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Executive Summary
Background: Bats in Missouri play essential ecological and economic roles in the ecosystems of
the state, primarily because they are the main predators on nightflying insects. Missouri
currently provides habitat for 11 species of bats; in addition, four other species of bats have been
observed here or may occur here. Two resident species, Indiana Bat and Gray Bat, are federally
listed as Endangered Species and another Endangered Species that used to occur in Missouri,
Ozark Bigeared Bat, still is found in adjoining states. All of the bats that are found here are
insectivorous. All are associated to greater or lesser extent with woodland and forest, although
they also use virtually all of the habitats available in Missouri. During the summer, roosting
habitat is considered the factor that most affects bat abundance and diversity. Eleven of the 15
species roost in living or dead trees; of these, five species also roost in buildings. The other four
species roost in caves. During winter, ten species hibernate in caves or mines.
Land management practices such as timber harvest, vegetation management, and prescribed fire
may have either positive or negative effects on bats. They do so by altering the distribution and
abundance of tree roosts and food resources, as well as the configuration of edge habitats and
forest openings that are used for foraging. Riparian habitat is especially important to bats
because high quality drinking water, roosting habitat, and foraging habitat all exist in close
proximity to one another. Manmade structures such as buildings and bridges have become
important habitat for several bat species. Caves and mines that provide internal temperatures
suitable for bats are uncommon and require protection from human disturbance during the period
of bat occupancy, as well as protection from actions that would alter their internal microclimates.
Goals and Objectives: The goals of the bat management plan are to preserve the current
composition of the bat fauna of Missouri, to incorporate bat conservation measures for all bat
species into land management planning, and to inform and educate agency staff and the public
about bat conservation.
Bats in Summer: Most of the bats in Missouri form maternity colonies in which to raise their
young. Only one species, the Gray Bat, forms large nursery colonies in caves in Missouri. The
other species roost in trees – in cavities, in crevices, under bark, or hanging amid the leaves on
branches. Three species also regularly raise their young in buildings. The bats that roost in
cavities, crevices, exfoliating bark, or foliage typically select the largest available trees for their
roosts and they may move frequently among several roosts. Tree size and structure, plus
location, appear to be the most important factors. Nursery roosts usually are formed in large
diameter trees that receive solar radiation. Foliageroosting species often are found in trees that
border cropland or other openings. In bottomland hardwoods and swamps, some bats (e.g.,
Southeastern Bat) select hollow trees with cavities that open near the ground. Bats that roost in
buildings and bridges select sites that are warmed by solar radiation or trap summer heat. Bats
that roost in caves select sites that are relatively warm and where the configuration of the cave
ceiling, such as a dome, traps the bats’ body heat. All of the bats in Missouri forage on insects.
Most Missouri bats rely heavily on forest insects as prey, as well as insects emerging from
streams and other aquatic habitats.
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Bats in Winter: During the cold months of the year in Missouri, from October through March,
flying insects are less available or unavailable as prey, so bats must either hibernate or migrate.
Most of the bats of Missouri choose the strategy of hibernation to survive the winter. Some
species, particularly the endangered Indiana and Gray bats, have specialized requirements and
occupy only a very small percentage of the caves in Missouri. Other species are widely
distributed among caves in winter.
Threats: Disturbance of endangered bats while they inhabit caves or mines may cause direct or
indirect mortality. During hibernation, repeated arousal may cause depletion of fat reserves, the
only source of energy for Indiana bats and gray bats during the winter season. Maternal gray bat
colonies become panicked, causing young to be dislodged from the roost and fall into water or
onto the cave floor. Repeated disturbances may cause the colony to relocate to a less favorable
site within the cave, or abandon the cave entirely. Because bats are relatively longlived and can
fly great distances, they face an increased likelihood of being affected by contaminants in their
lifetimes. Bats may be directly or indirectly affected by contaminants. Insecticide use in
agricultural landscapes is the most common known form of contamination in bats. The natural
communities of Missouri have been dramatically altered from presettlement conditions,
affecting the availability and abundance of roosts and foraging habitat and thus altering the
distribution and abundance of bats in the state.
Distribution: Distribution records were taken from several sources, including MDC files, Bat
Conservation International’s Mapping Program, published sources, and communications from
other researchers. Seven species may be found statewide, three primarily or exclusively in the
Ozarks, two everywhere except the western prairies, two in the Bootheel, and one species only in
western Missouri.
Management: A number of bat conservation actions were identified as priorities in the process
of preparing the Comprehensive Wildlife Strategy for Missouri. Management should be
approached at the landscape scale, rather than focused on individual trees or caves. The summer
habitat management guidelines for the Indiana Bat, developed by an interdivisional group of
biologists and foresters in 1998, give specific recommendations concerning forest management
in north and south Missouri, including harvest approaches and snag objectives. The best
information currently available suggests that the recommendations contained in these guidelines
will provide habitat for all woodland and forestdwelling bats. In order to enhance bat habitats,
forest management practices should 1) increase vegetative diversity, 2) incorporate smaller clear
cut sizes, 3) retain tracts of latesuccessional forest and old growth, 4) provide travel corridors, 5)
designate sensitive habitat buffer zones, and 6) retain snags and den/cavity trees. Fire is an
effective management tool to maintain healthy forest ecosystems, under appropriate conditions.
Bats may benefit from fire through the creation of new roosts, opening the understory, creation
of openings and edges for foraging areas, and increases in prey diversity and density. Artificial
roosts are humanmade structures used by bats, such as buildings and bridges, and small
structures such as bat houses. Some, such as mines, mimic cave conditions; others, such as attics
and bat houses, provide warm, sheltered sites that are ideal for summer roosting, including
nursery colonies. Artificial roosts should not be viewed as a substitute for good habitat
management. They can, however, provide roosting habitat where natural roosts are sparse, or
during habitat recovery.
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Urban Bats: Missouri is becoming increasingly urbanized. Urbanization, through loss of
roosting and foraging areas, tends to decrease bat species diversity while increasing the
abundance of a few species. Bats may be found at the urbanrural interface where natural
vegetation still exists, but few or none may be found in the urban core. Greenways and parks act
as foraging areas and travel corridors for bats. Humanmade structures are used as both day
roosts and night roosts. When bats occupy buildings, humanbat conflicts may occur. If it is
necessary to remove a colony, exclusion is the best option. The largest concern about bats in the
urban area is human perceptions of rabies and other health issues. To prevent exposure to rabies,
the most important steps are to vaccinate pet dogs and cats; to teach people, especially children,
not to handle bats; and to teach people how to react if they are bitten, i.e., to clean the wound,
keep the bat for testing, and seek medical treatment. Education is key to statewide and urban bat
conservation; it will play a major role in the longterm survival of Missouri’s urban bat
populations.
Caves, Karst, and Mines: Caves provide important habitat to ten Missouri bat species and three
other species have been found in caves. Colonies of endangered Gray Bats and Indiana Bats
hibernate in “coldairtrap” caves, which have descending floors, deep pits, or large entrances
that accept large amounts of winter air. Indiana Bats hibernate in 18 caves and one mine in
Missouri. The overall population is estimated to number approximately 64,500 bats at this time;
it has declined by about 80% since regular surveys began in the mid1970s. The majority (78%)
of Indiana Bats known to hibernate in Missouri today are found in Pilot Knob Mine. Gray Bats
are the only colonial bats to significantly use Missouri caves in the summer, raising their young
in large maternity colonies. Gray Bats are the most significant contributor of natural nutrients to
large caves because they deposit large amounts of guano. The maternity population of Gray Bats
in Missouri is estimated currently to number approximately 635,000 bats. This compares to
evidence (guano and ceiling stains) that suggests that historic populations in the same set of
caves once numbered over 1,000,000 bats.
The quality of the environment within a cave system is dependent upon the surface area above
and around it. The goal of land management over a cave is to avoid altering the landscape
significantly or building infrastructure that could harm the cave system. It is important not to
alter the air and water flow patterns of the cave and to control human access during sensitive
times. Endangered bat caves must be made offlimits to unauthorized human visitation during
the period of bat occupancy: hibernation  1 September through 30 April; Gray Bat maternity
caves  1 April through 30 October. Cave gates are steel structures built to keep human intruders
out while allowing air, water, and wildlife to pass freely. Cave gating should be undertaken only
at important sites where other measures will not be sufficiently effective.
Monitoring: At present, the only monitoring that is done statewide is that which is done for the
Endangered Species, Indiana Bat and Gray Bat. Surveys should be done every two years, by
experienced biologists. Indiana Bat Hibernacula should be surveyed between 1 January and 15
February. Gray Bat maternity caves should be surveyed after 1 July. Surveys for either
endangered or nonendangered bats in summer habitats should employ both mistnetting and
acoustic detectors. Both techniques have limitations, but, in concert, they can provide all the
data that a manager or researcher would need to know about bats at a particular site.
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Research: Although much is known about Indiana Bat and Gray Bat ecology, questions remain,
and much is yet to be learned about the nonendangered species. The cause(s) of the continuing
Indiana Bat population decline have yet to be determined. Information is needed on how bat
community composition and abundance varies in relation to the extent and distribution of mature
forest, forest structural attributes such as snags and large trees, and at different spatial scales.
The roles that bats play in forest ecosystem function are yet to be determined. And few studies
have adequately addressed the effects of specific management activities on bats, such as the
impacts of specific forest harvest or cultural practices on forestdwelling bats.
Introduction
Bats in Missouri play essential ecological and economic roles in the ecosystems of the state,
primarily because they are the main predators on nightflying insects. They are the nighttime
equivalent of birds and, as such, are the only biological controls for economically important
agricultural and forest pests. They consume literally millions of insects each summer, many of
which are crop pests such as corn ear worms and cucumber beetles or pests to humans such as
mosquitoes. In and around the forest, bats eat tremendous numbers of moths, the larvae of which
feed on tree leaves. Guano produced by bats is an important part of nutrient cycling in caves
and, in some caves, the entire ecosystem may be dependent on energy brought in and deposited
by bats. Bats travel long distances from roosts to foraging areas; thus, their ecological and
economic impacts may affect a large area, and may affect areas widely separated from their
roosting habitat.
Missouri currently provides habitat for 11 species of bats:
Big Brown Bat – Eptesicus fuscus
Silverhaired Bat – Lasionycteris noctivagans
Red Bat – Lasiurus borealis
Hoary Bat – Lasiurus cinereus
Gray Bat – Myotis grisescens (federally listed Endangered Species)
Eastern SmallFooted Bat – Myotis leibii
Little Brown Bat – Myotis lucifugus
Northern Bat – Myotis septentrionalis
Indiana Bat – Myotis sodalis (federally listed Endangered Species)
Evening Bat – Nycticius humeralis
Eastern Pipistrelle – Pipistrellus subflavus
In addition, four other species of bats have been observed here or may occur here:
Rafinesque’s Bigeared Bat – Corynorhinus rafinesquii
Ozark Bigeared Bat – Corynorhinus townsendii ingens (federally listed Endangered Species)
Southeastern Bat – Myotis austroriparius
Mexican Freetailed Bat – Tadarida brasiliensis
A synopsis of the distribution, status, and ecology of each of these species is contained in Table
1. This matrix is intended to give a thumbnail sketch of the particular life strategies employed by
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the various species – where the bats roost during the summer, what they eat, and where they are
in the winter.
All of the bats that are found here are insectivorous. All are associated to greater or lesser extent
with woodland and forest, although they also use virtually all of the habitats available in
Missouri. The bats of Missouri regularly live 10 years and some individuals may live longer
than 20 years.
During the summer, roosting habitat is considered the factor that most affects bat abundance and
diversity. Eleven of the 15 species roost in living or dead trees, either under loose bark, in tree
hollows or crevices, or in foliage (see Table 1;) of these, five species also roost in buildings. The
other four species roost in caves. During winter, ten species hibernate in caves or mines. The
remaining five species migrate south and, of these, three species migrate all the way out of
Missouri. Most of these bats roost in or on trees during the cold months, but the two species that
remain in the southern tier of Missouri counties alternate between roosting in the leaf litter and
roosting on tree branches or in hollow trees.
Land management practices such as timber harvest, vegetation management, and prescribed fire
may have either positive or negative effects on bats. They do so by altering the distribution and
abundance of tree roosts and food resources, as well as the configuration of edge habitats and
forest openings that are used for foraging. When not hibernating, all bat species must have daily
access to clean drinking water. Therefore, land management practices should be designed to
enhance and not degrade the availability and quality of water on the landscape. Riparian habitat
is especially important to bats because high quality drinking water, roosting habitat, and foraging
habitat all exist in close proximity to one another. Manmade structures such as buildings and
bridges have become important habitat for several bat species. Artificial roosts may be
constructed and used to supplement natural roosting habitat. Caves and mines that provide
internal temperatures suitable for bats are uncommon and require protection from human
disturbance during the period of bat occupancy, as well as protection from actions that would
alter their internal microclimates.
Goals and Objectives
Goal 1: Preserve the current composition of the bat fauna of Missouri.
Objectives:
1. Maintain Endangered Species at or above current population levels.
Tasks:
1. Protect Priority One and Priority Two hibernacula for Indiana Bat and Gray
Bat and Gray Bat maternity caves from human intrusion via public
ownership or agreement with private cave owners.
2. Monitor Endangered Species populations via cave/mine surveys every two
years.
3. Conduct research to gather information on Endangered Species, especially
Indiana Bat, to determine factors that contribute to population trends and
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to determine the effects of forest management on summer habitat and
population.
4. Survey for occurrence of Ozark Bigeared Bat.
Uncertainties:
1. Although available evidence suggests that climate cycling has caused Indiana
Bat populations in southern hibernacula, such as those in Missouri, to
decline from 1983 to the present while those in more northern states have
increased, we do not know for sure what the cause of Indiana Bat
population decline is.
2. We do not have data on parameters such as fecundity, recruitment rates, or
mortality rates with which to model Indiana Bat populations.
2. Maintain viable populations of all other bat species.
Tasks:
1. Survey for occurrence of Eastern Smallfooted Bat, Southeastern Bat, and
Rafinesque’s Bigeared Bat.
2. Conduct research to gather information on nonendangered species to
determine habitat associations; habitat requirements for roosting and
foraging; parameters such as fecundity, recruitment, and mortality; and the
effects of forest management.
Uncertainties:
1. Available literature has basic information on the habitat requirements of
various nonendangered bats, but the factors that control populations are
not known, nor are the effects of different forest management
prescriptions known.

Goal 2: Incorporate bat conservation measures for all bat species, including nonendangered
species, into land management planning throughout the state.
Objectives:
1. Incorporate bat conservation measures where appropriate into work plans for Wildlife
and Forestry land managers and Conservation Area management plans.
2. North of the Missouri River, in the core Indiana Bat maternity range, implement
summer habitat management guidelines in all forest management planning.
3. Incorporate bat conservation measures where appropriate into work plans for Private
Land Conservationists and private land conservation plans.
Tasks:
1. Distribute the MDC bat management plan to all Wildlife, Forestry, and Private
Lands Services Division Administrators, Unit Chiefs, and Regional and
District Supervisors.
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2. Present a synopsis of the MDC bat management plan to Wildlife, Forestry, and
Private Lands Services DMTs and District Supervisor quarterly meetings.
3. Integrate bat management into Regional Operating Plans.
Uncertainties:
1. Although available information suggests that a management approach such as that
outlined in MDC’s Indiana Bat summer habitat management guidelines will
benefit most of the other bat species of the state, we do not know for sure if and to
what extent this assumption is true for different species.
Goal 3: Inform and educate agency staff and the public about bat conservation.
Objectives:
1. Teach urban publics about bat conservation.
2. Teach agency personnel, cavers, and other outdoor enthusiasts about bat conservation.
Tasks:
1. Include information about bat conservation in school programs
2. Write 23 articles per year for newspapers and other news outlets in the major
metropolitan areas of the state (St. Louis, Kansas City, Springfield.)
3. Include information about bat conservation in Nature Centers and Discovery
Center.
4. Provide pamphlets and other publications about cave and bat conservation to
interested cavers and outdoor enthusiasts.
5. Provide programs as requested by caving groups or other organizations about
cave and bat conservation.
6. Provide training related to bat management procedures, through the
Leadership Academy, for MDC personnel.
Generalized Life History of Bats in Missouri
The ecology of the bats that are found in Missouri is best discussed by dividing the year into two
parts – the summer season, when bats are active and raising their young, and the winter season,
when they are hibernating or have migrated south.
I. Warm Months
The warm months of the year, from April through September, constitute the period during which
bats are active and perform most of the functions that sustain them individually and as
populations. Food is available. Bats replenish reserves that were depleted during hibernation or
migration. Pregnancy occurs; the young are born and raised. Towards the end of the summer
and in the fall, bats lay down fat reserves in preparation for migration or another winter of
hibernation.
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A. Reproduction and Rearing of Young
All of the bats of Missouri mate in the fall, although additional breeding may take place during
the winter and spring. The females store sperm over the winter; they then ovulate and become
pregnant in the spring. Birthing occurs from late May through early July, but most pups
probably are born in June. The young are born naked, but very soon develop a coat of fur. They
grow quickly and are capable of flight at about three weeks of age. They reach adult size in
about a month.
The Myotis bats of Missouri (Gray, Indiana, Little Brown, Northern, E. Smallfooted, and
Southeastern bats,) Corynorhinus bats (Rafinesque’s and Ozark Bigeared bats,) and Tadarida
bats (Mexican Freetailed Bat) have a single young per year. The treedwelling Lasiurines (Red
and Hoary bats) may have up to four young. The other species (Big Brown, Silverhaired,
Evening, and E. Pipistrelle bats) have two pups.
Most of the bats in Missouri form maternity colonies in which to raise their young. Only one
species, the Gray Bat, forms large nursery colonies in caves in Missouri. The other species roost
in trees – in cavities, in crevices, under bark, or hanging amid the leaves on branches. Three of
these species also regularly raise their young in buildings (Big Brown, Little Brown, and
Evening bats.)
B. Foraging
All of the bats in Missouri forage on insects and do so while in flight. . Some bats are more
specialized and selective and choose moths or beetles, for example, as their primary prey, while
others are more generalized in their feeding habits (see Table 1.) The bats of Missouri feed in a
wide variety of habitats: over water, in the riparian zone, in bottomland forest, in upland forest,
and in ridge top forest. They feed in natural settings, in agricultural lands, in suburban areas, and
in city parks. They feed on aquatic and terrestrial insects. Most are opportunistic in their
selection of prey, taking the most readily available and accessible insects in the habitat in which
they are foraging. Their food habits reflect the progression of insects that hatch and become
available throughout the summer months
Most Missouri bats rely heavily on forest insects as prey, as well as insects emerging from
streams and other aquatic habitats. Even among bats that forage primarily in forests, feeding
strategies vary greatly. One species (e. g., Northern Bat) will forage beneath the canopy, while
another (e. g., Indiana Bat) feeds amid and around the foliage of canopy trees, while yet another
(e. g., Red Bat) forages in canopy gaps and along vertical edges, and yet another (e. g., E.
Pipistrelle Bat) feeds in the space above the forest canopy. Highest activity is concentrated in
riparian zones and in gaps in heterogeneous, older forest stands. Bats often feed along the edges
of small (<2.5 ac [1 ha]) openings, including those created by timber harvest. Different bat
species will forage differently around and in regeneration cuts larger than 2.5 ac (1 ha). Species
such as Northern Bat, Indiana Bat, and the two Bigeared Bats that forage near or under tree
canopy probably would feed only around the edges of such clear cuts; while species such as
Hoary Bat, Silverhaired Bat, and Red Bat that feed above the forest canopy and in openings
probably would feed across and in large regeneration cuts. When feeding or traveling, bats use
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both vertical and horizontal edges. Many bats follow corridors of forest when commuting from
roosts to foraging areas, or when commuting between foraging areas.
C. Roosting
Bats in Missouri roost in a wide variety of sites and may roost in more than one setting (see
Table 1.) Seven species (e. g., Evening Bat) roost in tree cavities or hollow trees. Five species
(e. g., Indiana Bat) roost under tree bark. Three species (e. g., Hoary Bat) roost amid foliage on
tree branches. The bats that roost in cavities, crevices, exfoliating bark, or foliage typically
select the largest available trees for their roosts and they may move frequently among several
roosts. Five species (e. g., Big Brown Bat) roost in buildings. Three species (e. g., Gray Bat)
roost in caves or rock outcrops.
Tree species chosen for roosts are highly variable. Tree size and structure, plus location, appear
to be the most important factors. Frequently the understory is relatively open. Roost trees may
have broken tops, split trunks, broken branches, or woodpecker cavities. Bats that roost under
tree bark or in cavities require both dead and living trees. Bat nursery roosts usually are formed
in largediameter trees that receive solar radiation. These trees tend to be in canopy gaps, at
edges, or in the open. During periods of extreme heat or cold, rainy weather, maternal female
and young bats move to sheltered roosts in living trees.
Foliageroosting species (e. g., Red Bat) often are found in trees that border cropland or other
openings. Foliage roosts tend to be protected by dense vegetation above, allow open flight space
below, lack lower perches that predators can use to reach the bats, be above dark ground cover
that reflects minimal sunlight, and have surrounding vegetation that buffers the wind. In
bottomland hardwoods and swamps, some bats (e.g., Southeastern Bat) select hollow trees with
cavities that open near the ground.
Bats that roost in buildings and bridges select sites that are warmed by solar radiation or trap
summer heat. Bats that roost in caves select sites that are relatively warm and roost where the
configuration of the cave ceiling, such as a dome, traps the bats’ body heat.
1. Day Roosts
The roost in which a bat spends its daylight hours is called a day roost; most bats have multiple
day roosts and move regularly among them. Day roosts typically are sites in which bats are safe
from predators. Bats seek roosts that provide a protected space with a suitable temperature. The
space or crevice into which the bat tucks itself usually is dark, but in a location that can be
warmed by the sun. Day roosts used by maternity colonies must be large enough to
accommodate a cluster of female bats and their pups.
a. Roost Fidelity
Bats are loyal to their roosts and will return to the same roost year after year, if it is available.
Stable roosts such as caves, mines, and buildings may be used for many years. Tree roosts are
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ephemeral by their nature and may be used for several years, but bats that rely on tree roosts
must be prepared to move into other suitable sites when one is lost.
b. Roost Switching (Tree Roosts)
Bats frequently move from one roost to another, generally within a relatively small area. The
reason for such roost switching may be due to weather events such as heat or rain, to avoid or
minimize parasite infestation, or for proximity to foraging location.
c. Night Roosts
Bats do not fly and forage all night long. Usually they forage for an hour or two immediately
after sundown. For some period during the night, bats will hang in protected locations (called
night roosts) such as trees, under bridges, or in rock shelters to rest, groom themselves, and
digest their food. In urban areas, house eaves, porches, and balconies may serve as night roosts.
Prior to dawn, they resume foraging, followed by a return to their day roosts.
II. Cold Months
During the cold months of the year in Missouri, from October through March, flying insects are
not abundant or, during particularly cold spells, they are completely unavailable as prey for bats.
As a result, bats must either hibernate within the state to avoid this foodless period or migrate to
warmer areas where they can continue to feed on active insects.
A. Hibernation
Most of the bats of Missouri choose the strategy of hibernation to survive the winter. They
usually hibernate in caves or mines, but also use rock shelters and occasionally occupy wells.
They build up their fat reserves in the fall, prior to hibernation, and sleep for approximately six
months. They lower their body temperature and metabolism, thus they are able to subsist on
stored energy for the duration of the winter. Some species, particularly the endangered Indiana
and Gray bats, have specialized requirements and occupy only a very small percentage of the
caves in Missouri. Other species, such as Eastern Pipistrelle, are widely distributed among caves
in winter. In the southern tier of counties in the Missouri Ozarks, one species, the Red Bat,
roosts on tree branches much of the time, but hibernates in leaf litter on the forest floor during
spells of particularly cold weather.
B. Migration
Three species of bats (Silverhaired, Hoary, and Southeastern bats) migrate south during the
winter, out of Missouri. The species that hibernate in Missouri migrate from summer colony
sites to winter hibernacula. The phenomenon of bat migration is not well studied or understood.
When maternity colonies break up in late summer, the females usually leave first (August or
September,) followed at a later time (September or later) by the young. How the young locate
suitable hibernation caves is a mystery. Bats migrate at night and flocks of bats have been
observed.
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Threats to Bats
Disturbance
Disturbance of endangered bats while they inhabit caves or mines may cause direct or indirect
mortality. During hibernation, repeated arousal may cause depletion of fat reserves, the only
source of energy for Indiana bats and gray bats during the winter season. Maternal gray bat
colonies become panicked by human intrusion, causing young to be dislodged from the roost and
falling into water or onto the cave floor. Repeated disturbances may cause the colony to relocate
to a less favorable site within the cave, or abandon the cave entirely. Disturbance always will be
a consideration at endangered bat caves/mines.
Contaminants
Because bats are relatively longlived and can fly great distances, they face an increased
likelihood of being affected by contaminants in their lifetimes. Bats may be directly or indirectly
affected by contaminants. Direct contamination from toxic chemicals or heavy metals may cause
mortality, loss of young, or disruption of essential life functions. Indirect effects include
conditions such as a reduction in the abundance or availability of insect prey.
Insecticide use in agricultural landscapes is the most common known form of contamination in
bats. Insecticide use in forested landscapes is not widespread, but does occur in response to
periodic outbreaks of pests. Direct exposure may occur when bats feed in an area that is being
sprayed or has just been sprayed. Bats may absorb chemicals through their lungs or skin, or by
ingesting contaminated insects or water.
Organochlorine insecticides and their metabolites are persistent in the environment, even though
they have been banned for more than two decades. These chemicals are fatsoluble. They may
kill adult bats when fat reserves are consumed during migration or hibernation, and they may kill
young bats when the mother bats mobilize fat in milk production, concentrating the chemicals in
the milk. Organophosphates and carbamates have largely replaced organochlorine insecticides.
Bats may be less sensitive than birds to these newer compounds in acute toxicity, but there is
evidence that their motor coordination is compromised which, in the long run, may have the
same end result as acute toxicity.
Nontoxic chemicals, biological insecticides, and natural contaminants are most likely to affect
bats indirectly by reducing insect prey. Even herbicides may alter prey availability if host plant
populations are reduced.
Habitat Elimination or Alteration
The natural communities of Missouri have been dramatically altered from presettlement
conditions. Prairie has largely been supplanted with agricultural systems, primarily row crops
and pasture/hay lands; forest/woodland in northern Missouri has been fragmented; fire has been
suppressed; and major river systems have been channelized, with attendant conversion of
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floodplains and bottomlands to agricultural systems or urbanization. Native plants, especially
grasses, have been replaced with exotics and diverse plant communities have been replaced with
simple ones or monocultures. All of these factors affect the availability and abundance of roosts
and foraging habitat, and thus have altered the distribution and abundance of bats in the state.
Distribution and Ecological Associations
The Atlas of Missouri Ecoregions (Nigh and Schroeder, 2002) provides a basis for understanding
the distribution of the bats of Missouri. Although many of Missouri’s bats are widely
distributed, they nonetheless may be related to geological (e. g., caves) or ecological (Land Type
Associations) features. Figure 1 displays the Ecological Sections and Subsections as defined in
the Atlas of Missouri Ecoregions; these will be used, along with the counties of the state, to
display the distribution of the bats that occur in Missouri
Distribution
Distributions of the bats that occur in Missouri are presented in Figures 215. County records
were taken from several sources, including MDC files, Bat Conservation International’s
Mapping Program, published sources, and communications from other researchers. Tables 2 and
3 display the distribution of the bats of Missouri by ecological section and subsection. These
lists were generated by crossreferencing sections and subsections with county occurrences. As
is evident from the maps and tables, most bat species are widely distributed throughout the state.
Seven species (Big Brown, Silverhaired, Red, Hoary, Little Brown, Evening, and Eastern
Pipistrelle bats) may be found statewide. Three species (Ozark Bigeared, Gray, and Eastern
Smallfooted bats) may be found primarily or exclusively in the Ozarks. Two species (Northern
and Indiana bats) may be found everywhere except the western prairies. Two species
(Rafinesque’s Bigeared and Southeastern bats) may be found in the Bootheel. And one species
(Mexican Freetailed Bat) may be found only in western Missouri.
Table 4 displays associations between Land Type Associations and the bats of Missouri. These
associations were derived from mist netting that was conducted throughout the state from the
1970s through the present time. The reader is cautioned that the mist netting locations were not
systematically located throughout Missouri and therefore did not represent all of the LTAs of the
state. The source of the information thus was opportunistic in nature rather than designed to
reveal all possible LTA associations. It should be regarded as informative but not definitive.
Recommended Bat Conservation Actions by Ecological Section
A number of bat conservation actions were identified as priorities in the process of preparing the
Comprehensive Wildlife Strategy for Missouri. Following are a list of the ecological sections, an
enumeration of their major habitats, and desired conservation actions for each section. These
priority actions, when enacted, are designed to preserve and enhance the integrity of the bat
community in each section. Specific management techniques and approaches should be drawn
from the portions of the plan that deal with them; they follow this part of the plan.
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Mississippi Alluvial Basin Ecological Section
The major habitats of the Mississippi Alluvial Basin Section are swamp, bottomland forest,
upland sand prairie, and woodland. The priority conservation actions are: 1) retain the
remaining forest in contiguous blocks; 2) retain live, hollow trees as a component of the forest;
and 3) survey to determine whether or not Southeastern Bats occur in the section.
Osage Plains Ecological Section
The major habitats of the Osage Plains Section are grassland, broken prairie/woodland
landscape, floodplain forest/wetland, and urban. The priority conservation actions are: 1) retain
and enhance floodplain forest and riparian corridors, and 2) implement urban bat conservation
measures and public education.
Ozark Highlands Ecological Section
The major habitats of the Ozark Highlands Section are forest, woodland, caves and karst, rivers,
and streams. The priority conservation actions are: 1) manage riparian and bottomland forest for
roosting and foraging habitat for bats, 2) protect endangered bat caves from human intrusion
during the season of bat occupancy, 3) work with private landowners on protection of Indiana
Bat and Gray Bat caves, and 4) educate the public regarding bat conservation.
Central Till Plains Ecological Section
The major habitats of the Central Till Plains Section are primarily grassland and woodland, but
the section also contains floodplain wetland and forest, as well as prairie streams. The priority
conservation actions are: 1) restore riparian corridor/bottomland forest and savanna/woodland,
2) retain and enhance large diameter trees and snags as components of the woodland or forest, 3)
implement urban bat management measures, 4) protect caves in the Hannibal area, and 5) check
for bats under bridges slated for demolition.
Management Techniques and Prescriptions
Management should be approached at the landscape scale, rather than focused on individual trees
or caves. Appendix I is the summer habitat management guidelines for the Indiana Bat. These
guidelines were developed by an interdivisional group of biologists and foresters in 1998.
These guidelines give specific recommendations concerning forest management in north and
south Missouri, including harvest approaches and snag objectives. The best information
currently available suggests that the recommendations contained in these guidelines will provide
habitat for all woodland and forestdwelling bats. Therefore, until further research or
management experience indicate that revision is advisable, these guidelines should be used to
guide forest management wherever bat management is an objective or a consideration.
Forest Management Considerations
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Management practices that create small forest openings may enhance both roosting and foraging
habitat. The greatest levels of bat activity occur along edges between intact forest and cuts, with
little or no activity in the interior of large clear cuts. Roosts often are located in forest gaps or at
edges. Areas of mature forest must be maintained, however, to provide roosting and foraging
habitat. Older forest stands and stands with characteristics of older forest, such as high snag
densities and large trees, generally have a greater abundance of bats.
Timber harvest, silvicultural practices, and other management activities in the forest directly
affect the numbers, distribution, and recruitment of snags in the forest. These activities also
directly affect the structure of the forest, and thereby influence the amount and distribution of bat
foraging habitat. In order to enhance bat habitats, forest management practices should 1)
increase vegetative diversity, 2) incorporate smaller (2.5 ac [1 ha]) clear cut sizes, 3) retain tracts
of latesuccessional forest and old growth, 4) provide travel corridors, 5) designate sensitive
habitat buffer zones, and 6) retain snags and den/cavity trees. Increasing the ratio of edge to
open areas will provide higher quality roosting and foraging habitats. Forested travel corridors
that connect patches of mature forest will enhance bat movement and access throughout the
forest compartment. Designating buffer zones around known roosts of endangered species
(caves – 20 acres; roost trees, if found – 5 acres) for special management consideration will
ensure that these roosts are protected.
Snags for Roosting
Many bats rely on dead and dying trees for roosts – in snags, dead tree tops, woodpecker
cavities, decayed hollows, crevices, and beneath peeling bark. Such roosts are used by both
males and females, for rearing young, during migration, and occasionally for hibernation. The
tallest snags, especially those in the open or other sunexposed locations, are preferred. Think:
“big trees with loose bark, preferably in the sun.” Ridge tops and riparian zones are especially
good areas to target for snag creation and retention. Snags are an ephemeral resource; therefore,
the forest should be managed to provide a sustained production of snags through time (see
Appendix 1 for snag objectives.)
Throughout the forest, maintain large snags and den trees. The likelihood that a supply of snags
will be maintained through time will be enhanced by keeping welldistributed, variablysized
patches of mature and oldgrowth forest through extended harvest rotations. Maintain snags in
streamside management zones, the habitat matrix separating managed stands, forested corridors,
and other less intensively managed habitats. Where choices are possible, retain lessdecayed
snags in favor of moredecayed snags, large diameter snags instead of small diameter snags, tall
snags over short snags, and snags with greater bark cover in favor of snags with little bark.
Leave hardwoods that have natural cavities or woodpecker cavities. Girdling of large defective
trees or undesirable species may be used to meet snag objectives. When burning, use measures
to protect retained snags.
In cuts, preserve snags, including some younger trees for future snags. Leave small groups of
trees around snags to prevent wind throw. Leave snags close to the edge of cuts to minimize
travel distance for bats. During harvest, leave dead, damaged, dying, and defective trees – as
many as safety and silvicultural objectives permit. Emphasize larger diameter (>20 in [51 cm])

18

snags. In clear cut stands, leave groups of live trees and snags; e.g., one clump of 15 trees
averaging over 10” (4 cm) dbh per 2 ½ ac (1 ha). Where possible, leave some high stumps (46
ft [12 m] tall.) If existing snags need to be cut due to safety concerns, refer to the Campgrounds
and River Accesses  Small Scale Projects section in Appendix 1 for guidance.
Foraging Habitat
Different bat species use different foraging locations and strategies (refer to Table 1.) All of the
bats of Missouri except the Mexican Freetailed Bat have similar wing morphology and flight
capability, i. e., short, broad wings, making agile flight possible. All of them feed while in flight,
although the Bigeared Bats also glean insects from stationary locations such as tree trunks or
foliage. It is probable that resource partitioning occurs to some extent. For example, where
Gray Bats and Indiana Bats coexisted in the same area, the Gray Bats were observed to forage
over streams and in riparian vegetation, while Indiana Bats foraged in the forest on ridges. On
the other hand, bats are highly mobile and respond to localized concentrations of food. There is
considerable overlap in foraging location and prey selection.
Water Sources and Riparian Zones
Not only is drinking water essential, the vegetational communities and landscapes associated
with water are among the most important habitats for bats in Missouri. They provide more
concentrated sources of shelter, food, and water than drier, upland habitats. Increased
vegetational and structural diversity are associated with rivers, streams, lakes, reservoirs, ponds,
swamps, marshes, and springs, and many species of wildlife use these habitats disproportionately
more than others. Roost availability is greater because these habitats produce larger trees and
snags. Valleys contain caves that provide bat roosts. Riparian zones are important bat foraging
habitat because bats feed heavily on emerging aquatic insects and there is an abundance of
vertical and horizontal edge habitat where both terrestrial and aquatic insects are available for bat
foraging. Riparian habitats also are important as travel corridors for bats, both in a single night
and during migration. Even temporary waterholding features such as ruts in roads and
ephemeral ponds are heavily used by bats.
Multiage silvicultural systems such as group openings and single tree selection that leave
considerable forest structural components on site may help retain the area’s suitability as bat
habitat. Waterway management practices should designate filter strips 100 ft (30 m) wide for
perennial streams and 50 ft (15 m) wide for intermittent streams. Land managers should refer to
the Missouri watershed protection practices developed in 1997 for specific and appropriate
guidance on their particular areas. Riparian and bottomland forest communities should be
managed with selective (UAM) harvest practices and small (<5 ac [2 ha]) clear cuts. Snags
should be optimized (see Appendix 1.)
Bats that concentrate around water may be at risk of being affected by contaminants that run off
into the stream. Aquatic insects may pick up chemicals from the system and then be preyed
upon by bats. Siltation or pollution may alter aquatic insect abundance. Watersoluble, toxic
chemicals also may affect bats directly when they drink from a polluted water source. For these
reasons, water quality should be protected and enhanced.
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Fire
Fire is an effective management tool to maintain healthy forest ecosystems, under appropriate
conditions. Fireinduced mortality removes more small trees than large trees. Fire can create a
mosaic of habitats that supports a richer composition of plant and animal species. The
suppression of forest fire in recent decades has altered the composition and density of the current
forest – replacement of fire resistant pines and oaks with fire intolerant species, increased stand
densities and canopy closure, and decreased herbaceous and shrub densities  as compared to
presettlement conditions. Bats and forests evolved together with natural cycles of fire. Bats
may benefit from fire through the creation of new roosts, opening the understory through
reduction of woody vegetation, creation of openings and edges for foraging areas, and increases
in prey diversity and density.
Fire may have shortterm detrimental effects on bat roosts through the combustion of leaf litter,
snags, stumps, and down woody material, or even direct mortality if bats in the leaf litter are
slow to arouse. Fires of high intensity can result in significant loss of large snags, which are
differentially susceptible because sloughed debris can form a pyre around the snag. Careful
planning can allow for the retention and recruitment of snags, defective live trees, and down
woody material during prescribed burns. By using a regime of repeated burning, new snags are
recruited, but successive fire intensities are reduced, thus having little or no effect on snags in the
early stages of decay. Large snags can be protected by raking around the base or by spraying the
base with fire retardant. Other management practices such as timber harvest, mechanical
thinning, and herbicides can be used in concert with fire to achieve the desired condition.
When planning for prescribed burns in the vicinity of bat caves, meteorological conditions
should be taken into consideration. During fall or winter burns, cold fronts may carry smoke
down slope and into a cave that is a coldair trap. This could be harmful for hibernating bats.
Conversely, during spring or summer burns, smoke could rise up a hill and into a cave that
serves as a summer roost, if the direction of airflow at that time is in to the cave.
Artificial Roosts
Artificial roosts are humanmade structures used by bats, such as buildings and bridges, and
small structures such as bat houses. Some, such as mines, wells, cisterns, storm sewers, concrete
road culverts, tunnels, bunkers, and dams, mimic cave conditions. Others, such as attics and
shutters, provide warm, sheltered sites that are ideal for summer roosting, including nursery
colonies. The majority of bats that use artificial structures are crevicedwellers. Big brown and
little brown bats have adapted particularly well to human structures and now appear to rely on
them. Artificial roosts should not be viewed as a substitute for good habitat management. They
can, however, provide roosting habitat where natural roosts are sparse, or during habitat
recovery.
Bat houses that provide roosting crevices are widely used by a number of bat species (Figure 17.)
The bestoccupied bat houses are at least 24” (60 cm) tall, multichambered, have crevices ¾” (2
cm) wide, and roughened roosting and landing surfaces. They are painted black to facilitate
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solar heating and are mounted at least 13’ (4 m) above ground on poles or buildings. They are
most successful when located in diverse habitats, near permanent water (streams, rivers, lakes).
Bat house temperatures are greatly influenced by sun exposure, ventilation, and exterior color.
Taller houses provide a temperature gradient. Installation of several bat houses with varied
colors can provide temperature options to the bats. Groups of two or more bat houses are more
successful than those mounted singly. Socalled “rocket” bat boxes (Figure 18) – 3’ (1 m) tall,
mounted on poles  placed in forest stands are highly successful. Extralarge bat houses may be
used for the relocation of large bat colonies.
A number of factors influence the success of bat houses. Bat houses should be mounted at least
10’ (3 m) (preferably 12’ to 20’ [ 46 m]) above the ground or the tallest vegetation beneath the
bat house; in the open, at least 20’ (6 m) from the nearest trees; on buildings or poles rather than
trees; and near lakes (larger than 25 acres [10 ha]) or rivers.
Artificial bark is a newer roosting medium and can be used in both residential areas or on
publicly owned land. It mimics the appearance of loose tree bark leaving a crevice between the
artificial bark and tree trunk. Artificial bark typically is placed on snags that have very little
clutter around them.
Concrete bridges with vertical crevices approximately ¾” (2 cm) wide by at least 12” (30 cm)
deep provide ideal roosts. The best roosts are in bridges that are 10’ (3 m) or more above ground
and heated by the sun.
Specialized Habitats
Urban Bats
Missouri is becoming increasingly urbanized. Little is known, however, about the effects of
urbanization on Missouri’s bat populations. Urbanization, through loss of roosting and foraging
areas, tends to decrease bat species diversity while increasing the abundance of a few species
such as the big brown bat. In studies in the southwestern U. S., bats were found to be active on
the urbanrural interface where natural vegetation still existed, but little or no activity was found
in the urban core. Cities with combinations of wooded parks and greenways, ample water
sources, and humanmade roosting structures possibly could help certain bat populations. More
research is needed, however, to determine the true species composition and distribution of bats in
Missouri’s urban centers.
A. Humanmade Structures
Humanmade structures are used as both day roosts and night roosts. In some areas, human
made structures such as buildings, bridges, water wells, cisterns, quarries, storm sewers,
abandoned railroad and highway tunnels, and abandoned military bunkers now provide the
primary roosts for many bats. In Missouri, the species most commonly found in humanmade
structures are Big Brown Bat, Little Brown Bat, Evening Bat, and Northern Bat. Other species
such as Indiana Bat, Eastern Pipistrelle, Smallfooted Bat, Rafinesque’s Bigeared Bat, and (very
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rarely) Silverhaired Bat occasionally may be found in or on buildings. Bats may be found
roosting in occupied, older homes and buildings, as well as abandoned buildings. Crevices that
allow access to attics, under siding, under shutters, stone foundations, basements, stairwells, and
chimneys all are exploited by bats. Many humanmade structures such as brick buildings and
residential houses also are used as winter hibernacula.
B. Exclusion and Bat Control
In urban areas, when bats occupy humanmade structures such as buildings, humanbat conflicts
may occur. The problem usually begins when a bat enters the main living space of a building. It
may result in the death of the bat and the destruction or exclusion of a colony. These actions
generally stem from a fear of bats and rabies and could affect bat populations throughout urban
Missouri. Currently, there is no system to track how many bat roosts there are in urban areas,
how many colonies are excluded per year, and what effects exclusion has on these populations.
Homeowners have options when bats appear in their homes. In the case of a single bat flying in
the main part of the house, the homeowner should isolate the bat to one room by shutting doors,
open the windows in the room, and leave the room for the night to allow the bat to leave. If
isolation is not possible, the homeowner should wait for the bat to land on a solid surface such as
a wall. Wearing gloves, the homeowner should place a container over the bat, slip a thin piece of
cardboard or heavy paper underneath, and transport the bat outside to be released.
When a colony of bats is present in a building, the owner needs to decide whether there actually
is a conflict. Many times, bat colonies can live in proximity to humans with few to no problems.
If it is necessary to remove a colony, exclusion is the best option. Trapping or killing large
colonies are unacceptable methods of removal unless evidence of a high rate of rabies infection
exists. A homeowner may try to exclude a colony from a building himself or hire a private
Nuisance Wildlife Control Operator to do it properly. Exclusion should never be done between
May 15 and July 31, when flightless young are present, because young bats will be trapped to die
in the roost. Exclusion is best done by placing a oneway door on the roost exit points of the
building for at least 7 days. Exits can be found by locating the bats as they leave the house at
dusk. (Designs for oneways devices can be found at the website of Bat Conservation
International: www.batcon.org.) After the bats have been excluded, all possible bat entrances
within the building should be repaired and sealed.
If homeowners wish to exclude bats from a building, but are sympathetic to the retention of bats
in the area, artificial roosts (bat houses) may be used in concert with exclusion from the
buildings. In one study, over 90 % of displaced bats used bat houses installed as part of
exclusion efforts. The bat house should be put up as far in advance as possible and placed near
the old roost (from as close as 3 feet to as far as 100 yards.)
C. Greenways and Parks
Greenways such as stream corridors, golf courses, trail systems, and parks act as foraging areas
and travel corridors for bats. These areas provide edge habitat and abundant insect populations.
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When forested, greenways also may provide roosting locations for treedwelling bats, including
both canopy roosting and cavity/bark roosting species.
Urbanization typically leads to sprawling suburban development, with residential subdivisions
and commercial tracts resulting in the removal of natural vegetation and fragmentation of the
remaining natural habitat. As communities grow, planning and zoning boards should be
approached to consider the idea of environmentally sound developments such as “planned unit
developments” or “conservation subdivisions.” This type of subdivision clusters homes, but
leaves a considerable amount of natural green space for community parks and common areas.
Efforts should be made to retain continuous tracts of existing woodland as corridors. Connecting
green spaces within and throughout urban areas by utilizing this type of development can provide
important bat roosting, foraging, and traveling habitat.
D. Water Sources
Urban areas are rich with rivers, streams, canals, storm water detention basins, reservoirs, ponds,
lakes, and swimming pools. These may provide reliable water sources and may increase
drinking water availability for bats. However, some of these water sources are less desirable
than naturally vegetated riparian corridors for foraging and traveling and may contain pollution.
E. Public Health
The largest concern about bats in the urban area is human perceptions of rabies and other health
issues. These concerns, however, are based more on unfounded fear than on facts. It is
estimated that only one half of one percent of the bat population at our latitude carries the rabies
virus. In Missouri, only 5 to 6% of bats sent in to the state health laboratory test positive for
rabies. These data undoubtedly are biased, however, because the bats that are sent for testing are
easily captured and may have been behaving abnormally. In the entire U. S., bat rabies accounts
for approximately one human death per year. Careless handling is the primary source of rabies
exposure from bats. There are six rabies virus variants related to six different species of bats,
Big Brown Bat, Silverhaired Bat, Mexican Freetailed Bat, Eastern Pipistrelle, and two species
not yet positively identified.
Rabies is an infectious viral disease that affects the central nervous system of warmblooded
animals. Rabies is transmitted through a bite, though nonbite exposures can result from contact
between infected saliva or nervous tissue and open wounds or the mucous membrane of the eyes,
nose, or mouth. There is no evidence of airborne transmission except in extremely crowded
Freetailed Bat colonies in Texas. Rabies causes fatal inflammation of the brain and spinal cord.
Symptoms often develop about 10 days to seven months after infection and death follows 212
days after symptoms appear. Early symptoms include pain, burning, and numbness at the site of
the infection. Victims complain of headaches, inability to sleep, irritability, muscle spasms of the
throat and difficulty swallowing. Convulsions may occur, followed by unconsciousness and
death.
To prevent exposure to rabies, the most important step is to vaccinate pet dogs and cats; a horse
vaccine is also available. Children should be taught never to handle any unfamiliar domestic or
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wild animal. Bats never should be directly handled; if handling is necessary, one always should
wear thick leather gloves. If a bat bite occurs, the wound should be washed thoroughly with
soap and water and the incident should be reported immediately to a family physician or public
health professional for evaluation as a possible rabies exposure. The animal must be kept for
testing. Postexposure shot treatment should begin immediately unless the bat is confirmed
negative. A bat bite typically is felt and detected at the time of the bite and appears as tiny
punctures or a scratch. Extenuating circumstances such as deep sleep, unconsciousness, mental
impairment, or situations with young children may make detection difficult, however.
Histoplasmosis is the only other public health concern related to bats in the U. S. Histoplasmosis
is caused by a fungus found in bat and bird droppings. It favors warm, humid environments. It
can be present but is uncommon in dry, hot attics of buildings. Infection is caused by inhalation
of airborne spores in dust enriched by animal droppings. The majority of histoplasmosis cases in
humans produce either no symptoms or mild, flulike symptoms, though a few individuals may
become seriously ill.
F. Education  Urban
Education is key to statewide and urban bat conservation; it will play a major role in the long
term survival of Missouri’s urban bat populations as humanbat interactions become more
frequent. Missourians should be told about the benefits of having bats on their farms and
neighborhoods (primarily insect control,) but also need accurate information on proper exclusion
techniques and rabies. Education should be geared towards life history information, exclusion
techniques, bat house information, and public health. This information could be tailored into a
new information guide on how to live with Missouri’s bats, similar to the University of Missouri
Columbia’s University Extension publication number G 9460. School programs or family
programs are an excellent way to get children interested in bats and to teach them not to handle
wildlife. Many games and activities allow children to explore the world of bats. The media are
outlets for education but can prove difficult when local news sources sensationalize a negative
batrelated story. Do not expect the facts to be heard at these times; instead, write articles on
bats for local news outlets during the early spring or summer. Providing information before the
typical bat encounters occur in the summer may prevent humanbat conflicts. Education also
must extend to government and public health officials. Many public health officials look only at
the disease aspects of bats and should be encouraged to realize that not all bats are threats and
instead have many benefits.
Caves, Karst, and Mines
A. Caves
Caves provide important habitat to ten Missouri bat species and three other species have been
found in caves. Bats are dependent on roosts that provide certain temperatures, humidities and
protection against predators and human disturbance. Missouri contains at least 5,800 caves in
different karst regions, according to the Missouri Speleological Survey. MDC’s Cave Life
Database has records of bats in 448 caves, but many more caves are used by bats.
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B. Mines
Bats have been recorded in only six Missouri mines. Pilot Knob Mine, Iron County, has
contained up to 139,000 Indiana Bats in winter, and still may contain close to 80,000 bats. The
mine was excavated in rhyolite for iron ore, and was abandoned in the late 19th Century. The
mine is an extreme coldair trap, highly favored by the bats for its cold temperatures and
seclusion. Pilot Knob Mine is protected as a part of the federal Mingo National Wildlife Refuge.
Underground limestone or dolomite mines are favored by some bats. Both Gray and Indiana bats
have been found in a quarry mine in St. Louis County, while Gray Bats are known to roost in
two other quarry mines in Boone and Henry counties. Eastern Pipistrelles and Big Brown Bats
may commonly inhabit abandoned or inactive mines.
Many abandoned, underground mines exist in Missouri, but we do not know how many mines
still open to the surface. More than 5,000 abandoned, underground coal mines are estimated in
northwestern and north central Missouri, and at least 4,500 abandoned, underground noncoal
mines exist throughout the state. The noncoal mines are in deposits of lead, zinc, iron, clay,
industrial sand, sandstone, and limestone. “Tiff” mines are scattered across southern Missouri;
in the southeast they contained barite, and in the southwest they contained calcite. Only eight
mines, all lead, are still operating; all are in the Viburnum Trend on the west flank of the St.
Francois Mountains, but are not known to harbor bat roosts. Lead mines were operated in
scattered areas in southern Missouri. The Missouri Department of Natural Resources,
Geological Survey and Resource Assessment Division (GSRAD), is the “Mine Map Repository”
in Missouri. GSRAD has maps for about 10% of the coal mines and less than 50% of the noncoal
mines. GSRAD is compiling a mine database, and acquisition of additional mine maps and
information is a high priority.
In the western U. S., many abandoned mines are inhabited by bats. Federal and state agencies
are gating mines for bat use and public safety instead of sealing them closed. Properly gating or
“grating” a mine often is cheaper than sealing it, and federal funding may be available. The
potential for finding bats in Missouri’s abandoned, underground mines may be considerable, but
there has been less research than in other mining states. Safety would be a major concern in
accessing the mines.
C. Bat Usage
Colonies of endangered Gray Bats and Indiana Bats hibernate in “coldairtrap” caves, which
have descending floors, deep pits or large entrances that accept large amounts of winter air. Cold
air is heavier than warm air, and it may persist in low areas of a cave through the summer. The
largest hibernaculum for Gray Bats in Missouri is Coffin Cave, Laclede County, which may
contain over 350,000 bats. Two other Gray Bat hibernacula exist in Missouri, Mose Prater Cave
and Bat Cave, both in Shannon County. The hibernating population of Gray Bats in the state
may number well over 500,000 bats. The summer population is considerably higher (see below)
because a large number of Gray Bats that occupy caves in the southern tier of counties in
Missouri migrate to Arkansas to hibernate.
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Indiana Bats hibernate in 18 caves and one mine in Missouri. The overall population is
estimated to number approximately 64,500 bats at this time; it has declined by about 80% since
regular surveys began in the mid1970s. The majority (78%) of Indiana Bats known to hibernate
in Missouri today are found in Pilot Knob Mine.
Gray Bats are the only colonial bats to significantly use Missouri caves in the summer, raising
their young in large maternity colonies in domed rooms and cave passages, where the shape of
the ceiling allows bats’ body heat to be trapped, making a favorable environment for the young
to grow. The largest maternity colonies in Missouri may have numbered 250,000 bats in the
past, but now may attain only about 100,000 bats. Two other types of colonies are formed by
Gray Bats during the warm months: 1) bachelor colonies, which consist of males and firstyear
(nonreproductive) females, and 2) transient colonies, which consist of mixed ages and sexes
which stop to roost for varying amounts of time in caves during their spring and fall migrations.
Gray Bats are the only species to deposit large mounds of guano or large ceiling stains in
Missouri caves. Gray Bats also are the most significant contributor of natural nutrients to large
caves because they deposit large amounts of guano.
The maternity population of Gray Bats in Missouri is estimated currently to number
approximately 635,000 bats. This compares to evidence (guano and ceiling stains) that suggests
that historic populations in the same set of caves once numbered over 1,000,000 bats. At this
time, the only regular surveys of Gray Bat summer colonies are conducted in maternity caves;
systematic estimates of the number of male and nonreproductive female Gray Bats also should
be done periodically. If the proportion of males to females in the gray bat population is
approximately 50/50, the total summer population of Gray Bats in Missouri may number in
excess of 1 ¼ million bats. Most of the active Gray Bat maternity cave colonies that have been
monitored since the mid1970s have shown stable or increasing numbers of bats since that time,
by a factor of about 25%. Cave protection efforts get much of the credit for this success.
D. Karst Land Management
Frequently, a cave preserve surrounds only the entrance of the cave itself and does not
encompass the entire extent of the cave, much less the recharge area to the cave. Yet the quality
of the environment within a cave system is dependent upon the surface area above and around it.
It is essential to have good scientific information about the cave: an accurate map, a description,
inventories of the cave’s resources, and a hydrogeologic assessment. Dyetracing studies may be
needed to delineate the cave’s water sources, improving our chances of properly managing the
karst land around the cave.
The goal of land management over a cave is to avoid altering the landscape significantly or
building infrastructure such as sewer lines, pipelines, roads, and the like, especially if the cave
contains streams and species of concern. Paving over the top of a cave cuts off much of its water
supply. Septic systems may leach raw sewage directly into a cave. Land practices near water
input points to a cave may cause problems. Excessive land clearing and grazing cause high
sedimentation rates in caves. Woodpiles or refuse that fall into a hollow may be washed into
caves during heavy rains, blocking sinkhole entrances or building up as debris dams on bat gates,
wrecking the cave gates themselves and threatening bat roosts with backflooding.
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Different types of karst may require different management. A best management practices guide
for karst is available from MDC, and other karst management publications are in circulation.
E. Cave and Mine Management
Good management of bat caves and mines relies on understanding air and water flow patterns,
microclimate, and security of the site. It is important not to alter the air and water flow patterns
of the cave and to control human access during sensitive times. Endangered bat caves must be
made offlimits to unauthorized human visitation during the period of bat occupancy. For the
hibernation season, the closed period lasts from 1 September through 30 April. For Gray Bat
summer caves, the closed period lasts from 1 April through 30 October.
Some caves may require a permit system for entry, based on bat seasons, flooding hazards, or
other considerations of safety or sensitivity. (This information is contained in the MDC Cave
Life Database, maintained by Bill Elliott. Contact either Bill Elliott of the local Conservation
Area manager for details concerning a particular cave.) Usually a “permit cave” would be gated
to control access, but appropriate signs are needed to inform people of the availability of permits.
Certain caves may be considered “closed” for recreation, but not for monitoring and research.
Examples include a few caves that are especially pristine and rich in multiple resources, or which
have overlapping seasons for endangered bats. A few caves harbor Gray Bats in the summer and
Indiana Bats in the winter (Great Spirit, Smittle, Rocheport, and Great Scott caves,) and must be
closed to entry except for brief periods in May and September.
Most caves managed by MDC have appropriate signage to match the resources there. The
Resource Science Division provides durable plastic signs for various situations, including
colonies of gray and Indiana bats. A generic sign is available for private landowners who may
want to control access to their caves. Signage is important to inform visitors that the cave may
be closed during certain seasons, or that a permit is required to enter, or that tampering or
breaking a cave gate is unlawful. Unfortunately, signs often are inadequate to prevent human
disturbance of endangered bats.
F. Cave Gating
Cave gates are steel structures built to protect cave resources by keeping out human intruders
while allowing air, water and wildlife to pass freely in and out. Cave gates have locking doors or
removable bars so that authorized persons can gain access during appropriate seasons for
necessary work. Poor cave gates, on the other hand, can harm wildlife and cave resources.
A few rules of thumb can be followed for cave protection. Cave gating should be undertaken
only at important sites where other measures will not be sufficiently effective. Natural entrances
should not be sealed, but opening a longsealed cave also can cause problems for the cave unless
some means of protection is devised. A gate built on a cave that floods violently may wash out,
so other protection methods, such as electronic surveillance or signage, may be necessary. Chain
link fences are easily breached, but may be used around sinkholes where gating is not an option.
Gates should be tailored for the wildlife inhabiting the cave.
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Three types of cave gates have been developed: full gate, half gate, and chute gate (Figures 19
21.) Full gates are appropriate for hibernacula of all species of bats and for bachelor or transient
Gray Bat caves. Half gates or chute gates are the only appropriate designs at gray bat maternity
caves. Depending on the needs of the cave, the type of entrance, bats and other wildlife, the
design could specify a full gate, half gate (also called a flyover gate,) a chute gate (for maternal
gray bats,) cupola (or cage gate,) enclosure, fence, or no gate at all. Some bat caves that may
need a gate for protection are not feasible to gate for certain physical reasons. Some caves that
are feasible to gate do not need to be gated because other modes of protection would be
sufficient.
Important bat caves often must be protected by angle iron cave gates. It is important to monitor
the effects of a gate on bats. Bat survey data are needed before and after the gate construction
and it may be necessary to monitor the temperatures in the cave with data loggers to determine if
the gate has caused a microclimate change. Cave gating is not an automatic solution to cave
conservation problems and there are reasons both for and against gating a cave. Technical
knowledge and experience are needed to gate a cave; it cannot be done properly by a general
welding contractor without providing specifications, a design, and onsite supervision by an
experienced cave gater. Knowledge of cave ecology, especially bats, is necessary before a gate is
considered. Similar techniques are used for gating abandoned mines. Some governmental
agencies assist cave owners in cave gating. A decision guide has been developed by MDC to
assist the manager or landowner in weighing the pros and cons and making a decision (Appendix
II.)
It is best to follow the gate designs and techniques recommended by the Resource Science
Division of MDC, American Cave Conservation Association, and Bat Conservation
International. A guidance document, “Cave Gating Criteria” is available within MDC.
Publications and training courses are available for cave gaters and managers. No sill, wall, or
other solid structure should be constructed that would alter air flow or act as a water dam, or
hinder the movements of small animals such as salamanders and frogs. The spacing between the
horizontal angleiron bars and columns is specified. No bat cave should be gated with weak
materials such as reinforcing bar. Also, closespaced vertical bars or any design that would
hinder bats flying in and out should be avoided.
It also is important to keep loud noises away from the immediate entrance area of a cave, as the
cave passage can conduct sounds for long distances, like a tube. During cave gating projects,
generators should be positioned away from the entrance area and sound baffles placed around
them.
Gates are now made stronger than in the past, but it is important to check and repair them
because any cave gate can be breached by determined vandals. Current designs have evolved to
foil attempts to tunnel under a gate or to destroy the door or lock. Specifications vary and must
be tailored to the particular situation. Gates are usually made of mild steel “angle iron,” although
stainless and manganal steels may be used in corrosive environments. The latter are more
expensive, are more difficult to cut and weld, and are unnecessary in most applications. The
design life of most mild steel gates may be 30 years.
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G. Prioritizing Caves
Cave protection usually amounts to crisis management: caves and cave life that are under the
greatest threat receive the most attention. Rarely do we look at caves over a large region and
consider which ones should be protected before they become degraded. In 2003, MDC
established the Missouri Cave Protection Working Group, a committee of interested agencies
and conservation organizations, who meet at least annually to discuss cave protection methods
and to prioritize caves needing protection. Caves differ greatly, and comparing and ranking them
involves both science and art. The attributes and resources of the caves are used for prioritizing
them, including length, depth, hydrology, biology, geology, paleontology, archaeology, history,
speleothems, aesthetics, recreational value, and threats. Small differences among caves are not
important, and the resultant rankings are used as a general guide.
H. Education – Caves & Karst
Cave conservation education includes publications, videos, and programs for the public. MDC
offers workshops and publications on cave ecology for biologists and teachers. It is not
necessary for the public to become experienced cavers to achieve conservation goals, but it is
helpful to inform the public about all the resources associated with caves. Two concepts are
important to convey to the public: 1) caves operate on a much longer time scale than surface
landscapes and are essentially nonrenewable resources, and 2) caves need advocates who pick up
trash, teach others about cave conservation, or support measures taken by those who have
authority over them.
Monitoring
At present, the only monitoring that is done statewide is that which is done for the Endangered
species, Indiana Bat and Gray Bat. Survey data are kept for other species that are encountered
during these censuses, but no systematic effort is made to monitor local, regional, or statewide
populations of nonendangered bats. Given the dispersed nature of nonendangered bats, it may
never be practical to census them. Our knowledge base, however, will be incomplete until we
have such data to inform management decisions.
Indiana Bat
Indiana Bat hibernacula (see Table 5 and Figure 22) should be surveyed every other year,
between 1 January and 15 February. Surveys should be conducted by experienced biologists. In
order to conduct the survey, singles and bats in small clusters should be counted directly; the
surface area of clusters should be measured and multiplied by observed bat density (varies from
~300 bats/square foot to ~500 bats/square foot.) to estimate cluster sizes. The population
estimates for the various caves should be rounded to a whole number (e. g. 50 or 100) so as to
avoid the implication that every single bat was counted in the survey.
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Gray Bat
Gray Bat maternity caves (see Table 6 and Figure 23) should be surveyed every other year, after
15 July, by experienced biologists. Valid information still can be gathered through late fall
because the fungus that grows on fresh guano persists for several months. The length and width
of all fresh guano piles should be measured. The observer also should visually estimate surface
area of any bat clusters that are encountered. Because gray bats move about from roost to roost
within a cave, a conservative approach is taken to determine the population estimate for the cave:
The single, largest guano pile is used to arrive at a population figure. Multiply this guano pile’s
length (in feet) X width (in feet) X 0.8 (rounding factor, because clusters are not perfect
rectangles) X 170 bats/square foot. Take the resultant population estimate for the cave and round
it to a whole number (e. g. 50 or 100), as above. Gray Bat bachelor and transient caves should be
surveyed every five years, using the same approach.
Summer Surveys
A multipronged approach including mistnetting and acoustic detectors would be the best
strategy for detecting bats in an area. Acoustic detectors can detect bats that avoid mist nets and
can provide information on bat use of different habitats, such as feeding or commuting. They
cannot, however, provide data on numbers of bats in an area, nor can they reveal the sex, age, or
reproductive condition of bats. For positive bat identification, for verification of acoustic
identification, and for population data and other parameters, there is no substitute for handling
and examining bats; thus, mistnetting always should be conducted in concert with acoustic
surveys. Mist nets should be placed over water sources and in travel corridors, such as streams
and upland trails. They should be placed where overhanging tree foliage serves to funnel bat
flight through relatively confined spaces. For Indiana Bat surveys, it is necessary to use a mist
net set consisting of three mist nets, stacked vertically.
It also is possible that personnel who are working in the forest can locate bat colonies during the
course of their work. While marking trees and planning timber sales, cruisers should be on the
lookout for bats. When trees are felled, loggers and sales inspectors should be on the lookout for
bats that emerge from trees, especially if young bats are found.
Research
Although much is known about Indiana Bat and Gray Bat ecology, questions remain. The
cause(s) of the continuing Indiana Bat population decline have yet to be determined. The
relationships between bat populations and midwinter temperatures of different Indiana Bat
hibernacula should be determined.
Information is needed on how bat community composition and abundance varies in relation to
the extent and distribution of mature forest, forest structural attributes such as snags and large
trees, and at different spatial scales. The role that bats play in forest ecosystem function is yet to
be determined. Few studies have adequately addressed the effects of specific management
activities on bats, e.g., the impacts of specific forest harvest or cultural practices on forest
dwelling bats.
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Following are specific research topics regarding bats and forests:
1) Establish tree and stand characteristics – numbers of roost trees, overstory and understory
composition and structure – that maintain stable forest bat communities.
2) Quantify the impacts of forest management practices – precommercial thinning, commercial
thinning, overstory removal – on bat abundance, foraging behavior, and roosts.
3) Evaluate how bat populations respond to different silvicultural systems such as evenaged vs.
unevenaged management.
4) Evaluate the use of tree roosts in relation to distances to water, foraging areas, solar exposure,
alternate roosts, and competition with other cavity users.
5) Evaluate the efficacy of current bat/forest management guidelines. Evaluate the effectiveness
of snag retention guidelines.
6) Determine the effects of prescribed fire on bats, including direct mortality; the effects of litter
combustion; the efficacy of buffers around roosts; the effects of fire on the prey base;
timing of fire for least disturbance to bats and greatest snag recruitment; the role of fire in
improvement of bat foraging habitat; and the effects of smoke on bats in trees, caves, and
mines.
7) Evaluate riparian zone forest management practices for response by bats.
To date, most of the research that has been conducted in Missouri has been directed at the two
Endangered species, Indiana Bat and Gray Bat. Much is yet to be learned about the ecology and
management of the nonendangered species. Following are specific research topics regarding
these other bat species:
1) Quantify speciesspecific roosting and foraging requirements for the nonendangered bats in
Missouri.
2) Determine the best mix of roosting and foraging habitat by species and region.
3) Determine the characteristics of tree and other roosts for different bat species.
4) Determine the utility of artificially created roosts to different bat species.
5) Evaluate the feasibility of using artificial roosts to enhance bat habitat in young or roost
deficient forests, and in other settings.
6) Determine the importance of small, temporary water resources to bats.
7) Determine the effects of various widths, lengths, and vegetation composition of waterway
buffers on bats.
8) Determine the seasonal patterns of bat use of water resources.
9) Determine the species composition of the urban bat community in Missouri.
10) Determine distributions of nonendangered species, especially those which are limited, such
as Smallfooted Bat and Ozark Bigeared Bat.
11) Determine the use of river corridors such as the Mississippi River as flyways by bats during
migration.
12) Determine the prey preferences of nonendangered bats.
13) Monitor populations of nonendangered, cavedwelling bats.
14) Conduct life history studies on nonendangered bat species to fill gaps in our knowledge.
15) Determine the relationship between water quality and prey abundance and availability.
Several studies have shown that bats in Missouri are exposed to environmental contaminants.
Following are suggestions for additional work:
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1) Determine the physiological toxicity of pesticides and herbicides on bats, especially widely
used organophosphates, carbamates, and pyrethroids.
2) Determine the indirect effects of contaminants, such as effects on prey abundance and
availability, on bats.
3) Determine the levels of exposure to contaminants for bats in agricultural and forested
landscapes.
4) Determine the impacts of chemical application areas and timing on bats.
Other research suggestions:
1) Refine techniques for the application of Anabat technology to bat research and monitoring.
2) Refine techniques for estimating gray bat populations using outflight data.
3) Determine the effects of rabies and other diseases on bat populations.
4) Determine the use and importance of mines to bats.
5) Determine the extent of use of artificial roosts and other manmade structures by bats.
6) Determine the densities and locations of Indiana bat maternity colonies in different regions of
the state.
7) Determine Indiana Bat reproduction parameters, including fecundity and recruitment rates,
and mortality rates.
8) Refine and deploy permanent bat monitoring stations, using multiple acoustic detectors.
Suggested Reading – (sources of information, not a “literature cited”)
Barbour, R. W. and W. H. Davis. 1969. Bats of America. The University Press of Kentucky,
Lexington. 286 pp.
Harvey, M. J., J. S. Altenbach, and T. L. Best. 1999. Bats of the eastern United States.
Arkansas Game and Fish Commission, Little Rock. 64 pp.
Kunz, T. H. (ed.) 1982. Ecology of bats. Plenum Publishing Corp., New York. 444 pp.
Kunz, T. H., M. Fenton, and M. B. Fenton (eds.) 2003. Bat ecology. University of Chicago
Press, Chicago, Illinois. 798 pp.
Kurta, A. and J. Kennedy. (eds.) 2002. The Indiana bat: biology and management of an
endangered species. Bat Conservation International, Austin, Texas. 253 pp.
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emphasis on cavedwelling species. Missouri Department of Conservation Terrestrial
Series, 8:153.
Tuttle, M. D. 1988. America’s neighborhood bats. University of Texas Press, Austin. 96 pp.
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Table 1. A synopsis of the distribution, status, and ecology of the bats of Missouri.
Species
Distribution* Population Primary Summer Primary Summer
Status**
Habitat
Roost
Rafinesque’s
extreme SE &
R
lowland hard
tree hollows in live
Bigeared
SW/B&W
woods & pine
trees; abandoned
buildings
Ozark Big
extreme
E
varied
caves
eared
SW/B&W
Big Brown
statewide/B&
C
woodland
tree hollows;
W
buildings
Silverhaired
N counties/B;
U
woodland
tree hollows,
statewide/M
crevices, & bark
Red

Hoary
Gray

statewide/B;
S 1/3 of
state/W
statewide/B;
absent/W
SE 2/3 of
state/B&W

C

woodland

tree branches

U

woodland

E

valleys – rivers,
streams, & lakes

tree branches at
woods edges
caves

Eastern
Smallfooted
Little Brown

SE ¼ of
state/B&W
statewide/B&
W

R

woodland

C

woodland

Northern

statewide
(except W
prairie)/B&W
statewide
(except W
prairie)/B&W
extreme SE/B

C

woodland & forest

tree bark &
cavities

E

woodland

tree bark

S

bottomland forest

statewide/B;
S counties/W
statewide/B&
W

C

woodland

C

woodland

extreme W/B

R

woodland & urban

live, hollow Nyssa
trees; abandoned
buildings
tree cavities &
bark; buildings
tree cavities; leaf
clusters; buildings;
rock crevices
buildings, bridges,
& caves

Indiana

Southeastern

Evening
Eastern
Pipistrelle
Mexican
Freetailed

* B = Breeding season; W = Winter season; M = Migration

rocky outcrops &
caves
tree hollows &
bark; buildings

Foraging Habitat

Primary Prey

Winter Strategy

edges & canopy
gaps

gleans moths

edges

feeds on moths &
beetles in flight
beetles

hibernates in caves,
mines, wells, &
concrete culverts
hibernates in caves

generalist – over
water & land
over ponds &
streams; edges;
adjacent to canopy
edges & canopy
gaps

variety, in flight

hibernates in caves &
rock shelters
variety of sites;
hibernates in S U.S.

variety, in flight

migrates; hib. on tree
branches/in leaf litter

edges, canopy
gaps, & in open
over streams,
rivers, & lakes;
riparian zone
over water; low,
under tree canopy
low, over water &
among trees; in
canopy gaps
under tree canopy;
in canopy gaps

moths & beetles

migrates S, out of MO

aquatic insects &
nearby terrestrial
insects
variety, in flight

hibernates in caves

variety, beneath
tree canopy; some
gleaning
variety, in flight

hibernates in caves

edges & canopy
gaps, adjacent to
foliage
over ponds &
streams

variety, especially
moths, in flight

hibernates in caves

aquatic insects

edges & canopy
gaps; over water
canopy gaps;
edges; over water

beetles

hollow trees or
migrates to caves in SE
U. S.
migrates; hibernates in
trees
hibernates in caves

in the open

variety, in flight

variety of small
insects, in flight

hibernates in caves

hibernates in caves

hibernates in caves

** U = Uncommon; E = Endangered (federallylisted;) C = common; R = Rare; S = Suspected

Table 2. Distribution of bats in Missouri by ecological section. 1
Section
Rafin. Ozark Big
Silver- Red Hoary South- Gray Eastern Little North- Indiana Even- Eastern Mex.
Big-ear Big-ear Brown haired Bat Bat
eastern Bat Sm.-f. Brown ern
Bat
ing
Pipistr. Fr.-tail
Bat
Bat
Bat
Bat
Bat
Bat
Bat
Bat
Bat Bat
Bat
Osage Plains
x
x
x
x
x
x
x
Central Till Plains
Ozark Highlands
Mississippi Alluvial Basin

x
x

x

1

See Figure 1.

2

Upper case "X" denotes characteristic region.

x
x
x

X2
X
x

x
x
x

x
X
x

X
X

X

X
x
x

X
X

X
X

X
X
x

x
x
x

X

Table 3. Distribution of bats in Missouri by ecological subsection.1
Subsection
Rafin. Ozark Big
Silver- Red
Big-ear Big-ear Brown haired Bat
Bat
Bat
Bat
Bat
Black River Ozark Border
x
x
x
Central Plateau
x
x
x
Chariton River Hills
x
x
x
Cherokee Plains
x
x
x
Claypan Till Plains
x
x
x
Crowley"s Ridge
x
x
x
x
Current River Hills
x
x
x
Deep Loess Hills
x
x
x
Dissected Till and Loess Plains
x
x
x
Elk River Hills
x
x
x
x
x
Gasconade River Hills
x
x
x
Illinois Ozarks
x
x
x
x
Inner Ozark Border
x
x
x
x
Loess Hills
x
x
x
Meramec River Hills
x
x
x
Mississippi River Alluvial Plain
x
x
x
x
Mississippi River Hills
x
x
x
Missouri River Alluvial Plain
x
x
x
North Mississippi R. Alluvial Plain
x
x
x
x
Osage River Hills
x
x
x
Outer Ozark Border
x
x
x
x
Prairie Ozark Border
x
x
x
Scarped Osage Plains
x
x
x
Springfield Plain
x
x
x
x
x
Springfield Rolling Plains
x
x
x
x
St. Francis Alluvial Plain
x
x
x
x
St. Francois Knobs and Basins
x
x
x
White & Black River Alluvial Basin
x
x
x
x
White River Hills
x
x
x
x
x
Wyaconda River Dissected Till Plains
x
x
x
1

See Figure 1.

Hoary South- Gray
Bat
eastern Bat
Bat
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Eastern Little North- Indiana EvenSm.-f. Brown ern
Bat
ing
Bat
Bat
Bat
Bat
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Eastern Mex.
Pipistr. Fr.-tail
Bat
Bat
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Table 4. Land Type Association types associated with different bat species (from mist
net data; in descending order of affiliation.)
Species
LTA Type1
LTA Name1
Rafinesque’s Bigeared Bat (no mist net data)
Ozark Bigeared Bat
(no mist net data)
Big Brown Bat
Hills
Woodland
“
Plains
Prairie
“
Breaks
Forest
“
Glade
Silverhaired Bat
Hills
Woodland
“
Plains
Prairie
“
Breaks
Forest
Red Bat
Plains
Woodland
“
Hills
Prairies
“
Breaks
Forest
“
Savanna & Glade
Hoary Bat
Hills
Woodland
“
Plains
Prairie
“
Breaks
Forest
Gray Bat
Hills
Woodland
“
Breaks
Forest
“
Plains
Savanna & Glade
E. Smallfooted Bat
(no mist net data)
Little Brown Bat
Hills
Woodland
“
Plains
Prairie
“
Breaks
Forest
Northern Bat
Plains
Woodland
“
Hills
Prairie
“
Breaks
Forest
Indiana Bat
Plains
Woodland
“
Hills
Prairie
“
Breaks & Knobs
Forest
“
Glade & Savanna
Southeastern Bat
(no mist net data)
Evening Bat
Hills
Woodland
“
Plains
Prairie
“
Breaks
Forest
“
Glade
E. Pipistrelle
Plains
Woodland
“
Hills
Prairie
“
Breaks
Forest
“
Glade & Savanna
Mexican Freetailed Bat
(no mist net data)
1
See the glossary in Atlas of Missouri Ecoregions (Nigh & Schroeder, 2002) for
definitions.

Table 5. MDC region, survey frequency, and level of protection for Indiana bat hibernacula in Missouri.

Cave
Rocheport (Boone)
Devil's Icebox2
River
White's Creek
Brooks2
Davis No. Two
Great Spirit2
Joy
Piquet2
Ryden2
Bat1
Cookstove2
Martin No. One2
Powder Mill2
Dunvin2
Onyx2
Bear2
Copper Hollow Sink2
Tyson Quarry
Great Scott1
Hamilton2
Scotia Hollow2
Cave Hollow
Pilot Knob1
Mary Lawson2
Slaven2
1
2

County
Boone
Boone
Camden
Oregon
Pulaski
Pulaski
Pulaski
Pulaski
Pulaski
Pulaski
Shannon
Shannon
Shannon
Shannon
Texas
Crawford
Franklin
Franklin
St. Louis
Washington
Washington
Washington
Iron
Iron
Laclede
Laclede

Owner
MDC
DNR
DNR
USFS
US Army
US Army
MDC
US Army
Private
MDC
TNC
Pioneer Forest
NPS
MDC
Private
DNR
DNR
DNR
Washington U.
MDC
DNR
MDC
USFS
USFWS
MDC
Private

MDC
Region
Central
Central
Central
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
St. Louis
St. Louis
St. Louis
St. Louis
St. Louis
St. Louis
St. Louis
Southeast
Southeast
Southwest
Southwest

Priority One hibernaculum (population >30,000 since 1960)
Priority Two hibernaculum (population >500 but <30,000 since 1960)

Survey
Frequency
Biennial
Biennial
Quinquennial
Biennial
Biennial
Quinquennial
Biennial
Quinquennial
Quinquennial
Biennial
Biennial
Biennial
Biennial
Biennial
Quinquennial
Biennial
Biennial
Biennial
Quinquennial
Biennial
Biennial
Biennial
Biennial
Biennial
Biennial
Biennial

Current
Protection
Gate
Sign
Gate
Gate
Sign

Gate


Gate
Fence
Gate
Gate
Gate

Gate
Gate


Gate
Gate
Gate
Gate
Fence
Gate


Table 6. MDC region and level of protection for gray bat maternity caves in Missouri.
Cave
Rocheport (Boone) 2
Devil's Icebox2
Holton2
Adkin's2
Carroll2
Grandpa Chipley's2
Lower Burnt Mill 2
Moles1
River2
Toby1
Bat2
McDowell2
Estes2
Frankford2
Fisher2
Coalbank2
Bat1
Bat2
Dead Man2
Thrasher Ford2
Turner Mill Spring2
Bat2
Bob & Mark No. Two2
Brown No. One1
Great Spirit1
Piquet2
Tunnel2
Bat2
Smittle1
Saloon2
Bat No. One1
Bat No. Two2
Bat No. Three2
Roaring Spring1
Blacksmith1
Rantz2
Maze2
Bat No. One2
Beck1
Blackwell2
Coolbrook2
Competition Bat1
Mary Lawson1
Turnback2
No Name2
Cooks2
Saltpeter1
Stillhouse2
Tumbling Creek1
1
2

County
Boone
Boone
Boone
Camden
Camden
Camden
Camden
Camden
Camden
Camden
Miller
Miller
Benton
Pike
Ralls
Carter
Dent
Oregon
Oregon
Oregon
Oregon
Ozark
Ozark
Pulaski
Pulaski
Pulaski
Pulaski
Texas
Wright
Crawford
Franklin
Franklin
Franklin
Franklin
Barry
Christian
Dade
Hickory
Hickory
Hickory
Jasper
Laclede
Laclede
Lawrence
McDonald
Reynolds
Stone
Stone
Taney

Owner
MDC
DNR
Private
Private
Private
MDC
Private
MDC
DNR
Private
MDC
DNR
Private
Private
Private
NPS
Private
USFS
USFS
USFS
USFS
USFS
Private
Private
MDC
Private
Private
Private
MDC
MDC
Private
Private
Private
Private
Private
Private
Private
USACE
USACE
USACE
Private
Private
MDC
MDC
Private
USFS
Private
Private
Private

Primary maternity cave (population >10,000)
Secondary maternity cave (population >1,000 but <10,000)

MDC Region
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Central
Kansas City
Northeast
Northeast
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
Ozark
St. Louis
St. Louis
St. Louis
St. Louis
St. Louis
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southwest
Southeast
Southwest
Southwest
Southwest

Current Protection
Flyover Gate
Sign


Roundbar Gate
Flyover Gate

Sign
Chute Gate
Sign

Chute Gate



Fence

Gate
Sign
Sign
Gate
Flyover Gate


Flyover Gate



Flyover Gate
Flyover Gate
Two Gates


Sign




Fence
Flyover Gate


Flyover Gate
Flyover Gate

Flyover Gate


Chute Gate

Figure 1. The Ecoregions of Missouri.
Central Dissected Till Plains
Section
Osage Plains Section

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills

Ozark Highlands
Section

Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Mississippi River Alluvial Basin Section

Figure 2. The distribution of the Rafinesque's Big-eared Bat in Missouri.

Rafinesque's Big-eared Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 3. The distribution of the Ozark Big-eared Bat in Missouri.

Ozark Big-eared Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 4. The distribution of the Big Brown Bat in Missouri.

Big Brown Bat
No Records

Subsections

Bats Recorded
Bats Probable

Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Figure 5. The distribution of the Silver-haired Bat in Missouri.

Silver-haired Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 6. The distribution of the Red Bat in Missouri.

Red Bat
Bats Recorded
Bats Probable

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Figure 7. The distribution of the Hoary Bat in Missouri.
Hoary Bat
Bats Recorded
Bats Probable

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Figure 8. The distribution of the Southeastern Bat in Missouri.
Southeastern Bat
No Records
Bats Possible

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Figure 9. The distribution of the Gray Bat in Missouri.
Gray Bat
No records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 10. The distribution of the Eastern Small-footed Bat in Missouri.
Eastern Small-footed Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 11. The distribution of the Little Brown Bat in Missouri.

Little Brown Bat
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 12. The distribution of the Northern Bat in Missouri.
Northern Bat
No Records

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Recorded
Bats Probable

Figure 13. The distribution of the Indiana Bat in Missouri.
Indiana Bat
No records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 14. The distribution of the Evening Bat in Missouri.
Evening Bat
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 15. The distribution of the Eastern Pipistrelle Bat in Missouri.
Eastern Pipistrelle Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Bats Probable

Figure 16. The distribution of the Mexican Free-tailed Bat in Missouri.
Mexican Free-tailed Bat
No Records
Bats Recorded

Subsections
Black River Ozark Border
Central Plateau
Chariton River Hills
Cherokee Plains
Claypan Till Plains
Crowley's Ridge
Current River Hills
Deep Loess Hills
Dissected Till and Loess Plains
Elk River Hills
Gasconade River Hills
Illinois Ozarks
Inner Ozark Border
Loess Hills
Meramec River Hills
Mississippi River Alluvial Plain
Mississippi River Hills
Missouri River Alluvial Plain
North Mississippi R. Alluvial Plain
Osage River Hills
Outer Ozark Border
Prairie Ozark Border
Scarped Osage Plains
Springfield Plain
Springfield Rolling Plains
St. Francis Alluvial Plain
St. Francois Knobs and Basins
White & Black River Alluvial Basin
White River Hills
Wyaconda River Dissected Till Plains

Figure 17. A standard bat house.

Figure 18. Rocket-style bat houses.

Figure 19. A full bat gate.

Figure 20. A half bat gate.

Figure 21. A chute bat gate.

Figure 24. An Indiana bat
roost tree.

Figure 25. An Indiana bat
roost tree.

Figure 26. An Indiana bat
roost tree.

Figure 27. An Indiana bat
roost tree.

Appendix I
The Indiana Bat: How to Manage Missouri Forests for an Endangered Species
Need
The Indiana Bat is a federally listed Endangered Species found throughout much of the eastern
U.S. Range wide, Indiana Bat populations have declined about 60% since surveys began in the
1960s. In Missouri, Indiana Bat populations have declined more than 80% since 1983. Known
causes of decline include disturbance and vandalism during hibernation, as well as harmful
alterations of hibernation caves (improper gates and microclimate changes). Many of the caves
in which Indiana Bats hibernate have been protected, but populations have continued to decline
despite these efforts. Other, suspected causes of decline include chemical contamination,
conversion of large expanses of native vegetation to agriculture, and forest fragmentation.
Studies are underway to better understand Indiana Bat ecology and the reasons for the drastic
population declines. While we may not yet have all the answers to our questions, the
information we have learned about roosting and foraging habitat can be applied and well may
enhance the survival of the Indiana Bat during the nonhibernation seasons of the year.
In Missouri, Indiana Bats hibernate in caves in the Ozarks. Evidence suggests that most females
migrate north for the spring and summer, where they form maternity colonies of up to 100 bats.
Male Indiana Bats may roost singly or in small groups during summer; some males may be
found with females in maternity colony areas, although others remain near their hibernation
caves. Indiana Bats consistently return to their colony areas and individual roosts each year.
During summer, Indiana Bats can be found in a wide range of habitats. Although summer needs
are not yet fully understood, some forest is necessary. Forest cover can vary from 5% to 100%;
ideal may be 3060% in the maternity range. In reality, most of Missouri may be potential
summer habitat for Indiana Bats, with north Missouri regarded as core maternity range and south
Missouri occupied by male bats, although density of maternity colonies may occur there, as well.
A recovery plan is being drafted for the USFWS. This plan contains information and
recommendations that can be used by land managers to protect and enhance Indiana Bat habitat
on public and private land. An understanding of elements of this plan can also help staff avoid
inadvertently becoming involved with the “takings” regulations of the Endangered Species Act.
(Takings under the Act may occur when someone kills, harms, or harasses an endangered
species.)
Groups that oppose forest management have used the Indiana Bat as a lever to alter and even halt
some forest management activities on National Forest lands in Illinois, Kentucky, Indiana, and
Missouri. Despite the controversy surrounding this species, with proper awareness and planning,
forest managers can avoid harming Indiana Bat populations and even enhance Indiana Bat
habitat on public and private land.
The information provided below is excerpted from the recovery plan and provided here in
synopsis form. For additional information or a copy of the recovery plan (after it is finalized),

please contact Peggy Horner, Endangered Species Coordinator or Rick Clawson, Resource
Scientist.
Some Specifics about Habitat
Roost Trees
• Indiana Bats, whether in maternity colonies or roosting singly, primarily roost under the loose
bark of dead trees (see Figures 2427 for examples.) Crevices and cavities also are used,
but to a much lesser extent. Some live trees (almost always shagbark hickory) also may
be used as roosts, but in far fewer numbers than dead trees.
• The physical structure (dead tree/loose bark) is more important than the species of tree.
• Large trees (>20" dbh) are used preferentially as roost trees, especially by maternity colonies,
but smaller trees, even some <10" dbh, may be used by individuals and small groups of
bats.
• Indiana Bats roost in standing trees; none have been found in down trees.
• In north Missouri, Indiana Bats roost throughout the landscape, from the riparian corridor all
the way up the slope to the uplands.
• In the Ozarks, Indiana Bats probably tend to roost in snags on upper slopes and ridge tops.
• Indiana Bats use multiple roosts (up to 17 roost trees have been found for one colony)
throughout a summer season. A maternity colony will have at least one primary roost
(dead tree, large [>20” dbh,] in the open) and a number of secondary roosts (dead tree or
live hickory, usually large, in the open or surrounded by canopy).
• For most roosts, sunlight striking the bark where the bats are roosting is important. As a result,
most roosts are found in the open, at forest edges, or high in a tree. During periods of
rain or high temperatures, however, Indiana Bats may roost in trees surrounded by
canopy, or in living, shaggybarked hickories.
• Roost trees are ephemeral (the bark sloughs off or they rot and fall down); therefore, a
continuing supply is needed.
• Indiana Bats commonly move from roost to roost of their own volition, as well as in response
to environmental factors (rain and high temperatures) and loss of a roost site.
• Disturbance (timber harvest, redcockaded woodpecker management [including fire,] high
grading, even hog lots) has been shown to create roost trees.
Food Habits and Foraging Habitat
• Indiana Bats forage on flying insects. They tend to forage among and adjacent to tree canopies.
The insects that they eat will reflect what is available where they forage, i.e., in riparian
areas both aquatic and terrestrial prey will be taken; in uplands, terrestrial insects,
especially moths, will predominate.
• In north Missouri, Indiana Bats forage preferentially in riparian and floodplain forest, but also
may use upland forest, edges, old fields, and ponds.
• In south Missouri, Indiana Bats primarily forage in upland and ridge top forest.

Management Recommendations:
Statewide Forest Management
The following recommendations are designed to provide Indiana Bat roosting and foraging
habitat on statemanaged forest lands throughout Missouri:
Either evenaged management (EAM) or unevenaged management (UAM) may be used to
manage the forest; both may be used to create Indiana Bat habitat. Within a management
compartment, manage to preserve or create a diversity of age and size classes, with mature and
overmature trees well represented. These latter trees, as they die and become snags, will
provide a continuing supply of potential roost sites for Indiana bats.
Manage forested acres for optimum numbers of snags using the following chart. Favor oaks,
hickories, and ashes for retention or snag creation where choices are possible. (Cavity trees may
be used only to a limited extent for roosting by Indiana Bats, but are often used by other species.
Snags are emphasized in these guidelines, but cavity trees should be included in the leave tree
component of a stand: one cavity tree per acre, if available.) During harvest, leave snags
wherever found except where a safety hazard or in a salvage harvest; retain some in groups with
live trees to prevent windthrow.
Number of Snags per Acre
Forest Type
>19” dbh 10”19” dbh <10” dbh
Heavily Forested
0.5
4
2
Open/SemiOpen
1
4
2
Riparian Corridor
1
7
4
Bottomland Hardwood
1
4
2
Woodland: Manage woodlands on appropriate sites to perpetuate hardwoods or a mixture of
hardwoods and pine. The openness of the canopy (2080%,) low amount of understory, and
herbaceous composition of the ground flora should be a highly beneficial for most of the bats of
Missouri, including the Indiana Bat.
Bottomland forest: Manage to perpetuate hardwoods with a diversity of tree species and age
classes. Use small clear cuts or UAM (group or single tree selection) to create a mixture of
mature and overmature trees in groups within stands, as well as small openings in the canopy.
The goal is to develop patchiness, vertical height diversity, and dead/dying trees and snags to
provide roosts and foraging habitat for bats.
Riparian Corridors: Manage to perpetuate a diversity of tree species and age classes. Maintain a
forested buffer strip on each side of perennial streams; 100 ft has been adopted as a minimum
width, but wider is better if the topography and hydrology are suitable. Reforestation should
occur on lands lacking minimum forest corridors. Maintain a minimum of 10 contiguous acres
of old growth surrounding caves and springs.

Salvage Cuts: If the bark is still tight, salvaging dead and dying trees due to decline or disease is
not a threat to the Indiana bat. Trees that have fallen to the ground may be salvaged regardless of
bark conditions.

Additional Forest Management Considerations South of the Missouri River
In regions with large areas of contiguous, mature canopy, forest management practices that open
the canopy and reduce understory may enhance Indiana bat roosting and foraging habitat.
Reducing the canopy from a solid, 100% coverage into the range of <80% but >30% would
create openings and edges where snags would receive sunlight, thus improving them for
roosting. Reduced canopy also would create foraging habitat, because Indiana bats preferentially
forage around and adjacent to tree crowns. Reducing the understory would make snags more
accessible by removing obstacles to flight, allow sunlight to strike the trunks of the snags, and
allow the bats to forage beneath the tree canopy. Savanna and woodland management may
supply some or all of these conditions and should be applied on appropriate sites within the
landscape.
Provide water sources (ponds, ephemeral pools, seasonal depressions, road ruts) to enhance
Indiana bat habitat. Site them along ridge tops, approximately 1/2 mile apart.
Target upper slopes and ridge tops for snag retention and development.
Designate old growth around Indiana Bat hibernation caves. Twenty acres is recommended, but
incorporate topography, watershed, etc. considerations into the old growth design, size, and
configuration to protect the integrity of the cave system. In addition, manage the site to provide
corridors of tree canopy from the cave to foraging areas.
Within 5 miles of known Priority 1 and Priority 2 hibernation caves (see Table 4):
1) Designate a minimum of 10% of forest in each comparatment as old growth.
2) Inventory forest conditions, including number of snags and cavities, every 15 or fewer years.
Attempt to inventory at near uniform intervals around a given cave (e. g., if there were 5
forested compartments around a cave, inventory and treat one every three years rather
than doing all during a single year).
3) Maintain or create a balanced agesize class distribution through EAM or UAM methods.
4) Retain or create the recommended number of snags in any treated stand: In a clear cut, TSI,
or intermediate cut, retain or create the recommended number of snags per acre. Do not
treat leave stands or old growth; these will provide snags in the future.
5) In seed tree or shelterwood cuts, defer harvest of residual trees for one or more extra entry
periods to provide foraging habitat.
6) Protect the integrity of cave recharge areas and sinkholes (see Karst Land Management, page
26).

Campgrounds and River Accesses  Small Scale Projects
The open canopy, savannatype forest structure in and around many MDC campgrounds and
access areas may be prime habitat for Indiana Bats in both north and south Missouri. Given our
policy of removing dead trees for safety purposes, special consideration should be given to the
possibility of encountering Indiana bats, especially maternal roost sites in North Missouri. The
best way to make sure that Indiana bats are not roosting in a tree when it is removed is to cut
trees during the winter months when Indiana bats are hibernating in caves, between 1 October
and 31 March. If tree removal becomes necessary outside the above time frame, potential roost
trees should be examined carefully to ensure that no Indiana bats are using a tree as a roost when
it is cut. For specific guidance, contact Rick Clawson or Peggy Horner.

Appendix II
Cave Gating Decision Guide
(Use this to lead you through a thought process, not as a definitive decision tool. Not all
situations can be foreseen and other criteria may have to be considered.)
1. Are there good reasons to gate the cave?
• The cave is hazardous to casual visitors and no other controls (permits and signs) are adequate.
• Endangered species inhabit the cave and can be protected.
• The cave is a target for vandals, looters and trespassers; a better “clientele” is needed.
• The cave has high value and is threatened; it can best be studied and appreciated with a good
permit system combined with a gate.
Score one point each for gating if any good reasons hold true.
2. Are there good reasons not to gate the cave? For example:
• The gate, as designed, will not comply with current ACCA and BCI standards.
• A vigilant owner or manager lives nearby.
• Other controls can be used, e. g., road gates, signs, or surveillance.
• Visitors probably will comply with a good permit system.
• Cave management experts are opposed to the gate.
• The cave gaters are inexperienced or overconfident.
• No one will commit to checking and maintaining the gate.
• Technical reasons: The entrance is too small for a proper gate (e.g., half gate for Gray Bat
maternity colony) or the environment or budget will not allow a good design.
Score one point each against gating if any good reasons against gating hold true.
3. Are there poor reasons for gating the cave? For example:
• For fear of liability. (Cave owners in Missouri are protected by law.)
• For administrative convenience (instead of having a comprehensive conservation program.)
• To keep wild animals or competing explorers out.
Score no points for any poor reasons to gate.
4. Are there poor reasons not to gate the cave? For example:
• Purely aesthetic objections to a gate while the cave's resources are being degraded anyway.
• It may "start a trend" towards too much gating.
• Because a few people consider themselves above the rules and may threaten the gate.
Score no points for any poor reasons not to gate.
Final results: Add up the points for and against gating, and determine which is more supported
by the circumstances at a particular cave.

