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Appendix A 
Attributes of High-Quality Covered Bat Habitat in 

Managed Lake State Forests  

A.1 Overview 
This appendix provides information on the habitat features that comprise high-quality habitat for 
covered bats. Attributes are described at the site (or tree) level and at the landscape level. The 
information contained in this appendix is not prescriptive or binding. This appendix provides 
information that might be useful for land managers interested in knowing key features of high-
quality roosting habitat. 

A.2 Tree Attributes Contributing to High-Quality 
Summer Bat Habitat 

Table A-1 describes key features of high-value roost trees for covered bats. These features provide 
the most long-term value for bats—good habitat both while the trees are healthy and as they 
senesce over the course of the 50-year permit term. Key features are listed in order of priority for 
tree retention. 

Table A-1. Attributes of Trees that Provide High-Quality Roosting Habitat for Covered Bats  

Retention 
Priority Key Features Example Species Notes 
1 Trees that provide multiple 

types of roosting features 
(e.g., loose bark, cavities, 
crevices, broken limbs, and 
hanging dead foliage) and 
remain viable for multiple 
years 

Sugar maple, yellow 
birch, oaks, hickories, 
walnuts, and 
basswood 

These species are known to 
provide habitat suitable for all four 
covered species, although habitat 
for different species may occur 
during different periods in the life 
of a single tree.  

2 Trees remain on the 
landscape long after 
developing cavities   

Aspen, basswood, red 
and silver maples, 
beech, birches, 
cherries, hackberries, 
and sycamore 

Live and cavity trees are especially 
important for northern long-eared 
bats. Dead or dying trees provide 
roosts for northern long-eared bats, 
Indiana bats, and little brown bats.  

3 Trees that, following death, 
provide sheets of bark 
under which bats roost 

Elms, balm-of-Gilead, 
pines, ash, and 
cottonwood  

These trees provide habitat for 
little brown bats, Indiana bats, and 
northern long-eared bats. Larger 
trees with substantial solar 
exposure are more valuable than 
smaller trees in the shade.  
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Retention 
Priority Key Features Example Species Notes 
4 Trees that provide cavities 

but are heavily shaded until 
they die 

Hemlock and 
northern white cedar 

In the Lake States, these species are 
often retained between rotations 
due to their value to many species 
of wildlife. Live individuals are 
rarely used by bats. 

5 Live trees that provide bark 
habitat (curls or shags) used 
by individual bats 

Birches and shaggy-
barked hickories 

These trees provide habitat for tri-
colored bats (birches) and Indiana 
bats (hickories). These species are 
assigned the lowest retention 
priority as they are suitable habitat 
for only one of the four covered bat 
species. 

A.3 Landscape-Level Attributes of High-Quality 
Summer Bat Habitat 

Attributes of high-quality summer bat habitat are present in Lake States forests in which the 
following conditions are achieved.  

 Bats have access to multiple maternity roosts trees, including some areas where there are 201 or 
more potential maternity roosts tree within a 1-to-2-acre area for sheltering and escape cover. 
These areas should include the following: 

 Trees of multiple sizes and “health” categories, with cavities and crevices for northern long-
eared bats and little brown bats. At least some (four to five trees per acre) of the retained 
trees should be large (greater than 12 inches diameter at breast height [dbh]). These can be 
located within reserve islands or within stands that are scheduled for future harvest.  

 Within the range of the Indiana bat (southern Michigan), at least some of the retained trees 
should be greater than 16 inches dbh with exfoliating bark and receiving direct sunlight 
during much of the day. These can be located within the reserve islands or within stands 
that are scheduled for future harvest.  

 Within the range of tricolored bats, trees that provide clusters of leaves. 

 Bats have access to open, non-turbulent water for drinking within approximately 2 miles of 
roosts. 

 Bats have access to high-quality foraging habitat. High-quality foraging habitat includes the 
following: 

 Forested habitat through which bats can easily navigate. Such forests have relatively open 
understories that are not filled with saplings and shrubs. Areas with more than 1,100 stems 

 
1 Analysis of data from the Forest Inventory Analysis indicate that the average stand in Wisconsin contains more 
than 15 snags per acre and that even regenerating stands contain at least five snags per acre of 5 inches or greater 
diameter at breast height (dbh). Similarly, the state-wide average of cull trees (those that are not harvested due to 
poor condition) is five trees per acre. Many of these are culled due to the presence of cavities and other defects that 
provide habitat for bats. 
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per acre are too dense even for clutter-adapted species such as northern long-eared bats 
(Blakey et al. 2016).  

 Edge habitat such as small trails, edges along harvested stands and lakes, and areas above 
streams that are not overgrown with vegetation.  

 Wetlands and other habitats that provide moths, flies, and beetles.  

There is connectivity among the elements described above so that bats do not have to cross open 
areas of 300 feet or more to access key resources. While some bats have flown long, circuitous, 
routes along wooded edges to connect to high-quality habitat, most covered species rarely cross 
nonforested areas wider than 1,000 feet.  
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Appendix B 
Landowner Enrollment Program 

B.1 Overview 
This appendix provides a description of the Landowner Enrollment Program under the Lake States 
Forest Management Bat Habitat Conservation Plan (Lake States HCP or Plan), including an overview, 
components of the program, and the methodology used to establish criteria for enrollment in the 
program.  

The states of Michigan, Minnesota, and Wisconsin (Lake States) have prepared the Lake States HCP 
to obtain federal incidental take authorization under Section 10(a)(1)(B) of the federal Endangered 
Species Act (ESA) for the covered species listed in the HCP. As described in the HCP, the Michigan 
Department of Natural Resources (Michigan DNR), Minnesota Department of Natural Resources 
(Minnesota DNR), and Wisconsin Department of Natural Resources (Wisconsin DNR) (collectively 
referred to as the State DNRs) will apply for three separate permits that the U.S. Fish and Wildlife 
Service (USFWS) will issue to each State DNR based on the programmatic Lake States HCP. These 
permits provide the State DNRs with incidental take authorization for implementing covered 
activities. This authorization can be extended to nonfederal lands other than State DNR lands 
(referred to as “other nonfederal landowners”) when implementing covered activities through a 
certificate of inclusion (COI) per 50 Code of Federal Regulations (CFR) 13.25(e) (under direct 
control of permittee). These COIs will be issued based on participation in the Landowner Enrollment 
Program as described in this appendix. 

For the purposes of this HCP, other nonfederal landowners include county, municipal, Tribal, and 
private landowners and land managers within the states of Michigan, Minnesota, and Wisconsin (see 
Chapter 1, Section 1.3.4.1, Permittees, of the Plan for additional detail). Nonfederal landowners who 
meet the criteria described in Section B.2.1, Eligibility, are also called eligible landowners. Private 
lands include corporate landholdings, family forests, Tribal lands, and lands owned by 
nongovernmental organizations, unincorporated partnerships, associations, and clubs (see Chapter 
2, Table 2-1, for details on acres of land owned by various landowners). 

B.2 Landowner Enrollment Program  
B.2.1 Eligibility 

Early in the process of developing the Lake States HCP, the three states agreed that the HCP should 
include incidental coverage not only for lands owned and managed by the State DNRs but also for 
county and municipal forest programs (which often operate in partnership with the State DNRs), 
and other private landowners. The goal of providing coverage for third parties posed a series of 
related challenges for the State DNRs. First, the State DNRs have a limited staff, which restricts the 
ability of the State DNRs to track forestry programs on private lands. Thus, there was the need to 
identify a subset of the private landowners that could enroll. The State DNRs agreed eligibility for 
enrollment should include those landowners whose activities and/or geographic location created 
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the highest risk of taking bats. Such landowners would also potentially provide the greatest benefit 
to bats. Eligible landowners were, thus, defined to include county/municipal forests in all three 
states, those landowners with known bat roosts or hibernacula, and those whose forestry activities 
are large enough to carry a substantial risk of taking bats. Thus, the impact assessment technique 
(Appendix C, Habitat Model Summary) was used to develop a tool that identified the number of acres 
that would serve as the threshold for eligibility in each state. As stated previously, the goal is to 
identify those landowners who consistently conduct significant forestry operations in areas where 
bats are likely to occur and, thus, are those who would benefit most from eligibility.  

The model described in Appendix C was designed to provide a tool for estimating the number of bats 
that could be impacted based on simple assumptions about the seasonal distribution of bats based 
on distance to hibernacula and type of forest. The density of bats is assumed to be the same within 
areas of similar habitat at similar proximities to hibernacula at the same time of year. This approach 
is a realistic way of estimating impacts at a landscape scale when precise locations of bat colonies 
and roosting conditions within a stand are unknown. It is not intended to address the specific risk 
for a particular forest management action.  

Even prior to white-nose syndrome (WNS), colonies of covered bats containing less than ten 
tricolored bats to potentially thousands of little brown bats were widely scattered on the landscape. 
The concentration of many bats in a few small areas meant that most of the landscape was not used 
by roosting bats meaning any single forestry operation was unlikely to take bats. Following the 
arrival of WNS, the number of bats and presumably the number of colonies was greatly reduced 
with a concomitant reduction in the risk of encountering and taking bats. Notably, as the number of 
bats decreases the risk of taking a bat also decreases, but the population impact of taking a bat 
increases.  

Taking these factors into account, the State DNRs have established the eligibility requirements for 
private and Tribal landowners described below, which focus the Landowner Enrollment Program on 
(1) very large ownerships, which by virtue of their size have the highest risk of take; (2) other 
ownership sizes with a measurable risk of take (as calculated below); or (3) ownerships with the 
presence of important habitat features (described in more detail below). Private and Tribal 
landowners in Michigan, Minnesota, and Wisconsin may apply to participate in the Landowner 
Enrollment Program if they plan to conduct covered activities (see Chapter 2, Covered Activities, of 
the Plan) and if they meet one or more of the following eligibility criteria. 

1. Applicant owns forestland greater than 10,000 acres in one state. 

2. Applicant in a given state collectively owns forestland (may be contiguous or not) in one of the 
forestland size classes where at least 0.5 bat have the potential to be taken per year (Tables B-1 
through B-10). 

3. Applicant owns lands (of any size) containing a known occupied maternity roost tree1 or known 
hibernaculum entrance2 (see Section B.2.2, Step 3.b). 

 
1 A known occupied maternity roost tree is a specific tree or forested area at which at least one roosting adult 
female bat or juvenile bat of either sex has been confirmed. Lands within the 2.5-mile buffer for known occupied 
roost trees (or summer capture locations) for Indiana bat are eligible for enrollment. 
2 A known hibernaculum entrance is one that has been identified in the state’s Natural Heritage Program Database. 
Lands within the 0.25-mile buffer for hibernacula entrances are also eligible for enrollment.  
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B.2.2 Application Process 
While each State DNR will administer their own Landowner Enrollment Program, the same 
overarching process will occur in each state. 

1. Landowners will submit an application for participation in the Landowner Enrollment Program 
through the relevant State DNR communication tool (e.g., website). Landowners may also 
request a hard copy application by contacting the relevant State DNR. 

2. The application will contain the following: 

a. A description of the lands to be enrolled, including proof of ownership (or the owners’ 
written assent to the application), location, acreage, and parcel number(s). This description 
must be sufficiently detailed to identify the precise location where the incidental take 
coverage is requested (e.g., tax parcel I.D. or mapping in zip-compressed [.kmz] or 
shapefiles). 

b. A description of the type (e.g., forest management practices) and extent (e.g., acres) of 
covered activities expected to be conducted annually on enrolled lands.  

c. Information regarding participation in any federal, state, or third-party forest certification 
programs, if applicable. It is not a requirement for applicants to be enrolled in a third-party 
certification program.  

d. The application fee set by the State DNR. 

3. State DNRs will review applications in the order submitted. During this review, they will do the 
following: 

a. Confirm that the applicant’s land is within their jurisdiction and is eligible for coverage 
(Section B.2.1, Eligibility).  

b. Notify the applicant of any known occupied maternity roost trees (including the 2.5-mile 
buffer for known occupied roost trees or summer capture locations for Indiana bat) or 
hibernacula entrances (including the 0.25-mile buffer) on lands to be enrolled. 

c. Identify the conservation actions that enrollees will be required to implement as part of 
program enrollment (see Section B.2.3, Landowner Enrollment Program Conservation 
Actions).  

d. Detail the period of program validity, not to exceed the State DNR’s 50-year permit term. An 
application to renew program participation must be submitted prior to the expiration of the 
current term.  

4. If the applicant is eligible for coverage and has agreed to all enrollment requirements, the State DNR 
will issue a COI authorizing the applicant to undertake covered activities under the Lake States HCP 
via participation in the Landowner Enrollment Program. If the State DNR determines that the 
applicant’s proposed inclusion is not consistent with the incidental take permit or the Lake States 
HCP, the State DNR will deny the application. 

5. Participation in the Landowner Enrollment Program will bind the participant to the terms of the 
program, including any specified standards and procedures, and the Lake States HCP.  

6. Program participation is not transferable.  
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B.2.3 Landowner Enrollment Program Conservation Actions 
Participants enrolled in the Landowner Enrollment Program must agree to implement the following 
conservation actions as a condition of incidental take permit coverage. Failure to implement these 
actions while conducting covered activities will be considered noncompliance with program 
requirements and may result in the participant’s revocation of enrollment (i.e., incidental take  
coverage) (see Section B.2.6, Noncompliance, for further information).  

B.2.3.1 Conservation Action 1. Implement State DNR Retention 
Guidelines in Forest Habitat  

Program participants must implement the applicable retention guidelines established by the 
relevant State DNR (Michigan Department of Natural Resources 2012; Minnesota Forest Resources 
Council 2013; Wisconsin Department of Natural Resources 2012) when conducting forest 
management activities. The retention guidelines provide direction for various types of forest 
management activities. The State DNRs are available to help applicants and enrollees understand 
how retention guidelines will apply to their anticipated forest management activities.  

While the specific guidelines to be followed will differ by state, retention guidelines generally 
include actions, such as the following.  

 Protecting snags and leaving them standing unless they are a safety hazard. 

 Retaining aggregations of leave trees, on a stand basis. 

 Retaining multiple cavity trees. 

 Recruiting mast trees and retaining legacy trees when available. 

If the relevant State DNR modifies retention guidelines for that state over the course of the permit 
term, program participants will be notified in advance, and the State DNRs will work with 
participants to develop a timeline for incorporating the new guidelines. For additional details see 
Chapter 5, Section 5.2.2.1, Objective 2.1 of the Plan. 

B.2.3.2 Conservation Action 2. Protect Known Occupied Maternity Roost 
Trees 

Program participants must protect all known occupied maternity roost trees for covered bats on 
enrolled lands. A known occupied maternity roost tree is one that has been geolocated and 
identified in the state’s Natural Heritage Program database (in Michigan this may include some 
auxiliary datasets as well). In this HCP, geolocate means to determine which trees are known with a 
high enough level of accuracy to map their locations. The resulting protective buffer will be centered 
on these locations. Note that the location of known occupied maternity roost trees identified by 
radio-triangulation may not be accurate enough to include within this database; other methods may 
need to be used to confirm the presence of a known roost tree before it is mapped (for more 
information see Chapter 5, Section 5.4.4, Addition or Removal of Maternity Roost Trees as Known and 
Occupied). Program participants are not required to identify new maternity roost trees through 
surveys, but if a new maternity roost tree is found on enrolled lands, it will be reported to the 
Natural Heritage Program database and appropriate protections will be followed. Across all three 
states, this means protecting known occupied maternity roost trees and a 150-foot buffer year-
round. In Michigan for Indiana bats, this means protecting known occupied maternity roost trees 
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and capture locations within a 2.5-mile buffer during the summer pup season (See Objective 3.2 for 
additional details).  

As part of the application process, State DNRs will notify landowners of any known occupied 
maternity roost trees on lands proposed for enrollment so that this conservation action can be 
implemented. In addition, program participants must map any known occupied maternity roost 
trees on enrolled lands upon application or via the annual report in the year that the feature was 
mapped. Chapter 5, Section 5.4.4,  Addition or Removal of Maternity Roost Trees as Known and 
Occupied, describes how to add known occupied maternity roost trees that require conservation 
action by program participants and how to reclassify known maternity roost trees as unoccupied 
and no longer requiring conservation action by program participants.  

Program participants will protect each known occupied maternity roost tree and the surrounding 
150-foot radius (1.6-acre) buffer, which will protect alternate maternity roost trees and serve as a 
disturbance buffer between the known occupied maternity roost tree and activities that would 
otherwise adversely affect the known occupied maternity roost tree. Cutting of the known occupied 
maternity roost tree and buffer will be prohibited year-round.  

To minimize the potential to affect Indiana bats (in Michigan), tree-cutting and prescribed fire will 
be restricted within a 2.5-mile buffer of known occupied maternity roost tree for Indiana bat or 
Indiana-bat capture locations as described in Objective 2.3 during the pup season (June 1 through 
July 31).  

B.2.3.3 Conservation Action 3. Protect Known Hibernacula Entrances 
Program participants must protect all known hibernacula entrances for covered bats on enrolled 
lands. As part of the application process, State DNRs will notify landowners of any known 
hibernacula entrances on lands proposed for enrollment. In addition, program participants will be 
notified if the applicable State DNR identifies a new hibernaculum entrance on (or within a 0.25-
mile buffer of) enrolled lands. In addition, program participants must report any known or potential 
hibernacula entrances such as caves or mines on enrolled lands upon application or via the annual 
report in the year of identification. Similarly, any undocumented or newly discovered hibernaculum 
on enrolled lands will be entered into the Natural Heritage Program database and appropriate 
protections will be followed.  Section 5.4.3, Addition or Removal of Hibernacula as Protected 
Resources, describes how to add and remove known hibernacula entrances from the list of 
hibernacula entrances that require conservation action by the Landowner Enrollment Program 
participants.  

Program participants will protect each known hibernaculum entrance, as well as a buffer of habitat 
within a 0.25-mile radius of the entrance of the hibernaculum as described below. Entry to the 
hibernaculum will be limited to State DNR staff or other qualified individuals conducting activities 
for the benefit of covered species. 

Within the 0.25-mile hibernaculum entrance buffer: 

 Prohibit timber harvests year-round, unless they are done in conjunction with the relevant State 
DNR with the express objective of improving habitat for covered bats, and subject to applicable 
measures in the Plan. 

 Limit disturbance from noise (85 decibels at a distance of 50 feet) such as pile-driving and 
blasting year-round. If necessary, program participants will coordinate with the relevant State 
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DNR to conduct such activities during summer, when most bats are away from the hibernacula 
entrances. 

B.2.3.4 Conservation Action 4. Minimize Impacts of Prescribed Fire on 
Roosting and Hibernating Bats  

Program participants planning to conduct prescribed burning on enrolled lands within seasonal 
habitat must ensure that prescribed fire is consistent with the parameters below.  

• To avoid killing or disturbing maternity colonies or other summer roosting bats, prohibit 
prescribed burns within 150 feet of known occupied maternity roost trees during pup season 
(June 1–July 31).  

 To avoid killing or disturbing swarming bats in fall/spring habitat (see Chapter 3, Table 3-3 for 
the Plan for modeled habitat), reduce fire intensity within 0.25 mile of hibernacula entrances 
during spring (April 15–May 14) and fall (August 16–October 15), unless the goal of the fire 
prescription is creating high-quality habitat for bats. 

 To avoid killing or disturbing bats, especially in fall and spring when bats are most dense, ensure 
wind will carry smoke away from the entrance(s) of the hibernacula.  

B.2.4 Monitoring of Enrolled Lands 
Enrolled landowners will be responsible for monitoring compliance with applicable measures 
described in Section B.2.3, Landowner Enrollment Program Conservation Action. Each State DNR will 
develop a monitoring form that landowners will submit annually to comply with permit terms. 
Chapter 5, Table 5-11, of the Plan contains additional details on monitoring actions associated with 
Objective 3.1.  

B.2.5 Annual Reporting 
As part of the Lake States HCP annual report, the State DNRs will summarize activities carried out 
under the Landowner Enrollment Program during the previous year. In addition to other State DNR 
reporting obligations, each State DNR annual report will include the following information relative 
to the Landowner Enrollment Program: 

 Total acreage and number of landowners participating in the Landowner Enrollment Program. 

 Total acres of harvest and written confirmation of compliance with conservation activities 
specified as part of the Landowner Enrollment Program.  

 Total acres of prescribed fire and written confirmation of compliance with conservation 
activities specifies as part of the Landowner Enrollment Program.  

 A summary of the monitoring documentation submitted under the Landowner Enrollment 
Program. If requested by USFWS, State DNRs will provide copies of landowner self-monitoring 
documentation to USFWS. Forest certification audits are publicly available and can also be 
reviewed by USFWS.  

 A list of any participants in noncompliance and the corrective actions taken to bring them back 
into compliance. 
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B.2.6 Noncompliance 
Incidental take coverage provided under the Landowner Enrollment Program is available only to the 
extent that program participants are in full compliance with the Lake States HCP, each State DNR’s 
incidental take permit issued by USFWS, and all relevant program requirements, the conservation 
actions identified by the relevant State DNR, and all other applicable legal requirements (50 CFR § 
13.48). 

If the relevant State DNR becomes aware that the conservation actions in Section B.2.3, Landowner 
Enrollment Program Conservation Actions, are not being implemented as directed (e.g., through 
failure to report acres of harvest annually or through failure to self-report full compliance with the 
conservation activities required by permit [see Chapter 5, Table 5-11, Objective 3.1 for monitoring 
requirements]), the State DNR will provide reasonable notice to the program participant along with 
an opportunity to rectify the effects of the breach. The State DNR will provide written notice to the 
program participant through certified mail within 30 days of discovering the violation and notify 
USFWS of noncompliance via email. The program participant will have 60 days to reply to the 
noncompliance notice, including plans to rectify the noncompliance. If the program participant fails 
to rectify, the State DNR may suspend or revoke program participation. The relevant State DNR will 
revoke participation in the program (i.e., HCP incidental take coverage) if a participant fails to 
comply with program conditions and is unable or unwilling to take appropriate corrective actions. 
Repeated and pervasive noncompliance that is unaddressed by the State DNRs may result in 
revocation of the State DNR’s incidental take permit.  

B.3 Methodology Used to Determine Program 
Eligibility  

According to the Habitat Conservation Planning and Incidental Take Permit Processing Handbook, “A 
landowner or project proponent should be advised to develop an HCP and seek an incidental take 
permit if they are conducting (or planning to conduct) any type of activity in an area where ESA-
listed species are known to occur and where their activity or activities are reasonably certain to 
result in incidental take” [emphasis added] (U.S. Fish and Wildlife Service and National Marine 
Fisheries Service 2016). 

Eligibility for the Landowner Enrollment Program is based first on the size (acres) of forested 
private and Tribal land ownership. An ownership is a group of one or more owners that jointly owns 
a parcel of forested land (Caputo et al. 2017).3 This parcel may or may not be contiguous with other 
parcels under the same ownership. Landowners who own more than 10,000 acres of forestland (in 
one state) are eligible participate in the program because these landowners generally perform a 
relatively large share of timber harvest within the lands eligible for enrollment. As a result, many 
large forest landowners may wish to manage their risk associated with ESA compliance by enrolling 
in this HCP. 

 
3 The FIA defines ownership as “a legal entity having an ownership interest in land regardless of the number of 
people involved. An ownership may be an individual; a combination of persons; a legal entity such as corporation, 
partnership, club, or trust; or a public agency. An ownership has control of a parcel or group of parcels of land.” 
(U.S. Forest Service 2017). It has been restated for readability in the text above.  
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For private and Tribal landowners who own less than 10,000 forested acres, this appendix provides 
a tool to estimate whether take is reasonably certain to occur for each covered species based on bat 
density, ownership size, and the resulting number of bats that may be foreseeably taken across that 
forestland size class. Private and Tribal landowners that meet minimum criteria (as described 
below) for taking covered bats can enroll in the program. Ownership categories are divided into six 
forestland size classes within the U.S. Forest Service Forest Inventory and Analysis (FIA) dataset 
(U.S. Forest Service 2017) that was used for this analysis. If, for a given forestland size class, at least 
half of a covered bat has the potential to be taken annually, landowners are eligible to participate in 
the program. Below this threshold the probability of taking a single bat is discountable, so 
landowners of forestland size classes whose collective activities are estimated to take less than half 
of one bat annually are not eligible to participate in the Landowner Enrollment Program. The 
forestland class size to which an enrollee pertains is determined by their ownership size, or the total 
forested acres owned by a single individual or entity in a given state.  

Regardless of forestland size class for an individual ownership, any landowner with a hibernaculum 
entrance or a known occupied maternity roost tree on their land is eligible to participate in the 
Landowner Enrollment Program. 

Tables B-1 through B-10 show results for the estimation tool to determine eligibility for enrollment 
for private and Tribal landowners with less than 10,000 forested acres. A column-by-column 
explanation of the process is found in the Table Calculations call out box. This tool used 
information within the private lands dataset for FIA (it was not possible to include county and 
municipal lands in this analysis because they were not disaggregated within the FIA dataset. Tribal 
lands are included under the “private lands” category in FIA). The results should be representative 
of all “other nonfederal lands” since private (including Tribal) lands constitute the majority of the 
ownerships. Note that because there are differing populations and densities of covered species 
across the three states, this analysis was completed for each covered bat species in each state. 

These tables are dependent on the density of bats on the landscape and are anticipated to change as 
the densities of bats changes. They will be recalculated every 5 years to revise the thresholds that 
determine eligibility to enroll in the program.  
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The estimated number of bats taken represents the 
predicted take of all lands within a given forestland 
size class, not the anticipated take of a single 
landowner. 

Based on the methodology outlined above, the only 
covered species expected to be affected (i.e., with take 
at the level of 0.5 bat or more) is little brown bat 
within the states of Michigan (Table B-1) and 
Wisconsin (Table B-8). As a result, ownerships of 500 
acres or more in the states of Michigan and Wisconsin 
are eligible to enroll in the program (see gray-
highlighted rows in Tables B-1 and B-8). Ownerships 
less than 10,000 acres in the state of Minnesota are 
only eligible to enroll if a known hibernaculum 
entrance or known occupied maternity roost tree is on 
their land.  

Even though this methodology factors in known 
declines of covered bat populations in the Lake States, 
it is likely that these declines will continue over the 
permit term, particularly at sites like Tippy Dam in 
Michigan, where no declines have been observed to-
date, and Soudan Mine in Minnesota, where declines 
have just begun. As a result, the density of bats (and 
potential for take) is likely to decrease over the permit 
term. As part of the HCP adaptive management 
program, the threshold for eligibility in the Landowner 
Enrollment Program will be updated every 5 years 
throughout the permit term to account for changes in bat population status (Chapter 5, Section 5.4.5, 
Eligibility for Landowner Enrollment Program, of the Plan). 

Table B-1 through B-10 Calculations  

Data on forestland ownership in each state 
were gathered from the FIA dataset (U.S. 
Forest Service 2017). Six forestland class sizes 
are used in the FIA dataset (Column A). This 
analysis assumes that timber harvests are 
not completed at the same rate across all 
size classes. For example, smaller forestland 
size classes typically represent small family 
farms that conduct limited tree cutting for 
personal use. Conversely, owners of larger 
forestland size classes are more likely to 
conduct timber harvest for commercial 
purposes and on a widespread scale. To 
reflect this assumption, a harvest rate is 
assigned to each forestland size class 
(Column B). The total annual timber harvest 
across private and Tribal lands (derived from 
Chapter 2, Covered Lands and Activities) is 
then multiplied by this harvest rate to 
determine the projected annual harvest per 
forestland size class (Column C). This is then 
tied to the number of bats affected by acre 
as calculated in Chapter 4, Section 4.3, Direct 
Effects, of the HCP). This number is rounded 
to the nearest half integer (Column D). If 
Column D equals 0.5 bat or more, that is the 
forestland size class at which take is 
expected (gray highlighted rows).  
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Table B-1. Estimated Annual Take of Little Brown Bats on All Private (including Tribal a) Lands in 
Michigan, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,691.86 0.0 
20–49 3% 4,037.79 0.0 
50–99 5% 6,729.65 0.0 

100–199 5% 6,729.65 0.0 
200–499 5% 6,729.65 0.0 
500–999 10% 13,459.30 0.5 

1,000–4,999 15% 20,188.95 0.5 
5,000–9,999 25% 33,648.25 1.0 

10,000+ 30% 40,377.90 1.0 
Total 100% 134,593.00 - 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 

Table B-2. Estimated Annual Take of Indiana Bats on All Private (Including Tribal a) Lands in 
Michigan, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class (%) 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,691.86 0.0 
20–49 3% 4,037.79 0.0 
50–99 5% 6,729.65 0.0 

100–199 5% 6,729.65 0.0 
200–499 5% 6,729.65 0.0 
500–999 10% 13,459.30 0.0 

1,000–4,999 15% 20,188.95 0.0 
5,000–9,999 25% 33,648.25 0.0 

10,000+ 30% 40,377.90 0.0 
Total 100% 134,593.00 - 

Notes: 
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a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 

Table B-3. Estimated Annual Take of Northern Long-eared Bats on All Private (Including Tribal a) 
Lands in Michigan, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,691.86 0.0 
20–49 3% 4,037.79 0.0 
50–99 5% 6,729.65 0.0 

100–199 5% 6,729.65 0.0 
200–499 5% 6,729.65 0.0 
500–999 10% 13,459.30 0.0 

1,000–4,999 15% 20,188.95 0.0 
5,000–9,999 25% 33,648.25 0.0 

10,000+ 30% 40,377.90 0.5 
Total 100% 134,593.00 - 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-4. Estimated Annual Take of Tricolored Bats on All Private (Including Tribal a) Lands in 
Michigan, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,691.86 0.0 
20–49 3% 4,037.79 0.0 
50–99 5% 6,729.65 0.0 

100–199 5% 6,729.65 0.0 
200–499 5% 6,729.65 0.0 
500–999 10% 13,459.30 0.0 

1,000–4,999 15% 20,188.95 0.0 
5,000–9,999 25% 33,648.25 0.0 

10,000+ 30% 40,377.90 0.0 
Total 100% 134,593.00 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-5. Estimated Annual Take of Little Brown Bats on All Private (Including Tribal a) Lands in 
Minnesota, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 1,627.98 0.0 
20–49 3% 2,441.97 0.0 
50–99 5% 4,069.95 0.0 

100–199 5% 4,069.95 0.0 
200–499 5% 4,069.95 0.0 
500–999 10% 8,139.90 0.0 

1,000–4,999 15% 12,209.85 0.0 
5,000–9,999 25% 20,349.75 0.0 

10,000+ 30% 24,419.70 0.0 
Total 100% 81,399.00 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-6. Estimated Annual Take of Northern Long-eared Bats on All Private (Including Tribala) 
Lands in Minnesota, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 1,627.98 0.0 
20–49 3% 2,441.97 0.0 
50–99 5% 4,069.95 0.0 

100–199 5% 4,069.95 0.0 
200–499 5% 4,069.95 0.0 
500–999 10% 8,139.90 0.0 

1,000–4,999 15% 12,209.85 0.0 
5,000–9,999 25% 20,349.75 0.0 

10,000+ 30% 24,419.70 0.0 
Total 100% 81,399.00 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-7. Estimated Annual Take of Tricolored Bats on All Private (Including Tribal a) Lands in 
Minnesota, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 1,627.98 0.0 
20–49 3% 2,441.97 0.0 
50–99 5% 4,069.95 0.0 

100–199 5% 4,069.95 0.0 
200–499 5% 4,069.95 0.0 
500–999 10% 8,139.90 0.0 

1,000–4,999 15% 12,209.85 0.0 
5,000–9,999 25% 20,349.75 0.0 

10,000+ 30% 24,419.70 0.0 
Total 100% 81,399.00 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 



Michigan, Minnesota, and Wisconsin Departments of 
Natural Resources 

Appendix B 
Landowner Enrollment Program 

 

Lake States Forest Management 
Bat Habitat Conservation Plan B-17 June 2022 

ICF 103717.0.002 
 

Table B-8. Estimated Annual Take of Little Brown Bats on All Private (Including Tribal a) Lands in 
Wisconsin, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,612.57 0.0 
20–49 3% 3,918.85 0.0 
50–99 5% 6,531.42 0.0 

100–199 5% 6,531.42 0.0 
200–499 5% 6,531.42 0.0 
500–999 10% 13,062.85 0.5 

1,000–4,999 15% 19,594.27 0.5 
5,000–9,999 25% 32,657.12 1.0 

10,000+ 30% 39,188.54 1.0 
Total 100% 130,628.48 -- 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-9. Estimated Annual Take of Northern Long-eared Bats on All Private and Tribala Lands in 
Wisconsin, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,612.57 0.0 
20–49 3% 3,918.85 0.0 
50–99 5% 6,531.42 0.0 

100–199 5% 6,531.42 0.0 
200–499 5% 6,531.42 0.0 
500–999 10% 13,062.85 0.0 

1,000–4,999 15% 19,594.27 0.0 
5,000–9,999 25% 32,657.12 0.0 

10,000+ 30% 39,188.54 0.0 
Total 100% 130,628.48 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Table B-10. Estimated Annual Take of Tricolored Bats on All Private (Including Tribal a) Lands in 
Wisconsin, by Forestland Size Class 

Forestland Size Class 
(acres) 

Harvest Rate by Size 
Class 

Combined Annual 
Harvest (acres) a 

Estimated Number of 
Bats Taken by 

Harvest Annually b 

A B C D 

1–9 0% - 0.0 
10–19 2% 2,612.57 0.0 
20–49 3% 3,918.85 0.0 
50–99 5% 6,531.42 0.0 

100–199 5% 6,531.42 0.0 
200–499 5% 6,531.42 0.0 
500–999 10% 13,062.85 0.0 

1,000–4,999 15% 19,594.27 0.0 
5,000–9,999 25% 32,657.12 0.0 

10,000+ 30% 39,188.54 0.0 
Total 100% 130,628.48 0.0 

Notes: 
a Tribal lands are only broken out in the U.S. Forest Service FIA data at the land ownership level (in the Native 
American owner land code). In subsequent Lake States HCP analyses involving levels of harvest, Tribal lands are 
included as part of the private lands total. 
a Harvest data are derived from Chapter 2, Covered Lands and Activities, of the HCP. 
b The effects analysis described in Chapter 4, Potential Effects of Covered Activities, and Appendix C, Habitat Model 
Summary, was used to estimate the number of bats taken and is rounded to the nearest half integer (e.g., 0.0, 0.5, 1.0) 
to gage whether take is reasonably likely to occur. Estimates of take for bats used to determine program participation 
do not mean that participants below the 0.5-bat threshold have a zero risk of taking bats. 
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Appendix C 
Habitat Model Summary 

C.1 Overview 
The Lake States Forest Management Bat Habitat Conservation Plan (Lake States HCP or Plan) uses a 
habitat distribution model to estimate the potential impacts of covered activities on bat populations, 
as well as the benefits resulting from conservation measures included in the HCP. This model and 
the associated analyses are based on the location of covered activities (Chapter 2, Covered Lands and 
Activities), seasonal distribution of bats (Chapter 3, Environmental Setting), an estimate of where 
impacts occur based on the overlap between covered activities and seasonal distributions of bats 
(Chapter 4, Potential Effects of Covered Activities), a basic estimate of the number of bats affected 
(Chapter 4), and the location and relative benefit of conservation efforts (Chapter 5, Conservation 
Strategy). The goal of this appendix is to compile, summarize, and link the information found in 
these chapters. Like many permitted HCPs, the models used in this plan are a tool for estimating 
relative impacts using limited available data. This tool must balance clarity with complexity. 
Numbers of bats affected are derived from population estimates for each species. However, these 
impact numbers are provided for context only and to help evaluate the impact of the taking on the 
species. They are not intended to be used to track impacts or for permit compliance—in large part 
because white-nose syndrome (WNS) has caused large-scale declines in populations from year to 
year. 

C.2 Modeling as a Part of the Lake States HCP 
HCPs require an understanding of where covered species occur to properly evaluate impacts and 
target conservation activities or efforts. Models are a mechanism by which species’ distributions can 
be estimated based on biotic or abiotic variables. According to the HCP Handbook and based on 
numerous completed and approved HCPs, these models generally incorporate species occurrence 
data relative to environmental factors, such as biological variables (e.g., vegetation associations), 
geological variables (e.g., elevation), and climatic variables (e.g., rainfall) to determine the areas most 
likely to be inhabited by the covered species (U.S. Fish and Wildlife Service and National Marine 
Fisheries Service 2016; Sofaer et al. 2019). The resulting model can help explain where the covered 
species live and also is used to predict areas the species occupies (now or in the future) even in the 
absence of survey data. Species distribution models can integrate other variables, such as dispersal 
and migration, depending on the technique used. There are multiple ways of modeling species’ 
ranges that vary from simple range maps to statistical models derived from presence-only or 
presence/possible absence data. The Lake States HCP uses range maps that account for different 
seasonal behaviors of the covered bats and patterns of abundance in different types of forest cover 
(see Section C.2.3, Selected HCP Modeling Approach, for the HCP modeling approach selected).  
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C.2.1 Predictive Distribution Modeling 
Predictive distribution models are a tool used to identify areas that are and are not occupied by a 
species. For example, Gardner and Cook (2002) created a simplistic model of the distribution of 
Indiana bats by examining county-level vegetation patterns in relation to known summer roosts 
and maximum documented migration distance for the species. This analysis identified potential 
summer habitat as all counties within the migration distance of a priority-one hibernaculum 
entrance that contained at least 1% oak-hickory forest and 38% open land. This study provided an 
initial step toward determining the relationship between summer habitat and migration distance 
from hibernacula entrances and has served as the basis for additional similar predictive modeling 
efforts for other bat species. The selection of a model for an HCP will vary based on the data 
available and the needs of the analysis. 

C.2.2 Approaches Evaluated for the HCP 
For the Lake States HCP, the use of MaxEnt software and similar statistically based species 
distribution models were evaluated. MaxEnt (Phillips et al. 2004, 2006) predicts species 
distributions based on presence-only data using a statistical procedure known as maximum entropy. 
The maximum entropy method determines the environmental variables within the landscape that 
are most influential in predicting species occurrence and the relative probability of species 
occurrence for each landscape unit (i.e., a pixel in a raster-based image or map). MaxEnt has been 
used globally to model species distributions (Elith et al. 2011), including the distribution of Indiana 
bats (Loeb and Winters 2013; Weber and Sparks 2013). Its predictive performance is comparable to 
other methods currently in use (Elith et al. 2006). MaxEnt predicts a species’ distribution across a 
geographic area of interest by comparing point location data (e.g., capture locations) to a suite of 
environmental variables (e.g., land cover).  

However, in cases of limited data, like the Lake States HCP, statistically based modeling tools 
including MaxEnt can be overfit to the available data. Overfitting predicts species occurrences that are 
close to previous positive occurrences. Due to the limited nature of the datasets available for the 
three states, we determined that overfitting would occur, decreasing the utility of the MaxEnt model. 
We also considered a non-statistical approach similar to the county-level habitat model used for 
Indiana bats described above (Gardner and Cook 2002). 

C.2.3 Selected HCP Modeling Approach 
Based on the information available, the assumptions that could be made and defended, the needs of 
the HCP, and the need for transparency and clarity, a model was created that uses the following basic 
assumptions.  

 Covered bats follow predictable seasonal distribution patterns. 

 During winter, bats hibernate in caves and other underground structures—many of which 
are known. 

 During fall and spring, bats cluster near these hibernacula entrances. 

 During summer, bats migrate across a broad landscape. 

 Covered bats have demonstrable habitat preferences. 
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 Covered bats are most highly associated with areas dominated by native deciduous or mixed 
forest. 

 Covered bats are less associated with areas dominated by conifers (especially pine 
plantations), areas of young aspen, and areas dominated by exotic hardwoods such as tree 
of heaven, princess tree, Siberian elm, and Norway maple. Covered bats are rare or absent in 
areas without forests, and those that do occur (especially little brown bats in buildings and 
bridges) are not exposed to impacts from forestry activities.  

As further detailed below, information about the distribution of bats can then be overlaid with 
information about the covered activities to gain a coarse estimate of the number of individuals 
affected. This approach is intermediate in complexity between the approach used by Gardner and 
Cook (2002) and statistically based habitat models (The Nature Conservancy 2012; Loeb and 
Winters 2013; Weber and Sparks 2013) but still incorporates much of the information learned from 
those previous efforts.  

C.2.4 Distribution Model Integration with Other Analyses in 
the HCP 

The distribution model is the foundation for the analysis of impacts in the HCP. It also helps inform 
the conservation strategy and, ultimately, helps establish the net effects on the species. A conceptual 
diagram displaying how various components of the HCP interact is provided in Figure C-1. This 
appendix addresses how the distribution model was developed, summarizes the distribution model 
for each species, and discusses how the model integrates with other analyses.  

C.3 Limitations of Model 
Distribution models used in this HCP are essentially seasonal range maps that recognize covered 
bats migrate from caves and their surroundings to large swaths of the landscape during the year. 
Habitat quality is modeled at three levels: most bats roost in native deciduous and mixed forests 
(high-quality habitat), a few bats are found in forests dominated by conifers or invasive deciduous 
trees (low-quality habitat), and areas without forest are unoccupied (not modeled as habitat).  

Species distribution models used in this HCP overpredict species occurrence. The HCP plan area 
encompasses three states, and systematic surveys over a plan area of this size are infeasible. Rather, 
assumptions about affinities to forest type and distance from known and suspected hibernacula 
entrances at different times of year were made. These broad characterizations would have over-
generalized occurrence of species prior to WNS simply because not all apparently suitable areas 
contain bats. At the time of writing, all covered bats are experiencing extreme population declines 
and are, thus, even more sparsely distributed on the landscape.  
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Figure C-1. Integration of Habitat Distribution Model with HCP Analyses 

A second limitation of the model is its limited ability to address coloniality amongst the covered 
bats. All covered bats form maternity colonies (groups of female bats and their dependent young) 
during summer. Historically, some little brown colonies may have contained over 1,000 bats that 
shared a roost during the day and then spread across the landscape at night.  

Modeling summer habitat based on the location of maternity colonies was not feasible for several 
reasons.  

1. The location of most colonies is unknown.  

2. Even known roosts represent a snapshot in time and are often associated with a targeted survey 
or research project.  

3. As noted in the description of statistical models above, limited survey efforts can lead to over-
fitting.  

4. While a colony may be loyal to a landscape and, in many cases, maternity roost trees for many 
years the location of individual roosts often changes on a day-to-day basis, and even core 
roosting areas (area where roosting is concentrated) can change over time (Sparks et al. 2004).  

5. Movement between roosts also reflects changes in forest quality that are not available across the 
very large plan area.  

6. A three-state plan area with very different histories of sampling makes it difficult to develop a 
model that can be applied to all three states.  

For these reasons, we identified those parts of the plan area1 likely to contain bats at a given time of 
year and those forest types where bats were most abundant. These distributional assumptions were 
made before WNS affected numbers and locations of bats on the landscape. We assume that the 
underlying ranges are similar. Note that the adaptive management strategy is aimed at detecting 
long-term changes in range. Within these areas of similar habitat quality, we made the simplifying 
assumption that individual bats were evenly distributed within these areas. Given that most 
conservation measures are based on avoiding known roosts (such as known occupied maternity 
roost trees and hibernacula entrances) and suspected roosts (i.e., snag retention), and the number of 

 
1 A description of plan area and covered lands can be found in Chapter 1, Section 1.3.2, Plan Area and Covered 
Lands, and Chapter 2, Section 2.2, Covered Lands Summary, of the HCP. 
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bats is expected to continue declining after the HCP is permitted, the estimate of the number of bats 
impacted is likely conservative. Notably, as populations decline, the impacts of loss of even a small 
number of bats becomes greater.   

C.4 Expert Process 
The modeling approach (including distribution maps, habitat quality, and number of bats present) 
was the result of an interactive process that involved a panel of experts selected by the Departments 
of Natural Resources (DNRs) for Michigan, Minnesota, and Wisconsin (State DNRs), DNR bat 
biologists, consulting team bat biologists authoring the HCP, and the steering committee.  

In November 2016, the consulting team assembled a preliminary list of bat biologists, including 
biologists employed in academia, government agencies, industry, and nongovernmental 
organizations. The steering committee reviewed and amended that list based on their knowledge of 
local bat experts active in the field.  

In early January 2017, 10 selected biologists received an invitation to participate. The eight who 
agreed received a written questionnaire and were subsequently invited to participate in a 
teleconference. Based on input from the experts, the following decisions were made.  

 Distance around hibernacula entrances that can be used to identify hibernating, staging, and 
swarming habitats are as follows: 

 0.25 mile around hibernacula entrances for hibernating. 

 5 miles for swarming and staging.  

 10 miles for swarming and staging at larger hibernacula entrances (i.e., for Myotis sp. around 
hibernacula entrances containing more than 10,000 bats). 

 Although high-quality bat habitat can be recognized in the field based on the presence of 
potential roosts, access to water, and potential foraging areas, few of these features can be 
remotely sensed. 

 Biologists agreed that areas dominated by coniferous forest (especially pine plantation) 
contained very few bats. It was agreed that bats in these areas were “an order of magnitude” 
less dense than in areas dominated by deciduous and mixed forest. Thus, the consensus was 
to model bat density as 10x higher in areas of high-quality forest.  

 Young aspen stands were identified as being very low quality (relative to preferred habitat 
for bats)—based on data available from FIA and input from foresters, this was later defined 
as aspen-dominated stands with aspen less than 9 inches diameter at breast height (dbh). 

Biologists also discussed ways to estimate populations of bats in the Lake States. 

 Biologists agreed that hibernacula counts could be used to estimate the number of little brown 
and tricolored bats.  

 For northern long-eared bats, biologists recommended that the steering committee examine 
population estimates obtained by the U.S. Fish and Wildlife Service (USFWS) during the listing 
process for the species (U.S. Fish and Wildlife Service and National Marine Fisheries Service 
2016). The expert panel raised the possibility of using a capture ratio between northern long-
eared and little brown bats. After subsequent examination of these data the steering committee 
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and DNR bat biologists agreed these population estimates were an over-estimation likely as a 
result of data over-fitting to targeted surveys. Subsequently, the steering committee consulted 
with DNR bat biologists who agreed to the use of the capture-ratio approach.  

 For Indiana bats, the population estimate must address the small number of bats that hibernate 
in Tippy Dam (U.S. Fish and Wildlife Service 2019) and the fact that Indiana bats migrate into 
Michigan from hibernacula entrances in more southern states.  

Following the meetings, bat experts provided additional input including information on seasonality, 
additional recommendations on habitat quality, and input on the range and populations of covered 
bats. Dates and distributions were derived based on the literature (Whitaker and Rissler 1992; 
Veilleux and Veilleux 2004; U.S. Fish and Wildlife Service 2007, 2014, 2020; Kurta 2008; Whitaker 
and Sparks 2008; Helms 2010), survey experience of the consulting team and DNR wildlife 
biologists. Dates and distributions were vetted with a team of bat experts assembled January 12, 
2017, and associated follow-up discussions. For ease of calculation, seasonality is assigned to 
distinct time periods so that all bats are assumed to enter, exit, and occupy particular seasonal 
habitats on specific dates recommended by resource experts within the State DNRs. Bats do not 
follow an exact schedule, but rather move in and out of seasonal habitat in response to a variety of 
stimuli including physical condition and current weather conditions (Pettit and O'Keefe 2017; Roby 
et al. 2019). However, selecting specific (typical) dates allows simplification of a complex impact 
assessment that attempts to understand general patterns of bat occurrence and density across a 
three-state geographic area. In addition to the seasonal distribution on the landscape, forest types 
were assigned to being either of low- or high-habitat quality (based on suitability for bats). These 
habitat-quality categories were developed based on information in the literature (Chapter 3, Section 
3.2.5, Modeled Species Distribution), survey experience of the consulting team and DNR wildlife 
biologists and foresters and were vetted with a team of bat experts assembled January 12, 2017, and 
associated follow-up discussions.  

C.5 Model Description 
C.5.1 Distribution Model Overview 

This Lake States HCP covers four species of cave-dwelling bats: Indiana bat, little brown bat, 
northern long-eared bat, and tricolored bat. Modeled species distribution (including methods) is 
described in Chapter 3, Environmental Setting, of the HCP. As further described in Chapter 3, these 
species move within the plan area seasonally: hibernation in winter, staging in the spring, migration 
between winter and summer habitats, reproduction in summer, migration between summer and 
winter habitat, and swarming at the hibernacula entrances in the fall. These seasonal movements 
result in three geographical categories: winter, fall/spring, and summer habitat. Table C-1 
summarizes the dates we used to demarcate those categories: Column A - seasonal dates, Column B - 
the distributional assumptions and Column C - the rational for both. The pup season when 
nonvolant juvenile bats are present is also noted. Seasonality in Table C-1 below was used in the 
effects analysis for covered bats along with a description of covered activities, forest ownership, and 
landcover data (Chapter 4, Section 4.2, Methods, provides a complete description of the methods). 
The take assessment uses these previous analyses to estimate the amount of affected habitat when 
bats are present and (for context) the number of bats taken by covered activities before the 
conservation strategy described in Chapter 5, Conservation Strategy, is applied. 
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Table C-1. Assumed Covered Bat Distribution by Season 

Season 
A B C 

Dates Distribution Rationale 
Winter (Hibernation) October 16 through 

April 14 
Bats are restricted to within 0.25 
mile of entrances to hibernacula. 

Addresses the reality that locations of hibernacula entrances 
are often poorly mapped and may contain nearby unknown 
entrances. 
Consistent with FWS guidance on hibernaculum entrance 
buffers (e.g., northern long-eared bat 4(d) rule). 

Fall/Spring April 15 through May 
14 (spring),  
August 16 through 
October 15 (fall)  

Bat distributions are centered 
near entrances to hibernacula 
with bats occurring within: 

Bats concentrate near hibernacula entrances in fall/spring for 
swarming and staging. 

5 miles for most hibernacula 
entrances (up to 10,000 bats). 

Distances based on recommendations developed for the wind 
industry (U.S. Fish and Wildlife Service 2011) and on published 
data. 

10 miles for very large 
hibernacula entrances (could 
include >10,000 bats, pre-WNS). 

 

Summer May 15 through August 
15 

Bats are distributed in forested 
habitat throughout Lake States. 

Bats are widely dispersed on the landscape during summer. 

Bats are more likely to be found 
in forest types that have larger 
trees and so more potential 
roosts. Forest communities that 
have higher potential to be used 
by roosting bats identified in 
Table 3-2.  

Bats are most dense in forest types identified as being high 
quality bat habitat in Table 3-2. 

Bats are 10 times as common in 
high-quality bat habitat than in 
low quality habitat. a 

 

Nonvolant Pups June 1 through July 31  See Summer, above Nonvolant juveniles are present in maternity roosts—we 
assume a doubling of the female population. a 

Notes:  
a Based on solicited expert opinion (distances and densities), USFWS recommendations for Indiana and northern long-eared bats (distances and seasonality), and 
recommendations (dates for seasonality) by DNR wildlife biologists. Note that low-quality habitat is relative to preferred or high-quality habitat for bats.  
WNS = white-nose syndrome
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Table C-2. Low- and High-Quality Forest Associations for Covered Bats a 

NLCD Land Cover  
FIA Forest Type Group 
and Land Cover Class FIA Forest Type 

Low-Quality Bat Habitat  
Shrub/Scrub Nonstocked NA 

Evergreen Forest 

Red/Jack Pine Jack Pine, Red Pine 

White Pine/Hemlock Eastern White Pine, Eastern White 
Pine/Hemlock, Eastern Hemlock 

Spruce/Fir (upland & 
lowland) 

Balsam fir, White Spruce, Black Spruce, 
Tamarack, Northern White Cedar 

Other Eastern Softwoods Eastern Red Cedar (not lowland) 
Exotic Softwoods Group Scotch Pine, Norway Spruce 

Deciduous/Mixed 
Forest 

Aspen/Birch Aspen, Paper Birch, Balsam Poplar, Pin Cherry 
<9 inches dbh 

Exotic Hardwoods group Tree of Heaven, Princess Tree, Norway Maple, 
and Siberian Elm  

High-Quality Bat Habitat  

Deciduous/Mixed 
Forest 

Oak/Pine 
Eastern White Pine/Northern Red Oak/White 
Ash, Eastern Red Cedar/Hardwood, Other 
Pine/Hardwood 

Oak/Hickory 

White Oak/Red Oak/Hickory, White Oak, 
Northern Red Oak, Bur Oak, Scarlet Oak, Black 
Walnut, Elm/Ash/Black Locust, Red 
Maple/Oak 

Maple/Beech/Birch  
Sugar Maple/Beech/Yellow Birch, Black 
Cherry, Hard Maple/Basswood, Red 
Maple/Upland 

Aspen/Birch Aspen, Paper Birch, Balsam Poplar, Pine 
Cherry >9 inches dbh 

Other Hardwoods Other Hardwoods 

Woody Wetlands Elm/Ash/Cottonwood  
Black Ash/American Elm/Red Maple, River 
Birch/Sycamore, Red Maple/Lowland, 
Cottonwood/Willow 

Notes: 
a Bat habitat quality is only evaluated for forested land cover types because subsequent analyses are focused on 
impacts on and conservation of forested landscapes. 
Source: FIA: Database Description and User Guide for Phase 2 (ver. 6.1.1) Appendix D (revision 09.2014) Forest Type 
Codes 
NLCD = National Land Cover Database; NA = not applicable; dbh = diameter at breast height 

C.5.2 Indiana Bat Distribution Model 
Within the plan area, Indiana bat is found only in Michigan. The distribution model parameters for 
the species are summarized below. Additional information on bat population numbers is found in 
Section C.6, Population Estimates. A more complete description of the model and numbers are found 
in Chapter 3, Environmental Setting.  
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C.5.2.1 Winter 
The only known active Indiana bat hibernaculum in the plan area is the spillway of Tippy Dam in 
Manistee County, Michigan. Winter habitat for this species is modeled as occurring within a 0.25-
mile radius around Tippy Dam. The entire county containing winter habitat is displayed to protect 
the confidentiality of the hibernaculum entrance location (Figure C-2) (as described in Chapter 3, 
Section 3.2.5.2, Indiana Bat, the modeled habitat for the HCP includes only portions of the Indiana 
bat’s range where take is reasonably likely to occur from covered activities).2 Kurta and Smith 
(2017) noted that Indiana bats still occur in Tippy Dam and that populations of all bats at that site 
remain high. As such, the winter population is still best estimated at 20 individuals. 

C.5.2.2 Fall/Spring 
Fall/spring habitat is within 5 miles of Tippy Dam and entirely within that county.  

C.5.2.3 Summer 
As described in Chapter 3, Section 3.2.5, Modeled Species Distribution, the model used to estimate 
take for the HCP is based on the maximum migration distance from hibernacula in Ohio, Indiana, and 
Kentucky and covers less space than the current USFWS range map for the species. These models 
have different purposes, as the purpose of the model used herein is to derive an estimate of impacts, 
whereas the range map used by USFWS is used to guide consultation efforts. Modeled summer 
habitat for the HCP covers the majority of counties considered part of USFWS modeled summer 
consultation areas (36 out of 40 counties) including portions of Allegan, Barry, Bay, Berrien, Branch, 
Calhoun, Cass, Clinton, Eaton, Genesee, Gratiot, Hillsdale, Ingham, Ionia, Jackson, Kalamazoo, Kent, 
Lapeer, Lenawee, Livingston, Macomb, Monroe, Montcalm, Muskegon, Oakland, Oceana, Ottawa, 
Saginaw, Sanilac, Shiawassee, St. Clair, St. Joseph, Tuscola, Van Buren, Washtenaw, and Wayne 
Counties. Modeled summer habitat does not overlap with USFWS summer consultation areas in 
Benzie, Leelanau, Manistee, or Mason Counties.  

This different approach is appropriate because the consultation map used by USFWS is intended to 
capture all areas where Indiana bats may occur. Conversely, the goal of the distribution map used in 
the Lake States HCP is to estimate the area for which forestry impacts are reasonably certain to 
result in take. As outlined in Chapter 5, Section 5.2.2.1, Biological Goal 2: Protect and enhance 
roosting and foraging habitat for bats, additional protective measures are applied within 2.5 miles of 
all known Indiana bat capture and roost sites. Further, as also outlined in Chapter 5, Section 5.4.4.1, 
Beneficial Effects, the 2.5-mile buffers around Indiana bat known occupied maternity roost trees will 
be implemented if Indiana bats are captured or detected within or outside the area of modeled 
habitat used in this HCP (i.e., within the entire HCP plan area).  
  

 
2 Range maps are not meant to be static nor inclusive of all possible areas that may be used by Indiana bats, but 
instead to estimate the amount of take identifies areas where Indiana bats are most likely to occur based on the 
best available data. For consultation purposes, USFWS considers Indiana bats potentially present in the outlined 
counties (USFWS Summer Consultation Areas). Currently, Indiana bats may occasionally be found outside both 
areas and be exposed to a very low risk of take. Habitat models will be revised over time to include new data and 
conservation measures for Indiana bats are applied any time a new colony is discovered. 
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Figure C-2. Indiana Bat Habitat Distribution in the Lake States by Season   
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Our bat expert working group and associated DNR wildlife biologists assumed there were no 
maternity colonies associated with Tippy Dam, as repeated netting and telemetry efforts have failed 
to detect bats. Acoustic surveys in the area have, however, detected occasional calls that are 
consistent with those produced by Indiana bats. The sex and reproductive status of these bats is 
unknown. 

Indiana bats in the summer are assumed restricted to portions of the Lower Peninsula of Michigan 
where the species is known to occur. Figure C-2 modeled summer habitat by buffering Priority 1 and 
two hibernacula entrances3 in Indiana, Ohio, and Kentucky, with the maximum reported migration 
distance (266 miles) for the species (Rockey et al. 2013). 

C.5.3 Northern Long-Eared Bat Distribution Model 
Northern long-eared bat is widely distributed across the three states of the plan area. The 
distribution model parameters for the species are summarized below. Additional information on bat 
population numbers is found in Section C.6, Population Estimates. A more complete description of 
the model and numbers is found in Chapter 3, Environmental Setting.  

C.5.3.1 Winter 
USFWS has records indicating Northern long-eared bats are known to hibernate in at least 159 sites 
historically throughout the Lake States (U.S. Fish and Wildlife Service 2016). Winter habitat for this 
species is described as a 0.25-mile radius around the entrances to known hibernacula to protect the 
location of the hibernacula entrances. Additional potential winter hibernacula entrances include 
rocky cliffs along Minnesota’s portion of the Lake Superior shoreline and two mines in Michigan. 

C.5.3.2 Fall/Spring 
A study found that once northern long-eared bats begin swarming, roosts are regularly located 
within 4.5 miles of the hibernacula entrances (Lowe 2012). These data were used by USFWS to 
support the 5-mile radius currently used around known hibernacula entrances (U.S. Fish and 
Wildlife Service 2014). To estimate distribution in the plan area, a 10-mile radius is used to model 
fall/spring habitat for northern long-eared bat around the 14 hibernacula entrances that historically 
have contained more than 10,000 hibernating bats regardless of species. A 5-mile radius is used for 
the smaller, known hibernacula entrances. The entire county containing fall/spring habitat is 
displayed in Figure C-3 to protect the location of the hibernacula entrances.  

 
3 USFWS uses a ranking system (Priorities 1–4) to identify Indiana bat hibernacula. Priority 1 is the highest 
category referring to sites that have supported 10,000+ individual Indiana bats. Priority 2 are hibernacula 
entrances that have supported greater than 1,000 Indiana bats, but less than 10,000. More than 98% of Indiana 
bats are associated with Priority 1 and Priority 2 hibernacula entrances.  
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Figure C-3. Northern Long-Eared Bat Habitat Distribution in the Plan Area by Season 

C.5.3.3 Summer 
For the purposes of the HCP, northern long-eared bats are presumed to be distributed throughout 
forested areas in low- and high-quality habitats without being concentrated near known 
hibernacula. Based on comparisons between capture rates of northern long-eared bats and little 
brown bats in summer, the number of little browns estimated to have hibernated in the Lake States 
pre-WNS, and the estimated population decline, the estimated population of northern long-eared 
bats within Michigan, Minnesota, and Wisconsin is 21,750 bats for summer 2019. 

C.5.4 Little Brown Bat Distribution Model  
Little brown bat is distributed across the three states of the plan area. The distribution model 
parameters for the species are summarized below. Additional information on bat population 
numbers is found in Section C.6, Population Estimates. A more complete description of the model 
and numbers are found in Chapter 3, Environmental Setting.  

C.5.4.1 Winter 
In the Lake States, little brown bats are known to hibernate in at least 121 sites. Eleven of these sites 
(seven in Michigan, one in Minnesota, and three in Wisconsin) contain more than 10,000 little 
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brown bats. The winter habitat for this species is modeled as a 0.25-mile radius around all known 
hibernacula entrances to protect the location of individual hibernaculum entrances. 

Prior to the arrival of WNS, the Lake States was home to approximately 855,000 little brown bats. 
After accounting for WNS declines, the population is estimated at 145,350 in winter 2018/2019. 

 
 Figure C-4. Little Brown Bat Distribution in Plan Area by Season 

C.5.4.2 Fall/Spring 
A study that included little brown bats indicated that once bats were involved in swarming, more 
than 80% of roosts were located within 2 miles of the hibernacula entrances, and the furthest any 
bat traveled was 8.1 miles (Lowe 2012). At very large hibernacula entrances (or complexes of 
hibernacula) bats may need to travel further to find resources, and thus, a distance of 10 miles was 
applied to those hibernacula entrances with 10,000 or more bats. A 5-mile radius is used for smaller 
hibernacula entrances. The entire county containing fall/spring habitat is displayed in Figure C-4 to 
protect the location of the hibernaculum entrance. 

C.5.4.3 Summer 
Figure C-4 depicts areas of high and low density where little brown bats are distributed during the 
summer. Regional bat biologists assume that at least half the population is located in anthropogenic 
structures and do not occupy forested habitat. The remaining bats are believed to either reside in 
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high-density areas near large hibernacula entrances (25% of the overall population) or across the 
larger forested landscape (25% of the population).  

C.5.5 Tricolored Bat Distribution Model 
Tricolored bats are distributed as depicted in Figure C-5. The distribution model parameters for the 
species are summarized below. Additional information on bat population numbers is found in 
Section C.6, Population Estimates. A more complete description of the model and numbers are found 
in Chapter 3, Environmental Setting.  

C.5.5.1 Winter 
Tricolored bats are known to hibernate in at least 129 sites throughout the Lake States, including 
16 in Michigan, 70 in Wisconsin, and 43 in Minnesota. Winter habitat is modeled as a 0.25-mile 
radius around these hibernacula entrances; however, the exact location of the hibernacula entrances 
are not displayed to protect the confidentiality of the sites. The estimated hibernating population 
within Michigan, Minnesota, and Wisconsin is 3,400 based on hibernaculum entrance counts. 

 
Figure C-5. Tricolored Bat Distribution in Plan Area by Season 
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C.5.5.2 Fall/Spring 
Telemetry studies for swarming/staging tricolored bats have not been done; but, relative to the 
other covered species, the bat is a weak flyer. Therefore, we assume a 5-mile buffer around known 
hibernacula entrances of tricolored bats. The entire county containing fall/spring habitat is 
displayed in Figure C-5 to protect the location of the hibernaculum entrance. 

C.5.5.3 Summer 
As seen in Figure C-5, tricolored bats occur sporadically within the plan area but are most abundant 
in the southern portions of the Lake States. The species is rare/absent across most of the Lower 
Peninsula of Michigan, outside the karst region of Wisconsin, and in western Minnesota. The species 
is associated with high and low quality (relative to preferred habitat for bats) forests in these areas. 
It is possible that tricolored bats occur within the “gaps” of this distribution. No records are 
available from northwest Minnesota or from north/central Wisconsin. However, there are multiple 
records of tricolored bats hibernating in the mines of the Upper Peninsula of Michigan and in 
Soudan Mine, Minnesota. Acoustic data indicate that tricolored bats occur throughout the Lower 
Peninsula of Michigan, although no bats have been captured (Brown and Kurta 2013).  

C.6 Population Estimates 
Chapter 4, Potential Effects of Covered Activities, of the HCP calculates take as acres of habitat 
affected when the species is present. Numbers of bats affected are derived from population 
estimates for each species. However, these impact numbers are provided for context only and to 
help evaluate the impact of the taking on the species. They are not intended to be used to track 
impacts or for permit compliance, in large part because WNS has caused large-scale declines in 
populations from year to year.  

C.6.1 Indiana Bat 
During the bat expert solicitation process, bat biologists noted that Michigan is the only regional 
state within the range of the Indiana bat. USFWS estimates 20 Indiana bats hibernate in Tippy Dam, 
Michigan (U.S. Fish and Wildlife Service 2019). To estimate the number of Indiana bats present in 
summer, we assumed Michigan is home to 12 maternity colonies (U.S. Fish and Wildlife Service 
[2007] noted that 11 are known) with an average number of 30 bats per colony based on Michigan-
specific data (Kurta 2008). Kurta (2008) noted that 11% of captures in the state are adult males, 
thus the adult population in summer 2016 is estimated at 360 females and 40 males.  

To account for population declines caused by WNS, the consultation team multiplied 2016/2017 
population estimates by a species-specific survival rate. Based on the 2019 Indiana bat population 
status update (U.S. Fish and Wildlife Service 2019) the Indiana bat population in the Midwest 
Recovery Unit, which contains Michigan, included 79.6% as many bats as it did in winter 
2016/2017. Thus, the summer 2018 population estimate is set at 319 adult Indiana bats (287 
females and 32 males).  
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C.6.2 Northern Long-Eared Bat 
During bat expert solicitation, bat biologists recommended examining the population estimates 
developed by USFWS for the northern long-eared bat (U.S. Fish and Wildlife Service 2016). The adult 
population estimates for 2014 were 447,252 northern long-eared bats in Michigan, 829,890 
northern long-eared bats in Minnesota, and 537,810 northern long-eared bats in Wisconsin for a 
total regional population of 1,814,952 adult northern long-eared bats in the Lake States. Bat 
biologists employed by the State DNRs were unanimous in their opinion that this population 
estimate greatly overestimated populations in the state based in large part on the comparison of the 
proposed summer population of northern long-eared bats to known winter populations of little 
brown bats.  

A secondary option identified during the expert solicitation was to calculate a summer population of 
northern long-eared bat based on comparison with capture rates of little brown bats whose 
population can be directly estimated from hibernaculum entrance counts.  

We obtained a region-wide capture ratio of 0.85 northern long-eared bats for each little brown bat 
captured based on input from state bat biologists (White pers. comm.) and available literature 
(Kurta and Tibbels 2000; Winhold et al. 2008; Catton 2014; Swingen et al. 2016). This ratio yields an 
estimate that in summer 2016 the Lake States contained approximately 724,971 northern long-
eared bats as compared to 855,000 little brown bats during winter 2016/2017. Lacking other data, 
northern long-eared bats were distributed amongst the habitat types across the three states yielding 
a summer 2016 population estimate of 361,839 in Michigan, 292,700 in Minnesota, and 70,433 in 
Wisconsin. Although still a likely overestimation (several of the referenced studies targeted 
northern long-eared bat) the total population is markedly less than that predicted by the previous 
model (U.S. Fish and Wildlife Service 2016) and more in line with expectations of regional bat 
biologists.  

To account for population declines caused by WNS, the consultation team multiplied 2016/2017 
population estimates by a species-specific survival rate. For northern long-eared bats, this number 
is based on long-term data provided by Michigan DNR, which conducts regular hibernaculum 
entrance surveys (Kurta and Smith 2019). These data indicate that the population in winter 
2018/2019 is 3% the size of pre-WNS populations, thus, yielding a summer 2018 population 
estimate of 21,749 bats (Michigan: 10,855 northern long-eared bats; Minnesota: 8,781 northern 
long-eared bats; Wisconsin: 2,113 northern long-eared bats).  

C.6.3 Little Brown Bat 
During bat expert solicitation, bat biologists recommended “rounding up” known hibernaculum 
entrance counts to obtain a population estimate of little brown bats in the Lake States. Based on 
examination of records provided by the State DNRs, the Lake States contained approximately 
855,000 little brown bats in winter 2016/2017. This included 500,000 in Michigan (including all 
known hibernating populations and an estimated 100,000 bats at a site that cannot be safely 
accessed to survey), 25,000 in Minnesota, and 330,000 bats in Wisconsin.  

To account for population declines caused by WNS, the consultation team multiplied 2016/2017 
population estimates by a species-specific survival rate. For little brown bats, this number is based 
on long-term data provided by Michigan DNR, which conducts regular hibernaculum entrance 
surveys (Kurta and Smith 2019). These data indicate that the population in winter 2018/2019 is 



Michigan, Minnesota, and Wisconsin Departments of  
Natural Resources 

Appendix C 
Habitat Distribution Model Summary 

 

Lake States Forest Management 
Bat Habitat Conservation Plan C-18 June 2022 

ICF 103717.0.002 
 

approximately 17% the size of pre-WNS populations. Thus, yielding a winter 2018/2019 population 
estimate of 145,350 bats (Michigan: 85,000 little brown bats; Minnesota: 4,250 little brown bats; 
Wisconsin: 56,100 little brown bats). In summer, these bats are spread across the three states using 
the approach outlined in Section C.5.4.3, Summer. It is assumed that half of the summer population 
occurs in non-forested situations which yields an estimate associated with forest habitat of 26,514 
little brown bats in Michigan, 22,214 in Minnesota, and 23,947 little brown bats in Wisconsin. Note 
the numbers above do not include the 50% that are conservatively estimated as living in buildings, 
bridges, bat boxes, and other anthropogenic structures. No formal estimate was made of how these 
72,675 bats are distributed among the states, however the pattern likely mimics the distribution in 
forest.  

Half the population estimates associated with forested habitat are assumed to occur within 62.14 
miles (100 kilometers) of major hibernacula entrances and the remaining half distributed equally 
across the broader landscape. This results in a pattern whereby more bats migrate out of Michigan 
and Wisconsin in summer, while more bats migrate into Minnesota during the summer.  

C.6.4 Tricolored Bat 
During bat expert solicitation, bat biologists recommended “rounding up” known hibernaculum 
entrance counts to obtain a population estimate of tricolored bats in the Lake States. Based on 
examination of records provided by the DNRs and subsequently approved by DNR bat biologists, the 
Lake States contained approximately 3,400 tricolored bats in winter 2016/2017. This included 100 
in Michigan, 1,000 in Minnesota, and 2,300 bats in Wisconsin.  

To account for population declines caused by WNS, we multiplied 2016/2017 population estimates 
by a species-specific survival rate. For tricolored bats, this number is based on long-term data 
provided by the Michigan DNR, which conducts regular hibernaculum entrance surveys (Kurta and 
Smith 2019). These data indicate that the population in winter 2018/2019 is approximately 10% 
the size of pre-WNS populations. Thus yielding a winter 2018/2019 population estimate of 340 bats 
(Michigan: 10 tricolored bats; Minnesota: 100 tricolored bats; Wisconsin: 230 tricolored bats).  

C.6.5 Calculating Bat Densities  
A true even-distribution model estimates density by taking the number of bats and dividing by the 
number of acres. However, bats are distributed unevenly across areas of high- and low-quality 
covered bat habitat at different times of year. To demonstrate this, the Lake States HCP identifies 
these areas of respective higher and lower density by season. Tricolored bats present the simplest 
case and thus are used to illustrate how the calculations were made for all bats. For the sake of 
simplicity, the number of significant digits displayed his been reduced in the description below. The 
full analysis for the HCP used exact numbers.  

The number of bats and the amount of their modeled summer habitat are used to estimate summer 
densities. In winter 2018/2019 the Lake States was home to approximately 340 tricolored bats. GIS 
was used to identify and categorize the amount of summer habitat4 available. Across all three states 
there are approximately 12.5 million acres of forest within the range of the tricolored bat including 
10 million acres of forest considered high-quality habitat for all bats and 2.5 million acres of forest 

 
4 Summer habitat is defined for each species in Chapter 3, Section 3.2.5, Modeled Species Distribution. 
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considered low quality (relative to preferred habitat) for all bats (see Table C-2 for habitat qualities 
and Figure C-5 for the distribution of tricolored bats).  

This approach assumes that bats are 10 times more dense in high-quality habitat for covered bats 
than low-quality habitat. This estimate of the relative density of bats in high- versus low-quality 
habitat was determined through the expert process described in Section C.4, Expert Process. To 
estimate the number of bats in low-quality bat habitat, the following formula was used:  

total number of bats/ (acres of low-quality habitat) + (acres of high-quality habitat x 10) 

The result for the number of bats in low-quality habitat was then multiplied by 10 to calculate the 
number/density of bats in high-quality habitat. The population of 340 tricolored bats yielded an 
estimate of 0.000000098 bats per acre within low-quality covered bat habitat and 0.00000098 bats 
per acre in high-quality habitat. This approach also recognizes that there are very low numbers of 
bats spread across a large landscape and that some types of forest (those dominated by conifers, 
young aspen, and exotic species) are less likely to contain the covered bats than those dominated by 
deciduous and mixed forest types.  

In Section C.7, Impact Analysis, these density functions are then multiplied by the acres of forest 
affected during the summer season to arrive at an estimate of the number of bats exposed to risk 
during the summer (i.e., the overlap between covered activities and bats present).  

A similar approach is used to estimate density of bats in the fall/spring. Geographic information 
system (GIS) technology is used to identify the number of acres high- and low-quality forest for bats 
within the hibernaculum entrance distances. This is completed on a state-by-state basis. Michigan 
contains roughly 313,000 acres of forest that provides high-quality modeled bat habitat and 
approximately 96,000 acres of forest considered low-quality habitat for covered bats. Using the 
same approach outlined above and an estimated population of 10 tricolored bats in Michigan, a 
density of 0.0000031 bats per acre in forest considered low quality and 0.000031 bats per acre in 
forest types considered high quality. Note that the density of bats within 5 miles of known 
hibernacula entrances is two orders of magnitude greater than densities calculated for the summer 
range: bats are more concentrated on the landscape in spring and fall. This same approach was 
repeated for fall/spring habitat surrounding hibernacula entrances in Minnesota and Wisconsin. As 
with summer density estimates, these densities are then multiplied by the number of acres of 
covered activities that occur when bats are present to estimate the overlap between covered 
activities and bats (Section C.7, Impact Analysis).  

Similar approaches are used to estimate the densities of other bats during both summer and 
fall/spring habitats. Fall/spring models for northern long-eared and little brown bats are slightly 
more complicated due to the need to account for the proportion of bats in large hibernacula 
entrances (containing more than 10,000 bats) and small hibernacula entrances (containing 10,000 
bats or less).   

C.7 Impact Analysis 
C.7.1 Overview 

Chapter 4, Potential Effects of Covered Activities, of the HCP quantifies the amount of take likely to 
occur with full implementation of the HCP. To estimate effects on the species, the analysis uses 1) 
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the acres of impact for each covered activity as described in Chapter 2, Covered Lands and Activities, 
2) for forestry activities, the type of harvest (partial or final), 3) the seasonal distribution of the 
covered activities, 4) the habitat quality association for bats (Table C-2), and the modeled seasonal 
distribution of bats on the landscape (Table C-1). Figure C-6 provides a visual representation of the 
components of the impact analysis.  

 
Figure C-6. Impact Analysis Components 

The take assessment uses these analyses to estimate the amount of affected habitat when bats are 
present and, for context, the number of bats taken by covered activities. Effects on bats can be both 
direct and indirect. The direct effects for the covered species are quantified with respect to timber 
harvest which in turn is used to estimate impacts from prescribed fire.  

As stated and displayed above, direct impacts on habitat are quantified by estimating the acres of 
harvest (partial or final) in both high- and low-quality bat habitat when bats are present. Note that 
covered activities that occur in suitable habitat at a time when bats are absent have no direct effects. 
Additionally, acres of harvest are determined in different ways depending on ownership (i.e., State 
DNR lands versus other nonfederal lands) because FIA data for nonfederal lands are not provided in 
acres affected by covered activities but in recorded volume of timber sold. Table C-3 displays the 
methods used to calculate the amount of a) timber harvest on State DNR lands, b) timber harvest on 
other nonfederal lands and c) prescribed fire. 

Indirect—or long-term—effects on bats from the covered activities are largely positive (as forests 
regenerate) and may lead to long-term improvements in habitat quality. As such, they are not 
included in the impact analysis, which is focused on the negative impacts on the species. A 
description of the indirect, positive effects on bats is found in Section C.8, Summary.  
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Table C-3. Method for Estimating Acres Affected by Covered Activities 

Timber Harvest on State DNR 
Lands 

Timber Harvest on Other 
Nonfederal Lands Prescribed Fire 

 Acres of timber harvest 
on State DNR lands 
were calculated using 
DNR information on the 
partial versus final 
harvest of their lands. 
Projected annual acres 
of timber harvest and 
intensity for each state 
DNR are listed in 
Chapter 2, Section 4.1.2, 
Seasonality of Harvest, 
of the HCP.  

 Acres of harvest for 
private, county, and 
municipal lands were 
estimated using Forest 
Inventory and Analysis 
data. These acres were 
converted to partial and 
final harvest using 
proportions of each 
partial versus final 
harvest for each 
forest type, listed in 
Chapter 2, Section 
2.4.1.2, Timber 
Harvest, of the HCP.  

  The same assumptions 
were used for 
determining the 
presence or absence of 
bats on the landscape at 
different times of year 
as those described for 
State DNR lands.  

 The acres of forest 
burned and seasonality 
of prescribed burns on 
State DNR lands were 
provided by each State 
DNR and can be found 
in Chapter 2, Sections 
2.5.1.2, 2.6.1.2, and 
2.7.1.2 Covered 
Activities, of the HCP.  

 Seasonality of 
prescribed fire was 
assumed to be equally 
distributed across the 
active season for 
covered bats based on 
typical window for 
application provided by 
the State DNRs. The 
same assumptions were 
used for determining 
the presence or absence 
of bats on the landscape 
at different times of 
year as those described 
for timber harvest. 

C.7.2 Converting Acres of Impacts on Numbers of Bats 
Given their use of cryptic habitats5, small size, mobility, coloniality, large areas of foraging, and 
extended travel distance to and from roosts (including hibernacula), it can be difficult to quantify 
the amount of take of individuals. In addition, the population numbers of bats are being affected by 
WNS year-to-year making an assessment of the number of bats taken in any given year a mere 
snapshot in time. For these reasons, acres of impact to potentially occupied seasonal habitat are 
used as a surrogate for the number of individual bats taken.  

Impact on seasonally occupied habitat is an appropriate surrogate because bats roost in trees and 
use forested habitat for commuting and foraging throughout the active season. Thus, the acreage of 
trees cleared is a correlate of the risk of take.  

However, HCPs are required to contextualize the impact of the taking of species covered by the Plan. 
To understand the impact of the taking, the number of bats affected by each category of activity is 
estimated. This estimate is achieved by multiplying the density of bats by the number of acres of 
seasonal impact in forests deemed high and low quality and in areas where there are larger 
populations of bats (such as near major hibernacula entrances of little brown and northern long-

 
5 Cryptic habitat refers to those areas the species uses that may be difficult to find or not easily detected (such as 
caves or roost trees). 
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eared bats; see Section C.5, Model Description). The use of bats per acre in various habitat categories 
provides a direct path from acres of impact to number of bats affected, and Section C.7.4, Summary 
of Effects, describes and quantifies the potential benefits of measures that avoid potential roost trees 
within the affected acres. This method recognizes that a relatively small number of bats occupy a 
large number of acres on the landscape. Bats are not spread evenly across the landscape but are 
clustered in one or more roosts that may contain multiple bats. See Section C.3, Limitations of Model, 
on the limitations of this model and why it was selected.  

C.7.3 Landscape versus Stand-Level Effects 
Impacts and benefits to the species accrue at different scales. In large part, the activities themselves 
confer a benefit at the landscape level, while also potentially negatively affecting individual bats. 
Because actions at the landscape scale already benefit bats, many of the conservation strategy 
avoidance measures are aimed at avoiding impacts on individuals. For this reason, the analysis of 
impacts and the conservation strategy function at different scales at different times, as applicable. 
Below is a brief guide to issues of scale within the HCP.  

 Tracking direct effects. In general, the effects analysis tracks impacts at the landscape scale 
(i.e., acres of impact when bats are present). As stated previously, this decision was born out of 
practicability and is supported by guidance found in the HCP Handbook, which allows HCPs to 
use habitat as a proxy for take of individuals. Because this HCP covers three states and 50 years, 
1) it will be difficult to detect on-the-ground impacts on individual bats each year and 2) bat 
population numbers are anticipated to decrease due to WNS—perhaps dramatically—over time 
making impacts on individual bats unknowable over the long term (for purposes of the permit). 
Nonetheless, a snapshot of impacts on individual bats is provided based on density assumption 
for the year 2018 (Section C.6, Population Estimates). This information is provided to help 
contextualize impacts on bats, which are low given current densities. It is anticipated that—
while the number of bats affected each year will change over time—the proportion of the 
population affected will remain relatively stable.  

 Tracking indirect effects. Indirect effects are only tracked at the landscape scale. They 
represent the effects of the covered activities themselves over time. In the long run, these 
indirect effects are almost entirely beneficial, given that prescribed fire and forest management 
improve habitat for bats. A description of how changes in habitat quality are measured over 
time can be found in Chapter 4, Section 4.4, Indirect (Beneficial) Effects.  

 Conservation measures. The conservation measures in the HCP are a mix of individual-, stand-, 
and landscape-scale measures. Chapter 5, Section 5.2.1, Forest Landscape Conservation, 
describes conservation measures that occur at the landscape level that benefit bats. Section 
5.2.2, Site-Level Conservation, describes stand-level actions that benefit bats. Section 5.2.3, 
Nonforestry Measures for Bats, describes conservation and protection of habitat features – 
namely hibernacula entrances. Avoidance and minimization measures are focused largely on 
minimizing or eliminating impacts on individual bats, which can be found in Chapter 5, Sections 
5.2.2, Site-Level Conservation (Objectives 2.2 and 2.3), and 5.2.4, Additional Avoidance and 
Minimization Measures, of the HCP. Collectively, the conservation strategy works on multiple 
scales to benefit bats, as appropriate.  



Michigan, Minnesota, and Wisconsin Departments of  
Natural Resources 

Appendix C 
Habitat Distribution Model Summary 

 

Lake States Forest Management 
Bat Habitat Conservation Plan C-23 June 2022 

ICF 103717.0.002 
 

C.7.4 Summary of Effects 
A summary of direct effects for each activity for each state can be found in Chapter 4, Table 4-27. 
The summary portion of this table has been excerpted below as Table C-4. Extensive footnotes and 
additional detail can be found in Chapter 4, Potential Effects of Covered Activities. Explanatory 
graphics are provided in Table C-4.  
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Table C-4. Summary of Direct Annual Effects Associated with Activity on All Covered Lands across the Plan Area 

 Timber Harvest Prescribed Fire All Impacts 
 Acres Harvested/Year Bats Impacted/Year Acres Burned Bats Impacted Bats Impacted 

Species 

Total Acres 

 
 

While Bats Present 

 

Killed 

 

Disturbed 

 

All Fires 

 

Forest 

 

Killed 

 

Disturbed 

 

Killed 

 

Disturbed 

 

Indiana Bats           
Annual 176,378 7,154 0.04 0.88 8,400 2,907 <0.01 0.11 <1 1 
% Regional Population – – 0.01 0.28 – – <0.01 0.04 0.01 0.31 
50 Years 8,818,920 357,677 2.10 44.24 420,000 145,338 0.07 5.63 2 50 
Northern Long-Eared Bats 
Annual 500,312 91,571 2.97 73.60 77,441 14,981 0.23 3.83 3 77 
% Regional Population – – 0.01 0.34 – – <0.01 0.02 0.01 0.36 
50 Years 25,015,594 4,578,539 148.49 3,679.82 3,872,050 749,069 11.37 191.56 160 3,871 
Little Brown Bats 
Annual 500,312 81,276 14.79 444.15 77,441 14,981 0.91 16.18 16 460 
% Regional Population – – 0.01 0.31 – – <0.01 0.01 0.01 0.32 
50 Years 25,015,594 4,063,796 739.65 22,207.34 3,872,050 749,069 45.46 808.87 785 23,016 
Tricolored Bats 
Annual 500,312 50,616 0.08 1.57 77,441 14,981 0.01 0.82 <1 2 
% Regional Population – – 0.02 0.46 – – <0.01 0.24 0.02 0.70 
50 Years 25,015,594 2,530,807 3.82 78.54 3,872,050 749,069 0.32 41.16 4 120 

 

Total acres 
harvested in 
DNR, county, 

municipal, and 
private lands 

Bats assumed 
present at 
different 

locations in the 
landscape in 

different 
seasons  

(Table C-1) 

Based on 
estimates 

derived from 
expert panel 

and 
assumptions 
on impacts 

from 4(d) rule 

Includes all 
bats in a stand, 
unless killed by 

the activity 
(Section 
4.2.1.2) 

Includes  
acres of all 

landcover types 

Includes  
acres in forest/ 

brushland 
landcover type 

only 

Derived from 
timber harvest 
impacts and 
scaled by the 

ratio of 
anticipated 

annual acres 
burned to 

annual timber 
harvest acres 

Derived from 
timber harvest 
impacts and 
scaled by the 

ratio of 
anticipated 

annual acres 
burned to 

annual timber 
harvest acres 

Summarizes 
total bats killed 
per year as % 
of population 

and over  
50 years 

Summarizes 
total bats 

disturbed per 
year as % of 

population and 
over 50 years 
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C.7.5 Net Effects 
Net effects refers to those effects remaining after all negative effects (from implementation of the 
covered activities) and positive effects (from implementation of the conservation strategy) to each 
covered species are accounted for at the end of the permit term. Take is minimized through 
avoidance measures described in the HCP Conservation Strategy (Chapter 5, Conservation Strategy). 

Avoidance measures that reduce impacts on individual bats are as follows: 

 Objective 2.1: Implement retention guidelines in all forest habitat for bats beginning in year 1 
and continuing throughout the permit term. This benefits bats by avoiding potential roost trees 
and maintaining harvested stands as high quality foraging habitat.  

 Objective 2.2: Minimize impacts on roosting bats by implementing a 150-foot buffer around all 
known occupied maternity roost trees. 

 Objective 2.3: Minimize impacts on roosting Indiana bats by restricting activities around all 
known occupied maternity roost trees. 

 Objective 4.2: Protect known hibernacula entrances on State DNR lands by implementing a 
0.25-mile protective buffer and maintain or enhance habitat in those areas throughout the 
permit term. 

 Objective 4.3: Maintain gates on all known entrances to occupied hibernacula entrances on 
State DNR lands and the lands of willing partners (unless the gate is determined to be 
unnecessary or detrimental) throughout the permit term. 

 Objective 5.1: Incorporate criteria within prescribed burn plans that minimize impacts on 
roosting and hibernating bats by year 5 and continue throughout the permit term. 

 Objective 5.2: Minimize impacts on covered bats associated with roads and trails throughout 
the permit term. 

The benefit of implementing Objectives 2.3 and 5.1 were quantified. To gain an estimate of the 
proportion of known occupied maternity roost trees avoided through Objective 5.1, the DNR 
foresters provided estimates on the proportion of snags, hollow trees, and canopy trees avoided 
during various types of timber harvest and during prescribed fire. The estimated mortality for bats 
was then reduced by the percent of known occupied maternity roost trees that were avoided for 
each species where Indiana bats are assumed to live in snags, little brown and northern long-eared 
bats are assumed to use snags and cavity trees, and tricolored bats are assumed to use snags, cavity 
trees, and canopy trees. Adjustments to prescribed fire due to snag and hollow tree retention are 
based off of timber harvest impacts, which were then scaled to the ratio of anticipated annual 
prescribed fire acres compared to timber harvest acres.  

Table C-5 (derived from Chapter 5, Table 5-7) walks through the steps we used to quantify the 
benefit of quantifiable avoidance measures (from Objectives 2.1 and 5.1). The annual take of covered 
bats, calculated in Chapter 4 (Table 4-27), is displayed in Column A. The avoided take (described in 
the preceding paragraph) is displayed in Columns B and C, respectively. The total avoided take (B 
plus C) is found in Column D and reflects the number of roosts avoided (Chapter 5; Table 5-7). 
Avoiding roosts is assumed to have a proportional decrease in risk to bats. Thus, if the retention 
guidelines preserve half the potential roosts for northern long-eared bats, the projected mortality of 
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northern long-eared bats is also halved. After implementation of these avoidance measures, the 
remaining take is displayed (Column E).  

The take remaining (Column E) must be offset by additional, non-quantified avoidance measures 
and conservation measures. Table C-5 uses the number of individual bats avoided versus the 
number of acres avoided because short-term impacts from covered activities are to bats as 
individuals, while long-term benefits are to habitat. See Section C.7.3, Landscape versus Stand-Level 
Effects, for a discussion of these issues of landscape versus stand-level effects. The result after 
implementation of all covered activities and the conservation strategy is the net effect of 
implementing the HCP on each covered species over the permit term. Most covered activities result 
in some level of short-term loss (individual bats, habitat, or both), but also long-term gains (typically 
in the form of improved habitat quality, such as foraging, summer roosting, and winter hibernacula 
entrances). Over time, protection of forestlands and habitat enhancement actions (such as 
prescribed fire, timber management, maintenance of existing cave gates and installation of new 
gates), greater public education and outreach result in beneficial effects to all covered species. 
Implementation of the Plan is also expected to result in benefits to individual bats through improved 
fitness and fecundity. Chapter 5, Tables 5-8 through 5-10, of the HCP describe offsets to bats in each 
state in detail. Based on the anticipated results of the conservation measures, the implementation of 
the HCP is expected to result in a net increase in both the quantity and quality of bat habitat that will 
fully offset any short-term impacts on individual bats. 
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Table C-5. Take Minimized through Implementation of HCP Avoidance Measures 

  
Species 

Bats/Year 

 

A B C D (B + C) E (A - D) 

Take from  
Covered Activities 

 

Take Avoided  
through  

Timber Harvest 
Retention Guidelines 

 

Take Avoided  
through  

Prescribed Fire 
Avoidance Measures 

 

Total Take 
Avoided through  

HCP Biological 
Objectives 

 

Take Remaining  
after  

Implementation of HCP 
Biological Objectives 

Indiana Bat           
Michigan 0.04 0.01 <0.01 0.01 0.03 
Minnesota 0.00 0.00 0.00 0.00 0.00 
Wisconsin 0.00 0.00 0.00 0.00 0.00 
Total Indiana Bats 0.04 0.01 <0.01 0.01 0.03 
Northern Long-Eared Bat           
Michigan 1.99 0.54 0.06 0.60 1.39 
Minnesota 0.79 0.17 0.13 0.30 0.49 
Wisconsin 0.42 0.10 0.02 0.12 0.29 
Total Northern Long-Eared Bats 3.20 0.81 0.22 1.02 2.18 
Tricolored Bat           
Michigan <0.01 <0.01 <0.01 <0.01 <0.01 
Minnesota 0.01 <0.01 <0.01 <0.01 0.01 
Wisconsin 0.07 0.02 <0.01 0.02 0.05 
Total Tricolored Bats 0.08 0.02 0.01 0.02 0.06 
Little Brown Bat           
Michigan 7.73 2.11 0.23 2.34 5.39 
Minnesota 1.57 0.34 0.25 0.59 0.98 
Wisconsin 6.41 1.54 0.37 1.91 4.50 
Total Little Brown Bats 15.70 3.99 0.85 4.84 10.86 

This table addresses only avoidance that was quantified. Other avoidance measures also benefit bats. 

Number of bats affected  
by covered activities  

(taken from Table 4-26) Objective 2.1 Objective 5.1 Objective 2.1 & 5.1 
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Of the remaining bats possibly affected by covered activities (Column E), those impacts are offset by 
biological objectives (Objectives 1.1, 2.1, 2.2, 2.3, 3.1, 3.2, 4.1, and associated conservation measures. 

C.8 Summary 
The probability of covered bats occurring across the Lake States can be derived by using predictive 
habitat models. While the exact location of individual bats is not typically known (beyond known 
maternity roost trees, which are ephemeral in nature and change over time) the Plan generally 
assumes where bats are present based on forest type (ranging from high to low suitability). The 
analysis takes into account the spatial distribution of both covered activities and covered species, as 
well as the seasonality of both (i.e., when and where). The seasonal distribution of bats is based on 
when bats are known to be present on the landscape and is determined based on the bat-activity 
windows and seasonal-distribution assumptions (e.g., distance from hibernacula entrances) 
described in Table C-1 (and Chapter 3, Table 3-3). For example, Indiana bats are known to hibernate 
in caves and mines during the winter and are not present in other landcover types such as forested 
habitats. As a result, forest management activities that occur during the winter are unlikely to have 
direct effects on individual Indiana bats. Conversely, activities occurring in caves and mines during 
the winter could have direct effects on individuals. The conservation strategy was then formulated 
around these assumptions and designed to avoid and minimize many effects (see above description 
of specific objectives that avoid and minimize take) and mitigate (fully offset) the remaining 
unavoidable effects. The resulting overall effect of implementing the HCP is a net benefit for covered 
bat species and their habitats. 
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Appendix D 
Example of Spatial and Temporal Distribution of 

Covered Activities within Hypothetical Home Range for 
Bats 

D.1 Overview 
This appendix provides an example of how forest management on Michigan Department of Natural 
Resources (Michigan DNR), Minnesota Department of Natural Resources (Minnesota DNR), and 
Wisconsin Department of Natural Resources (Wisconsin DNR) (collectively referred to as the State 
DNRs) lands affects bat habitat at a scope that is spatially appropriate for bats. The purpose of this 
appendix is to demonstrate how typical forestry practices can be expected to affect habitat for bats 
in space and time. Information contained in this appendix uses actual projects that have occurred, 
are occurring, or are proposed to occur on State DNR lands. Distribution of covered activities are 
described spatially and temporally within 1.5 miles of a hypothetical northern long-eared bat 
(Myotis septentrionalis) roost tree. Treatments described in this appendix include proposals for 
forest management from 2003 through 2020 and a summary of completed projects between 2013 
and 2021. Completed projects from 2021 are called out to highlight an example of annual effects. 
The appendix provides an example of how covered lands have been manipulated by previous 
activities and demonstrates how current and future activities will retain high-quality habitat within 
roost buffers. 

D.2 Site Description 
A point (84°43'14.42"W, 45°14'50.72"N) is selected in the Gaylord Forest Management Area, Emmet 
County, Michigan, where evidence of both recent and historic management is apparent from a 
review of aerial photography (Kintigh pers. comm. 2022). This area is selected because a high 
degree of forest management has occurred in this area, thus, it represents an example of higher-
than-anticipated potential effects. A point representing a hypothetical roost of northern long-eared 
bats is placed at the center of the area, and a 1.5-mile radius circle is created to illustrate the typical 
home range of northern long-eared bats. Land cover types are categorized into high- and low-quality 
bat habitat per classifications described in Chapter 3, Table 3-2. Cover type is determined using 
spatial polygon stand descriptions provided by Michigan DNR for lands owned and managed by 
Michigan DNR. Habitat type on private lands is estimated using National Land Cover Database 
classifications (National Land Cover Database 2019). 

All three State DNRs actively manage lands on a complex landscape, and areas of private ownerships 
(called in-holdings) are relatively common. Most of the hypothetical home range in this example 
(92.7%) is owned and managed by Michigan DNR with 7.3% consisting of private lands (Figure D-1). 
Michigan DNR lands within the buffer are dominated by high-quality bat habitat (70.7%, 3,200.6 
acres), with limited amounts of low-quality habitat (16.5%, 745.7 acres), or non-suitable habitat 
types (5.5%, 247.7 acres). Private lands within the buffer are dominated by high-quality habitat 
(83.8%, 265.9 acres). Habitat quality for the Lake States Forest Management Bat Habitat 



Michigan, Minnesota, and Wisconsin Departments of 
Natural Resources 

Appendix D 
Example of Spatial and Temporal Distribution of Covered Activities Within Hypothetical 

Home Range for Bats  
 

 
Lake States Forest Management 
Bat Habitat Conservation Plan D-3 June 2022 

ICF 103717.0.002 
 

Conservation Plan (Lake States HCP or Plan) is based on value for roosting non-suitable habitat 
types (labeled Non-Suitable Habitat Lands in Figure D-1), such as Bare/Sparsely Vegetated, 
Herbaceous Openland, Marsh, Open Space and Low Intensity Developed, Emergent Herbaceous 
Wetlands, and Water can provide high-value foraging habitat, especially when juxtaposed with 
forest to create edge habitat. 

 
Figure D-1. Distribution of Habitat for Bats within Example Summer Roost Buffer 

D.3 Timeline of Covered Activities 
D.3.1 2003–2020 Proposed Treatments 

Forest management by Michigan DNR is proposed based on stand characteristics, such as basal area, 
stem density, forest type, treatment history, and age and landscape goals, such as regulating the 
amount and types of harvest or improving wildlife habitat. Stands are evaluated by foresters prior to 
the development of proposed treatments. Proposed treatments are subject to a multidisciplinary 
review and may be modified or rejected based on ecological, social, or economic considerations. 
Final treatments are monitored during and after harvest and may yet be modified or canceled prior 
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to completing based on rare species occurrences, stand health, regeneration goals, or other new 
information.  

Within the 1.5-mile buffer, there are 41 stands with proposed or approved treatments from 2003 
through 2020 covering 1,249.26 acres of high-quality habitat (Figure D-2). Using the definitions 
outlined in Chapter 2, Section 2.3.1.3, Ecological Categories of Harvest, proposed timber harvest 
includes a mix of final (275.91 acres) and partial (1,095.86 acres) harvests. Treatments also include 
non-forest management to maintain open areas, monitoring of forest regeneration after harvests, 
and planting of mixed upland and northern hardwood forest types. Non-forest management includes 
multiple wildlife management techniques, mowing, burning, and planting of mast trees. There are 
94.61 acres of non-forest management and 194.21 acres of planting proposed between 2003 and 
2020. 

An individual stand (or portion of a stand) may also be the subject of multiple proposals. For 
example, stand 82989 is the subject of multiple proposals including partial harvests followed up by 
specific monitoring and planting treatments. Similarly, proposals for stand 83022 include expanding 
area of management from previous select clear cuts of aspen with retention areas dominated by elm 
and northern hardwoods.  
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Figure D-2. Distribution of Proposed Forest Management on Michigan DNR Lands within Example 
Summer Roost Buffer 

D.3.2 2013–2020 Completed Treatments 
Out of all proposed treatments, 16 stand treatments have been completed between 2013 through 
2020 (Figure D-3). Not all completed treatments are associated with proposals because some 
proposals may predate the timeframe of inventory data used in this analysis, while conversely, some 
treatment proposals have yet to be competed. Completed treatments include final and partial 
harvests along with non-forestry management, planting, and monitoring. Treatments have been 
completed in August 2013, November and December 2015, January, March, and October 2017, 
September and November 2018, and January, February, July, and December 2020.  
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Figure D-3. Completed versus Proposed Timber Harvest within Example Summer Roost Buffer 

Between 2003 and 2020, Michigan DNR completed harvest on approximately 24.9% of the 1.5-mile 
buffer including 168.54 acres of final and 762.38 acres of partial harvests (Figure D-4). Partial 
harvests include 279.33 acres of salvage harvests (all considered partial harvest). Notably, 
completed 2003–2020 final harvests do not affect high-quality bat habitat. Partial harvests, 
including salvage, have impacted 749.17 acres (23.41%) of high-quality habitat on Michigan DNR 
lands. Completed treatments during this time period also include planting, monitoring, and non-
forestry management. Some harvests are continuations of previous proposals that have not been 
fully completed, or field visits determine that the stand does not meet requirements for harvest. Of 
note, one of the timber harvests has been completed with the intent of converting a plantation of red 
pines (low-quality habitat planted during the Great Depression) into northern hardwood forest 
(high-quality habitat) for purposes of habitat restoration (see arrow in Figure D-4). The arrow 
indicates covered activities on stand are for the purpose of habitat restoration and will result in 
conversion of low- to high-quality bat habitat. 
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Figure D-4. Distribution of Completed Treatments within Example Summer Roost Buffer  

D.3.3 2021 Completed Treatments (Present) 
Treatments in 2021 have been completed in three stands (Figure D-5). Completed treatments 
include a mix of final and partial harvests and monitoring. One stand (83032) receiving final harvest 
treatment in 2021 has also received a previous partial harvest in 2013 (Figure D-6). Annual impacts 
for 2021 results in 81.39 acres of final and 195.63 acres of partial harvests, which collectively affects 
8.66% of high-quality habitat on Michigan DNR lands. Monitoring follows forest stands pre- and 
post-harvest to ensure stand structure and composition matches management intent. Monitoring in 
2021 covers 111.84 acres of high-quality habitat and, in this instance, involves stand inspection and 
marking timber for proposed thinning and future harvest. 
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Figure D-5. Distribution of Annual Covered Activities in 2021 within Example Summer Roost Buffer 
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Figure D-6. Distribution of Annual Covered Activities in 2021 in Relation to Previous Completed 
Activities within Example Summer Roost Buffer 

D.4 Conclusion 
The area around the hypothetical roost buffer remains dominated by forest types that provide high-
quality habitat for bats over a long period of forest management. Notably, this landscape also 
provides bats with open habitats and associated forest edge that provide high-quality foraging 
habitat. These observations demonstrate that sustainable forest efforts, such as those permitted by 
the HCP maintain a matrix of high-quality habitat on the landscape and do not lead to large-scale 
loss of bat habitat even at the scale of the home range for a colony. 

The presence of beech bark disease and emerald ash borer has resulted in Michigan DNR completing 
several management efforts that are not part of the department’s long-term plan. Thus, this example 
represents one of the most silvicultural active areas in the Lake States. In forest types where final 
harvests are common, the State DNRs have mandates to maintain a mix of forest ages on the 
landscape meaning such areas also maintain availability of high-quality habitat through time.  

A key benefit of this HCP is expanding the State DNRs’ sylvicultural guidance, especially retention 
guidelines, onto private lands where timber harvest is often less regulated than on public lands.  
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Appendix E 
Bat Protection Zones 

E.1 Overview 
This appendix provides the purpose, location, and description of the Bat Protection Zones that each 
State Department of Natural Resources (DNR) has committed to implement through Objective 2.4: 
Minimize Impacts on Other Covered Bats by Establishing Bat Protection Zones. The purpose of this 
appendix is to demonstrate how the Bat Protection Zones will avoid impacts on maternity colonies 
and protect high-quality bat habitat including both roosting and fall/spring habitat. 

E.2 Bat Protection Zone Location and Description by 
State 

E.2.1 Michigan 
Michigan’s Bat Protection Zone (Kintigh pers. comm. 2022) will consist of an area known as 
Porcupine Mountain, which totals 41,363 acres, of which 84% is considered high-quality bat habitat 
(Table E-1, Figure E-1). Note that this area does not afford protections to Indiana bat, which is 
addressed separately by the creation of protective buffers around roosts and other Indiana bat 
occurrences (Objective 2.3). No summer roosts are known from the Porcupine Mountains, but this is 
likely due to a lack of sampling. Approximately 87% of the area overlaps with the Michigan Natural 
Features Inventory polygon for northern long-eared bat (Myotis septentrionalis); this fall/spring 
record is supported by recent DNR records which indicates northern long-eared bat hibernacula 
records in two mines in the Porcupine Mountains.1 In addition to high-quality roost habitat, the 
Michigan Bat Protection Zone also provides high-quality swarming and staging habitat (i.e., 
fall/spring habitat) for northern long-eared bat, tricolored bat (Perimyotis subflavus), and little 
brown bat (Myotis lucifugus) (Table E-2, Figure E-2). Table E-3 identifies the number of hibernacula 
that overlap with the Michigan Bat Protection Zone for each species. 

 
1 There is one polygon recorded on Michigan Porcupine Mountains Parcel (Kintigh pers. comm. 2020). Michigan DNR and 
U.S. Fish and Wildlife Service hibernacula data confirms presence of little brown bat, northern long-eared bat, and 
tricolored bat in two mines in the Porcupine Mountains (DePue pers. comm. 2020). 
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Table E-1. Amount of Suitablea Bat Habitat within Michigan’s Porcupine Mountains Parcel 

Suitability Acres % Total 
High 34,826 84% 
Low 5,717 14% 
Other 843 2% 
Grand Total 41,386 100% 

Notes: 
a National Land Cover Database (2019) landcover types are categorized into high- and low-quality suitable habitat for 
covered bats using the criteria outlined in Chapter 3, Environmental Setting. 

Table E-2. Amount of Suitablea Bat Habitat within Michigan’s Bat Protection Zone Overlapping 
with Spring/Fall Buffersb 

Suitability 
Tricolored Bats 

Northern Long-eared 
Bats Little Brown Bats 

Acres % Parcel Acres % Parcel Acres % Parcel 
High  17,295 42% 34,736 84% 32,831 79% 
Low  3,382 8% 5,716 14% 4,982 12% 
Other  583 1% 843 2% 767 2% 
Grand Total  21,260 51.% 41,295 100% 38,580 93% 

Notes:  

a National Land Cover Database (2019) land cover types are categorized into high- and low-quality suitable habitat 
for covered bats using the criteria outlined in Chapter 3, Environmental Setting. 
b Species-specific buffers have been merged to remove overlap thus acres are not double counted. Buffers across 
species can overlap and, thus, may be double counted.  

 

Table E-3. Species-Specific Hibernacula that Overlap with the Michigan Bat Protection Zone 

Species 

Intersections with 
Hibernacula 
Buffers Notes 

Northern long-eared bat 2 Northern long-eared bat record in LaFayette (4 
individuals during 2018 count) and Mead Adit of 
Carp Lake Mine (24 individuals during 2015 count) 

Tricolored bat 2 Tricolored bat record in LaFayette (1 individual in 
2005 count) and Mead Adit of Carp Lake Mine (2 
individuals in 2015 count) 

Little brown bat 2 Little brown bat record in LaFayette Mine (452 
individuals in 2018 count) and Mead Adit of Carp 
Lake Mine (205 individuals in 2019 count) 

Source: DePue pers. comm. 2020 
 

E.2.2 Minnesota 
Minnesota Bat Protection Zones will include approximately 25,000 acres of entirely high-quality bat 
habitat that is managed as old growth forests. Minnesota is committed to maintaining these Bat 
Protection Zones with minimal management (i.e., no timber harvest year-round unless it is a salvage 
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harvest after a blowdown event or insect/disease outbreak). The Minnesota Bat Protection Zones 
co-occur (at the township level) with 59 know roosts for northern long-eared bats (Table E-4, Figure 
E-3). Data to identify overlap with tricolored and little brown roosts were not available at the time 
of publication. In addition to providing high-quality roosting (i.e., summer) habitat, these zones also 
provide high-quality habitat for swarming and staging (i.e., fall/spring) habitat (Table E-5, Figure E-
4). Importantly, this includes an area immediately adjacent to the largest hibernaculum in the state, 
Soudan Mine. Note that changes to currently mapped designated old growth forest occur 
occasionally. If a designated old growth forest area is removed from one of the Bat Protection Zones 
due to a stand replacing disturbance, land sale, or similar event, Minnesota DNR will identify and 
designate replacement lands of equal value. The total acreage of commitment (25,000 acres +/- 1%) 
will be maintained throughout the permit term. 

Table E-4. Overlap of Known Roosts of Northern Long-eared Bats within Minnesota Bat Protection 
Zones 

County Townshipa 
Number of Roosts in 
Township 

Overlap Acres High-
Quality Old Growth 

 Aitkin County  
 Unnamed  4 66 
 Waukenabo  2 62 

 Cass County   Otter Tail Peninsula  2 49 
 Clearwater County   Unnamed  31 932 
 Fillmore County   Forestvilleb  3 101 

 Itasca County  
 Lake Jessie  1 <1 
 Unnamed  2 78 

 Lake of the Woods County   Unnamed  3 102 

 Pine County  
 Crosby  3 321 
 Unnamed  3 150 

 Winona County   Elba  5 264 
Total 59 2,124 

Notes: 
a Not all townships named and exact number of roosts within overlap unknown. 
b Roosts in this township are also marked as hibernacula. 
Source: Henning-Randa pers. comm. 2022, Levine pers. comm. 2022 

Table E-5. Overlap of Known Spring/Fall Habitat of Northern Long-eared Bats and Tricolored Bats 
within Minnesota Bat Protection Zones 

Species Acres % of Total Fall/Spring Buffer Areaa 

Tricolored bat 3,356 0.31% 
 Northern long-eared bat 1,339 0.21% 
 Total  4,695 0.28% 

Notes: 
a Buffers can overlap thus acres may be double counted. Assumes fall/spring buffer includes 1,074,822.58 acres of 
tricolored bat total area and 629,461.24 acres of northern long-eared bat total area. 
Source: Henning-Randa pers. comm. 2022, Levine pers. comm. 2022 
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E.2.3 Wisconsin 
Wisconsin’s Bat Protection Zone (Herrick pers. comm. 2022) consists of 140,081 acres, of which 
85% is considered high-quality bat habitat (Table E-6, Figure E-5). In addition to high-quality roost 
habitat, the Wisconsin Bat Protection Zone also provides high-quality swarming and staging habitat 
(i.e., fall/spring habitat) for northern long-eared bat, tricolored bat, and little brown bat (Table E-7, 
Figure E-6). 

Table E-6. Amount of High- and Low-Qualitya Bat Habitat within Wisconsin Bat Protection Zones 

Habitat Quality Acres % Total 
High 119,695 85% 
Low 2,518 2% 
Other 17,868 13% 
Grand Total 140,081 100% 

Notes: 
a National Land Cover Database (2019) landcover types are categorized into high- and low-quality habitat for covered 
bats using the criteria outlined in Chapter 3, Environmental Setting. 
 

Table E-7. Amount of High- and Low-Qualitya Bat Habitat Overlapping Fall/Spring Buffersb 

Habitat 
Quality 

Tricolored Bat Northern Long-eared Bat Little Brown Bat 
Acres % Parcels Acres % Parcels Acres % Parcels 

 High  3,488  2.5% 3,992  2.8% 1,922  1.4% 
 Low  2  <0.1% 8  <0.1% 2  <0.1% 
 Other  976  0.7% 610  0.4% 680  0.5% 
 Grand Total  4,466  3.2% 4,610  3.3% 2,604  1.9% 

Notes: 
a National Land Cover Database (2019) landcover types are categorized into high- and low-quality habitat for covered 
bats using the criteria outlined in Chapter 3, Environmental Setting. 
b Buffers can overlap thus acres may be double counted. Assumes fall/spring buffer includes 4,251,249.34 acres of 
tricolored bat total area, 3,700,559.64 acres of northern long-eared bat total area, and 3,234,804.06 acres of little 
brown bat total area.  
 

 



Michigan, Minnesota, and Wisconsin Departments of  
Natural Resources 

Appendix E 
Impact Assumption Validation Assessment  

 

 
Lake States Forest Management 
Bat Habitat Conservation Plan E-6 June 2022 

ICF 103717.0.002 
 

Figure E-1. Michigan Summer Habitat Bat Protection Zone 
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Figure E-2. Michigan Bat Protection Zone and Hibernacula Buffers with the Proportion of Records Corresponding to Different Species of 
Covered Bats at Winter Counts 
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Figure E-3. Minnesota Bat Protection Zones and Overlap with Northern Long-eared Bat Roost Townships 
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Figure E-4. Minnesota Bat Protection Zones and Fall/Spring Buffers 
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Figure E-5. Wisconsin Summer Habitat Bat Protection Zones 
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Figure E-6. Wisconsin Summer Habitat Bat Protection Zones and Fall/Spring Buffers 
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Appendix F 
Impact Assumption Validation Assessment 

F.1 Overview 
This appendix compiles and summarizes the assumptions used to estimate habitat impacts on 
covered bats as described in Chapter 4, Potential Effects of Covered Activities. The approach 
described in this appendix will be used to verify that the covered activities and their estimated 
effects on the covered species continue to fit within the limits provided by the incidental take 
permit. This appendix also describes the process to address any discrepancies detected between the 
Lake States Forest Management Habitat Conservation Plan (Lake States HCP or Plan) assumptions 
and the results of the impact assumption validation assessment. The DNRs will conduct an impact 
assumption validation assessment every 5 years (for more information, see Chapter 6, HCP 
Implementation and Assurances, Section 6.4.2, Reporting). 

F.2 Assumption Validation Assessment 
This HCP estimates effects to the habitat of the covered species as a surrogate for impacts to 
individual bats. As such, it models bats using bat habitat on the landscape at different times of year. 
Estimates of impacts to high- and low-quality bat habitat when bats are present form the basis of the 
effects analysis and the incidental take permit. The Michigan Department of Natural Resources, 
(Michigan DNR), Minnesota Department of Natural Resources (Minnesota DNR), Wisconsin 
Department of Natural Resources (Wisconsin DNR), (collectively referred to as the State DNRs) do 
not currently have a means to track where (spatially) and when (in a season) harvests occur. Rather 
the HCP uses a set of assumptions to determine when the impacts will occur.  

If practices have shifted and the assumptions need to be revisited, the State DNRs will ensure that no 
additional impacts to high-quality habitat when bats are present are allowed under the permit. 
Every five years, the process for verifying assumptions and, if needed, adapting the location and 
timing of covered activities will be provided as part of that year’s annual report. Changes in 
assumptions that increase the level of impacts to high-quality habitat will trigger additional 
discussions with the U.S. Fish and Wildlife Service (USFWS). If the State DNRs and USFWS determine 
that more bats are impacted than originally anticipated in the HCP, the DNRs and USFWS will 
determine a suitable course of action that may include one of the following options.  

1. State DNRs continue monitoring to ensure that long-term averages of effects on covered species 
are within those evaluated by the HCP (e.g., if deviations from assumptions are relatively small). 

2. State DNRs adjust their covered activities to fit into the effects analysis and the limits set by the 
HCP.  

3. State DNRs seek an amendment to their permit as described in Chapter 6, Section 6.6.2, 
Amendments, to revise the effects analysis with current data and assumptions, increase (or 
decrease) the take limit, or both. 
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Table F-1 summarizes all key assumptions made to estimates impacts on high- and low-quality bat 
habitat, by state, from implementation of the covered activities. Tables F-2 through F-4 support 
Table F-1 and provide the ratio of high- to low-quality forested habitat by ownership by state that is 
associated with geographical distribution described in Table F-1.  

Table F-1. Assumptions That Will Be Validated as Part of the Lake States HCP Impact Assumption 
Validation Assessment (Performed Every 5 Years as Part of the Annual Report) 

State Assumptions 
Prescribed Fire 
Michigan Seasonal Distribution: Fire is modeled as being distributed equally across 

the active season (March 1–October 31), but permitted fires can occur at 
any time during this period. 
Geographical Distribution: Model assumes prescribed fire within high- 
and low-quality forested habitat occurs at same ratio as these habitats 
occur on the landscape (Table F-2). Assumption checking will not require 
recalculating ratios in Table F-2, but it will require confirming the 
assumption that prescribed fire impacts on forest type are roughly 
proportional to presence on the landscape. 
Habitat Distribution: 25% of all prescribed fire occur in forested or 
brushland habitat. 
Projected Annual Activity: 2,907 acres per year in forest and brushland 
systems during active season months (when bats are present). 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
448,213 acres. Two percent is presumed to be from prescribed fire 
activities, but the plan does not differentiate between impact types in the 
total cap. 

Minnesota Seasonal Distribution: Fire is modeled as being distributed equally across 
the active season (March 1–October 31), but permitted fires can occur at 
any time.  
Geographical Distribution: Model assumes prescribed fire within high- 
and low-quality forested habitat occurs at same ratio as these habitats 
occur on the landscape (Table F-3). Assumption checking will not require 
recalculating ratios in Table F-3, but it will require confirming the 
assumption that prescribed fire impacts on forest type are roughly 
proportional to presence on the landscape. 
Habitat Distribution: Between 6 and 7% of all prescribed fire occurs in 
forested habitat, and 13% of burns occur in brushland habitat. 
Projected Annual Activity: 6,995 acres a year in forested and brushland 
systems during active season months (when bats are present). 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
362,814 acres. 5% is presumed to be from prescribed fire activities but the 
plan does not differentiate between impact types in the total cap. 

Wisconsin Seasonal Distribution: Fire is modeled as being distributed equally across 
the active season (March 1–October 31), but permitted fires can occur at 
any time. 
Geographical Distribution: Model assumes prescribed fire within high- 
and low-quality forested habitat occurs at same ratio as these habitats 
occur on the landscape (Table F-4). Assumption checking will not require 
recalculating ratios in Table F-4, but it will require confirming the 
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State Assumptions 
assumption that prescribed fire impacts on forest type are roughly 
proportional to presence on the landscape. 
Habitat Distribution: 25% of fire occur in forested habitat. 
Projected Annual Activity: 5,080 acres per year in forested systems 
during active season months (when bats are present). 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
477,207 acres. 3% is presumed to be from prescribed fire activities but the 
plan does not differentiate between impact types in the total cap. 

Forestry 
Michigan Seasonal Distribution for DNR Lands: Approximately 33% of harvest on 

DNR lands in Michigan occurs from December 1 to March 31, with the rest 
occurring in approximately equal portions during the remaining months. 
Seasonal Distribution for Other Nonfederal Lands: Seasonality of 
harvest (by forest type and habitat quality) is illustrated in Table F-5. 
Assumption checking will require assessing the assigned proportions of 
seasonal harvest for high-quality habitat.   
Geographical Distribution: Model assumes forestry within high- and low-
quality forested habitat and in seasonal habitat occurs at same ratio as 
these habitats occur on the landscape (Table F-2). Assumption checking 
will not require recalculating ratios in Table F-2, but it will require 
confirming the assumption that forestry activity impacts on forest type are 
roughly proportional to presence on the landscape.  
Projected Annual Activity: 64,000 acres timber harvest annually on DNR 
Lands. This includes 40,000 acres of final and 24,000 acres of partial 
harvest on DNR lands. 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
448,213 acres. 

Minnesota Seasonal Distribution for DNR Lands: Approximately 75% of harvest on 
DNR lands in Minnesota occurs from December 1–March 31, with the rest 
occurring in approximately equal portions during the remaining months. 
Seasonal Distribution for Other Nonfederal Lands: Seasonality of 
harvest (by forest type and habitat quality) is illustrated in Table F-6. 
Assumption checking will require assessing the assigned proportions of 
seasonal harvest for high-quality habitat.   
Geographical Distribution: Model assumes forestry within high- and low-
quality forested habitat and in seasonal habitat occurs at same ratio as 
these habitats occur on the landscape (Table F-3). Assumption checking 
will not require recalculating ratios in Table F-3, but it will require 
confirming the assumption that forestry activity impacts on forest type are 
roughly proportional to presence on the landscape. 
Projected Annual Activity: 49,500 acres timber harvest annually on DNR 
Lands. This includes 36,500 acres of final and 13,000 acres of partial 
harvest on DNR lands. 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
362,814 acres. 
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State Assumptions 
Wisconsin Seasonal Distribution for DNR Lands: Approximately 33% of harvest on 

DNR lands in Wisconsin occurs from December 1 to March 31, with the rest 
occurring in approximately equal portions during the remaining months. 
Seasonal Distribution for Other Nonfederal Lands: Seasonality of 
harvest (by forest type and habitat quality) is illustrated in Table F-7. 
Assumption checking will require assessing the assigned proportions of 
seasonal harvest for high-quality habitat.   
Geographical Distribution: Model assumes forestry within high- and low-
quality forested habitat and in seasonal habitat occurs at same ratio as 
these habitats occur on the landscape (Table F-4). Assumption checking 
will not require recalculating ratios in Table F-4, but it will require 
confirming the assumption that forestry activity impacts on forest type are 
roughly proportional to presence on the landscape. 
Projected Annual Activity: 20,000 acres timber harvest annually on State 
DNR lands. This includes 10,000 acres of final and 10,000 acres of partial 
harvest on DNR lands. 
Limits: Total Annual Cap (Harvest and Prescribed Fire combined) is 
477,207 acres. 

Hibernacula entrances 
Michigan Entrances on DNR lands: 10 
Minnesota Entrances on DNR lands: 11 
Wisconsin Entrances on DNR lands: 12 

F.2.1 Quality of Forested Habitat by Ownership  
Modeling assumed the occurrence of covered activities within high- and low-quality habitats would 
occur at the same ratio as these habitats occur on the landscape as shown in Tables F-2 to F-4. 
Assumption checking will not require recalculating ratios in these tables, but it will require 
confirming the assumption that covered activity impacts on forest type are roughly proportional to 
presence on the landscape 

Table F-2. Ratio of High- to Low-Quality Forested Habitat by Ownership Type in Michigan 

Ownership Type 
Proportion of Impacts in Suitable Habitat 

Low High 
DNR a 0.20 0.80 
County & Municipal 0.50 0.50 
Private Corporate 0.32 0.68 
Private Non-Corporate 0.26 0.74 
Private Other 0.97 0.03 

Notes: 
a DNR based on state-wide National Land Cover Database acres (National Land Cover Database 2019). County & 
Private based on Forest Inventory and Analysis harvest acres (U.S. Forest Service 2017). 
Note that if later analyses reveal a greater portion of the landscape consists of high-quality habitat, there will be a 
concomitant increase in the amount of high-quality habitat impacted and available to bats. 



Michigan, Minnesota, and Wisconsin Departments of 
Natural Resources 

Appendix F 
Impact Assumption Validation Assessment  

 

 
Lake States Forest Management 
Bat Habitat Conservation Plan F-6 June 2022 

ICF 103717.0.002 
 

Table F-3. Ratio of High- to Low-Quality Forested Habitat by Ownership Type in Minnesota 

Ownership Type 
Proportion of Impacts in Suitable Habitat 

Low High 
DNR a 0.26 0.74 
County & Municipal 0.38 0.62 
Private Corporate 0.58 0.42 
Private Non-Corporate 0.34 0.66 
Private Other 0.42 0.58 

Notes:  
a DNR based on state-wide National Land Cover Database acres (National Land Cover Database 2019). County & 
Private based on Forest Inventory and Analysis harvest acres (U.S. Forest Service 2017). 

Table F-4. Ratio of High- to Low-Quality Forested Habitat by Ownership Type in Wisconsin 

Ownership Type 
Proportion of Impacts in Suitable Habitat 

Low High 
DNR a 0.15 0.85 
County & Municipal 0.42 0.58 
Private Corporate 0.32 0.68 
Private Non-Corporate 0.31 0.69 
Private Other 0.31 0.69 

Notes: 
a DNR based on state-wide National Lad Cover Database acres (National Land Cover Database 2019). County & 
Private based on Forest Inventory and Analysis harvest acres (U.S. Forest Service 2017). 
Note that if later analyses reveal a greater portion of the landscape consists of high-quality habitat, there will be a 
concomitant increase in the amount of high-quality habitat impacted and available to bats. 

F.2.2 Estimated Seasonal Distribution of Harvest  
Tables F-5 to F-7 provide the estimate of seasonal distribution of harvest on private and 
county/municipal lands by forest type and habitat quality. Assumption checking will require 
assessing the assigned proportions of seasonal harvest for high-quality habitat.   



Michigan, Minnesota, and Wisconsin Departments of 
Natural Resources 

Appendix F 
Impact Assumption Validation Assessment  

 

 
Lake States Forest Management 
Bat Habitat Conservation Plan F-7 June 2022 

ICF 103717.0.002 
 

Table F-5. Estimated Seasonal Distribution of Harvest on Private and County/Municipal Lands 
Broken Out by Forest Type and Habitat Quality in Michigan 

Bat Habitat Quality FIA Forest Type Group 
Seasonal Distribution of Harvest 
Dec–March Apr–Nov 

Low 

Non-stocked 0% 100% 
Red/jack pine 33% 67% 
White pine/hemlock 33% 67% 
Spruce/fir 67% 33% 
Other eastern softwoods 33% 67% 
Exotic softwoods group 33% 67% 
Aspen/birch <9 inch DBH 67% 33% 
Exotic hardwoods group 67% 33% 

High 

Elm/ash/cottonwood 100% 0% 
Maple/beech/birch 50% 50% 
Oak/pine 33% 67% 
Oak/hickory 33% 67% 
Aspen/birch >9 inch DBH 33% 67% 
Other hardwoods group 33% 67% 

Source: U.S. Forest Service 2017 

Table F-6. Estimated Seasonal Distribution of Harvest on Private and County/Municipal Lands 
Broken Out by Forest Type and Habitat Quality in Minnesota 

Bat Habitat Quality FIA Forest Type Group 
Seasonal Distribution of Harvest 
Dec-March Apr -Nov 

Low 

Non-stocked 0% 100% 
Red/jack pine 75% 25% 
White pine/hemlock 75% 25% 
Spruce/fir 90% 10% 
Other eastern softwoods 75% 25% 
Exotic softwoods group 75% 25% 
Aspen/birch <9 inch DBH 75% 25% 
Exotic hardwoods group 75% 25% 

High 

Elm/ash/cottonwood 75% 25% 
Maple/beech/birch 75% 25% 
Oak/pine 100% 0% 
Oak/hickory 25% 75% 
Aspen/birch >9 inch DBH 75% 25% 
Other hardwoods group 75% 25% 

Source: U.S. Forest Service 2017 
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Table F-7. Estimated Seasonal Distribution of Harvest on Private and County/Municipal Lands 
Broken Out by Forest Type and Habitat Quality in Wisconsin 

Bat Habitat Quality FIA Forest Type Group 
Seasonal Distribution of Harvest 
Dec–March Apr–Nov 

Low 

Non-stocked 0% 100% 
Red/jack pine 33% 67% 
White pine/hemlock 33% 67% 
Spruce/fir 90% 10% 
Other eastern softwoods 33% 67% 
Exotic softwoods group 33% 67% 
Aspen/birch <9 inch DBH 33% 67% 
Exotic hardwoods group 33% 67% 

High 

Elm/ash/cottonwood 67% 33% 
Maple/beech/birch 67% 33% 
Oak/pine 100% 0% 
Oak/hickory 50% 50% 
Aspen/birch >9 inch DBH 33% 67% 
Other hardwoods group 33% 67% 

Source: U.S. Forest Service 2017 
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