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Abstract
The National Park Service’s (NPS) Great Lakes Inventory and Monitoring Network (GLKN)
monitors long-term ecosystem health in parks of the Great Lakes ecoregion. Bat population
monitoring has been implemented in nine NPS units: Apostle Islands National Lakeshore, Grand
Portage National Monument, Indiana Dunes National Park, Isle Royale National Park, Mississippi
National River and Recreation Area, Pictured Rocks National Lakeshore, Saint Croix National
Scenic Riverway, Sleeping Bear Dunes National Lakeshore, and Voyageurs National Park. Sampling
began in 2015 and has continued each year since.
The bat monitoring program uses acoustic detectors to passively record bat echolocation calls.
Sampling is conducted yearly between June and August at a set of 18–35 sites per park. Acoustic
files and associated deployment data are archived at each park and submitted to GLKN for
centralized data management and analysis. Data are processed through specialized acoustic analysis
software to obtain automated species-level classifications for echolocation calls, followed by manual
vetting of a subset of calls. Data analysis focuses on species richness, species distributions, and
relative activity levels. Yearly summary reports and multi-year trend analyses are produced by park
staff, the protocol lead, and contractors.
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1.0 Background and Objectives
1.1 Overview and History of Bat Surveys
The National Park Service’s (NPS) Inventory and Monitoring program encompasses both point-intime inventories to identify what resources are present, and consistent long-term monitoring to
identify changes over time. As part of this program, the Great Lakes Inventory and Monitoring
Network (GLKN) coordinates and conducts inventory and monitoring projects across nine national
park units located in Minnesota, Wisconsin, Michigan, and Indiana. The parks are Apostle Islands
National Lakeshore (APIS), Grand Portage National Monument (GRPO), Indiana Dunes National
Park (INDU), Isle Royale National Park (ISRO), Mississippi National River and Recreation Area
(MISS), Pictured Rocks National Lakeshore (PIRO), Saint Croix National Scenic Riverway (SACN),
Sleeping Bear Dunes National Lakeshore (SLBE), and Voyageurs National Park (VOYA).
GLKN began conducting baseline natural resource inventories in 2000, resulting in species
occurrence and status lists for each park unit, which are documented in the NPS web-based tool
NPSpecies (NPSpecies 2019). GLKN also developed a list of natural resource indicators, called
“Vital Signs”, to guide and prioritize long-term monitoring efforts (Route and Elias 2007). These
Vital Signs are “a subset of physical, chemical, and biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park resources, known or
hypothesized effects of stressors, or elements that have important human values” (Route and Elias
2007). A final group of 21 Vital Signs was selected based on importance to the parks and feasibility
and cost effectiveness to implement. Bats are included in GLKN’s general species inventories, but
targeted monitoring of mammalian communities (including bats) was not selected as a priority Vital
Sign due to lack of time and funding. Mammal studies were, however, considered to be an area for
potential future work (Route and Elias 2007).
GLKN and some individual park units conducted bat surveys prior to 2013, but there was no
coordinated, consistent, or comprehensive region-wide effort. Though limited in scope, these older
surveys provided important occurrence data and documented three to six species per park through a
combination of acoustic, capture, direct observation, and genetic methods (Appendix A).
In recent decades, North American bat populations have been increasingly threatened by a number of
environmental pressures including the fungal disease white-nose syndrome (WNS), mortality from
wind turbines, and changing land use and climatic conditions. Due to the increase in conservation
concerns, many U.S. federal agencies have begun implementing or expanding bat research and
monitoring programs (e.g., Loeb et al. 2015, Rodhouse et al. 2016 Rodriguez et al. 2019). The NPS
has been very active in this area, funding over 150 bat-focused research, conservation, and education
projects at 78 parks since 2013 (National Park Service 2016).
In 2015, GLKN and the network parks established a bat monitoring program with a particular focus
on documenting the impacts of WNS. When the project was initiated, the Great Lakes region was at
the leading edge of the disease’s spread, with WNS documented within 50 miles of most parks (U. S.
Geological Survey 2019), making it a very real and imminent threat. GLKN’s monitoring program is
1

helping parks to document baseline data on their bat populations and assess changes over time as
WNS continues to move west.
1.2 Rationale for Monitoring Bats
Bat monitoring at GLKN parks is important for several reasons. Bats are facing numerous threats and
are species of conservation concern, some even federally listed by the U. S. Fish and Wildlife Service
(USFWS). Additionally, baseline data such as species occurrence, distribution, and relative
abundance is lacking at a detailed level for the parks.
1.2.1 Threats to Bats

North American bat populations are subject to a number of major stressors and some species have
experienced rapid declines. The most substantive threats facing bat communities include WNS, wind
energy-related mortality, and changes in land use and climatic conditions. The impetus for
establishing this project was to obtain baseline data on species occurrence and activity levels in the
GLKN parks and monitor trends over time as our bats are faced with increasing stressors, particularly
WNS.
WNS is a disease caused by the fungal pathogen Pseudogymnoascus destructans. Both behavioral
and physiological effects have been observed in infected bats, including fungal growth on the
muzzle, ears, and wing membranes; increased frequency of arousals during hibernation; depletion of
fat reserves and emaciation; and high rates of mortality (Blehert et al. 2009, Warnecke et al. 2012).
The pathogen was first documented in North America in 2006; since then it has spread to 33 U.S.
states and 7 Canadian provinces (U. S. Geological Survey 2019), with an estimated total mortality of
at least 6 million bats (U. S. Fish and Wildlife Service 2014). Previous work has documented steep
declines in local bat populations after the arrival of WNS to an area. A variety of methods including
winter hibernacula counts (Turner et al. 2011, Frick et al. 2015, Powers et al. 2015), summer capture
surveys (Pettit and O’Keefe 2017), and summer acoustic surveys (Brooks 2011, Dzal et al. 2011)
have all corroborated the declines and the disease continues to threaten new areas.
Wind energy development has grown substantially in the U.S. over the last two decades, reaching a
current installed capacity of over 105,000 megawatts (American Wind Energy Association 2019).
Estimates based on data prior to 2012 suggest 1–11 bats are killed per megawatt per year (Arnett et
al. 2015), or a total of 651,000–888,000 bat fatalities per year (Smallwood 2013). However, due to
the continued increase in installed capacity, current impacts are likely higher. Although not all
species are equally impacted (Kunz et al. 2007, Arnett et al. 2015), projections for one of the most
affected species (Hoary Bat, Lasiurus cinereus) suggest that mortality due to wind energy could
cause significant population declines and increased risk of extinction over the next 50–100 years
(Frick et al. 2017).
Strong relationships have been observed between changing climatic conditions and some aspects of
bat behavior (Frick et al. 2012) and physiology (Adams 2010). Modeling suggests climate change
will lead to shifts in the geographic range of suitable conditions for both hibernacula (Humphries et
al. 2002) and maternity colonies (Loeb and Winters 2013). Altered land use patterns and habitat
fragmentation can also have impacts. For example, highly urbanized areas may have reduced species
2

richness compared to nearby natural areas, though not necessarily a reduction in overall bat activity
(Avila-Flores and Fenton 2005, Krauel and LeBuhn 2016). Specific factors associated with
anthropogenic development, including impervious surfaces (Dixon 2012), roads (Kitzes and
Merenlender 2014, Pourshoushtari et al. 2018) and artificial lighting (Cravens and Boyles 2019) have
been shown to negatively impact bat activity, though varying responses are observed depending on
species.
1.2.2 Species of Conservation Concern

Nine species of bats are found in the Upper Midwest/Great Lakes region (Kurta 2017). Details on
each species are found in Table 1. All nine species in our region are insectivores belonging to the
Family Vespertilionidae, the largest and most common group of bats in North America. They can be
divided into two broad groups based on their behavior and natural history: tree-roosting, migratory
bats and cavity-roosting, hibernating bats. The five hibernating species are confirmed to be
susceptible to WNS; additionally, the Eastern Red Bat (Lasiurus borealis) and Silver-haired Bat
(Lasionycteris noctivagans) have been documented with the fungal agent P. destructans, though not
showing signs of the disease itself (U. S. Fish and Wildlife Service 2014). Meanwhile, migratory
species make up the majority of bat fatalities due to wind turbines (Arnett et al. 2015).
The USFWS lists the Indiana Myotis (Myotis sodalis) as federally endangered and the Northern
Myotis (Myotis septentrionalis) as federally threatened under the Endangered Species Act (U. S. Fish
and Wildlife Service 1967, 2016). Additionally, all nine species are listed as endangered, threatened,
or of special concern by one or more states in which GLKN parks are located (Michigan Natural
Features Inventory 2009, Minnesota Department of Natural Resources 2013, Wisconsin Department
of Natural Resources 2016, Indiana Division of Fish and Wildlife 2019).
1.2.3 Limited Baseline Data

Bat surveys were conducted prior to 2013 at some parks. These surveys were generally limited in
scope; for example, visiting only easily accessible sites, sampling for only a few nights per site, or
sampling only a single season. Furthermore, sites were not selected following an intentional sampling
design, and can not be considered representative of the park as a whole. The current GLKN
monitoring program substantially expands survey efforts and establishes a more robust probabilistic
sampling design to enable statistical analyses.
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Table 1. Bat species of the Great Lakes region*. Species affected by white-nose syndrome (WNS) are
listed as “Confirmed” if they have been identified with diagnostic symptoms of the disease, or “Pd
Positive” if the causative fungus Pseudogymnoascus destructans has been detected but without
diagnostic symptoms of the disease. Federal/state status is indicated as E (Endangered), T (Threatened),
or SC (Special Concern). Nomenclature follows Simmons and Cirranello (2020).

Species Name

Roosting /
Wintering Behavior

Big Brown Bat
Eptesicus fuscus

WNS Affected?

Federal Status

State Status

Cavity-roosting/
Hibernating

Confirmed WNS

–

T (WI),
SC (MN)

Eastern Red Bat
Lasiurus borealis

Tree-roosting/
Migratory

Pd Positive

–

SC (IN)

Hoary Bat
Lasiurus cinereus

Tree-roosting/
Migratory

–

–

SC (IN)

Silver-haired Bat
Lasionycteris noctivagans

Tree-roosting/
Migratory

Pd Positive

–

SC (IN, WI)

Little Brown Myotis
Myotis lucifugus

Cavity-roosting/
Hibernating

Confirmed WNS

–

E (IN),
T (WI),
SC (MI, MN)

Northern Myotis
Myotis septentrionalis

Cavity-roosting/
Hibernating

Confirmed WNS

T

E (IN),
T (WI),
SC (MI, MN)

Indiana Myotis
Myotis sodalis

Cavity-roosting/
Hibernating

Confirmed WNS

E

E (IN, MI)

Evening Bat
Nycticeius humeralis

Tree-roosting/
Migratory

–

–

E (IN),
T (MI)

Tricolored Bat
Perimyotis subflavus

Cavity-roosting/
Hibernating

Confirmed WNS

–

E (IN),
T (WI),
SC (MI, MN)

*Sources: Indiana Division of Fish & Wildlife 2019; Michigan Natural Features Inventory 2009; Minnesota
Department of Natural Resources 2013; U. S. Fish and Wildlife Service 1967, 2014, 2016; Wisconsin
Department of Natural Resources 2016

1.3 Program Objectives
The overall goal of the GLKN bat monitoring program is to assess the status of bat populations in the
parks and detect population trends over time. Acquiring this information will assist parks in filling
gaps in knowledge and in making informed decisions when management actions may impact bats.
Because obtaining direct abundance measures of bat populations is not feasible with acoustic
methods (Miller 2001, Frick 2013), the focus will be on assessing species distribution patterns and
activity levels. Surveys will utilize appropriate sampling design and methods to support the
secondary goal of incorporation and/or comparison of our data with other large-scale monitoring
projects.
Specific objectives include the following:
4

1) Identify what species are present in each park and where they are found within the park.
2) Track changes in activity levels and distribution patterns over time for each species.
3) Compare bat activity levels among species and among parks.
4) Compare species distribution patterns among species and among parks.

5

2.0 Sampling Design
When selecting the sampling design, factors requiring consideration included: a) minimizing costs
while maximizing efficiency, b) accounting for challenging logistics and difficult access, c)
maintaining simplicity such that non-experts would be able to collect the data, d) maintaining
rigorous scientific standards to allow for statistical analyses, and e) allowing data to be
comparable/compatible with other monitoring programs (e.g., NABat).The field of bat monitoring
and acoustic data analysis is rapidly advancing, therefore we acknowledge that the selected sampling
design may need to be adjusted in the future.
2.1 Rationale for Survey Methodology
The GLKN bat monitoring program utilizes passive acoustic survey methods. Passive acoustic
detection, in which ultrasonic recording devices are systematically deployed throughout a landscape
to record the echolocation calls of passing bats, is a commonly used method to monitor bats and gain
information on species richness (Skalak et al. 2012), occupancy and detection probability (Gorresen
et al. 2008), and relative activity levels (Ford et al. 2011). Following data collection, echolocation
call sequences can be identified to species using specialized software, such as SonoBat (J. Szewczak,
www.sonobat.com) or Kaleidoscope Pro (Wildlife Acoustics, Inc., www.wildlifeacoustics.com)1.
Despite the fact that call variation within species, overlap among species, recording quality, and other
factors place limitations on the accuracy of identification of echolocation calls (Barclay 1999, Frick
2013, Russo et al. 2018), passive acoustic monitoring is still a widely accepted and useful method.
Expert manual review of calls can help minimize errors and verify the results of automated
identification.
Several alternative bat survey methods are available but were not feasible for this project. Active
acoustic surveys (recording echolocation calls of directly observed bats) are less efficient and do not
result in an unbiased sample. Mobile acoustic transects (recording echolocation calls while walking,
driving, or boating a specified path) are also less efficient and would limit the areas available for
surveys to places that have trails, roads, or navigable waterways. Hibernacula counts (recording the
number and species of bats during hibernation) are not possible because no known hibernacula are
located in GLKN parks. Emergence counts (observing how many bats depart a roost in the evening)
would limit sampling to the small number of known roost sites, or require extensive effort to locate
additional roosts, plus it may not allow species identification. Mist-netting or other capture methods
are invasive and may result in stress/injury to the bats, as well as being time-intensive and requiring
more personnel with higher levels of training and federal/state wildlife handling permits.
Furthermore, acoustic surveys have been shown to document more species than capture surveys
(Dixon et al. 2014).

1

Mention of trade names or commercial products does not constitute endorsement or recommendation for use by the
U.S. Government.
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2.2 Rationale for Selecting Sampling Locations
Sampling locations are selected using a probabilistic sample design. We follow the master sample
approach described by Larsen et al. (2008), using Generalized Random Tessellation Stratification
(GRTS) to select a set of locations that are both randomized and spatially balanced (Stevens and
Olson 2004). One advantage of this design is that sampling is spread across the geographic extent of
the survey area, avoiding the bias that could result from sampling a group of sites in close proximity
to each other. Secondly, it allows flexibility to add or delete sample sites from year to year, making it
suitable for long-term studies where funds and personnel may vary over time. Similar methods have
been used for other wildlife research, including for bat surveys (e.g., Rodhouse et al. 2011). The
NABat protocol (Loeb et al. 2015) provides further details about the advantages of this sample
design.
To implement this sample design, the following steps were taken at each park: 1) a grid of 1-km2
cells was overlaid on the park, 2) cells were arranged into an ordered list using the GRTS algorithm,
and 3) cells to be sampled were then selected by starting with Cell #001 and working through the list
in consecutive order. Some cells were eliminated based on poor access, safety concerns, or lack of
suitable habitat.
Within each 1-km2 cell to be sampled, the specific sample site was selected by identifying an area
that was reasonably accessible and had suitable bat habitat (travel corridors and/or proximity to
water) with relatively low clutter to optimize recording quality. This was typically done through a
combination of examining aerial imagery and scouting potential sites on the ground. Additional
details on sampling design and site selection can be found in SOP #1.
2.3 Rationale for Selecting Sample Size
Our initial goal was to sample a minimum of 15 cells per park (Gruver et al. 2016). This goal was
established based on the number of detector units available and the estimated time required to access
and sample each location. Also taken into consideration was the power analysis conducted by
Western EcoSystems Technology to assess the ability of different sampling designs to detect trends
in bat activity over time (Gruver et al. 2016). Models were fitted using preliminary field data
collected from four parks (APIS, ISRO, SLBE, VOYA) during 2015. Models were run for four
scenarios: either two or four acoustic detectors per park rotated among sites (approximately 15 or 30
total sites sampled, respectively), and either low or high variance among parks (Figure 1). Models
also accounted for differences in habitat type and time of year.
Results of the power simulation suggest a 30% annual decline in overall bat activity would have an
80%–100% probability of being detected after five years of sampling. Similarly, a 20% annual
decline would have a 30%–90% probability of being detected after five years of sampling. The
probability of detecting a spurious trend was estimated to be as high as 20%.
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Figure 1. Power of the sampling design to detect a 10%, 20%, or 30% annual reduction in bat activity and
probability of spurious trend detection (when annual reduction is 0%). Factors modeled include number of
acoustic detectors used and degree of park-to-park variation in activity trends. Upper left panel shows
power for four detectors with higher variation; upper right panel shows power for four detectors with lower
variation; lower left panel shows power for two detectors with higher variation; lower right panel shows
power for two detectors with lower variation. Level of effort, time and variability all influence power.

The final number of sites established ranges from 18–35 per park. This equates to a range of 3.6%–
88.9% (average 20.4%) of cells sampled out of each park’s sampling frame. In comparison, the
Northwestern Hub for Bat Population Research and Monitoring (NW Bat Hub) monitoring effort has
a target sample size of 60 cells per state for Oregon, Washington, and Idaho (Rodriguez et al. 2019).
This sample size represents approximately 2.5% of their sampling frame and was selected because it
should provide sufficient statistical power for detecting trends using occupancy modeling (Rodriguez
et al. 2019, Banner et al. 2019). Given that the GLKN program has a higher sampling intensity, with
9

a minimum of 3.6% of the sampling frame surveyed, our sample size should also allow sufficient
power for trend analyses.
2.4 Rationale for Sampling Schedule
Acoustic monitoring will be conducted using an “always revisit” design wherein the same sampling
locations are visited every sampling season, to allow for optimal detection of trends (McDonald
2003, Urquhart et al. 1998). The “always revisit” design is preferred over sampling a new set of
locations each year, because it allows us to separate out the differences attributable to location from
the differences attributable to year. Further details on the advantages of this design are provided in
the NABat protocol (Loeb et al. 2015).
All sampling will occur during the summer season, which we define as 1 June 1–15 August. This
time frame was selected because it captures the period when resident bat species are most active and
when activity levels are the least variable (because it excludes spring and fall migration periods),
providing the best opportunity to estimate trends (Gruver et al. 2016). It is also very similar to the
survey window recommended by the USFWS for the federally listed Indiana and Northern Myotis
(15 May–15 August) (U. S. Fish and Wildlife Service 2019). Our sampling season includes the time
period when juvenile bats become volant (begin to fly) in late July to August. An increase in bat
activity is expected in the later part of the summer due to these newly volant young bats. This
seasonal change in activity could potentially confound our year-over-year comparisons, however our
protocol mitigates for this issue by sampling each particular site at approximately the same time each
year. Any individual site should therefore be consistently documenting either the pre-volancy or
post-volancy period. Furthermore, our data analyses could include sampling date as a variable to
account for this seasonal pattern.
Each location will be sampled for a period of 7–14 consecutive nights, once per year. Sampling
multiple nights per site will help account for night to night variation in bat activity due to weather
conditions, insect abundance, or other factors (Hayes 1997). More nights of sampling may also
increase the probability of documenting rarer species (Skalak et al. 2012). In terms of data analysis,
multiple nights per site provides temporal replication and allows for estimation of detection
probabilities, an important part of occupancy modeling. However, the potential for correlation among
nights must not be overlooked (Wright et al. 2016). Finally, because many of our sample locations
are remote and not easily accessed, the range of 7–14 days will allow field crews flexibility to
accommodate logistical challenges.
Detectors will be programmed to record every night from 6:00 p.m. to 8:00 a.m. Because total bat
activity varies over the course of the night (Hayes 1997) and because different species have different
nightly patterns of activity (Kurta 2017, Skalak et al. 2012), it is important to sample the entire night
rather than only a few hours. The schedule we have selected covers the active foraging period of all
local bat species and allows a consistent recording schedule across all locations and times of year.
2.5 Comparison to Other Acoustic Monitoring Protocols
The GLKN bat monitoring protocol is overall very similar to the protocols developed by the NABat
program (Loeb et al. 2015) and the NW Bat Hub (Rodriguez et al. 2019). All three protocols use a
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probabilistic sample design with a finite grid-based sampling frame and follow the GRTS algorithm
to maintain spatial balance when selecting cells to be sampled. However, there are a number of areas
where our approach differs from the others due to logistical considerations and prioritization of park
needs. These differences are summarized below and in Table 2.
Table 2. Comparison between bat acoustic monitoring protocols used by Great Lakes Network (GLKN),
the North American Bat Monitoring Program (NABat), and the Northwestern Hub for Bat Population
Research and Monitoring (NW Bat Hub). “GRTS” refers to the Generalized Random Tessellation
Stratification algorithm for spatially balanced selection of sampling units (Stevens and Olson 2004).
Protocol Component

GLKN

NABat

NW Bat Hub

Acoustic monitoring method

Stationary points

Stationary points and
mobile transects

Stationary points

Sampling frame

1-km2 cells

10-km2 cells

10-km2 cells

Target sample size

15 cells per park

30 cells per jurisdiction

60 cells per state

Cell selection method

Probabilistic; GRTS

Probabilistic; GRTS

Probabilistic; GRTS

Sample sites (stationary points) per
cell

1

2–4*

4*

Nights of recording per sample site

7–14

4

1

*Ideally with each site in a different quadrant of the cell

First, the NABat program encompasses multiple monitoring methods including acoustic surveys at
stationary points, acoustic surveys along mobile transects, and both internal and external hibernacula
or roost counts. Both the NW Bat Hub and GLKN monitoring programs focus solely on passive
acoustic surveys at stationary points. For GLKN, other methods are impractical or inappropriate for
our parks, as described in Section 2.1 above.
Secondly, NABat and the NW Bat Hub both use a sampling frame consisting of a grid of 10-km2
cells, while the GLKN sampling frame consists of 1-km2 cells. The NABat and NW Bat Hub
programs are designed to allow analyses at the regional level and assess distributions of bat species
across their range. In contrast, GLKN primarily aims to provide data that are meaningful at the park
level. Therefore, we selected a finer-grained grid that is more appropriate for our goals. When
contributing data to NABat, we will be able to associate each of our sample sites with the specific
NABat grid cell in which it is located. Detailed information on the overlap between GLKN sites and
the NABat sampling frame is located in Appendix B.
We established only one sample site per cell, whereas the NABat protocol suggests two to four sites
per cell, and the NW Bat Hub suggests four sites per cell, for the purposes of spatial replication. With
multiple sites per cell, both protocols advise placing one site in each of the four quadrants of the cell.
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The sites within any particular cell should also be sampled concurrently or as close as possible. The
GLKN protocol does not allow for spatial replication at the cell level, only at the park level.
Another significant difference between the three protocols is the number of recording nights per
sample site. The NABat program recommends a minimum of four consecutive nights of recording
per site, and also suggests conducting surveys during optimal weather conditions if possible. Due to
challenging logistics and limited staff time at our parks, it is not feasible for us to deploy equipment
only during optimal weather conditions. Instead, our protocol suggests recording for 7–14
consecutive nights per sample site. This longer sampling period is intended to mitigate for
fluctuations in bat activity due to weather conditions or insect activity (Hayes 1997), and to increase
the probability of detecting rarer species (Skalak et al. 2012). The NW Bat Hub protocol utilizes only
a single night of recording per site. This design was selected to avoid the potential for correlation
between consecutive nights in a deployment (Wright et al. 2016) while maintaining sufficient
statistical power and reducing the time spent sampling each cell.
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3.0 Field Methods
3.1 Preparation for the Field Season
1) Hiring for field personnel should begin several months prior to the field season.
2) Training and any protocol updates for field personnel should be provided at least two weeks
prior to the beginning of the field season. Refer to SOP #2.
3) Staff should assemble, test, and organize all requisite equipment and supplies beginning
approximately two weeks prior to the field season. This may include printing datasheets,
maps, and reference documents; preparing folders/hard drives for data storage; formatting SD
cards; calibrating microphones; and programming acoustic detector units. Refer to SOP #3.
3.2 Procedures During the Field Season
1) Field personnel should plan to deploy acoustic detectors starting 1 June, or earlier if a
delayed start program is utilized.
2) At the time of deployment, field personnel should complete a datasheet (including GPS
coordinates) and take site photos. Refer to SOP #4.
3) Equipment should be left at each sampling location for 7–14 nights, then moved to the next
location. The same sites and sampling order should be used each year.
4) Equipment can be re-deployed at the next sampling location once used SD cards have been
removed, batteries have been replaced, and empty SD cards have been inserted. Refer to SOP
#4.
5) After each deployment, acoustic files, summary files, and the program file should be
downloaded from the SD cards and securely stored along with site photos and a scanned copy
of the field datasheet. Standard file structures and naming conventions will be used. Refer to
SOP #5.
6) Field personnel should upload deployment data to the project’s shared online drive to be
reviewed by the protocol lead. Refer to SOPs #5 and #6.
3.3 End-of-Season Procedures
1) Field personnel should plan to complete all deployments by 15 August.
2) Before storing equipment for the winter, acoustic detector units should be cleaned and
batteries removed. Equipment should be inventoried and any needed repairs or replacements
should be addressed. Refer to SOP #4.
3) All deployment data should be securely stored in two separate locations. One copy of the data
will be sent to GLKN while the second copy will be retained by the park. GLKN will then be
responsible for storing and maintaining data, including an offsite backup copy. Refer to SOPs
#5 and #6.
4) Each park should prepare a summary report and submit to GLKN. Refer to SOP #9.
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5) GLKN staff and interns will perform data entry and quality assurance. The finalized database
and all acoustic files will then be provided to a contractor for processing to obtain species
classifications and manual vetting results. Refer to SOPs #7 and #8.
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4.0 Data Handling, Analyses, and Reporting
4.1 Metadata Procedures
The network’s overall strategy for the generation, management, and distribution of metadata is
described in Chapter 7 (Data Documentation) of the GLKN Data Management Plan (Hart and
Gafvert 2006) and the appendices of that document.
Executive Order 12906 mandates that federal agencies document all new geospatial data they collect
or produce, either directly or indirectly using the Federal Geographic Data Committee (FGDC)
Content Standard for Digital Geospatial Metadata (CSDGM;
https://www.fgdc.gov/metadata/geospatial-metadata-standards). In addition, EO 12906 directs
agencies to plan for legacy data documentation and provide metadata and data to the public. GLKN
will also generate FGDC-style metadata for non-spatial datasets that meets this standard, absent only
the geospatial-specific elements.
The FGDC Biological Data Profile

(https://www.fgdc.gov/standards/projects/metadata/biometadata) contains all the elements of the
CSDGM and includes additional elements for describing biological data sets. All GIS data layers
must be documented with applicable FGDC metadata standards.
Metadata allows potential data users to evaluate the quality and usefulness of the data based on an
understanding of the complete process under which it was collected and maintained. In this respect,
all of the protocol documentation, including SOPs, are part of a dataset’s metadata. A reference to the
appropriate version of these documents is part of the metadata for any particular element of a dataset.
The relationship between a data element and the appropriate versions of documented procedures is
based on the date and time the procedures are performed. Thus, the documentation must have
accurate records on each version indicating the start and end date it was in effect, an indication of
which version it replaced and, if applicable, the version which replaced it—both a forward and
reverse documentation trail. Although perhaps obvious, all data must have an associated value for the
date and time it was collected.
Most of the remaining metadata will be recorded directly in the project-specific databases and tables.
The GLKN database has fields and tables which incorporate the metadata elements specified by NPS
standards. During collection of field data, these metadata elements are entered by selecting an
existing profile of metadata, or by entering specific elements in data fields using pre-determined
lookup values selected from dropdown menus.
4.2 NPS Bat Acoustic Survey Database
The GLKN bat monitoring program will utilize the NPS Bat Acoustic Survey database to manage
and store data. This is a Microsoft Access database developed by the NPS Biological Resources
Division and Inventory and Monitoring Division. The database (Version 1.7) and an associated
reference manual can be downloaded from the NPS Data Store, Reference Profile 2230347 and
Reference Profile 2231984, respectively.
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GLKN data managers and protocol leads have modified the NPS Bat Acoustic Survey database to
accommodate the specific needs of the GLKN program. For example, modifications include creating
additional queries and reports and adjusting the layout of data entry forms.
The GLKN office will maintain one master copy of the database on a central server. This is the only
copy that can be used to export data to other locations. Additional copies (replicas) of the database
may be used for data entry and data analysis by outside contractors, always followed by importation
of data to GLKN’s master version of the database.
In brief, the data management process for bat acoustic monitoring data involves entering deployment
information into the database; processing acoustic files through call analysis software and importing
results into the database; conducting formal quality assurance/quality control (QA/QC) checks on the
data; and backing up and storing digital files for archive and analysis.
4.3 Data Entry, Verification and Editing
Data will be entered into the bat database each year after the completion of the field season. The
database includes sections for site information, deployment information, and species detection
information. Following data entry, a series of QA/QC procedures will be performed. Any issues
identified during the QA/QC process will be reviewed by the protocol lead and/or data manager and
corrections will be made as necessary. Detailed instructions for data entry and QA/QC are provided
in SOP #7.
Each individual record in the bat monitoring dataset has a status field indicating whether the data has
undergone QA/QC checks. Only after the record has passed all QA/QC checks will it be flagged as
having final status. Finalized data can still be edited and changed if errors are discovered after review
in reporting and analysis.
Identity of the person responsible is recorded for each aspect of data handling, from field data
collection through to the final steps of QA/QC. Names of field personnel are recorded on datasheets
and transcribed into the database. During data entry, the database records the name of the user who
made each record or modification. During QA/QC, the names of the persons doing the review and
making corrections are recorded on the QA/QC sheets. Only qualified users who have been trained
are allowed to enter or edit data in the master database. These procedures protect the integrity of the
data and allow the history of each data record to be traced.
4.4 Data Analyses and Reporting
Data processing will be completed by either an outside contractor or GLKN staff. Acoustic data will
be analyzed using the specialized software program Kaleidoscope Pro. For consistency, this is the
only program being used for this project, however other similar software programs are available.
Kaleidoscope Pro is used for two main functions: 1) to filter out audio files containing noise from
those containing bat calls, and 2) to obtain automated species-level classifications for files containing
bat calls. Kaleidoscope Pro also offers the option to attribute audio files with additional user-defined
metadata if desired (e.g., a description of the sample site). Because audio file names already include
the Site IDs, GLKN protocol does not currently call for attributing files with additional metadata.
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Following automated classification with Kaleidoscope Pro, a subset of the audio files containing bat
calls will be manually reviewed (manually vetted). This review must be performed by a qualified
biologist with specific training in bat call identification. The purpose of manually reviewing bat call
files is to verify the species classifications assigned by the software. Automated classifications are
expected to include some errors due to factors such as similarity of calls among different species,
variation of calls within the same species, poor quality or truncated calls, clutter effects, or multiple
bats recorded together (Britzke et al. 2013, Reichert et al. 2018). Due to the enormous quantity of
data produced by the GLKN monitoring program, it will not be feasible to manually review every bat
call file. Instead, our protocol recommends manual review of at least 1% of call files within each
park/species combination, with files selected at random. Results of the manual review may be used in
multiple ways. For example, to estimate the error rate for automated classifications, or to calculate
percent of sites or percent of nights with a species’ presence verified. Additional call files beyond the
1% may be reviewed for specific purposes such as endangered species compliance, assessing
suspicious records outside of a species’ documented range, or developing occupancy models. In these
cases, instead of a random sample, it may be more appropriate to specifically focus on the call files
that offer the greatest chance of verification, such as search-phase type calls, longer call sequences,
or files assigned a higher confidence score by the software. Details of data processing and manual
vetting are provided in SOP #8.
Reporting will occur both on the park-level and network-wide and will include both yearly
summaries and longer term multi-year trend analyses.
4.4.1 Yearly Summaries for Individual Parks

Field personnel at each park will be required to create a summary report at the end of each field
season. The report is crucial for conveying methods used, problems that arose, and suggestions for
changes to the protocol. The report will be submitted to GLKN as well as kept at the park for park
staff to reference. Detailed requirements and a report template are provided in SOP #9.
4.4.2 Overall Yearly Summaries

An overall summary report should be produced each year, describing results from all participating
parks. This report should include information such as survey effort, results of automated species
classification by park and by site, and results of manual vetting. It should also highlight interesting
observations, changes from previous years, issues encountered, and recommendations for future
seasons. More detailed information is provided in SOP #9.
4.4.3 Multi-Year Reporting

Multi-year reports should be completed approximately every five years. These reports will include
more in-depth analysis than the yearly summaries. Detailed guidance is provided in SOP #10. As a
general overview, the following types of data should be included:
•

Survey effort by park and by year (number of sites, number of deployment nights, average
nights per site)
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•

Survey results by park and by year (total number of files recorded that met protocol
requirements, number of files that were identified to a specific species vs. noise vs. unknown
bats)

•

Species-level results by park and by year (number of files identified to each species by
Kaleidoscope Pro, indication of which species were/were not verified present through manual
vetting, error rates associated with software’s classifications, total species richness, mean
species richness)

•

Spatial and temporal distribution of species (number and percent of sites where each species
was detected; number and percent of deployment nights on which each species was detected)

•

Methods and results of bat activity modeling and statistical tests

•

Discussion of trends observed and management implications

4.5 Data Archival Procedures
GLKN’s general strategy for data archiving is described in GLKN’s Data Management Plan and
appendices (Hart and Gafvert 2006). Guidance specific to the bat monitoring program is presented
here. Data archiving should be coordinated with the GLKN IT Specialist and Data Manager.
During the field season, each participating park will store two copies of their raw data at the park.
The first copy will be on a GLKN-provided external hard drive; the second copy will be in a separate
location such as another external hard drive or the park’s server. Data include audio files; acoustic
detector status files, program files, and diagnostic (dump) files; site photos; and field datasheets. Data
management guidance for park staff is found in SOP #5.
At the conclusion of the field season, each park will send their data to the GLKN office. The protocol
lead will create two copies of the raw data received from the parks on two separate high capacity
hard drives. One of these, plus the individual drives sent in by the parks, will be set aside as backups
of the raw data. The remaining high capacity drive will be used as the working copy for file
organization, review, and corrections. Once the dataset is corrected and finalized, additional copies
will be made so that it can be stored in three separate locations. These include 1) onsite at the GLKN
office, 2) offsite at Apostle Islands National Lakeshore, and 3) at each park. Corrected data are
returned to each park so that park staff have the most up-to-date information on which to base their
continuing field work. Raw data may be deleted after corrected data is finalized and backed up. Data
management guidance for the protocol lead is found in SOP #6.
GLKN’s master version of the bat database is maintained on a central server in the GLKN office.
The server is backed up daily and backed up off-site every week. Complete details of the server
archiving procedure can be found in Chapter 4 (Data Management Infrastructure) of GLKN’s Data
Management Plan (Hart and Gafvert 2006).
4.6 Data Sharing
Data from the GLKN bat monitoring program may be shared with other entities such as state and
federal agency partners, university researchers, or large-scale programs such as NABat. Data to be
shared may include the full database, tables or reports exported from the database, and/or audio files
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with species identification information. All data will undergo quality control and certification
procedures prior to distribution. Legally or operationally protected data may be withheld from public
distribution to protect sensitive resources or personal information. Data to be disseminated will be
properly documented with accompanying metadata and data quality information. Further details
regarding data sharing procedures can be found in the Quality Assurance Plan.
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5.0 Personnel Requirements and Training
5.1 Roles and Responsibilities
The bat monitoring program will be a collaborative effort between GLKN staff, parks, and other
partners. It is expected that individual parks will implement the protocol with administrative support,
guidance, training, and data management/analysis provided by GLKN. Colleges and universities may
participate by arranging student internships. Outside contractors may also assist with data processing,
data analysis, and reporting.
5.1.1 GLKN Program Manager

The program manager is responsible for overseeing the development and implementation of the bat
monitoring project and ensuring that the project is aligned with and contributing towards overall
Network goals. The program manager also provides support in budget, personnel, and logistical
matters.
5.1.2 GLKN Protocol Lead

The protocol lead is responsible for administering and coordinating the overall program, keeping the
program manager apprised of progress, and coordinating staffing, logistics, and information transfer
with park staff. The protocol lead also oversees the seasonal staff conducting fieldwork, manages and
reviews incoming data, and coordinates with other GLKN employees leading other GLKN
monitoring efforts. Finally, the protocol lead serves as a liaison among the various collaborators:
park staff, network staff, outside contractors, and college/university partners. Ideally, in the future
this role would be filled by a permanent full-time GLKN Wildlife Biologist. However, GLKN does
not currently have a Wildlife Biologist on staff, therefore these duties are being performed jointly by
a GLKN employee in collaboration with a temporary project coordinator hired through a cooperative
agreement. Specific responsibilities of the protocol lead include the following:
•

Prepare and submit proposals for funding and manage project budgets.

•

Prepare and manage cooperative agreements with college/university partners.

•

Prepare and manage contracts for independent consultants.

•

Purchase of equipment and supplies.

•

Hire, onboard, and train seasonal field personnel.

•

Ensure timely field data collection and adherence to protocols.

•

Conduct quality assurance checks during the sampling season and provide feedback to field
personnel.

•

Maintain equipment inventory and ensure availability of equipment and supplies.

•

Develop and update protocols and SOPs for field data collection and data management.

•

Communicate project information to park resource managers and field personnel.

•

Serve as the main point of contact concerning data content.
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5.1.4 GLKN Data Manager

Data management for this monitoring effort is the shared responsibility of the field personnel at each
park, the GLKN protocol lead, and GLKN data manager. The data manager is responsible for
overseeing data verification and validation procedures, data archiving, data security, data
dissemination, and database maintenance.
The protocol lead and data manager will all work closely together to:
•

Develop data quality assurance, quality control, validation, and verification measures for the
project.

•

Coordinate changes to data entry forms and the user interface for the project database.

•

Ensure staff is trained in the use of database software and QA/QC procedures.

•

Supervise or perform data entry, verification, and validation.

•

Conduct routine data analysis, summaries, and annual reporting.

•

Identify whether sensitive information should be omitted prior to distribution.

•

Ensure regular archiving of raw data, corrected data, project database, reports and summaries,
and other products/documentation related to the project.

5.1.5 Field Personnel at Parks

Field personnel at each park are responsible for conducting all field work related to the bat
monitoring project. Training and protocol updates will be provided by the protocol lead on a yearly
basis. Day-to-day supervision and logistical support will be provided by the park resource manager.
Specific responsibilities of field personnel include:
•

Reading and understanding protocols and SOPs.

•

Preparing and maintaining equipment during the field season. Cleaning and properly storing
equipment after field work has been completed.

•

Deploying equipment following SOPs. Verifying proper functioning of equipment at each
deployment.

•

Regularly communicating progress and problems encountered to the park resource manager
and GLKN protocol lead.

•

Downloading and securely saving deployment data.

•

Submitting data to the GLKN protocol lead for quality assurance checks throughout the field
season.

•

Submitting the complete dataset to the GLKN office at the end of the field season.

•

Documenting data collection issues such as failed deployments, omitted sites, and deviations
from standard procedures.
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5.2 Training Procedures
Before participation in field data collection, data entry, or QA/QC, personnel must become familiar
with the SOPs and monitoring equipment. Training procedures for new personnel will include the
following:
•

Review of this protocol, associated SOPs, and QAP.

•

Familiarity with procedures for calibration, operation, maintenance, and deployment of
acoustic detectors and microphones.

•

Familiarity with collecting data in the field, including datasheets, site photos, and GPS
coordinates.

•

Familiarity with procedures for data storage and data submission.

•

Park-specific training (to be provided on-site by park staff) including safety procedures, use
of radios, and vehicle/boat operation.
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6.0 Operational Requirements
6.1 Annual Workload and Field Schedule
The workload for the bat acoustic monitoring program is concentrated on data collection during the
summer and data processing during the fall and winter. Approximate schedules for GLKN staff and
for field personnel are described below.
Schedule for GLKN staff:
•

January–March: Work with park supervisors to hire field personnel; receive and review
summary report from contractor

•

April–May: Purchase replacement equipment and supplies; put corrected data on external
hard drives and deliver to parks

•

Late May: Train field personnel and assist them with preparing for field season

•

June–August: Review field data submitted by field personnel, provide feedback, and
troubleshoot problems

•

September–October: Receive complete field data from parks; enter data into database; run
QA/QC checks

•

November–December: Provide finalized data to contractor for analysis

Schedule for field personnel:
•

15–31 May: Inventory and prepare equipment and supplies; arrange logistics

•

1 June–15 August: Deploy equipment for data collection; submit data periodically to GLKN
for review

•

15–30 August: Inventory, clean, and repair equipment; finalize data; prepare summary report;
submit data and report to GLKN

6.2 Equipment Needs and Costs
A summary of the necessary equipment discussed here, along with the cost per item is provided in
Table 3. Approximately 65 Wildlife Acoustics Song Meter2 full-spectrum acoustic detectors have
been purchased by GLKN for this project (a combination of SM3BAT and SM4BAT models),
allowing for each park to have 5–10 units for sampling. The current price for a Wildlife Acoustics
Song Meter SM4BAT-FS is $899. The SM3BAT model is no longer available so any future
replacements will be SM4BAT units.

2

Mention of trade names or commercial products does not constitute endorsement or recommendation for use by the
U.S. Government.
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Table 3. Summary of necessary equipment and cost per item for bat monitoring in Great Lakes Network
parks.
Item

Number Needed

Purchased By

Approx. Cost

Wildlife Acoustics Song Meter SM4BAT-FS
full-spectrum acoustic detector

approx. 65

GLKN

$899

SMM-U2 ultrasonic microphone

–

GLKN

$200

3-meter microphone cable

–

GLKN

$59

Wildlife Acoustics microphone calibrator

–

GLKN

$199

Wildlife Acoustics GPS attachment for
SM4BAT

–

GLKN

$149

D-size alkaline batteries

4 per deployment

GLKN

$10 for a 12-pack

64-GB-capacity SD cards (Sandisk Ultra 64GB class-10 SDXC card)

2 per song meter per
deployment

GLKN

$15

Mounting equipment such as poles, tripods,
bungees, electrical tape, zip ties, and cable
locks

–

GLKN

–

Handheld GPS unit, compass, and clipboard

–

Parks

–

Kaleidoscope Pro acoustic data
analysis/processing software

–

GLKN

$399 for 12-month
subscription

One 2-TB-capacity external hard drive per
park, plus several extras to use for data
transfer

9+

GLKN

$80

High capacity drives (e.g., 4- or 8-TB Seagate
Desktop HDD) and an array

–

GLKN

$100–$200 (drive),
$200–300 (array)

Required accessory equipment includes microphones, microphone cables, microphone calibrators,
and GPS attachments. These items can generally be reused year after year. However, microphones
may become damaged or lose sensitivity after a few seasons and will need to be repaired or replaced.
The current price for a Wildlife Acoustics SMM-U1 ultrasonic microphone is $240 (no cable
included). This is the microphone that GLKN has used consistently since 2016, however it is being
phased out by the manufacturer and replaced with the SMM-U2. The current price for a SMM-U2
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ultrasonic microphone is $200. The newer SMM-U2 microphone is more sensitive and produces
cleaner recordings than the SMM-U1 (D. Licht, personal communication). Because of these
differences, careful consideration should be given to how the data collected from each type of
microphone are compared. A 3-meter cable, sufficient for most applications, can be purchased for
$59, and longer cables are also available. The current price for a Wildlife Acoustics microphone
calibrator is $199. The current price for a Wildlife Acoustics GPS attachment for SM4BAT is $149.
Each park requires a new supply of batteries each year to power the Song Meters. Four standard
alkaline D-size batteries are needed per deployment. These batteries may be purchased at
approximately $10 for a 12-pack ($0.83 each or $3.33/deployment). Rechargeable batteries should
not be used. Our protocol uses two 64-GB-capacity SD cards in each Song Meter per deployment,
which allows for continuous recording in case one card fails or fills up. We have purchased the
Sandisk Ultra 64-GB class-10 SDXC card, at a cost of approximately $15 each. SD cards can be
reused through multiple deployments and seasons, but the repeated write/erase cycles may eventually
lead to corrupt cards that need to be replaced.
Additional costs will include mounting equipment such as poles, tripods, bungees, electrical tape, zip
ties, and cable locks. Each park is expected to provide general field supplies needed by their field
technician, including a handheld GPS unit, compass, and clipboard. For GLKN staff, the acoustic
data analysis/processing software Kaleidoscope Pro will also be necessary ($399 for 12-month
subscription).
Due to the large amount of data generated by this project, dedicated data storage costs will be
significant. Data storage includes a minimum of one 2-TB-capacity external hard drive per park, plus
several extras to use for data transfer with contractors. The current price for this type of drive is
approximately $80. Drives can be reused year after year and should not generally need replacement.
High capacity drives (e.g., 4- or 8-TB Seagate Desktop HDD) and an array are also required for
data transfer, data processing, and data backups at the GLKN office. The current price for this type of
drive is approximately $100–$200 and for the array $200–300. Data storage methods will likely be
adjusted as technology continues to improve.
To date, GLKN has invested over $100,000 in equipment to get the program up and running.
Ongoing annual expenses of approximately $5,000 will cover the cost of batteries, replacement of
damaged microphones, and other miscellaneous supplies.
6.3 Contracting Costs
GLKN will request bids for contracting services to help implement portions of this protocol,
primarily for data processing, analysis, and reporting. The cost of the contract may vary, depending
on factors such as the amount of data included and the depth of data analysis required. The cost of
the contract is estimated at $35,000–40,000 per year at this time.
6.4 Procedures for Revising and Archiving Previous Versions of the Protocol
As the bat monitoring program matures, revisions to both the protocol narrative and specific standard
operating procedures (SOPs) are likely. Documenting changes and archiving copies of previous
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versions are essential for maintaining consistency in the collection of data and for appropriate
interpretation of data summaries and analyses.
This protocol narrative includes a general overview of the history and justification for doing the work
and an outline of the sampling methods. The SOPs are more detailed step-by-step procedures of
methods. Whenever an SOP is revised, the corresponding section of the protocol may or may not
need to be revised depending on the type of change. All old versions of the protocol narrative and
SOPs will be archived.
The steps for changing either the protocol narrative or the SOPs are outlined in SOP #11. Each SOP
contains a Revision History Log that should be filled out each time a SOP is revised to explain why
the change was made, and to assign a new version number to the revised SOP. The old version of the
SOP or protocol narrative should then be archived in the appropriate folder of the GLKN database
structure.
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List of Standard Operating Procedures
A series of Standard Operating Procedures (SOPs) accompany this protocol document, listed below.
SOP #1: Sampling Design and Site Selection
SOP #2: Training and Safety for Field Personnel
SOP #3: Preparing for the Field Season
SOP #4: Deploying and Retrieving Acoustic Detectors
SOP #5: Data Management by Field Staff
SOP #6: Data Management by the Protocol Lead
SOP #7: Data Entry and QAQC Using the NPS Bats Acoustic Survey Database
SOP #8: Processing Acoustic Data
SOP #9: Yearly Summary Reports
SOP #10: Multi-Year Data Analysis
SOP #11: Procedure for Revising Protocol
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Appendix A. Bat species of the Great Lakes Region
Table A-1. Bat species of the Great Lakes region and occurrences recorded at GLKN’s national park units prior to the initiation of the current
acoustic monitoring program in 2015.
Prior Park Records and Methods1, 2
Species Name

39

APIS

GRPO

INDU

ISRO

MISS

PIRO

SACN

SLBE

VOYA

Big Brown Bat
Eptesicus fuscus

A

A

A, O, S

A, C

–

A, C

A

A3, C

–

Eastern Red Bat
Lasiurus borealis

A, C, G

A, C

A, C, O, S

A

–

A, C

A

A, C

–

Hoary Bat
Lasiurus cinereus

A, O

A, C

A

A

–

A, C

A

C

–

Silver-haired Bat
Lasionycteris noctivagans

A, C

A, C, G

A, C, O, S

A

O

A, C

A

A3, C

C, G

Little Brown Myotis
Myotis lucifugus

A, C, G

A, C, G

A3

A, C, S

O

A, C, G

A

A, C

C, G, O

Northern Myotis
Myotis septentrionalis

A, C, G

A, C, G

A3

A, C

–

A, C, G

A

–

C, G

–

–

A3

–

–

–

–

–

–

Indiana Myotis
Myotis sodalis
1

Data Sources: Byrne 2014 (INDU); Dixon 2010 (VOYA); Gehring 2011, George and Kurta 2016 (SLBE); Goodwin 2012 (ISRO); Graetz et al. 1995 (GRPO);
Hahn 1909 (INDU); Jackson 1920 (APIS); Kruger and Peterson 2008 (APIS, GRPO, PIRO); Kurta and Rice 2001, Kurta and Rice 2002 (SLBE); Kurta and
Slider 2017 (PIRO); Kurta et al. 2007 (INDU); Lehnert 2013 (ISRO); Lyon 1922 (INDU); Miller 2010 (APIS, GRPO, PIRO); N. Duncan, pers. comm., March
2019 (MISS); Parker 2002 (ISRO); Rand and Rand 1951 (INDU); Route 2001, Route and Schaberl 2013 (VOYA); Shier et al. 2015 (INDU); Stantec
Consulting 2012a, 2012b, 2013 (ISRO); Whitaker et al. 1994 (INDU); Wisconsin DNR 2010 (SACN).
“A” indicates acoustic records; “C” indicates live captures; “O” indicates direct observations; “G” indicates genetic vouchers; “S” indicates specimen
collected. Nomenclature follows Simmons and Cirranello (2020).

2 Where

3

Identification only to the level of a species pair or group.

Table A-1 (continued). Bat species of the Great Lakes region and occurrences recorded at GLKN’s national park units prior to the initiation of the
current acoustic monitoring program in 2015.
Prior Park Records and Methods1, 2
Species Name

APIS

GRPO

INDU

ISRO

MISS

PIRO

SACN

SLBE

VOYA

Evening Bat
Nycticeius humeralis

–

–

A3, S

–

–

–

–

–

–

Tricolored Bat
Perimyotis subflavus

–

–

A, C

S

–

–

A

–

–

1

Data Sources: Byrne 2014 (INDU); Dixon 2010 (VOYA); Gehring 2011, George and Kurta 2016 (SLBE); Goodwin 2012 (ISRO); Graetz et al. 1995 (GRPO);
Hahn 1909 (INDU); Jackson 1920 (APIS); Kruger and Peterson 2008 (APIS, GRPO, PIRO); Kurta and Rice 2001, Kurta and Rice 2002 (SLBE); Kurta and
Slider 2017 (PIRO); Kurta et al. 2007 (INDU); Lehnert 2013 (ISRO); Lyon 1922 (INDU); Miller 2010 (APIS, GRPO, PIRO); N. Duncan, pers. comm., March
2019 (MISS); Parker 2002 (ISRO); Rand and Rand 1951 (INDU); Route 2001, Route and Schaberl 2013 (VOYA); Shier et al. 2015 (INDU); Stantec
Consulting 2012a, 2012b, 2013 (ISRO); Whitaker et al. 1994 (INDU); Wisconsin DNR 2010 (SACN).
“A” indicates acoustic records; “C” indicates live captures; “O” indicates direct observations; “G” indicates genetic vouchers; “S” indicates specimen
collected. Nomenclature follows Simmons and Cirranello (2020).

2 Where
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3

Identification only to the level of a species pair or group.

Appendix B. Comparison of GLKN and NABat Sampling
Frames
The GLKN bat monitoring protocol is similar to the protocol developed by the NABat program
(Loeb et al. 2015). Both protocols use a probabilistic sample design with a finite grid-based sampling
frame and follow the GRTS algorithm to maintain spatial balance when selecting cells to be sampled.
However, the NABat sampling frame is a continent-wide grid of 10-km2 cells, while the GLKN
sampling frame is a grid of 1-km2 cells specific to each park. We established only one sample site per
1-km2 cell, whereas NABat uses two to four sites per 10-km2 cell, with one site in each quadrant and
all sites within a cell sampled concurrently. For the purposes of contributing our data to NABat, we
can overlay our sample sites on the NABat grid to determine the specific NABat grid cells in which
our sites are located (Table B1, FiguresB1 through Figure B9). For 29% of the NABat grid cells that
overlap our parks’ boundaries, we have at least two GLKN sample sites, though these are not
necessarily sampled concurrently.
Table B1. Overlap between GLKN bat monitoring sample sites and the NABat sampling frame. “Total”
columns show the total number of 10-km2 NABat cells that overlap the park boundaries (for APIS and
ISRO, this refers to the land boundaries). “Priority cells” refer to the 5% of NABat cells that are the highest
priority for sampling, based on the GRTS order. “Sampled” columns show the number of cells that contain
at least two GLKN sample sites that were being actively monitored as of 2019.

Park

Total Number of
NABat Cells

Number of NABat
Cells Sampled
(Percent)

Total Number of
NABat Priority Cells

Number of NABat
Priority Cells Sampled
(Percent)

APIS

20

5 (25%)

0

n/a

GRPO

2

1 (50%)

0

n/a

INDU

11

3 (27%)

0

n/a

ISRO

18

6 (33%)

1

0 (0%)

MISS

17

7 (41%)

0

n/a

PIRO

12

5 (42%)

1

1 (100%)

SACN

44

7 (16%)

3

1 (33%)

SLBE

14

7 (50%)

1

1 (100%)

VOYA

18

5 (28%)

0

n/a

Total

156

46 (29%)

6

3 (50%)
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Figure B1. Locations of GLKN sample sites (as of 2019) at Apostle Islands National Lakeshore, overlaid
with the NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell
quadrant.
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Figure B2. Locations of GLKN sample sites (as of 2019) at Grand Portage National Monument, overlaid
with the NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell
quadrant.
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Figure B3. Locations of GLKN sample sites (as of 2019) at Indiana Dunes National Park, overlaid with
the NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell quadrant.

44

Figure B4. Locations of GLKN sample sites (as of 2019) at Isle Royale National Park, overlaid with the
NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell quadrant.
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Figure B5. Locations of GLKN sample sites (as of 2019) at Mississippi National River and Recreation
Area, overlaid with the NABat sampling frame. Numbers indicate the count of GLKN sample sites per
NABat cell quadrant.
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Figure B6. Locations of GLKN sample sites (as of 2019) at Pictured Rocks National Lakeshore, overlaid
with the NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell
quadrant.
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Figure B7. Locations of GLKN sample sites (as of 2019) on the Namekagon and upper St. Croix Rivers
(above) and the middle St. Croix River (below) at St. Croix National Scenic Riverway, overlaid with the
NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell quadrant.
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Figure B8. Locations of GLKN sample sites (as of 2019) at Sleeping Bear Dunes National Lakeshore,
overlaid with the NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat
cell quadrant.
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Figure B9. Locations of GLKN sample sites (as of 2019) at Voyageurs National Park, overlaid with the
NABat sampling frame. Numbers indicate the count of GLKN sample sites per NABat cell quadrant.
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