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Executive Summary

In March 2008, the US Fish and Wildlife Service (FWS), with funding from the Department of
Defense Legacy Program (Legacy), contracted with NatureServe to identify priority habitat areas
for Species at Risk (SAR) likely to be found on military reservations in the Carolinas. Specifically,
NatureServe was tasked with:

(1) determining a list of target SAR species for the study area

(2) creating habitat models to map probable locations of target species

(3) developing natural resource management guidelines for habitats occupied by target
species

(4) identifying priority habitat areas and determining ownership for those areas

In joint meetings between NatureServe, FWS, the Department of Defense, and state wildlife
officials, we identified thirteen species at risk for evaluation. These species occur in and around
military installations on Onslow Bight in North Carolina and/or in the vicinity of Fort Jackson in
South Carolina. Three of the thirteen species were targeted for habitat modeling. These include
the mimic glass lizard (Ophisaurus mimicus), northern pine snake (Pituophis melanoleucus), and
the southern hognose snake (Heterodon simus). Basic habitat and threat information, resource
management guidelines, and recommendations for future modeling were made for the remaining
SAR.

Habitat modeling consisted of refining vertebrate habitat models previously created by the
Southeast Gap Analysis program to areas with the sandy soils characteristic of the sandhills
environments the three target species favor. Following the model refinements, habitat for each
species was grouped into distinct patches by using minimum size thresholds. Patches greater than
the minimum size were then ranked by area, shape, connectivity, and road density to identify
those patches that were most likely to contain the highest quality habitat. Ownership information
for each of the top ranked patches was then determined, and is summarized in this report.

The modeling and prioritization efforts show that within the sandhills region, both military
installations (Camp Lejeune, Fort Jackson, and the U.S. Air Force Gunnery Range in particular)
and private lands (especially timber lands) provide good candidate locations for conservation
efforts aimed at bolstering the viability of these species.

The identification of likely high quality habitat patches provides a good starting place for
conservation efforts for these species at risk in the Carolinas. While it is our hope that
conservation measures can be enacted at many of the areas highlighted in this report, it is
important to note that the areas identified as likely to contain high quality habitat have not been
validated on-the-ground. Thus, before conservation action is planned, we highly recommend
survey and inventory to verify the presence of the species of interest at any candidate site and
delineate the best areas for conservation action.
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1. Introduction

In March 2008, the US Fish and Wildlife Service (FWS) contracted with NatureServe to identify
priority habitat areas for Species at Risk (SAR) likely to be found on military reservations in the
Carolinas. Specifically, NatureServe was tasked with:

(1) determining a list of target SAR species for the study area

(2) creating habitat models to map probable locations of target species

(3) developing natural resource management guidelines for habitats occupied by target
species

(4) identifying priority habitat areas and determining ownership for those areas

The original scope of work also called for a field inventory of mapped populations of SAR.
However, once the list of target species was finalized, it became apparent that the effort necessary
to survey for these species (mostly reptiles) was beyond the resources allocated for the project as
originally planned (when it was assumed that target species would largely be plants). With
approval from FWS, plans for a species inventory under the current contract were withdrawn. The
project was consequently re-scoped in January 2009, with NatureServe and FWS agreeing upon
the following deliverables:

a. Range, rarity, and resource management guidelines for 13 species at risk
b. A ranked modeling priority for each of those species
c. Habitat models for three Priority A species, including the mimic glass lizard,
northern pine snake, and southern hognose snake, including:
i. Maps of predicted habitat within the project area
ii. Likely high quality habitat areas suitable for inventory and survey
iii. Land ownership information for those high quality habitat areas
d. Supplemental information for all Priority B and C species, including:
i. A recommended approach for future modeling efforts
ii. A summary of existing information on habitat distribution and known
occurrences

This information is provided in full in this report.

1.1, Study Area

The study area consists of selected military reservations in the Carolinas and surrounding lands
that likely support species found on the reservations. In meetings with FWS and representatives
of the Department of Defense (DoD), it was decided that the area for assessment should consist of
two distinct areas that contain a mix on DoD and non-DoD owned land: Onslow Bight, North
Carolina and the Midlands Area Joint Installation Consortium (MAJIC) area in South Carolina.
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Onslow Bight comprises approximately 14,800 square kilometers (~3,650,000 acres) stretching
from the lower Cape Fear River to the Pamlico River and from offshore waters to approximately 30
miles inland. The Onslow Bight landscape includes large areas managed for military training,
conservation, and other uses as well as smaller conservation sites and other privately owned or
otherwise unprotected parcels containing significant natural heritage areas. Camp Lejeune, the
Military Ocean Terminal at Sunny Point, and the Marine Corps Air Station at Cherry Point are all
located in this area.

The MAJIC area is part of the Army Compatible Use Program (ACUB). The goal of this program is
to protect land surrounding military installations from development that is incompatible with the
goals of those installations. The significant military areas included in MAJIC include Fort Jackson,
Shaw Air Force Base, McEntire Joint National Guard Station, and Poinsett Range. The land
between installations is targeted as the Joint Compatible Use Buffer program focus area. For this
project, the MAJIC area was buffered by 10 miles to include additional area surrounding the bases
and is 1,866 square kilometers (461,000 acres) in size.

1.2. Species at Risk

An initial list of SAR on or near military installations in the Carolinas was provided to
NatureServe from FWS based on a database developed by NatureServe in 2002. Following a review
of species ranges, rarity, habitat, presence of military lands, and vulnerability to impacts from
military activity, a final list of SAR taxa was developed. This review involved input between FWS,
NatureServe, DOD representatives, and state wildlife experts. The final SAR list is provided on
Table 1.

A modeling priority was assigned to each species based on the probability of modeling success, as
well as the perceived importance of these species. The modeling priority for each species is
included on Table 1. Priority A species include reptile species endemic to the sandhills
environment: the mimic glass lizard (Ophisaurus mimicus), northern pine snake (Pituophis
melanoleucus), and southern hognose snake (Heterodon simus). It should be noted that while
LeBlond’s goldenrod (Solidago villosicarpa) is also listed as a species at risk for the project area, it
is not assigned a modeling priority, as habitat mapping has previously been completed for this
very rare species.

The majority of this report focuses on the methods and results of mapping efforts for these three
Priority A species. However, additional information on all target SAR taxa is provided in Appendix
A, including a full species and habitat description, conservation status and trend details, and
natural resource management guidelines. Modeling recommendations for Priority B and C species
are provided in the conclusions and recommendations section of this report.
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Table 1. List of Target Species at Risk

Conservation Status
Modeling  "Giopal™ | NC* | sc*
Common Name Scientific Name Priority
S3B,
Bachman's Sparrow Aimophila aestivalis B G3 SN S3
Ammodramus S2B,
Henslow's Sparrow B C G4 SNA
henslowii SIN
Red Knot Calidris canutus C G4 S3N SNRN
Carolina Gopher Frog Rana capito B G3 S2 S1
E. Diamondback
Crotalus adamanteus B G4 S1 S3
Rattlesnake
Mimic Glass Lizard Ophisaurus mimicus A G3 S2 SNR
Northern Pine Snake Pituophis melanoleucus A G4 S3 S354
Southern Hognose Snake | Heterodon simus A G2 S2 SNR
Boykin's Lobelia Lobelia boykinii B G2G3 S2 S3
Rhynchospora
Coastal Beaksedge . B G2G3 S2 S1
pleiantha
) o previously
LeBlond's Goldenrod Solidago villosicarpa Gl S1 n/a
completed
Many-flowered Grass-pink | Calopogon multiflorus B G2G3 S1 S1
Fitzgerald's Sphagnum Sphagnum fitzgeraldii C G3 S2S3 SNR

* Full rank definitions are provided in Appendix A for each species, but in general:
1 = critically imperiled, 2 = imperiled, 3 = vulnerable, 4 = apparently secure, 5 = secure
For birds, “B” indicates breeding populations, “N” indicates non-breeding
SNR = unranked by the state
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Priority A Species

The three Priority A species are three of the primary species that constitute the longleaf pine
reptile guild (Bennett and Buhlman, undated). All of these species are associated with the longleaf
pine ecosystem that was extensive across the southeastern United States at the time of European
settlement. The northern pine snake and the southern hognose snake are typically associated with
the more xeric longleaf communities. The mimic glass lizard is commonly associated with the
mesic longleaf communities, including longleaf pine flatwoods. All species show some overlap in
their particular habitat preferences and can be found in habitats other than longleaf. All members
of this guild spend some portion of their life using underground shelters, such as stump holes,
rodent burrows, root channels, or gopher tortoise burrows (Bennett and Buhlman, undated).

The primary challenge confronting members of this guild is habitat loss. Longleaf pine habitat has
been greatly reduced in extent and in quality. The large snakes are particularly vulnerable to
habitat fragmentation and an increasing road network. The northern pine snake in particular is a
long-lived animal with a large home range. Maintaining viable populations becomes more
difficult when mortality from automobiles further reduces the number of individuals in the
population.

These species are endemic to the sandhills ecoregions: the inland portion of the coastal plain that
borders the fall line. This region is sometimes incorporated within a broader area known as the
inner coastal plain. Pliocene and Pleistocene sands deposited up to ten million years ago by
strong southwest prevailing winds forms the top layer of the sandhills. These deep sands have
created a xeric environment that supports a distinctive type of vegetation dominated by longleaf
pines and turkey oaks. This fire-adapted community type burns with a frequency interval of 5 to
10 years and may be one of the oldest communities of this type in the southeast. This sandhills
pine woodland is the characteristic vegetation on the sandy soils that define the region. On deep
well-drained sands a longleaf pine (Pinus palustris) canopy with a subcanopy of turkey oak
(Quercus laevis) and other scrub oak species prevails. (SC DNR 2010)

Priority B & C Species

Priority B species include a diverse assortment of animals and plants found in the varied
environments of the sandhills and coastal plain. Bachman’s sparrow (Aimophila aestivalis), the
Carolina gopher frog (Rana capito), the Eastern diamondback rattlesnake (Crotalus adamanteus),
Boykin’s lobelia (Lobelia boykinii), coastal beaksedge (Rhynchospora pleiantha), and the many-
flowered grass-pink (Calopogon multiflorus). For all Priority B animals, Southeast Gap vertebrate
models exist that provide a starting point for the development of refined models more
appropriate for use at fine scales. For all Priority B plants, at least preliminary data exists that can
serve as the basis for building predictive statistical models.

Priority C species include Henslow’s sparrow (Ammodramus henslowii), the red knot (Calidris
canutus), and Fitzgerald's sphagnum (Sphagnum fitzgeraldii). These have been assigned the
lowest modeling priority due to the anticipated difficulty in creating reliable models. Both
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Henslow’s sparrow and the red knot only winter in the study area, and data for them is limited.
Fitzgerald’s sphagnum is a rare moss with limited occurrence data and narrow habitat specificities
that are not easily captured by the relatively coarse-scale spatial environmental data most often
used for predictive modeling.

Table 2 provides a summary of documented occurrences of Priority B and C species, both within
the study areas and within the Carolinas. The element occurrence records referenced here are
maintained by the North Carolina Natural Heritage Program and South Carolina Department of
Natural Resources and are current as of May 2010.

Table 2. Existing Element Occurrence Records for Priority B & C Species

Number of EOs on Record
Common Name Onslow Bight All of NC MAIJIC + buffer All of SC
Bachman's Sparrow 59 161 0 4
Henslow's Sparrow 9 24 0 0
Red Knot 0 0 0 0
Carolina Gopher Frog 25 48 0 21
E. Diamondback Rattlesnake 19 35 0 7
Boykin's Lobelia 2 10 5 40
Coastal Beaksedge 15 18 0 1
LeBlond's Goldenrod 28 29 0 0
Many-flowered Grass-pink 5 5 0 1
Fitzgerald's Sphagnum 0 0
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2. Methods

Maps of predicted habitat for the three Priority A species were developed by obtaining vertebrate
habitat models from the Southeast Gap Analysis program and then refining those models using
detailed soils data.

Areas most likely to contain the highest quality habitat were then identified by (1) partitioning the
modeled area into distinct habitat patches, (2) retaining only those patches above a pre-
determined size threshold, and (3) ranking the remaining sites based on area, shape, connectivity
to adjacent sites, and road density.

Ownership information was then sought for the highest ranked sites of each species.

2.1. Mapping Predicted Habitat

Habitat models were obtained from the Biodiversity and Spatial Information Center at NC State

University ( www.basic.ncsu.edu/segap/Vertebrate.html) for the three reptile species of interest.
These models, developed as a component of the Southeast Gap Analysis program, use a
combination of landcover data and satellite imagery to predict species presence across a
landscape. Based on existing literature and expert review, the Gap program identified the
ecological systems known to support the target species and then created spatial data of species
distributions based on a map of ecological systems map previously created by the Program. Table
3 lists the systems identified as supporting each of our target species within the study area. The

resulting habitat models are binary, meaning that areas are either assigned a “1” (habitat) or a “o
(non-habitat).

Because sandy soils are an important aspect of these reptiles’ habitats, we further refined the
Southeast Gap models for these species by restricting areas designated as habitat to those with
sandy soils. Sandy soils were queried from the Natural Resources Conservation Services (NRCS)
SSURGO soils database (http://soils.usda.gov/survey/geography/ssurgo/) based on a list of
sandhills soils provided to NatureServe by the Southeast Gap program (pers. comm. with Alexa
McKerrow 2009). Soil moisture and soil texture were used to identify appropriate SSURGO soil
types as “sandy soils” indicative of longleaf pine habitat in the Carolinas (Peet 2006).Once those
areas were identified, we used the “clip” function in ArcGIS 9.3 (ESRI, Redlands, California) to
restrict the modeled area for each species to only those areas overlapping sandy soils.
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Table 3. Ecological Systems Mapped as Habitat for Target Species

Mimic Glass Lizard

Atlantic Coastal Plain Fall-Line Sandhills Longleaf Pine Woodland — Loblolly Modifier

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Open Understory Modifier
Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Scrub/Shrub Understory Modifier
Atlantic Coastal Plain Southern Wet Pine Savanna and Flatwoods

Atlantic Coastal Plain Upland Longleaf Pine Woodland

Northern Pine Snake

Atlantic Coastal Plain Fall-Line Sandhills Longleaf Pine Woodland - Loblolly Modifier

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Open Understory Modifier
Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Scrub/Shrub Understory Modifier
Atlantic Coastal Plain Upland Longleaf Pine Woodland

Bare Sand

Northeastern Interior Dry Oak Forest - Mixed Modifier

Southern Piedmont Dry Oak-(Pine) Forest - Loblolly Pine Modifier

Southern Hognose Snake

Atlantic Coastal Plain Fall-Line Sandhills Longleaf Pine Woodland - Loblolly Modifier

Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Open Understory Modifier
Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodland - Scrub/Shrub Understory Modifier
Atlantic Coastal Plain Upland Longleaf Pine Woodland

Atlantic Coastal Plain Central Maritime Forest

Bare Sand

Pasture / Hay

2.2. Translating Modeled Areas into Distinct Habitat Patches

To identify which areas were most likely to contain the highest quality habitat and would thus be
the best candidates for survey, inventory, and ultimately conservation measures, we then used the
region group function in ArcGIS 9.3 to group contiguous modeled areas into distinct habitat
patches. This function assigns a unique identification value to each patch of contiguous habitat.
These patches in turn were converted to polygons and ranked based on ecologically meaningful
characteristics such as area, contiguity, and presence of disturbances (i.e. roads). The region
group function requires the user to define the number of neighboring cells for use in evaluating
connectivity between cells. For this project, connectivity was assumed between cells of the same
value if they were within the immediate eight-cell neighborhood (eight nearest neighbors) of each
other. This includes to the right or left, above or below, or diagonal to each other.

Once the raster map of habitat was translated into distinct patches using the region group
function, but before those patches were ranked, we applied an area threshold to eliminate very
small patches of habitat that would be unlikely to support viable populations. A critical threshold
was estimated for each of the three reptiles species based on expert input and review (pers.
comm. with Steve Bennett and David Woodward 2010). Critical patch sizes for viability were
estimated as follows: southern hognose snake = 750 acres (with smaller patches also utilized),
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northern pinesnake = 15000 acres, and mimic glass lizard = 600 acres (with smaller patches also
utilized).

Few patches within the study area approached those viability thresholds, yet many patches were
located in close proximity to other patches and thus were likely, in combination, to provide
adequate habitat. For this reason, the area threshold we used to eliminate small patches were set
lower than the threshold area requirements provided by expert review (see results).

2.3. Prioritizing Patches for Survey and Inventory

Priority habitat areas for inventory and/or conservation action were identified from the modeled
results based on patch-level metrics designed to characterize the spatial character and context of
the habitat patches, and thus identify those likely to contain high quality habitat.

Generalizations can be made with regard to fragmentation and species’ viability. As habitat
decreases, population survival decreases. Increasing habitat clumping increases survival. There
are several components of landscape pattern, all of which affect species viability. They include:
amount of habitat, mean size of habitat patches, mean inter-patch distance, variance in patch
sizes, variance in inter-patch distances, and landscape connectivity. Commonly used
fragmentation metrics include total area, average patch area, number of patches, edge-to-interior
ratio, total perimeter, inter-patch distance (proximity), connectivity, and contagion or clumpiness
(McGarigal et al. 2002).

Derivation of Ecologically Meaningful Habitat Metrics for Patches

Metrics were derived to characterize the habitat patches across the study areas. Fragstats
(McGarigal et al. 2002) was used to derive several of the metrics for use in the prioritization.
Fragstats is a stand-alone program that performs spatial pattern analysis for quantifying
landscape structure and offers a comprehensive choice of landscape metrics. Many metrics were
produced but only the most ecologically meaningful metrics were used in the prioritization. In
addition to Fragstats, we used ArcGIS 9.3 to perform spatial analyses for additional patch metrics.
The following metrics were derived for the habitat patches in the study areas and used to rank the
most important sites.

Area - The area of the patch in hectares. The area of each patch comprising a landscape is
probably the single most important and useful piece of information contained in the landscape.
Not only is this information the basis for many other indices, but patch area also has a great deal
of ecological utility in its own right.

Patch Extent/Shape —Called the “radius of gyration” in Fragstats, this is a measure of patch
extent, and is thus effected by both patch size and patch compaction. It is the mean distance (in
meters) between each cell in the patch and the patch centroid. It is a value > o without limit. The
metric equals o when the patch consists of a single cell and increases without limit as the patch
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increases in extent. The metric achieves its maximum value when the patch comprises the entire
landscape. Compact patches are less fragmented and thus likely to provide better habitat.

Contiguous Area - This metric measured a type of connectivity by assessing the amount of
modeled habitat in a 1609 meter (1 mile) buffer surrounding the habitat patch of interest. Area
was calculated for all habitat within the buffer surrounding and including the habitat patch of
interest. The area of the patch itself was then subtracted to obtain an area measure of relatively
contiguous habitat surrounding the patch through which the species could possibly traverse. This
is an important measure because it emphasizes and values patches that are closer to other patches
over those patches that might be large but isolated.

Average Road Density -NatureServe contracted with Dr. Ron Sutherland at Duke University to
analyze the response of the Priority A species to measures of urbanization including road density
and the percent of impervious surfaces (see Appendix B). A strong response between species and
road presence was documented, and critical thresholds for each of the three reptile species were
generated. Road densities within the study area were generally below this critical threshold;
however, recognizing the important relationship between high quality habitat and low road
density, we used road density as one of our metrics for ranking patches. A mean road density
value was calculated for each patch using a 1 kilometer radius, and patches with the lowest
densities were ranked highest.

Area, radius of gyration, contiguous area, and average road density were calculated for all patches
larger than the aforementioned size threshold. The patches were ranked on each metric and the
ranks were summed to produce an overall ranking for all patches. Multipliers were applied to the
metrics so that the area metric was most influential in the ranking scheme, and road density was
the least influential (reflecting the fact that all patches in the study area had road densities below
the critical threshold). The importance weighting for area was set at 5, the importance weightings
for patch extent and contiguous area were set at 2, and the importance weighting for average road
density was 1. The ranks were summed and ordered from smallest value (highest rank or best
patch) to highest value (lowest rank or worst patch). If there were two patches with identical
ranks, rank order was determined based on the area metric, with the larger of the two area
measures receiving the higher rank.

2.4. Analysis of Ownership

The ownership of the top 15 ranked habitat patches for each species was queried and is presented
in the results section. Parcel data were acquired for as many counties as possible within the
Onslow Bight and MAJIC study area. Parcel data were acquired for all counties comprising
Onslow Bight and for Sumter County in the MAJIC study area. In general, digital parcel data was
not readily available for most counties in South Carolina. When parcel data were lacking, the
Protected Areas Database (USGS 2010) was used to generate information on ownership for the
habitat patches. If detailed ownership information is desired for any patches located on private
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property in areas where the Protected Areas Database was used, it will be necessary to contact
county officials. Contact information for each county is provided in the results section.

10
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3. Results

3.1. Critical Area Thresholds for Viability

Applying area thresholds reflects the fact that animals are unlikely to successfully utilize very
small habitat patches while decreasing the number of patches used in analysis to a manageable
number. Critical area thresholds obtained by consulting reptile experts in the Carolinas served as
the basis for our area thresholds. However, recognizing that few patches in the study area met the
critical area thresholds these experts provided, and recognizing that collections of patches in
close proximity to one another may together provide adequate area, the size thresholds we
applied were often less than the provided critical sizes for population viability. Cut-offs used for
each species, and the number of patches they generated, are provided below.

Mimic Glass Lizard

According to expert review, the patch size critical threshold for the mimic glass lizard is ~300
hectares (750 acres), with the understanding that smaller patches are still utilized by the lizard as
well. In both study areas, this threshold produced very few viable patches for the mimic glass
lizard so a lower threshold 1/5 the size of the original (60 hectares; 150 acres) was applied to
incorporate smaller patches as well. In the Onslow Bight area, this threshold produced 52 viable
patches with only 2 patches greater than 300 hectares. In the MAJIC area; the threshold produced
9 total patches, none of which were above the 300 hectare threshold. Although very few patches
were 300 hectares or larger, it is important to note that expert review suggested that patches of at
least that size are ideal, but that smaller patches could be viable for the mimic glass lizard as well.

Northern Pine Snake

Individual northern pine snakes have relatively large home ranges: ~40 hectares (100 acres) for
females and ~60 hectares (150 acres) for males (personal comm. with David Woodward 2010).
Critical size thresholds for this species are thus large (~600 hectares; 1500 acres) (personal comm.
with Steve Bennett and David Woodward 2010) and important when considering habitat viability.
In the Onslow Bight study area, no viable patches existed above the 1500 acre threshold so a
threshold % the size (150 hectares; 375 acres) was used and produced 4 viable patches. In the
MAJIC study area, this threshold produced 30 patches, 3 of which were greater than 600 hectares
in area.

Southern Hognose Snake

The patch size critical threshold for the southern hognose snake is ~300 hectares (750 acres), with
smaller patches supporting habitat for the hognose as well (personal comm. with Steve Bennet
2010). The southern hognose snake has a smaller home range (4-8 hectares; 10 -20 acres) (personal
comm. with David Woodward 2010) than the northern pine snake and thus, the critical threshold
can be used more flexibly. In the MAJIC study area, we adhered strictly to the 300 hectare (750

11
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acre) threshold because it produced a manageable number of viable patches (30 patches). In the

Onslow Bight study area, a threshold 1/5 the size of the recommended threshold was used (60

hectares; 150 acres) and produced 82 patches, with only 4 patches greater than 300 hectares.

3.2. Results for Onslow Bight

Habitat patches were prioritized within the Onslow Bight study area for the mimic glass lizard,
the northern pine snake, and the southern hognose snake. Results suggest that many of the top-

ranked habitat patches for the three species are shared, due to these species’ affinities for similar

habitat types. This can make conservation planning and action more efficient. The mimic glass
lizard had 52 total viable habitat patches on Onslow Bight with the top 15 listed on Table 4. The

northern pine snake had 4 viable patches identified on Onslow Bight, which are listed on Table 5.

The southern hognose snake had 82 viable patches as well with the top 15 listed on Table 6. Many

of the highest ranked patches for the mimic glass lizard and southern hognose snake occur on the

U.S. Marine Corps Base at Camp Lejeune, although numerous other high quality patches are

located on privately owned timber lands. The best candidates for further habitat evaluation for

the northern pine snake are all located on these timber lands.

Table 4. High Quality Habitat Patches for the Mimic Glass Lizard, Onslow Bight

Patch ID Ol;l:rzin Area (ha) County Ownership

17388 1 119 Onslow USMCB Camp Lejeune
31100 2 132 Brunswick Parcel ID 14400001 — Orton Plantation LLC
16414 3 141 Onslow USMCB Camp Lejeune
20404 4 165 Onslow USMCB Camp Lejeune

. Parcel ID 4500001 — Sustainable Forests LLC/
29049 > 137 Brunswick Parcel ID 05500001 — Sustainable Forests LLC
18937 6 131 Onslow USMCB Camp Lejeune
20738 7 112 Onslow USMCB Camp Lejeune
14852 8 337 Onslow City of Jacksonville
19964 9 141 Onslow USMCB Camp Lejeune
19749 10 116 Onslow USMCB Camp Lejeune
18360 11 90.00 Onslow USMCB Camp Lejeune
21700 12 259 Onslow USMCB Camp Lejeune

. Parcel ID 4500001 — Sustainable Forests LLC/
28993 13 139 Brunswick Parcel ID 05500001 — Eady Edward
18869 14 95 Onslow USMCB Camp Lejeune

Parcel ID 2180000101 — MAS Properties
34329 15 330 Brunswick LLC/Parcel ID 21800001 — DWE Il LLC &
Ladane Enterprises LLC
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Table 5. High Quality Habitat Patches for the Northern Pine Snake, Onslow Bight

Overall .
Patch ID Rank Area (ha) County Ownership
Parcel ID 2180000101 — MAS Properties
7728 1 330 Brunswick LLC/Parcel ID 21800001 — DWE Il LLC &
Ladane Enterprises LLC
3344 2 213 Brunswick Parcel ID 10100001 — Town Creek Timber Co
2343 3 153 Brunswick Parcel ID 05800007 —Ltténston Land & Timber
4435 4 178 Brunswick Parcel ID 14400001 — Orton Plantation LLC

Table 6. High Quality Habitat Patches for the Southern Hognose Snake, Onslow Bight

Patch ID Og:f:i” (heé:;:?es) County Ownership
39146 1 185 Brunswick Parcel ID 14400001 — Orton Plantation LLC
25668 2 125 Onslow USMCB Camp Lejeune
38977 3 139 Brunswick Parcel ID 14400001 — Orton Plantation LLC
24473 4 163 Onslow USMCB Camp Lejeune
28915 5 202 Onslow USMCB Camp Lejeune
Parcel ID 2020000101 — Sunset Harbor
. Investment LLC ETAL/ Parcel ID 2020000104
41741 6 144 Brunswick Mary Kocur & Thomas A Zimmerman TR/
Parcel ID 20200022 MAS Properties LLC
27489 7 141 Onslow USMCB Camp Lejeune
. Parcel ID 05500001 — Eady
37345 8 136 Brunswick Edward/Sustainable Forests LLC
Parcel ID 2180000101 — MAS Properties
42207 9 450 Brunswick LLC/Parcel ID 21800001 — DWE Il LLC &
Ladane Enterprises LLC
Parcel ID 4500001 — Sustainable Forests LLC/
37088 10 239 Brunswick Parcel ID 05500001 — Eady
Edward/Sustainable forest LLC
34393 1 526 Pender Corbett Industries Inc/Corbett Package
Company
29195 12 140 Onslow USMCB Camp Lejeune
Parcel ID 01000003 - Butler Ira D JR ETALS/
. Parcel ID 0100000308 - Merrywoods Inc/
34960 13 196 Brunswick | el ID 0100002101 — Corbett Industries/
Parcel ID 00600011 — Corbett Industries
26856 14 322 Onslow USMCB Camp Lejeune
28793 15 134 Onslow USMCB Camp Lejeune
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The ranks displayed on tables 4-6 are based on a combination of area, patch extent, contiguous

area, and average road density. It is important to note, that though the area metric was weighted

to strongly influence the overall rank, there are still cases where the largest patch was not the top

ranked site because other habitat patches may have had better combinations of all four metrics. A

full listing of all ranked patches, metric values, and metric rankings, is provided in Appendix C.

Figures 1-2 show the results for the mimic glass lizard for the northern and southern portions of
the Onslow Bight study area respectively. These maps display all modeled area for the species,
with ranked patches labeled. Figure 3 displays the results for the northern pine snake for all of

Onslow Bight. Figures 4 and 5 display the results for the southern hognose snake for the northern

and southern portions of Onslow Bight respectively.

3.3. Results for the MAJIC Study Area

Habitat patches were prioritized within the MAJIC study area for the mimic glass lizard, the

northern pine snake, and the southern hognose snake. Results suggest that many of the top-

ranked habitat patches for the three species are shared, due to these species’ affinities for similar

habitat types. This can make conservation planning and action more efficient. The mimic glass

lizard had 9 total viable habitat patches (Table 7), the northern pine snake had 30 viable patches,

with the top 15 reported in Table 8, and the southern hognose had 30 viable patches as well, with

the top 15 reported in Table 9. Many of these patches occur either on Fort Jackson or on the U.S.
Air Force Gunnery Range. Outside of the military installations, important habitat patches were
found in state forest land and on timber plantations. Ownership information for each of the top
ranked sites is provided on Tables 7-9.

Table 7. High Quality Habitat Patches for the Mimic Glass Lizard, MAIJIC

Patch ID Og:;i“ (heActczies) County Ownership

3173 1 143 Calhoun Private Land"

1341 2 95 Calhoun Private Land®

1696 3 236 Calhoun Private Land®

5014 4 63 Calhoun Private Land’

2877 5 62 Calhoun Private Land"

3 6 123 Sumter U.S. Air Force Gunnery Range

Parcel ID — 1069001003 Milford LLC/

231 7 84 Sumter Santee Cooper Hydroelectric Project:

Public Service Authority
8860 8 87 Orangeburg Private Land®
4719 9 74 Calhoun Private Land®

! Contact Steven Hamilton at ccassessor@sc.rr.com for additional information.
* Contact Patrick Bresnahan at GISWEB@Richlandonline.com for additional information.
3Contact Jack Maquire at jmaguire@lex-co.com for additional information.
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Table 8. High Quality Habitat Patches for the Northern Pine Snake, MAIJIC

Patch

Overall

Area

ID Rank (hectares) County Ownership

15824 1 1633 Richland Fort Jackson Army Training Center
41288 2 492 Calhoun Private Land’

35818 3 591 Lexington Private Land?

41301 4 931 Calhoun/ Private Land®?

Lexington

19771 5 475 Richland Fort Jackson Army Training Center
15748 6 216 Richland Fort Jackson Army Training Center
36977 7 320 Calhoun Private Land®

4499 8 858 Kershaw Private Land®

33930 9 596 Sumter U.S. Air Force Gunnery Range
37264 10 351 Calhoun/Lexington Private Land™?

18610 11 209 Richland Fort Jackson Army Training Center
43545 12 225 Calhoun Private Land®

21044 13 225 Richland Private Land*

45836 14 176 Calhoun Private Land®

17596 15 167 Richland Fort Jackson Army Training Center

Table 9. High Quality Habitat Patches

for the Southern Hognose Snake, MAJIC

Patch

Overall

Area

ID Rank (hectares) County Ownership
13309 1 2561 Richland Fort Jackson Army Training Center
35476 2 1003 Calhoun Private Land’
35170 3 932 Calhoun Private Land®
12166 4 475 Richland Fort Jackson Army Training Center
34994 5 1139 Lexington Private Land®
16506 6 613 Calhoun Private Land®
23242 7 1001 Richland Fort Jackson Army Training Center
U.S. Air Force Gunnery Range/
Manchester State Forest SC Forestry
3418 8 1047 sumter Commission/ Parcel ID 1019001001
Ruffield Timber LTD PART
22739 9 414 Kershaw Private Land®
. Adjacent (easterly direction) to U.S. Air
29007 10 827 Richland Force McEntire Air National Guard Base.
44065 11 397 Sumter U.S. Air Force Gunnery Range
31573 12 448 Lexington/Calhoun Private Land
31327 13 387 Calhoun Private Land
36723 14 437 Lexington Private Land
30283 15 624 Calhoun Private Land

' Contact Steven Hamilton at ccassessor@sc.rr.com for additional information.

*Contact Jack Maquire at jmaguire@lex-co.com for additional information.
3 Contact Cathy Norris at cathy.norris@kershaw.sc.gov for additional information.
* Contact Patrick Bresnahan at GISWEB@Richlandonline.com for additional information.




Species at Risk on DOD Installations in the Carolinas

The ranks displayed on tables 7-9 are based on a combination of area, patch extent, contiguous
area, and average road density. It is important to note, that though the area metric was weighted
to strongly influence the overall rank, there are still cases where the largest patch was not the top
ranked site because other habitat patches may have had better combinations of all four metrics. A
full listing of all ranked patches, metric values, and metric rankings, is provided in Appendix C.

Figures 6, 7 and 8 show the results for the mimic glass lizard, northern pine snake, and southern
hognose snake in the MAJIC study area. These maps display all modeled area for the species, with
ranked patches distinctly labeled.

4.4 Overlapping Habitat

In both the MAJIC and Onslow Bight study areas, there were particular habitat patches suitable
for all three reptile species. Though not always the top ranked habitat patches for all three
species, it may be advantageous to consider these areas first for prioritizing inventory and/or
conservation efforts because of the possibility of conserving area for all three reptile species in a
single patch. These patches are listed on Tables 10 for both study areas.

Table 10. High Ranked Habitat Patches Supporting Multiple Species

Mimic Southern | Northern Area
Glass Hognose Pine (ha) County Ownership
Lizard ID | Snake ID | Snake ID
Onslow Bight Study Area
Parcel ID 2180000101 — MAS Properties
7728 42207 34329 330 | Brunswick LLC/Parcel ID 21800001 — DWE Il LLC &
Ladane Enterprises LLC
3344 38935 31053 213 | Brunswick | Parcel ID 10100001 — Town Creek Timber Co
4435 37914 99962 153 | Brunswick Parcel ID 05800007 —Liznston Land & Timber
4435 37034 28961 178 | Brunswick Parcel ID 14400001 — Orton Plantation LLC
MAIJIC Study Area
1696 39576 35960 236 Calhoun Private Land
3 29007 46353 123 Sumter U.S. Air Force Gunnery Range
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4. Conclusion and Recommendations

The identification of likely high quality habitat patches for the mimic glass lizard, northern pine
snake, and southern hognose snake, provides a good starting place for conservation efforts for
these species at risk in the Carolinas. The modeling and prioritization efforts show that within
the sandhills region, both military installations and private lands provide good candidate
locations for conservation efforts aimed at bolstering the viability of these species.

While it is our hope that conservation measures can be enacted at many of the areas highlighted
in this report, it is important to note that the areas identified as likely to contain high quality
habitat have not been validated on-the-ground. The modeling and ranking of sites was conducted
using remotely sensed data. This provides an efficient means to identify probable candidate sites,
but models are only as good as the data on which they are built, and even the best models cannot
guarantee that the species of interest will occupy a given area. Thus, before conservation action is
planned, we highly recommend survey and inventory to verify the presence of the species of
interest at any candidate site and delineate the best areas for conservation action. These surveys
will require the oversight of a herpetologist experienced with trapping or otherwise detecting
these very secretive species.

When selecting exact locations for survey, we recommend verifying the patch extent using the
most recent available satellite imagery before beginning field work. The Southeast Gap vertebrate
models we used are derived from 2001 satellite imagery and thus changes in the landscape that
have occurred since 2001 will not be reflected in the models.

Recommended conservation measures for a given location will be highly dependent upon the
species that occur their and legal and logistical management opportunities. To aid in the
development of conservation strategies, we have provided natural resource management
guidelines for each species (including Priority B and C species) in Appendix A. Our
recommendations for habitat modeling for all Priority B and C species are provided below.

Carolina Gopher Frog

The predicted distribution map created by the Southeast Gap Analysis Project provides a good
overview of the range of this species. However, additional refinement will be necessary to create
habitat maps specific enough to be used for land protection undertakings. Refining the mapped
distribution of this species will require gaining more specific information about species/habitat
relationships either through expert interviews or predictive modeling using known species
occurrences and statistical methods such as classification and regression trees (CART, Random
Forests), logistic regression, or maximum entropy (MaxEnt). Identifying breeding ponds should
be a focus of any modeling effort; review of aerial or satellite imagery from appropriate seasons
could aid in this endeavor, as could the use of LIDAR data.

Before predictive models can be created for this species, it will be necessary to locate data on
known locations of occurrence, since currently there are no element occurrence records for this
the Carolina gopher frog within the study area (see Table 2).
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Eastern Diamondback Rattlesnake

The predicted distribution map created by the Southeast Gap Analysis Project provides a good
overview of the range of this snake. However, additional refinement will be necessary to create
habitat maps specific enough to be used for land protection undertakings. Using soils data to
further refine the predictive model is a recommended first step, although to do so, it will be
necessary to first gain better information about the soil affinities of this species. Some
uncertainties also exist as the true range of this species; for example, Conant and Collins (1991) do
not show the range of the Eastern diamondback rattlesnake fully extending into the study area.

The most useful models will require gaining more specific information about species/habitat
relationships either through expert interviews or predictive modeling using known species
occurrences and statistical methods such as classification and regression trees (CART, Random
Forests), logistic regression, or maximum entropy (MaxEnt).

Bachman'’s Sparrow

Within the project area, the Southeast Gap predicted distribution model ties Bachman’s sparrow
to Atlantic Coastal Plain Fall-line Sandhills Longleaf Pine Woodlands and Southern Wet Pine
Savannas and Flatwoods, as well as several successional grassland/herbaceous habitat types. The
modeling algorithms include open areas only when located in proximity to forested areas of the
appropriate habitat types, and when those forested areas are of sufficient size (> 3 hectares).

In order to narrow the modeled area to those areas best suited for Bachman’s sparrow,
incorporating more up-to-date information on vegetation cover via more recent satellite imagery
is recommended. Incorporating data on burn zones could also improve the model, with a one to
three year burn interval yielding the best habitat. While challenging to incorporate into modeling
exercises, the spatial and temporal dynamics of early sucessional landscapes should be conside