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The World of Bats
By: Merlin D. Tuttle
Excerpted and updated with permission from America’s Neighborhood Bats
University of Texas Press, 1997 (Rev. Ed), pp. 5-16.
Illustrations by David Chapman, Copyright © 1998
From Discover Bats! Bat Conservation International

ORIGINSAND RELATIVES

Bat fossils have been found that date back
approximately 50 million years, but, surprisingly, the
bats of that ancient period very closely resembled those
we know today. Thus, bats have been around for a very
long time. Before humans began to affect their
numbers, bats were extremely abundant. In some places
they probably dominated the night skies just as
passenger pigeons filled the daytime skies of the eastern
United States prior to the nineteenth century. In the
evolution of nature’s system of checks and balances,
bats long have played essential roles; their loss today
could compromise the health and stability of our
environment.

Bats are mammals, but such unique ones that scientists
have placed them in a group of their own, the
Chiroptera, which means hand-wing. All living bat
species fit into one of two major groups, the
Microchiroptera or the Megachiroptera. Members of the
latter group are commonly referred to as flying foxes
because of their fox-like faces. They are found only in
the Old World tropics, while the Microchiroptera, which
are highly varied in appearance, occur worldwide.

Like humans, bats give birth to poorly developed young
and nurse them from a pair of pectoral breasts. In fact,
Linnaeus, the father of modern taxonomy, was so
impressed by the similarities between bats and primates
(lemurs, monkeys, apes, and humans) that he originally
put them into the same taxonomic group. Today’s
scientists generally agree that primates and bats share a
common shrew-like ancestor, but belong to separate
groups.

A heated debate was recently triggered by the discovery
that flying foxes, primates, and flying lemurs share a
unique brain organization. (Flying lemurs, apparently
close relatives of the true lemurs of Madagascar, are a
poorly known group of cat-size gliding mammals that
live in the Indonesian region and, like bats, are in a
separate group of their own, the Dermoptera.) Did both
the Micro- and Megachiroptera come from a single,
shrew-like, gliding ancestor, or did the flying foxes

evolve separately from primates? If the latter notion is
correct, are their unique brain characteristics sufficient
reason for reclassifying flying lemurs and flying foxes
as primates? The issue remains unresolved, but most
scientists agree that bats are far more closely related to
primates than to the rodents with which they often are
linked in the public mind.

DIVERSITY AND DISTRIBUTION

Over one thousand kinds of bats amount to nearly a
quarter of all mammal species, and they are found
everywhere except in the most extreme desert and polar
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regions. Over forty species live in the United States and
Canada, but the majority inhabit tropical forests where,
in total number of species, they sometimes outhumber
all other mammals combined.

Bats come in an amazing variety of sizes and
appearances. The world’s smallest mammal, the
bumblebee bat of Thailand, weighs less than a penny,
but some flying foxes of the Old World tropics have
wingspans of up to 6 feet. The big-eyed, winsome
expressions of flying foxes often surprise people who
would never have thought that a bat could be attractive.
Some bats have long angora-like fur, ranging in color
from bright red or yellow to jet-black or white. One
species is furless, and another even has pink wings and
ears. A few are so brightly patterned that they are
known as butterfly bats. Others have enormous ears,
nose leaves, and intricate facial features that may seem
bizarre at first, but become more fascinating than
strange when their sophisticated role in navigation is
explained.

NAVIGATION AND MIGRATION

Like dolphins, most bats communicate and navigate
with high-frequency sounds. Using sound alone, bats
can “see” everything but color, and in total darkness
they can detect obstacles as fine as a human hair. The
sophistication of their unique echolocation systems
surpasses current scientific understanding and on a watt-
by-watt, ounce-per-ounce basis has been estimated to be
literally billions of times more efficient than any similar
system developed by humans. In addition, bats are not
blind and many have excellent vision.

In temperate regions, cold winters force bats to migrate
or hibernate. Most travel less than 300 miles to find a

suitable cave or abandoned mine, where they remain for
up to six months or more, surviving solely on stored fat
reserves. However, several species are long-distance
migrators, traveling from as far north as Canada to the
Gulf-states or Mexico for the winter. A few species can
survive  short-term  exposure to  sub-freezing
temperatures, enabling them to over-winter in cliff faces
or in the outer walls of buildings.

Typically, bats are very loyal to their birthplaces and
hibernating sites, but how they find their way over the
long distances that often exist between their hibernating
and summer caves remains largely a mystery. It appears
that some orient visually, using mountain ranges and
other landmarks to guide them, but a few are known to
have found their way even when blinded. Information
about how to find obscure sites, such as small cave
entrances, apparently is passed on from generation to
generation.

COURTSHIP, REPRODUCTION, AND
LONGEVITY

Most bats that live in temperate regions, such as the
United States and Canada, mate in the fall just before
entering hibernation. Some sing, do wing displays, and
perhaps more to attract mates, but little is known about
the details. Ovulation and fertilization (through sperm
that have been dormant in the female reproductive tract
since the previous fall) occur in the spring as females
emerge from hibernation. Pregnant females then move
from hibernating sites (hibernacula) to warmer roosts,
where they form nursery colonies.  Birth occurs
approximately a month and a half to two months later.
The young grow rapidly, often learning to fly within
three weeks. While they are being reared, males and
non-reproductive females often segregate into separate
groups called bachelor colonies.

Some tropical bats engage in elaborate courtship
displays. For example, male epauletted bats sing and
flash large fluffs of white shoulder fur to attract mates,
while male crested bats perform a spectacular display by
expanding long hairs on top of the head, similar to a
peacock spreading its tail. At least a few tropical
species are monogamous, sharing hunting and family
duties. Vampire bats even adopt orphans, unusual for
any wild animal.

Bats are, for their size, the slowest reproducing
mammals on earth. On average, mother bats rear only
one young per year, and some do not give birth until
they are two or more years old. Exceptionally long-
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lived, a few survive for more than 34 years.

FEEDING AND ROOSTING BEHAVIOR

Although 70 percent of bats eat insects, many tropical
species feed exclusively on fruit or nectar. A few are
carnivorous, hunting small vertebrates, such as fish,
frogs, mice, and birds. Despite their notoriety, vampire
bats make up only a small portion of all bats (there are
only three species), and they live only in Latin America.
With the exception of three species of nectar-feeding
bats that live along the Mexican border of Arizona and
Texas, all bats in the United States and Canada are
insectivorous.

Bats can be found living in almost any conceivable
shelter, though they are best known for living in caves.
Many species that now live mostly in buildings do so, at
least in part, because they have few alternatives.
Tropical species occupy a wider range of roost sites than
temperate species. For example, some make tent-like
roosts by biting through the midribs of large leaves, and
several species have suction discs on their wings and
feet that enable them to live in the slick-walled cavities
formed by unfurling leaves, such as those of the banana
plant. Others live in animal burrows, flowers, termite
nests, and even in large tropical spider webs. Despite
the wide variety of roosts used by bats, many species
have adapted to living in roosts of only one or a few
types and cannot survive anywhere else.

ECOLOGICAL AND ECONOMIC VALUE
Worldwide, bats play essential roles in keeping
populations of night-flying insects in balance. Just one
bat can catch hundreds of insects in an hour, and large
colonies catch tons of insects nightly, including beetle
and moth species that cost American farmers and
foresters billions of dollars annually, not to mention
mosquitoes in our backyards. The 20 million free-tailed
bats from Bracken Cave in Central Texas, eat more than
200 tons of insects in a single mid-summer night!

Throughout the tropics the seed dispersal and pollination
activities of fruit- and nectar-eating bats are vital to the
survival of rain forests, with some bats acting as
“keystone” species in the lives of plants crucial to entire
ecosystems. Many plants bloom at night, using unique
odors and special flower shapes to attract bats. The
famous baobab tree of the eastern African savannas is a
good example. Only bats approach from below in a
manner likely to contact the flower’s reproductive
organs and achieve pollination. Of course they do so

because the plant rewards them handsomely with nectar.
This tree is so important to the survival of other kinds of
wildlife that it is often referred to as the “Tree of Life.”

Wild varieties of many of the world’s most
economically valuable crop plants also rely on bats for
survival.  Some of the better-known commercial
products are fruits such as bananas, breadfruit,
avocados, dates, figs, peaches, and mangoes. Others
include cloves, cashews, carob, balsa wood, kapok
(filler for life preservers), and even tequila. Most of the
plants from which these products come are now
commercially cultivated, but the maintenance of wild
ancestral stocks is critically important. They are the
only source of genetic material for developing disease-
resistant strains, rejuvenating commercial varieties, and
for producing new, more productive plants in the future.

We already know that more than 300 plant species in the
Old World tropics alone rely on the pollinating and seed
dispersal services of bats, and additional bat-plant
relationships are constantly being discovered. These
plants provide more than 450 economically important
products, valued in the hundreds of millions of dollars
annually. Just one, the durian fruit of Southeast Asia,
sells for $120 million each year and relies almost
exclusively on flying foxes for pollination. Other
products from these 300-plus plants include 110 for
food and drinks, 72 for medicines, 66 for timber and
wood derivatives, 34 for ornamentals, 29 for fiber and
cordage, 25 for dyes, 19 for tannins, 11 for animal
fodder, and 8 for fuel. Numerous additional bat-
dependent plants of the New World tropics are of
similarly great importance.

The value of tropical bats in reforestation alone is
enormous. Seeds dropped by bats can account for up to
95 percent of forest re-growth on cleared land.
Performing this essential role puts these bats among the
most important seed-dispersing animals of both the Old
and New World tropics.

Studies of bats have contributed to the development of
navigational aids for the blind, birth control and
artificial insemination techniques, vaccine production,
and drug testing, as well as to a better understanding of
low-temperature surgical procedures. Unfortunately,
however, careless exploitation of bats has sometimes
decimated local populations, and careful management
planning is required.

© 201 | — Bat Conservation International
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Bats of the United States and Canada
(47 Species)

FAMILY MORMOOPIDAE

Mormoops

Mormoops megalophylla — ghost-faced bat (Peter’s ghost-faced
bat)

FAMILY PHYLLOSTOMIDAE
Artibeus
Artibeus jamaicensis — Jamaican fruit-eating bat

Choeronycteris
Choeronycteris mexicana — Mexican long-tongued bat

Leptonycteris

Leptonycteris nivalis — greater long-nosed bat

Leptonycteris yerbabuenae (sanborni, curasoae-in part) —
northern long-nosed bat (lesser long-nosed bat)

Macrotus
Macrotus californicus — California leaf-nosed bat

FAMILY VESPERTILIONIDAE

Antrozous
Antrozous pallidus — pallid bat

Corynorhinus (formerly, Plecotus)
Corynorhinus rafinesquii — Rafinesque’s big-eared bat
Corynorhinus townsendii — Townsend’s big-eared bat

Eptesicus
Eptesicus fuscus — big brown bat

Euderma
Euderma maculatum — spotted bat

Idionycteris
Idionycteris phyllotis — Allen’s big-eared (lappet-browed) bat

Lasionycteris
Lasionycteris noctivagans — silver-haired bat

Lasiurus

Lasiurus blossevillii — western red bat
Lasiurus borealis — (eastern) red bat
Lasiurus cinereus — hoary bat

Lasiurus ega — southern yellow bat
Lasiurus intermedius — northern yellow bat
Lasiurus seminolus — Seminole bat

Lasiurus xanthinus — western yellow bat

Myotis

Myotis auriculus — southwestern myotis

Myotis austroriparius — southeastern myotis

Myotis californicus — California myotis

Myotis ciliolabrum — western small-footed myotis
Myotis evotis — long-eared myotis

Myotis grisescens — gray myotis

Myotis keenii — Keen’s myotis

Myotis leibii — eastern small-footed myotis

Myotis lucifugus — little brown myotis

Myotis melanorhinus — dark-nosed small-footed bat
Myotis occultus — Arizona myotis

Myotis septentrionalis — northern (long-eared) myotis
Myotis sodalis — Indiana myotis

Myotis thysanodes — fringed myotis

Myotis velifer — cave myotis

Myotis volans — long-legged myotis

Myotis yumanensis — Yuma myotis

Nycticeius
Nycticeius humeralis — evening bat

Pipistrellus

Parastrellus (=Pipistrellus) hesperus — canyon bat (formerly,
western pipistrelle)

Perimyotis (=Pipistrellus) subflavus — tri-colored bat (formerly,
eastern pipistrelle)

FAMILY MOLOSSIDAE

Eumops

Eumops floridanus — Florida bonneted bat (formerly, Wagner’s
mastiff bat, Eumops glaucinus)

Eumops perotis — western bonneted bat (mastiff bat)

Eumops underwoodi — Underwood’s bonneted bat
(Underwood’s mastiff bat)

Molossus
Molossus molossus — Pallas’s mastiff bat

Nyctinomops
Nyctinomops femorosaccus — pocketed free-tailed bat
Nyctinomops macrotis — big free-tailed bat

Tadarida
Tadarida brasiliensis — Brazilian (Mexican) free-tailed bat

Simons, N.B. (In press.) Chiroptera. In: D.E. Wilson and D.M. Reeder (Eds.). Mammal Species of the World: A Taxonomic and Geographic
Reference (Smithsonian Series in Comparative Evolutionary Biology) 3rd Edition. Smithsonian Inst. Press, Washington DC.
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Status of Bats in the United States
by: Michael J. Harvey
American Caves, Vol. 10, No. 1: Pages 10-13, Spring/Summer 1997.

Of the forty-five U.S. bat species, six wholly or
partially (i.e., certain subspecies) are considered
endangered (in danger of extinction throughout all or
a significant portion of their range) by the US. Fish
and Wildlife Service as well as most state wildlife
agencies. Five of the six are cave dwellers. Twenty
additional entire species or subspecies, mostly cave
bat species, are considered to be of special concern.
Several of the remaining species, especially cave bats,
also appear to be declining in numbers. Because of
concern for the welfare of endangered, as well as
other bat species, the necessity for protection and
management of these species and their most critical
habitat is evident. Before management
recommendations could be formulated, studies had to
be conducted to obtain pertinent data concerning
distribution, status, and ecology of these species.
Studies were initiated by several state and federal
agencies. Primary objectives were to determine
distribution and status of endangered and special
concern species, to obtain information concerning
various aspects of their ecology, and to formulate
management recommendations. Gathering data about
other non-endangered bat species was an additional
objective. Techniques used included searching caves
previously known to be inhabited by bats and
attempting to locate additional bat caves. In addition
to identifying important bat caves, sampling for the
presence of bats was done by mist-netting or by using
bat traps at numerous locations.

Mist nets are large (up to 3 x 18 m; 10 x 60 ft) nets
made of very fine thread, which are used to capture
flying bats. Bat traps consist of two frames a few
inches apart over which are strung very thin vertical
wires, one inch (2.5 centimeters) apart. Bats flying
into a trap detect and avoid the first set of wires, then
hit the second set of wires and fall into a collecting
bag. Observations of bat activity were made using
night vision (or starlight) scopes and with ultrasonic
bat detectors, devices that render ultrasonic bat cries
audible to human ears. On some occasions, bats were
fitted with small vials containing a chemical light
substance (Cyalume) to study flight behavior and to
determine foraging habitat and movements. Some bats
were also studied by fitting them with tiny radio
transmitters and tracking their movements with

directional antennae and radio receivers. To study
migration and movement patterns, numerous bats were
banded with colored, celluloid, numbered, wing bands or
with numbered metal bands provided by the U.S. Fish and
Wildlife Service. Temperature and humidity at roost sites
were also obtained. Other data gathered included
information on sex ratios, reproduction, swarming,
longevity, food habits, mortality, effects of cave gates and
fences, and various other behavioral and ecological data.
Long-term monitoring programs were initiated to
determine population trends over time and to ascertain the
effectiveness of management measures already initiated.
The U.S. Fish and Wildlife Service has had Recovery
Plans prepared for endangered bats by Recovery Teams
comprised of bat experts.

Certain protective management measures have already
been taken, as recommended in the Recovery Plans. These
include gating or fencing important bat caves and placing
of warning signs at other caves to minimize human
disturbance to bat colonies. Signs placed at selected cave
entrance tell what endangered bat species inhabit the cave,
the season when they are present, information concerning
bats' beneficial nature, and adverse effects of disturbing
bat colonies. Signs also point out that entering these caves
during restricted times is a violation of the Federal
Endangered Species Act, punishable by fines of up to
$50,000 for each violation. Several state and federal
agencies and organizations are now actively involved in
bat conservation. These include state wildlife agencies,
U.S. Fish and Wildlife Service, U.S. Forest Service,
National Park Service, Bureau of Land Management, U.S.
Army Corps of Engineers, Tennessee Valley Authority,
state parks, natural heritage commissions, Nature
Conservancy, National Speleological Society, Cave
Research Foundation, Bat Conservation International, and
the American Cave Conservation Association. Members
of several other organizations and numerous private
landowners and other individuals are also involved. All
are to be commended for their efforts. Information
concerning the location of additional important bat caves
is needed as part of the continuing bat conservation effort.
Individuals with knowledge of caves containing bat
colonies should contact appropriate wildlife agency
personnel.
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ENDANGERED CAVE BATS

Leptonycteris curasoae, Lesser Long-nosed Bat

A resident of desert-scrub country, the lesser long-
nosed bat occurs in the southwestern U.S. to southern
Mexico. It is colonial, occupying mines and caves at
the base of mountains where the alluvial fan supports
agaves, yuccas, saguaros, and organ pipe cacti. Like
other leaf-nosed bats, it will take flight when
disturbed. When launching, it gives several strong
wing beats, bringing the body into a horizontal
position before releasing its grip. It is an agile flier,
and can fly nearly straight up while maintaining a
horizontal body position. Flight is rapid and direct,
showing none of the fluttering movements
characteristic of most insectivorous bats. It emerges
late in the evening, about one hour after sundown. The
long tongue, covered with hair-like papillae toward
the tip, is well adapted for feeding at flowers. These
bats may land on the flowering stalk of agaves and
insert their long snouts into each blossom. After
feeding, the stomach is so distended that the bat
appears to be in late pregnancy. When the stomach is
filled, they retire to a night roost where they hang up
and rest. Nectar, pollen, and insects are consumed, but
fruits are eaten after the flowering season is past. One
baby is born in late May or June. Maternity colonies
may number into the thousands of individuals. This
bat appears to be locally common in southeastern
Arizona.

Leptonycteris nivalis, Greater Long-nosed Bat

This bat is found from the Big Bend region of Texas,
southward across most of Mexico to central
Guatemala. It is a colonial cave dweller that usually
inhabits deep caverns, but also can be found in mines,
culverts, hollow trees, and unoccupied buildings. It
occupies a variety of habitats from high-elevation,
pine-oak woodlands to sparsely vegetated deserts. The
muzzle is greatly lengthened and this bat has a long
protrusive tongue, which is attached to the posterior
sternum. There are rows of hair-like projections that
cover the area near the tip of the tongue, which aid in
acquiring nectar. It emerges relatively late in the
evening to feed. It is an agile flyer, capable of quick
maneuvering and relatively high-speed flight. It makes
swooshing sounds as it flies and can fly straight up
while maintaining a horizontal body position. It feeds
primarily on nectar, pollen, insects, and soft, succulent
fruits of cactus during the non-flowering season.
When foraging at agaves, it crawls down the stalk,
thrusts its snout into the flowers, and licks nectar from
them with its long tongue, which can be extended up

to 7.5 centimeters (3 inches) and can reach nectar at the
base of the corolla of the flowers. It emerges from the
flowers covered with pollen and is an effective pollinator
of many cacti, agaves, and other plants. It gives birth to
one baby in April, May, or June. It is rare in the United
States.

Myotis grisescens, Gray Bat

The gray bat occupies cave regions of Arkansas, Missouri,
Kentucky, Tennessee, and Alabama, with occasional
colonies found in adjacent states. Gray bats are cave
residents year-round, but different caves usually are
occupied in summer and winter. Few have been found
roosting outside caves. They hibernate primarily in deep
vertical caves with large rooms acting as cold air traps (5-
11°C or 58-77°F). Summer roosts are often in caves with
domed ceilings capable of trapping combined body heat
from clustered individuals. Because of their specific
habitat requirements, fewer than 5% of available caves are
suitable for gray bats. Males and non-reproductive females
form bachelor colonies in summer. Gray bats primarily
forage over water of rivers and lakes. Moths, beetles, flies,
mosquitoes, and mayflies are important in the diet, but
gray bats also consume a variety of insects. Mating occurs
in September and October, and females enter hibernation
immediately after mating. Females store sperm through
winter and become pregnant after emerging from
hibernation. One baby is born in late May or early June,
and begins to fly within 20-25 days of birth. The life span
may exceed 14-15 years. About 90% of these bats
hibernate in only nine caves making them extremely
vulnerable to destruction.

Myotis sodalis, Indiana Bat

The Indiana bat occupies cave regions in the eastern
United States. They usually hibernate in large dense
clusters of up to several thousand individuals in sections
of the hibernation cave where temperatures average 3-6°C
(38-43°F) and with relative humidities of 55-95%. They
hibernate from October to April, depending on climatic
conditions. Females depart hibernation caves before males
and arrive at summer maternity roosts in mid-May. The
summer roost of adult males often is near maternity roosts,
but where most spend the day is unknown. Others remain
near the hibernaculum, and a few males are found in caves
during summer. Between early August and mid-
September, Indiana bats arrive near their hibernation caves
and engage in swarming and mating activity. Swarming at
cave entrances continues into mid- or late October. During
this time, fat reserves are built up for hibernation. When
pregnant, females eat soft-bodied insects; they eat moths
when lactating, and moths, beetles, and hard-bodied
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insects after lactation. Males also eat a variety of
insects. One baby is born in June, and is raised under
loose tree bark, primarily in wooded-streamside
habitat. Life spans of nearly 14 years have been
documented. The present total known population is
approximately 350,000, with more than 85%
hibernating at only nine locations making them
extremely vulnerable to destruction. Populations
continue to decrease in spite of recovery efforts.

Corynorhinus townsendii, Townsend’s big-eared
bat

This species occurs in western Canada, the western
United States to southern Mexico, and as a few
isolated populations in the eastern United States. They
hibernate in caves or mines where the temperature is
12°C (54°F) or less, but usually above freezing.
Hibernation sites in caves often are near entrances in
well-ventilated areas. If temperatures near entrances
become extreme, they move to more thermally stable
parts of the cave. They hibernate in clusters of a few
to more than 100 individuals. During hibernation, the
long ears may be erect or coiled. Solitary bats
sometimes hang by only one foot. Maternity colonies
usually are located in relatively warm parts of caves.
During the maternity period, males apparently are
solitary. Where most males spend the summer is
unknown. No long-distance migrations are known.
Like many other bats, they return year after year to the
same roost sites. It is believed that they feed entirely
on moths. Mating begins in autumn and continues into
winter, sperm are stored during winter, and
fertilization occurs shortly after arousal from
hibernation. One baby is born in June. Babies are

large at birth, weighing nearly 25% as much as their
mothers. They can fly in two and a half to three weeks and
are weaned by six weeks. Life span may be 16 or more
years. They are locally relatively common in the western
United States, but eastern populations (the Virginia and
Ozark big-eared bats) are endangered. It is believed that
fewer than 12,000 individuals exist in the eastern United
States.

SUMMARY

Bats comprise an extremely interesting and highly
beneficial segment of our fauna. They should be
understood and appreciated, not feared and persecuted.
Like many wild animals, they sometimes pose public
health problems or become nuisances by residing where
they are not wanted. However, their benefit as the only
major predator of night-flying insects greatly outweighs
their negative aspects. Although only seven U.S. bat
species or subspecies are listed as endangered, most
species seem to be steadily declining in number, some at a
rapid rate. Human disturbance to hibernating and
maternity colonies and the all too prevalent attitude that
“the only good bat is a dead bat,” have been important
factors in declining bat populations. Habitat destruction
and the use of pesticides and other chemical toxicants
have no doubt also taken a heavy toll, not only of bats, but
of many other fascinating and beneficial species as well.
The steady decline in bat numbers, as well as that of many
other species, represents much more than just a decrease
in a population of organisms. It reflects a steady decline in
our overall quality of life as well.
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Status of U.S. Bats

END = Endangered Species or Subspecies » SC = Of Special Concern

Mormoops megalophylla, Ghost-faced Bat
Macrotus californicus, California Leaf-nosed Bat
Choeronycteris mexicana, Mexican Long-tongued Bat
Leptonycteris curasoae, Lesser Long-nosed Bat
L. c. yerbabuenae, Lesser Long-nosed Bat
Leptonycteris nivalis, Greater Long-nosed Bat
Artibeus jamaicensis, Jamaican Fruit Bat
Myotis auriculus, Southwestern Bat
Myotis austroriparius, Southeastern Bat
Myotis californicus, California Bat
Myotis ciliolabrum, Western Small-footed Bat
Myotis evotis, Western Long-eared Bat
Myotis grisescens, Gray Bat
Myotis keenii, Keen’s Bat
Myotis leibii, Eastern Small-footed Bat
Myotis lucifugus, Little Brown Bat
M. I. occultus, Arizona Bat
Myotis septentrionalis, Northern Long-eared Bat
Myotis sodalis, Indiana Bat
Myotis thysanodes, Fringed Bat
Myotis velifer, Cave Bat
Myotis volans, Long-legged Bat
Myotis yumanensis, Yuma Bat
Lasionycteris noctivagans, Silver-haired Bat
Parastrellus (=Pipistrellus) hesperus, Western Pipistrelle Bat
Perimyotis (=Pipistrellus) subflavus, Eastern Pipistrelle Bat
Eptesicus fuscus, Big Brown Bat
Lasiurus blossevillii, Western Red Bat
Lasiurus borealis, Eastern Red Bat
Lasiurus cinereus, Hoary Bat
L. c. semotus, Hawaiian Hoary Bat
Lasiurus ega, Southern Yellow Bat
Lasiurus intermedius, Northern Yellow Bat
Lasiurus seminolus, Seminole Bat
Lasiurus xanthinus, Western Yellow Bat
Nycticeius humeralis, Evening Bat
Euderma maculatum, Spotted Bat
Idionycteris phyllotis, Allen's Big-eared Bat
Corynorhinus rafinesquii, Rafinesque’s Big-cared Bat
Corynorhinus townsendii, Townsend’s Big-eared Bat
C. t. virginianus, Virginia Big-cared Bat
C. t. ingens, Ozark Big-cared Bat
C. t. pallescens, Western Big-eared Bat
C. t. townsendii, Townsend’s Big-eared Bat
Antrozous pallidus, Pallid Bat
Molossus molossus, Pallas’ Mastiff Bat
Tadarida brasiliensis, Brazilian Free-tailed Bat
Nyctinomops femorosaccus, Pocketed Free-tailed Bat
Nyctinomops macrotis, Big Free-tailed Bat
Eumops glaucinus, Wagner's Mastiff Bat
E.g. floridanus, Florida Mastiff Bat
Eumops perotis, Greater Mastiff Bat
E.p. californicus, Western Mastiff Bat
Eumops underwoodi, Underwood’s Mastiff Ba

SC
SC

END
END
SC
SC
SC
END
SC
SC
END
SC
SC

SC
SC

END

SC
SC
SC

END
END

SC
SC

SC

SC

SC
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Bats of the Eastern United States
(East of the Mississippi)
(20 species)

FAMILY PHYLOSTOMIDAE —NEW WORLD LEAF-NOSED BATS
Artibeus amaicensis Jamaican fruit-eating bat (FL Keys only)

FAMILY MOLOSSIDAE - FREE-TAILED BATS

Eumops floridanus
Molossus molossus

Tadarida brasiliensis

Corynorhinus (=Plecotus) rafinesquii

Corynorhinus townsendii ingens and C.t. virginianus

Eptesicus fuscus
Lasionycteris noctivagans
Lasiurus borealis
Lasiurus cinereus
Lasiurus intermedius
Lasiurus seminolus
Myotis austroriparius
Myotis grisescens

Myotis leibii

Myotis lucifugus

Myotis septentrionalis (formerly M. keenii)
Myotis sodalis

Nycticeius humeralis

Perimyotis (Pipistrellus) subflavus

Florida bonneted bat (southern FL only)
Pallas’ mastiff bat (FL Keys only)

Mexican free-tailed bat

FAMILY VESPERTILIONIDAE - PLAIN-NOSED (VESPER) BATS

Rafinesque’s big-eared bat*
Ozark and Virginia big-eared bats*t
big brown bat*
silver-haired bat*

(eastern) red bat*

hoary bat*

northern yellow bat
Seminole batt

southeastern myotis*

gray myotis*t

small-footed myotis*

little brown myotis*
eastern long-eared myotis*
Indiana myotis*t

evening bat*

tri-colored bat (eastern pipistrelle)*

* range includes Kentucky
¥ vagrants can be found in Kentucky
tFederally Endangered Species and/or Sub-species

Source: Bat Conservation International. 2001. Bats in Eastern Woodlands, BCI, Austin TX, 301 pages. (electronic PDF copy available)
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Bat Anatomy

Yl / L Y Second Finger
Fifth Finger 72 SR L [

Third Finger

Fourth Finger

After: Schmidly, David J. The Bats of Texas. Texas A&M University Press, College Station, 188 pages.
(Drawing by Christine Stetter)
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Measurements Used in Species Identification Keys

Wing of a big brown bat (drawn semi-diagrammatically), labeled to show names of external parts and measurements
used in key to Texas bats. The inset drawing is an enlargement of the metacarpal-phalangeal join in an adult (B.) and
juvenile (A.) bat.

After: Schmidly, David J. The Bats of Texas. Texas A&M University Press, College Station, 188 pages.
(Drawing by Christine Stetter)
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Common Measurements of U.S. and Canadian Bat Species
Adapted with permission from: Lollar, A. and B.A.S. French. 1998. Captive Care and Medical Reference for the Rehabilitation
of Insectivorous Bats, 2002 (2™ Ed.). Bat World Publications, Mineral Wells, TX. 340 pages.

FAMILY MORMOOPIDAE

Species Name Common Name WT (g) | FA(mm) | WS (mm) | SOURCE

Mormoops megalophylla Peters’s ghost-faced bat 13-19 51-59 370 1

FAMILY PHYLLOSTOMIDAE

Species Name Common Name WT (g) | FA(mm) | WS (mm) | SOURCE
Artibeus jamaicensis Jamaican fruit-eating bat 50-60 58-59* i 5,6
Choeronycteris mexicana Mexican long-tongued bat 10-25 43-45 345 1
Leptonycteris curasoae Lesser long-nosed bat 18-30 51-56 380 3,2,3
Leptonycteris nivalis Mexican long-nosed bat 24 55-60 410 1
Macrotus californicus California leaf-nosed bat 12-20 47-55 340 3,2,3
FAMILY VESPERTILIONIDAE

Species Name Common Name WT (g) | FA(mm) | WS (mm) | SOURCE
Antrozous pallidus Pallid bat 12-17 48-60 353 1
Corynorhinus rafinesquii Rafinesque’s big-eared bat 7-13 40-46 270 1
Corynorhinus townsendii Townsend’s big-eared bat 7-12 39-48 293 1
Eptesicus fuscus Big brown bat 13-20 42-51 325 1
Euderma maculatum Spotted bat 16-20 48-51 365 1
Idionycteris phyllotis Allen’s big-eared bat 8-16 43-49 310-350 3,2,2
Lasionycteris noctivagans Silver-haired bat 8-12 37-44 289 1
Lasiurus blossevillii Western red bat 10-15 39-42 295 1
Lasiurus borealis Eastern red bat 10-15 35-45 312 1
Lasiurus cinereus Hoary bat 20-35 46-58 400 1
Lasiurus ega Southern yellow bat 10-15 45-48 345 1
Lasiurus intermedius Northern yellow bat 18-24 45-56 370 1
Lasiurus seminolus Seminole bat 10-15 35-45 300 1
Lasiurus xanthinus Western yellow bat 10-15 45-48 335-355 8,2,2
Myotis auriculus Southwestern myotis 6-9 37-41 270 8,2,2
Myotis austroriparius Southeastern myotis 5-7 36-41 254 1
Myotis californicus Californian myotis 3-5 29-36 220 1
Myotis ciliolabrum Western small-footed myotis 4-5 30-36 242 1
Myotis evotis Long-eared myotis 4.2-8.6 36-41 275 4,22
Myotis grisescens Gray myotis 7.9-13.5 40-46 275-300 7,2,2
Myotis keenii Keen’s myotis 4-5.9 32-39 228-258 4,22
Myotis leibii Eastern small-footed myotis 4.1-5.5 30-36 212-248 7,2,2
Myotis lucifugus Little brown myotis 7-9 34-41 239 1
Myotis occultus Arizona myotis 7-9 34-41 239 1
Myotis septentrionalis Northern myotis 5-9 32-39 241 1
Myotis sodalis Indiana myotis 7-7.5%* 35-41 240-267 7,2,2
Myotis thysanodes Fringed myotis 6-11 39-46 285 1
Myotis velifer Cave myotis 15 37-47 296 1
Myotis volans Long-legged myotis 5-9 35-41 267 1
Myotis yumanensis Yuma myotis 4-6 32-38 225 1
Nycticeius humeralis Evening bat 5-7 33-39 263 1
Parastrellus hesperus Western pipistrelle 3-6 27-33 190 1
Perimyotis subflavus Eastern pipistrelle 4-6 31-35 237 1
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FAMILY MOLOSSIDAE

Species Name Common Name WT (g) | FA(mm) | WS (mm) | SOURCE
Eumops glaucinus Wagner’s bonneted bat 30-478 57-66 470 7,2,2
Eumops perotis Greater bonneted bat 65 72-82 550 1
Eumops underwoodi Underwood’s bonneted bat 53-61 65-77 500-540 1
Molossus molossus Pallas’s mastiff bat 12-15 36-41 t 55
Nyctinomops femorosaccus | Pocketed free-tailed bat 10-14 44-50 345 1
Nyctinomops macrotis Big free-tailed bat 24-30 58-64 426 1
Tadarida brasiliensis Mexican free-tailed bat 11-14 36-46 301 1

This table is intended only as a very general guideline. The information was derived from a diversity of sources including some
compiled from regional data only. For detailed information on these species, see Kunz (In press.) and Tuttle (In press.).

For bats found in the state of Texas, information was taken from (1) Schmidly, 1991.

For bats not found in the state of Texas, information was taken from: (2) Barbour and Davis, 1969, (3) Nowak, 1994, (4)
Nagorsen and Brigham, 1993; (5) Emmons, 1990; (6) Eisenberg, 1989; (7) Mammalian Species Accounts; (8) Personal
communications with researchers.

*58.18mm mean for males; 58.89mm mean for females.

**7.1g average winter weight for males; 7.4-7.5g average winter weight for females.
8 There is one record of 55.4qg for a pregnant female of this species.

t Information not available from reference sources used.
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Key to the Bats of the Eastern United States
(East of the Mississippi River)

A mm ruler is required to use this key. Select the appropriate alternative from each couplet (starting with 1a and 1b).
Follow the number for the next pair of choices at the end of each statement, repeating the process until a name is
reached instead of a number. Ear length is measured from the notch at the base of the ear to the ear tip. Forearm
lengths (FA) are measured from wrist to elbow. (Information enclosed in parentheses is helpful but not essential.)

la.
1b.

2a.
2b.

3a.
3b.

4a.

4b.

5a.

5b.

6a.
6b.

Ta.

7b.

8a.
8b.

9a.

9b.

10a.

10b.

11a.

11b.

Nose-leaf present (bat capture location is within flight range of Florida Keys)................ Artibeus jamaicensis
N LT F=T o1 T=T o S SS 2

Tail extends at least 1/3 its length past the terminal edge of tail membrane and appears thick and robust ...18

Tail may extend past the terminal edge of tail membrane, but only slightly and is tiny ..........cccocc i, 3
e G ] 0 T 0] 0| (=T U] OSSR S 4
Ears 18SS than 25IMM ..ottt sttt et ettt e e st e ee et e ene e e e saeeteeneenaeseeeneeneenaeaneens 5

Ear length 30-39mm, forearm 39-48mm, ventral fur tipped in tan, hair on toes short, does not extend past

(o] - TS Corynorhinus townsendii
Ear length 28-38mm, forearm 39-48mm, ventral fur tipped in white, hair on toes long, extends well past

(o] - TS Corynorhinus rafinesquii
Dorsal surface of tail membrane (TM) partially or entirely fUrred..........cccoiiiie i 6
Dorsal surface of tail membrane (TM) UN-FUITEA .........ccoo i 10

Dorsal surface of TM furred on basal half; no white fur on wrists (FA 37-44mm) ..Lasionycteris noctivagans
Dorsal surface of TM completely furred; white patches of fur on Wrists present .........cccoccevievieiievieviesinennens 7

FA > 45 mm (46-58mm); dorsal fur multi-colored yellowish and dark grayish, heavily tipped with white;

fur around throat cream colored; ears light with contrasting black edges........c.ccccoevevvennnenn. Lasiurus cinereus
FA < 45 mm; short rounded ears without contrasting black edges..........ccccveiieii i 8
Dorsal fur tipped in white, white patches at elbow, wrist, and thumb...........c.ccccoviiiiii i 9
Dorsal fur mono-chromatic, no white patches at elbow, wrist, or thumb......................... Lasiurus intermedius

Dorsal fur deep mahogany colored, tipped with white in females and first year males; muzzle and face

dark brownish (FA=35-45IMM) ......ooiiiiiiiiiie et Lasiurus seminolus
Dorsal fur reddish orange (males) or reddish to yellowish brown (females) w/whitish tips; muzzle and
face light (same color as fur), FA = 36-43MM) ......ccooviiiiiiiieieeeee e Lasiurus borealis

Dorsal fur tri-colored when parted; dorsal surface of forearm reddish orange in sharp contrast to darker
color of wing membrane; tragus bluntly shaped; FA 31-35 mm....... Pipistrellus (NDA Perimyotis) subflavus
Dorsal fur uni-colored or bi-colored, dorsal surface of forearm about same color as wing membranes.......... 11

Dorsal fur uni-colored, individual hairs on dorsal surface uniformly colored and grey from base to tips,
forearm 41-46mm; ears grey and same color as fur, 13-16mm inlength.........ccccoooveiinennnnn Myotis grisescens
(DT £s7: U (VT g o] B oo o] {1 TP P T POPR 12
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12a.
12b.

13a.

13b.

14a.
14b.

15a.

15b.

16a.

16b.

17a.

17b.

18a.

18Db.

19a.
19h.

Forearm 44 mm or larger (42-51mm), first upper pre-molar at least half as tall as canine....... Eptesicus fuscus

Forearm 41 mm or smaller, first upper pre-molar less than half as tall as canine ...........cccocccevvvievicvievnennn, 13
] 7a. Premolar less than 7b. Premolar lessthan %
6a. Premolar % astall as astall as canine, Nycticeius astall as canine, Myotis sp.
canine, Eptesicus fuscus humeralis

Tragus wide and blunt; premolar one-fourth to one-third as tall as adjacent canine; FA 33-39 mm, body

fur brown (calcar NOt KEEIEA) .......ooviiiece e e Nycticeius humeralis
Tragus narrow and sharply pointed; premolar < one-fourth as tall as adjacent canine (sometimes too

small to be easily seen), body fUr BrOWN OF Gray .......ccociiiiiiiie e e e 14
LOF: 1 or= Vgl 2T Lo TP 15
LOF: 1 or= Vg U] =TT T SRR 16

Distinctive black face mask; body fur much lighter, typically light golden brown, sometimes medium

brown; calcar keeled; foot about 8 mm long; FA 30-36 MM .......cccociiiiiiieni e Myotis leibii
No distinctive black face mask (though facial fur may be slightly darker than body fur); calcar keeled
body fur uniformly brown or gray, no or very short hairs on toes, forearm 35-41mm ................ Myotis sodalis

Ears 14-19mm, extending approximately 4mm past nose when laid forward; forearm 32-39mm (no keel)......
.......................................................................................................................................... Myotis septentrionalis

Fur wooly and highly variable in color, slate gray above, with white belly (in new molt) often fading to
brownish gray or bright rusty red above and whitish tan below by mid-summer; individual body hairs are
bi-colored especially on the dorsal surface with whitish tan tipped belly hairs with sharply contrasting

0] F 08 S o P Tyl AN 1S T B A 1 o ¢ R Myotis austroriparius
Fur smooth and glossy, brown above with tan belly; individual body hairs are bi-colored, even on ventral

surface and darker at bases, but never black, but lighter at tips; FA 34-41 mm...........cccoeveee. Myatis lucifugus
Deep vertical wrinkles on upper lips (FA36-46MM) ......ccooviiiiiiieiiiiee e Tadarida brasiliensis
NO vertical WINKIES 0N UPPEE TIPS ..ottt nre e 19
Forearm > 50mm (FA 57-66; bat capture location is near Florida Keys)..........cc.ccoevrvenenne. Eumops floridanus
Forearm < 50mm (FA 36-41mm; bat capture location is in southern Florida)..................... Molossus molossus

Ilustrations: bat skulls—Hall, E.R., 1981. The Mammals of North America, Volume 1, John Wiley and Sons, New York, 600pp.
bat calcars— Christine Setter in Schmidly, D.J., 1991. Bats of Texas, Texas A& M University Press, 188pp.
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Annotated Key to the Hibernating Bats of the Northeast
(using non-handling methods of identification)

Finally, a bat key to the hibernating bats of Pennsylvania! This key is for cavers to use to try and familiarize
themselves with the bats of PA and other Northeastern states. 1T IS NOT SCIENTIFIC. It is a somewhat subjective way
to identify bats, as most of the key characteristics require handling of the bat. Of course, looking closely at a bunch of bats
will help anyone become more familiar with the subjective characteristics.

Characteristics which require the handling of bats are not included here, and is generally discouraged. Handling of
bats should only be done by someone who has been vaccinated for the rabies virus and has a permit to handle live bats.
Remember, it is against state law to handle hibernating bats in Pennsylvania (and in many other states)! On the other hand,
it is beneficial for all cavers to know what species of bats are hibernating in the different caves. This key is designed to
help cavers become familiar with the hibernating bats, and to identify them to species.

This key is designed to fit on the front and back of a single sheet of paper. It is recommended that the user copy this
key double sided onto a single sheet, and laminate it against water damage. This way, a caver may take the key caving
without destroying it.

Lastly, the key includes a bit of the ecology of each bat species. This is by no means an exhaustive account of the
ecology of the species. It is merely to help sort out the bats based on their preference of temperature, desire to cluster, and
typical in-cave habitat during the winter.

Anyone using this key can become reasonably proficient at identifying hibernating bats, but remember, there will
always be a few individuals, which do not clearly fit the mold. Also, if you find you are caving amongst hundreds of bats,
you should probably find out if the large hibernaculum is known to the bat researchers. There are only a dozen or so caves
in PA known to have more than a hundred hibernating bats, but we are always looking for more.

Keith Christenson, Pennsylvania Game Commission 1997

la. FA dark and uniform in color, possessing no more than a slightly orange streak along its length...................... 2
1b. FA has distinctive orange stripe along its length, often visible from up to ten feet. ........... Perimyotis subflavus

DESCRIPTION The Eastern Pipistrelle (NDA “tri-colored bat”) is a small bat, with a forearm length averaging only 33 mm. They
are usually a tawny brown color, but can range anywhere from blonde to brown to nearly auburn. They have a short, blunt tragus.

ECOLOGY Found in many caves in the winter, the Eastern Pipistrelle prefers warmer areas in caves, and often is seen covered
with condensation. They usually hibernate individually, rarely in clusters.

2a. Tragus thin and somewhat pointed, FA < 39 MM. ..o et sreesree e 3

2b. Tragus broad and rounded, FA > 39 mm, fur chestnut brown and luxurious, muzzle broad ...... Eptesicus fuscus
DESCRIPTION The Big Brown Bat is the largest hibernating bat in PA, and can often be identified solely by its size and long,
luxurious brown fur. The broad muzzle and blunt tragus help distinguish it from all other PA cave bats. The ears are relatively short.

ECOLOGY One of the hardiest bats known, the Big Brown Bat prefers to hibernate in only the coldest areas of caves, usually
near the entrance or in a cold air trap. It will often wait until the first blizzard of the year before entering into hibernation, and
has been shown to be able to survive sub-freezing temperatures for prolonged periods. They will occasionally hibernate in
clusters, but are usually found in groups of three bats or less.

3a. Bats hibernate individually or in clusters, but clusters are not intensely tight, most all clustered bats are visible,
including head and part of the DACK TUF. .........coi i 4

3b. Bats hibernate in extremely tight cluster, only noses, ears, and wrists visible. ...........cccccevevernnee. Myotis sodalis
DESCRIPTION Only a very experienced person can distinguish an Indiana Myotis from a Little Brown Myotis without handling it.
With careful observation it may be possible to notice the hairs on the feet, which do not extend beyond the toes of the Indiana Myotis.
Some researchers also suggest that the lips of the Indiana Myotis are slightly more pinkish.

ECOLOGY The Indiana Myotis is known to hibernate only in very cold areas, yet not near any entrances. There fore, they are
found only in cold air sinks within the cave. They cluster so tightly that often only the individual bat’s noses are visible.
Additionally, they are highly prone to disturbance, and the entire cluster can wake up with only a minor disturbance. Most
reported sightings of Indiana Myotis turn out to be Little Brown Myotis.
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4a. Bat does not appear to be very small, and when looking directly into its face there is no obvious raccoon-like

Mask formed DY €ars and MUZZIE ........coiviiieiece e te e te e be e e e e e aeesteeneeenteanneas 5
4b. Bat appears small with a raccoon-like mask extending from ear to ear. Ears are slightly large for such a small bat.
oYL LI T | USSR Myotis leibii

DESCRIPTION The Small-footed Myaotis is PA’s smallest bat. It is characterized by its size, as well as the black facial mask, and
small feet. The dorsal fur tends to be a pale yellowish brown to golden brown. Belly hair is buff to whitish.

ECOLOGY This bat hibernates in only in the coldest of cave areas, and often prefers very tight cracks. If the cave temperature is in
the low to mid 40’s, you may find this bat hibernating out in the open, but it usually can only be found very near cave entrances, often
jammed into cracks only one quarter-inch wide. They will hibernate in clusters only if the thin cracks can accommodate several bats
at once. In the open, they are usually alone.

5a. Ears ~ 2 millimeters longer than most PA bats, and would extend beyond the nose if laid straight. Tragus long,

pointed and dagger shaped; usually >1/2 length of the ear. ........ccccccvev v Myotis septentrionalis
DESCRIPTION The Northern Long-eared Myotis looks similar to the Little Brown Myotis and Indiana Myotis, but has a longer,
more pointed tragus and longer ears. The ears will usually extend beyond the nose about 2 millimeters if laid flat. Also, the ears

often look more ‘mulish’.

ECOLOGY This bat almost always hibernates individually, and often prefers the small recesses of caves. Seldom hibernating in
tight cracks, this bat can usually be found in the folds of drapery formations, and sometimes out in the open. It seems to prefer
colder areas more so than warmer ones.

5b. Ears only to nostrils, if laid flat, well furred face, dark to buff brown in color with a rather pale underside, tragus

is more blunt than pointed, and usually <1/2 length of ear. .......c.cccceeveviiiiic i, Myotis lucifugus
DESCRIPTION Often, the Little Brown Myotis is identified by process of elimination. It has a well-furred face, and is dark to buff
brown in color. The underside is somewhat pale, usually grayish. The ears are relatively short and dark brown. The forearm is dark,
but may have a slight reddish-pink tinge to it.

ECOLOGY The Little Brown Myotis is the most common bat, which hibernates in Pennsylvania and throughout most of the
northeast (prior to the spread of White-nosed syndrome (WNS) in bats. It will hibernate singly or in groups of up to several
hundred, although not as tightly as the Indiana Myotis. It will use warmer roosts, but prefers cave temperatures to be in the 40’s
Fahrenheit. It can sometimes be observed soaking wet, which does not affect it while hibernating.
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Key to the Myotis of the Eastern U.S.
(presented in order of size; from largest to smallest)

SPECIES FOREARM EAR SIZE (MM) KEELED ADDED
LENGTH AND COLOR CALCAR? CHARACTERISTICS
ra The largest of the eastern
Short (9-15), dark, mono%hryo,matic Myotis. Wing-membrane
grisescens 40-46 mm though often lighter no (unlike all attaches to the foot at the
at base near eye . ankle instead of at base of toes
other Myatis) ) X
as in all other Myotis.
i light gray to Ventral fur is often much
(Srrr:g:(t:k(rlblof)fupr?l?as dark russet lighter tan with distinct
austroriparius 36-41 mm shortest bIL)J/ntest, no brown, often | whitish tips. Fur color is
traqus o,f the Mvotis black at the extremely variable, depending
9 y base upon age and molt.
Short (9-14), Fur is shorter and woollier
sodalis 35-41 mm rounded and dark yes Woolv brown than other Myotis. Muzzle and
(match body fur can be slight y lips appear pinkish, especially
color) when viewed head-on.
Short (10-15), often Fur is longer and glossier.
. i ' Tips appear reddish. Muzzle
lucifugus 34-41 mm gglrlgfr than body fur no glossy brown and ears darker than fur, but
not black.
. Long ears extend past the
h)%ng c(i?le?)st\g 'ﬂ; d light brown to | nose when laid forward.
septentrionalis 32-39 mm tra gu’s %ﬁ’e mat(l?h no pale gray- Distinct, well-organized
furgcoioF; ' brown, lax horizontal striations on ventral
surface of tail-membrane.
Face, ears, wings, and
Sgrokrt r(lgailll r%rg)c’k o pale yellowish- | membranes are very dark
leibii 30-36 mm form]in “n¥ask” V\}ith ro?/ninent brown to light | brown to black, and when
dark m%zzle P golden brown | viewed straight on, mask is
very distinct.

The small bats below are often confused with Myotis by novices. Their characters are listed here. Both have

blunt tragi, distinct pre-molars, and are in different genera; thus, should never be confused with Myotis.

Short (11-15), dark

dull, medium

Fur often appears shiny. In

color

Nyctlcelgs 33-39 mm (darker than body fur no brown to dark ge'n(?ral, bat.looks like a
humeralis color), rounded b miniature big brown bat
rown .
tragus (without a keeled calcar).
Fur is distinctly tri-colored
Pivistrellus Short (11-14.5), no ale vellow- with hairs dark at the base,
P X rounded, blunt S pa'e y light in the center, and darker
(Perimyotis) 31-35mm exceeds tibia in | orange to dark -
tragus, match fur : at the tips. Forearms are
subflavus length reddish brown

pinkish in contrast to dark,
nearly black wing membranes.

Sources: Barbour, R.W. and W.H. Davis. 1969. Bats of America. University Press of Kentucky, Lexington, 286 pages.
Nowak, R.M. 1994. Walker’s Bats of the World. Johns Hopkins University Press, Baltimore, MD, 287 pages.
Schmidly, D.J. 1991. The Bats of Texas. Texas A&M University Press, College Station, 188 pages.
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Roosting Patterns of U.S. and Canadian Bat Species
Adapted with permission from: Lollar, A. and B.A.S. French. 1998. Captive Care and Medical Reference for the Rehabilitation
of Insectivorous Bats, 2002 (2nd Ed.). Bat World Publications, Mineral Wells, TX. 340 pages.

FAMILY MORMOOPIDAE

Species Name Common Name Hib? Roosting Patterns
, Do not cluster. Individuals roost about 6” apart in groups of up to
Mormoops megalophylla Peters’s ghost-faced bat No hundreds of thousands; in caves, mines, and rarely buildings
FAMILY PHYLLOSTOMIDAE
Species Name Common Name Hib? Roosting Patterns
Cluster in small bachelor groups or groups that include one male &
Artibeus jamaicensis Jamaican fruit-eating bat No several females. Several of these groups of males & their harems
may roost in the same cave. Roost in tree hollows, foliage, & caves.
Do not cluster. Individuals roost about 1-2” apart. Roost in groups
Choeronycteris mexicana Mexican long-tongued bat No of up to several dozen in caves & mines & occasionally in other
shelters such as buildings.
Cluster in groups of up to thousands. Generally found during the
Leptonycteris curasoae Lesser long-nosed bat No day in mines & caves, but may rest during the night in open
buildings such as barns & carports.
Leptonycteris nivalis Mexican long-nosed bat No Cluster in groups of up to thousands in mines & caves.
Do not cluster. Roost in groups of up to a hundred. Roost in
Macrotus californicus California leaf-nosed bat No abandoned mines and rock shelters during the day, but can also
roost during the night in open buildings, bridges, mines.
FAMILY VESPERTILIONIDAE
Species Name Common Name Hib? Roosting Patterns
Cluster in groups of up to hundreds. During the day use rock
Antrozous pallidus Pallid bat Yes crevices & buildings, but also sometimes in mines, caves, & hollow
trees; night-roost in rock shelters, open buildings, bridges, & mines.
Corynorhinus rafinesquii Rafinesque’s big-eared bat Yes Cluster in groups of up tq 100 in buildings, behind bark, & in
hollow trees, caves, & mines.
Do not cluster. Roost in groups up to 1,000 although generally
Corynorhinus townsendii Townsend’s big-eared bat Yes found in fewer numbers. Roost in caves & mines but are also found
in buildings in the west where they night-roost in open buildings.
Cluster in groups of up to hundreds; in buildings, bridges, & behind
. . shutters. Have been found roosting in rock crevices, swallow nests,
Eptesicus fuscus Big brown bat Yes - R .
hollow trees, & saguaros. In winter found roosting in caves, mines,
quarries, & storm sewers.
Euderma maculatum Spotted bat Yes C_Iuster_ing information not avai_lable. Roost in cracks & crevices of
high cliffs and canyons & possibly caves.
Idionycteris phyllotis Allen’s big-eared bat 8 Cluster in groups of up to 100 in caves, rock shelters, & mines.
Do not cluster. Solitary; roost behind loose bark, but have been
Lasionycteris noctivagans Silver-haired bat Yes found in buildings, mines, woodpecker holes, & bird nests. Found
during migration in open buildings, lumber piles, & fence posts.
Lasiurus blossevillii Western red bat Yes Do not cluster. Solitary; roost in tree foliage.
Lasiurus borealis Eastern red bat Yes Do not cluster. Solitary; roost in tree foliage. Hibernate in leaf litter.
Lasiurus cinereus Hoary bat Yes Do not cluster. Solitary; roost in tree foliage
Lasiurus ega Southern yellow bat 8 Do not cluster. Solitary; roost in leafy vegetation.
Lasiurus intermedius Northern yellow bat § Do not cluster alth(_)ugh at least femal_es appear to be colonial.
Several may roost in same tree, Spanish moss, & palm leaves.
Lasiurus seminolus Seminole bat Yes Do not cluster. Solitary; roost in Spanish moss.
Lasiurus xanthinus Western yellow bat Yes Do not cluster. Solitary; roost in mostly dry leafy vegetation.
. . - Do not cluster. Roost in buildings & caves but also will form
Myotis auriculus Southwestern myotis 8 . .
colonies of up to 40 or more in tree hollows.
Cluster in groups of up to thousands. Roost in caves, buildings, &
Myotis austroriparius Southeastern myotis Yes hollow trees, although in winter they are also found in bridges,

storm sewers, road culverts, & drain pipes
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Species Name Common Name Hib? Roosting Patterns
Cluster in small groups in mines, caves, rock crevices, hollow trees,
Myotis californicus Californian myotis Yes beneath loose bark, bridges & in open shelters such as garages,

barns, houses, sheds, & porches.

Cluster in groups of up to 50 in mines, caves, buildings, &

Myotis ciliolabrum Western small-footed myotis Yes sometimes beneath loose bark.

. . . Do not cluster. Roost in groups of up to 30 in sheds, cabins, beneath
Myotis evotis Long-eared myotis ves bard, & in rock piles. Night-roost in caves.
Myotis grisescens Gray myotis Yes Cluster in groups of up to thousands mainly in caves, although one

maternity colony was found in a storm sewer.

Myotis keenii Keen’s myotis Yes Do not cluster. Solitary; roost in tree cavities, cliff crevices.

Cluster in groups of up to 50 in mines, caves & beneath rock slabs

Myotis leibii Eastern small-footed myotis Yes in quarries. Maternity colonies found in buildings.

. . . . Cluster in groups of up to thousands in mines & caves. In summer
Myotis lucifugus Little brown myotis Yes may also be found in buildings, bridges, & under bark.
Myotis occultus Arizona myotis Yes Clustering is unknown. Maternity colonies found in buildings & a

bridge. Scant hibernating records have all been in mines.

Small clusters of up to 30 have been found in maternity colonies;
Myotis septentrionalis Northern myotis Yes though generally roost singly in mines, caves, buildings, and
beneath bark.

Cluster in groups up to 100,000 in caves though maternity colonies

Myotis sodalis Indiana myotis Yes use hollow trees. Also found in bridges & beneath loose bark.
Myotis thysanodes Fringed myotis Yes glilljls(.jtlenrglsn groups up to 300 in caves, mines, rock crevices, &
Myotis velifer Cave myotis Yes Cluster in thousands in caves, mines, and sometimes buildings.
Myotis volans Long-legged myotis Yes Cluster in groups of up to hundreds in buildings rock crevices and

trees; night roost in mines and caves.

Cluster in groups of up to thousands in maternity colonies; adult
Myotis yumanensis Yuma myotis Yes males typically solitary; roost in buildings, under bridges, & in
caves & mines.

Cluster in groups of up to several hundred in buildings, tree

Nycticeius humeralis Evening bat Yes cavities, & behind loose bark.

Do not cluster; relatively solitary, though maternity colonies of up
Parastrellus hesperus Western pipistrelle Yes to a dozen bats have been found in rock crevices and behind
shutters. Roost in buildings, mines, and caves.

Do not cluster; relatively solitary, though small maternity colonies
Perimyotis subflavus Eastern pipistrelle Yes of up to 30 individuals have been found. Roost tin Spanish moss,
caves, mines, rock crevices and buildings.

FAMILY MOLOSSIDAE

Species Name Common Name Hib? Roosting Patterns

Eumops glaucinus Wagner’s bonneted bat No Clustering unknown. Found in groups of up to 8 individuals.

Cluster in groups of less than 100 in cliff crevices, rocky canyons,

Eumops perotis Greater bonneted bat No & sometimes buildings

Clustering information unknown. Have been found roosting in

Eumops underwoodi Underwood’s bonneted bat No small groups in buildings & tile roofs.

Molossus molossus Pallas’s mastiff bat No Cluster in hundreds in tree hollows, rock piles & buildings.

Cluster in groups of up to 100 in crevices of rocky out-crops &

Nyctinomops femorosaccus | Pocketed free-tailed bat No have also been found in tile roofs.
Nyctinomops macrotis Big free-tailed bat No Clustering information unknown. Roost in rock crevices.
Tadarida brasiliensis Mexican free-tailed bat No glﬁﬁ:jmg%roum of up to several million in caves, mines bridges,

This table is intended only as a very general guideline. 8 Information not available from reference source used.
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Variation in the Cave Environment and its Biological Implications
by Merlin D. Tuttle and Diane E. Stevenson
National Cave Management Symposium Proceedings, 1977 (R. Zuber, J. Chester, S. Gilbert and D. Rhodes, eds.),
pp.108-121. Adobe Press, Albugquerque, NM.

INTRODUCTION

Constancy of the cave environment has too often been
assumed and emphasized. The most common
generalization is that cave temperature varies only
near entrances (the variable temperature zone) while
that of a cave is constant (the constant temperature
zone), with temperature closely approximating the
local mean annual surface temperature. Humidity also
is often considered to be near saturation and relatively
invariant. These generalizations are true in some
cases. Certainly, the cave environment is buffered in
relation to the outside environment. Overall temporal
and spatial variation of temperature and humidity
among and within caves, however, is far greater than
is generally suspected, and even a small amount of
such variation can have great impact on cave faunas
(Jegla and Poulson, 1969; Juberthie and Delay, 1973;
Delay, 1974; Juberthie, 1975; Poulson, 1975; Tuttle,
1975, 1976; Wilson, 1975; Peck, 1976).

Although literature  demonstrating considerable
variation exists, it is scattered, often in foreign or
little-known publications, and sometimes is authored
by laymen who publish only once on the subject.
Consequently, few individuals, even among
biospeleologists, are adequately aware of much of the
available literature and its biological implications.
Another source of confusion has been the fact that
many authors, while presenting a thorough discussion
of one or more variation-producing factors, still have
opened or concluded with general statements about
the constancy of the cave environment.

Despite the confusion, in the existing literature a
variety of factors-such as number, size, and position
of entrances, passage size, contour and slope, overall
cave volume, distance of greatest volume from
entrances, amount and seasonal timing of entry of
surface water, air flow, and the annual range of
outside temperature-have been noted to strongly
influence cave temperature and humidity (see
Halliday, 1954; Moore and Nicholas, 1964; Plummer,
1964; Cropley, 1965; Geiger. 1965; Peters, 1965;
Vandel, 1965; Conn, 1966; Barr, 1968, Daan and
Wichers, 1968).

This paper integrates current knowledge of the cave
environment with particular emphasis on air flow and
temperature; it presents some of our data on the subject,
and discusses the importance of such information to
biological research and cave management. We believe that
familiarity with factors influencing cave environments can
be highly useful in biospeleology and cave management,
both for the generation of hypotheses and predictions in
ecological and distributional studies and for predicting the
biological uniqueness and potential of any given cave
under investigation.

METHODS

From 1960 to 1975 the senior author visited several
hundred caves, primarily in Alabama, Florida, Tennessee,
and Virginia, and recorded temperatures at hundreds of
winter and summer roosts of the gray bat (Myotis
grisescens). Temperature and humidity readings were
recorded using a Bendix Psychron motor-driven
psychrometer. Since gray bats prefer caves that provide
the greatest possible deviations from mean annual surface
temperatures, the caves visited during these bat studies
provided examples of strikingly different structures and
temperature regimes. Many other caves, not used by gray
bats, provided additional comparisons.

From the winter of 1975-76 through the winter of 1976-77
a more detailed study of cave temperature was conducted.
Thousands of temperature measurements were made in 25
caves and mines from Wisconsin to Florida, in an effort to
test the predictions generated incidental to the previous bat
studies. A quick, accurate temperature measuring device
was essential, and a Bailey Thermalert, Model TH-2
digital readout thermometer with a 1-mm diameter
thermister probe was used initially. Testing in controlled
water baths at temperatures of 0-30°C demonstrated
precision of +/-0.1°C. However, accuracy under field
conditions varied with the temperature of the instrument
itself, forcing one to carry it beneath one's coveralls and to
repeatedly recalibrate against a laboratory-tested Wesco
mercury thermometer. Though readings could be made in
only a few seconds, accuracy with the Thermalert in the
field was only +/-0.3°C.

Accuracy was greatly improved with the purchase of an
IMC Digital Thermometer, Model 2100 (produced by
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IMC Instruments, Inc., Glendale, Wis.), with a range
of -40° to +250°F. This thermometer proved far more
suitable for use in caves. It weighed only about 500g,
(including batteries), was extremely sturdy, provided
accuracy and precision of +/-0.1°F, and continued
such reliability over an instrument temperature range
of 0 to 110°F. Using a sensor probe 2.2 mm in
diameter, this instrument had a response time of 3
seconds in liquids, 30 seconds or less in air, and from
45 seconds to several minutes (depending on density
of solid) for surfaces. Most air and wall temperatures
reported in this paper were taken with this instrument.

Although the data are not presented here, gross daily
and seasonal temperature variation was recorded in
five cases using Weksler maximum/minimum
thermometers, and 24-hour comparisons between
inside and outside temperatures were made using
Bacharach Tempscribe recording thermometers, in
order to verify our findings. Mean annual surface
temperatures (MAST) were obtained from U.S.
Department of Commerce (1975a-c) publications. A
steel tape or, for the longest distances, a Model 100
Optical Tapemeasure (produced by Ranging Inc.,
Rochester, N.Y.) were used for cave measurements.

Data from only a few representative caves in the study
could be included here, but the omitted observations
agree well with those selected for discussion.

FACTORS THAT INFLUENCE CAVE
TEMPERATURE

Conduction from Cave Walls

If one surface of a very large limestone block were
exposed to a seasonal cycle of temperature, “it may be
predicted that its interior temperature would remain
very close to (mean annual surface temperature
(MAST)] within a very few feet of its surface.” A time
lag in temperature adjustment of approximately 7 days
for every foot of depth produces this constancy
(Cropley 1965). Cropley described as Zone 111 an area
of a cave where isolation from outside conditions is
such that “no temperature variations occur except
those that are initiated by the conduction of heat from
the surface through the cave roof.” Although this is
the characteristic of the constant temperature cave of
popular legend, he found no instance of a “true Zone
Il location,” but concluded that relatively isolated
rooms “are sufficiently common that the legend is
perpetuated.” The main effect of cave wall conduction
will be seen to be the tendency to gradually return
differing air or water temperatures to mean annual

surface temperature--the more isolated from outside
influences an area is (whether by distance or physical
barriers) the more nearly its temperature will approximate
MAST.

Geographic Location

Vandel (1965) listed geographical location and altitude as
important factors affecting cave temperature; their major
influence is on the range and mean of the annual surface
temperature and on standard barometric pressure. Since
the amount of wvariation from mean annual surface
temperature that can be achieved in any given cave is
directly proportional to the annual range of surface
temperature (see discussion below), caves in tropical
regions would be expected to exhibit only the slightest
deviations from MAST. To a lesser extent, fluctuations
also should be reduced in caves on islands, peninsulas, or
even in coastal areas. Within a given area, cave entrances
on north versus south slopes, those at different elevations,
and those on exposed surfaces versus in deep, protected
valleys or sinks will face different means and ranges of
surface temperature, which often result in detectable
differences in internal temperatures.

Another geographic factor is the nature of the geological
structure present; caves of certain configurations may
exist primarily in certain areas. Barr (1961:13)
documented the existence of strong geographic tendencies
in the distribution of caves of “essentially horizontal”
versus “steeply or moderately inclined beds.” Such
structural tendencies would be expected to be reflected in
geographic trends in cave temperature and humidity. This
in turn may have important zoogeographic implications.

Water Circulation

In order for internal temperatures to vary above or below
mean annual surface temperature, a cave must have a
route of communication with the temperature fluctuations
of the outside atmosphere. With cave wall conduction
exerting only infinitesimal effect extremely short distances
from the surface, the two main routes of communication
are circulation of air and water. Water is most likely to
cause deviations from mean annual surface temperatures
when it enters directly from the surface in seasons when
surface temperatures deviate farthest from the mean
annual temperature (Cropley, 1965) or, in rare instances,
when it enters from thermal springs (Geiger, 1965).
Flooding, as noted by Barr (1968), can produce sudden
and pronounced temperature changes and can play a vital
role in triggering reproduction of aquatic troglobites
(Poulson and Smith, 1969; Jegla and Poulson, 1970). The
“disrupting” influence of outside water will, of course, last
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only until it has flowed a distance sufficient to allow it
to reach thermal equilibrium with the cave walls.

Air Circulation

Although exceptions do occur, the impact of air
circulation in caves is generally far greater than that of
water, if for no other reason than the fact that whereas
most known caves have some air circulation (those
isolated by water sumps being an exception), a much
smaller proportion have major water circulation. The
four main causes of air circulation affecting cave
temperature (see Plummer, 1964) will be discussed. It
will be seen that the magnitude and type of impact of
all air flow types is overwhelmingly determined by
the structure (passage configuration) of the cave itself.

Barometric pressure -- Atmospheric (or barometric)
pressure frequently has been cited as a primary factor
influencing  within-cave air movement and
temperature fluctuation. Although other factors such
as solar-induced atmospheric tides can produce slight
pressure changes (Encyclopedia Britannica, 1975), the
relatively greatest fluctuations in barometric pressure
at any given altitude are directly the result of
temperature changes (Moore and Nicholas, 1964).

At one location pressure changes can, of course, occur
that are due to temperature changes (and the resulting
winds) at another distant location, as in the case of
changes preceding storm fronts. It is only these non-
temperature associated pressure changes that can be
discussed meaningfully as barometric pressure
influences on cave climate. 