SPECIES ABSTRACT – Little brown bat
NOMENCLATURE & TAXONOMY

Scientific name (with authority): Myotis lucifugus (LeConte, 1831)
Synonymy: Myotis subulatus leibii
Family: Vespertilionidae
Common name(s): little brown myotis; little brown bat
Taxonomic history
The five previously recognized subspecies of Myotis lucifugus (alascensis, carissima, lucifugus s.s., pernox, relictus) have been recognized as distinct species. Although this has been accepted by the American Society of Mammalogists (ASM), NatureServe will continue to recognize the broader concept of M. lucifugus pending additional input from taxonomic experts. Myotis occultus was formerly included in M. lucifugus, but is now regarded as a distinct species (NatureServe 2023).
STATUS & DISTRIBUTION

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

General Status
Global rank: G3G4
US national status: N3
Canada national status: N2N4B,NNRN,NNRM
	RANKED AS S1, S2 or LISTED as T or E by State/Province
	RANKED AS S3-S5 OR S?
	RANKED as SR or SRF
	RANKED as SH or SX

	Arkansas (S1), Connecticut (S1), Georgia (S1), Indiana (S2), Kentucky (S2), Maryland (S1), Massachusetts (S2S3), Michigan (S1), Missouri (S2), Nevada (S2S3), New Hampshire (S1), New Jersey (S1), New York (S1S2), North Carolina (S2),  Ohio (S1), Oklahoma (S1), Pennsylvania (S1), South Carolina (S1S2), Vermont (S1), Virginia (S1S3), West Virginia (S2), Wisconsin (S2S4), Manitoba (S2N,S5B), New Brunswick (S1), Nova Scotia (S1), Prince Edward Island (S1), Quebec (S1)
	Alabama (S3), Alaska (S3), Colorado (S4), Delaware (S5), District of Columbia (S4), Idaho (S3), Illinois (S5), Iowa (S4), Kansas (S3), Maine (S5), Minnesota (S3), Montana (S3), New Mexico (S5), Oregon (S3), Rhode Island (S5), South Dakota (S5), Tennessee (S3), Utah (S3), Washington (S3), Wyoming (S5), Alberta (S3S4,SNRN,SNRM), British Columbia (S3S4), Labrador (S3S4), Newfoundland Island (S3S4), Northwest Territories (S3S4), Ontario (S3), Saskatchewan (S4B,S4N), Yukon Territory (S3B)
	
	Mississippi (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/SC
	22/?
	7/?
	12/?
	0/?

	Maine
	S5/E
	3/?
	0/?
	0/?
	0/?

	Vermont
	S1/E
	?/?
	?/?
	N/A
	N/A


1 Hibernacula

2 See below for discussion on suspected hibernaculum on WMNF

Little brown bats are still encountered on the WMNF during their active season through acoustic survey efforts (WMNF unpublished data). They are distributed statewide in NH and ME (NHFGD 2015, MDGIF 2016). Information on hibernacula occupancy in New Hampshire is from NHFGD (2015). According to Maine Audubon (2015), there are three hibernacula in the state that harbor the little brown bat.
There is one suspected hibernaculum on the WMNF, although more work is needed to confirm this and identify the precise location (Prout 2019).

Legal status

	
	Federal Endangered
	X
	ME State Endangered

	
	Federal Threatened
	
	ME State Threatened

	X
	USFS, WMNF Sensitive 
	
	ME State Special Concern

	X
	USFS, GMNF Sensitive
	
	ME Possibly Extirpated

	
	NH State Endangered
	X
	VT State Endangered

	
	NH State Threatened
	
	VT State Threatened

	X
	NH State Candidate
	
	VT State Special Concern

	
	None of the above
	
	


Distribution 
Wide range includes North America from the Alaska-Canada boreal forest south through most of the contiguous United States, though the species is generally absent from the southern Great Plains region. Southwestern populations formerly assigned to this species have now been assigned to M. occultus, so the southwestern boundary of the range includes southern California (except extreme southeast), Nevada, northern Utah, northern Colorado, and perhaps northeastern New Mexico. The core of the range, based on historical abundance, appears to be the northeastern United States and boreal Canada, with smaller populations in the southern and western United States (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
	X
	Center of range in northern New England 

	
	Endemic to northern New England
	
	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
During the species’ active season (April through October), it can be found in forested habitats throughout Maine and New Hampshire. During the winter, has been confirmed to inhabit only one hibernaculum in NH (plus the suspected hibernaculum on the WMNF) and three in Maine.
Current distribution in National Forests relative to species’ global, North American, and state range
	WMNF’s position within N. Am. range
	X
	Central
	
	Peripheral
	
	Disjunct
	
	N/A

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

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


Current occurrences on the WMNF 
There are no known hibernacula on the WMNF.

During the active season, individuals are encountered via acoustic surveys sporadically throughout the Forest. Within the Wanosha Mountain Integrated Resource Project (IRP) area, the little brown bat was recorded at 36 of the 110 surveys sites (32.7 percent) (Prout 2018). The species has been recorded in surveys supporting other IRPs as well including the Bowen Brook IRP and North Chatham IRP.
Prior to white-nose syndrome (WNS), Krusic et al. (1996), Sasse (1995), Sasse and Pekins (1996), and Chenger (2004) captured little brown bats throughout the Forest. It was the most frequently encountered species during all of these survey efforts. Little brown bats could be found almost anywhere; Chenger (2004) captured the species at all eight survey sites. Sasse (1995) tracked three females to three different roost trees on the Forest.
White-nose syndrome was confirmed on the WMNF in 2010. In March, dozens of dead and dying little brown bats were discovered near the Cog Railway base station. These bats were seen flying downslope from the direction of the Ammonoosuc Ravine Trail. Subsequent acoustic survey work in 2010 and 2011 identified a steep, rocky slope, likely the site of and landslide, along Monroe Brook as the likely location of the hibernaculum (Prout 2019). More work is needed to determine the precise location of the hibernaculum and whether it remains active.
Historic occurrences on the forests

It is likely that some of the previously occupied habitat is no longer occupied because of population declines caused by WNS and because roosting sites (e.g. snags) are ephemeral features. While individual roosts are lost from time to time, the colony will likely remain as long as a sufficient number of roosts can still be found in the vicinity.
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
	
	
	


As with other species of bats that hibernate in caves and mines, the little brown bat has experienced widespread population declines due to WNS.

The species was once found in all eight known bat hibernacula in NH. As of now, it is only found in one of them (NHFGD 2015). During hibernacula surveys in the winter of 2017/2018, only one individual was found in the remaining occupied hibernaculum. Prior to WNS, the little brown bat was perhaps the most common bat species in the northeast and over 3,000 individuals were counted in the known NH hibernacula (Ropeik 2018). By 2011, the NH population was estimated to have declined by 99 percent (NHFGD 2015).
In Maine, the winter population of little brown bats has declined by an estimated 95 percent (MDGIF 2016).

There is evidence that since the crash, survival rates have increased and stabilized at rates similar to or higher than survival rates pre-WNS (Ineson 2020). According to Dobony and Johnson (2018), a colony in New York “bottomed out” around 2010, stabilized, and increased after 2014.
LIFE HISTORY INFORMATION

Food and feeding behavior

The little brown bat feeds on small (3 - 10 mm) aerial insects. Specifically, the diet of this species is comprised mostly of the insect orders Diptera, Lepidoptera, Coleoptera, Thrichoptera, Ephemeroptera, and Neuroptera with about the same frequency as these insects are available in the foraging area of bats. They use echolocation to find these insects at night. In New Hampshire and Massachusetts, Thomas et al. (2012) found that moths were the most important prey item by volume (31% of the species’ diet) followed by beetles and true flies.
In many areas, this bat feeds over open water and at the margins of bodies of water and forests. However, foraging habitats appear to vary depending on intraspecific competition and flight ability. Juveniles tend to prefer foraging in clearings or open forest roads, whereas adults regularly forage in more cluttered environments. Adults also may prefer more open areas, especially when bat population density is high.

The little brown bat often engages in two or more feeding bouts per night, occupying remote night roosts to rest and digest between bouts. The foraging range for pregnant little brown bats can exceed 30 hectares, but this range decreases during lactation when adult females return to the day roost to suckle young between evening and morning foraging bouts. Pregnant and lactating little brown bats in New Hampshire consume, on average, 2.5 g and 3.7 g of aerial insects during their first nightly feeding bout, while juveniles consume 1.8 g during this same period. During peak energy demands, lactating females are known to consume the equivalent of their body mass (ca 7 g) each night (Kunz and Reichard 2010).
Reproductive strategy and method(s) 
The little brown bat mates at swarming sites that also serve as hibernacula. At these sites, bats copulate indiscriminately and promiscuously beginning in August, and males sometimes mate with torpid females throughout the hibernation period. Some bats that visit a swarming site may relocate to alternative hibernacula prior to entering hibernation. Thus, mating activity at swarming sites can lead to genetic mixing among roosting or hibernating colonies. Reproductive rates of females are high, averaging 95% from 1993 to 2008.

Female little brown bats store sperm during both the autumn fattening and swarming period and during hibernation. Ovulation occurs within a few days of arousal from hibernation in spring as long as females possess sufficient metabolizable fat reserves. Subsequently, eggs may be fertilized by sperm that overwintered in the female reproductive tract. Gestation occurs over 50-60 days depending on environmental conditions and physiological states of female bats. Each successful pregnancy produces a single altricial offspring, or “pup” capable of clinging to the roost substrate and its mother’s body with large thumbs, hind feet and deciduous incisors (“milk teeth”), but little else. Reproductive success depends on the availability of insect prey during summer months coinciding with energetic demands of pregnancy and lactation.

At birth, little brown bat pups weigh about 25% of an adult female’s post-partum mass and are about 43% of adult linear size. Young consume only milk prior to fledging around 22 days and 84% of adult body size. Pups supplement insect diets with milk until they are weaned at about 26 days. Adult females often depart from maternity roosts to begin migrating to swarming sites once young are weaned, thus arriving at hibernacula earlier than yearlings (Kunz and Reichard 2010).
Reproductive age and periodicity 
Females may be reproductively active during their first year of life, but males are not sexually mature until their second fall swarming opportunity (Kunz and Reichard 2010). Ineson (2020) demonstrated a higher reproductive rate among yearling little brown bats since WNS. This may be a response to WNS, climate change, or both.
Breeding or reproductive season/reproductive phenology 
See above (“Reproductive strategy and method(s)” section).
Production and dispersal of progeny or propagules
Young are born and reared in a communal setting where several adult females congregate in nursery colonies in maternity roosts that are located in a variety of habitats and locations. Site fidelity at these maternity roosts is high, but some individuals, primarily females, do switch sites between years (Norquay et al. 2013).
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).  The first-year survival rate of female little brown bats ranges from 23-46% and is higher for young born earlier in the summer. The annual adult survival rate has been estimated to range from 63-90% (Kunz and Reichard 2010).

Reproductive status on the WMNF

Although Sasse (1995) did not capture any pregnant or lactating females, he deduced that maternity colonies existed because juveniles were captured in July of 1993 and 1994. Given the species is found across the WMNF, it is assumed they reproduce on the Forest.
Lifespan
Survival for a decade may be fairly common; a few live as long as 20-30 years; females may be reproductive to an age of at least 12 years (NatureServe 2023). The oldest recorded wild, free-ranging little brown bat was

31 years when last captured (Kunz and Reichard 2010). Ineson (2020) documented long-term survival, with some individuals living for at least 10 to 12 years.
Migration
All insect-eating bats in the geographic range of this species would face a food shortage if they remained active in winter. These bats cope with this problem by moving from summer grounds to caves, abandoned mines, and areas with rocky outcrops where they hibernate. Little brown bats have been known to travel over 800 km from summer roosting sites to their winter hibernacula (Norquay et al. 2013).
Relationships with other species

The little brown bat feeds on flying insects that are very small relative to their own size.
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.

The little brown bat is susceptible to rabies, as are all bats. In New York, big brown bats (Eptesicus fuscus) and little brown bats have fallen victim to West Nile Virus (CDC 2000). Bats have a variety of ecto- and endoparasites, as do all other mammals.

The little brown bat has been found overwintering in caves and mines that also contain M. lebeii (eastern small-footed bats), M. septentrionalis (northern long-eared bats), M. sodalis (Indiana bats), Eptesicus fuscus, and Perimyotis subflavus (tri-colored bats).
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).  

Like all North American bats, the little brown bat is nocturnal. 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, the little brown bat, like other bats, has a low reproductive rate 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.

HABITAT

General Description
In the late summer and fall, individual little brown bats depart from summer roosts and migrate to a variety of transient roosts before arriving at winter hibernacula located up to 300 km from summer roosts, or perhaps as far as 1,000 km. Caves and mines serve as swarming sites during the autumn mating period and as hibernacula during the cold months. These winter hibernation sites generally have a relatively stable temperature of about 2-12 C. 

Swarming behavior in little brown bats occurs from August through early October, which also coincides with the pre-hibernation fattening period. Hibernacula (or winter roosts) appear to be selected by bats for their high humidity and relatively stable, cool temperatures that are above freezing. The duration of hibernation in the little brown bat depends largely on climate and the length of the hibernal period for a given sector of its range. Although fidelity to hibernacula may differ between males and females, little brown bats often returns annually to swarm, mate, and hibernate at the same site (Kunz and Reichard 2010). 

In spring, little brown bats form maternity colonies of reproductive female bats in barns, attics, tree cavities and other places that remain dark throughout the day. These colonies range in size from tens to hundreds of individuals. Roost fidelity of females to summer roosts tends to be high with adult females typically returning to their natal roosts. Warm microclimates in maternity roosts help optimize gestation and postnatal growth of offspring. Thus, non-reproductive females and adult males usually inhabit separate roosts individually or in small groups; information about the behavior of these cohorts during the active season is under-studied owing to difficulties of finding and monitoring these widely dispersed individuals (Kunz and Reichard 2010).

The little brown bat is opportunistic in selecting its roost sites, “taking shelter in any sites with appropriate microclimates, and quickly locating and exploiting new roosts.” Flexible behavior may have led to the overall success of this species in exploiting fragmented agricultural landscapes and suburban areas with buildings that are frequently occupied during warm months, yet continued fragmentation of landscapes into smaller patches and reduced availability of buildings for roosting are certain to have adverse effects on little brown bat populations (Kunz and Reichard 2010).
Foraging habitat requirements are generalized; foraging occurs over water, along the margins of lakes and streams, or in woodlands near water (NatureServe 2023). Nelson and Gillam (2017) reported that female little brown bats primarily foraged within edge habitats and near water sources.
The three little brown bat roosts discovered by Sasse (1995) on the WMNF were snags; two red maples and a yellow birch. The yellow birch had also been used by a radiotagged northern long-eared bat a few days before, but there was no evidence that the two species shared this roost site concurrently. Two of these roosts were located in low-lying wet areas; one was in a group of dead red maples standing in a pool of stagnant water about 5 m from dry ground, while the other was in a bog.
Habitat associations  

	
	Terrestrial (Uplands)
	
	Palustrine (Wetlands)

	X
	 Forests and Woodlands 
	X
	 Forested Wetlands 

	
	  Spruce-fir northern hardwood forests
	
	  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 
	
	

	
	  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.  Barns, attics, tree cavities and other places that remain dark throughout the day 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.
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

	X
	Old growth
	X
	Forest interior

	X
	Late successional
	X
	Aquatic-terrestrial edge

	X
	Mature
	
	Opening-shrubland edge

	
	Sapling/Pole 
	X
	Opening-forest edge

	
	Young (seedling)
	X
	Shrubland-forest edge

	
	Variable 
	
	Opening interior

	
	No preference
	X
	Variable 

	
	Unknown
	
	No preference

	
	
	
	Unknown


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

Tree-roosting bats generally require older forested stand since they tend to provide larger trees with more defects (cavities, exfoliating bark, etc.) Nelson and Gillam (2017) reported that female little brown bats primarily foraged within edge habitats and near water sources.
Preferred terrestrial habitat parameters

	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

	X
	No preference
	
	Unknown

	
	Unknown
	
	


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

	X
	No preference
	X
	No preference
	X
	No preference

	
	Unknown
	
	Unknown
	
	Unknown


Preferred terrestrial habitat features

	
	Down logs
	X
	Snags
	
	Log/debris piles

	
	Cavities
	X
	Loose bark
	
	Hard mast producers

	
	Gravel pits
	X
	Human structures
	
	Soft mast producers

	
	Fence rows
	X
	Near water
	X
	Caves (and mines)

	
	Rocky outcrops
	
	No preferences
	
	Unknown


Caves and mines are essential habitat features in winter and are used for summer roosts. Buildings and trees with cavities or loose bark provide summer roosting habitat. Being near water may be important for foraging. 
Preferred terrestrial soil features

	Soil texture
	Soil permeability
	Soil pH

	
	Bedrock/outcrops
	
	Rapid
	
	Strongly acid, <5.0

	
	Boulders
	
	Moderate
	
	Medium acid, 5.1-6.5

	
	Cobbles
	
	Slow
	
	Neutral, 6.6-7.3

	
	Gravel
	X
	No preference
	
	Medium alkaline, 7.4-8.4

	
	Sand
	
	Unknown
	
	Strongly alkaline, 8.5+

	
	Loam
	
	
	X
	No preference

	
	Silt
	
	
	
	Unknown

	
	Clay
	
	
	
	

	X
	No preference
	
	
	
	

	
	Unknown
	
	
	
	


Preferred lacustrine/riverine habitat parameters
	Substrate
	Aquatic Vegetation
	Elevation

	
	Bedrock
	
	Submerged
	X
	<1500’

	
	Boulders
	
	Emergent
	X
	1500-2500’

	
	Cobbles
	
	Floating
	
	2500-3500’

	
	Gravel
	X
	No preference
	
	>3500’

	
	Sand
	
	Unknown
	
	No preference

	
	Organic
	Lacustrine/Riverine edge
	
	Unknown

	
	Detritus
	
	Trees at edge
	
	

	X
	No preference
	
	Shrubs at edge
	
	

	
	Unknown
	
	Herbaceous edge
	
	

	
	
	
	Sandy, muddy or peat edge
	
	

	
	
	
	No preference
	
	

	
	
	X
	Unknown
	
	


Abundant insect communities on which M. lucifugus 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. lucifugus are not known.  

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

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

	X
	No preference
	
	Medium alkaline, 7.4-8.4
	X
	No preference

	
	Unknown
	
	Strongly alkaline, 8.5+
	
	Unknown

	ANC
	X
	No preference 
	Water depth

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

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

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

	X
	No preference
	
	
	Deep. >100 feet

	
	Unknown
	
	X
	No preference

	
	
	
	
	Unknown


See above.
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
	X
	No preference
	
	Surface wood/rocks

	X
	No preference
	
	Unknown
	
	Submerged wood/rocks

	
	Unknown
	Lake/pond size
	
	Floating bog mats

	
	
	
	1-10 acres
	
	Stable water level

	
	
	
	11-50 acres
	
	No preference

	
	
	
	51-200 acres
	
	Unknown

	
	
	
	>200 acres
	
	

	
	
	X
	No preference
	
	

	
	
	
	Unknown
	
	


Beaver ponds with abundant snags may provide bat roosting sites.

Bats will feed over man-made lakes and ponds, but whether M. lucifugus 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

	X
	No preference
	
	Side channels
	X
	No preference

	
	Unknown
	X
	No preference
	
	Unknown

	Bank full width
	
	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

	X
	No preference
	
	High, >4%
	
	Overhanging/cut bank

	
	Unknown
	X
	No preference
	
	Rocks/boulders

	
	 
	
	Unknown
	X
	No preference

	Drainage size
	Canopy closure
	
	Unknown

	
	Small, < 10 mi2
	
	>75% canopy closure
	
	

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

	
	Large rivers, >100 mi2
	
	<50% canopy closure
	
	

	X
	No preference
	X
	No preference
	
	

	
	Unknown
	
	Unknown
	
	


The degree to which M. lucifugus 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 all bats.
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
	X
	No preference
	
	Larch/wt. cedar dominated

	X
	No preference
	
	Unknown
	
	Balsam fir dominated

	
	Unknown
	Peatland Type
	X
	Wetland edge

	Elevation
	
	Basin bog
	
	Wetland interior

	X
	<1500’
	
	Lakeshore bog
	X
	Open water

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

	
	2500-3500’
	
	Poor fen
	
	Dead wood

	
	>3500’
	
	Medium fen
	
	No preference

	
	No preference
	
	Rich fen
	
	Unknown

	
	Unknown
	X
	No preference
	
	

	
	
	
	Unknown
	
	


Home range size

The home range of females averaged 30.1 ha +/- 15.0 SD during pregnancy and 17.6 ha +/-9.1 SD during lactation in Quebec, Canada (Henry et al. 2002).
Males moved an average of 275 m +/- 406 SD between successive roosts, had mean minimum roosting areas of 3.9

ha +/- 7.9 SD, mean minimum foraging areas of 52.0 ha +/- 57.4 SD, mean distance between roosting and foraging areas of 254 m +/- 254.2 SD, and mean distances between capture sites and first roosts of 761 m +/- 623 SD in New Brunswick (Broders et al. 2006).
In New York, the mean home range area was estimated to be 143 ha +/- 71.0 SE (Coleman et al. 2014).

As previously mentioned, bats may hibernate over 800 km from their summer roost sites.
LANDSCAPE PATTERNS
Habitat patch size requirements
Unknown.
Habitat patch distribution requirements

Unknown.

Connectivity requirements
Connectivity between foraging and roosting habitat is preferred. 
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 the species.
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.

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
	X
	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
	
	
	
	
	
	


The fungus that causes white-nose syndrome, Pseudogymnoascus destructans, is not native to North America.

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 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 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, which can block entrances or introduce toxic substances to these structures. 
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 bat 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 bats. 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 bats. Similarly, the closure of abandoned railroad tunnels can reduce the availability of roosts to species like the eastern small-footed bat.

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, many little brown bats 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

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. 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


The little brown bat 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. In New Hampshire and Massachusetts, Thomas et al. (2012) found that moths were the most important prey item by volume (31% of the species’ diet) followed by beetles and true flies.
Other processes 

	
	Energy flow
	
	Competition
	
	Other____________

	
	Nutrient cycling
	X
	Disease
	
	Other____________

	X
	Temperature flux
	
	Herbivory
	
	None

	
	Moisture flow
	X
	Predation
	
	Unknown


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).

West Nile Virus has been documented to kill big brown bats and little brown bats in New York (CDC 2000). White-nose syndrome has ravaged bat populations and will be discussed in more detail in the following section.
There are no predators in the U.S. that are bat specialists. Opportunistic predators can include house cats, owls, raccoons, snakes, etc.  

THREATS AND LIMITING FACTORS
Habitat related threats

	X
	Loss of habitat 
	X
	 Decline in quality (alteration)
	X
	Invasive exotic species

	?
	Fragmentation
	
	 Inadequate disturbance regime
	
	None

	X
	Succession
	X
	 Impacts of roads/trails 
	
	Unknown


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

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 the little brown bat.

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

The little brown bat 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).
WNS was first observed in NH in 2009. Winter surveys in 2010 showed a 52% decline and by 2011 declines had reached 99% for little brown bats. Surveys over the winters of 2014 and 2015 echoed this with only one individual found in only one of the 8 regularly surveyed hibernacula (down from the 2009 high of 2929). This drop in population has also occurred in other affected states (NHFGD 2015).
WNS killed at least 1 million M. lucifugus in the four years following detection of WNS in 2006. WNS has spread rapidly (confirmed in more than 100 bat hibernacula) and now has been documented throughout northeastern North America and as far west as Missouri and Arkansas, and south to northern Alabama and northern Georgia (as of May 2014). The fungus that causes WNS (Pseudogymnoascus [formerly Geomyces] destructans) likely was recently introduced from Europe. Bats with WNS experience more frequent arousals through winter that in turn cause rapid depletion of limited fat stores. An increase in arousal rates leads to more evaporative water loss, which could play an important role in the pathology of WNS. Some individuals can either survive a long-term WNS infection or heal and survive an infection, only to become reinfected the subsequent fall or winter, and populations can persist even in sites exhibiting large population declines (NatureServe 2023).
As emerging science has confirmed, the best available evidence conservatively predicts a 99% chance of little brown bat extinction in the northeastern U.S. by at least 2026, and potentially much sooner depending on the actualized mortality rates that result as the disease continues its rapid spread. Because of the importance of the little brown bat in the ecology of the northeastern U.S., a regional population collapse is likely to “result in unpredictable changes to ecosystem structure and function.” In part due to its relative abundance in northeastern North America, the little brown bat has shown the greatest mortality of all bat species found at affected hibernacula, although at least four other species (Myotis septentrionalis, Myotis sodalis, Myotis leibii and Perimyotis subflavus) have also experienced severe mortality at hibernacula in the northeastern U.S. (Kunz and Reichard 2010).

There is evidence the little brown bat is starting to bounce back. Ineson (2020) show that, despite repeated infection with Pd, little brown bats are now surviving at high rates and can endure annual infections over multiple years, with some individuals surviving since early in the WNS epizootic. And according to Dobony and Johnson (2018), a colony in New York “bottomed out” around 2010, stabilized, and increased in numbers after 2014.
Other threats

The perilous decline of the little brown myotis from WNS is further exacerbated by likely additive forms of mortality and other types of harm. For example, the many forms of habitat destruction that fragment the species’ range have a far more acute impact now in light of WNS as extirpations lead to more isolated and more heavily fragmented populations, making the species even more susceptible to extinction (Kunz and Reichard 2010).
This species commonly incurs significant mortality by turbines at wind energy facilities, though these fatalities are much less frequent than those of hoary, eastern red, and silver-haired bats. Overall, an estimated 51,600-107,000 M. lucifigus were killed at wind energy facilities in the United States and Canada during the period 2000-2011. Wind energy is expected to expand from 61,000 MW in 2014 to 350,000 MW by 2030, so the cumulative impact from wind turbines on this species could be substantial. However, the size of the overall little brown bat population is unknown, so the population impact of wind energy fatalities cannot be quantified. Nevertheless, given that the reproductive rate of this species is low, its ability to sustain the current and anticipated level of impact is questionable, particularly in view of the concurrent impact of white-nose syndrome (NatureServe 2023).

Pesticides and other contaminants are a potential threat. For example, elevated levels of persistent organic pollutants (including especially PCBs, DDT, Chlordanes, and PBDEs) have been found in M. lucifugus in the Hudson River valley in New York; the levels found in the bats were only 1 to 3 times less than lethal concentrations reported from previous studies. The population-level impacts of these pollutants are uncertain (NatureServe 2023).
Other prominent examples of habitat destruction or modification that negatively affect the little brown bat, further worsening the effects of the WNS pandemic, include commercial timber harvesting; oil, gas, and mineral extraction/development; conversion of wetlands and riparian zones to other uses; and residential and commercial development, among other habitat-affecting activities (Kunz and Reichard 2010).

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. 
The most notable example of a manmade or natural factor affecting the species’ survival is anthropogenic climate change. The consequence of reduced precipitation during summer months in the species’ core range could have major consequences for the survival of juvenile and adult bats. A surprising conclusion drawn from a recent scientific study is a direct correlation between cumulative summer precipitation and the probability of little brown bat survival. The latter study demonstrated that the variance of cumulative precipitation significantly correlated with population highs and lows. The underlying premise linking climate change/precipitation variances to little brown bat survival probability is the reduced availability of food sources during the important foraging months in autumn before the onset of hibernation. During this time, little brown bat must build up their important fat reserves in order to survive through hibernation. However, unlike during times of high precipitation, reduced precipitation results in reduced abundance of insects and other prey. Thus, the expected summer drying of the northeastern U.S. as a result of climate change is likely to negatively affect survival of little brown bat, and particularly adult females who must feed themselves and their pups. In addition, climate change plays a role by drying up traditional water sources (via warmer temperatures and reduced precipitation) that serve as foraging grounds for the little brown bat, meaning that in years of drought female reproduction will drop significantly and the population will be further strained (Kunz and Reichard 2010).

Little brown bats may be benefiting from warming spring temperatures, which could reduce energy trade-offs and lead to advanced reproductive phenology at the population level that could offset delays associated with WNS at the individual level (Ineson 2020).
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