SPECIES ABSTRACT – Eastern small-footed bat
NOMENCLATURE & TAXONOMY

Scientific name (with authority): Myotis leibii (Audubon and Bachman 1842)
Synonymy: Myotis subulatus leibii
Family: Vespertilionidae
Common name(s): Eastern small-footed myotis; eastern small-footed bat
Taxonomic history
Taxonomy of the species has been confusing (Thompson et al. 2006). A great deal of work has been performed to determine the proper taxonomy of the eastern small-footed bat. See Thompson et al. (2006) and NatureServe (2023) for details.
STATUS & DISTRIBUTION 

All information on status and rankings is from NatureServe (2023).

General Status
Global rank: G4
US national status: N3N4
Canada national status: N2N3
	RANKED AS S1, S2 or LISTED as T or E by State
	RANKED AS S3-S5 OR S?
	RANKED as SR or SRF
	RANKED as SH or SX

	Arkansas (S1), Connecticut (S1B), Georgia (S2), Illinois (S1S2), Kentucky (S2), Maine (S1S2), Maryland (S1), Massachusetts (S1), Missouri (S2), New Hampshire (S1), New Jersey (S1), New York (S1S3), North Carolina (S2), Oklahoma (S1), Pennsylvania (S2), South Carolina (S1), Tennessee (S2S3), Vermont (S1), Virginia (S2), West Virginia (S1), Ontario (S2S3), Quebec (S1)
	
	
	Ohio (SH)


Northern New England Status (New Hampshire, Maine, Vermont):
	State 
	State rank
	# of state occurrences (Winter1/Summer)
	WMNF occurrences (Winter/Summer)

	
	
	Total
	Historic
	Total
	Historic

	New Hampshire
	S1/E
	2/?
	0/?
	?/?
	?/?

	Maine
	S1S2/T
	1/?
	1/?
	?/?
	?/?

	Vermont
	S1/T
	8/?
	?/?
	N/A
	N/A


1 Hibernacula

NH info from NHFGD (2015). Vermont information is from Troumbulak et al. (2001). Historic references were from 1946 (VT) and 1939 Bar Harbor Acadia National Park (ME) from Natural Heritage program databases. According to Maine Audubon (2015), there are three hibernacula in the state that harbor bats; the eastern small-footed bats occurs at one of them (USDA Forest Service 2005). In New Hampshire, the species hibernates at two of seven known bat hibernacula (NHFGD 2015).
Legal status

	
	Federal Endangered
	
	ME State Endangered

	
	Federal Threatened
	X
	ME State Threatened

	X
	USFS, WMNF Sensitive 
	
	ME State Special Concern

	X
	USFS, GMNF Sensitive
	
	ME Possibly Extirpated

	X
	NH State Endangered
	
	VT State Endangered

	
	NH State Threatened
	X
	VT State Threatened

	
	NH State Candidate
	
	VT State Special Concern

	
	None of the above
	
	


Distribution 
The range extends from New England, southeastern Ontario, and southwestern Quebec south and west to southeastern Oklahoma, Arkansas, northern Alabama, northern Georgia, and northwestern South Carolina. Within this range, the distribution is very spotty, and the bulk of the occurrences and largest populations are in New York, Pennsylvania, West Virginia, and western Virginia. The majority of known hibernacula occur in Pennsylvania (n=55), New York (n=53), West Virginia (n=50), Virginia (n=33), Kentucky (n=26), and North Carolina (n=25). This species is apparently extirpated in Ohio (where known from only one specimen). Elevational range extends to at least 700-800 meters in several states, at least 1,125 meters in Kentucky, and to at least 1,447 meters in North Carolina (NatureServe 2023).
Current distribution in northern New England relative to species global range

	
	Endemic to New Hampshire
	
	Disjunct in Vermont

	
	Endemic to Maine
	
	Disjunct in northern New England

	
	Endemic to Vermont
	
	Center of range in northern New England 

	
	Endemic to northern New England
	X
	Edge of range in northern New England

	
	Disjunct in New Hampshire
	
	Long distance migratory 

	
	Disjunct in Maine
	
	Extirpated in northern New England


Current distribution in northern New England by county and town
In Vermont, the species was known to hibernate in small numbers at the following sites before the advent of white-nose syndrome: Dorset (Mt. Aeolus) Cave in Dorset (Bennington County), Plymouth Caves in Windsor County, Nickwacket Cave in Rutland County, Ely Copper Mine, Quarry Cave, Greeley Talc Mine, Brandon Silver Mine, and 1867 Cave (Trombulak et al. 2001). 
New Hampshire’s one known colony hibernates in an abandoned, gated mine in Coos County (NHFGD 2015). A survey of the mine in February 2004 found 9 Myotis leibii, an increase from 3 in 1993 (Lougee pers comm. 2004).  Individual bats have been captured during summer bat surveys.  During summer, small‐footed bats have been captured at 3 locations in New Hampshire, including the White Mountain National Forest (Krusic et al. 1996, Chenger 2004), New Boston (Hillsborough County) (Moosman et al. 2007), and Surry (Cheshire County) (Moosman et al. 2007). Data from radio tagged bats revealed several roost sites, each within rock crevices in outcrops near the base of the Surry Mountain Lake dam (NHFGD 2015). One was captured in the Bartlett Experimental Forest on the WMNF (Krusic et al 1996). 
Eastern small‐footed bats have been documented in only 1 of the 7 known hibernacula in New Hampshire (Mascot Lead Mine in Coos County) (NHFGD 2015).

Beyond these few data, the species’ status in New Hampshire remains almost entirely unknown.
One specimen was observed in Maine in 1993 in Milton Township in an abandoned gold mine tunnel in a long horizontal shaft. The surrounding forest was hardwood (individual questionable, but probable. Source unknown).
Current distribution in National Forests relative to species’ global, North American, and state range
	WMNF’s position within N. Am. range
	
	Central
	X
	Peripheral
	
	Disjunct
	
	N/A

	WMNF’s position within NH range
	
	Central
	X
	Peripheral
	
	Disjunct
	
	N/A

	WMNF’s position within ME range
	
	Central
	X
	Peripheral
	
	Disjunct
	
	N/A


Current occurrences on the WMNF 
The only known hibernaculum in NH is near the northern edge of the WMNF in Gorham. However, it is worth noting that a suspected bat hibernaculum occurs near Mount Washington (Prout 2019). While only little brown bats have been noted in the area, other species, including the eastern-small footed bat, may also be found here. More work is needed to determine this. 

This species was likely rare, or at least uncommon, compared to other species, even before the advent of white-nose syndrome. Of 281 bats captured by Sasse (1995) on the WMNF in 1993 and 1994, none were eastern small-footed bats. Krusic et al. (1996) captured 84 bats, only one of which was an eastern small-footed. This individual was captured during fall swarming at the hibernaculum near the Forest boundary and may only winter in the study area. Chenger (2004) captured 233 bats in 2004 and only four were eastern small-footed bats. Small-footed bats have been recorded in the Bartlett Experimental Forest (M. Yamasaki, pers. comm.).
Acoustic surveys occasionally indicate the potential presence of the species. Pre-project surveys for the Wanosha IRP documented the probable presence of the species at five of 110 sites surveyed (4.5 percent) (Prout 2018).
Further from the WMNF, a lactating female was captured in New Boston, New Hampshire (approximately 70 miles from the Forest boundary), in 2002 (S. von Oettingen, pers. comm.). Another hibernaculum in Stockbridge, Vermont supported approximately 25 small-footed bats in 1999 (up from seven in 1991). Eight other Vermont sites have small-footed bat records. 

Historic occurrences on the forests

None documented.
Population Trend

	Spatial Scale
	Documented Decline
	Suspected Decline
	Stable or Increasing
	Unknown

	Within WMNF
	
	
	X
	

	Within GMNF
	
	
	X
	

	Within New Hampshire
	
	
	X
	

	Within Maine
	
	
	X
	

	Within Vermont
	
	
	X
	

	Within northern New England
	
	
	X
	

	Within North America
	
	
	X
	

	Globally
	
	
	X
	


Widespread in southeastern Canada and eastern United States; numerous localities but very spotty distribution; rarely found in large numbers; historically the total numbers counted have been very low in comparison to the total number of caves and mines surveyed; recent data indicate relatively stable populations and no apparent significant impact of white-nose syndrome (NatureServe 2023).

It’s likely that this species is naturally rare, especially in New England, so today’s low populations likely aren’t the results of significant population declines (NHFGD 2015).

LIFE HISTORY INFORMATION

Food and feeding behavior

Diet includes various insects, especially moths, beetles, and Diptera (true flies). The bats feed on flying insects and also glean prey from surfaces, based on the occurrence of spiders and gryllid crickets in the diet (NatureServe 2023).

In a New Hampshire and Massachusetts study, moths made up 49% of the diet of eastern small-footed bats. True flies and beetles were also significant components of the species’ diet. They also ate spiders (Thomas et al. 2012). In southern NH, Moosman et al. (2007) determined that prey included eight orders of insects, spiders, and unidentified fragments of prey and vegetation. Moths, true flies, and beetles accounted for the greatest percentage of the diet by volume and frequency of occurrence.
Like many other bat species, this one often forages over ponds and streams; foraging habitat also includes riparian forests, upland forests, clearings, stripmines, and ridgetops. Foraging flights tend to be slow and fluttery and often within a few meters of the ground or water surface (NatureServe 2023).
Reproductive strategy and method(s) 
Sexual, annual, live births.
Reproductive age and periodicity 
Age at sexual maturity is unknown, but based on other Myotis species (Wimsatt 1945), females most likely mate their first year prior to entering hibernation (at age 6 months or less), and males prior to entering hibernation their second year (at age 1.5 years or less). M. liebii produce a single offspring once per year (Barbour and Davis 1969).
Breeding or reproductive season/reproductive phenology 
Mating most likely occurs as in other Myotis spp., with copulation taking place in the fall, prior to hibernation.  Sperm are stored in the uterus over winter for delayed fertilization (Barbour and Davis 1969, Choate 1994). Gestation likely lasts two months and begins when females arouse from hibernation in the spring and begin migration to maternity roosts. One young is born between late May and early July, depending on latitude (Barbour and Davis 1969). In New Hampshire, M. leibii emerges from hibernation in April (UNH 1998), which would mean births in June.
Production and dispersal of progeny or propagules
Young are born and reared in a communal setting where up to 20 or so adult females congregate in nursery colonies in maternity roosts that are located in a variety of habitats and locations (Barbour and Davis 1969; also see Habitat section). Maternity roosts are usually chosen because they are warm or hot, which hastens development of young. There is no evidence to date that M. leibii colonizes manufactured bat houses.
Survival rate for progeny
In North American Myotis spp., mortality rates during hibernation are high among young of the year – i.e., bats overwintering for the first time (Barbour and Davis 1969). Most likely, this is due to an insufficient accumulation of fat reserves prior to entering hibernation.
Reproductive status on the WMNF

The individuals captured on the WMNF were not documented as lactating females or juveniles, so there is no documentation of reproduction. It is unknown if reproduction occurs on the WMNF.
Lifespan
In general, bats are long-lived mammals for their size (Barbour and Davis 1969).    

The life span for M. leibii is believed to be between 6 and 12 years (Belwood 1998); one banded M. leibii is reported to have lived 12 years (Hitchcock 1965).

Yearly survival rates for females (42%) appear to be lower than those for males (76%). This may be due to greater demands of reproduction on females, higher metabolic rates and longer sustained activity during summer days, and greater exposure to possible disease carrying parasites in maternity colonies (Hitchcock et al.1984).  

Migration
All insect-eating bats in the geographic range of M. leibii would face a food shortage if they remained active in winter. Small-footed bats cope with this problem by moving from summer grounds to caves, abandoned mines, and areas with rocky outcrops where they hibernate (Davis et al. 1965; Krutzch 1966; Barbour and Davis 1969; Dalton 1987; see Habitat section, below).  

Recovery of banded bats suggests that small-footed bats travel fairly short distances (less than 40 km/25 miles) between summer habitats and hibernation sites (DeGraaf and Yamasaki 2001, Best and Jennings 1997).  Hitchcock (1955) documented two individuals in Ontario that traveled 16 and 19 km (10 and 12 miles), respectively, from hibernation sites to maternity roosts.
Relationships with other species

M. leibii feed on flying insects that are very small relative to their own size (Barbour and Davis 1969).  Little detailed information exists on feeding habits but the bats have been observed to fly and forage slowly (Barbour and Davis 1969) at and below canopy height, over streams and ponds, and along cliff ledges (Choate et al. 1994).  

M. leibii use echolocation to capture flying insects at night.  They emit ultrasonic, frequency-modulated calls that sweep from 55 kHz to 41 kHz and last up to 5 milliseconds (Fenton and Bell 1981).  In theory, it should be possible to survey the bats using these calls, however the echolocation calls of bats in the genus Myotis are notoriously difficult to distinguish from one another using the Anabat Bat Detector system, which currently is the most widely used system to record, identify, and survey echolocating bats in the field.

Inter- (Husar 1976) and intra-specific (Belwood and Fullard 1984) competition for food has been documented in insect-eating bats. The degree to which small-footed bats might compete with other sympatric bats for food, foraging areas, or other habitat requirements (e.g., roosting sites) is not known.

Small-footed bats are susceptible to rabies (Constantine 1979), as are all bats. The incidence of the disease in this species has not been studied but is assumed to be as low as it is in other bats species – probably less than 1% (Brass 1994 and references cited therein; Belwood 1998). In New York, big brown bats (Eptesicus fuscus) and little brown bats (Myotis lucifugus) have fallen victim to West Nile Virus (CDC 2000), which should also be capable of infecting small-footed bats. Bats have a variety of ecto- and endoparasites, as do all other mammals.

M. leibii has been found overwintering, usually alone, in caves that also contain M. austroriparius (southeastern bats), M. lucifugus,  M. septentrionalis (northern long-eared bats), M. sodalis (Indiana bats), Eptesicus fuscus, and Pipistrellus subflavus (eastern pipistrelles) (Davis et al. 1965, Hitchcock et al. 1984, Gates et al 1984).

Non-human predators are likely to include domestic and feral house cats, raccoons, owls and snakes that feed opportunistically on bats in trees, buildings, or in cracks and crevices in rocky areas. Swarming and overwintering bats in gated caves and mines are susceptible to predators like house cats, opossums, raccoons, weasels, and wood rats that exploit gates to prey on bats (Erdle and Hobson 2001).

Other 

During hibernation, bats lower their body temperatures to ambient (usually just above freezing), greatly reduce their metabolic activity, and subsist for several months on stored fat (up to 40% of a bat’s prehibernation weight). Most of this fat accumulates after migration to the hibernation site when bats forage nightly in habitats around their chosen hibernacula. Bats are very vulnerable during hibernation. It takes a bat 30 to 60 minutes to increase its body temperature and arouse from hibernation; arousal can use up enough fat to sustain it for 10 to 30 days (Thomas et al. 1990, Thomas 1995).  

M. leibii are hardy bats. They are among the last to enter hibernation in the fall and first to emerge in spring (Barbour and Davis 1969; Gates et al. 1984; Hitchcock et al. 1984). In Vermont and New York, they can enter hibernation as late as November and emerge as early as March. UNH (1998) indicates hibernation in New Hampshire occurs from November to April.  

The bats overwinter alone, and rarely in small groups (up to 50 individuals), in the open on cave and mine ceilings (Krutzch 1966, Barbour and Davis 1969) or in small cracks, crevices or depressions in cavern walls (Barbour and Davis 1969, Krutzch 1966, Martin et al. 1966), beneath rock slabs (Tuttle 1964), and beneath rocks on the cave floor (Krutzch 1966, Martin et al. 1966). Cave colonies of 100-120 individuals have been reported in Pennsylvania (Merritt 1987).

Like all North American bats, M. leibii is nocturnal. It flies in a slow deliberate manner that allows it to be identified on the wing (Barbour and Davis 1969). In bats, body temperature is usually closely linked to ambient air temperature (Belwood 1998). In warm weather, the bats are warm and active. In cool weather, the bats are cooler and much less active.  

With an average of only one young per year, M. leibii have low reproductive rates compared to other small mammals. This and the fact that the species is somewhat colonial mean it can take a long time for their numbers to rebound if a catastrophic event destroys a portion of their population.

Bats in general have a low disturbance threshold. Given their small body size relative to potential predators and very delicate bone and wing structure, their primary form of defense is to roost in areas that are dark and inaccessible to most other animals. They will abandon their roosts if disturbed repeatedly (Belwood 1998).

Bats are creatures of habit and often use the same summer and winter roosts -- to which they migrate year after year. Therefore, destruction of, or disturbance at, traditional roosts (where mating, overwintering and the bearing and rearing of young take place) can have dire consequences for these animals.

Krutzch (1966) and Thompson (2006) suggest this species might easily be overlooked in cave surveys during hibernation because it usually roosts alone in inconspicuous roost sites such as in cracks and crevices and under fallen rocks. The taxonomic characteristics that distinguish these bats from other sympatric Myotis spp. (a black “facial mask,” very small body size, small feet, and keeled calcar; [Barbour and Davis 1969]) may not be readily apparent or discernable from a distance, as the bats hang out-of-reach during hibernation (Belwood, personal observation).

Other 
N/A.
HABITAT

General Description
Overall, M. leibii habitat appears to be mainly hilly and mountainous areas, in or near deciduous or evergreen forest. In Pennsylvania, most have been found in caves in heavy hemlock forest at elevations up to 600 m (Mohr 1932, Merritt 1987). In the South, M. leibii is apparently restricted to caves and rocky outcrops associated with the Appalachian Highlands of Maryland (Gates et al 1984), Virginia (Johnson 1950; Dalton 1987; Handley 1991), North Carolina (Adams 1950), Georgia (Baker 1967), Tennessee (Tuttle 1964), and Kentucky (Barbour 1951; Davis et al 1965). In Virginia and West Virginia, it is associated with rock features in and near deciduous forest (Stihler 2003). It is sometimes found in open farmland.  

M. leibii occupy different habitats in summer and winter (see Life History Information, above). However the two habitats are usually in close proximity to one and other (DeGraaf and Yamasaki 2001, Best and Jennings 1997).

Choate et al. (1994) called this species “saxicolous,” or “rock-loving” in summer. Small summer maternity roosts have been found under rocks on hillsides and open ridges, in cracks and crevices in rocky outcrops and talus slopes, beneath the bark of dead and dying trees, and in buildings (Webb and Jones 1952, Hitchcock 1965, Tuttle 1964, Barbour and Davis 1969, Handley 1991). In Kentucky and Tennessee, they have been observed in bridge expansion joints where daytime temperatures range from 37.7( C to 39.4( C (100( F to 103 (F) and in rocky outcrops exposed to the sun (MacGregor and Kiser 1999). In Virginia, reproductively active females have been mist-netted along forested ridge tops near abundant exposed rock outcrops (Erdle and Hobson 2001).

Because of their apparent rarity and small size, radio-tagging studies of this species have been limited, so summer roost and foraging information is relatively limited. Most of the limited reports of summer roosts are from buildings, under rocks, in cracks and crevices of rocks, and in concrete bridge expansion joints. Johnson et al. (2011) tracked 57 individuals to their roosts in the Appalachian Ridge and Valley of West Virginia; all 57 were found roosting in rock features (53 in ground-level rock roosts in talus slopes and rock fields and 4 crevices within vertical cliff faces).

According to Chenger (2008), the majority of roosting sites are found among rocks. A review of the literature suggests summer roost sites are more often crevices in rocks, cliff sites, talus slopes, caves, etc. Trees are not believed to serve as important roost sites.

Two females were captured and radio-tagged near a dam in New Hampshire (NHFGD 2015). One bat used 4 roosts and the other used one before losing their transmitters. The roosts sites were in rock outcrop and large rip-rap structures. All were in close proximity to the ground (i.e. less than 5 feet above ground).

In summer, males are non-reproductive and separate from females, although their precise locations are not known.  They have been netted near the entrances to abandoned mines, caves, and railroad tunnels where they might form small groups or roost singly (Krutzsch 1966). Other potential roost sites are believed to include sandstone rock shelters, cliffs, and trees (MacGregor and Kiser 1999).  

Only a couple individuals have been reported from under tree bark. So few summer roosts have been found that it is difficult to say whether the species will use trees as roosts (SVE 2002). Most sites where this species is found roosting in Virginia and West Virginia get a lot of sun during the day (Stihler 2003).  

O’Keefe and LaVoie (2011) documented a maternity colony of the eastern small-footed bat using a high-elevation historic cabin (1447 m or 4750 feet) in Swain County, NC.

Proximity to water may be an important factor for roosts (Erdle and Hobson 2001). For bats in general, water is important when they emerge from summer day roosts; this is probably true for Myotis liebii (SVE 2002). They have been netted over water, along road corridors, and near cliff edges, flying at or below canopy height (Choate et al. 1994).  

In winter, caves and abandoned or inactive mines at a variety of elevations can serve as hibernacula (Davis et al 1965, Krutzsch 1966; Barbour and Davis 1969; Dalton 1987). Both hardrock and coal mines are used (Posluszny and Butchkoski 2000).    

These bats roost alone or in small groups (Krutzsch 1966, Martin et al. 1966, Barbour and Davis 1969, Dunn and Hall 1989), often hanging from the ceiling but also under rock slabs on the cave floor, or in small cracks and crevices where groups of up to 50 have been found (Krutszch 1966, Martin et al. 1966, Tuttle 1964, Erdle and Hobson 2001).

M. leibii are hardy bats. Compared to other species, they seem to prefer dry passages in relatively cold caves where temperatures drop below freezing and humidity is low (Barbour and Davis 1969). They frequently choose roosts in areas subject to drafts near the mouth of caves (Barbour and Davis 1969, Krutzch 1966). In Pennsylvania, Dunn and Hall (1989) found that 52% of the M. leibii in surveys hibernated in caves less than 150 m (500 feet) in length, thus subjecting them to colder ambient temperatures than would occur in larger caves. Bats will leave a site if temperatures rise above 4(C (40( F) (Best and Jennings 1997).

Range-wide, forested lands are probably important to the survival of these bats. Most roost sites and hibernacula that have been found are in forested landscapes. Forested areas around cave and mine openings may be used for foraging and as roost sites before entering hibernation. More importantly, forests near cave and mine openings are thought to influence humidity and temperature levels inside the hibernaculum. Alterations to humidity and temperature levels in the hibernaculum could make it unsuitable for M. leibii (Erdle and Hobson 2001). What conditions are important around a cave or mine is not known and likely varies depending on the site.
Habitat associations  

	
	Terrestrial (Uplands)
	
	Palustrine (Wetlands)

	X
	 Forests and Woodlands 
	
	 Forested Wetlands 

	
	  Spruce-fir northern hardwood forests
	X
	  Floodplain forests

	
	  Subalpine krummholtz 
	
	  Hardwood swamps

	
	  Montane spruce-fir forests (>2500’)
	
	  Softwood swamps

	
	  Lowland spruce-fir forests
	
	  Seeps, springs, vernal pools

	
	  Red spruce-northern hardwood forest
	X
	 Open Wetlands 

	
	  Aspen/paper birch forests
	
	  Open peatlands

	
	  Northern hardwood forests
	
	  Marshes and sedge meadows

	
	  Rich northern hardwood forests 
	
	  Wet shores

	
	  Hemlock forests
	
	  Shrub swamps

	
	  Oak-pine-northern hardwood forests
	X
	Lacustrine (Lakes & Ponds) 

	
	Open Uplands 
	
	  Small, high elevation acidic ponds

	
	  Upland shores
	X
	Riverine (Rivers and Streams)

	
	  Meadows 
	O
	Subterranean 

	
	  Alpine 
	
	Unknown

	X
	  Shrub openings 
	
	

	P
	  Outcrops, cliffs and talus
	
	


O = obligate; P = prefers habitat; X = uses habitat

Subterranean (cave and mine) habitat is required for hibernacula, and also may be used as summer roost habitat.  Outcrops and cliffs are often preferred summer and maternity roosts. Wetlands, lakes, and ponds may be used for foraging, though foraging habitat is not well known. All habitats used are typically found within in a forested landscape; the type of forest seems to vary by location. See above general habitat description for details.  
Habitat Status

Caves and mines are naturally limited habitat and should be protected whenever possible. Special attention should be paid to small mines and caves – ones less than 150 m (500 ft) in length (Dunn and Hall 1989).

Abandoned and inactive underground mines are seriously underestimated as bat roosts, particularly as hibernacula and summer roosts for males (Belwood and Waugh 1991). Most states have active mine reclamation programs designed to protect people from the many hazards associated with these structures. Any reclamation method other than gating with bat-friendly gates (i.e., back-filling, sealing with concrete, and blasting) has the potential to kill very large numbers of bats and reduce habitat availability in the long-term. It is imperative that comprehensive surveys be conducted prior to the closure of any mines. Important mine hibernacula should be gated with bat-friendly gates (White and Seginak 1987).

Riparian foraging habitats have been reduced due to loss of wetlands nationally.  
Terrestrial habitats 

	Stand Age
	Location in Stand

	
	Old growth
	
	Forest interior

	
	Late successional
	
	Aquatic-terrestrial edge

	
	Mature
	
	Opening-shrubland edge

	
	Sapling/Pole 
	
	Opening-forest edge

	
	Young (seedling)
	
	Shrubland-forest edge

	
	Variable 
	
	Opening interior

	
	No preference
	X
	Variable 

	X
	Unknown
	
	No preference

	
	
	
	Unknown


O = obligate; P = prefers habitat; X = uses habitat

In summer, M. leibii have been reported to use mature or dead trees as roosts (Barbour and Davis 1969). Whether these trees and snags need to be in forests of a certain age or not is unknown. Other bats in the genus Myotis forage in forest openings and along aquatic-terrestrial edges (Barbour and Davis 1969). Myotis leibii have been netted over water, along road corridors, and near cliff edges (Choate et al. 1994), implying use of various edge habitats for travel and foraging. Details of summer habitat use are very limited, with much unknown.

Preferred terrestrial habitat parameters

tc "Preferred terrestrial habitat parameters\: " \l 5
	Stand Area
	Elevation

	
	1-10 acres
	X
	<1500’

	
	11-50 acres
	X
	1500-2500’

	
	51-200 acres
	
	2500-3500’

	
	201-500 acres
	
	>3500’

	
	501-1000 acres
	
	No preference

	
	No preference
	
	Unknown

	X
	Unknown
	
	


M. leibii have been reported from elevations of up to 2000 feet (BCI 2019).

Preferred terrestrial/riparian habitat structure

	Forest structure
	Shrub layer
	Ground cover

	
	Supercanopy layer
	
	Deciduous
	
	Herbs/Forbs

	
	Main canopy layer
	
	Coniferous
	
	Moss/Lichen

	
	Midstory layer
	
	Mixed
	
	Leaf Litter

	
	Shrub layer
	
	Ericaceous
	
	Exposed soil

	
	Ground cover
	
	Dense
	
	Dense

	
	>60% canopy closure
	
	Intermediate
	
	Intermediate

	
	30-60% canopy closure
	
	Sparse
	
	Sparse

	
	<30% canopy closure
	
	Absent
	
	Absent

	
	No preference
	
	No preference
	
	No preference

	X
	Unknown
	X
	Unknown
	X
	Unknown


Preferred terrestrial habitat features

	
	Down logs
	?
	Snags
	
	Log/debris piles

	
	Cavities
	?
	Loose bark
	
	Hard mast producers

	
	Gravel pits
	X
	Human structures
	
	Soft mast producers

	
	Fence rows
	?
	Near water
	X
	Caves (and mines)

	X
	Rocky outcrops
	
	No preferences
	
	Unknown


Caves and mines are essential habitat features in winter and are used for summer roosts. Rocky outcrops appear to be important in summer, as are buildings to a limited extent. Being near water may be important. It is uncertain how important snags and loose bark are to this species (see Habitat information, above).  
Preferred terrestrial soil features

	Soil texture
	Soil permeability
	Soil pH

	X
	Bedrock/outcrops
	
	Rapid
	
	Strongly acid, <5.0

	X
	Boulders
	
	Moderate
	
	Medium acid, 5.1-6.5

	
	Cobbles
	
	Slow
	
	Neutral, 6.6-7.3

	
	Gravel
	
	No preference
	
	Medium alkaline, 7.4-8.4

	
	Sand
	X
	Unknown
	
	Strongly alkaline, 8.5+

	
	Loam
	
	
	
	No preference

	
	Silt
	
	
	X
	Unknown

	
	Clay
	
	
	
	

	
	No preference
	
	
	
	

	X
	Unknown
	
	
	
	


Rocky outcrops appear to be important habitat features (see Habitat information, above). Whether there is any other soil preference is unknown.
Preferred lacustrine/riverine habitat parameters
	Substrate
	Aquatic Vegetation
	Elevation

	
	Bedrock
	
	Submerged
	X
	<1500’

	
	Boulders
	
	Emergent
	X
	1500-2500’

	
	Cobbles
	
	Floating
	
	2500-3500’

	
	Gravel
	
	No preference
	
	>3500’

	
	Sand
	X
	Unknown
	
	No preference

	
	Organic
	Lacustrine/Riverine edge
	
	Unknown

	
	Detritus
	
	Trees at edge
	
	

	
	No preference
	
	Shrubs at edge
	
	

	X
	Unknown
	
	Herbaceous edge
	
	

	
	
	
	Sandy, muddy or peat edge
	
	

	
	
	
	No preference
	
	

	
	
	X
	Unknown
	
	


Abundant insect communities on which M. leibii can feed are crucial to survival. The degree to which the bats feed on insects whose larvae develop in water (e.g., caddisflies, midges, mayflies, etc.) is not known, so the aquatic conditions, if any, required to produce adequate insect prey for M. leibii are not known.  

Whether these bats select for certain aquatic habitat conditions, other than prey availability, for foraging is unknown. 

M. leibii have been reported from elevations of up to 2000 feet (BCI 2019).

Important preferred lacustrine/riverine habitat water parameters

	O2 concentrations
	Water pH
	Water temperature

	
	High, >9 ppm
	
	Strongly acid, <5.0
	
	Warm

	
	Moderate, 6-9 ppm
	
	Medium acid, 5.1-6.5
	
	Cool

	
	Low, <6 ppm
	
	Neutral, 6.6-7.3
	
	Cold

	
	No preference
	
	Medium alkaline, 7.4-8.4
	
	No preference

	X
	Unknown
	
	Strongly alkaline, 8.5+
	X
	Unknown

	ANC
	
	No preference 
	Water depth

	
	Low, <15 mg/l
	X
	Unknown
	
	Very shallow, <15 feet

	
	Moderate, 20-50 mg/l
	 
	
	Shallow, 15-30 feet

	
	High, >50 mg/l
	
	
	Moderate, 30-100 feet

	
	No preference
	
	
	Deep. >100 feet

	X
	Unknown
	
	
	No preference

	
	
	
	X
	Unknown


Abundant insect communities on which M. leibii can feed are crucial to survival. The degree to which the bats feed on insects whose larvae develop in water (e.g., caddisflies, midges, mayflies, etc.) is not known. The aquatic conditions, if any, required to produce adequate insect prey for M. leibii are not known.  

Whether these bats select for certain aquatic habitat conditions, other than prey availability, for foraging is unknown.  

Preferred lacustrine habitat parameters and features
	Habitat zones 
	Trophic state
	Features

	
	Profundal
	
	Dystrophic
	
	Natural origin

	
	Sublittoral
	
	Oligotrophic
	
	Post-glacial, old 

	
	Rocky littoral or shoal
	
	Mesotrophic
	X
	Beaver ponds

	
	Mud-sand littoral
	
	Eutrophic
	
	Islands

	
	Macrophyte bed
	
	No preference
	
	Surface wood/rocks

	
	No preference
	X
	Unknown
	
	Submerged wood/rocks

	X
	Unknown
	Lake/pond size
	
	Floating bog mats

	
	
	
	1-10 acres
	
	Stable water level

	
	
	
	11-50 acres
	
	No preference

	
	
	
	51-200 acres
	X
	Unknown

	
	
	
	>200 acres
	
	

	
	
	
	No preference
	
	

	
	
	X
	Unknown
	
	


Beaver ponds with abundant snags may provide bat roosting sites.

Abundant insect communities on which M. leibii can feed are crucial to survival. The degree to which the bats feed on insects whose larvae develop in water (e.g., caddisflies, midges, mayflies, etc.) is not known, so the aquatic conditions, if any, required to produce adequate insect prey for M. leibii are not known.

Whether these bats select for certain aquatic habitat conditions, other than prey availability, for foraging is unknown. Bats will feed over man-made lakes and ponds, but whether M. leibii prefer to forage over these habitats is unknown.

Preferred riverine habitat parameters and features

	Flow type 
	Stream structure
	Trophic status 

	
	Perennial 
	
	Pools
	
	Oligotrophic

	
	Intermittent
	
	Riffles
	
	Mesotrophic

	
	No preference
	
	Side channels
	
	No preference

	X
	Unknown
	
	No preference
	X
	Unknown

	Bank full width
	X
	Unknown
	Features

	
	0-10 feet
	Channel slope 
	
	Woody debris/log jams

	
	10-30 feet
	
	Low, <2%
	
	Stable bank

	
	>30 feet
	
	Moderate, 2-4%
	
	Eroding bank

	
	No preference
	
	High, >4%
	
	Overhanging/cut bank

	X
	Unknown
	
	No preference
	
	Rocks/boulders

	
	 
	X
	Unknown
	
	No preference

	Drainage size
	Canopy closure
	X
	Unknown

	
	Small, < 10 mi2
	
	>75% canopy closure
	
	

	
	Moderate, 10-100 mi2
	
	50-75% canopy closure
	
	

	
	Large rivers, >100 mi2
	
	<50% canopy closure
	
	

	
	No preference
	
	No preference
	
	

	X
	Unknown
	X
	Unknown
	
	


The degree to which M. leibii use, or are dependent on, riverine habitats is not known. Bats (in general) are often netted over creeks and rivers 6-12 m (20-40 ft) in width with considerable adjacent forest, and a moderately closed canopy. The presence of large trees and snags should promote use by bats, including M. leibii.  

Rocky outcrops appear to be important habitat features (see Habitat information, above), but not rocks within water.

Abundant insect communities on which M. leibii can feed are crucial to survival. The degree to which the bats feed on insects whose larvae develop in water (e.g., caddisflies, midges, mayflies, etc.) is not known, so the aquatic conditions, if any, required to produce adequate insect prey for M. leibii are not known.  

Whether these bats select for certain aquatic habitat conditions, other than prey availability, for foraging is unknown.  

Preferred palustrine habitat parameters and features

	Area
	Nutrient Availability
	Features

	
	1-10 acres
	
	Minerotrophic
	X
	Vernal pool

	
	11-50 acres
	
	Oligotrophic
	X
	Beaver-influenced

	
	51-200 acres
	
	Ombrotrophic
	
	Not beaver-influenced

	
	>200 acres
	
	No preference
	
	Larch/wt. cedar dominated

	
	No preference
	X
	Unknown
	
	Balsam fir dominated

	X
	Unknown
	Peatland Type
	
	Wetland edge

	Elevation tc "Elevation " \l 5
	
	Basin bog
	?
	Wetland interior

	
	<1500’
	
	Lakeshore bog
	X
	Open water

	
	1500-2500’
	
	Alpine bog
	
	Sandy, muddy or peat edge

	
	2500-3500’
	
	Poor fen
	
	Dead wood

	
	>3500’
	
	Medium fen
	
	No preference

	
	No preference
	
	Rich fen
	X
	Unknown

	X
	Unknown
	
	No preference
	
	

	
	
	X
	Unknown
	
	


Beaver-influenced habitats with abundant snags may provide bat roosting sites.

Abundant insect communities on which M. leibii can feed are crucial to survival. The degree to which the bats feed on insects whose larvae develop in water (e.g., caddisflies, midges, mayflies, etc.) is not known, so the aquatic conditions, if any, required to produce adequate insect prey for M. leibii are not known.  

Whether these bats select for certain aquatic habitat conditions, other than prey availability, for foraging is unknown.
Home range size

The home range size for these bats is not known, nor is the area covered every night by foraging individuals, or all the members of a particular colony. Summer colonies are likely to require smaller foraging areas than the bats overwintering in a cave or abandoned mine. While hibernating bats do not feed, the animals preparing for hibernation do -- in order to produce the fat (up to 40% of a bat’s prehibernation weight) that will sustain them through the winter.  Some cave and mine hibernacula can contain up to several hundred thousand bats, all of which need to feed. The optimal size of the vegetation area around caves necessary to provide the insect resources to sustain cave colonies of varying sizes is not known.

Banding indicates that the small-footed bat travels fairly short distances (less than 40 km or 25 miles) between summer habitats and overwintering hibernacula (DeGraaf and Yamasaki 2001).
LANDSCAPE PATTERNS
Habitat patch size requirements
Unknown.
Habitat patch distribution requirements

Unknown.

Connectivity requirements
Unknown. However, it is likely roosting and hibernating sites must be close to foraging habitat and protected from development.

ECOLOGICAL PROCESSES THAT AFFECT THE SPECIES
Natural disturbance

	X
	Wind
	X
	Fire
	X
	Flooding

	
	Ice & snow loading
	
	Downslope mvmt.
	
	Water/ice mvmt.

	X
	Insect/disease infestations
	
	None
	
	Unknown


Any habitat alterations like wind, fire, and/or insect/disease infestations that produce snags or forest gaps (in which bats can forage) may benefit M. leibii.
Canopy fires that cover large areas could destroy tree-roosting bats, their roosts, and food sources. Flooding has been known to kill thousands of bats roosting in caves (USFWS 2007) and presumably also in mines (Posluszny and Butchkoski 2000).

Collapse of caves and mines can result in the death of hibernating bats and the loss of winter roosting habitat (Belwood 1998).

During drought years, more young bats appear to fall from roost ceilings, and die, than during non-drought years (Belwood personal observation). The reasons for this are not known, but may be a function of decreased milk production in females.

Anthropogenic (human-caused) disturbance 
	X
	Agriculture
	X
	Transportation system development
	
	Invasive exotics

	X
	Rural development
	X
	Forestry & wildlife habitat management
	X
	Accelerated climate change

	X
	Suburban/Urban development
	
	Atmospheric deposition
	
	None

	X
	Other – cave disturbance, mine reclamation, wind turbines, rock climbing, bat control, bridge maintenance and replacement
	
	
	
	
	
	


Habitat destruction and/or development (in rural or suburban environments and for agriculture, road construction, etc.) are likely to negatively affect bats if potential roost sites and foraging areas (including bodies of water and the insects they produce) are altered.  

Range-wide, forested lands are likely important to the survival of these bats. Forested areas around cave and mine openings may be used for foraging and as roost sites before entering hibernation. More importantly, forests near cave and mine openings are thought to influence humidity and temperature levels inside the cave/mine. Alterations to humidity and temperature levels in the cave/mine could make it unsuitable for M. leibii hibernation (Erdle and Hobson 2001). What conditions are important around a cave or mine is not known and likely varies depending on the site, but timber harvest near hibernacula, roosts, or foraging areas could affect habitat suitability. Also, any harvest treatment that reduces the availability of snags could be detrimental.  

Insecticides and other pesticides (used for agriculture and forestry), which are often applied at dusk to avoid honeybees, have been implicated in the decline of several bat species (Belwood 1998). They can kill the animals directly if bats themselves are sprayed (Belwood personal observation) or reduce food available to bats. Heavy metals and other contaminants also reduce bat populations (Belwood 1998). Pesticides, such as Bacillus thuringiensis kurstaki, designed to attack moth pests (EPA 1998) could wipe out the food source for any bat that feeds on moths.

Roads leading to cave and mine sites can increase the potential for vandals to harm bats and for cave and mine sites to be used as garbage dumps (Belwood personal observation), which can block entrances or introduce toxic substances to these structures. Posluszny and Butchkoski (2000) expressed concern that garbage dumped in mine openings can increase the likelihood of mine fires.  

Traffic on well-traveled roads and highways causes direct mortality to many bats and is probably a concern for this species (SVE 2002). Lightly traveled roads are used for flight corridors and foraging (SVE 2002).  

Cavers and other people entering ungated cave and mine hibernacula can cause bats to arouse and deplete the limited fat reserves necessary for survival during hibernation (Thomas 1995, Thomas et al. 1990) or can intentionally harass or destroy large numbers of hibernating bats. Whether this concern is as serious for Myotis leibii as it is for other bat species is uncertain since they can use smaller caves, typically hibernate alone or in small groups, and roost in cracks and under rocks instead of on cave ceilings (SVE 2002).

Cave commercialization can result in repeated disturbance that causes bats to abandon winter roost sites that have been used for years and are essential for survival. It can also alter the constant, species-specific, microclimatic (temperature and humidity) conditions on which bats depend. Some gate designs can also alter cave or mine microclimates rendering them unsuitable for use by bats (Richter et al. 1993) or increase the ability of some predators to prey on bats.

Abandoned or inactive underground mines (primarily hard rock, but coal, too) are seriously underestimated as bat roosts (Belwood and Waugh 1991), particularly hibernacula. ‘Natural’ disturbances to bats in mines include ceiling collapse, flooding, and the presence of lethal and noxious gases (carbon monoxide, hydrogen sulfide, sulfur dioxide, and others).  Human threats to bats in mines include disturbance and vandalism (in hard-rock mines that are used for commercial purposes unrelated to mining), and all reclamation methods other than gating with bat-friendly gates (i.e., back-filling, sealing with concrete, and blasting) (Belwood 1998).

Widespread global warming has the potential to negatively impact M. leibii populations if the insect communities on which these bats depend are reduced.  An increase in average yearly and daily temperatures will also increase air temperatures in caves, which could render current traditional cave roosts unsuitable for hibernation. Conversely, it may render previously unsuitable caves (i.e., ones that are too cold or ones at more northerly latitudes) suitable for overwintering bats.

There is considerable evidence that bridges with features like expansion joints are important roosting sites for both male and female M. leibii (see Habitat section). Bridge maintenance activities (cleaning, painting, and repairs) have the potential to cause great disturbance to these bats, but their effects could be reduced if timed to occur when the animals are in hibernation elsewhere. The replacement of older bridges with bat-friendly features, like expansion joints, with newer bridges, without these features, could be detrimental to M. leibii. Similarly, the closure of abandoned railroad tunnels can reduce the availability of roosts to species like the eastern small-footed bat.

Increasingly, recreational rock climbers are believed to have the potential to seriously harm M. leibii roosting in cracks and crevices of rocky outcrops and similar environments (see separate comments by McClanahan and Stihler in Erdle and Hobson 2001). In North Carolina, McClanahan (as highlighted in Erdle and Hobson 2001) documented cases of rock climbers “disturbing small black-faced bats in crevices on cliff faces.”

Homeowners and pest control companies destroy large numbers of ‘nuisance’ bat colonies in buildings every year rather than apply appropriate exclusion techniques (Belwood 1998). No doubt, some M. leibii are negatively affected by this approach.

Wind turbines used to generate electricity in some parts of the U.S. have been shown to cause bat mortality (Osborn at al. 1997). Wind turbines near large summer or winter bat roosts, could kill thousands of bats.  

In some parts of the U.S., cyanide leach ponds associated with gold mining operations have been shown to kill large numbers of bats that use them as a water source (Clark 1991).

Succession

M. leibii have been reported to use older trees and snags as roosts (Barbour and Davis 1969). In addition, forests near cave and mine entrances are thought to help maintain humidity and temperature levels in the cave or mine.  Mature forest is more likely to have this moderating affect. However, Myotis species are known to forage over openings in the forest canopy, including clearcuts and roads (see Habitat section). Therefore this species may benefit from a mix of forest age classes on the landscape, with potential benefit and impacts depending on proximity of each age class to hibernacula, roosts, and foraging areas.
Ecological roles

	
	Herbivore (grazer)
	
	Scavenger/detritivore

	
	Omnivore
	X
	Insectivore

	
	Carnivore
	
	Granivore

	X
	Predator
	
	Pollinator

	X
	Prey
	
	Parasitic

	
	Cavity excavator
	
	Piscivore, invertivore


M. leibii is an obligate insect-eating predator. It feeds on small night-flying insects and takes almost its entire weight in food at night.  Sympatric bat species in any given area are likely to partition insect resources, and feed only on a given subset of the available insect community. The specific insects eaten by M. leibii include moths, true flies, beetles, and spiders (Thomas et al. 2012).

Other processes 

	
	Energy flow
	
	Competition
	
	Other____________

	
	Nutrient cycling
	X
	Disease
	
	Other____________

	X
	Temperature flux
	
	Herbivory
	
	None

	
	Moisture flow
	X
	Predation
	
	Unknown


In winter, M. leibii appear to roost close to cave and mine entrances (Barbour and Davis 1969).  Compared to other bats that roost deeper inside caves, where microclimatic conditions are relatively stable, eastern small-footed bats are more likely to experience fluctuations in roost conditions as above-ground ambient temperature and humidity conditions fluctuate throughout the winter.  

Unusually warm winters are likely to increase bat body temperatures -- and corresponding metabolic demands -- which may not be possible for a bat living on finite fat stores to meet. Unusually cold winters can subject bats to prolonged temperatures that may be fatal (Humphrey 1978).

The degree to which M. leibii is affected by West Nile Virus is not known. The virus has been documented to kill big brown bats and little brown bats in New York (CDC 2000).

There are no predators in the U.S. that are bat specialists. Opportunistic predators can include house cats, owls, raccoons, snakes, etc.  

White-nose syndrome affects the species, but the USFWS concluded the disease does not appear to have caused a significant population decline in hibernating M. leibii (NatureServe 2023). Individuals exhibit lower fungal loads than other cave-hibernating bats and are therefore less susceptible to white-nose syndrome. Despite this, Jackson et al. (2022) showed that M. leibii aroused from torpor regularly and engaged in foraging throughout the hibernation period, frequently leaving hibernacula on winter nights. This behavior may be influenced by the species’ inherent cold tolerance.
THREATS AND LIMITING FACTORS
Habitat related threats
	X
	Loss of habitat 
	X
	 Decline in quality (alteration)
	?
	Invasive exotic species

	?
	Fragmentation
	
	 Inadequate disturbance regime
	
	None

	X
	Succession
	X
	 Impacts of roads/trails 
	
	Unknown


Many of the primary threats to Myotis leibii are discussed in the Natural and Anthropogenic Disturbance sections above; see those for details.  Additional threats discussed below that do not mention M. leibii are threats to bat species in general and likely to apply to Myotis liebii where conditions are appropriate.  

Since the habitat requirements of M. leibii are not fully known, it is not possible to adequately address habitat-related threats to the bat. However, the loss of habitat, both winter and summer is a definite concern.

In summer, habitat loss due to land clearing for development, agriculture, strip-mining, or quarrying will reduce availability of roosting and foraging areas.  Land use patterns that affect water quality in streams and lakes, and the production of insects that develop in water, may reduce food supplies for bats, which may or may not be important for M. leibii.

M. leibii have been recorded in relatively small caves that do not usually house large numbers of bats (Dunn and Hall 1989). These caves are not often singled out for gating.  

Bat surveys are often not conducted prior to mine reclamation. This can result in the deaths of thousands of bats (Belwood and Waugh 1991).
Non-habitat related threats 
	X
	Predation/herbivory
	
	Harvest/collection 
	
	Loss of pollen/seed dispersal vector

	X
	Loss of prey base
	X
	Reproductive traits
	X
	Pollution

	X
	Disease – white-nose syndrome
	
	Competition
	X
	Disturbance due to human presence

	
	Parasitism
	
	Genetics
	X
	Trampling/direct impacts 

	
	None
	
	Unknown
	X
	Other: lack of basic information; inadequate surveying and monitoring techniques


White-nose syndrome

Eastern small‐footed bats have been affected by White‐Nose Syndrome (WNS), a fungal disease that affects bats during hibernation. The fungus, Pseudogymnoascus destructans, grows into the wings, muzzles and ears of the bats, disrupting metabolic functions and causing bats to arouse from hibernation more frequently and stay awake longer than uninfected bats. This causes them to use up stored energy (fat) at a much higher rate. Bats cannot replenish their fat stores in winter as their food source is unavailable. They perish from starvation, some first flying out the hibernacula in mid‐winter in a desperate search for food. Since bats are in hibernation they do not mount an immune response to this disease (NHFGD 2015).
White-nose syndrome affects the species, but the USFWS concluded the disease does not appear to have caused a significant population decline in hibernating M. leibii (NatureServe 2023). Individuals exhibit lower fungal loads than other cave-hibernating bats and are therefore less susceptible to white-nose syndrome. Despite this, Jackson et al. (2022) showed that M. leibii aroused from torpor regularly and engaged in foraging throughout the hibernation period, frequently leaving hibernacula on winter nights. This behavior may be influenced by the species’ inherent cold tolerance.

WNS was first observed in NH in 2009.
From NatureServe (2023):

The most serious threat to bats in eastern North America is white-nose syndrome (WNS), an often (but not always) lethal condition caused by a fungal pathogen that attacks hibernating bats. WNS was first noticed in 2006 in New York. Since its initial discovery, WNS has spread rapidly and now has been documented throughout the range of Myotis leibii (http://www.fws.gov/whitenosesyndrome/maps/WNSMap_060111_300dpi_DS.jpg). WNS affects Myotis leibii and several other bat species and has resulted in several million bat deaths in eastern North America. As of early 2015, WNS was still spreading but was confined primarily to areas east of the Mississippi River (plus several locations in Arkansas and Missouri, with suspected instances in Iowa and Minnesota). WNS does not appear to have caused a significant population decline in hibernating M. leibii.

Although several activities, such as construction of physical barriers at cave accesses, mining, flooding, vandalism, development, and timber harvest may modify or destroy M. leibii habitat, these activities do not have significant, population-level effects on the species. Climate change, contaminants, wind energy development, and prescribed burning are not believed to be causing population declines in M. leibii. Some of these potential or localized threats are discussed further in the following paragraphs.

Closures of mines used for hibernation are a potential threat, but there is no evidence that mine closures are currently affecting Myotis leibii populations. Some mines may be threatened by collapse. Ceiling collapse may kill bats outright or, more significantly, alter cave microhabitat enough to make it unsuitable. A few cave occurrences are threatened or have been reduced in quality due to commercialization for tourism.

Threats to summer sites are unknown but likely to be moderate due to alteration of riparian habitats. Conversion of forested habitats to agricultural and residential uses has decreased the amount of preferred habitat in some areas, but the bats do make use of bridges and various other non-natural roost sites. Reliance on loose shale, talus, or karst formations often found in oil-, gas-, and mineral-rich lands makes M. leibii vulnerable to habitat loss associated with natural resource exploitation.

Development of wind power may pose a threat in some areas. Myotis leibii typically roosts in talus areas that occur on ridgetops. In the Appalachian Mountains, such roosting areas coincide with past, present, and anticipated future wind power development. Thus this bat may be exposed to both habitat loss due to project construction and direct mortality from turbine operation. However, significant mortality from turbines has not yet been.

Improper gating of caves to protect bats may result in site abandonment. For example, construction associated with commercializing the Fourth Chute Cave in Ontario, Canada, eliminated the circulation of cold air in one of the unvisited passages where a relatively large number of M. leibii hibernated; the bats were completely displaced as a result of the warmer microclimate produced (Mohr 1972). In other locations (e.g., Aitkin Cave, Pennsylvania), correctly installed gates led to increases in M. leibii populations.

Human disturbance is a potential threat at approximately half of the known hibernacula in Kentucky, Maryland, North Carolina, Vermont, and West Virginia, but there is no evidence that disturbance has led to population declines. With its small numbers and spotty distribution, isolated colonies of M. leibii are particularly vulnerable to extirpation by chance events, especially when concentrated during winter months. On the other hand, in contrast to certain other bats that assemble in vast numbers in relatively few sites, the population of M. leibii as a whole is not vulnerable to localized events.

Other threats

Lack of basic information about most aspects of this species’ biology, throughout its range and in New England, is a major threat. More basic information is needed in the following areas, among others: distribution, summer and winter habitat and roost site requirements, movement patterns, diet and foraging behavior, optimal buffer size around hibernacula, mortality factors, effects of global warming, susceptibility to pesticides and other contaminants, susceptibility to West Nile Virus, and interactions with other species.  

Adequate surveying and monitoring techniques (including acoustic) need to be developed for this species with particular emphasis on summer habitats including talus slopes, rocky ridge tops, rock outcrops, abandoned mines, railroad tunnels, bridges, and caves. Winter surveying techniques inside cave and mine hibernacula are also inadequate.

Only a small percentage of the land area occupied by M. leibii is in public ownership. The remainder is privately held, meaning that much of the responsibility for the management of this bat is in the private sector.

Fear of, and ignorance about, bats is a major concern. Many people do not like bats and go out of their way to destroy as many of these animals as possible. Vandalism of bat roosts and harassment and destruction of roosting bats is a major problem (Tuttle 1979). Species that occupy human dwellings and other structures are often exterminated as ‘pests,’ instead of using proven exclusion techniques (Belwood personal observations).  

Bats have very low reproductive rates, which hinders recruitment and population growth in the event that a large portion of a population is destroyed. Compared to other bat species, M. leibii has small populations that increase the risk for extirpation by random events at both winter and summer roosts. Hitchcock et al. (1984) discuss relatively low survival rates for female M. leibii (42% per year) compared to males (76%).

Anything that reduces the abundance of night-flying insects (e.g., drought, water pollution, siltation in waterways, mountaintop mining and valley filling) will negatively impact bats. 
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