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ABSTRACT

The bats of Pennsylvania play a critical part in maintaining the state's ecosystems.
All of Pennsylvania’s bats feed on night-flying insects, including many agricultural pests. As the primary predators of night-flying insects, bats play a significant role in controlling insect populations. As such, they can be considered keystone species for their enormous economic value as biological control agents of
insects, valued in the multi-millions of dollars each year just in the Commonwealth. Bats are also facing unprecedented conservation threats, ranging from
new emerging diseases to anthropogenic agents such as wind turbines, pesticides,
and timber harvesting. As such, our bats are now in a time of crisis, with populations falling rapidly. Several species may face extirpation from the state. This
chapter discusses the biology and statewide distribution of all bats known from
Pennsylvania and reviews their economic value. It also introduces the risks bats
face to their survival, a number of which will be discussed in greater detail in
other chapters of this volume. Bats, as keystone species in the keystone state, play
ecological roles that are vital to the health of natural ecosystems and human
economies of the Commonwealth. They are deserving of conservation and protection due to their uniqueness and the valuable services they provide.
KEY WORDS — bats, economic value, keystone species, pesticides, protection,
rabies, shale gas, Vespertilionidae, White-nose Syndrome, wind turbines

NATURAL HISTORY AND ECOLOGY

What is a Keystone Species?

Pennsylvania has long been referred to as the keystone state. Although the exact story
behind this nickname is unknown, it is agreed that it stems from the key role Pennsylva-
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nia played in the formation of the United States as we declared our independence from
Great Britain. The term “keystone” comes from the name of the essential block or wedge
in an arch that locks all the other blocks in place and supports a majority of the weight of
that arch. As such, it is the “key stone” in that archway, without which the arch would
collapse. Pennsylvanians are familiar with that odd shaped “keystone” that appears on our
license plates and is on the emblem for nearly every state government entity.
The term keystone also has an important biological and ecological meaning. When used
by ecologists, it denotes organisms that play a key role within their ecosystem or environment. Keystone species usually have a disproportionately large effect on the functioning
of their environment relative to their presence and abundance. Thus keystone species present in small numbers may have great effects on their ecosystems. However, species can
also be keystone species because of their abundance and hence great ecosystem-wide
impact.
The term keystone species was first coined by Robert Paine (1966) after extensive
studies examining the interaction of species within the food webs of intertidal ecosystems
in the Pacific Northwest. These studies found that while many species, when removed
from tidal pools, caused only slight or no changes to the ecosystem, certain species, when
removed from the same tidal pools, resulted in dramatic changes and reorganizations
of the food web and the ecosystem. It was clear that some species were more important
within an ecosystem than others: their reduction in numbers or removal from that system
causes a collapse and reorganization of the entire system which affects other species
within that system in some way or another. Since then, in the examination of various
ecosystems around the world, many species have been identified as keystone species
within their ecosystems.
Bats play certain vital roles in their environment and thus are considered keystone
species in almost all ecosystems where they are present. Their roles as keystone species
vary. In the tropics, bats that feed on fruits are major seed dispersers. Other bats that feed
on flower nectar are key pollinators. These species have a direct role in the lifecycle of
many plants in tropical regions and their presence or absence can influence plant lifecycles, reproduction, and the overall structure of the ecosystem.
Bats that feed on insects occur both in temperate and tropical regions. These insectivores have a critical keystone impact on virtually all ecosystems in which they occur. Bats
are the major predators of nocturnal insects including many that humans consider pests
and that have adverse effects on human food crops, causing great economic loss. An insectivorous bat can eat anywhere between 300 and 3000 insects a night, depending on size of
the bat and the size of the insects. As such, they are the primary biological control of nightflying insects and are keystone species within their ecosystems, including ecosystems in
Pennsylvania.

The Bats of Pennsylvania

Bats are the only truly volant mammals and are second in number of mammal species
only to the Order Rodentia. Over 1250 species of bats occur worldwide, all placed in the
Order Chiroptera (Wilson and Reeder 2005). There are approximately 45 species of bats
in the USA, 11 of which currently reside within the Commonwealth of Pennsylvania
(Merritt 1987), with an incidental record of one additional species, the Virginia big-eared
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bat (Corynorhinus townsendii) (Hart et al. 2009). All the bats known from Pennsylvania
are members of the family Vespertilionidae, sometimes called plain-nosed bats by virtue
that their noses are plain and non-ornamental. Over 400 species of vespertilionid bats are
found worldwide, making this the largest family of bats (Wilson and Reeder 2005).
All vespertilionids are insectivorous, consuming a variety of different insect types. Most
vespertilionid bats that reside in temperate regions exhibit both torpor, a daily pattern of
decreased physiological activity with reduced body temperature and metabolic rate, and
hibernation, seasonal inactivity and metabolic depression during winter months characterized by low body temperature, slow breathing and heart rate, and low metabolic rate (Hill
and Smith 1984). Although many of the 11 bat species found in Pennsylvania are similar
in appearance, they are relatively easy to tell apart using a suite of simple characteristics
such as size, color, and ear length. A recent dichotomous key in Gannon et al. (2013)
contains characteristics that can be used to key live specimens and identify each of the
different bat species in the state.
Little Brown Myotis (Plate 1).— Scientific name: Myotis lucifugus. Myotis is from the
Greek mys meaning ‘mouse’ and otis meaning ‘ear’. The species name lucifugus is from
2 Latin words that translate as ‘light fleeing.’
This bat is also sometimes referred to as the little brown bat, which indicates its general
appearance. It is a small brown bat usually weighing between 5 and 10 grams, and with a
forearm less than 40 mm. Its fur is darker brown on the dorsal surface and lighter on the
ventral. Little brown myotis have toe hairs that are longer than their toes, a blunt tragus,
and a calcar that is not keeled. They are widely distributed across Pennsylvania (Fig. 1).
Little brown myotis were, until recently, the most common bats in Pennsylvania
(Merritt 1987). However, in recent years their numbers, along with those of most cavedwelling bats in the northeastern United States, have been severely reduced by the emerg-

Figure 1. The distribution of the little brown myotis in Pennsylvania.
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ing infectious disease known as White-nose Syndrome (WNS) (Turner et al. 2011). Little
brown myotis are often found in wooded areas and are common along streams and other
bodies of water, where they will hunt for insect prey at night (Fenton and Barclay 1980).
They roost in confined spaces that occur naturally or are man-made, such as attic rafters.
Little brown myotis raise their young during summer months in maternity colonies that
can number in the thousands, where pregnant females give birth in late spring or early
summer and raise and nurse their single pup for the remainder of the summer (Merritt
1987). Young grow rapidly and begin flying on their own by midsummer. One of the
largest maternity colonies in Pennsylvania, located in an old church attic in Canoe Creek
State Park (Blair County), at one time contained over 20,000 bats during the summer
months. Nearly all of these were little brown myotis females raising young.
Little brown myotis feed primarily on flying insects and their nightly foraging begins
at sunset. Foraging occurs over ponds, lakes, streams, and open fields. Diet includes flies,
moths, beetles, and mosquitos (Merritt 1987), as well as a variety of aquatic insects in their
larval stage such as midges, caddisflies, and mayflies (Kurta 1995). A little brown myotis
can be capable of consuming prey equaling up to 100% of its body mass in a night (Kurta
et al. 1989).
Summer colonies begin to disperse by September as fall swarming occurs. As individuals leave for winter hibernation, they may fly 200–300 miles to return to a cave or mine
where they will spend the harsh winter months in hibernation (Fenton and Barclay 1980).
Once they reach their winter site, they will spend time feeding and increasing their body
weight by as much as 30% in order to accumulate stores of energy to survive on during the
winter (Kunz et al. 1998). This species has been known to hibernate in small groups of a
few individuals and in very large groups of over 100,000 bats (Fenton and Barclay 1980).
Little brown myotis have long lifespans and commonly live to over 10 years of age, and
some have been documented to survive in the wild for more than 32 years (Linzey 1998).
Although little brown myotis are long-lived, they have a low fecundity and give birth to
only one offspring or pup each year, and mortality is highest during this first year (Fenton
and Barclay 1980).
Northern Long-eared Myotis (Plate 2).— Scientific name: Myotis septentrionalis.
Myotis is from the Greek mys meaning ‘mouse’ and otis meaning ‘ear’. The species name
septentrionalis is from the Latin for north or northern. The common name of this species
is derived from the distribution throughout the northeastern U.S. and Canada and from its
ears, which are noticeably longer than those of other Myotis species.
The northern long-eared myotis resembles the little brown myotis both in color and size
(weight 5–8 g, forearm 24–38 mm) and frequently shares hibernacula with it (Merritt
1987). The most distinctive feature of the northern long-eared myotis is it longer ears
(17–19 mm long) which when laid forward along the side of the head will extend past the
tip of the nose by about 4 mm. Northern long-eared myotis also have a long, pointed
tragus and a calcar that is sometimes slightly keeled (compared to the lack of any keel
in little brown myotis and the distinctly keeled calcar of Indiana myotis). It is widely
distributed across Pennsylvania (Fig. 2).
The northern long-eared myotis is a species associated largely with forests and prefers
unlogged areas or older secondary growth, where its preferred summer roosts are under the
exfoliating bark of older trees or inside hollow tree cavities (Caceres and Barclay 2000).
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Figure 2. The distribution of the northern long-eared myotis in Pennsylvania.

Foraging behavior is also associated with old growth forest. Northern long-eared myotis
are gleaners, capturing prey moving on or through foliage, and they eat moths, beetles,
mayflies, aphids, leafhoppers, spiders, and wasps (Caceres and Barclay 2000).
Northern long-eared myotis hibernate in caves that may contain large numbers of other
species, but they are seldom seen in large numbers within hibernacula (Caceres and
Barclay 2000). They seem to prefer small clusters of individuals deep within crevices or
other tight spaces. Recent data show a marked decrease in northern long-eared myotis
activity throughout Pennsylvania, probably as a result of WNS (Butchkoski and Bearer
2016). The record for longevity in the wild for this species is 19 years (Kurta 1995).
Indiana Myotis (Plate 3).— Scientific name: Myotis sodalis. Myotis is from the Greek
mys meaning ‘mouse’ and otis meaning ‘ear’. The species name sodalis refers to companion or comrade, referring to the tendency of this species to hibernate tightly together in
large groups. The common name of Indiana myotis refers to the state where the bat was
first described.
The Indiana myotis is similar in size and appearance to the little brown myotis and may
be confused with this species. It weighs between 5–9 grams, has a forearm range of 34–41
mm, and is dark brown dorsally and light brown ventrally (Thomson 1982). Characteristics that differ between the Indiana myotis and the little brown myotis are subtle, with the
former having a distinctly keeled calcar, slightly smaller feet, and shorter toe hairs (Thomson 1982; see Gannon et al. 2013 for a key to these characteristics). It is known from 22
counties, mostly in southern and eastern Pennsylvania (Fig. 3).
Indiana myotis are known to cluster close together during hibernation and can hibernate
in very large groups, in some cases numbering in the thousands. The majority of the
individuals of this species (over 90%) hibernate in just 7 caves in Kentucky, Missouri,
Indiana, and Illinois (Merritt 1987, Kurta 1995). In Pennsylvania, much smaller hibernat-
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Figure 3. The distribution of the Indiana myotis in Pennsylvania.

ing populations can be found in a modest number of locations including 13 abandoned
mines, 6 limestone caves, and 1 abandoned railroad tunnel (G. Turner, Pennsylvania Game
Commission, unpublished report). During the summer, Indiana myotis typically roost in
dead or dying trees of about 54 cm in diameter or greater, with loose or sloughing bark
(Thomson 1982). Bats roost under the bark and females give birth and raise their pups here
during the summer. These trees are of an ephemeral nature, and are abandoned as they
decay over time and become unsuitable for bat roosts. This species has also been known
to roost in buildings on occasion, but to a much lesser extent.
Indiana myotis consume a variety of insects including flies, moths, wasps, beetles,
caddisflies, cicadas, leafhoppers, and aphids (Merritt 1987). Lifespan is long, averaging
around 14 years (Kurta 1995) with at least 1 banded individual known to survive 20 years
in the wild (Schwartz and Schwartz 2001).
At this time, the Indiana myotis is the only Federally-endangered bat that occurs in
Pennsylvania. This listing is due both to declining numbers and the fact that the majority
of the individuals of this species roost in just 7 caves in the United States. This makes the
species vulnerable to severe population reduction if one or more of those caves should be
adversely affected in any way. The biggest threat to this species to date has been through
the destruction of hibernacula and summer roost trees by human activity. Indiana myotis
have also been severely affected by WNS, with as much as a 10% annual range-wide
decline attributed to this disease (Thogmartin et al. 2012). At this time, WNS has been
found in all 4 of the states with major Indiana myotis hibernacula.
Eastern Small-footed Myotis (Plate 4).— Scientific name: Myotis leibii. Myotis is from
the Greek mys meaning ‘mouse’ and otis meaning ‘ear’. The species name leibii is for
George C. Leib, who collected the type specimen, upon which the first description of this
species is based.
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While all Myotis species are similar in appearance, there are a number of features that
readily separate this species from others in the genus. As the common name suggests, the
feet of the eastern small-footed myotis, as well as its overall body size, are smaller than
other Myotis in eastern North America. It is one of the smallest species of Myotis, with
some adults weighing as little as 3 grams (Merritt 1987). Forearm size ranges from 30–36
mm, and the pelage, although brown, ranges in tint from yellow brown to golden brown
(Best and Jennings 1997). Another character is the conspicuous black facial mask extending over the nose and to the tips of the ears. Both wing and tail membranes also are black
and the calcar is distinctly keeled (Best and Jennings 1997).
The eastern small-footed myotis is one of the most rarely encountered bats in North
America (Best and Jennings 1997), although in some areas its populations are large
enough that it is considered locally common and it is known from about half of Pennsylvania counties (Fig. 4). Most occurrences in Pennsylvania are based on a few individuals,
either captured in nets or found in roost sites. However, work done in the Allegheny
National Forest, in Warren County, between 1998 and 2002, showed this species to be the
most frequently captured bat in this region (M. Gannon, unpublished data). Because the
bat is infrequently encountered, few studies about its natural history have been conducted.
Small numbers have been found hibernating throughout Pennsylvania in caves and mines.
These structures are critical to its winter habitat. It seems to prefer smaller caves in or near
hemlock forests. Summer roosts are usually in rocky habitat where bats will enter the protective cover of crevices between rocks (Best and Jennings 1997, Moosman et al. 2015).
There are a few reports of eastern small-footed myotis roosting during summer months in
buildings found in dense forested areas (Merritt 1987).
Because this bat is so rarely encountered except during winter hibernaculum surveys,
information on feeding habits and reproduction is scarce. What little we know indicates

Figure 4. The distribution of the eastern small-footed myotis in Pennsylvania.
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that they produce 1 offspring a year, travel less than 20 kilometers in the summer from
where they overwinter, and may switch roosts within that area on a regular basis (Hitchcock 1955).
This species is currently the only bat listed as threatened within the state of Pennsylvania. Already a rare bat, its greatest threat is habitat loss due to humans. Reduction of both
winter (hibernacula) and summer (rocky forested areas) habitat have a direct impact on
populations.
Silver-haired Bat (Plate 5).— Scientific name: Lasionycteris noctivagans. Lasionycteris is derived from the Greek words lasio for ‘hairy’ and nycteris for ‘bat’. The species
name noctivagans is a combination of the Latin noctis or ‘night’ and vagans for ‘wandering’. The common name silver-haired bat is derived from the blackish fur with white or
silver tips on the back.
Silver-haired bats are medium-sized bats weighing 9–12 grams and with forearms
measuring 37–44 mm in length. They are easily distinguished from all other bats in Pennsylvania by their blackish dorsal fur with silver or white frosted tips. The ventral surface
is much duller in color. The bat also has an interfemoral membrane that is furred halfway
down on the dorsum but is naked below that point and on the underside. The only bat in
Pennsylvania that is at all similar in appearance is the much larger hoary bat.
Silver-haired bats are common throughout their range and occur throughout the U.S.
and into Canada (Kunz 1982). In Pennsylvania, approximately two-thirds of counties have
a record of the bat being found within its borders (Fig. 5). This species tends to avoid open
country and instead favors vegetated forest habitats (Kunz 1982).
Silver-haired bats are solitary and in winter most individuals will migrate toward
warmer climates. During colder months they are known to use rocks, crevices, and hollow
tree openings as roost sites, and sometimes also abandoned mines or caves. In the summer

Figure 5. The distribution of the silver-haired bat in Pennsylvania.
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they are often found in hardwood forests, usually with a water supply like a stream, lake,
or pond nearby (Kunz 1982). Summer individuals can be found roosting in a variety of
places including in trees, crevices, under the bark of dead or dying trees, and in tree
foliage. They have occasionally been found in bird nests and woodpecker holes (Kunz
1982).
This species had traditionally not been known to reproduce in Pennsylvania, however
first breeding records of this bat in the Commonwealth are just recently reported (Kwiecinski 2016). During the breeding period, the silver-haired bat usually roosts in small maternity colonies in tree hollows and may periodically switch roosting sites (Kunz 1982). This
species typically gives birth to 2 pups at a time (Kunz 1982).
Silver-haired bats consume a variety of insects as they forage close to the ground. Diet
includes flies, beetles, moths, caddisflies, true bugs, and flying ants (Kunz 1982).
Evening Bat (Plate 6).— Scientific name: Nycticeius humeralis. Nycticeius is a combination of the Greek word nyctos meaning ‘night’ and the Latin word eius or ‘belonging to’.
The species name humeralis is Latin referring to the upper arm or humerus and alis for
‘pertaining to’. The common name evening bat refers to the time they are most often seen
emerging for evening flight. They are also known by the common name ‘twilight bat’ in
some places (Watkins 1972).
The evening bat is a small bat weighing 5–6 grams. The dorsal and ventral fur are often
the same dull brown color, but on occasion the venter may be somewhat lighter or paler.
This species is similar in appearance to Myotis species in Pennsylvania and may sometimes be confused with them. The best distinguishing characteristics between this species
and members of the genus Myotis is that the evening bat has a shorter blunt tragus and only
1 upper incisor on each side instead of 2 (Watkins 1972).
Pennsylvania is on the fringe of the evening bat's distribution. It occurs mostly in the
southern parts of the U.S. ranging from the Atlantic coast into Texas. Documented occurrence in Pennsylvania is spotty (Fig. 6), with only 6 counties having records of this bat
(G. Turner, personal communication).
Evening bats will roost in hollow trees and under loose bark, and they have rarely been
found in caves (Watkins 1972). With the loss of forests, this bat has readily adapted to
human dwellings and other man-made structures. Attics of old houses are often readily
available and preferred. In winter, individuals of this species migrate south (Watkins
1972). Some banded individuals have been found to travel as far as 300 miles south,
although some adults remain in the southern portions of United States (south of South
Carolina and east of Arkansas) year round (Kurta 1995). Although few occurrences of the
evening bat have been reported in Pennsylvania, a maternity colony has been found on the
campus of Waynesburg College in Greene County (Merritt 1987). Although the colony is
documented, little is known of the breeding habits of this species or the current size and
status of the Waynesburg College colony.
Female evening bats usually give birth to twins each summer in maternity colonies that
can range in size from a few individuals to several hundred. Such colonies are frequently
found in old buildings (Watkins 1972).
The diet of the evening bat is similar to the other insectivores in Pennsylvania and
includes moths, beetles, true bugs, and flies. At dusk, evening bats begin to fly above the
treetops but as darkness descends they tend to move much close to the ground in search of
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Figure 6. The distribution of the evening bat in Pennsylvania.

prey (Merritt 1987). The evening bat has one of the shorter known lifespans for bats, and
the maximum lifespan documented in the wild is only about 5 years (Kurta 1995).
Tri-colored Bat (Plate 7).— Scientific name: Perimyotis subflavus. The tri-colored bat
is one of the smallest bats that occurs in Pennsylvania, close in size to the eastern smallfooted myotis. It has a body mass ranging from 3–8 g and a forearm ranging from 31–34
mm. Its distinguishing characteristics include the distinct pink forearm color, yellowish
brown tri-colored ventral fur, and reddish dorsal fur. The uropatagium is furred ventrally
about one-third of its length with the remainder naked, and the calcar is not keeled.
The tri-colored bat is widely distributed throughout the eastern United States and has
expanded its range westward into Wyoming, Colorado, and New Mexico (Fujita and Kunz
1984). Within Pennsylvania it has been found in nearly all counties with only 8 having no
records of the bat (Fig. 7). In all likelihood the species occurs in these counties as well and
has just not been documented.
During summer months the tri-colored bat is found roosting in the foliage of trees and
in rock crevices, caves, and buildings. Females form small maternity colonies at these
locations, although colonies in buildings may be larger than those occurring elsewhere
(Fujita and Kunz 1984). Males tend to be solitary. In winter they hibernate and are often
found in caves and mines within 97 km (60 miles) of their summer habitat. More recent
data show that some individuals will migrate considerably longer distances between
summer and winter habitat (Fujita and Kunz 1984). They are one of the first bats in Pennsylvania to begin hibernation and among the last to exit in the spring (Merritt 1987).
Females give birth in late June or early July and produce 2 offspring. Young develop
fast and are flying and foraging with their mother within 3 to 4 weeks (Fujita and Kunz
1984).
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Figure 7. The distribution of the tri-colored bat in Pennsylvania.

The diet of tri-colored bats is similar to other insectivorous bats in the state. Moths,
leafhoppers, flies, beetles, wasps, and true bugs are common prey. However, because of
the tri-colored bat’s small size, it tends to consume smaller insects within these groups
(Merritt 1987). Tri-colored bats favor open woodlands as a location to feed and can be
found foraging there in early evening and then again just before daylight. Although they
do not favor heavily forested areas, tree removal in woodlands does cause a reduction in
bat numbers and activity.
The lifespan of tri-colored bats has been up to 15 years in captivity. No data on the lifespan of free-living individuals is known (Kurta 1995).
Eastern Red Bat (Plate 8).— Scientific name: Lasiurus borealis. Lasiurus is derived
from 2 Greek words, lasi for ‘shaggy’ and urus for ‘tail’. The species name borealis is
Latin for northern. This refers to the northern boreal forest region of North America where
the first described specimen came from. The common name eastern red bat separates this
species from a morphologically similar but genetically distinct close relative (L. blossevillii) that occurs in western North America (Shump and Shump 1982a). Red describes the
distinct coloration of this bat which ranges from brick orange to rusty red. Eastern red bats
have also been called northern bats or northern red bats. They are widely distributed in
Pennsylvania (Fig. 8).
Eastern red bats are medium sized with a body mass of 7–13 g and forearms ranging
from 37–43 mm. In addition to the red coloration, the fur is white-tipped, which gives the
bat a frosted appearance. Females tend to be duller in color than males, but both sexes have
a yellow-white patch on the shoulder (Shump and Shump 1982a).
Eastern red bats are solitary and do not form colonies. They usually emerge from their
day roosts in the foliage of trees at dusk and feed in open areas such as pastures and agri-
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Figure 8. The distribution of the eastern red bat in Pennsylvania.

cultural fields, particularly along the edges (Shump and Shump 1982a). They also are
found in well-forested areas. The eastern red bat has a high fidelity to foraging sites and
will usually return night after night to the same area as long as a food supply exists.
Eastern red bats feed primarily on moths and beetles, but will take other prey as opportunistically available, including flies, true bugs, and flying ants (Merritt 1987).
In winter, eastern red bats from the northern regions of their range, including Pennsylvania, migrate south for the winter, although there is evidence that some individuals may
remain in the north all year (Shump and Shump 1982a, Cryan 2003). Little is known about
migratory behavior to their winter range. Historically, they were observed migrating in
large flocks and active both night and day (Mearns 1898, Howell 1908), but that behavior
has not been observed in more recent times. Even after migrating to warmer climates,
eastern red bats have occasionally been observed hibernating in hollow trees and leaf
litter (Shump and Shump 1982a). In southern regions, male eastern red bats are known
to forage for insects on warm nights and even warm days during the winter months.
Eastern red bats give birth in early summer. This species is unusual in producing a
litter ranging of up to 5 pups, with an average of 2.3 (Shump and Shump 1982a). The
young cling to their mother’s fur for the first few days of life, and she carries them in this
manner as she switches roosts (Shump and Shump 1982a). By 6 weeks they are weaned
and begin a solitary life. This species has an average life span of about 12 years (Kurta
1995).
Eastern red bats are the species most frequently killed by wind turbines in many parts
of North America (Horn et al. 2008, Pylant et al. 2016). This may be due to its migratory
behavior, however, the reason they are found dead most often in turbine mortality studies
may have more to do with the red coloration of the bat, which is more easily detected during visual searches, than a differentiation in turbine-caused mortality between it and other
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species. It may be more visible and easier to find in visual surveys searching for dead bats
near turbines.
Hoary Bat (Plate 9).— Scientific name: Lasiurus cinereus. Lasiurus is derived from
2 Greek words, lasi for ‘shaggy’ and urus for ‘tail’. The species name cinereus is Latin for
grey. The common name hoary bat refers to the grey-white coloration of this bat. Its dark
grey fur with white tips makes this species distinctive in Pennsylvania and throughout the
United States. It is our largest bat, weighing between 20–38 g and with a forearm of 46–55
mm.
The hoary bat is a wide-ranging bat found throughout the continental U.S. and ranging
from northern Canada into southern Mexico, with a subspecies also occurring in South
America (Shump and Shump 1982b). The hoary bat has been found in approximately twothirds of the counties in Pennsylvania (Fig. 9). It likely occurs in most if not all of the other
counties, but given the solitary nature of this species, the lack of records in those counties
may simply be due to lack of search effort.
The hoary bat is a solitary bat often found roosting in tree foliage. It favors elm, black
cherry, maple, and spruce trees and may roost as high as 6 m off the ground (Shump and
Shump 1982b, Kurta 1995). However, there have also been individuals found roosting in
tree cavities and in buildings. The solitary nature of this species makes it difficult to
follow or study and relatively little is known about them. It is among the last bats to
emerge from their roosts to forage each night, usually becoming active well after dusk
(Shump and Shump 1982b). Food items include flies, termites, beetles, and moths (Shump
and Shump 1982b).
Although some hoary bats have been found overwintering in Pennsylvania, most
migrate long distances south each fall and it is possible that hoary bats from Pennsylvania

Figure 9. The distribution of the hoary bat in Pennsylvania.
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may travel as far south as Mexico. The migratory nature of this bat has resulted in large
numbers being killed at wind turbines throughout the state and has raised concern about
the level of mortality hoary bats may suffer as a result (Kunz et al. 2007).
Hoary bats typically give birth in late spring to twins. The pups cling to the mother after
birth but will shift to a nearby twig or branch at night when she leaves the roost to forage.
They develop quickly and are usually weaned and capable of flight in a month's time
(Shump and Shump 1982b).
Seminole Bat (Plate 10).— Scientific name: Lasiurus seminolus. Lasiurus is derived
from 2 Greek words, lasi for ‘shaggy’ and urus for ‘tail’. The species name seminolus
refers to the Seminole Indian region of Florida, from which this bat was first described
(Wilkins 1987).
The Seminole bat is a medium-sized bat weighing 8–15 g, with a forearm ranging from
35–45 mm. It is similar in appearance to the eastern red bat (Lasiurus borealis) but with a
deeper red-mahogany color with white tipped hairs and white shoulder spots (Wilkins 1987).
This is a southern species of bat occurring in the U.S. from Florida to the eastern half
of Texas. Pennsylvania and southern New York form the edge of the northern boundary of
its known range. In the south, this bat is abundant and is closely associated with lowland
wooded areas that support Spanish moss; it is often found roosting in moss-covered trees
(Wilkins 1987). It has rarely been found in Pennsylvania, and is known from only 6 counties (Fig. 10). Individuals that have been found in the state are probably wanderers and
incidental captures. Seminole bats are solitary bats that do not hibernate. They are active
throughout the year but will enter torpor for short periods when local conditions turn cold
(Wilkins 1987).
Seminole bats forage while in flight and tend to glean prey from tops of vegetation both
in the canopy and along the ground. They can often be found feeding along field and water

Figure 10. The distribution of the Seminole bat in Pennsylvania.
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edges (Wilkins 1987). Seminole bats feed on a variety of insects including beetles, moths,
and ants (Merritt 1987).
Seminole bats give birth to 1–4 offspring each year in late spring. The young grow fast
and are weaned and flying on their own within a month (Wilkins, 1987).
Big Brown Bat (Plate 11).— Scientific name: Eptesicus fuscus. Eptesicus is Latin for
house flier, which relates to this bat’s disposition to favor houses or other man-made structures as roosts. The species name fuscus is Latin for brown and refers to the bat’s color.
This bat is truly a Pennsylvania bat, as it was named from a specimen collected in Philadelphia in 1796.
As the name indicates, the big brown bat is a large bat compared to many other species
in the state. Although it is brown, like many of the Myotis species, it is easily distinguished
from them by its much larger size. In Pennsylvania, only the hoary bat is larger than the
big brown bat, and they are readily distinguished by coloration. Big brown bats have a
body mass that ranges from 11–16 g, with forearms ranging from 39–54 mm. They have
black wings and interfemoral membranes that lack fur. The ears and face are also black.
The calcar of the big brown bat is slightly keeled (Kurta and Baker 1990).
The big brown bat is a common species with a widespread distribution in the United
States, Canada, Mexico, portions of Central and South America, and many Caribbean
islands (Kurta and Baker 1990). It is found throughout Pennsylvania, occurring in every
county (Fig. 11).
The big brown bat has a strong affinity for man-made structures and is frequently found
roosting in the attics of older houses, barns, and churches in Pennsylvania. It may also
hibernate at these locations if temperatures remain warm enough in winter. It is also found
in hollow trees and sometimes under bark. A typical maternity colony may be anywhere
from 15–80 individuals (Kurta and Baker 1990). Males are often solitary. They have a

Figure 11. The distribution of the big brown bat in Pennsylvania.
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great affinity to roost sites and will return to the same spot year after year (Kurta and Baker
1990).
Big brown bats fly close to the ground or water while foraging for insects. They typically do not range far from their roost site but will forage in a variety of habitats nearby
(Kurta 1995). They are known to consume a large variety of insects including many
different beetle species and true bugs (Kurta and Baker 1990). They will eat moths and
mosquitos but only when other prey are in short supply. Big brown bats will consume their
own body weight in insects each night (Kurta and Baker 1990).
Big brown bats will frequently hibernate in man-made structures if available, but can
also be found in caves and mines throughout the Commonwealth (Kurta 1995, Gannon
et al. 2013). Their preference for human structures makes them the bat species most
frequently encountered by people within the state.
Birth of usually 2 offspring occurs in late spring each year. Pups grow quickly and are
often foraging and flying by the end of 4 weeks. The known record for longevity in big
brown bats living in the wild is 19 years (Kurta 1995).
Virginia Big-eared Bat.— Scientific name: Corynorhinus townsendii. Corynorhinus
refers to the rhinos (nose), and specifically the large, glandular bulbs present between the
nostrils and the eyes. The species name townsendii refers to the naturalist in whose honor
the species was named, Charles H. Townsend. There are a number of different subspecies
of this bat. The eastern subspecies is Corynorhinus townsendii virginianus, indicating the
location of the populations in Virginia and West Virginia. The common name Townsend’s
big-eared bat applies to the subspecies found outside of Virginia and West Virginia.
The Virginia big-eared bat is distinctive and easy to distinguish from the bats commonly
found in Pennsylvania. It is a medium sized bat of 7–12 g. Its common name comes from
its extremely long ears that are over 2.5 centimeters in length (Kunz and Martin 1982).
The Virginia big-eared bat is not considered to be a resident of Pennsylvania. It is
known from a single record within the state, from Barton’s Cave in Fayette County (Hart
et al. 1998). The closest known populations of the Virginia big-eared bat occur in Virginia
and West Virginia, over 125 miles from the Pennsylvania border and the one historical
locality in the state.

Bats and Disease

Bats are important keystone species and vital to most ecosystems, but they also are
associated with some diseases that affect humans. There are more than 200 viruses that
have been isolated from bats throughout the world (Moratelli and Calisher 2015) and bats
are considered important reservoir hosts for many zoonotic pathogens. Additionally, bats
are associated with 2 fungal pathogens. In North America, few of these are of human
concern, with 2 notable exceptions: rabies (virus) and histoplasmosis (fungus).
No subject has generated more misinformation and fear about bats than rabies. Rabies
is a dangerous, fatal disease, known to occur in many mammal species including bats.
Worldwide there are more than 30,000 human deaths due to rabies each year, but most
occur outside the U.S., and the vast majority of these cases are due to bites from rabid dogs
(Brass 1994).
Bats are mammals and thus may carry the disease just as other mammals might. However, in reality, rabies in bats in North America is rare, as is the transmission of the disease
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to humans. Although there are few unbiased surveys of rabies levels in wild bat populations, data suggest a rabies positive rate of less than 0.5% for most species (Constantine
1988, King et al. 1990, Klug et al. 2011, Gilbert et al. 2015). In Pennsylvania, only approximately 4% of bats submitted for testing (and thus being suspected of having rabies) are
actually infected with the rabies virus (Olnhusen and Gannon 2004).
Histoplasmosis is a respiratory illness caused by a widely-occurring fungus, Histoplasmosis capsulatum (American Thoracic Society 2012). The fungus is commonly found in
the soil where warm and humid climates occur. Humans may become infected by inhaling
airborne fungal spores. Most infected persons will show no signs or ill effects, while some
may develop mild, flu-like symptoms. A small proportion of those exposed can become
seriously ill with tuberculosis-like respiratory symptoms which may be fatal if left untreated
with antibiotics. The disease is not transmitted person to person.
Histoplasmosis has been associated with bats because the fungus is frequently found
growing in large concentrations of animal droppings such as bat guano. It is also associated
with the poultry industry as waste material from chicken production provides an ample
growth medium for the fungus. Fungal spores can become airborne when contaminated
materials are disturbed. Wet caves cause spores to stick to surfaces and prevent spores
from becoming airborne. Hot, dry caves and attics where bats may roost in temperate
regions do not usually provide conditions favorable for fungal growth that can infect
humans. Exposure to histoplasmosis in Pennsylvania that is related to bats would be
extremely rare as few if any locations are conducive to spore development and spread.
However, caution should be taken in situations where large bat colonies occur and large
amounts of guano are found.

Bat Populations

Bats, and their population demographics, differ from most other mammals in two
distinct ways (Barclay and Harder 2003). The first difference is average lifespan. Bats are
very long-lived for their size. Similar sized mammals such as mice and other rodents tend
to live no more than 2 to 3 years in the wild whereas bats have life spans that can average
between 10 to 20 years, depending on the species. Secondly, bats differ from other mammals in their exceptionally low fecundity, or reproductive potential. Small mammals
usually have larger litters while larger mammals tend to have smaller numbers of offspring. Rodents such as mice or rats reach reproductive maturity at about 5 weeks of life
and are capable of breeding at that time. Depending on species and environmental conditions, female rodents may breed up to 8 times a year, and produce 10–20 offspring each
time. A single breeding female rodent in temperate regions could potentially produce thousands of descendants within its short lifespan of 2 to 3 years. Rodent populations therefore
have the potential to increase rapidly in a short time period. The fecundity of bats is much
lower. Most females produce only 1 offspring or pup each year, although there are a few
species that may produce up to 5 pups. Offspring do not become mature and breed until
the following year. As a result, bat populations increase much more slowly and add fewer
individuals to the existing population each year. A consequence of the lower fecundity
is that bat populations are very slow to recover from any reduction in numbers. Prime
examples of this reduction and prolonged recovery can be seen in studies done on tropical
bats in the Caribbean. Population reductions due to naturally occurring disasters, such as
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hurricanes in Puerto Rico (Gannon and Willig 1994, 1998, 2009) or volcanic eruption on
Montserrat (Pederson 1998, 2001), demonstrate how different species recovered at different rates following such events. Some species showed a prolonged population recovery
from a single natural catastrophe. Any disturbance that is ongoing and causes continued
mortality over and above what normally would be expected in a bat population (e.g., newly
emerging disease, wind turbine mortality, continuous habitat loss, etc.) can be catastrophic
to the point where populations may be unable to recover and may result in extirpation from
an area.
Bats have relatively few natural predators and low rates of predation. Snakes have been
known to take individual bats in small numbers at caves or other roost sites (Kurta 1995,
M. R. Gannon, personal observation). Owls have been seen hunting and feeding on bats as
well, as the bats emerge in large numbers from a roost during summer months (Kurta 1995,
M. R. Gannon, personal observation). House cats have also been occasionally observed
capturing and feeding on emerging bats (Kurta 1995, M. R. Gannon, personal observation).
Even with few natural predators, bat populations are known to be declining world-wide
(O’Shea et al. 2016). Many factors are responsible for this decline, and most, if not all, of
these factors have a significant anthropogenic component (Kunz et al. 2011). Bats face loss
of roosting habitat, feeding habitat, clean water, and air. Direct causes include destruction
of old growth forests, vandalism and disturbance of cave and rock shelters, collapse
and backfill of abandoned mines, and displacement from roosts in building and bridges.
Pesticides and other chemical and thermal pollution not only affect bats directly bats but
can also reduce their insect food supply. These factors can also cause bats to increase their
nightly and seasonal flight distances and time, which can cause additional stress and energy
expense. The recent appearance of White-nose Syndrome has compounded these problems
and has taken a severe toll on bat populations in Pennsylvania and other states.
Habitat loss and fragmentation.— In summer, bats in Pennsylvania rely on forest and
grassland habitat for foraging and roosting. Removal of forest habitat for timber, or for
industrial or agricultural development, will cause a loss, alteration, or fragmentation
of these habitats. Tree cutting, either for timber or for clearing of land for other purposes,
can destroy and reduce the number of maternity roosting sites of several bat species
in Pennsylvania, including the federally endangered Indiana myotis. Such losses can be
devastating, causing both direct mortality and reduced habitat for future breeding seasons.
Loss of winter habitat such as caves or mines used during hibernation can be no less
devastating. The destruction of one cave can affect hundreds or thousands of individual
bats. In addition, disturbance during hibernation can take a toll on bats (Thomas 1995).
Most bats can survive a long winter hibernation using the fat they store in the autumn, but
cannot tolerate disturbances during hibernation. Repeated cave disturbance as minor as
just walking through a cave filled with hibernating bats can arouse them from winter hibernation and use up essential stored energy needed to get through the winter months
(Thomas 1995). This can result in increased bat mortality.
Removal of forest habitat also creates an associated edge effect that can range anywhere
from 100–300 m into the interior forest stand. This area is affected by increased light and
wind exposure, and changing temperatures caused by these factors can lead many animal
species to avoid these areas, further reducing available habitat (Gibbs 1998, Flashpohler et
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al. 2001, Marsh and Beckman 2004). Negative effects on bats from forest cover loss also
are well documented from processes such as forest harvesting (Grindal 1996, Patriquin
and Barclay 2003), urban development (Duchamp et al. 2004, Sparks et al. 2005), and
agricultural land use (Russ and Montgomery 2002).
Pesticides.— Pesticides and a variety of other chemicals, including heavy metals and
PCBs, have long been in use and are now ubiquitous in our environment. Pesticide use is
intended to kill certain target pest species, such as insect crop pests and other species that
are a nuisance to humans, while leaving non-target species unaffected. (Aktar et al. 2009).
However, these chemicals also affect non-target species such as bats. Exposure to environmental contaminants like pesticides is believed to be an important factor affecting
North American bat populations (U.S. Fish and Wildlife Service 1999, Schweiger et al.
2006). As bats consume insects they will also ingest pesticides or other toxins used to control insect populations. Mortality of bats has been directly attributed to multiple pesticide
applications in several studies (e.g., Geluso and Altenbach 1976, Kunz et al. 1977). The
same is true for chemical pollutants of streams and lakes as bats feed on contaminated
aquatic larvae. These toxins bioaccumulate in the body of the non-target species and toxin
levels increase over time. Lethal levels of toxins can eventually cause mortality, but even
sub-lethal levels can interfere with a bat's ability to forage and fly. It is ironic that additional pesticide use may be needed to control agricultural pests because bat numbers have
declined from pesticide use.
Shale gas development.— As the rapid expansion of shale gas development occurs in
the U.S., there is a growing concern about effects on the environment. These concerns
include not only habitat destruction and degradation, but also degradation of aquatic and
terrestrial habitats that might affect bat food supplies (insect populations) through water
withdrawal and pollution. Shale formations, including the Marcellus Shale in Pennsylvania, underlie sensitive aquatic watersheds (BCI 2012). In Pennsylvania, the Delaware
River supplies drinking water to more than 15 million people. High-volume water fracking for gas extraction involves the use of enormous amounts of water to fracture rocks in
order to release the gas. Between 70 and 140 billion gallons of water were used for this
purpose in the U.S. in 2006, with estimates of 7–10 million gallons of water per operation
(NYSDEC 2011).
Studies of fracking additives and changes caused by the fracking process and their
direct effect on bat mortality are limited at this time. However, toxic contaminants associated with this process are readily transferrable through insectivorous prey to bats, and the
presumption is that bats will bioaccumulate these chemicals as they do with pesticides, and
will ultimately suffer similar adverse effects (BCI 2012).
Wind turbines.— As the search for alternative energy grows, the number of wind-powered sites to generate electricity in the U.S. has continued to increase, and Pennsylvania
currently has over 20 sites where wind plants are operating (Taucher and Librandi Mumma
2016a, b). The majority of these turbine sites were placed without consideration of their
effect on wildlife on previously undisturbed and mostly inaccessible mountain ridges.
The industrial-scale wind turbines in use today range in height up to about 410 feet and
can weigh as much as 340 tons (the statue of liberty is 305 feet high); blade length ranges
from about 116 to 143 feet (AWEA available at http://www.awea.org/). Although they
appear to turn slowly, the turbine blades rotate in excess of 150 miles per hour as they sweep
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a vertical airspace of just about an acre (AWEA available at http://www.awea.org/). Turbines are almost always located in groups within the developed area, and the size of wind
farms in Pennsylvania currently ranges from 6–67 turbines, averaging about 28 per site.
Although often touted as completely green or environmentally friendly, wind turbines
do have major adverse effects on the environment and wildlife, including the killing of
bats. New estimates of bat mortality using sophisticated statistical analyses conservatively
estimate the number of bats killed by wind turbines in just 1 year in the U.S. at between
600,000 and 900,000 (Hayes 2013). At present, there is little oversight to turbine development in Pennsylvania, and no single state agency is responsible for coordinating development and assessing the effects of a proposed turbine site on wildlife and other environmental factors. As a result, turbines have been placed along migratory pathways, in areas
where endangered bats occur, and near bat hibernacula and maternity colonies, all of
which may further contribute to bat mortality.
White-nose Syndrome.— White-nose Syndrome (WNS) has been associated with the
deaths of over 5 million bats across the eastern U.S. and Canada (U.S. Fish and Wildlife
Service 2016). In some hibernacula, bat populations have declined by 80–100% since
2006 when the condition was first identified (Turner et al. 2011). The fungus associated
with WNS, Pseudogymnoascus destructans, is a cold-loving fungus that grows in temperatures below 20° C, typical of the caves where bats hibernate during the winter. The fungus grows on infected bats while they hibernate. Research has shown that bat-to-bat transmission via physical contact is likely the predominant factor in the spread of WNS (Lorch
et al. 2011), however the initial introduction of the fungus to North American and some of
the early spread of the disease from cave to cave in the northeastern United States was likely facilitated by humans.
Of the 9 hibernating bat species confirmed with WNS at least 6 occur in Pennsylvania:
the little brown myotis, northern long-eared myotis, eastern small-footed myotis, Indiana
myotis, big brown bat, and tri-colored bat (BCI 2014, see also whitenosesyndrome.org for
continuous updates). These species have all suffered major mortality from WNS.
The impact of WNS in North America has been described as unprecedented and possibly the gravest threat to bats we have seen thus far (Kunz and Reichard 2011). Mortality
rates in some infected caves have exceeded 90% (USFWS 2016). The consequences of this
disease have been catastrophic to bat populations. A 2011 study of sites across 5 eastern
states found that after 2006 populations of tri-colored bats and Indiana myotis declined by
more than 70%, and little brown myotis by more than 90% (Turner et al. 2011, Medellin
et al. 2014). The population of the northern long-eared myotis, once common, has declined
by an estimated 99% (USFWS 2015). Other species of hibernating cave-dwelling bats
have declined drastically as well.

Ecological and Economic Value of Bats

Insectivorous bats have long been major predators of insects, and recent work has
shown that bats can track and exploit changes in insect populations and have a direct
ecosystem level role in controlling destructive crop insects (McCracken et al. 2012). Food
crop protection provided by bats against insect predators has a direct impact on every
Pennsylvanian. Bat crop protection from insect pests allows agricultural producers to
increase crop yields and decrease the cost of food. Without bats, agricultural yield might
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decline and food products might be in lower supply, causing prices to rise. Because of the
role they play in consumption and control of crops from insects, bats are among the most
overlooked, yet economically important, non-domesticated animals in North America
(Boyles et al. 2011a), and their conservation is important for the integrity of ecosystems
and in the best interest of both national and international economies.
Boyles et al. (2011a, b) estimated the economic value of bats based on the value of the
pest suppression services they provide. Value was calculated from the cost to replace free
services that bats provide in controlling insect populations, in terms of pesticide use
required to replace bats. They determined that the value of bats in the United States based
on 2011 dollars averaged $74/acre (about $78/acre in 2014). Using this average, they
extrapolated the value of bats for each county within the United States using agricultural
acres of land under cultivation at that time. The total value of agricultural insect control
bats provide in Pennsylvania was estimated at over $292 million in 2011. Based on inflation rates, that would bring the present economic value of bats in the Commonwealth of
Pennsylvania to over $300 million. The value of bats to the agricultural industry throughout the U.S. was roughly $22.9 billion/year in 2011. This only includes the cost of replacing bats in their role of insect control using pesticides. It does not include any costs that
might be associated with increased pesticide use, damage that may occur, or the increased
cost of cleanup of those chemicals should that become necessary in the future.
Unfortunately, the value of bats, both economic and ecological, is often overlooked or
ignored by the non-scientist. Few state legislators are aware of the impact bats have on the
agricultural economy of the Commonwealth. Businesses lobby against the protection of
bats due to the nuisance or added cost of having to avoid somewhat costly practices that
may protect them. All these things along with very limited protection bats in Pennsylvania
currently have continue to contribute to the decline of species.

Protection of Bats

Animal populations are declining worldwide, primarily due to anthropogenic factors.
The World Wildlife Fund's recent study (World Wildlife Fund 2014) reports a precipitous
global decline in wildlife populations. Between 1970 and 2010, populations of mammals,
birds, reptiles, amphibians, and fish around the globe dropped 52%. Among other species,
bat populations are declining worldwide at an alarming rate.
Bats have been highlighted as important bioindicators (a living organism that gives us
an idea of the health of an ecosystem; Jones et al. 2009). Besides having a direct effect on
the abundance of insects present in an ecosystem, they are sensitive to pesticides and other
toxins, deterioration of water quality, climate change, and other factors that reflect the
health or deterioration of the environment in which we all live. As such, every Pennsylvanian should be concerned with the decline of bat numbers, which reflect a decline in our
own ecosystem. Bat conservation and protection is important for the integrity of ecosystems
and in the best interest of local, national and international economies (Boyles et al. 2011a).
These mammals provide us with resources, but their importance is being minimized and
many of their populations and species are at risk, even threatened or endangered.
Although most birds in the U.S. are protected by Federal law, the same is not true for
bats. Only species of special concern receive any level of federal protection. Most management of bat populations and their protection are left to the individual states. Federal
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protection of wildlife exists in the form of the Endangered Species Act (ESA) of 1973.
This law was passed to protect species that are “critically ‘imperiled” with extinction. The
U.S. Fish and Wildlife Service (USFWS) administers terrestrial species under the act while
the National Oceanic and Atmospheric Administration (NOAA) has jurisdiction over
marine species.
Currently there are 12 bats listed as endangered by the U.S. Fish and Wildlife Service
(USFWS available at http://ecos.fws.gov/). Seven of these are known to occur within the
boundaries of the United States. Only these bats have any level of protection under the
Federal law. The single bat species on this list in Pennsylvania is the Indiana myotis (the
Virginia big-eared bat is also listed) and thus protected by federal law. Knowingly taking
(killing, wounding, or otherwise harming) an endangered species is punishable by law.
There are a number of different degrees of violation of the Endangered Species Act. Much
of it is directed toward trafficking in endangered species, however injuring or killing an
Indiana myotis in Pennsylvania could lead to Federal civil penalties as much as $25,000
per incident or bat.

State Protection

Within the Commonwealth of Pennsylvania all mammal species not listed as game or
furbearers are protected under the law. This includes all species of bats that occur within
its borders. Pennsylvania has its own list of endangered or threatened species that receive
special consideration. This state listing began 1979 (Genoways 1985). Bats on this list
currently include one endangered species (Indiana myotis, also listed as Federally endangered) and one threatened species (eastern small-footed myotis). Final listing is ultimately
determined by the Pennsylvania Game Commission.
Penalties for killing bats in Pennsylvania can range misdemeanor fines of $25 per bat
or incident for most species up to $2500 per bat for species with special protection. However, it is unclear whether anyone has actually been charged or fined for killing bats in the
Commonwealth. The state has routinely accepted the killing of large numbers of bats for
the purpose of economic development (see the chapters on wind turbines in this book).
Expansion of protection of bats in the Commonwealth of Pennsylvania has been recently
discussed. Additional species were recommended for special protection as state endangered (little brown myotis, northern long-eared myotis, and tri-colored bat) by the Pennsylvania Biological Survey and their status was considered by the Pennsylvania Game
Commission. The Game Commission solicited public comments in 2012 to further protect
these bats (Pennsylvania Game Commission 2012). Industrial development organizations
(e.g., wind turbine development, timber industry, Marcellus Shale development) have been
strongly opposed to expanding protection to other species of bats. Despite the fact that 3
species of bats clearly meet the definition of state endangered wildlife, the Pennsylvania
Game Commission failed, at that time, to act on expanding protection for severely declining populations of bats (see Center for Biological Diversity 2012). Not protecting and
managing the populations of these bats and allowing their decline to continue or accelerate unchecked are very likely to have future economic and ecological ramifications to all
citizens of the Commonwealth.
Threats to bats also threaten the people of the Commonwealth of Pennsylvania. All
Pennsylvanians need to recognize the value bats have in our economy and our ecosystem.
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Priority needs to be given to protecting and preserving bat populations in our state.
Research on the prevention and cure of White-nose Syndrome needs to increase. We need
to require industrial development to take steps to protect bats from mortality due to their
actions. We can (and will) spend enormous sums of money later to deploy larger amounts
of pesticides into our environment to replace the bats we are destroying; or we can spend
far less money now, and with careful planning and oversight make an effort to preserve the
bats we already have. Bats are far more efficient, valuable, and environmentally safe for
insect control than anything humans could produce.

SUMMARY

In Pennsylvania, all bat species are insectivorous and consume large quantities of nightflying insects, many of which are agricultural and forest pests. Because of this important
role, bats are designated ecological keystone species that are vital to our ecosystem and
have a huge economic value to the Commonwealth of Pennsylvania. However, bat populations throughout the state are rapidly declining. This decline is a response to both natural
and human-induced environmental factors including habitat loss, a new devastating disease, industrial development, and pollution. Just in Pennsylvania we have seen a decline
of some bats by nearly 98% in recent years (Turner et al. 2011).
There is an urgent need for immediate action to reduce these adverse impacts, increase protection for bats, and ensure that bats and the ecosystems they serve are considered during any
anthropogenic activity that could adversely affect them. The cost of not acting in the short
term is dwarfed by the long-term cost we will pay when bats are extirpated from the state.
This book will explore a variety of topics involving bats and their keystone role in the
ecosystems of Pennsylvania and beyond. Factors affecting bat populations as well as factors that bats influence will be discussed. Specific topics range from the historical overview
of bats in the Commonwealth, current methods and techniques used to study bat ecology
and population management, and the current status of our bats and details on how they are
being affected by a variety of factors including wind turbines and white nose syndrome.
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