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The eastern fox snake (Elaphe vulpina gloydi) is a
state threatened snake in Michigan that primarily
inhabits emergent wetlands along Great Lakes
shorelines and associated nearshore areas along
southern Lake Huron, the Detroit River and Lake St.
Clair, and western Lake Erie. A population of eastern
fox snakes occurs in Sterling State Park in Monroe,
Michigan. The Michigan Department of Natural
Resources (MDNR), Parks and Recreation Bureau,
State Park Stewardship Program is in the process of
restoring portions of the Park’s landscape to native
lakeplain prairie and Great Lakes marsh. In 2003, in
cooperation with the Parks and Recreation Bureau’s
State Park Stewardship Program, Michigan Natural
Features Inventory (MNFI) initiated a monitoring
program for the eastern fox snake in areas undergoing
ecological restoration at Sterling State Park. The goal
of this monitoring program is to detect a biologically
significant change in the eastern fox snake population
in areas targeted for management treatments in the
park. This project will provide baseline data on
presence/absence, relative abundance, movement and
habitat use upon which to assess whether the snake
populations in areas undergoing active management
are increasing, decreasing or remaining constant. This
information will be used to help assess the effects of
various management treatments on the eastern fox
snake population within Sterling State Park.

Surveys for eastern fox snakes were conducted
during the summer and early fall of 2003 immediately
prior to and during initiation of habitat restoration
activities in Sterling State Park. Radio-tracking of
eastern fox snakes and collection of blood and tissue
samples (i.e., scale clippings) for future genetic
analysis also were initiated in 2003. Habitat restoration
activities continued during the winter, spring and
summer of 2004. To monitor and assess the initial
impacts of habitat restoration activities on the eastern
fox snake population in the park, surveys and radio-
telemetry were conducted during the spring, summer
and early fall of 2004.

Line-transect and time-constrained visual
encounter surveys were conducted in all nine
management units within Sterling State Park from
August to September 2004. Additional visual
encounter surveys were conducted from May through
August 2004. Overall, field surveys in 2004 resulted in
a total of 11 eastern fox snake observations, of which

nine were new snakes and two were recaptures. More
fox snake observations were documented during
surveys in 2004 than in 2003. Snakes found in 2004
were located in only two of the nine management units
in the park (Interpretive Kiosk and Hunt Club). Snakes
were documented in 2003 in these units and one
additional unit (Corps Volcano Unit). The habitats in
which fox snakes were found included old field,
palustrine emergent and palustrine scrub-shrub
habitats as well as the paved nature trail and rock
riprap and concrete slabs along the shoreline of the
open water lagoons. Additional observations of live
and dead fox snakes were reported by park staff and
visitors.

Four fox snakes were radio-tracked for various
lengths of time from April through September 2004.
One of the transmittered snakes was tracked in 2003 as
well but was lost from the study in July or August
2004, presumably due to predation. The radio-tracked
snakes were located in only three of the nine
management units (Interpretive Kiosk, Hunt Club and
Facilities). Within these units, the snakes primarily
utilized old field and palustrine emergent wetland
habitats along the edge of the dike and the lagoons.
Snakes were generally located 1-3 m from the water’s
edge. Maximum distances between known locations
(i.e., distance between the two farthest documented
locations) ranged from about 470-1,022 m (0.3-0.6
mi).

Results from surveys in 2003 and 2004 suggest
that eastern fox snake numbers within the park may
not have been dramatically impacted by recent habitat
restoration activities, although fox snake use of
particular management units within the park may have
been impacted to some degree. However, sample sizes
in 2003 and 2004 were very small, and unfortunately,
only one year of pre-treatment data was obtained.
These findings combined with limited knowledge of
this species’ status, distribution and ecology within
Sterling State Park make it difficult to effectively
assess potential impacts of the restoration efforts on
this species at this time. Additional surveys and a long-
term monitoring effort are needed to further assess the
impacts of habitat restoration efforts on the fox snake
population within the park. Eastern fox snake habitat
use and ecology also warrant further investigation.
Eastern fox snake monitoring and radio-telemetry are
planned to continue in 2005.

Executive Summary
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The eastern fox snake (Elaphe vulpina gloydi) is a
state threatened species in Michigan that primarily
inhabits emergent wetlands and adjacent uplands along
Great Lakes shorelines and associated large rivers and
impoundments (Appendix I). The species’ range is
restricted to the shoreline and nearshore areas along
southern Lake Huron from Saginaw Bay, Michigan
and Georgian Bay, Ontario south to the Detroit River
and Lake St. Clair and along northern and western
Lake Erie from Norfolk County in Ontario to Wayne
and Monroe counties in Michigan and Erie County in
Ohio (Harding 1997). The eastern fox snake has
drastically declined in many areas where it was once
abundant but can be locally common in areas where
extensive habitat is still available (Harding 1997). The
primary threats to this species are habitat loss and
degradation, human persecution and collection for the
commercial pet trade (Evers 1994, Harding 1997).

A population of eastern fox snakes is known from
Sterling State Park in Monroe County in southeast
Michigan. In 2003, the Michigan Department of
Natural Resources’ (MDNR) State Park Stewardship
Program initiated an extensive ecological restoration
effort at Sterling State Park to restore a large portion of
the Park’s landscape to native lakeplain prairie and
Great Lakes marsh. Lakeplain prairie and Great Lakes
marsh are rare and unique natural communities that
provide suitable habitat for a number of rare plant and
animal species including the eastern fox snake
(Appendix II and III). These natural communities or
habitats were once common along the Great Lakes
shoreline in southeast Michigan prior to European
settlement but have been greatly reduced in acreage
and extensively altered due to agricultural, industrial,
residential and recreational development (Albert and
Kost 1998, Albert 2001). Disruption of natural
ecosystem processes, such as altered hydrology and
fire suppression, and invasion by exotic plants such as
giant bulrush (Phragmites australis), purple loosestrife
(Lythrum salicaria) and reed canary grass (Phalaris
arundinacea) also have contributed to the loss and
degradation of these natural communities (Albert and
Kost 1998, Albert 2001). Lakeplain prairie and Great
Lakes marsh habitats still occur in Sterling State Park
but only in small, degraded remnants due to
recreational development, hydrological manipulations
and the spread of invasive plants.

In 2003, in cooperation with the State Park
Stewardship Program, Michigan Natural Features
Inventory (MNFI) initiated a monitoring program for
the eastern fox snake in areas undergoing habitat
restoration in conjunction with the restoration effort at
Sterling State Park. The goal of this monitoring
program is to detect a biologically significant change
in the eastern fox snake population in areas targeted
for management treatments in the Park. This project
will provide baseline data upon which to assess
whether the snake populations in areas undergoing
active management are increasing, decreasing or
remaining constant. The specific objectives of this
project are (1) survey and document presence/absence,
and estimate absolute and relative abundance of
eastern fox snakes in all management units within the
Park, particularly those undergoing active
management; (2) collect baseline population data for
statistical comparison with data from subsequent
years; (3) collect tissue and/or blood samples for future
genetic analysis of the Park’s eastern fox snake
population; (4) determine movement patterns of
eastern fox snakes within the Park; and (5) produce
baseline geographically referenced habitat and snake
distribution data for comparison with post-
management data.  This study will provide baseline
information with which to assess the effects of the
habitat restoration efforts in Sterling State Park on its
resident eastern fox snake population and provide data
for future adaptive management.

Surveys for eastern fox snakes were conducted
during the summer and early fall of 2003 immediately
prior to and during initiation of habitat restoration
activities in Sterling State Park (Lee and Pearman
2004). Radio-tracking of eastern fox snakes and
collection of blood and tissue samples also were
initiated during this time period. Habitat restoration
activities continued during the winter, spring and
summer of 2004. To monitor and assess the initial
impacts of these habitat management activities on the
fox snake population in the Park, surveys and radio-
telemetry were conducted in the spring and summer of
2004. The following report summarizes project
activities and associated results in 2004 as well as
comparisons with study results from 2003.

Introduction
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Sterling State Park is a 405-ha (1,000-acre) park
located along the Lake Erie shoreline in Monroe
County, Michigan in the southeast corner of the state
approximately 61 km (38 mi) south of Detroit and 39
km (24 mi) north of Toledo, Ohio (Figure 1). Based on
regional landscape ecosystem classifications of
Michigan (Albert 1995), Sterling State Park is located
within the Maumee Lake Plain of the Washtenaw sub-
section (Figure 2). This region is a flat, clay lake plain
dissected by broad glacial drainageways of sandy soil
(Albert 1995). Historically (circa 1800), much of
Sterling State Park was comprised of Great Lakes
marsh (Figure 3). Typical plant species in this natural
community type included cattail (Typha spp.),
bulrushes (Scirpus spp.), arrowheads (Sagittaria spp.),
and bur-reeds (Sparganium spp.), as well as numerous
submergent species such as pondweeds (Potamogeton
spp.), water-milfoils (Myriophyllum spp.), and
common waterweed (Elodea canadensis) (Albert
2001, Olson 2002). Behind the Great Lakes marsh, a
band of wet or lakeplain prairie extended into the
northwest portion of the park. This rich and diverse
natural community was dominated by species such as
blue-joint grass (Calamagrostis canadensis), big
bluestem (Andropogon gerardii), Indian grass
(Sorghastrum nutans) and sedges (Carex aquatilis, C.
stricta, and C. lanuginosa) (Olson 2002).  Water levels
in the marsh and lakeplain prairie fluctuated seasonally
and annually according to water levels in Lake Erie.

In addition to wet prairies and marshes, mesic southern
forests dominated by American beech (Fagus
grandifolia), sugar maple (Acer saccharum), white
oak (Quercus alba), American elm (Ulmus
americanus) and hickory (Carya sp.) occurred on the
more well-drained portions of the clay lake plain
within this sub-section (Albert 1995, Olson 2002). A
small area of mesic southern forest historically
occurred in the very northwest corner of the park
behind the lakeplain prairie.

Alteration of the historical land cover within
Sterling State Park has been extensive (Olson 2002).
Much of the marsh habitat was dredged to create
channels and a diked area that once controlled water
levels for hunting and possibly transportation access
historically. Extensive dredging in the 1950’s and
1960’s created the lagoons, the adjacent “island”
behind the natural sand spit and other “upland” areas
in the park for recreational use (Olson 2002). A
confined disposal facility (CDF) also was constructed
by the U.S. Army Corps of Engineers in the early
1980’s by dredging portions of the marsh in the
northeast corner of the park. Soil from the construction
of the CDF was placed throughout the park, raising the
elevation of portions of the park and creating many
spoil piles, berms and a series of small “islands” in the
marsh immediately west of the CDF (Olson 2002). The
upland areas in the park were once farmed (Olson
2002).

Study Area

Figure 1. Location of Sterling State Park in Monroe County, Michigan.
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Figure 2. Regional landscape ecosystem classification of Sterling State Park, based on Albert (1995).
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Given these widespread alterations, the land cover
within the park has dramatically changed (Figure 4).
The wetlands currently in the park are a mix of open
water, mud flats, floating aquatics and small remnants
of Great Lakes marsh and lakeplain prairie. Invasive
species such as purple loosestrife and common reed or
Phragmites can be found in moist areas or wetlands
throughout the park. The upland areas in the park are
primarily open and comprised of a mix of natural
habitat and areas developed or managed for
recreational use. The upland or inland areas that once
supported lakeplain prairie are now primarily old
fields with various spoil piles, berms and debris (Olson
2002). Reed canary grass, Phragmites and thistles are
commonly found in portions of the old field or
grassland habitats in the park. The mesic southern
forest that once occupied the farthest inland portions of

the park is almost completely gone. The small patches
or strips of forest that remain in the park occur along
the dike and along the edge or perimeter of open
upland and wetland habitats. Sugar maple, boxelder
(Acer negundo), cottonwood (Populus deltoides),
willows (Salix spp.), ash (Fraxinus spp.) and dogwood
(Cornus spp.) commonly occur in the forested habitats.
The park is heavily used for recreation and contains a
number of developed or managed recreational areas or
facilities including roads, paved parking lots, paved
trails, interpretive area, mowed grass, landscaped
areas, boat launch, buildings, playground, beach and
campground. Water levels are no longer controlled
anywhere in the park, although dikes, ditches, culverts
and rock riprap along the lagoons and portions of the
Lake Erie shoreline continue to influence hydrology
within the park.
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Figure 3. Historical (circa 1800) vegetation of Sterling State Park.
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Sterling State Park has been divided into nine
management units. These include the following:
Headquarters (HQ), Bean Field (BF), Campground
Restoration (C), Corps Volcano (V), Hunt Club (HC),
Interpretive Kiosk (IK), North Lagoons (NL), Corps
CDF (CDF) and Facilities (F) (Figure 5). Of these, the
following six units have been targeted for habitat
restoration efforts: Bean Field, Corps Volcano,
Campground Restoration, North Lagoons, Hunt Club

and Interpretive Kiosk. The remaining three
management units, Headquarters, Facilities and Corps
CDF, currently are not targeted for active restoration.
The following summaries provide brief descriptions of
habitat conditions in each of the nine management
units during the fox snake surveys in 2003 and 2004
prior to and after the initiation of habitat restoration
activities.
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Figure 5. Map of management units in Sterling State Park.
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Headquarters Unit
Historically (circa 1800), the Headquarters Unit

contained beech-sugar maple or mesic southern forest
and a small amount of lakeplain prairie in the
southeast corner of the unit. The new park
headquarters is located in this unit. This unit contains a
small office building, a garage, parking lots in front
and on both sides of the building, piles of old park
supplies and debris and a fence surrounding the
complex. Habitats outside the fence include mowed
grass, old field bordered by a narrow strip of forest and

a ditch along the road (Figure 6). This unit is about 7
ha (17 ac) in size, but habitat available for surveys
only covers about half the unit. This unit is currently
not targeted for any habitat restoration efforts.
However, in 2004, old picnic tables were moved from
the Corps Volcano Unit and stacked up along the south
side of this unit in the mowed grass and old field
habitats (Figure 6). Thus, surveys in 2004 were
conducted on either side and/or between the picnic
tables where accessible.

Bean Field Unit
Historically, the Bean Field Unit was primarily

comprised of lakeplain prairie with Great Lakes marsh
in the southern third of the unit and some beech-sugar
maple forest in the northwest corner of the unit. In
2003, the Bean Field Unit primarily consisted of old
field habitat, of which portions were wet or mesic
(Figure 7). The unit is bordered by a narrow strip of
forest and private residential homes. This unit has been
targeted for planting, invasive species control and

mowing. In 2004, the northern and central portions of
the unit were planted with native grasses to provide a
local seed source for ongoing and future restoration
efforts (Figure 7). Scattered piles of large and small
woody debris are found along the eastern edge and in
the southeast corner of the unit. Areas within this unit
that currently do not contain suitable habitat for fox
snakes may support suitable habitat in the future due to
restoration efforts, so surveys were conducted
throughout the whole unit.

Figure 7. Examples of old field (left and center) and planted field habitats in the Bean Field Unit.

Figure 6. Examples of habitat on the north (left photo) and south (right photo) sides of the Headquarters Unit.
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Corps Volcano Unit
Historically, the western half of the Corps Volcano

Unit was lakeplain prairie and the eastern half was
Great Lakes marsh. The old Sterling State Park
headquarters was located in this unit. In 2003, the
Corps Volcano Unit contained the two old park
headquarter buildings, old field habitat, emergent
marsh dominated by tall, dense reed canary grass and
Phragmites along the eastern edge of the unit, and
small patches of forest (Figure 8). A ditch, mowed
grass and a paved road border the north side of the
unit. A small hill (i.e., “volcano”), constructed from
the spoils derived from the dredging of the Army
Corps CDF, occurs in or near the center of the unit.
Prior to and during the surveys in 2003, this unit also
contained a large amount of debris including wood
piles, wooden and metal boards (e.g., old doors and
signs), picnic tables, concrete curbs and platforms, old
tires, old blankets, building materials and old docks
and associated metal supports.

This unit has been targeted for shrub and tree
removal, debris removal, invasive species control and
mowing. In late 2003 and prior to surveys in 2004, the
old park headquarter buildings, trees and shrubs near
the buildings and a significant amount of debris within
the unit were removed. The emergent marsh was
sprayed for invasive species control and later burned.
Some debris piles in the unit also were burned.
Surveys in 2004 were concentrated in the old field
habitats within the unit as in 2003. Portions of the unit,
particularly areas of emergent marsh, were still too
dense to survey effectively in 2004 as in 2003. Some
debris was still available in the unit in 2004 including
several large woody debris piles, old docks and
associated metal debris, large concrete slabs or
platforms, large rock piles and boulders, rolls of
plastic walkway, old blankets and plastic sheets,
several old tires and scattered, small sheets of wood,
metal or cardboard. The entire unit was considered
potential habitat for fox snakes.

Campground Restoration Unit
This unit is the site of the old campground. The

old campground was constructed in the late 1960’s on
what was historically a natural gradient from lakeplain
prairie to Great Lakes marsh (Olson 2002).
Additionally, soil derived from the construction of the
Army Corps CDF was used to raise the elevation of
portions of the old campground in the 1980’s (Olson
2002). In 2003, the old campground had been
removed, and available habitat within the unit
primarily consisted of old field with scattered trees,
dense emergent marsh dominated by Phragmites,
small areas of bare dirt and a narrow band of forest
along the northern end of the unit (Figure 9). The
whole unit was considered potential habitat for fox
snakes, although some areas within the unit contained
dense vegetation and could not be surveyed in 2003.

The Campground Restoration Unit has been
targeted for fill removal, tree removal, planting and
invasive species control. Habitat conditions in this unit

changed dramatically after surveys in 2003. In late
2003, most of the trees in this unit were removed, and
the emergent marsh was sprayed for invasive species
control. In 2004, the Campground Restoration Unit
was re-graded down to historical contours in an
attempt to restore Great Lakes marsh grading inland to
lakeplain prairie (Figure 9). During late winter, spring
and early summer, fill was removed from a substantial
portion of the unit, and native lakeplain prairie
vegetation was planted. In the spring, some of the
emergent marsh was burned for invasive species
control. During surveys in 2004, most of the unit was
comprised of bare dirt with some old field habitat and
emergent marsh along the northern, eastern and
southern edges of the unit (Figure 9). Some natural
and artificial debris or cover were found primarily in
the emergent marsh. Erosion-control silt fences were
located throughout the unit bordering the areas from
which fill had been removed.

Figure 8. Old field and shrub habitats in the Corps Volcano Unit.
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North Lagoons Unit
Great Lakes marsh historically comprised the

North Lagoons Unit. This unit is currently comprised
of several small open water lagoons separated by a
series of small “islands” that were created from soils
derived from construction of the adjacent CDF.
Available habitat within this unit is primarily emergent
marsh, dominated by cattail and Phragmites, and

floating aquatic vegetation (Figure 10). A small area of
old field and forest also occur in the southeast corner
of the unit (Figure 10). This unit also borders the boat
launch area. This unit has been targeted for invasive
species control. The emergent marsh was aerially
sprayed in 2003. Similar habitats were surveyed in
2003 and 2004.

Figure 9. Old field, emergent wetland habitats and restoration areas in Campground Restoration Unit in 2004.

Figure 10. Emergent wetland and forested habitat in North Lagoons Unit by boat launch.
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Facilities Unit
The Facilities Unit is comprised of two large, open

water fishing lagoons and an adjacent “island” that is
heavily used for recreation. This unit was created in the
1950’s and 1960’s by dredging the extensive Great
Lakes marsh habitat that dominated this area
historically. The Facilities Unit is largely developed or
managed for recreational use and contains the new
campground, a paved trail, paved parking lots, a boat
launch, fishing piers, a playground, a campground
office, restroom and picnic facilities and a 0.5-mile
stretch of sandy beach. Natural or undeveloped
habitats are mainly confined to narrow bands along the
perimeter of the unit, particularly along the western,
southern and southeastern edges of the unit. The rest of
the perimeter along the eastern and northern edges of

the unit consist of sandy beach, rock riprap, paved
road and boat launch area. The open water fishing
lagoons on the west side of the unit are bordered by
rock riprap, emergent wetlands, old field habitat,
mowed grass, small forest patches and a paved trail
(Figure 12). Portions of the emergent wetland and old
field habitats are dominated by Phragmites and reed
canary grass (Figure 12). Mowed grass, old field and
some lowland forest occur along the southern end of
the unit, and open sand and mowed grass occur along
the eastern edge of the unit along Lake Erie (Figure
12). Landscaped areas of mowed grass and planted
vegetation occur throughout the unit (Figure 12). No
active habitat restoration has been planned for this
unit, although some patches of Phragmites along the
lagoons were sprayed in 2003.

Corps CDF Unit
The Corps CDF Unit is the confined disposal

facility that was constructed by the Army Corps of
Engineers in the 1980’s by dredging the Great Lakes
marsh habitat that historically occurred in this area.
The CDF now contains contaminated sediments from
the Raisin River delta and Lake Erie (Olson 2002).
The unit is surrounded by a gate and fence and is not
accessible to the public. The unit consists of two large

Figure 12. Habitats along southern (left) and western (right) perimeters of the Facilities Unit.

open water lagoons and old field habitat along the
perimeter near the fence. Emergent marsh, old field
with short and tall, dense vegetation, mowed grass,
and a paved trail border the unit outside the fence
(Figure 11). A large, rock riprap wall is located along
the Lake Erie shoreline outside the fence on the
northeast side of the unit. No active restoration has
been planned for this unit.

Figure 11. Mowed grass and old field habitats outside the Corps CDF Unit.



Eastern Fox Snake Monitoring at Sterling State Park 2004 Page-10

Interpretive Kiosk Unit
The Interpretive Kiosk Unit is a narrow, linear unit

located between lagoons and consists of a paved trail
primarily bordered by areas of bare dirt, old field,
emergent marsh and small patches of forest. Rock
riprap comprised of large boulders also occurs along
portions of the shoreline along the lagoons (Figure 13).
A pavilion and a foot bridge to the Facilities Unit are
located at the southern end of this unit (Figure 13).
Great Lakes marsh comprised this unit historically.
The Interpretive Kiosk Unit has been targeted for
planting, mowing, invasive species control, and shrub
and tree removal. In 2002, a small area by the bridge
and pavilion was planted to local-genotype, warm-
season grasses and forbs to create a demonstration
lakeplain prairie and future seed source (Olson 2002)
(Figure 13). Areas with emergent marsh were sprayed
for invasive species control in 2003. In 2004, portions
of the old field and emergent marsh habitats along the
trail and near the bridge and pavilion contained tall,
dense vegetation and were difficult or impossible to
survey.

Hunt Club Unit
The Hunt Club Unit was historically Great Lakes
marsh. Currently, the Hunt Club Unit is comprised of a
large, open water lagoon bordered by an extensive
dike, which is now a 2.8-mile paved nature trail. The
dike of trail is bordered by emergent marsh, degraded
lowland forest and shrub-dominated openings, mud
flats and floating aquatic vegetation (Figure 14). In
2003, extensive areas of emergent marsh were
dominated by Phragmites in this unit. Debris in terms
of broken concrete slabs or culverts and woody debris
also are found along portions of the dike. Small islands
created from soils derived from construction of the
CDF also are found in this unit. These islands contain
emergent marsh and old field habitats. Power line
towers also are located on some of these islands. This
unit has been targeted for invasive species control, and
a significant portion of the emergent marsh in this unit
was sprayed and burned in 2003. Portions of this unit
contained extremely dense and tall vegetation in 2004
and could not be surveyed effectively.

Figure 13. Examples of habitats along paved trail in the Interpretive Kiosk Unit.

Figure 14. Examples of habitats along paved trail/dike in the Hunt Club Unit.
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Visual Encounter Surveys
Similar to surveys conducted in 2003, surveys for

the eastern fox snake in 2004 were conducted in all
nine management units within Sterling State Park
including the six units that have been targeted for
restoration (i.e., Bean Field, Corps Volcano,
Campground Restoration, North Lagoons, Hunt Club
and Interpretive Kiosk) and the three units not
currently targeted for active restoration (i.e.,
Headquarters, Facilities and Corps CDF). Due to the
lack of access to the interior of the Corps CDF Unit,
surveys were conducted outside the fence along the
perimeter of the unit. Surveys in the North Lagoons
Unit were conducted only along the southern and
eastern perimeters of the unit due to limited access
(i.e., narrow strips of dense emergent vegetation
separated by deep water in the lagoons). Surveys in the
Facilities Unit were concentrated along the western
and southern boundaries of the unit and generally
avoided areas that are highly developed or heavily used
for recreation (e.g., campground, playground, parking
lot, etc.). Surveys in the Hunt Club Unit were
conducted along the dike or paved trail and in areas
with habitat that were accessible along the edge of the
lagoon.

  Eastern fox snakes were surveyed in 2004 using
line-transect and time-constrained visual encounter
surveys (VES) similar to those that had been
conducted in 2003. For the line-transect VES, multiple
transects of 150 m were systematically placed and
surveyed within each unit. Sampling effort in terms of
the number of survey transects within each unit was
proportional to the size of the unit or the amount of
suitable and accessible habitat within each unit (i.e.,
~1 transect per 1.5 ha) (Table 1). Survey transects were
geographically distributed throughout each unit and in
areas that represented the range of habitat types within
each unit whenever possible. The location of each
survey transect was recorded using a hand-held Global
Positioning System (GPS) unit (Garmin 12XL) in 2003
(Appendix IV and V). The same transects were located
and surveyed in 2004. In several of the management
units (i.e., Campground Restoration, Interpretive
Kiosk, Corps Volcano, Hunt Club and Facilities), one
or two transects or portions of transects had to be
moved to nearby habitat due to incorrect transect
lengths or the presence of tall, dense vegetation (see
Appendix IV and V for locations of new transects or
portions of transects). Transects were located and
marked with plastic flagging and wire flagging stakes
from 15-18 August 2004 for field surveys.

In 2004, line-transect visual encounter surveys
were conducted from 18 August to 13 September. A
total of four transect surveys were conducted in each
management unit during this time period (Table 1).
The surveyor and the order in which management units
were surveyed were randomly assigned to minimize
survey bias. Transect surveys consisted of one or two
surveyors slowly walking along the transect and
visually searching for basking individuals as well as
individuals under cover on both sides of the transect.
Transect surveys were conducted by two surveyors
walking side by side during the first survey visit in all
management units and during the second visit in the
Headquarters, Interpretive Kiosk, Facilities and Corps
Volcano units. All remaining transect surveys were
conducted by one surveyor walking along the transect.
All transects in each unit were surveyed during each
visit.

Time-constrained visual encounter surveys also
were conducted in each management unit in 2004
during the same time period as the line-transect
surveys. A total of four time-constrained VES were
conducted in each management unit (Table 1). Time-
constrained surveys were generally conducted
immediately after transect surveys within each unit.
Time-constrained surveys consisted of one or two
surveyors meandering or slowly walking through areas
with suitable habitat within each unit and visually
searching for basking individuals as well as individuals
under cover for a prescribed period of time per survey.
Time-constrained survey durations ranged from 0.5 to
1.7 person-hours (i.e., 30-100 minutes) and were
generally proportional to the size of the unit and the
amount of available habitat within the unit (Table 1).
The time limits set in 2004 were standardized for the
units and were slightly higher but comparable to time
constraints utilized in 2003 (i.e., 20-90 minutes).

Additional visual encounter surveys for eastern fox
snakes were conducted in 2004 on 10, 12, 17 and 24
May, 17 June, 6 July, and 23 August (Table 1). These
surveys were generally conducted during the radio-
telemetry portions of the study. The purpose of these
surveys was to find additional fox snakes for the radio-
telemetry study, population estimation and tissue and
blood sample collection. These surveys were generally
conducted in the spring to investigate the effectiveness
of spring surveys compared to late summer/early fall
surveys. These surveys were conducted primarily in the
Hunt Club and Interpretive Kiosk units but also in the
Facilities, Volcano and Campground Restoration units.
These surveys generally consisted of 1-2 surveyors

Methods
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walking through areas with suitable habitat and
visually searching for snakes above ground and under
cover.

All visual encounter surveys were conducted
between 8 am and 7 pm during appropriate weather
and survey conditions when the snakes were likely to
be active or visible. An eastern fox snake monitoring
field form was developed and completed for each
survey visit (Appendix VI). Information on survey
dates, times, duration, weather conditions, transects,
habitat descriptions and snake observations was
recorded on these field forms.

Snake Observations
All eastern fox snakes and other snakes observed

during field surveys were documented. Similar data
were recorded in 2004 as in 2003. The behavior,
estimated length and age class of each observed snake
were recorded whenever possible. The macro- and
microhabitats in which each snake was found also
were recorded. The behavioral, macrohabitat and
microhabitat classifications used in this study have
been used in other snake studies (Kingsbury 2001,
Kingsbury et al. 2001). Snake behavioral
classifications included basking, resting, courting,
mating, foraging, traveling and unknown.
Macrohabitat classifications were based on National
Wetland Inventory (NWI) classifications (Cowardin et
al. 1979) and included palustrine forested wetland
(PFO), palustrine scrub-shrub wetland (PSS),
palustrine, sedge-dominated emergent wetland (SDG),
palustrine, cattail-dominated emergent wetland (CAT),
upland forest (UFO), upland scrub-shrub (USS) and
old field (OLD). Microhabitat classifications included
shrub, sedge, grass, rock, log, herb (herbaceous/not
grass), bare, island (small hummock in open water),
detritus and other. More specific macro- and
microhabitat information (e.g., natural community
type, dominant plant species) was recorded when
possible.

Locations of eastern fox snakes were recorded
using a hand-held GPS unit. Observed fox snakes were
captured, measured, weighed and sexed, when
possible. Total length, snout-vent length (SVL) and tail
length were measured and recorded for all captured
fox snakes. Total length was used to designate age
class with adult snakes ranging from about 90 – 170.5
cm (35-67 in), sub-adults or juveniles ranging from 32
– 89 cm (13- 35 in) and newly hatched or young
snakes ranging from 26 – 31 cm (10-12 in) (Harding
1997). Adult fox snakes were individually marked with
PIT (passive integrated transponder) tags in the field or
in the lab (i.e., for snakes implanted with transmitters).
The PIT tags were injected subcutaneously dorsal to

the vent (i.e., cloacal opening) using a 10-gauge sterile
syringe pre-loaded with the microchip. A tissue sample
(i.e., scale clipping) and a blood sample also were
collected from adult and juvenile fox snakes, when
possible, and stored appropriately for future genetic
analysis. A scale clipping was obtained from a ventral
scale dorsal to the vent using sterilized surgical
scissors. Approximately 0.1-0.2 ml of blood was
collected from a caudal (tail) vein using a sterile
needle and syringe. Photographs were taken of each
captured fox snake for documentation. After all
processing and data collection were completed, snakes
were released at their respective capture sites. MNFI
special animal survey forms were completed for
surveys with fox snake observations (Appendix VII).

Radio-telemetry
One eastern fox snake was radio-tracked in 2003

and was relocated and radio-tracked again for part of
the field season in 2004. This adult male was captured
and implanted with a radio-transmitter in August of
2003. The snake was radio-tracked to its hibernation
site in November of 2003. The snake was relocated on
24 April 2004 and was tracked weekly or bi-weekly
until 23 August 2004.

Three additional fox snakes were captured and
implanted with radio-transmitters in 2004. Two of the
snakes were captured during additional visual
encounter surveys on 10 and 17 May, and the third
snake was captured during time-constrained VES on
24 August 2004. Two of these snakes are adult males,
and the third snake is a juvenile snake (sex unknown,
possibly male). These snakes were transported to the
laboratory of Dr. Bruce Kingsbury, Biology
Department Chair at Indiana-Purdue University at Ft.
Wayne, who surgically implanted the radio-
transmitters in the snakes using the following protocol.
Each snake was anesthetized by placing it into a sealed
chamber with a small container of isoflurane which
vaporizes and permeates the chamber.  The snake was
measured, weighed and sexed once it was anesthetized.
Also, while the snake was anesthetized, a scale
clipping and blood sample were obtained, and the
snake was PIT-tagged. Transmitters were implanted
using a technique modified from Reinert and Cundall
(1982). A small lateral incision was made on the
ventral side of the body cavity approximately two-
thirds of the way down the body.  The incision was
placed slightly above the surface that slides across the
ground when the snake moves.  Rather than cut
through the body wall, the body wall was easily
separated with little or no blunt dissection, and the
peritoneum (body cavity membrane) was punctured
and enlarged by cutting with scissors. A radio-
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transmitter was then inserted into the body cavity.
Radio-transmitters weighing 9 grams (1 cm wide x 3
cm long cylinder, 20 cm whip antenna, 18-month life
span, Holohil Systems Ltd.) were used in the adult
snakes, and a smaller transmitter weighing 5 grams
(0.95 cm wide x 2 cm long cylinder, 12-month life
span, Holohil Systems Ltd.) was used in the juvenile
snake. The antenna was placed subcutaneously along
the body of the snake, anterior to the initial incision
through a second, small incision. The primary incision
was closed with PDS absorbable suture and surgical
skin glue. The second incision was simply glued closed
with skin glue.

After recovery from the anesthesia, the snakes
were moved to a housing area. The housing area was
kept at 80-82 degrees F, which is the temperature many
snakes seek in the field during the summer months
based on previous studies. When the temperature fell
below this level, a heat source (light bulb or heating
pad) was placed near or under the terrarium in order to
establish a thermal gradient along the terrarium’s
length.  This allowed the snakes to behaviorally
thermo-regulate by moving towards or away from the
heat source.  The photo period of the room was 14:8
day:night.  Each snake was held individually in a clean
terrarium, away from other animals that might act as a

source of pathogens.  The snakes were inspected
several times a day.  Handling of the snakes during the
recovery period was kept to a minimum. Water was
provided, but food was not. The snakes were held for
observation for 3-6 days (7 days maximum) after the
surgery and then released at their respective capture
sites in the park.
Once released, these snakes were radio-tracked on a
weekly or bi-weekly basis throughout the field season.
To date, two of the snakes have been radio-tracked
from 17 and 24 May to 23 September, and the third
snake was tracked from 8-23 September 2004. The
snakes were located during different times of the day
during the radio-tracking period between 9 am and
8:30 pm. The position of each location was recorded
using a hand-held GPS unit and plotted on an aerial
photo of the park using ArcView GIS (ESRI Inc.). At
each location, the macro- and microhabitats in which
the snake was found, the behavior of the snake, and
weather conditions were recorded. The pulse interval
of the radio-transmitter also was recorded and was
used to estimate the body temperature of the snake. A
visual confirmation of the radio-tracked snake was
obtained when possible. The snakes will be radio-
tracked to their hibernation sites this fall.

Area Line -Transect VES Time-Constrained VES Additional VES Management 

Unit ha (ac) # Transects Dates Time (mins) Dates # Surveys Dates 

Headquarters 7  

(17) 

2 8/24, 8/25, 

9/2, 9/8 

30 8/24, 8/25, 

9/2, 9/8 

0  

Bean Field 32  

(80) 

16 8/19, 9/1, 

9/2, 9/13 

60 8/19, 9/1, 

9/2, 9/13 

0  

Corps Volcano 35  

(88) 

20 8/18, 8/26, 

9/5, 9/6 

90 8/18, 8/26, 

9/5, 9/6  

2 5/10, 5/12 

Campground  

Restoration 

44 

(109) 

14 8/23, 9/1, 

9/3, 9/8 

60 8/23, 9/1, 

9/3, 9/8 

1 5/12 

Interpretive 

Kiosk 

7  

(16) 

7 8/18, 8/25, 

9/2, 9/7 

50 8/18, 8/25, 

9/2, 9/7 

6 5/10, 5/12, 

5/24, 6/17, 

7/6, 8/23 

Hunt Club* 92 

(226) 

11 8/24, 8/31, 

9/2, 9/7 

100 8/24, 8/31, 

9/2, 9/7 

6 5/10, 5/12, 

5/17, 5/24, 

6/17, 8/23 

North 

Lagoons* 

35 

(86) 

3 8/18, 9/1, 

9/3, 9/7 

30 8/18, 9/1, 

9/3, 9/7 

0  

Corps CDF* 39  

(97) 

4 8/19, 9/1, 

9/3, 9/7 

40 8/19, 9/1, 

9/3, 9/7 

0  

Facilities* 122 

(303) 

14 8/19, 8/25, 

9/3, 9/8 

80 8/19, 8/25, 

9/3, 9/8 

3 5/12, 7/6, 

8/23 

Total  91  540  18  

 

*Denotes management units with significant portions that were inaccessible, developed and/or did not 

contain suitable habitat for eastern fox snakes 

Table 1.  Summary of eastern fox snake visual encounter survey (VES) effort at Sterling State Park in 2004.
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Surveys
In 2004, MNFI conducted a total of about 100

hours of field surveys for the eastern fox snake in
Sterling State Park, with approximately 34 hours of
line-transect visual encounter surveys, about 36 hours
of time-constrained surveys and about 29 hours of
additional visual encounter surveys. Given that some
surveys were conducted by multiple individuals, a total
of about 159 person-hours of surveys were conducted,
with about 47 person-hours of line-transect surveys,
about 49 person-hours of time-constrained surveys,
and about 64 person-hours of additional visual
encounter surveys. Overall, field surveys in 2004
resulted in 11 fox snake observations of which nine
were new snakes and two were recaptures (Table 2).
All fox snake observations in 2004 occurred in the
Interpretive Kiosk and Hunt Club units. Four new fox
snakes were observed during additional visual
encounter surveys in these two units (i.e., 2 snakes in
each unit) on 10 and 17 May and 17 June 2004. The
other five new snakes and one of the recaptured snakes
were found in the Hunt Club Unit on 24 August, of
which four were observed during the line-transect
survey and two were observed during the time-
constrained survey. The recaptured snake was likely
one of the transmittered snakes in the study based on
its general appearance and location (i.e., snake was
radio-tracked to this location the day before). The
second recaptured snake also was found in the Hunt
Club Unit during the time-constrained survey on 31

August. This snake was one of the new snakes
captured on 24 August. Figure 15 provides an aerial
photograph of the Park with the locations of the fox
snakes observed during all visual encounter surveys in
2004. The locations of the fox snakes found during
surveys in 2003 also are shown for comparison.

Relative abundance estimates or detection
frequencies were derived for the park as a whole based
on the number of fox snakes observed and survey
effort in terms of survey hours and/or person-hours.
Relative abundance estimates or detection frequencies
could only be calculated for the line-transect and time-
constrained visual encounter surveys. A total of four
snake observations was documented in about 34 hours
of line-transect surveys, resulting in a relative
abundance estimate or detection frequency of 0.12 fox
snake observations/survey hour. Three fox snake
observations were documented in about 36 hours of
time-constrained surveys, resulting in a relative
abundance estimate of 0.08 snake observations/survey
hour. Overall,  line-transect and time-constrained
visual encounter surveys combined documented a total
of 7 fox snake observations in about 70 survey hours,
resulting in a relative abundance estimate or detection
frequency of 0.10 fox snake observations/survey hour
for the park as a whole in 2004. If only observations of
new fox snakes were considered (i.e., no recaptures),
the overall relative abundance estimate would be 0.07
fox snakes/survey hour.

Results

Management Unit

Eastern 

fox snake

Eastern 

garter 

snake

Butler's 

garter 

snake

Northern 

water 

snake

Northern 

ribbon 

snake

Brown 

snake

Unidentified 

snake Total 

Bean Field 1 1

Campground 

Restoration 1 1

Corps CDF 1 1

Corps Volcano 6 1 1 8

Facilities 10 2 2 2 16

Headquarters 1 1 2

Hunt Club 9 8 3 12 1 1 34

Interpretive Kiosk 2 2 2 9 1 16

North Lagoons 1 1

Total 11 22 15 23 1 2 6 80

Table 2. Summary of eastern fox snakes and other snakes observed during visual encounter surveys in 2004.
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Figure 15. Locations of eastern fox snake observations during visual encounter surveys at Sterling State Park
in 2004 and 2003. The red dots represent  locations of new fox snake captures in 2004. The green dots represent
locations of fox snake recaptures in 2004. The light blue dots represent locations of fox snake captures in 2003.
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Of the nine new fox snakes that were found in
2004, six were considered adults with total lengths
ranging from about 89–130 cm (35-51 in) and weights
ranging from 160–379 g (Table 3). The remaining
three fox snakes were considered sub-adults or
juveniles with total lengths ranging from 67-78 cm
(26-31 in) and weights ranging from 82–135 g. No
newly hatched or young fox snakes were observed
during surveys in 2004. Two of the captured fox snakes
were probed in the lab and were identified as males.
The other fox snakes were not probed in the field, and
it was difficult to determine the sex of these snakes
because external sex differences in fox snakes are not
obvious and some of the snakes were small. Tissue
samples (i.e., scale clippings) were collected from all
nine snakes found in 2004, and blood samples were
obtained from six of the snakes. All of these snakes
were marked with a PIT tag except for the smallest
juvenile snake which was only marked with white
liquid paper near the tip of its tail. A total of 11
individual fox snakes have been marked with PIT tags
as part of this study over the two years (Table 3).

The fox snakes observed during field surveys in
2004 were found in five different habitats or
microhabitats (Table 3). One adult snake was observed
traveling in grass in old field habitat in the Interpretive
Kiosk Unit by the pedestrian bridge that connects the
Kiosk Unit with the Facilities Unit. A juvenile and an
adult snake were observed traveling and basking,
respectively, on the large rocks or rip-rap along the
open water lagoon under the pedestrian bridge in the
Interpretive Kiosk Unit. A juvenile and an adult snake
were found basking and traveling in the open on the
paved nature trail on the dike in the Hunt Club Unit.
One adult snake was found basking on gravel in the
open along the paved nature trail adjacent to a foot
bridge and palustrine forest habitat in the Hunt Club
Unit. The remaining two adult fox snakes and a
juvenile snake were found resting under large concrete
slabs adjacent to palustrine emergent wetland within 1-
2 m of open water along the lagoon on the east side of
the dike in the Hunt Club Unit (Figure 16). These three
snakes were found under adjacent concrete slabs
within a 5-7 m stretch along the dike, and the juvenile
and one of the adult snakes were found together under
the same concrete slab. The two fox snake recaptures
also were found resting under concrete slabs in this
same stretch along the dike in the Hunt Club Unit.

Additional fox snake observations were reported
by Sterling State Park and State Park Stewardship
Program staff, private contractors working in the
management units and park visitors. Stewardship
Program staff and private contractors working in the

Campground Restoration Unit observed an adult fox
snake along the edge of that unit in the spring or early
summer. On 15 August, a Sterling State Park staff
member reported untangling and releasing a fox snake
that had been caught in a net with fish in a park
visitor’s boat. The snake appeared unharmed. Park
visitors reported two fox snake observations to park
staff on 16 August. These observations included a fox
snake seen crossing the entrance road into the park
(the visitor apparently helped the snake cross the road)
and a fox snake seen along the west side of the road in
the Facilities Unit across from the Corps CDF Unit.
Park visitors in the campground also reported a couple
of fox snake observations in the Facilities Unit.
However, fox snake reports from park visitors should
be verified by a reliable source or with a photograph.
Finally, a Sterling State Park staff member reported
seeing possibly over 40 fox snakes in the park over the
spring and summer of 2004.

In addition to the snakes observed during MNFI’s
surveys and incidental reports, at least five dead fox
snakes were reported in 2004. Interestingly, one
specimen was found by MNFI surveyors on 17 June on
Dixie Highway near the entrance to the Holiday Inn
Express located approximately 1.1 km (0.7 mi) west of
the entrance to Sterling State Park and about 320 m
(0.2 mi) west of the intersection of Dixie Highway and
I-75 (see Figure 15). The other four specimens were
found in the park by Sterling State Park staff or State
Park Stewardship Program staff. The State Park
Stewardship Program staff found a dead snake in the
Bean Field Unit in June which may have been killed
accidentally by heavy equipment use during a planting
operation. The State Park Stewardship Program staff
found two other dead fox snakes this summer, of
which one was found in a portable bathroom in the
park. Another specimen was an injured snake that was
alive when it was picked up by Sterling State Park staff
but died the following day. Three of the five specimens
were collected and frozen for future genetic analysis.
Four of the five dead snakes were checked for PIT
tags, and none were marked. The fifth snake was
checked to see if it was a transmittered snake, and it
did not have a radio-transmitter.

In addition to eastern fox snakes, a total of 69
observations of other snake species were documented
during field surveys in 2004. These included 22 eastern
garter snake (Thamnophis sirtalis sirtalis)
observations, 15 Butler’s garter snake (Thamnophis
butleri) observations, 23 northern water snake
(Nerodia sipedon) observations, 1 northern ribbon
snake (Thamnophis sauritus septentrionalis)
observation, 2 brown snake (Storeria dekayi)
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observations, and 6 unidentified snake observations
(Table 2). Of the total number of snakes observed, 38
observations were made during the line-transect and
time-constrained visual encounter surveys, and 31
observations were made during additional visual
encounter surveys.  During the line-transect and time-
constrained surveys, the highest numbers of
observations of other snake species were documented
in the Hunt Club and Facilities units with 12 and 10
observations, respectively, followed by the Corps
Volcano and Interpretive Kiosk units with 6 and 4
observations, respectively. Additionally, approximately
equal numbers of snake observations were documented
during the line-transect and time-constrained surveys
(i.e., 20 and 18 observations, respectively). It is
important to note that these observations likely do not
all represent separate individuals since repeated
surveys of the same areas were conducted and
observed animals were not marked. It also is
interesting to note that significantly fewer individuals
of other snake species were found during surveys in
2004 than in 2003. All but one unit had fewer
observations of other snake species in 2004 than in
2003 with the most significant reductions in snake
observations in the Facilities, Hunt Club, Corps CDF
and Corps Volcano units.

An eastern massasauga (Sistrurus catenatus
catenatus) observation also was reported in 2004 by
two Sterling State Park staff members. The snake was
observed on or along the road in the park. The snake
apparently appeared injured, and the park staff moved
the snake to the side of the road. Unfortunately, the
snake was not documented with a photograph.
Confirmation of eastern massasaugas at Sterling State
Park would be significant as this species has not been

recorded previously in Monroe County and has been
documented from only one site in the Maumee Lake
Plain region along Lake Erie, according to the MNFI
database. Other park staff and members of the general
public also have reported massasaugas in the park or
in the vicinity of the park. These reports require further
investigation.

Other amphibian and reptile species also were
observed during field surveys. These included at least
10 northern leopard frog (Rana pipiens) observations,
1 bullfrog (Rana catesbeiana) observation and 2
common map turtle (Graptemys geographica)
observations. Also, an eastern box turtle (Terrapene
carolina carolina) was found in late August crossing
the park entrance road near the Bean Field and Corps
Volcano units heading toward the private land on the
other side of the road from these units. The turtle was
picked up and released in the same area by Sterling
State Park staff. This observation would represent a
new element occurrence record for this species
according to the MNFI database. This occurrence
warrants additional surveys to determine the location,
extent, status and habitat use of the box turtle
population in the area.

In addition to amphibians and reptiles, other
interesting animal species were encountered or noted
during field surveys. An American bittern (Botaurus
lentiginosus), a state special concern species, was
observed in emergent marsh habitat at the southern end
of the Corps Volcano Unit on 10 May 2004.
Individuals of this species have been observed
previously in the park by park staff, but this species
nesting in the park has not yet been confirmed. Several
small mammals (i.e., mice and shrews) were found
under cover boards in the Corps Volcano Unit.

Figure 16. Example of eastern fox snake habitat - i.e., concrete slab (left) in palustrine emergent wetland
habitat (right) along the dike/paved trail in the Hunt Club Unit.
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Although crayfish were not seen, numerous crayfish
burrows with and without chimneys were observed in
the Bean Field and Corps Volcano units. These
burrows may provide suitable habitat for eastern fox
snakes and other snakes.

Radio-telemetry
The adult male fox snake that was radio-tracked in

2003 (PIT tag #: 066 856 597, hereafter referred to as
M59703) was radio-tracked to seven different
locations from 24 April to 20 July 2004 (Table 4).
(Note: GPS locations are available for only five of
these points due to technical difficulties with our GPS
units.) However, from 20 July to 14 August, the snake
was tracked to the same location on four consecutive
occasions. On 23 August, the radio-transmitter that
had been implanted in M59703 was found in the grass
at this location. The antenna of the transmitter was
curled up, but no bite marks or scratches were evident,
and the transmitter was still functional. Based on the
condition of the transmitter (i.e., absence of bite or
teeth marks), the snake may have been taken by an
avian predator such as a great blue heron or bird-of-
prey.

When M59703 was first located on 24 April, the
snake was found on the east side of the dike or paved
nature trail in the Hunt Club Unit about 200 m (0.1
mi) from where it had hibernated (Figure 17). On 10
May, the snake was located about 10 m (33 ft) further
north along the dike in the Hunt Club Unit. From 17
May to 17 June, the snake continued north along the
dike and was located north of the pavilion in the
Interpretive Kiosk Unit. A week later, the snake was
located and visually observed on 24 June on the other
side of the lagoon along the western edge of the
Facilities Unit. It is unknown how the snake crossed
the lagoon to get to the Facilities Unit from the
Interpretive Kiosk Unit (i.e., whether the snake swam
directly across the lagoon or whether the snake
traveled north or south along the edge of the lagoon).
On 20 July, M59703 (or at least its transmitter) was
tracked to its last known location further north along
the western edge of the Facilities Unit. Interestingly,
the last documented location for this snake was where
it was originally captured in 2003. The maximum
distance between documented locations for this snake
(i.e., the distance between the two farthest locations)
was 830 m (0.5 mi) for the locations along the dike in
the Hunt Club and Interpretive Kiosk units from 24
April to 17 June. The maximum distance between
documented locations for this snake using the first
observation on 24 April and the last known location in
the Facilities Unit on 27 July (i.e., straight-line
distance between locations) was about 1,022 m (0.6

mi). These distances should be considered
underestimates or minimum estimates of the total
distance a snake can travel within its home range
because the snake was not tracked daily and because
snakes don’t necessarily just travel in one direction in a
straight line between two points.

M59703 was located in several different macro-
and microhabitats (Table 4). Of the seven locations in
2004, this snake was found in palustrine emergent/
palustrine scrub-shrub on four occasions (57%), in old
field habitat on two occasions (29%), and in palustrine
forest on one occasion (14%). In terms of
microhabitats, the snake was found resting and
foraging in a shrub on two occasions, resting in/under
grass on two occasions, and resting near/in a downed
log, in a patch of jewelweed adjacent to a patch of
dense Phragmites, and under a large concrete slab
along the edge of the lagoon on the other three
occasions (see Figure 16). The snake was generally
found along the edge of the lagoons within 1-3 m of
the water’s edge. The snake was visually confirmed at
6 of the 7 locations from 24 April to 24 June, and on
one occasion, the snake was “fat” around the middle
and likely had recently consumed a meal.

The radio-tracked fox snake that was initially
captured during additional surveys on 10 May 2004
was an adult male that weighed 379 g and was 130 cm
(51 in) in total length (SVL = 109 cm/43 in, tail length
= 21 cm/8 in) at the time of the surgery. The
transmitter was implanted on 31 May, and the snake
was released at its point of capture in an open grassy
area near the paved trail and foot bridge in the
Interpretive Kiosk Unit on 17 May. After its release, a
total of 13 locations was obtained for this snake (PIT
tag ID: 087 303 894, hereafter referred to as M89404)
from 24 May to 23 September (Table 5). This snake
also was believed to have been observed during a line-
transect survey in the Hunt Club Unit on 24 August.
After the snake was released at its initial capture site in
the Interpretive Kiosk Unit, the snake moved
southward and apparently remained along the dike
within the Hunt Club Unit during the radio-tracking
period, based on known locations (Figure 18). The
snake moved north and south along the dike, and on
two occasions (6 July and 31 August), the snake’s
radio-transmitter’s signals indicated the snake may
have been on an island in the southeast corner of the
lagoon (see Figure 18). The island is located about 240
m west and about 60-80 m north of the dike in the
Hunt Club Unit’s lagoon. The island could not be
accessed during the study to confirm the snake’s
occurrence on the island. On one of these potential
“island excursions,” M89404 was located along the
dike and shoreline of the lagoon during the previous
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Figure 17. Map of radio-telemetry locations for Fox Snake M59703 in Sterling State Park in 2004 (red dots)
and 2003 (light blue dots).
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Figure 18. Map of radio-telemetry locations for Fox Snake M89404 in Sterling State Park in 2004.
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week and was back along the dike two days after the
signal indicated the snake might have been on the
island. The maximum distance between the two
farthest documented locations (i.e., between the
original capture/release site in the Interpretive Kiosk
Unit and the southernmost location along the Hunt
Club Unit) was about 560 m (0.3 mi). The maximum
distance between locations if the snake had been on the
island would have been about 830 m (0.5 mi).

M89404 was primarily found in palustrine
emergent, palustrine scrub-shrub, and old field habitats
(Table 5). The snake was initially found travelling in
grassy, old field habitat in the Interpretive Kiosk Unit
and in similar habitat along the dike in the Hunt Club
Unit on two other occasions (3 of 11 confirmed
locations, 27%).  Of the remaining eight confirmed
locations, four (36%) were located in palustrine
emergent wetland habitat, three (27%) were in
palustrine scrub-shrub, and one (9%) was in palustrine
forest. Within the palustrine emergent habitats along
the dike in the Hunt Club Unit, this snake was often
found under large slabs of concrete, and occasionally
under the same slab of concrete, within 1-2 m of the
shoreline of the open water lagoon. Other
microhabitats in which this snake was found include
grass, shrub and roots of a cottonwood tree and/or
embankment along the dike. The specific
microhabitats for five of the snake locations were
unknown because the exact location of the snake could
not be confirmed due to thick, shrubby vegetation, the
potential island locations, and dead batteries in the
radio-telemetry receiver. The snake was visually
confirmed on 24 May and 17 June when the snake was
foraging in grass and basking in a shrub, respectively,
and also on 23 September when the snake was found
under a large concrete slab. The snake also may have
been visually observed during surveys in the Hunt
Club Unit on 24 August when surveyors found a
similar-sized fox snake under a large, concrete slab to
which this snake had been tracked the day before. The
snake was not captured or checked with a PIT tag
reader or radio-telemetry receiver, so this observation
can not be confirmed. On 24 August, surveyors also
lifted two adjacent concrete slabs and found three new
fox snakes.

The third fox snake that was added to the radio-
telemetry study was captured during additional visual
encounter surveys in the Interpretive Kiosk Unit on 17
May 2004. This snake was a juvenile (sex unknown)
that weighed 99 g and was approximately 77 cm (30
in) in total length (SVL = 64 cm/25 in, tail length = 13
cm/5 in). Because this snake was a juvenile, a 5-g
radio-transmitter instead of a 9-g transmitter was
surgically implanted into the snake. The snake (PIT tag

ID: 052 563 549, hereafter referred to as J54904) was
released on 24 May at the initial capture site. J54904
was then radio-tracked to 11 locations from 17 June to
23 September, of which three were not recorded with a
GPS unit (Table 6 and Figure 19). J54904 was located
in the Interpretive Kiosk Unit in the vicinity of the
initial capture site from 17 June to 6 August. On 14
August and 23 August, the snake was located on the
other side of the lagoon in the Facilities Unit near the
foot bridge. On 31 August and 2 September, the snake
was found back in the Interpretive Kiosk Unit at the
south end of the unit just south of the pavilion. On 13
September and 23 September, the snake was located
about 200 m north on the west side of the paved trail
just north of the pavilion in the Interpretive Kiosk
Unit. The total or maximum distance between the
documented locations for J54904 (i.e., between the
location in the Facilities Unit and the southernmost
location in the Interpretive Kiosk Unit) was
approximately 470 m (0.3 mi). This distance should be
considered an underestimate of the total movements
this snake can travel within its home range.

Similar to the other snakes, J54904 was found in
several, primarily open habitat types (Table 6). J54904
was initially found traveling amongst the large
boulders that comprise the rock riprap shoreline of the
lagoon under the foot bridge in the Interpretive Kiosk
Unit. The snake was found basking and hiding in this
rocky habitat and microhabitat on two other occasions
(i.e., 3 of 12 locations including capture site, 25%).
J54904 was found in old field habitat on four
occasions (33%). The snake was basking, resting or
moving in or under the grass and perhaps even
underground in the old field habitats. J54904 also was
found in palustrine emergent wetland/scrub-shrub
habitats (3 of 12 locations, 25%) and palustrine forest
(2 of 12 locations, 17%). J54904 was visually
confirmed at only three locations in May and June
when the snake was basking, resting or traveling in
rock riprap and old field habitats. The snake was
generally found along the dike and shoreline of the
lagoons within 1-2 m of open water or emergent
marsh, but it also utilized habitat further inland up to
10-15 m from the water’s edge.
 The last fox snake that was captured and added to the
radio-telemetry study in 2004 was an adult male that
weighed 260 g and was 102 cm (40 in) in total length
(SVL = 86 cm/34, tail length = 16 cm/6 in) at the time
of the surgery. This snake (PIT tag ID: 087 353 314,
hereafter referred to as M31404), was initially
captured on 24 August along the paved trail in the
Hunt Club Unit. After the surgery, the snake was
released at its capture site on 2 September and was
located three times between 8 and 23 September. The
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snake was initially found basking in the open on gravel
along a piece of wood on the side of the paved trail in
the Hunt Club Unit (Table 7 and Figure 20). The
habitat in the vicinity of this location is palustrine
emergent wetland and palustrine scrub-shrub. From 8
September to 23 September, the snake was radio-
tracked to the same location near the site where it was
originally captured and released. This location was
comprised of emergent wetland habitat with dense
Phragmites, which was chemically treated with an

herbicide in mid-September. The snake was not
visually observed during the radio-tracking period due
to dense vegetative cover and chemical treatment of
the site. As a result, specific microhabitat use by this
snake could not be documented. When the snake was
radio-tracked on 13 September, the snake’s radio-
transmitter signal seemed to vary, providing some
evidence that the snake was likely still alive. The status
of this snake will be further investigated this fall.

Survey results from 2004 were generally similar to
those in 2003, although there were some differences
and new discoveries. Surveys in 2004 documented a
higher number of fox snake observations and higher
relative abundance estimates or detection frequencies
than did surveys in 2003. Surveys in 2004 documented
11 fox snake observations overall, of which 9 were
new snakes and 2 were recaptures. Also, of the total,
seven observations were documented during line-
transect and time-constrained visual encounter surveys
(4 and 3, respectively). In 2003, only six fox snakes
were documented (all new snakes) during surveys (Lee
and Pearman 2004). Of these, four were documented
during line-transect and time-constrained surveys (3
and 1, respectively), and two were documented during
additional visual encounter surveys. Relative
abundance estimates or detection frequencies for
surveys in 2004 were 0.12 fox snake observations/
survey hour for line-transect surveys, 0.08
observations/survey hours for time-constrained
surveys, and 0.10 observations/survey hour overall for
both surveys combined (0.07 if only including new fox
snake observations). Relative abundance estimates for
surveys in 2003 were much lower, with 0.05 fox snake
observations/survey hour for line-transect surveys
(based on 3 snakes in 61 survey hours), 0.03 snake
observations/survey hour for time-constrained surveys
(i.e., 1 snake in 31 survey hours), and 0.04 fox snakes/
survey hour overall for the two surveys combined (i.e.,
4 snakes in 92 hours). However, if only new snakes are
considered, the numbers of fox snake observations and
relative abundance estimates or detection frequencies
for line-transect and time-constrained surveys in 2004
and 2003 would be very similar (i.e., 5 fox snakes and
0.07 snake observations/survey hour in 2004 compared
to 4 snakes and 0.04 snake observations/survey hour in
2003). It is important to consider, though, that 6 of the
11 fox snakes observed in 2004 were found during a
single survey in August, and 4 of the 6 snakes were
found under three large concrete slabs, which may not
have been examined in 2003. Also, although relative

abundance estimates or detection frequencies were not
specifically calculated for additional visual encounter
surveys conducted in 2003 and 2004, it is interesting to
note that additional surveys in 2004 documented only a
few more fox snakes than did additional surveys in
2003 but in a much shorter time frame (i.e., 4 fox
snakes in 29 survey hours in 2004 compared to 2 fox
snakes in 198 survey hours in 2003). This may have
been at least partly due to the timing of these surveys
since the additional surveys in 2004 were conducted
primarily in the spring (May and June), whereas
additional surveys in 2003 were conducted during late
summer and early fall. Surveyors were different in
2004 than in 2003, which also may have contributed to
higher numbers of snakes found in 2004.

Although surveys in 2004 documented more fox
snakes than in 2003, the total numbers of fox snakes
found during surveys in 2004 and over the two years of
the study are still fairly small. Several potential factors
may be responsible or may have contributed to the
small numbers of fox snakes that have been
documented during surveys. First, the eastern fox
snake population within Sterling State Park and/or
individual management units may be fairly small.
Secondly, aspects of the fox snake’s biology and/or
ecology may make them difficult to detect, or the
survey methodology may not have been appropriately
designed or implemented for the species. Snakes are
often cryptic in color and behavior and are also patchy
in their distributions, both spatially and temporally
(Ministry of Environment, Lands and Parks 1998).
Both these factors can contribute to low detection rates
during visual encounter surveys. Eastern fox snakes
can be cryptic in color, behavior and habitat use (see
discussion on this later in this section) and also may
have a patchy distribution temporally and spatially
given the distribution of available habitat within the
park. Also, as mentioned earlier, timing of the surveys
may be an important factor that has contributed to the
small numbers of fox snakes that have been
documented during surveys. The best time to survey

Discussion
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Figure 19. Map of radio-telemetry locations for Fox Snake J54904 in Sterling State Park in 2004.
(Note: Map only includes confirmed observations located with a GPS unit.)
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Figure 20. Map of radio-telemetry locations for Fox Snake M31404 in Sterling State Park in 2004.
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for fox snakes is typically May and June when the
snakes are most active and most visible since the
vegetation is generally shorter and/or less dense
(Harding 1997, Lee 2000). Also, eastern fox snakes are
generally active throughout the day, but during periods
of intense heat, fox snakes may become more
nocturnal (Evers 1994). Other researchers have
reported difficulty in seeing or finding fox snakes
during late summer and early fall (Bekker pers.
comm.). A Sterling State Park staff member also
reported more fox snake observations (i.e., possibly
>40) earlier in the summer. These results suggest that
spring surveys may be more productive than late
summer or early fall surveys. This warrants further
investigation and should be considered in future
monitoring efforts for this species. However, despite
the small number of fox snakes that were found during
surveys in 2004, snakes of different age classes were
found, although no newborn or young snakes were
observed as in 2003. This finding provides evidence
that some reproduction or recruitment has occurred in
the fox snake population in the park.

Survey and radio-telemetry portions of the study
were able to document eastern fox snakes in only three
of the nine management units (i.e., Hunt Club,
Interpretive Kiosk and Facilities) in Sterling State Park
in 2004. In fact, most of the fox snakes documented
during surveys in 2004 (i.e., 9 of 11) were found along
the dike in the Hunt Club Unit. The surveys and radio-
telemetry efforts in 2003 documented eastern fox
snakes in these three management units as well as the
Corps Volcano Unit. Prior to this study, eastern fox
snakes had been documented in these management
units and other units in the park such as the
Campground Restoration Unit. Fox snakes also have
been reported along the beach and in the campground
area at the southern end of the Facilities Unit in the
past. Survey and radio-telemetry efforts in 2003 and
2004 have not documented fox snakes in the
Campground Restoration Unit or the southern end of
the Facilities Unit. However, park staff, contractors
and the general public have reported seeing fox snakes
in these areas in 2003 and 2004. Recent habitat
restoration efforts have dramatically changed the
landscape in some of the management units, such as
the Campground Restoration Unit. Restoration efforts
in the Campground Unit have removed a significant
amount of the soil, vegetation and available cover in
this unit which may have impacted fox snakes’ use of
this area.  Similarly, fox snakes were historically seen
quite frequently in the Corps Volcano Unit by the old
park headquarters and the park entrance booth. Three
fox snakes, including a young-of-the-year, were found
in this unit during surveys in 2003. However, no fox

snakes were found in this unit in 2004. Restoration
efforts in this unit have included shrub and tree
removal and debris removal which have greatly
reduced the amount of cover in this unit. These
activities may have impacted fox snakes’ use of this
area and/or surveyor’s ability to detect these snakes
(i.e., by reducing cover to look under during surveys).
Some studies that have examined snake population
responses to habitat restoration efforts have reported at
least an initial modification or reduction in use of areas
undergoing restoration (Kingsbury and Sage pers.
comm.). For example, a study investigating eastern
massasaugas’ response to habitat restoration efforts at
a site in southeast Michigan found that most snakes in
the study initially did not use the area undergoing
active restoration and utilized adjacent habitats even
though the snakes had historically been reported to use
the restored area. However, more snakes started to
utilize the restored area once intensive management
activities subsided and some vegetation was present
(Kingsbury and Sage pers. comm.). Continued
monitoring of eastern fox snakes at Sterling State Park
will help provide insight into potential impacts of
current and ongoing restoration efforts on the fox
snake population.

It also is interesting to note that significantly fewer
observations of other snake species were found during
surveys in 2004 than in 2003. Over 270 observations
of other snake species were documented during
surveys in 2003, while only 69 observations of other
snake species were documented during surveys in
2004. The Facilities, Hunt Club, Corps Volcano and
Corps CDF units contained the highest numbers of
observations of other snake species in 2003. In 2004,
80-97% fewer observations of other snake species
were documented in these four units, and 33-95%
fewer in the other units. This may have been due to
impacts from the restoration activities, climatic
conditions during the spring and summer of 2004 (i.e.,
cool, wet spring followed by cool, dry summer) and/or
different surveyors. Observations of other snake
species should continue to be documented and
monitored during future surveys.

The radio-telemetry portion of the study continued
to provide some interesting and new insights into
eastern fox snake ecology and use of Sterling State
Park. This discussion will focus on the three fox
snakes (M57903, M89404 and J54904) that were
radio-tracked during the entire radio-tracking period
during the spring, summer and early fall of 2004.
These three snakes were originally captured either in
the Facilities Unit or Interpretive Kiosk Unit and were
located only in these units and the Hunt Club Unit
throughout the radio-tracking period. These snakes
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were all located primarily along the dike or along the
edge of the lagoons and generally near the water or
emergent marsh’s edge (i.e., generally within 1-3 m
but further away in some cases). Maximum distances
between known or documented locations for these
three snakes over the 3-4 month radio-tracking period
in 2004 were fairly similar and ranged from about 470-
1,022 m (0.3-0.6 mi). The maximum distance between
documented locations for the fox snake that was radio-
tracked in 2003 (M57903) was approximately 1,300 m
(0.8 mi) over a 2.5-month radio-tracking period. The
maximum distance between documented locations for
this snake in 2004 was about 1,022 m (0.6 mi).
However, this snake was lost, probably to predation,
sometime in the middle of the summer and was not
radio-tracked for the entire time period. Limited home
range studies of eastern fox snakes in the past have
indicated individual movements of up to several
hundred feet (Rivard 1976, Freedman and Catling
1979). These results seem to indicate that eastern fox
snakes in Sterling State Park may have fairly small or
limited home ranges. It is important to note that these
maximum distances may underestimate the total
distances fox snakes can move within a home range
since snakes were not located daily or over their entire
active period, but these distances can provide an initial
approximation of these snakes’ potential home range
sizes. These distances also can provide preliminary
information to help guide management of these snakes
(e.g., safe distances within which snakes can be moved
if necessary).

 Similar to survey and radio-telemetry results in
2003, the eastern fox snakes that were found during
surveys or radio-tracked in 2004 primarily utilized
open upland and wetland habitats such as old field,
palustrine emergent wetland and palustrine scrub-
shrub habitats. Snakes were often found in or under
open or thick grass, shrubs or dense emergent
vegetation. Snakes also were found on or along the
side of the paved nature trail as well as underground in
tree root networks, burrows or the embankment along
the dike. Fox snakes also were documented in 2004
utilizing rock riprap and concrete slabs along the
shoreline of the lagoons. The radio-tracked snakes and
several of the snakes documented during the surveys
were frequently found under large, concrete slabs
along the dike which may provide important cover for
these animals, particularly in the absence or limited
availability of suitable natural cover items such as
large woody debris. However, fox snakes’ use of
concrete slabs can make it more difficult to find some
of these snakes during surveys or get visual
confirmation of radio-tracked snakes since these

concrete slabs can be rather large and may be too
heavy for some surveyors to lift.

The most important habitat feature required by
snakes is cover or shelter (Ministry of Environment,
Lands and Parks 1998). The use of cover, dense
vegetation and underground retreats by eastern fox
snakes may represent an important strategy or
adaptation for coping with hot weather conditions,
avoiding detection by predators and/or surviving in
heavily used or disturbed habitats. However, this
species’ frequent use of these types of habitats also
made it generally difficult to obtain visual
confirmation of these snakes during the radio-tracking
period in 2004 as in 2003. For all three radio-tracked
snakes, visual observation or confirmation of snakes
was obtained only for locations documented in April,
May and June. None of the three snakes were visually
observed or confirmed during radio-tracking efforts in
July, August and September except on one occasion
when one of the radio-tracked snakes was found under
a concrete slab and the slab was lifted. These results
again suggest that fox snakes may be more easily
observed or have a greater likelihood of being detected
in the spring and early summer compared to late
summer and early fall. Also, this snake’s use of
artificial cover suggests that placing cover boards in
areas with suitable habitat may be an effective survey
technique for this species.

Although study results from Sterling State Park in
2003 and 2004 indicate that eastern fox snakes can
inhabit highly disturbed and actively managed sites,
the long-term viability of this population remains
unknown. The fox snake population within the park
continues to face a number of threats including highly
degraded and limited habitat (at least currently),
population isolation, road mortality, intentional and
unintentional killing, harassing or disturbance by
people, incidental take or impacts due to park
management activities (e.g., mowing of large areas
reduce or minimize areas with sufficient cover for
shelter, foraging, dispersal, and safe passage or
protection from predators), and predation. While
ongoing restoration efforts may create additional
habitat for fox snakes in the future, these efforts also
can pose threats to the park’s fox snake population in
the short term through various management activities.
These include application of chemical herbicides,
removal of natural and artificial cover or shelter, use of
heavy equipment and associated incidental impacts
(e.g., removal of cover could cause reduction in the
prey base or shelter areas for protection from
predators). In 2004, one of the transmittered fox
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snakes was lost probably due to predation, and at least
four dead snakes or specimens (and likely more) were
reported and/or collected by park staff. Given that little
is currently known about the status and structure (i.e.,
recruitment rate, sustainable mortality rate, etc.) of the
fox snake population in Sterling State Park, efforts
should be taken to minimize threats to the population
and the snake mortality rate within the park. Since fox
snakes have been found primarily in the Hunt Club,
Interpretive Kiosk and Facilities units during this study
and historically, consideration of management
activities and ways to minimize potential adverse
impacts of these activities on eastern fox snakes is
especially warranted in these units.

 Finally, little is known about the status,
distribution and ecology of the eastern fox snake
population within Sterling State Park and across the
species’ range. Results from surveys in 2003 and 2004
suggest that eastern fox snake numbers within the park
may not have been dramatically impacted by recent
habitat restoration activities, although fox snake use of
particular management units within the park may have
been impacted somewhat based on historical reports,
changes in habitat conditions and survey and radio-
telemetry results. However, sample sizes in 2003 and

2004 were very small, and unfortunately, only one year
of pre-treatment data was obtained. These findings
combined with limited knowledge of this species’
status and ecology make it difficult to effectively assess
potential impacts of the restoration efforts within the
park on this species. Additional surveys and a long-
term monitoring effort are needed to assess the impacts
of habitat restoration efforts on the fox snake
population within the park. Eastern fox snake habitat
use and ecology also warrant further investigation.

Eastern fox snake monitoring and radio-telemetry
are planned to continue in 2005 to further examine
potential impacts of ongoing habitat restoration efforts.
Survey and monitoring efforts in 2005 will basically
utilize the same methodology and revise as needed.
Surveys in 2005 will occur during the same time
period as surveys in 2003 and 2004. Surveys also will
be conducted in the spring and early summer to
compare with results from late summer surveys to
evaluate timing and effectiveness of surveys and to try
to increase the numbers of fox snake observations. The
radio-telemetry portion of the study will be expanded
with new snakes added to the study in the spring of
2005. More detailed data summary and analyses will
be provided after the 2005 field season.
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Appendix II. MNFI Abstract for Lakeplain Wet Prairie.
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Appendix III. MNFI Abstract for Great Lakes marsh.
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Appendix IV. Maps of the locations of the line-transect visual encounter surveys in all nine management units
in Sterling State Park.
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Appendix V. GPS coordinates for locations of line transects for eastern fox snake monitoring surveys in
Sterling State Park.

Line-Transect Waypoint Latitude Longitude Comments

Bean Field Unit

BF1 41.91766977 -83.34754773

BF2 41.91673636 -83.34631392

BF2100 41.91709042 -83.34742435

BF3 41.91724062 -83.34795543

BF3-50 41.91763759 -83.34766039

BF4 41.91847980 -83.34712395

BF5 41.91970289 -83.34643194

BF6 41.92099571 -83.34576138

BF7 41.92226171 -83.34498354

BF7-50 41.92265332 -83.34488698

BF8 41.92320049 -83.34578821

BF9 41.92192376 -83.34654995

BF10 41.92059338 -83.34704348

BF11 41.91931665 -83.34796616

BF12 41.91817403 -83.34907123

BF1210 41.91887140 -83.34963986

BF1250 41.91844225 -83.34952184

BF13 41.91928983 -83.34987053

BF14 41.92057192 -83.34906586

BF14EN 41.92184865 -83.34823438

BF15 41.92164481 -83.34722050

BF15EN 41.92044854 -83.34800371

BF16 41.92112446 -83.34639438

BF16EN 41.91988528 -83.34711858

Campground Restoration Unit

C1 41.92647815 -83.33899685

C1-CON 41.92574859 -83.33838531

C2 41.92537844 -83.33803662

C3 41.92469716 -83.33658286

C4 41.92355454 -83.33679744

C5 41.92415535 -83.33844968

C6 41.92469716 -83.34010192

C7 41.92346871 -83.34093341

C8 41.92274988 -83.33932408

C8-CON 41.92224026 -83.33837994

C9 41.92187548 -83.33799371

C9-CON 41.92148387 -83.33794543

C10 41.92100644 -83.33894857

C11 41.92219198 -83.33983907

C11CON 41.92273915 -83.34072956

C12 41.92250848 -83.34088513
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Line-Transect Waypoint Latitude Longitude Comments

C12-CT 41.92195058 -83.34166297

C12CON 41.92212224 -83.34099242

C12END 41.92211151 -83.34166833

C13 41.92150533 -83.34206530

C14 41.92191303 -83.34033259

C14END 41.92090452 -83.33916315

Corps CDF Unit

CDF1 41.91386640 -83.33225914

CDF2 41.91297591 -83.33350905

CDF3 41.91339970 -83.33519884

CDF4 41.91453159 -83.33590695

CDF4EN 41.91584587 -83.33560654

Corps Volcano Unit

V1 41.92202032 -83.34444174

V2 41.92148924 -83.34275731

V3 41.92099571 -83.34109970

V4 41.92050755 -83.33952793

V5 41.92083478 -83.34146448

V5-CON 41.92121029 -83.34280022

V6 41.92071140 -83.34207066

V6-100 41.92022324 -83.34211358

V7 41.92033052 -83.34276267

V7-50 41.92059875 -83.34318646

V7-100 41.92097425 -83.34349223

V8 41.92103326 -83.34393212

V8100 41.92036271 -83.34358879

V8END 41.92008376 -83.34402868

V9STAR 41.91810429 -83.34528395 Added in 2004

V950 41.91783071 -83.34481725 Added in 2004

V9100 41.91772342 -83.34422716 Added in 2004

V9END 41.91761076 -83.34366926 Added in 2004

V10 41.92028761 -83.34411987

V10-50 41.92072213 -83.34438809

V10100 41.92117810 -83.34428080

V11 41.92159653 -83.34439882

V11-50 41.92190766 -83.34479579

V11100 41.92161798 -83.34469923

V12 41.92117810 -83.34455439

V12-50 41.92073822 -83.34476360

V13 41.91984236 -83.34487625

V13-50 41.91953123 -83.34457048
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Line-Transect Waypoint Latitude Longitude Comments

V13CON 41.91937566 -83.34407159

V14 41.91913426 -83.34458658

V14100 41.91829205 -83.34499964

V14CON 41.91813111 -83.34474751

V15 41.91820085 -83.34499964

V15100 41.91827059 -83.34595450

V16 41.91869438 -83.34582576

V16-50 41.91910744 -83.34555754

V17 41.91980481 -83.34548243

V17-50 41.91966534 -83.34600278

V17100 41.91927373 -83.34631928

V17END 41.91888750 -83.34656605

V18 41.91989601 -83.34582039

V18END 41.92110300 -83.34533223

V19 41.91963315 -83.34508010

V19END 41.91834569 -83.34512838

V20 41.91822767 -83.34326156

V20END 41.91945612 -83.34258028

Facilities Unit

F1 41.91560984 -83.33670088

F2 41.91429555 -83.33714076

F3 41.91297591 -83.33752700

F4 41.91184402 -83.33839604

F5 41.91146314 -83.34007510

F6 41.91061020 -83.33918461

F7 41.90940320 -83.33853551

F8 41.90811038 -83.33861061

F9 41.90672100 -83.33868572

F10 41.90547109 -83.33932945

F10CON 41.90490782 -83.34009656

F11 41.90468788 -83.33937773

F12 41.90355062 -83.33878228

F13 41.90250993 -83.33758601

F14 41.90259039 -83.33588012

F14EN 41.90356135 -83.33497890 New end of F14; added in 2004

F14END 41.90355062 -83.33505937 Old end of F14 from 2003

Headquarters Unit

HQ1 41.92423582 -83.34492990

HQ1END 41.92466497 -83.34664115

HQ2 41.92390859 -83.34730634

HQ2END 41.92337215 -83.34561118
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Line-Transect Waypoint Latitude Longitude Comments

Hunt Club Unit

HC1 41.90982699 -83.34408232

HC1-50 41.90940320 -83.34430226

HC1100 41.90897405 -83.34454366

HC1END 41.90856099 -83.34478506

HC2 41.90718770 -83.34557899

HC3END 41.90690339 -83.34697911

HC4 41.90706968 -83.34788569

HC4END 41.90753102 -83.34966131

HC5 41.90774024 -83.35035332

HC5END 41.90815330 -83.35208603

HC6 41.90880775 -83.35255274 Survey transect in 2003

HC6-50 41.90905452 -83.35278877 Survey transect in 2003

HC6100 41.90925837 -83.35340568 Survey transect in 2003

HC6END 41.90947831 -83.35393139 Survey transect in 2003

HC6STR 0.00000000 0.00000000 New transect added in 2004

HC6EN 41.90878630 -83.35439810 New transect added in 2004

HC7 41.91013813 -83.35741826 Old start of transect from 2003

HC7STR 41.90967679 -83.35763284 New start of HC7; added in 2004

HC7END 41.91087842 -83.35724660

HC8 41.91294909 -83.35346469 Old start of transect from 2003

HC8STR 41.91376984 -83.35309454 New start of HC8; added in 2004

HC8EN 41.91496611 -83.35251519

HC9 41.91558301 -83.35148522

HC9END 41.91491246 -83.34970423

HC10 41.91469789 -83.34884592

HC10EN 41.91504121 -83.34696301

HC11 41.91519678 -83.34459730

HC11EN 41.91613555 -83.34308454

Interpretive Kiosk Unit

IK1 41.91979945 -83.33822438

IK3 41.91731036 -83.33967277

IK3-50 41.91692948 -83.33985516

IK3100 41.91654861 -83.34007510

IK4 41.91608727 -83.34033796

IK4-50 41.91569030 -83.34068128

IK5 41.91485345 -83.34107288

IK5-50 41.91441894 -83.34130355

IK5100 41.91405416 -83.34149131

IK6 41.91364110 -83.34174880

IK6-50 41.91323340 -83.34200093
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Line-Transect Waypoint Latitude Longitude Comments

IK6100 41.91279352 -83.34221014

IK6END 41.91213906 -83.34260711

IK7 41.91235900 -83.34240862

IK7100 41.91164553 -83.34236034

IK7END 41.91146851 -83.34162542

North Lagoons Unit

NL1 41.91756248 -83.33266147

NL2 41.91871583 -83.33222159

NL3 41.91942394 -83.33370217

NL3END 41.91968679 -83.33517202
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Appendix VI. Eastern fox snake survey form.
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Appendix VII. Michigan Natural Features Inventory (MNFI) Special Animal Form.
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