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EXECUTIVE SUMMARY

Fourteen of the 18 bat species known to occur in Yosemite National Park were detected in the
giant sequoia groves (eight by capture, and six by acoustic records). Five had reproductive
populations in the groves. The most frequently encountered species in the Mariposa Grove was
the big brown bat, Eptesicus fuscus, and in the Merced Grove, the fringed myotis, Myotis
thysanodes.

Guano traps were installed inside basal hollows of 27 giant sequoia trees in the Mariposa Grove
and in 8 giant sequoia trees and one incense cedar in the Merced Grove. These traps were
monitored from May through October in 2000 and 2001 to assess bat use of the trees. In August
2000 we observed carpenter ants harvesting guano from traps and experiments confirmed rapid
ant removal of guano baits. Ant barrier devices installed on the traps for 2001 largely eliminated
these losses.

Guano trap data showed that all monitored trees in both the Mariposa and Merced Groves were
used by bats, although the extent of use and seasonal patterns of use varied greatly among the
trees. Certain trees appeared to be highly preferred by the bats. Patterns of guano deposition
varied from tree to tree, and did not follow a predictable seasonal pattern. Nevertheless, overall
bat use of the trees increased from early June to late July, and then declined through the end of
September; the peak activity in late July coinciding with the time that newly flying young enter
the population.

Temperature monitors were installed in basal hollows in 7 trees in the Mariposa Grove and two
trees in the Merced Grove and operated through two winters. The resulting temperature profiles
showed that temperatures deep in these hollows were very stable and remained above freezing all
winter, despite below freezing ambient temperatures. The temperatures of these hollows match
documented temperature ranges for many bat hibernacula, so we hypothesize that these tree
hollows are used as hibernating sites by bats.

Using a radio-linked detector on a helium balloon, we monitored bat acoustic activity at 67 m
above the ground in the Upper Mariposa Grove. Simultaneous data from the lower canopy and
ground levels revealed different levels of bat activity and different species, and were consistent
with studies elsewhere showing that the canopy provides important if rarely sampled foraging
habitat.

We radio-tracked 16 bats of five species (10 Eptesicus fuscus, 2 Lasionycteris noctivagans, 2
Mpyotis volans, 1 Myotis thysanodes, 1 Antrozous pallidus) in late summer 2001. We located a
total of 32 roosts for 15 individuals. The 32 roost sites were distributed among four tree species
(six in ponderosa pines, thirteen in sugar pines, seven in giant sequoias, three in white firs) and
three roosts in the rock-outcrop area below Wawona Point. The only tree that was used by more
than one radio-tagged individual was the giant sequoia known as the Sunset Tree.

Although white fir, 4. concolor, is numerically dominant in the grove, comprising over 70 % of
the trees, it was used only about 10% of the time by the bats. Incense cedar (C. decurrens), the
third most abundant tree species in the grove was not used by any of the bats. The other three
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species, sugar pine (P. lambertiana), ponderosa pine (P. ponderosa), and the giant sequoia (S.
giganteum), were all used significantly more than expected based on their numerical abundance
in the plots.

Roost switching occurred for the four species for which we identified roosts. The degree of roost
switching was extremely variable among individuals. On average bats spent 2.15 +/- 0.36 days in
a roost (range 1-10, n = 32) and the average number of roosts per bat was 2.06 +/- 0.37 (range 1-
6, n = 16). In general, when a bat changed roosts, it selected a roost that was within and average
of 0.19 km of its previous roost (range = 0.02-0.78 km, n =17).

We also sampled bat activity within the groves acoustically. In the Mariposa Grove we used five
stations in five habitat categories (creek, seep, meadow, rock outcrop, and road edge), which
were sampled simultaneously for a total of 18 nights between May and September. On each
sampling night, we also monitored an additional three or four sites in one of the habitat
categories. This allowed us to compare night-to-night variation with site-to-site variation for
each habitat category. More bats were detected at the creek than in any other habitat category,
but some of the rarer species, which were of greatest interest, were more likely to be detected in
other areas, particularly the meadow or rock outcrop. More limited acoustic surveys were also
conducted in the Merced and Tuolumne Groves, and suggested some differences in relative
abundance of some species in the different groves. Two species, Lasiurus blossevillii and
Pipistrellus hesperus were detected only in the Mariposa Grove.

Management recommendations emerging from this study include visitor guidelines that
discourage entry into the basal hollows of the giant sequoias and minimize damage to the
landscape around the giant sequoia trees (e.g., water sources and meadows). The information
obtained in the radio-tracking study highlighted the importance of mid to late stage snags
(particularly sugar and ponderosa pine) as roost trees, suggesting that stringent safety criteria
should be applied and trees evaluated for bat use prior to removal.

Additional research suggested by this project would be a more focused study of the use of giant

sequoias as hibernating sites, and a more extensive study of roost preferences for tree-dwelling
species in other areas of the park.
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1.0 INTRODUCTION

Recent bat research in Yosemite National Park has focused on inventory surveys (Pierson and
Rainey 1993, 1995), studies on roosting behavior of two obligate cliff-roosting species (Pierson
and Rainey 1996b), and, in partnership with California Department of Transportation, an
investigation of seasonal distribution of bat species along an altitudinal gradient from Oakdale to
Tioga Pass (Pierson et al. 2001).

Yosemite National Park contains three groves of giant sequoia (Sequoia giganteum), yet prior to
this study virtually nothing was known regarding the bat community in this remarkable habitat in
Yosemite. Earlier work at Giant Forest in Sequoia National Park had shown that a number of bat
species used fire-scarred basal hollows for both day-roosting and night-roosting (Pierson and
Heady 1996). Similar roosting behavior had been documented in coast redwood forests (Gellman
and Zielinski 1996, Rainey et al. 1992, Zielinski and Gellman 1999). In all these studies guano
was collected from these basal hollows and used as an index of bat activity.

Recent work in Canada has documented the importance of the boreal forest canopy to foraging
bats (Kalcounis ef al. 1999). No information was available on bat use of the forest canopy in any
forest type in Yosemite. This was of particular interest in giant sequoia habitat.

Thus the goals of this multi-faceted study were to:

1. characterize the bat species assemblages in Yosemite’s three giant sequoia groves;
investigate bat roosting behavior within the Mariposa and Merced groves by using guano
traps in fire-scarred basal hollows in both groves, and radio-telemetry in the Mariposa
Grove.

3. investigate bat foraging behavior in association with various habitat features within the
groves (using both mist-netting and acoustic detection of the echolocation calls of
foraging bats), and

4. assess bat activity at the canopy (recording echolocation calls using a radio-microphone
elevated via a helium balloon).

2.0 METHODS

2.1. The Study Area

The study area consisted of the three giant sequoia groves within Yosemite National Park (Figure
1). The focus was on the largest grove, the Mariposa (43.5 ha), with complementary
investigations in the other two smaller groves, the Merced (1.7 ha) and the Tuolumne (4.7 ha).
These groves occur within a rather narrow elevation band between 1584 and 2085 m.
Geographical coordinates for sampling sites were collected in decimal degrees (Datum: NAD27
CONUS), using hand-held GPS units (Garmin 12XL).

Because many of our sites did not have official names, we assigned names for the purposes of
this project. Those sites referred to repeatedly by our assigned names are identified as follows:
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Figure 1. Map of study area, showing the location of the three giant sequoia groves within
Yosemite National Park, California.



Pierson et al. Bat Use of Giant Sequoia Groves in Yosemite National Park

Boundary Creek — an unnamed creek just south of the grove. Our sampling stations were at or
near the road crossing of this creek. This road leads southeast off the main road through the
grove at a junction about 100 m before the Grizzly Giant.

Kiosk Creek — an unnamed creek that is a tributary for Rattlesnake Creek. Our station is located
just south of the tram kiosk in the parking area.

Rattlesnake Dome — a granite bench located north of the road, about 100 m before the Mariposa
Tree, just before entering the Upper Grove.

2.2. Monitoring Bat Use of Giant Sequoia Trees with Guano Traps

We used guano accumulation inside hollow trees as an index of bat activity based on successful
efforts in coast redwoods (Gellman and Zielinski 1996, Rainey et al. 1992, Zielinski and
Gellman 1999) and other giant sequoia
groves (Pierson and Heady 1996),

All giant sequoias that appear in the
Yosemite National Park inventory were
examined for the existence of fire-
scarred basal hollows. Twenty-seven
trees were selected in the Mariposa
Grove and nine trees in the Merced
Grove (Appendix I). The numbers
assigned to the trees were taken from
maps supplied to us by the Park.

No giant sequoias in the Tuolumne
Grove had basal hollows.

Suspended screening (flexible window
screen) to collect bat guano was
installed inside the selected hollows in
May 2000 (Figure 2).

During the initial installation, hooks
were installed around the perimeter of
the hollow ca. 1 m above the ground,
screening was cut to fit the size of the
hollow and suspended from the hooks
using grommets. When it was
discovered late in the first season that
ants were harvesting guano from the e o R ' :
traps, and thus compromising our Figure 2. Fire-scarred giant sequoia (Tree #285)
results, the guano traps were redesigned, ~ With suspended guano trap.

LY - -
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and an ant barrier was installed
between each hook and the
attachment point on the
screening (Figure 3). Each
barrier consisted ofa 7.5 cm
length of 4.5 cm diameter clear
plastic tubing, into which was
inserted a foam plug, through
which was run a piece of wire,
the ends of which formed the
attachment points. Foam
surfaces were coated with
Tanglefoot, a sticky barrier
avoided by ants and other
insects. The clear plastic shroud
prevented large organisms from
contacting the Tanglefoot.

Figure 3. Ant barrier with foam plug and tangle-foot.

Guano was collected from all 36 traps bi-monthly from late June to late October in 2000 and
early May to mid-October in 2001.

2.3. Mist Net Surveys and Capture Techniques

Mist nets were used to capture bats both in foraging areas and at or near roost trees (see
Appendix II for inventory of sampling effort). We followed the procedures outlined by Kunz and
Kurta (1988) -- 1.5 inch mesh black nylon or polyester mist nets of a size appropriate to the
location (8.5 x 8.5°, 18’ x7°,30° x 77,42’ x 10°, 60’ x 10°, and/or 100’ x 30”) were set on
sectional poles, and generally run for an average of 2.5 to 3.1 hours after sunset.

On-site processing of netted bats involved species identification (see van Zyll de Jong 1985 for
keys); measurement of the forearm with digital calipers; assessment of age class (adult, juvenile)
from ossification of the metacarpal phalangeal joints (Anthony 1988); determination of sex and
reproductive condition. For females reproductive condition was evaluated by palpation of the
abdomen to determine stage of pregnancy. Also, mammae were evaluated for nipple
development, presence of milk (by expression), and loss of hair. For males, characterization of
reproductive condition involved examination of the testes and checking epididymal tissue for
pigmentation or distention.

2.4. Acoustic Surveys
2.4.1. Survey Design

Acoustic surveys were used to monitor bat use of individual trees, and to sample the bat
assemblage in foraging areas (see Appendix III for inventory of sampling effort). For
investigations of bat activity in foraging areas, two recent acoustic studies (Hayes 1997,
Ballantyne and Sherwin 1999) indicate that night to night variation in bat activity is sufficiently
high that valid comparative data can be obtained only by many nights of repeat sampling at the
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same sites or by establishing multiple survey points that are sampled concurrently. We attempted
to accommodate both approaches in our survey design.

We identified single
stations in five habitat
categories (creek, seep,
meadow, rock outcrop,
and road edge), and
repeat sampled these
sites for two to four
consecutive nights
between May and
September, for a total
of 18 nights (Appendix
IV). On each sampling
night that five repeat
stations were sampled,
we would sample an
additional three or four
sites in one of the
habitat categories. This
allowed us to compare
night-to-night variation
with site-to-site
variation for each
habitat category. In all,
we sampled 41
different sites during
196 sampling sessions,
generally running 8-10
detectors
simultaneously per
night. Acoustic stations
were set up prior to
sunset, and run until
after sunrise, insuring
coverage of all time
when bats might be
active.

Additional monitoring
was conducted within
the sequoia canopy. A

Figure 4. Balloon in trial launch in Wawona Meadow

Figure 5. Balloon prior to launching in Upper Mariposa Grove

bat detector was extensively modified to transfer data by radio to a computer on the ground and
elevated to 67 m via a helium balloon, tethered by three high strength lines (Figure 4). After
testing the system in Wawona Meadow, we deployed it in the clearing near the museum in the
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Upper Mariposa Grove, where the balloon could be positioned relatively close to giant sequoias,
while minimizing the risk of snagging the balloon in the canopy (Figure 5).

2.4.2. Acoustic Equipment

Acoustic sampling used primarily broad band frequency dividing Anabat detectors with low
frequency microphones (Titley Electronics, Ballina, NSW, Australia) coupled to laptop
computers via zero-crossing analyzers (zcaims). Ultrasound events were stored as files on the
computer hard drive for later analysis. For monitoring individual trees, we also used other
detectors (D980 and D230 from Pettersson Elektronik AB, Uppsala, Sweden) linked to a DAT
recorder, night vision devices and/or infrared video recording.

2.4.3. Acoustic Identification of Species

The effectiveness of acoustic surveys for locating and identifying bats depends on two
parameters: 1) how readily a bat can be detected, and 2) with what degree of reliability it can be
identified once detected. Detectability is a function of call frequency, call intensity and distance.
Species with low frequency, high intensity calls will be detected at the greatest distance.
Detection of audible bat calls (<20 kHz) is usually reduced by filters that also suppress
extraneous noise from insects and wind, but we used low frequency microphones (5-20 kHz) to
enhance detection of species calling in this range.

Identifying bat species based on echolocation calls relies on analysis of a number of call
parameters including base frequency, call shape (slope as measured in octaves per second and
overall pattern), pattern of calls within a sequence, inter-pulse interval, and call duration.

For some species, particular combinations of call characteristics allow them to be readily
distinguished from all other taxa that might occur in a survey area. Basic knowledge of the
species expected is important because some species could be readily distinguished from all other
local species in one area and not in another.

Conducting bat acoustic surveys generally requires knowledge not only of the species specific
call characteristics, but also of the biology and ecology of the species involved. For the 14
species that we identified as occurring in the study area, there are eight that can be readily
identified from Anabat call sequences alone, and six for which identification is frequently
problematic. The eight species that can be readily identified using the Anabat system are:
Antrozous pallidus, Euderma maculatum, Eumops perotis, Lasiurus blossevillii, Lasiurus
cinereus, Myotis evotis, Myotis thysanodes, and Pipistrellus hesperus.

Identification based solely on echolocation calls is problematic for three sets of taxa. Eptesicus
fuscus, Lasionycteris noctivagans, and Tadarida brasiliensis produce similar echolocation calls
in a frequency range of between 20 kHz and 30 KHz. Although all three (especially 7.
brasiliensis) do produce sequences that are diagnostic, a large percentage of calls in this
frequency range cannot be assigned to a species unless the animal has also been visually
observed.
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Likewise, Myotis californicus and Myotis yumanensis, both of which give echolocation calls with
a characteristic frequency of circa 45-50 KHz, can be difficult to distinguish based on call
structure alone, although some calls of each species appear to be diagnostic. If visual observation
is possible, differences in flight style and foraging behavior often serve to distinguish these
species -- e.g., M. yumanensis commonly forage by skimming the water surface and M.
californicus often forage along an irregular flight path in close association with vegetation, often
at canopy height. We generally made no attempt to distinguish between these two species for
passive acoustic data. However, we were able to confirm by active acoustic monitoring (spot-
lighting flying bats while recording their echolocation calls) that the majority of 50 kHz animals
in the groves were M. californicus.

Another currently unresolved group includes three Myotis species (M. ciliolabrum, M. lucifugus,
and M. volans) that have characteristic frequencies of 35-45 KHz. Although visual observations
of body size and flight behavior can sometimes serve to distinguish these species, all three are
sufficiently poorly known in California that there are many situations in which positive
identification of animals in flight is also very difficult. Myotis volans was the only one of the
three confirmed by capture to occur in the groves, but the others may be there and have eluded
detection.

2.4.4. Analysis of Acoustic Data

Most acoustic data were collected with Anabat detectors (frequency division ratio of 16).
Outputs were processed in real time by a zero crossing analyzer coupled to the parallel port of a
battery powered laptop computer running under DOS. The signals were stored as Anabat6 files.
Signal capture was either triggered manually by an active observer or passively by an adjustable
call recognition algorithm in the software. The algorithm, as used, requires recognition of two
bat calls to save a sequence file. Under low to moderate levels of bat activity, a file ends five
seconds after the last bat call or 15 seconds after the initial call. A single file may contain two to
a few hundred individual bat calls from one or more bats.

Anabat sequence files currently have a fixed maximum size, so that under intense bat activity
that file size may be reached in less than 15 seconds (e.g., ten sequences per minute rather than
six). Thus while numbers of sequence files are a convenient measure of relative detection rates
among species and localities, time duration of the sampling unit may vary with bat activity. For
more detailed activity level comparisons, the program Analook can be used to display and
visually count individual calls (or pulses) or the program will count calls based on user-
constructed filters which include criteria for call traits (frequency, slope, duration, etc.)

For this analysis, we have visually examined and manually entered assignments to individual
taxa (or multi-species acoustic categories) for all sequence files except that sequence file counts
of 25, 40 and 50 kHz bats were obtained by software filters. Numerical values in subsequent
comparisons are based on numbers of sequence files.
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2.5. Radio-tracking Methods

Bats for radio-tracking were captured in the Mariposa Grove, and measurements taken as
described above. Bats were outfitted with transmitters and followed for up to 13 days/nights
between 27 July and 10 August 2001.

Prior to attachment, 0.48-0.6 g radio
transmitters (Model B2-B, Holohil
Systems) operating at 151.000-
151.999 mHz were activated by
soldering the power leads, sealed and
allowed to run for several hours to
test their condition. Transmitters
were attached to bats by trimming
midline dorsal hair over the scapulae
and applying SkinBond® surgical
adhesive to the remaining shortened
hair and the under side of the
transmitter. When nearly dry the
S S e transmitter was attached by gentle
Figure 6. Eptesicus fuscus with radio transmitter pressure (Figure 6).

Radio-tracking was conducted by up to five observers using telemetry receivers (Custom
Electronics CE-12, Telonics TR-2, Telonics TR-4, Wildlife Materials TRX-1000S, or an AOR
Limited AR8200 wide range receiver) and hand-held yagi antennas. Attempts were made each
day to identify roost sites for all radio-tagged animals. GPS units (Garmin 12XL) were used to
obtain coordinates (NAD27 CONUS) for located roost sites.

Although the focus was on locating roost sites, we generally monitored foraging behavior up to
four hours per night. Each night, observers were assigned to monitor emergence at an identified
roost tree, and then either took up a stationary position to scan for all radio-tagged bats, or
moved about in the Grove looking for bats for which the signal had been lost.

2.6. Hibernation Study

In the cave-like basal hollows of giant sequoia, many crevices in which bats can hide are not
readily observable, especially in winter. However, studies have shown that bats occupy
hibernating sites with relatively stable temperatures a few degrees above freezing (Webb et al.
1996). Thus winter temperatures offer a basis for assessing the suitability of these sites for bat
hibernation. To record temperature variation, we placed high-resolution two channel temperature
monitors (Hobo Pro; Onset Computer) in November 2000, in nine giant sequoias (seven in the
Mariposa Grove and two in the Merced Grove), and retrieved them in May 2002. Each monitor
had an internal temperature sensor and a second sensor on a 1.8 m or 5.9 m extension cable. The
monitor enclosures were mounted on the interior wall near a hollow entrance. The sensor
extension cable was attached to a low thermal conductivity (wood and/or PVC) extension, and
placed high in a crevice extending upward from the hollow (Figures 7 and 8). To obtain an
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Figure 7. Photograph of installation of temperature probe inside basal hollow.

Figure 8. Photograph of temperature probe installation inside basal hollow
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ambient temperature record for the Merced Grove, we hung a temperature monitor in an open-air
location on a tree at > 2 m height. Ambient hourly temperatures for the Mariposa Grove were
obtained from a permanent weather station located in the Upper Grove.

2.7. Ant Study

When it was discovered that carpenter ants (Camponotus modoc) were harvesting guano from
our suspension traps we conducted a series of feeding trials by placing pre-measured amounts of
guano in petri dishes at trees containing guano traps. In the first set of trials, we placed petri
dishes with measured amounts of guano in the center of the guano traps, and measured harvest
rates. In a second set of trials we placed petri dishes in various positions both within the hollow
and around the perimeter of the tree, and again measured harvest rates by the ants. For those
trees with basal hollows we placed 2 petri dishes on the ground inside the hollow, 3 on the
ground around the tree perimeter, and 3-5 around the tree perimeter six feet above the ground.
We sampled a few trees that had no basal hollow, and for those trees we placed 5 petri dishes on
the ground around the perimeter, and 3-5 six feet above the ground. We placed 10 guano pellets
in each dish and ran these experiments for three hours from ca. 19:30 to 22:30. We counted the
number of pellets that had been harvested, and from this calculated the harvest rate by ants.

3.0 RESULTS AND DISCUSSION

3.1. Overall Bat Diversity
3.1.1. Species Assemblage

Fourteen of the 18 species known to occur in Yosemite National Park (Pierson et al. 2001) were
detected in the giant sequoia groves. There are capture records for eight of these species; and
acoustic records for six others (Table 1).

Table 2 details the capture records during this study for the three giant sequoia groves and the
South Fork Merced River in Wawona. All eight species were captured in the Mariposa Grove,
and seven of these were captured in more limited netting in the Merced Grove. No bats were
captured in one night of netting in the Tuolumne Grove. Seven of the same species, plus an
additional two species (Lasiurus cinereus and Tadarida brasiliensis) were captured at the South
Fork Merced River in Wawona. Both these species, based on acoustic records, also occur in the
giant sequoia groves.

There were four other species that are known to occur in Yosemite National Park, but were not
detected in the giant sequoia groves: Corynorhinus townsendii, Myotis ciliolabrum, Myotis
lucifugus, and Nyctinomops macrotis. C. townsendii is a typically cave-dwelling species that is
also known to roost in basal hollows of coast redwood (Fellers and Pierson 2002, Mazurek
2004). Although maternity sites are found primarily at lower elevation, colonies have been
identified up to 1,600 in the Sierra Nevada (Pierson and Fellers 1998), and up to 1,700 m in the
White and Inyo Mountains (Szewczak et al. 1998). Its apparent absence in the Yosemite groves

10
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Table 1. Summary of detection records for bat species in giant sequoia groves in Yosemite
National Park, with summary of roosting and reproductive status.
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Table 2. Number of individuals captured by species and by locality at netting sites and roost
sites.
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Table 2. (cont’d)
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was unexpected, but its low intensity echolocation calls make it difficult to detect acoustically. It
also appears to be particularly sensitive to roost disturbance and no longer forms colonies in
Sierra foothill cave sites with high rates of recreational visitation. The distribution of M.
ciliolabrum in Yosemite is poorly known. It appears to be far less common here than farther
south in Sequoia and Kings Canyon National Parks. It has, however, been detected at elevations
both lower (in Yosemite Valley and near Bass Lake outside the Park) and higher (Tioga Road
Bridge over Yosemite Creek and Yosemite Creek Campground) than the giant sequoia groves
(Pierson et al. 2001). Because it is thought to roost primarily in rock crevices, there may not be
suitable habitat for it in the sequoia groves. There is, however, rock crevice habitat close to the
Mariposa Grove at Wawona Point. The absence of M. lucifugus and N. macrotis is not
surprising. M. lucifugus is found predominantly at elevations above 2,100 m. N. macrotis, a cliff-
dwelling species with few records from California, is known primarily from southwestern
deserts. It is a long-distance flier that is occasionally observed at locations well outside its range
(as currently understood). We have obtained a few acoustic records of this species in Yosemite
Valley.

3.1.2. Reproductive Patterns

Tables 3, 4, and 5 provide demographic data (age and reproductive status) for all captured
individuals by species. Five of the eight species (4. pallidus, E. fuscus, M. californicus, M.
evotis, and M. thysanodes) had reproductive populations in the groves, as assessed by the
presence of lactating or near-term pregnant females. For three species (L. noctivagans, M.
volans, and M. yumanensis) no reproductive adults were captured. Most individuals for all three
species were adult males. The exceptions were one juvenile male M. yumanensis captured in late
August in the Merced Grove, and one nulliparous female M. volans captured in the Merced
Grove in early July.

To put these data in context, there is substantial geographic separation of the sexes during the
reproductive season for a number of bat species. For some species, in mountainous areas, this
separation is primarily altitudinal, with breeding females concentrated at the warmer lower
elevations, and males concentrated at higher elevations (Cryan et al 2000). Data collected during
this study, combined with those collected in an earlier study (Pierson ef al. 2001), suggest that
for both M. volans and M. yumanensis, there is an altitudinal separation of the sexes during the
summer in Yosemite, with breeding females occurring at elevations below 1,500 m, and adult
males and/or nulliparous females occurring at elevations above 1,500 m. Breeding females of
both species have been found at higher elevations, however, farther south in the Sierras (e.g., M.
yumanensis in Devils Postpile NM and M. volans in Kings Canyon National Park). The presence
of a juvenile male M. yumanensis in the Merced Grove the end of August does not provide
evidence that this species raises its young in the grove, since data collected in an earlier study
showed that toward the end of the summer adult and juvenile male M. yumanensis appear
together at higher elevations (Pierson ef al. 2001).

For some migratory species, like L. noctivagans, the geographic separation of the sexes occurs
over a larger landscape scale. There is geographic separation of the sexes for this species on the
eastern and western slopes of the Oregon Cascades (M. Perkins personal communication). Both
adult males and breeding females are found in the same habitat in much of northern California --

14
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Table 3. All capture records by species by date for the Mariposa Grove, including information on
age, sex, and reproductive condition.
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Table 3. (cont’d)
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Table 3. (cont’d)
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Table 3. (cont’d)
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Table 4. All capture records by species by date for the Merced Grove, including information on
age, sex, and reproductive condition.
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Table 4. (cont’d)

20



Pierson et al. Bat Use of Giant Sequoia Groves in Yosemite National Park

Table 5. All capture records by species by date for the South Fork Merced River in Wawona,
including information on age, sex, and reproductive condition.
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Table 5. (cont’d)
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e.g., the upper Sacramento River basin and the Trinity Mountains (Pierson and Rainey 1998b,
Rainey and Pierson 1996). The only individuals captured in Yosemite, however, have been adult
males, suggesting separation of the sexes in the central Sierra Nevada.

There are also a number of species for which adult males and breeding females are found in the
same habitat (e.g., Antrozous pallidus, Eptesicus fuscus, Myotis californicus, Myotis evotis, and
Mpyotis thysanodes). Data regarding the summer distribution of adult males and breeding females
is not well documented for many species in California, particularly some of the Myotis species.

3.1.3. Relative Capture Rates

Figure 9 shows the relative capture rates by species for the ten species captured either in the
sequoia groves or over the South Fork Merced River during this study. The most frequently
encountered species is different in each of these settings -- the big brown bat, E. fuscus, in the
Mariposa Grove; the fringed myotis, M. thysanodes, in the Merced Grove; and M. yumanensis at
the South Fork Merced River in Wawona. These results should not be over-interpreted. The high
proportion of M. thysanodes in the Merced Grove can be partly explained by the fact that,
serendipitously, our primary netting sites were adjacent to two M. thysanodes roosts in giant
sequoia trees (#19 and #44). Nevertheless, the more open, relatively dry habitat of the Mariposa
Grove (particularly the Upper Grove) is more typical for E. fuscus, and the more enclosed habitat
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Figure 9. Bar graph showing the relative capture rates (number of individuals for particular
species/total number of bats) for 10 species in the Mariposa and Merced giant sequoia groves
and over the South Fork Merced River in Wawona.
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with its associated stream in the Merced Grove is more typical for M. thysanodes in forested
areas of California. The predominance of M. yumanensis over the South Fork Merced is not
surprising given the high association between this species, which specializes on small aquatic
emergent insects, and open, still or slowly moving water. While this is the species most
commonly found in association with the river, this does not necessarily mean it is the most
abundant species in this habitat.

3.2. Bat Use of Giant Sequoias
3.2.1. Bat Use of Basal Hollows as Assessed by Guano Traps

Guano traps were installed inside basal hollows of 27 giant sequoias in the Mariposa Grove and
in 8 giant sequoias and one incense cedar in the Merced Grove (Figures 10 and 11). These traps
were monitored for bat use from May through October in 2000 and 2001.

3.2.1.1. Carpenter Ant Guano Harvesting

In August 2000 we observed carpenter ants in the Mariposa Grove harvesting guano and insect
parts dropped by bats from our suspended debris traps in tree cavities. To assess the rate of
removal, we placed 4 cm Petri dishes filled with guano on the traps, and observed that these were
emptied by ants overnight.

Subsequently, we consulted several experts on ant behavior and exclusion methods, then tested a
range of trap suspension materials and structures to develop a long-term ant barrier with minimal
risk to birds and other basal hollow occupants. After installing the devices in the 2001 sampling
season, Petri dishes with measured amounts of guano were placed in the center of each trap to
monitor barrier effectiveness. The guano loss rate was zero at most trees, but long term
monitoring revealed sporadic guano loss when falling tree debris created temporary access, as
well as removal by ants, which fell to the trap from the cavity walls above. Periodic examination
of the barrier devices showed that few ants or other insects were trapped in the sticky barrier.

The effect of ant harvesting on guano and insect parts as an index of bat tree cavity use can be
inferred by comparing the amount (mg/day) collected in 2000 before ant barriers were installed
and in 2001 after the barriers were installed. If we presume that bat deposition was identical in
both years, then ant harvesting had a substantial effect on results in the Mariposa Grove, with 25
of the 27 trees having more guano and insect parts recovered in 2001 than in 2000. All monitored
trees had evidence of bat use in 2001, whereas a number had little or no deposition in 2000
(Figure 12).

In the Merced Grove, the guano traps were operated in the same manner (i.e., ant barriers only in
2001). Students in Yosemite Institute classes removed traps at this site on several occasions in
2001 (despite labels in the trees indicating a research project was in progress), likely decreasing
totals for the year. Thus while any guano recovery reliably indicated bat activity in that tree, the
relative amounts (e.g., more guano in three of the nine monitored trees in 2000 than in 2001) are
likely altered (Figure 13).
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Figure 10. Map showing location of giant sequoia trees in which guano traps were installed in
Mariposa Grove, Yosemite National Park, California.
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