakes, 1994-2000 [pp. 683-694]

	Technologies and Techniques
	Box-Trapping Eastern Coyotes in Southeastern Massachusetts [pp. 695-702]
	Efficacy of Electrical Barriers Used to Protect Mariana Crow Nests [pp. 703-708]
	Acoustic Surveys of Birds Using Electronic Recordings: New Potential from an Omnidirectional Microphone System [pp. 709-720]
	Odor-Adsorptive Clothing, Environmental Factors, and Search-Dog Ability [pp. 721-727]

	Population Estimation and Trends
	Population Delineation of Barren-Ground Grizzly Bears in the Central Canadian Arctic [pp. 728-737]
	Regional Landbird Monitoring: Perspectives from the Northern Rocky Mountains [pp. 738-750]
	Effects of Plot Size and Shape on Pellet Density Estimates for Snowshoe Hares [pp. 751-755]

	Community Analyses
	The Exclusion of Rare Species from Community-Level Analyses [pp. 756-759]

	Deer Management
	Effects of Temporary Bait Sites on Movements of Suburban White-Tailed Deer [pp. 760-766]
	Efficacy of Translocation to Control Urban Deer in Missouri: Costs, Efficiency, and Outcome [pp. 767-774]

	Modeling
	Field Evaluation of a Habitat-Relation Model for the American Marten [pp. 775-782]
	A Test of an Expert-Based Bird-Habitat Relationship Model in South Carolina [pp. 783-793]
	Test of a Habitat Suitability Index for Black Bears in the Southern Appalachians [pp. 794-808]

	Animal Damage
	Preventing Bird Damage to Wrapped Baled Silage during Short- and Long-Term Storage [pp. 809-815]
	Field Evaluation of Flight Control™ to Reduce Blackbird Damage to Newly Planted Rice [pp. 816-820]

	Wolves
	Color Patterns among Wolves in Western North America [pp. 821-830]
	Wolf-Human Interactions in Alaska and Canada: A Review of the Case History [pp. 831-843]
	Computer Simulation of Wolf-Removal Strategies for Animal Damage Control [pp. 844-852]

	Upland Game
	Scavenging of Ruffed Grouse in the Appalachians: Influences and Implications [pp. 853-860]
	Retention Times of Miniature Radiotransmitters Glued to Wild Turkey Poults [pp. 861-867]

	Anthropogenic Influences
	An Evaluation of Powerline Rights-of-Way as Habitat for Early-Successional Shrubland Birds [pp. 868-874]
	Response of Wintering Bald Eagles to Industrial Construction in Southeastern Washington [pp. 875-878]
	Collision Mortality of Local and Migrant Birds at a Large-Scale Wind-Power Development on Buffalo Ridge, Minnesota [pp. 879-887]
	Influence of the Conservation Reserve Program on Landscape Structure and Potential Upland Wildlife Habitat [pp. 888-898]

	Physiology
	Non-Invasive Techniques for Stress Assessment in White-Tailed Deer [pp. 899-907]
	Evaluation of Immunocontraceptive Adjuvants, Titers, and Fecal Pregnancy Indicators in Free-Ranging White-Tailed Deer [pp. 908-914]
	Evaluation of Bioelectrical Impedance Analysis as an Estimator of Moose Body Composition [pp. 915-921]

	Bats
	Variation in Bat Detections due to Detector Orientation in a Forest [pp. 922-930]
	A Comparison of 2 Acoustical Bat Survey Techniques [pp. 931-936]

	Human Dimensions
	Designing Stakeholder Involvement Strategies to Resolve Wildlife Management Controversies [pp. 937-950]

	Policy News [pp. 951-955]
	From the Field
	Two Optic Systems Assist Removal of Nestlings from Nest Cavities [pp. 956-959]
	Net and Net-Box Modifications for Capturing Wild Turkeys [pp. 960-962]
	Using Thermal Infrared Sensing to Count Elk in the Southwestern United States [pp. 963-967]
	Analyses of Immobilizing Dart Characteristics [pp. 968-970]

	In My Opinion
	Avoiding the Lurking Pitfalls in Florida Panther Recovery [pp. 971-978]
	Response to West et al. 2002: Graduate Education Should Not Count More toward TWS Certification [pp. 979-982]

	Commentary
	Avian Botulism in Great Salt Lake Marshes: Perspectives and Possible Mechanisms [pp. 983-989]

	Bulletin News [pp. 990-992]
	Information Access: Books and Literature [pp. 993-994]
	Back Matter



