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Summary
Although long thought to exist throughout the forested region of Minnesota, occurrence records for
northern long-eared bats (Myotis septentrionalis) were historically based on winter hibernacula
records and sporadic summer observations. The ability to record and identify bats by their
echolocation calls allowed scientists to more systematically survey for bats in Minnesota beginning in
the 2000s; however, these data were not compiled in a central database. With the arrival of whitenose syndrome in Minnesota and the federal listing of the northern long-eared bat in 2015 as
threatened under the Endangered Species Act, the need for a more detailed and current distribution
map for this species was evident. In this report, we summarize the occurrence records for northern
long-eared bats based on specimens collected, existing acoustic survey data from various sources
collected prior to 2015, and acoustic survey data collected from 2015 to 2017. Northern long-eared
bats do appear to be distributed throughout the forested region of Minnesota. Presence has been
documented in the northern half of the state, surrounding the Twin Cities metropolitan area, and in
the southeast corner of the state. Detection of the northern long-eared bat in almost every attempt
suggests that the species is also present in unsurveyed regions of the forested regions of the state,
although it is less common than the little brown bat (M. lucifugus), especially after white-nose
syndrome has led to mortalities in Minnesota.
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Intro
oduction
Northern long-eared baats (Myotis seeptentrionaliss) are small baats that hibernnate in caves and mines in
the winterr. Other namees for the nortthern long-earred bat in the historical liteerature includde Vespertilioo
gryphus var.
v septentrio
onalis and Myyotis keeni sep
ptentrionalis (Caceres andd Barclay 20000). In some
older literrature, the norrthern long-eaared bat is refferred to as M
Myotis subulattus (Jackson 11961). The
northern long-eared
l
baat ranges throu
ughout much of eastern Noorth America based on thee species
distributio
on map, although specimen
n records in Minnesota
M
aree relatively sccarce (Fig. 1).
Figure 1. Distribution of
o northern lo
ong-eared bat in North Am
merica (Cacerees and Barclaay 2000) and iin
Minnesotaa (Hazard 198
82). The Nortth American distribution
d
m
map was origiinally publishhed in a
Mammaliian Species acccount, and th
he Minnesota map was creaated by the B
Bemidji State U
University
Biology Department
D
an
nd originally published as Map 13 in Thhe Mammals oof Minnesotaa (Hazard 19882).

Older refeerences often indicate that the northern long-eared baat is relativelyy common in Minnesota
forests in the summer, although the little brown bat
b (Myotis luucifugus) appeears to be the most
M
speciees in Minneso
ota. Occurrencce records of Myotis speciees come from
m winter
common Myotis
hibernacu
ula records and from occasiional specimeens captured iin the monthss when bats arre not in
hibernacu
ula. The little brown bat haas more historrical records bbecause it ofteen roosts in bbuildings
during thee summer, wh
hile the northeern long-eared
d bat usually roosts in treees and therefoore is less
likely to be
b encountereed by humans.
The first publications
p
on
o mammals in
i Minnesota did not list thhe northern loong-eared batt as present.
For examp
ple, Herrick (1892)
(
listed only
o
the little brown bat inn the Myotis ggenus. The noorthern longeared bat was likely prresent; this is probably
p
another instance of the little bbrown bat beinng easier to
find becau
use it roosts in
n buildings in
n the summer.
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The first published indication of the northern long-eared bat in Minnesota was in a list of Minnesota
mammals compiled by University of Minnesota professor C.E. Johnson in 1916, in which the range
of the northern long-eared bat was described as including the “entire state” (Johnson 1916). The
northern long-eared bat was described as very common throughout Itasca County in north central
Minnesota in 1919 (Cahn 1921), although Cahn called it M. subulatus in that publication. Cahn also
listed the little brown bat as present but did not say that it was either common or very common.
In a second compilation of the Mammals of Minnesota, the little brown bat was considered the most
common Myotis bat in the summer, although hibernacula locations appeared to be unknown because
winter locations were not discussed (Surber 1932). The northern long-eared bat was described as
having only a local distribution in Minnesota, although it could be found throughout the state. One
known specimen from Elk River in Sherburne county was referenced.
There are few published records of the northern long-eared bat from the mid 1900s. A few northern
long-eared bats were found hibernating in caves during winter surveys in 1940–1941 in Nicollet,
Goodhue, Fillmore, and Wabasha counties (Rysgaard 1942). Rysgaard indicates the northern longeared bat is thought to be relatively common throughout Minnesota, although he also says that it is
rarely found in hibernacula compared to other bat species. Other counties with documented presence
of the northern long-eared bat included Clearwater, Itasca, St. Louis, Lake, Pine, Sherburne, and
Stearns counties. Northern long-eared bats were found hibernating in sewers in St. Cloud, MN in
1952 (Goehring 1954).
In a third compilation of the mammals of Minnesota by Gunderson and Beer in 1953, the theme of the
little brown bat being more common than the northern long-eared bat continues. The little brown bat
was documented present in 19 counties in Minnesota, while the northern long-eared bat was listed as
present in 7 counties in Gunderson and Beer’s Mammals of Minnesota. The authors again indicate
that the northern long-eared bat is more common than specimen records indicate, although also saying
that in hibernacula the little brown bat is much more common.
In 1982, Bemidji State University biology professor Evan B. Hazard published another compilation of
the mammals of Minnesota, with maps based on specimen records at the township level (Fig. 1).
Counties with northern long-eared bat presence in Fig. 1 include Cass, Cook, Sherburne, and Ramsey.
Several of the counties listed in earlier references (e.g., Rysgaard 1942, Goehring 1954) are not
included because specimens were not associated with those observations. As in Gunderson and Beer
(1953), the little brown bat was listed as present in many more counties than the northern long-eared
bat in Hazard’s book (30 counties for the little brown bat compared to 4 counties for the northern
long-eared bat).
A literature review and additional surveys for Minnesota bat species were conducted by Gerda
Nordquist and Elmer Birney in the early 1980s, leading to updated distribution maps which included
known museum specimens, literature records, and observations from summer and winter field surveys
(Fig. 2). In their literature review the little brown bat was documented in 55 counties, compared to 15
counties for the northern long-eared bat. Several hibernacula were identified, including the largest
known hibernating populations of the little brown bat and the northern long-eared bat in Minnesota, at
the Soudan Underground Mine in St. Louis County (Nordquist and Birney 1985).
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Figure 2. Maps of know
wn northern long-eared
l
baat winter (left)) and summerr (right) distriibution recordds in
Minnesotaa as of 1985. Circles appeaar in counties for which reccords of northhern long-earred bats occurr, and
do not ind
dicate exact lo
ocations. Map
ps in Figure 2 were originaally publishedd as Figure 3 iin the report
“Distributtion and Statu
us of Bats in Minnesota”
M
(N
Nordquist andd Birney 19855).

Wiinter

Suummer

Most of th
he earlier reco
ords of bat presence in Min
nnesota are frrom hibernacuula, captures of bats in
summer ro
oosts, or speccimens obtain
ned incidentallly. It becamee easier to doccument presennce of bat
species du
uring the sum
mmer when thee technology to record andd identify the ultrasonic callls of bats
became av
vailable to fieeld biologists in the early 1980s
1
(Fentonn and Bell 1981). Acousticc surveys for
bats were first conductted by the Min
nnesota Depaartment of Naatural Resourcces (MN DNR
R) in
Minnesotaa in the early 2000s. Addittional survey work has beeen conducted by state and ffederal
agencies, universities, and private co
onsulting com
mpanies. Som
me of these proojects were puublished in
o
present inn gray literatuure or are unaavailable.
peer-revieewed literaturre or as thesess; others are only
Ultrasonicc recording teechnology hass advanced grreatly in the laast decade, buut even now nnot every calll
that is reccorded can be identified to species. Early
y acoustic dettectors recordded data in zeero-crossing
(ZC) form
mat, a format which
w
stored a limited amo
ount of acousstic informatioon compactlyy due to data
storage lim
mitations. Mo
ore recently, acoustic
a
detecctors that recoord data in fulll-spectrum (F
FS) formats
were deveeloped. The FS
F format storres a greater amount
a
of infformation aboout each call, w
which can
make it eaasier to identiify bat speciess.
The echollocation calls of bat species vary depend
ding on their body size andd foraging strrategy.
Minnesotaa’s seven bat species makee either low-fr
frequency callls (hoary bat ((Lasiurus cinnereus), big
brown batt (Eptesicus fuscus),
fu
silver-haired bat (L
Lasionycteris noctivagans))) or high-freqquency calls
(northern long-eared baat, little brow
wn bat, tricolorred bat (Pipisstrellus subflaavus), easternn red bat
(Lasiurus borealis)). Low-frequency
L
y calls and hiigh-frequencyy calls are eassily differentiaated, but it caan
be difficu
ult to assign caalls to a speciies within eith
her the low-frrequency or thhe high-frequuency group.
As might be expected, the calls of so
ome bats with
hin the same ggenus, such aas the northernn long-eared
bat and th
he little brown
n bat, can be difficult
d
to asssign to a speccies. Northernn long-eared bbats and little
brown batts are particullarly difficult to distinguish
h due to the ooverlapping raange of manyy call
3
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characteristics. In addition, for high frequency bats, some little brown bat and eastern red bat calls
have similar characteristics. For low-frequency bats, big brown bat and silver-haired bat calls are very
similar. Examples of the calls made by different species and additional discussion of identification of
bat calls to species are in Swingen et al. (2018a).
Since 2006, cave-hibernating bat populations in the United States have declined sharply from whitenose syndrome (WNS). First documented in New York state, WNS has spread westward to 32 U.S.
states and 7 Canadian provinces, killing millions of bats (U.S. Fish and Wildlife Service 2012). The
northern long-eared bat is particularly susceptible to WNS, with declines of 90–100% in many eastern
U.S. hibernacula (Turner et al. 2011). WNS was first confirmed in Minnesota in 2016, and
subsequent winter surveys have confirmed decreasing numbers of bats (MN DNR 2016, 2017). When
the northern long-eared bat was listed as Threatened under the Endangered Species Act in 2015, it
became necessary to increase understanding of the distribution of this species in Minnesota. We used
historic locations reviewed above, records downloaded from the Global Biodiversity Information
Facility, the Minnesota Biodiversity Atlas, and available acoustic data to create an updated map of
northern long-eared bat detections.

Methods
We compiled bat acoustic data collected in Minnesota by various entities prior to 2015. We attempted
to identify all potential sources of bat acoustic data, including state agencies, federal agencies,
universities, private consulting firms, and industry partners. If the original data was available, it was
obtained in addition to a summary of the dataset and/or file identifications.
If the files were identified to species by the original source or author, we used the results of the
original analysis. If the files were not identified by the original source or author, and the original
recording data was available to us, we analyzed the files using the software program Kaleidoscope
Pro (version 4.0.4). Data were processed in Kaleidoscope using the “Moderate” setting, with the
“Minnesota” set of candidate species:
Big brown bat
Eastern red bat
Hoary bat
Silver-haired bat
Little brown bat
Northern long-eared bat
Tricolored bat

Eptesicus fuscus (EPFU)
Lasiurus borealis (LABO)
Lasiurus cinereus (LACI)
Lasionycteris noctivagans (LANO)
Myotis lucifugus (MYLU)
Myotis septentrionalis (MYSE)
Perimyotis subflavus (PESU)

We did not analyze any of the acoustic data using the Sonobat software program, because most of the
existing data was from zero-crossing detectors, which cannot be analyzed by Sonobat.
There are some legal filings for wind turbine projects that can be found with an internet search. The
acoustic data has been collected for these projects, but the data presentation in earlier projects is
limited to high-frequency and low-frequency bat groups. Because the calls are not differentiated to
species, the high-frequency bat calls could be from the northern long-eared bat, the little brown bat, or
the eastern red bat. An example of this type of analysis is Derby and Dahl (2008).
Other legal filings that were done after the northern long-eared bat was listed as threatened under the
ESA could be used. One example of this type of project is the Palmers Creek project in Yellow
Medicine County (MDOC 2018), in which northern long-eared bats were not found.
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Results
We compiled acoustic data and results from 2003–2014 from 10 sources (Table 1). Data were from
208 passive surveys, 47 active surveys, and 13 driving transects located in 21 Minnesota counties.
Sources included the Minnesota Biological Survey, U.S. Forest Service, University of Minnesota, and
WEST Inc. environmental consulting company. Acoustic records that are not publicly available, such
as an acoustic study for the proposed new route for the Line 3 pipeline project by Enbridge, Inc.
(https://www.enbridge.com/Line3ReplacementProgram.aspx), are not included in Table 1.
Table 1. Sources of bat acoustic data collected in Minnesota compiled for this analysis. For data type,
ZC = zero-crossing and FS = full-spectrum.

Source
UMD – NRRI
Superior National
Forest
Chippewa National
Forest
MN DNR –
Biological Survey
MN DNR/ MN DOT
National Park Service
UPM Blandin
Camp Ripley
Training Center
Dixon (2012)
Carlton County5
Total
1
2
3
4
5

Files
Identified
by Source?
Yes/No
Yes
(WEST)
Yes
(WEST)

Years Data
Collected

# Locations Data
Collected

# Files
Recorded

Type of
Data

2009–2014

106

52,790

ZC

2009–2014

71

4,554

ZC

2011–2014

51

3,283

FS

2003–2014

Unknown2

Unknown2

ZC

Yes

2014
2003
2014

16
3
3

25,547
1,488
790

ZC
ZC
ZC

Yes
Yes
Yes

2006–2014

113

4,834

ZC

No

2016

47
2
259

1,450

ZC
FS

Yes4
Yes

These locations are all driving transects.
MBS data include confirmed MYSE calls. Call file data is not available.
One of these 11 locations is a driving transect.
Did not differentiate between MYSE and MYLU.
Sichmeller and Hammond 2017.

There were 16 records for Myotis septentrionalis and Myotis keenii in the Global Biodiversity
Information Facility (GBIF) and the Minnesota Biodiversity Atlas databases (GBIF.org 2018a, b).
The GBIF database search for Myotis septentrionalis and Myotis keenii returned one record from Elk
River and one record from St. Cloud (GBIF_1, GBIF_2). The Minnesota Biodiversity Atlas (MBA)
of the Bell Museum of Natural History has 14 specimens from Minnesota that were collected from
1934 to 1983 (MBA 2018). Hazard, Gunderson and Beer, and Nordquist probably looked at some of
these specimens from the Bell Museum to make their maps! Because the northern long-eared bat is
listed as a threatened species, the location is only reported at the county level in the MBA. Counties
included Cook, Goodhue, Hennepin, Nicollet, Ramsey, St. Louis, and Stearns, all of which had been
reported in the earlier literature.
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As a resullt of the north
hern long-eareed bat being listed under thhe ESA, the M
MN DNR maiintains recordds
of location
ns of known roost
r
trees. Th
hese records are currently located in 288 counties sprread
throughou
ut the forested
d area of Minn
nesota. For alll of these anaalyses of nortthern long-earred bat
presence, an importantt consideration
n of this map is that absennce of a recordd does not meean that
northern long-eared
l
baats are not preesent.
Figure 3. Records of no
orthern long-eared bat roost trees by tow
wnship storedd in the database maintaineed by
the MN DNR.
D
Recordss are current as
a of April 20
018.
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Our review of the publications, museum records, and recent acoustic datasets resulted in
documentation of northern long-eared bat presence in 38 of the 88 Minnesota Counties (Table 2). The
main outcome of the synthesis of current knowledge of northern long-eared bat presence was to fill in
some of the vacant spots present in earlier reviews.
Table 2. Counties in Minnesota with documented presence of northern long-eared bat. Column labels
refer to publication date for Cahn (1921), Surber (1932), Rysgaard (1942), Goehring (1954), Gunderson
and Beer (1953), Hazard (1982), Nordquist and Birney (1985). The column labelled “MNDNR” refers to
known locations of northern long-eared bat roosts (Fig. 3), and the column labelled “T-1” refers to the
sources compiled in Table 1. The column labelled “All” includes all counties in this table with northern
long-eared bat presence documented.
County
Aitkin
Anoka
Becker
Beltrami
Benton
Big Stone
Blue Earth
Brown
Carlton
Carver
Cass
Chippewa
Chisago
Clay
Clearwater
Cook
Cottonwood
Crow Wing
Dakota
Dodge
Douglas
Faribault
Fillmore
Freeborn
Goodhue
Grant
Hennepin
Houston
Hubbard
Isanti
Itasca
Jackson
Kanabec
Kandiyohi
Kittson
Koochiching

1921

1932

1942

1954

1953

1982

1985

MNDNR
1
1
1

T-1

1
1

1

1

1

1
1
1

1

1

1
1

1

1

1
1
1

1
1

1
1

1
1

1
1
1

1
1

1

1

1

1

1

1

1

1

1

1
1
1
1

1

1
1
1
1
1

1

1

1
1

1
1

1

1

All
1
1
1
1
1

1

1

Lac qui Parle

Lake
Lake of the
Woods
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Table 2, Continued.
County
Le Sueur
Lincoln
Lyon
Mahnomen
Marshall
Martin
McLeod
Meeker
Mille Lacs
Morrison
Mower
Murray
Nicollet
Nobles
Norman
Olmsted
Otter Tail
Pennington
Pine
Pipestone
Polk
Pope
Ramsey
Red Lake
Redwood
Renville
Rice
Rock
Roseau
Saint Louis
Scott
Sherburne
Sibley
Stearns
Steele
Stevens
Swift
Todd
Traverse
Wabasha
Wadena
Waseca
Washington
Watonwan
Wilkin
Winona
Wright
Yellow
Medicine

8

1921

1932

1942

1954

1953

1982

1985

MNDNR
1

Fig. 3

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

1

1

1

1

1
1

1
1
1
1

1

All
1

1

1

1

1

1

1

1
1
1
1
1
1

1

1
1

1

1

1
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Combinin
ng pre-2015 acoustic surveey data with other known loocations show
ws that northeern long-earedd
bats are distributed thro
oughout the forested
f
region of Minnesoota (Fig. 4). A
Acoustic surveeys and
occurrencce records hav
ve been focused on the norrthern half of Minnesota, aaround the Tw
win Cities
metropoliitan area, and in the southeeastern cornerr of the state. However, bassed on the doocumented
distributio
on of northern
n long-eared bats
b from receent research pprojects, it is likely that thee species is
present th
hroughout the forested porttion of the staate, consistentt with Johnsonn (1918), Surrber (1932),
Gunderson and Beer (1
1953), Hazard
d (1982), and Nordquist annd Birney (19985).
Figure 4. Map of pre-2
2015 bat acoustic survey lo
ocations in Miinnesota show
wing detectionn of northern
long-eared
d bat (MYSE
E) calls. Sites marked
m
with yellow are froom past recorrds, and sites marked with blue
are from the
t current project (Swingeen et al. 2018a). Counties w
with records are shaded grreen.

.
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Discussion
Historically, northern long-eared bats were thought to be distributed across Minnesota, although this
was originally based on relatively few documented specimen locations. Hibernacula sites were
unknown in the early 1900s, and northern long-eared bats are less likely to be found because of the
tendency of northern long-eared bats to roost in trees instead of buildings. Most references to
abundance after the 1940s indicate that the little brown bat is the most common bat in Minnesota and
that the northern long-eared bat is less common. Many of the references also indicate that the northern
long-eared bat is more common than occurrence records indicate.
The several books that have been published on the Mammals of Minnesota generally indicate a
summer range throughout the state, although there were few documented locations to support this
(e.g., 8 specimens in Hazard (1982), 9 locations in Gunderson and Beer (1953)). Even as late as 1985,
there were only 8 counties in Minnesota with documented locations of the northern long-eared bat in
summer (Fig. 2, from Nordquist and Birney 1985). Thus, although specimens had been identified in
counties distributed from north to south in Minnesota, the validity of the extent of summer range
could have been challenged.
Acoustic detectors made it possible to more efficiently find northern long-eared bats in the summer,
and the analysis of acoustic data has provided strong support for northern long-eared bats being
distributed throughout at least the forested part of Minnesota. There were few deployments of
acoustic detectors in the southern half of Minnesota prior to 2015 (Fig. 4), but deployments and mistnet captures from 2015 to 2018 provided additional support for presence of northern long-eared bats
in the southern half of Minnesota (Swingen et al. 2018a, b).
One important aspect of acoustic data is that it provides evidence of distribution, but it is still not
possible to use acoustic data to determine abundance of different species. As discussed in the
Introduction (p. 6), while it is easy to differentiate high-frequency and low-frequency species from
the bat calls, it can be difficult to differentiate species within each frequency group. Because of
similarities of calls among species, relative abundance calculations must also be qualified with the
identification criteria used. Human interpreters and software programs do not always agree when
assigning species identifications to a call file (Lemen et al. 2015).
Although recording equipment and analysis software have made bat surveys more practical, acoustic
file identifications are still less reliable than confirming species presence through mist-netting. The
northern long-eared bat in particular is difficult to confirm positively from acoustic records because
its calls are so similar to calls made by the closely related little brown bat. The automated programs
appear to be more likely to identify a call to be from a little brown bat, because not every call made
by a northern long-eared bat has the distinctive high-frequency part of the call present.
Another important aspect of both acoustic surveys and mist-netting is that it is difficult to impossible
to prove absence. The only area of the state where northern long-eared bats have not been found
during any survey is in the southwestern counties, where forested areas cover a small portion of the
landscape. In all other areas that have been surveyed, at least some surveys have indicated presence of
northern long-eared bats. It is probably a safe assumption that in the forested portion of Minnesota,
even if one acoustic survey fails to detect northern long-eared bats, another acoustic survey in the area
would detect their presence.
Overall, based on documented locations and acoustic surveys, the northern long-eared bat is present
throughout the forested region of Minnesota. The mist-netting and acoustic detection parts of this
project, conducted from 2015 to 2017, provided additional data on the distribution of the northern
long-eared bat in Minnesota (Swingen et al. 2018a, b).
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