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Abstract
Knowledge of where an animal exists on the landscape and the type and amount of habitat that is 
being utilized and/or required is necessary to manage for and protect the species.  While known 
observations of species are valuable, incorporating those observations in a model of inferred extent 
provides additional information that is beneficial for conservation planning, management and deci-
sionmaking.

Inferred Extent is a spatial product that is modeled from the Michigan Natural Features Inventory 
(MNFI) Natural Heritage Database (NHD). The NHD is the State’s only comprehensive, single spatial 
database of occurrences of rare, threatened, and endangered plant and animal species and natural 
communities in Michigan.  The spatial products/models available range from observation, element 
occurrence, Geographic Information Systems (GIS) models of inferred extent and populations, spe-
cies distribution model (McCluskey 2016), to county range map (Figure 1).  Observations are the core 
spatial feature, and are combined to create the element occurrence (EO), a group of single species 
observations combined within a specified separation distance, typically corresponding to a local pop-
ulation (NatureServe 2002).  Inferred extent (IE) expands on the observation and EO data, which are 
based strictly on where an animal was actually observed, to include the surrounding area that is likely 
occupied based on home range size and habitat. 

Inferred extent modeling augments the NHD species location data. The spatial requirements of a 
species are combined with expert knowledge and biological meaningful information including suitable/
unsuitable habitat, barriers, reproductive and feeding behaviors, and other life history characteristics 
to more effectively delineate the boundary of the area used by the species, building a tool that sup-
ports planning, managing or prioritization.  Inferred extent was modeled for 12 animals - nine federally 
listed, one state threatened, and two state special concern species.

Introduction
The Michigan Department of Natural Resources Wildlife Division (MDNR-WD) is engaged in con-
servation of federally listed species in collaboration with the U.S. Fish and Wildlife Service.  Wildlife 
species that are added to the List of Endangered and Threatened Wildlife (50.CFR.11) are in greatest 
need of conservation.  Animals that are newly listed usually lack information about their ecology, and 
current distribution. Knowledge of where these species occur and the extent of area likely utilized by 
the species is essential in order to protect these resources. 

Michigan Natural Features Inventory (MNFI) maintains a comprehensive, statewide Natural Heritage 
Database (NHD) of element occurrences (EOs) of rare, threatened, and endangered animal and plant 
species and high quality examples of natural communities.  Observations and element occurrences of 
rare animals mapped and included in the NHD are based on where animals were actually observed.  
However, animals are mobile, and generally occupy a larger area than the specific locations where 
the animals were observed.  Inferred extent (IE) is a component of the MNFI mapping hierarchy (Fig-
ure 1) for rare species which expands on the locations derived from species observations and EOs to 
also include the surrounding area that is likely occupied based on the species’ home range size and/
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or available habitat. This adds a new level of biologically meaningful information to the species’ loca-
tion and EO data. 

For this project we modeled the inferred extent for 12 animals, including nine federally listed, one 
state threatened, and two state special concern species.  These include Blanding’s turtle, copperbelly 
water snake, eastern massasauga, Indiana bat, Karner blue, Kirtland’s warbler, Mitchell’s satyr, north-
ern long-eared bat, piping plover, Poweshiek skipperling, spotted turtle, and wood turtle. The specific 
objectives of this project include the following:

1. To provide the MDNR-WD with critical spatial information on listed species and suitable habitat so 
they can make well-informed decisions on the acquisition of land parcels below the Mason-Arenac 
County line, using the MNFI Natural Heritage Database and inferred extent GIS modeling for nine 
federally listed species and three state listed/special concern species.

2. To leverage existing spatial data products from previously funded projects such as the Preliminary 
Focal Area Network (Cohen et al. 2014), the Eastern Massasauga Rattlesnake Population Study (Lee 
and Enander, 2015), the Karner Blue Survey Project (Monfils and Cuthrell, 2015), and the Poweshiek 
Skipperling Survey Project (Cuthrell et al. 2015).

3. To rectify and interpret historical and current aerial imagery so that the probability for listed species 
in an area of potential land acquisition can be assessed.

4. To produce a report summarizing the modeling methods, and include metadata for the spatial data 
products.

Blanding’s turtle (state special concern), spotted turtle (state threatened), and wood turtle (state 
special concern), were petitioned for federal listing in the recent past, and were added to this project. 
Inferred extent was modeled for each turtles’ range in the State of Michigan.  

This project relies solely on observed species locations, and should not be construed as mapping all 
the potential habitat for a particular animal.  A number of species and/or habitats have declined so 
considerably in Michigan that even if the remaining sites are protected or conserved, it is not certain 
or even likely that the species will remain viable.  Mapping inferred extent area will also not find new, 
suitable habitat that will be needed for re-introduction purposes.

Methods and Data
MNFI Natural Heritage Database
The primary source of location data was the Michigan Natural Features Inventory (MNFI) Natural Her-
itage Database (NHD) (MNFI 2016).  The animal species, status codes, and state and global ranks 
that are included in this project are enumerated in Table 1 (Badra et al. 2014).

Using database queries, gaps were identified in the completeness of the data in the NHD for some 
species and temporal periods.  Updating the database with data from ongoing MNFI projects, Hu-
ron-Manistee National Forest observations, Wildlife Division surveys, and the East Lansing Field 
Office of the U.S. Fish and Wildlife Service(USFWS) became the priority task.  
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Figure 1.  An illustration of the range of spatial products for eastern massasauga rattlesnake derived from the MNFI 
Natural Heritage Database (MNFI 2016).  From observations, element occurrence, inferred extent model, population 
delineation model, species distribution model to county range map.
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Table 1	  Summary of species for this project with their current Global (G_rank), 
state (S_rank), federal (USESA) and state protection (Sprot) status	 
Scientific name Common name G_rank S_rank USESA Sprot
Clemmys guttata Spotted turtle G5 S2 T
Glyptemys insculpta Wood turtle G4 S2 SC
Emydoidea blandingii Blanding’s turtle G4 S2S3 SC
Myotis septentrionalis Northern long-eared bat G4 S1 LT SC
Nerodia erythrogaster neglecta Copperbelly water snake G5T3 S1 LT E
Charadrius melodus Piping plover G3 S2 LE E
Dendroica kirtlandii Kirtland’s warbler G1 S3 LE E
Myotis sodalis Indiana bat G2 S1 LE E
Oarisma poweshiek Poweshiek skipperling G2G3 S1 LE T
Lycaeides melissa samuelis Karner blue G5T2 S2 LE T
Neonympha mitchellii mitchellii Mitchell’s satyr G1G2T1T2 S1 LE E
Sistrurus catenatus catenatus Eastern massasauga G3G4T3T4Q S3 C SC

Species locations in the NHD are recorded based on heritage methodology developed by Nature-
Serve (NatureServe 2002). The main database product, the element occurrence (EO) feature, defines 
known location(s) of an element (in this case, animal species), and is generated from one or more 
source features. Each source feature represents a location of an observation and incorporates local 
spatial uncertainty with the observation data/location.  Observations recorded with a global positioning 
system (GPS) are mapped with a high representative accuracy, and low uncertainty distance, while 
other (usually older) observations are less precisely mapped and have a low representation accuracy 
with a high uncertainty distance.  Source features within species-specific separation distances spec-
ified by NatureServe (NatureServe 2004) are combined by spatial union and are part of the same or 
one EO or population.

Element occurrences have a quality rank based on an overall ecological integrity score.  Appendix 1 
lists the domain of ranks and their definitions for heritage records.  Records with a rank of “X” (extir-
pated) were eliminated from consideration for this project.  Feature size selection criteria were set so 
that source features mapped with a general precision were removed, as their high locational uncer-
tainty makes them undesirable for model input.  Occurrences ranked ‘H’ (Historical) or ‘F’ (Failed to 
find) were included if they were below the maximum feature size criteria and if suitable habitat for the 
species of interest still appeared to occur within their boundary.  Finally, if spatially precise locations 
were overlain by a feature of lower precision, the lower precision feature was removed (Figure 2a, 
2b).  This process ensures that the most spatially precise species location information that is available 
is retained 

The three insects were exceptions to the previous criteria. Mitchell’s satyr and Poweshiek skipperling 
sites have been in decline, and have been frequently surveyed.  For these species, ranks of “F” or 
“H” were not included, since it is highly likely that the species is no longer found at these locations.  
Karner blue is also annually surveyed on state and federal land.  Given the high number of historical 
records, two inferred extent models were produced for Karner blue; 1) by the original criteria of includ-
ing H and F records that are mapped more precisely, and 2) without the inclusion of “H” records. 
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Inferred Extent
Inferred extent of habitat use refers to the 
surrounding area likely utilized or occupied 
by the species at that location, which may 
be useful for conservation planning purpos-
es (NatureServe 2002). The inferred extent 
distance is an approximate spatial require-
ment for certain species, typically based on 
the average home range, or the distance 
from an initial location that would encom-
pass the ultimate destination of 75-90% of 
the dispersing adult individuals (Nature-
Serve 2002, 2013).  The inferred extent dis-
tance generally does not exceed the maxi-
mum known single-year migration distance 
for the species (assuming flightless animal) 
or the EO separation distance (NatureServe 
2002, 2004).  The spatial requirements of 
a species are combined with expert knowl-
edge and biological meaningful information 
including suitable/unsuitable habitat, bar-
riers, reproductive and feeding behaviors, 
and other life history characteristics to more 
effectively delineate the boundary of the 
area used by the species.  Inferred extent 
may vary by season, age, sex, and repro-
duction status, but those considerations are 
beyond the scope of this study.

NatureServe provides three possible values 
for determining inferred extent distance: 1) 
a specific inferred extent distance recom-
mended by NatureServe, 2) a more generic 
value for species/species groups which 
don’t have a lot of telemetry information, 3) 
EO separation distance, which is the dis-
tance of intervening suitable or unsuitable 
habitat that is great enough to effectively 
separate species occurrences by limiting 
the movement or dispersal of individuals 
between them.   A literature search for infor-

Figure 2.  An example of a) the source features (red) that make 
up an EO feature (yellow hatch), and b) the subset of source 
features from that same EO that are mapped with higher preci-
sion and are acceptable for inferred extent modeling, and c) an 
example of the inferred extent layer (green) created from the 
source features in b.

a)

b)

c)

mation on habitat use, movement/dispersal distances, and home range size was conducted for each 
species modeled to compile data to compare the inferred extent distance value recommended by 
NatureServe.  NatureServe recommended distances, literature review data, and expert opinion were 
combined to select the IE distance for each species in this study.  Table 2 lists the NatureServe in-
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ferred extent if available, NatureServe separation distances, the selected IE distance for this project, 
and literature references if an alternate IE distance was selected.  For an visual example of an IE, see 
Figure 2c, which illustrates the IE model output for the source features in Figure 2b.

The IE distances selected for each species are listed in Table 2.  The recommended IE distances 
from NatureServe were utilized for copperbelly water snake, eastern massasauga, Karner blue, 
Mitchell’s satyr, and piping plover. Eastern massasauga has two IE distances - the NatureServe-rec-
ommended distance of 1 km, and also at a IE distance of 2 km, as maximum movement in other 
states has been observed up to 2 km (from Lee and Enander 2016).

The Indiana and northern long-eared bat, and Kirtland’s warbler did not have a designated inferred 
extent distance.  The NatureServe separation distance of 5 km was selected as the IE for both bats.  
Kirtland’s warbler also had a separation distance of 5 km, but movement and home range sizes sum-
marized by the Kirtland’s Warbler Recovery Team (Ennis 2002) suggested that a distance of 2.6 km is 
sufficient.

NatureServe’s recommended inferred extent distance for Blanding’s turtle is 1 km, but the studies in 
the literature reported movements of up to 2 km. (Gibbons 1968, Congdon et al. 1983, Rowe 1987, 
Piepgras and Lang 2000, Joyal et al. 2001, Congdon and Keinath 2006, Refsnider and Linck 2012, 
Anthonsamy et al. 2013), so we selected an IE distance for Blanding’s turtle of 2 km.  Spotted turtle 
and wood turtle have a generic IE of 5 km, but many studies report movement an order of magnitude 
lower.  In Michigan, spotted turtle movement has been reported up to 662 meters (Harding 1997), so 
an IE of 1 km was selected.  Wood turtles have been observed moving up to two miles in river corri-
dors (Ewert et al. 1998, Parren 2013), however in a 20-year study in Michigan, Harding (1997) found 
all individuals within 500 feet (152.4 m), and most within 50 feet (15.2 m) of water throughout the 
year.  An IE distance of 2 km was selected for the wood turtle.

The recommended IE distance for the Poweshiek skipperling is 1 km.  However recent surveys and 
expert opinion suggest the distance is limited to the extent of the prairie fen natural community (Cuth-
rell 2012) in which the insect is found.  Field surveys by MNFI, including GPS locations facilitated the 
manual delineation of the habitat used at the four remaining Poweshiek skipperling sites.

Cost Distance Modeling
Cost distance modeling is a raster-based function with the following requirements:

• Inputs:
•  source features 
•  a cost (or impedence) surface 
•  an optional maximum cost parameter

• Output: 
•  cost distance – values indicate the least cost distance from the source features, up to the dis-

tance of the maximum cost parameter.

Cost distance functions are the primary algorithms of the inferred extent model.  A “simple” or straight-
line distance function takes the source features and calculates for each output cell, the nearest 
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source based on straight-line distance alone.  A cost distance function is similar, (think of “cost” here 
as impedance or friction) but requires a weighted raster called the cost surface (Figure 2). The “cost” 
is calculated as the straight-line distance multiplied by the weight of cells in the cost surface.  For 
each cell in the cost distance output (Figure 3) the least accumulative cost to each of the source fea-
tures is calculated.  Setting the parameter of “maximum cost” controls how far (in cost units) from the 
source features that the function will continue to create output. 

When applied to the modeling of IE, the cost surface represents habitat suitability, or the relative dif-
ficulty of traversing habitat classes.  The cost surface is produced by assigning weights to land cover 
classes according to their probable habitat suitability for a particular species.  A low weight of one 
equals potentially suitable habitat and as weights increase the suitability of habitat decreases (or the 
cost of traversing through the habitat is higher). An analogy is the choice of whether to climb directly 
over a mountain range, or to go around it.  The shortest distance would be to climb straight over, but 
going around may be much easier, or less costly.

The maximum cost parameter is set to the IE distance value for the animal. This terminates the mod-
el at the actual IE distance if all pixels are suitable, or at the IE distance in cost units, if less suitable 
pixels are sometimes the only choice.

Species habitat requirements were summarized from the MNFI special animal abstracts (Cuthrell and 
Slaughter 2012; Hyde 1999, 2012; Lee 1999a, 1999b, 2000, 2010, 2013; Olson 2002; Rabe 2001, 
2001b) and the NatureServe online species explorer (NatureServe 2015).  An abstract has not been 
published for the northern long-eared bat, so habitat suitability was extracted from the NatureServe 
online species explorer (NatureServe 2015) and supplemented with expert opinion (B. Klatt, personal 
communication, June 2, 2016).  The ensemble of data on habitat suitability by land cover class was 
reviewed and converted to cost surface layers for each species.

The most current land cover dataset for the study area is the National Oceanic and Atmospheric Ad-
ministration (NOAA) Coastal Change Analysis Program (NOAA 2013) land cover dataset (circa 2010) 
which has a resolution of 30 meter pixels, and contains 18 land cover classes.  It uses a standard 
classification scheme (Appendix 2) that identifies a greater number of wetland/coastal classes than a 
traditional (Anderson level II) land cover classification (Anderson et al. 1976).  Land cover types that 
could provide suitable habitat for a species were given a low cost weight, while less suitable classes 
were given ever higher values, so that the most unsuitable habitat was assigned to the maximum 
weight.

For each species, the cost weights by land cover class that were used to create cost surfaces for 
the cost distance models are listed in Appendix 3.  Land cover classes receiving a “NoData” weight 
serve as barriers to movement.  Table 3 illustrates the cost weights for eastern massasauga, and the 
corresponding distance the snake could have moved through each land cover type.  No movement 
is allowed through medium or high intensity developed land classes. All wetland types have a weight 
of 1, and are the preferred habitat for eastern massasaugas.  Massasaugas are able to move in this 
habitat up to their IE distance of 1000 m.  Upland forest and grassland types are often traversed by 
the snake, and have been assigned higher cost which will allow movement, but wetland habitat is 
preferred if available.  Finally, the unsuitable land cover types (agriculture, open water, and residen-
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Figure 3.  An example of the inputs to cost distance modeling (Source Features, Cost Surface, Maximum 
distance) and the successive model output (Cost Distance). 

tial development) have been assigned a weight of 10.  This allows the snake to move across a road, 
through a residential yard, or into a field for a short distance, but if other, lower cost habitat types are 
available, they will be chosen preferentially.

After consideration of previous work (Lee and Enander 2015, 2016; McCluskey 2016) showing that 
massasaugas in northern Michigan may have differing habitat preferences than massasaugas in the 
south, we adjusted the cost weights for massasauga in the north to include upland forest as suitable 
habitat, in addition to the wetland classes.
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Results and Discussion
MNFI Natural Heritage Database
In an effort to ensure the NHD was as up-to-date as possible, the following data were obtained and 
entered into the database:

• Karner blue butterfly survey data from the Huron-Manistee National Forest had been re-
ceived by MNFI for the years 2005 – 2013 and not all of the data had been entered.  Approxi-
mately 351+ digital and paper records were entered into the database.  Also field data collected 
from the Karner Blue Survey project (n=658 observations at 134 locations) (Monfils and Cuth-
rell, 2015) was entered into the database.  All 189 Karner blue EOs were reviewed, and updat-
ed if newer spatial and or temporal data were available.

Table 3	  For the eastern massasauga, cost 
weights ranged from one (highly suitable) to ten 
(unsuitable) and the medium to high intensity 
developed areas served as barriers	

Land cover class
Cost 

Weight

Maximum 

Distance (m)
Developed, High Intensity NoData 0
Developed, Medium Intensity NoData 0
Developed, Low Intensity 10 100
Developed, Open Space 10 100
Cultivated Crops 10 100
Pasture/Hay 10 100
Grassland/Herbaceous 3 600
Deciduous Forest 2 800
Evergreen Forest 2 800
Mixed Forest 2 800
Scrub/Shrub 2 800
Palustrine Forested Wetland 1 1000
Palustrine Scrub/Shrub Wetland 1 1000
Palustrine Emergent Wetland 1 1000
Palustrine Aquatic Bed 1 1000
Unconsolidated Shore 1 1000
Bare Land 10 100
Open Water 10 100

Historical Imagery
Historical imagery interpretation (Objective 3) was requested for parcels in the vicinity of Wigwam 
Bay State Game Area.  Six aerial images from the earliest year available (1952) at the Michigan State 
University Aerial Imagery Archive were obtained, rectified, and merged into to an image called a mo-
saic dataset.  A set of mosaicking rules dynamically blend and order the individual imagery to provide 
seamless, continuous data coverage.  This dataset was provided to MNFI Botanist Bradford Slaugh-
ter for interpretation.
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• Piping plover nesting locations from the early 1990s – 2015 were obtained from USFWS 
(n=959).  Many of these locations collected before 2010 were already documented in the NHD, 
however seven new Piping plover EOs were added to the database from this source, and the 
remaining 36 EOs were reviewed and updated where indicated.

• Kirtland’s warbler census data for 2011-2015 (n = 7133) was obtained from the Wildlife Divi-
sion.  All 43 Kirtland’s warbler EOs were reviewed and updated where needed.

• A handful of eastern massasauga and Blanding’s turtle observations from various sources 
were entered into the NHD.

A total of more than 9100 records from federal, state, and MNFI project sources were assessed, en-
tered or updated in the NHD as a result of this project.  After applying the the rank and size criteria, a 
total of 5336 source features from 1292 EOs were utilized in the IE models. (Table 4).

An additional outcome of this project resulted from an on-going discussion with USFWS personnel 
which identified the need to confer and develop a plan for a data-sharing mechanism that will keep 
the NHD more up to date with federally collected or held location records.  A shared ArcGIS Online 
group has been established between MNFI and U.S. Fish and Wildlife Service East Lansing Field 
Office to advance this effort.

Inferred Extent
Inferred extent vector layers were created for each animal (Digital Appendix 4). The eastern mas-
sasauga was modeled at inferred extent distances of both one and two km.  Two models of Karner 

Table 4	  A summary of the species location records in the NHD and the subset of features 
used in modeling

NHD Totals Modeling input totals

Common Name EOs
Source 
Points

Source 
Lines

Source 
Poly-
gons EOs

Source 
Points

Source 
Lines

Source 
Poly-
gons

Total 
Features

Blanding’s turtle 291 47 28 491 291 47 28 488 563
Copperbelly water snake 15 0 1 58 13 0 1 54 55
Eastern massasauga 284 16 29 1020 272 16 29 961 1006
Indiana bat 24 0 0 93 21 0 0 73 73
Karner blue (with historic) 189 2 2 664 186 2 2 657 661
Karner blue (wo historic) 161 2 2 552 556
Kirtland’s warbler 24 0 0 10326 23 0 0 9980 23

Mitchell’s satyr 24 489 0 523 9 489 0 303 792
Northern long-eared bat 33 0 0 148 30 0 0 109 109
Piping plover 40 151 0 593 27 151 0 569 720

Poweshiek skipperling 16 4 0 709 4 4 0 607 611
Spotted turtle 169 5 9 197 169 5 8 195 208
Wood turtle 253 15 60 460 247 15 60 440 515

Totals 1362 1292 5892
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Figure 4.  A map showing the inferred extent layers for piping plover, Kirtland’s warbler, Karner blue, Mitchell’s satyr and 
Poweshiek skipperling.
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blue IE were also produced; 1) with historical locations, and 2) without historical locations.  A total of 
1,271,205 acres (514,438 ha) of inferred extent area was mapped for the nine federally listed animals 
in the Lower Peninsula of Michigan. The IE area mapped for the three turtles (in both Upper and Low-
er Peninsula) is 979,546 acres (396,408 ha). 

A map of the bird and insect IE layers developed for this project in the Lower Peninsula of Michigan 
is shown in Figure 4.  Piping plover habitat during nesting can be constrained by varying Great Lakes 
water levels, as all sites are on the Great Lakes shoreline. Thus the IE area mapped for piping plover 
may change over time depending on lake levels.  Kirtland’s warbler habitat requires intensive man-
agement, so land cover was only somewhat useful in selecting habitat.  The NatureServe Terrestrial 
Ecological Systems of the U.S. (Sayre et al. 2009) ecological concept map contains attributes for 
“Managed Tree Plantation” and “Harvested forest-herbaceous regeneration”, which were employed 
as a check for suitable habitat.

The range of Karner blue, Mitchell’s satyr and Poweshiek skipperling is chiefly in the Southern Low-
er Peninsula, where habitat is generally more fragmented and less public land is available.  These 
species have suffered significant decline in recent years.  For example, Figure 5 illustrates the IE 
of the Karner blue with and without historical records.  Inferred extent decreased from 18,469 acres 
(7,474 ha) with historic records to 13,242 acres (5,359 ha) currently thought to be occupied.  By com-
paring the brown (current) IE that is overlain on the historic (turquoise) IE, dramatic spatial patterns 
of decline can be observed.  Areas that are turquoise only are sites lost in the past few decades.  A 
comparison of current to historical IE was not done for the two other butterflies, but we would expect 
similar dramatic declines.  Historical IE layers could be useful in identifying remaining suitable habitat 
to help guide reintroduction efforts for these rare butterflies and other imperiled species.

The Indiana and northern long-eared bat inferred extent layers are mapped in Figure 6.  Modeling 
inferred extent for bats was somewhat problematic, because groups of bats use different habitat and 
exhibit differing movements based on season and biology (bachelor colony, breeding, hibernaculum, 
maternity colony and non-breeding, as well as migrating).  Modeling each of these somewhat dissim-
ilar groups is beyond the scope of this project.  Another obstacle regarding the use of known location 
data is that the East Lansing Field Office of the USFWS holds some additional northern long-eared 
bat locations that aren’t available for the model because of data-sharing agreements.  Additional 
location data would make the inferred extent layer more robust.  Lastly, some current northern long-
eared bat observations do not overlay suitable habitat according to the land cover data.  One possible 
explanation could be that the observations were made from narrow tree-lines or other small habitat 
units that would not be represented on a 30-meter pixel land cover classification.

A map of the copperbelly water snake and eastern massasauga (IE at 1 km) inferred extent layers is 
shown in Figure 7.  Eastern massasauga inferred extent areas extend into 49 of the 68 counties in 
the Lower Peninsula, while copperbelly water snake is on the northern limit of its range and occurs in 
only six counties in the south.  A comparison of the two eastern massasauga inferred extent distance 
layers (1 km and 2 km) provides options for consideration of different management techniques and 
evaluation of potential threats as shown in Figure 8 from the recently completed endangered species 
modeling project to inform the Michigan Department of Transportation (MDOT) five year transporta-
tion plan (Lee and Enander 2016).
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Figure 5.  A comparison of Karner blue inferred extent modeled with (turquoise) and without (brown) historical records. 
Current IE is overlayed on the historical, so areas of only turquoise are sites lost in about the last 25 years..
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Figure 6.  A map showing the inferred extent layers modeled for Indiana bat and northern long-eared bat.
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Figure 7	  A map of the inferred extent layers modeled for eastern massasauga (at 1 km) and copperbelly water snake.
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Figure 8.  (Figure 6 from Lee and Enander 2016): Eastern massasauga element 
occurrence (EO) (yellow circles), 1-km inferred extent (pink), 2-km inferred extent 
(orange-red), and population delineation (green).  MDOT road segments and future 
road projects are shown in red. Road segments highlighted in light blue are proj-
ect sites that were located within 30.5 m (100 ft) or 0.8 km (0.5 mi) of massasauga 
inferred extent and/or population delineations.
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Figure 9.  A map showing the inferred extent layers modeled for spotted turtle, Blanding’s turtle and wood turtle in the 
Upper and Lower Peninsula of Michigan.

A map of the three turtle species’ inferred extents for all of Michigan is shown in Figure 9. The range 
of Blanding’s and wood turtle extends to both the Upper and Lower Peninsula, while spotted turtle is 
found in the Lower Peninsula only.  A potential use of these data for maximizing management re-
sources may be to find and prioritize coincident areas where all three turtles share habitat, such as 
the Muskegon State Game Area in Muskegon County (Figure 10).
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Figure 10.  A map illustrating the inferred extent layers of the three turtle species in an area where they coincide 
on the Muskegon State Game Area on the Muskegon River.

Land Ownership
The IE layers produced in the Lower Peninsula were evaluated by land ownership category using the 
Conservation and Recreation Lands (CARL) layer (Ducks Unlimited 2008) (Table 5).  Because both 
the Upper and Lower Peninsula served as the extent of the three turtle species’ models, Table 6 lists 

Table 7	  The proportion of inferred 
extent area on private land	

% Private
Indiana bat 80%
Copperbelly water snake 80%
Mitchell’s satyr 72%
Poweshiek skipperling 72%
Eastern massasauga (2 km) 62%
Blanding’s turtle 60%
Spotted turtle 59%
Eastern massasauga (1 km) 58%
Wood turtle 58%
Karner blue + H 52%
Karner blue - H 48%
Piping plover 47%
Northern long-eared bat 40%
Kirtland’s warbler 7%

the acreage by ownership class for their IE area sep-
arately.  Comparing species by proportion of inferred 
extent area that is privately owned (Table 7) shows 
a wide range between Indiana bat (80% private) at 
maximum, to Kirtland’s warbler (7% private) at the 
minimum.  The majority of Kirtland’s warbler obser-
vations come from surveys on state land, so there is 
clearly a survey bias effect, as well as the fact that 
habitat for Kirtland’s warbler requires intensive man-
agement by state land managers.  Northern long-
eared bat IE proportion of area on private land (40%) 
may be reflecting the lack of survey effort on private 
land as well.  Notable species with a high propor-
tion of private land ownership include the Mitchell’s 
satyr and the Poweshiek skipperling, both of which 
have seriously declined in number and sites in recent 
years.  Protection of habitat for these species will re-
quire partnerships with private land owners or reintro-
duction of these species on public land. 
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Objectives
The 14 inferred extent layers for 12 animals will provide significant information for land acquisition 
prioritization, grant applications, impact assessment, and managing and conserving habitat. Historical 
aerial imagery in a location which is of acquisition interest (Wigwam Bay State Game Area) was also 
acquired, processed, and made available for interpretation. The historical imagery mosaic dataset 
(Digital Appendix 5) is provided, but its use and interpretation will be discussed via the MDNR WLD 
Land Acquisitions project.

Limitations and Future Work
The inferred extent modeling method accounts for known occupied habitat, however given the lim-
ited and biased sampling (survey effort tends to occur more often on public land, as well as closer 
to roads) in the state, potentially suitable habitat that has not been surveyed remains unaccounted 
for.  Also, by relying on a single land cover classification at one point in time, error is possible through 
classification inaccuracies and potentially inappropriate temporal period.  Finally, IE layers were 
requested for federally listed terrestrial animals the Lower Peninsula, however the range of piping 
plover and northern long-eared bat extends to the Upper Peninsula as well, so these models do not 
provide a complete picture of the species in Michigan.

It’s important to point out that land cover class does not ensure high-quality or even suitable habitat. 
Local surveys of the modeled IE areas are necessary to ground truth the condition and quality of the 
habitat and to assess threats such as invasive species or pollution.

Assigning species habitat relationships for a large region like the Lower Peninsula can be problem-
matic. Species habitat descriptions in the literature sometimes refer to a certain proximity distance 
or a minimum patch size.  Wood turtle locations, for example, are characterized as virtually all within 
150-300 of the large rivers/streams used by the turtles (Harding and Bloomer 1979, Arvisais et al. 
2002). Remsberg et al. (2006) in Northern Michigan reported that of 955 turtle locations, 92.5% were 
within 200 m of the river.  Parren (2013) in Vermont described a wood turtle friendly stream as “a 
large, low gradient stream (less than 1 degree slope)”.  When attempting to assign rules like these to 
a species habitat relationship for a State or large region as in this project, the rules don’t often apply 
to all, or nearly all the actual data locations; e.g. of the 515 wood turtle locations for this project, only 
366 of them were within 300 m of a large (3rd order or greater) river.  Another example, Kirtland’s 
warbler, has been described to require dense stands of 30 hectares or more (Mayfield 1960, 1993; 
Walkinshaw 1983). Using a 30 ha minimum patch size as a requirement for the Michigan data would 
result in about one third of the observations falling outside of habitat.  Consequentally some gener-
alization of the species habitat relationships defined for this project was necessary to fit the sample 
datasets.

Species distribution modeling (SDM) would be a valuable and substantial next step.  Inferred extent 
modeling is restricted in usefulness, in that only locations where a species has been observed are 
modeled.  An inductive, statistical modeling method, species distribution modeling (SDM) combines 
known species observation locations with a suite of environmental variables thought to be important 
for the species to predict habitat suitability across the range.  SDMs quantify the correlation between 
environmental factors and the distribution of an animal or plant. This empirically derived ‘environmen-
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tal envelope’ (not just land cover, but also data on topography, climate, soils, and geology) can be 
used to describe and measure the importance of specific factors and to predict species’ distribution 
across unsampled areas (Elith and Leathwick 2009; Franklin 2010; Guisan and Thuiller 2005; Guisan 
and Zimmermann 2000).  Methods to account for sampling bias have been confirmed (Barnhart and 
Gilliam 2014, Johnson and Gillingham 2008), and techniques such as crossvalidation and bootstrap-
ing contribute to a robust accuracy assessment procedure.  

With SDM, environmental change, such as climate change, and its ecological consequences can be 
examined, as well as predicting invasive species, modeling disease vectors, and identifying suitable 
areas for species re-introduction (Elith and Leathwick 2009, Engler et al. 2004, Peterson 2006 ).  A 
species distribution model would deliver a greater latitude of applications for conservation decisions 
and contribute to the understanding of environmental factors that influence the suitability of habitat 
and the distribution of the species.
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Appendices

Appendix 1	 The domain of EO rank in Heritage Methodology
EO Rank Rank description

A  Excellent estimated viability/ecological integrity
A?  Possibly excellent estimated viability/ecological integrity
AB  Excellent or good estimated viability/ecological integrity
AC  Excellent, good, or fair estimated viability/ecological integrity
B  Good estimated viability/ecological integrity

B?  Possibly good estimated viability/ecological integrity
BC  Good or fair estimated viability/ecological integrity
BD  Good, fair, or poor estimated viability/ecological integrity
C  Fair estimated viability/ecological integrity

C?  Possibly fair estimated viability/ecological integrity
CD  Fair or poor estimated viability/ecological integrity
D  Poor estimated viability/ecological integrity

D?  Possibly poor estimated viability/ecological integrity
E  Verified extant (viability/ecological integrity not assessed)
F  Failed to find

F?  Possibly failed to find
H  Historical

H?  Possibly historical
X  Extirpated

X?  Possibly extirpated
U  Unrankable

NR  Not ranked
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Appendix 2.  NOAA C-CAP Regional Land Cover Classification Scheme
Land cover class Definition

Developed, 

High Intensity

Contains little or no vegetation. This subclass includes heavily built-up urban centers as well 
as large constructed surfaces in suburban and rural areas.  Large buildings (such as multiple 
family housing, hangars, and large barns), interstate highways, and runways typically fall into 
this subclass.  Impervious surfaces account for 80-100 percent of the total cover.

Developed, 

Medium Intensity

Contains substantial amounts of constructed surface mixed with substantial amounts of veg-
etated surface. Small buildings (such as single family housing, farm outbuildings, and large 
sheds), typically fall into this subclass. Impervious surfaces account for 50-79 percent of the 
total cover.

Developed, 

Low Intensity

Contains constructed surface mixed with vegetated surface. This class includes features 
seen class 3, with the addition of streets and roads with associated trees and grasses. Im-
pervious surfaces account for 21-49 percent of the total cover.

Developed, 

Open Space

Includes areas with a mixture of some constructed materials, but mostly vegetation in the 
form of lawn grasses. This subclass includes parks, lawns, athletic fields, golf courses, and 
natural grasses occurring around airports and industrial sites. Impervious surfaces account 
for less than 20 percent of total cover.

Cultivated Crops
Includes herbaceous (cropland) and woody (e.g., orchards, nurseries, and vineyards) culti-
vated lands.

Pasture/Hay
Characterized by grasses, legumes or grass-legume mixtures planted for livestock grazing 
or the production of seed or hay crops.

Grassland/

Herbaceous
Dominated by naturally occurring grasses and non-grasses (forbs) that are not fertilized, cut, 
tilled, or planted regularly.

Deciduous Forest

Includes areas dominated by single stemmed, woody vegetation unbranched 0.6 to 1 meter 
above the ground and having a height greater than 5 meters and cover more than 20% of 
land area. More than 75 percent of the tree species shed foliage simultaneous in response 
to seasonal change.

Evergreen Forest
Includes areas in which more than 67 percent of the trees remain green throughout the year. 
Both coniferous and broad-leaved evergreens are included in this category.  Trees must be 
taller than 5 meters and more than 20% of the land cover.

Mixed Forest
Contains all forested areas in which both evergreen and deciduous trees are growing and 
neither predominate. Trees must be taller than 5 meters and more than 20% of the land 
cover.

Scrub/Shrub
Areas dominated by woody vegetation less than 5 meters in height. This class includes true 
shrubs,young trees, and trees or shrubs that are small or stunted because of environmental 
conditions. Includes both evergreen and deciduous scrub.

Palustrine 

Forested Wetland

Includes all non-tidal wetlands dominated by woody vegetation greater than or equal to 
5 meters in height, and all such wetlands that occur in tidal areas in which salinity due to 
ocean-derived salts is below 0.5 parts per thousand (ppt).

Palustrine Scrub/Shrub 
Wetland

Includes all non-tidal wetlands dominated by woody vegetation less than or equal to 5 
meters in height, and all such wetlands that occur in tidal areas in which salinity due to 
ocean-derived salts is below 0.5 ppt.
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Palustrine 

Emergent Wetland

Includes all non-tidal wetlands dominated by persistent emergents, emergent mosses, or 
lichens, and all such wetlands that occur in tidal areas in which salinity due to ocean-derived 
salts is below 0.5 ppt.

Palustrine 

Aquatic Bed

Includes wetlands and deepwater habitats dominated by plants that grow principally on or 
below the surface of the water for most of the growing season in most years. Salinity due to 
ocean-derived salts is below 0.5 ppt.

Unconsolidated 

Shore

Characterized by substrates lacking vegetation except for pioneering plants that become 
established during brief periods when growing conditions are favorable. Erosion and deposi-
tion by waves and currents produce a number of landforms, such as beaches, bars, and 
flats, all of which are included in this class.

Bare Land
Composed of bare soil, rock, sand, silt, gravel, or other earthen material with little or no 
vegetation.

Open Water  Includes all areas of open water with less than 25 percent cover of vegetation or soil.
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