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Purpose and Methods
To provide guidelines for park staff to incorporate into their individualized management plans to maintain
and/or enhance native habitats to preserve biodiversity of those habitats, with a focus on species of special
concern where applicable, using methods based on research.
Wake County Parks, Recreation and Open Space division (WCPROS) will utilize the habitat types
designated in the N.C. Wildlife Resources Commission (WRC) Wildlife Action Plan (WAP) of 2005. The
WRC discusses the development of these habitat types in Chapter 2, page 28:
NC Natural Heritage program report (2001), developed from the Classification of the Natural
Communities of North Carolina Schafale and Weakley 1990), was used as the basis for terrestrial
habitat designations. Through Technical Committee feedback, designations were modified to
improve the scale and specificity of particular habitats with respect to the conservation needs
addressed in the Plan. This resulted in a total of 23 habitat types. A crosswalk was developed
between these designations and the 1992 NC Gap Analysis Program (NC GAP) land cover
classification in order to standardize habitat labels for mapping purposes.
The 23 habitat types described by WRC occur across the broader N.C. landscape. The habitat types
relevant to Wake County and their respective conservation guidelines will be developed in this document
to assist with individual park and open space management plans.
Eleven of the 23 habitat types in N.C. are thought to occur in Wake County: Nonalluvial mineral
wetlands, Small wetland communities, Dry longleaf pine forest, Lakes and reservoirs, Riverine aquatic
communities, Floodplain forest, Early successional, Oak forest (& mixed hardwoods/pine), Dry
coniferous woodlands, Mesic forest, and Low elevation cliffs/rock outcrops.
The WRC WAP also discusses the river basins of N.C. and the ones relevant to Wake County include the
Neuse and the Cape Fear river basins, which will also be explored. There are twelve watersheds in Wake
County that are within the larger river basins. Individual park natural resource management plans can
identify these watersheds within the larger river basins.
It should also be noted that a more detailed management approach might be necessary where rare or
uncommon species occur on park or open space properties. There are resources for this kind of species
specific conservation in the WRC WAP and can also be developed with assistance from the N.C. Wildlife
Resources Commission, the N.C. Natural Heritage Program, and the N.C. Plant Conservation Program.
Another resource that can help staff write management plans would be the Conservation
Recommendations for Priority Terrestrial Species and Habitats in North Carolina found here:
https://www.ncwildlife.org/Portals/0/Conserving/documents/ConservingTerrestrialHabitatsandSpecies.
pdf
Refer to the PROS Invasive Species Guide for information about controlling those species in different
habitats.
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Introduction to conservation in Wake County
In Wake County, there are seven federally-endangered and threatened animal species protected by the US
Fish and Wildlife Service under the Federal Endangered Species Act (including historical records). In
addition, there are 29 state endangered and threatened animal species protected by the N.C. Wildlife
Resources Commission under the State Endangered Species Act. The N.C. Plant Conservation Program, a
unit of the Department of Agriculture and Consumer Services, is responsible for the protection of the state
endangered and threatened plant species and the 25 plant species of Special Concern in the state.
According to the WRC WAP, eight of the top 21 endangered ecosystems of the United States can be
found in North Carolina, with likely four of these ecosystems occurring in Wake County (position on list
shown in parentheses): Longleaf pine and savanna (3); Eastern grasslands, savanna, and barrens (4);
Large streams and rivers in the lower 48 states (11); Ancient eastern deciduous forest (16); Southern
forested wetlands (21). Ancient eastern deciduous forests include many plant communities. It would be
remarkable and unlikely to find ancient old-growth stands in Wake County. Southern forested wetlands
includes the bottomland hardwoods associated with the rivers of the South, such as cypress and other
imperiled communities of the coastal plain. Robertson Millpond is only example in Wake County. (Noss
and Peters 1995)
Given the different habitats and stake holders of Wake County, conservation efforts are constantly
running into diverse concerns and threats. These threats to conservation come in many forms. Solutions
need to be considered on a site-by-site situational basis and include research, as well as discussions with a
variety of conservation professionals, park staff, and administration. The WRC WAP includes threats
specific by habitat and can be consulted in each park’s management plan.
Differentiating threats gives staff the basis to work towards a solution. Common types are listed below.
•

Residential and commercial development: Threats are from human settlements or other
nonagricultural land uses with a substantial footprint. These include housing and urban areas;
commercial and industrial areas; and tourism and recreation areas.

•

Agriculture & Aquaculture: Threats are from farming and ranching as a result of agricultural
expansion and intensification, including silviculture, mariculture, and aquaculture. These include
annual and perennial non-timber crops; wood and pulp plantations; and livestock farming and
ranching.

•

Energy Production & Mining: Threats are from production of non-biological resources, and
exploring for, developing, and producing petroleum and other liquid hydrocarbons. These
include oil and gas drilling; mining and quarrying; and renewable energy.

•

Transportation & Service Corridors: Threats are from long, narrow transport corridors and the
vehicles that use them, including associated wildlife mortality. These include roads and railroads;
utility and service lines; shipping lines; and flight paths.

•

Biological Resource Use: Threats are from consumptive use of “wild” biological resources,
including deliberate and unintentional harvesting effects, as well as persecution or control of
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specific species. These include hunting and collecting terrestrial animals; gathering terrestrial
plants; logging and wood harvesting; and fishing and harvesting aquatic resources.
•

Human Intrusions & Disturbance: Threats are from human activities that alter, destroy, and
disturb habitats and species associated with non-consumptive uses of biological resources. These
include all recreational activities; military exercises; work; and other activities (research,
vandalism, law enforcement, illegal activities).

•

Natural System Modifications: Threats are from actions that convert or degrade habitat in service
of “managing” natural or semi-natural systems, often to improve human welfare. These include
fire and fire suppression; man-made dams and water management/use; and other ecosystem
modifications (land reclamation; shoreline hardening; beach reconstruction, snag removal from
streams, etc.).

•

Invasive & Other Problematic Species & Genes: Threats are from nonnative and native plants,
animals, pathogens/microbes, or genetic materials that have or are predicted to have harmful
effects on biodiversity following their introduction, spread, and/or increase in abundance. These
include invasive nonnative/alien species; problematic native species (e.g., beavers); introduced
genetic material (e.g., genetically modified insects; hatchery or aquaculture raised species).

•

Pollution: Threats are from introduction of exotic and/or excess materials or energy from point
and nonpoint sources. These include household sewage and urban wastewater; industrial and
military effluents; agricultural and forestry effluents; garbage and solid waste; airborne
pollutants; and excess energy (e.g., ambient noise, sonar, cold or hot water from power plants,
beach lights, etc.).

•

Climate change& severe weather: Threats are from long-term climatic changes that may be
linked to global warming and other severe climatic or weather events outside the natural range of
variation that could wipe out a vulnerable species or habitat. These include habitat shifting and
alteration; droughts; temperature extremes; storms and flooding.

•

Disease & Pathogens: Threats are from bacteria, viruses, protozoa, fungi, and parasites. These
include exotic or introduced pathogens; prion (nonviral, nonbacterial) disease; and zoonotic
diseases. Wildlife species may act as hosts or reservoirs.

A proactive approach to many of these, rather than a reactive, is often the best tactic to preserving your
park’s flora and fauna.

Urban Wildlife Management
Wake County has grown by more than 165,000 people in the last 10 years creating more urban and
suburban habitat than ever before. Wildlife use these areas just as they would natural spaces and we must
learn to live with them. Exacerbating the issue is that some animals are welcome and others are not.
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Wildlife management in these overlapping areas can be challenging with different groups having different
values and interpretations of outcomes, which makes an acceptable solution difficult to produce.
An urban wildlife program can serve to maximize biodiversity within urban areas, build public support
for conservation efforts, and assist by guiding development to help prioritize the conservation of habitats
in currently undeveloped areas. By providing more natural public lands within urban areas we will help to
make cities more livable and may reduce the pressure to develop rural areas.
Below are important issues key to any effective urban wildlife plan.
•

Land protection and management: Habitat loss and conversion are the two most critical threats to
fish and wildlife in North Carolina. The conservation of habitat through land conservation around
urban centers is a top priority. Many county parks have been developed with human recreation as
the top priority, but opportunities exist to improve habitat management, wildlife-related
recreation, and education on our public lands. Protecting vulnerable habitats, such as riparian
zones, streams, and isolated sites, in park areas is also a top priority.

•

Nuisance wildlife control: Nuisance wildlife problems occur when wildlife are attracted to human
areas for food or shelter, when wildlife populations are enhanced by the presence of humans, and
when wildlife is displaced by human development. Many wildlife damage problems can be
addressed by changing the perceptions and expectations of the public with regards to living with
wildlife. Our efforts to solve nuisance wildlife problems are crucial to improving the perception
of urban wildlife issues in general.

•

Public education: The primary goal of education and outreach in urban and suburban areas is to
increase awareness of and appreciation for wildlife-related issues in the urban landscape, and to
inspire people to take action towards protecting their local environment.

•

Wildlife-related Recreation: Wildlife enthusiasts are a large group that must be appreciated and
provided with areas to observe and enjoy wildlife in nature. Wildlife enthusiasts also represent an
opportunity for us to increase public appreciation for and awareness of wildlife and wildlife
habitat.

•

Data collection: Citizen Science projects engage the public in a hands-on way and creates a sense
of ownership and accomplishment among participants. We also need to quantify the effects of our
management and the effectiveness of our programs as well as improve techniques for site
evaluations.

•

Management of artificial structures: Identify key structures where wildlife can be safely managed
and enhanced. While some species coexist with humans and even prosper in our presence, some
species need more assistance as their habitat is lost or replaced. Some species have become reliant
on our structures for continued survival and are impacted by changes to those structures.
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Habitat Types, Management Guidelines, and Case Studies
*Note 1: The initial description of each habitat type and the list of relevant priority species is directly
copied from the NC Wildlife Resources Commission Wildlife Action Plan, 2015. Species lists were
supplemented with NC NHP Habitat Guilds being worked on by Steve Hall.
**Note 2: A case study of a representation of that habitat type from a park or preserve includes the
following, when applicable: acreage, location, initial/existing establishment, management/management
log, and lessons learned.

Nonalluvial mineral wetlands
This habitat type is one of the top 21 endangered ecosystems in the United States, eight of which can be
found in North Carolina (Noss and Peters 1995). It is a priority habitat type designated for acquisition and
conservation in NC (NCWRC WAP 2005). The only example of this habitat in Wake County occurs
along the Buffalo Creek watershed extending from the headwaters to the north of Robertson Millpond
Preserve through Wendell and eventually entering Little River outside of Wake County.
These wetlands occur on poorly drained areas of the eastern Coastal Plain. Saturation is due to poor
drainage and sheet flow from adjoining peatlands. Nonalluvial mineral wetlands are more nutrient-rich
than pocosins, but not as rich as floodplain wetlands. In the wettest areas, bald cypress, swamp black
gum, and red maple dominate. Where these areas transition to peatland, loblolly pine, pond pine, and
Atlantic white cedar may also be present. In less saturated nonalluvial wetlands, trees characteristic of
bottomland hardwood systems dominate: cherrybark oak, laurel oak, swamp chestnut oak, tulip poplar,
sweetgum, American elm, and red maple.
Management Guidelines
• Monitor existing wetland system to maintain current levels of flooding.
• Monitor and inventory flora and fauna.
• Monitor and prevent invasive species.

Case Study: Robertson Millpond Preserve
The Robertson Millpond Preserve is located within the Buffalo Creek watershed. To date, the site is
comprised of one 82-acre parcel. There are additional County-owned open space properties in Buffalo
Creek watershed north and south of Robertson Mill Pond Preserve.
The mill site foundation and dam is together a designated historic landmark. The mill was constructed in
the 1820s by William Avera. The mill itself was demolished in the 1970s, but the stone foundation
remains. The dam, also constructed in the 1820s by Avera, is part masonry on the east and part earthen
embankment on the west with the spillway over the masonry portion. The site served a significant focal
point of economic activity in the Eagle Rock Wendell community for almost two centuries.
The preserve opened to the public on October 24, 2015 and offers a gravel parking lot, a non- motorized
boat launch from dock or from grass launch site, a few picnic tables, quarter-mile paths, boardwalk and
fishing platform. There are no restrooms on site and visitors must bring their own boats to paddle the
pond, unless part of a guided tour or when the private outfitter is available to rent kayaks. Additions to the
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preserve in 2019 include historic and nature interpretative signage, boardwalks through the wetlands, a
small nature trail, and a fishing platform.
A list of wildlife and plant species documented can be found on Wake County’s NRID (Natural
Resources Inventory Database). The overarching unique natural feature is the cypress blackwater habitat,
which is the farthest north-eastern example currently known. In addition, other surveys have shown
unique coastal vegetation and populations of Wildlife Action Plan Priority Species. Almost the entire
pond is covered with bald cypress (Taxodium distichum), which is rare in the Piedmont as a native, not
landscaped tree.
Management details can be found in the natural resource management plan in electronic files for the
preserve.
The general objectives are:
•
Maintain the dam to standards set by dam engineers and consultants to ensure protection
of unique blackwater swamp habitat.
•
Monitor existing wetland system to maintain current levels of flooding.
•
Monitor and inventory flora and fauna.
•
Monitor and prevent invasive species.
•
Acquire additional properties along and around this unique wetland system
An additional recommended objective would be to include the additional acreage owned by Wake County
along Buffalo Creek in the management plan for Robertson Millpond Preserve. These properties will
become part of Robertson Millpond Preserve and will be designed to provide additional access for visitors
in the future.

Small wetland communities
This habitat type can include vernal pools, seeps, small depression ponds, ephemeral wetlands and beaver
ponds. Some depressions may hold water for a significant portion of the year; others may be saturated for
only a few months. All Piedmont wetland habitats are especially important as breeding sites for
amphibian species. Small wetlands can also be important breeding habitat for crayfishes (for more about
crayfishes and other aquatic taxa, see the individual river basin sections). Wading birds, waterfowl, and
songbirds, too, may also use small wetland communities for nesting and feeding areas. (Note: western
Piedmont bog habitats are covered under the “Bogs and associated wetlands” section in the Southern
Blue Ridge portion).
Piedmont communities in this category include Upland Pool, Upland Depression Swamp Forest, and Low
Elevation Seep (Schafale and Weakley 1990). Upland Pools are a rare habitat type in the Piedmont,
dominated by wetland shrubs and herbs and are small depressions where water is ponded by an
impermeable substrate. Tree species along the edge of these habitats may include black gum, water oak,
red maple, and sweet gum. Shrubs may include buttonbush, blueberries, and swamp doghobble. Royal
ferns, sedges, sphagnum, and other mosses are found in the herb layer. Upland Depression Swamp Forest
occurs on poorly drained upland flats or depressions scattered throughout the Piedmont. These
communities often have several tree species present (e.g., willow oak, red maple, sweet gum) with a
sparse shrub layer such as blueberry, black haw, or arrowwood (Schafale and Weakley 1990). Low
Elevation Seeps are found at the edge of floodplains or the base of slopes and are generally covered in a
variety of herbaceous species (though usually lacking in sphagnum moss).
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Management Guidelines
• Monitor existing wetland system to maintain current levels of flooding.
• Monitor and inventory flora and fauna.
• Monitor and prevent invasive species.

Case Study: Harris Lake County Park
In the early 1930s, many ponds and dams were created as part of the Civilian Conservation Corp (CCC)
that was authorized through FDR’s back to work initiative under the auspices of the National Park Service
during the Great Depression in North Carolina. Additionally, they built wildlife refuges, fish-rearing
facilities, water storage basins and animal shelters. To encourage citizens to get out and enjoy America’s
natural resources, FDR authorized the CCC to build bridges and campground facilities as well.
In the 1940s, ponds were also created by farmers to water their animals, for watering crops, and for
fishing. Harris Lake County Park has additional historic records related to these ponds created by farmers
in their records.
After the park opened in 1999, the ponds were managed irregularly by watching the water levels, treating
a few invasive species, and conducting water study programs on two ponds.
In 2014, North Carolina State University conducted a Nu-farm field trial to treat six ponds in the park for
for water meal infestations variable leaf milfoil. Prior to treatment, pond sizes were attained using the
National Hydraulic Dataset and average depths were gathered using a depth pole at numerous sites around
the ponds. A species inventory was taken in all of the ponds prior to applications. The ponds ranged in
size from 0.144 to 1.07 acres in size. Water characteristics at time of treatment, product rates, actual
product applied, and treatment dates are available in the park files. Moderate to good control was
achieved in the short term from water meal treatments. However, the remaining plants repopulated the
ponds quite quickly. One recommended maintenance program would be applications every 3 to 4 weeks.
Another study using the Clipper + Sonar treatment showed a sustained reduction in water meal, however
the Stingray + Sonar was nearly back to pretreatment levels. Three similar studies in 2009 using the same
Clipper + Sonar combination all had better than 95% reduction. A previous Stingray + Sonar treatment
showed only a 30% reduction. Further research should be conducted on the Clipper + Sonar combination
for water meal control. Determining treatment rates and application schedule could add another
management option for extended water meal control. Detailed data from this research is available in the
park files.
From 2015-2020, staff took a more active role in pond management by recording the ponds on ArcGIS
Collector and sending the information to Wake County GSA, who manage dams and stormwater
facilities. In addition, staff have assessed all of the ponds according to FEMA guidelines as to the extent
of damage. Staff are continuing to research what constitutes a healthy pond and dam. During this time,
staff have treated several ponds manually and chemically to try and control the spread of water meal,
duck weed, parrot feather and creeping water primrose. There was some success using chemicals to try
and control water meal on 6 ponds. Data from this treatment is available from park files. There was some
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success in treating creeping water primrose in the fall of 2019, but it requires a follow up for one more
application. The chemical used for the primrose was also supposed to control parrot feather as well, but
did not have as much success.

Staff had less success with mechanical removal. On three occasions several agencies helped to pull parrot
feather manually from one of the larger ponds. It appeared that because all the root systems were not
removed entirely, the parrot feather came back exponentially.

Case Study: Historic Yates Mill County Park
Historic Yate’s Mill County Park (HYMCP) was a working mill from c.1756 to early 20th century. As a
focal point for the early Raleigh community it provided not only milling but served as a local meet-up.
Artifacts dating back to the mid-18th century through the early-20th have been found on-site reflecting this
heritage. The ridges surrounding the pond also served as a part of the larger defense of Raleigh in the
Civil War.
The park opened in May, 2006, and contains not only the Mill, but miles of natural surface walking trails
and outdoor facilities including an overlook deck, covered field classroom, amphitheater, and picnic
stations as well as rest areas. The A.E. Finley center for Research and Education at HYMCP provides
diverse educational programs and activities based on the history and natural features of the area. It
contains multiple classrooms, exhibits, a theatre, and a research wing for future use.
Steep Hill Creek, part of the Swift Creek Watershed, flows through the property, and is dammed at the
mill; creating the millpond. Upstream along Steep Hill Creek beavers have created a series of wetlands
and pools. Beavers have been present historically and present at HYMCP since its beginning.
Management History
Much of the land has been cleared for agriculture in the past, and currently lies adjacent to NC State
University research farms. Sediment run-off from these areas is a concern, and both NC State and Wake
County have taken steps to address the issue. Nutrient run-off from upstream cattle and other agricultural
operations also impact the wetlands at Historic Yate’s Mill.
Hurricane Fran brought devastating flooding to Yate’s Millpond and blew out the original masonry dam
in 1996. It was rebuilt. During this time Wake County focused on sculpting the millpond; deepening the
pond by removing 40,000-cubic yards of sediment. Along with NC State University, the county restored
approximately 4,000 linear feet of stream corridor upstream of the millpond. Several state grants helped
to fund these restoration projects, as well as parkland acquisition in the watershed.
The Wake County Board of Commissioners adopted the Swift Creek Land Management Plan in April,
1990. This involved curbs on development and other rules to protect water quality in the pond; and areas
downstream as potential drinking-water sources.
Site Characteristics
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Beavers have created impounded wetlands along Steep Hill creek, adjacent to the millpond, creating a
wonderful community. The beaver created wetlands themselves are ~20 acres in area. Species from
floodplain pools, riverine/aquatic, and especially beaver impoundment communities can be found here.

Black willow ( Salix nigra), along with Sweetgum (Liquidambar styraciflua) and Tulip-tree
(Liriodendron tulipifera) compose portions of the upper-and mid-story around the border of this area.
Individual trees are dispersed throughout the wetlands themselves as well. Elderberry (Sambucus
Canadensis) and blackberry (Rubus spp.) dominate the mid- and understory species. Generally, the
margins are composed of arrow arum (Peltandra virginiaca), broadleaf arrowhead (Saggitaria latifolia),
lizards tail (Saururus cernuus), Jewel weed (Impatiens capensis), with cat-tails (Typha spp.) present,
along with species of sedges and rushes.
Other species of interest at HYMCP include a population of dwarf trillium, (Trillium pusillum), and is a
NC State listed endangered species. A population of ti-ti (Cyrilla racemiflora) is present on-site; usually
found further east in the state. Other flowering plants, such as round lobed hepatica (Hepatica
americana), spring beauties (Claytonia spp.), and rue anemones (Thalictrum thalictroides), are present in
the understory and wetland margins along Steep Hill creek.
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Unfortunately, invasive species have a negative impact on the area. Chinese privet (Ligustrum sinense) is
present, although much more so in the mesic areas. Microstegum spp. has formed large mats in some
areas along the waterway and wetlands. Nutria have colonized the millpond and impacted both the
millpond and upstream wetland areas.
A list of other wildlife in this habitat and at HYMCP can be found in the Natural Resources Inventory
Database (NRID) of Wake County, online.
Surrounding area
Communities found nearby in HYMCP include floodplain forest, oak-pine forest, mesic mixed hardwood,
a small stand of longleaf pine, and piedmont monadnock forest. Open ag. fields bound the northern side
of the park as well. These combine to form a diverse and stratified local ecosystem used by many wildlife
species. The open fields along mid-pines road are a great place for bird watching.
Management
Currently no comprehensive management plan for Yate’s Mill exists. It is being managed as a preserve
and follows a general “Hands off approach” in the wetlands area. Invasive species are removed, but other
techniques are not utilized.
Water quality is monitored and soon a mussel research project through a DOT grant will shed more light
on the millpond and its wetlands health.

Dry longleaf pine forest
As mentioned earlier, this habitat type is third on the list of the top 21 endangered ecosystems in the
United States, eight of which can be found in North Carolina (Noss and Peters 1995). It is a priority
habitat type designated for acquisition and conservation in NC (NCWRC WAP 2005).
Longleaf pine habitats can range from moist to very well drained sites, including Mesic Pine Flatwoods,
Pine/Scrub Oak Sandhill, Xeric Sandhill Scrub, and Coastal Fringe Sandhill. These types often grade into
each other or occur as a mosaic on the landscape. Frequent fire maintains a canopy dominated by longleaf
pine, an open midstory, and an understory dominated by wiregrass or other grass/herb ground cover.
When fire is absent or infrequent, scrub oaks, other hardwoods, and shrubs become common in the
midstory and shade out native grasses and forbs. The historical expanse of longleaf pine habitats likely
supported stable populations of many early seral species without the understory of a mature or old growth
pine forest. Longleaf pine is a very long-lived species, so the old growth component of this habitat type
was very significant. Prescribed growing season fire needs to increase dramatically in these systems and
midstory reduction is essential.
From Tom Wentworth’s 2018 longleaf project grant proposal introduction:
Forests with longleaf pine as the dominant or codominant tree species once occupied an extensive
portion of the Southeastern US Coastal Plain, extending into the adjacent Piedmont and occupying 9.4
million acres in presettlement North Carolina alone. Today, longleaf pine can be found on only a small
Updated 12/16/2020

13 | P a g e

fraction (perhaps 3-4%) of southeastern lands formerly supporting longleaf forests (Frost et al. 1986).
The remaining larger tracts of longleaf pine in North Carolina are found in the Coastal Plain and
Sandhills regions. We thus have relatively scanty evidence of the former role of longleaf pine in the
Coastal Plain/Piedmont transition in North Carolina. Because of the scarcity of good examples of
Piedmont longleaf pine forest in North Carolina, high-quality stands are of considerable interest and
should be protected.
The fire-maintained longleaf pine ecosystem is among the most species-rich and endangered
ecosystems in the US. The remaining longleaf pine stands are a very important source of high-value
wood products, provide unique multiple-use benefits, maintain biological diversity, and supply
necessary habitat for numerous rare and endangered species. Longleaf outlives other southern pines by
100-300 years, with individuals reported to be greater than 450 years in age (Platt et al. 1988). Because
of its broad geographic range and adaptation to a wide variety of habitats, it is well suited to adjust to
possible changes in climate. Restoration of the longleaf pine ecosystem is a goal on many public lands
managed by the Forest Service, Department of Defense, US Fish and Wildlife Service, and several
states agencies. Incentives are available for planting and restoring longleaf pine on private lands as
well.

Management Guidelines
•
•
•
•
•

Conduct prescribed burns every 1-3 years. Ideally, burn entire longleaf acreage every 3 years,
which means that larger acreages might require smaller burn units every year to meet the goal of
burning entire acreage every 3 years.
Conduct prescribed burns in winter and/or during growing season depending on goals. Growing
season burns can reduce hardwood saplings but can be detrimental to reptiles and amphibians. If
possible, move reptiles and amphibians outside of the burn area when found during the burn.
Maintain roads and fire breaks
Manually remove loblolly pines and sweet gums around longleaf
Monitor growth of understory and supplement with grass plugs and seed mix plantings

Case Study: Harris Lake County Park
In 1985, Wake County Parks, Recreation and Open Space signed a lease with Progress Energy for a 680acre regional park facility on Harris Lake. The first phase of park construction began in 1997and was built
with 1993 Bond Referendum funds. The park opened to the public in May 1999. Long before Progress
Energy purchased the land that comprises Harris Lake County Park and the surrounding area, a small
community of farms and home sites existed. The Womble family had resided in the area since the 1700s.
Fire is a natural component of a healthy forest. Prescribed burns help reduce the encroachment of
competing shrubs and hardwoods in the forest understory and replenish nutrients in the soil. Due to the
decline of a once vast acreage of Longleaf Pines in North Carolina, the NC Forest Service has made it a
priority to aid in its restoration. This park features a 60-acre Longleaf Pine Forest.
Harris Lake County Park’s Longleaf Pine Restoration area follows forest management practices that
pertain to wildlife management and forest health. It is used for educational opportunities, as well as, a
forest and management demonstration site. This area is actively managed by prescribed fire and manual
removal. The fire management plan consists of a yearly 30-acre burn, if possible, with the goal to have
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the entire 60-acre area burned every three years. Smaller burns are conducted as needed and dependent on
specific annual goals or opportunities.
In order to decrease competition and encourage maximum growth for our Longleaf pines, there is a
conscious effort to manually remove trees (mostly sweet gum and loblolly pines) within 6 feet of each
individual Longleaf pine tree. In addition, the removal of sweet gums and loblolly pines is conducted
within 10-15 feet along the entire border of the Longleaf restoration area.
The overall goal is to restore or recreate a Savannah type habitat with Longleaf Pines as the main focal
point.
Longleaf Management Plan Harris Lake Park April 12, 2019
County Park Drive – Wake County, NC
Area: 1 Acreage: 60
Prepared by Derek Ware, N.C. Registered Forester 1265
Area Description
This area is a longleaf pine stand that was site preparation burned and planted with containerized seedings
in 1998. A herbicide release using 6 ounces of Arsenal per acre applied by skidder occurred in the fall of
1998. A stocking check conducted (by NC Forest Service) in 2000 showed that between 142 and 250
longleaf pines seedlings were present. This established 21-year-old longleaf pines have a diameter at
breast height between 5 and 10 inches and have a dominate height of 55 feet. A good number of loblolly
pines have naturally regenerated in the area and are providing competition to the longleaf trees. Along
road edges and more open areas some sweetgum saplings and Baccharis has become established. In areas
with more established longleaf pine, there is advanced natural regeneration starting to occur.
A logging trail through the middle of the tract roughly divides the area into 2 equal parts. There is a park
maintenance trail being used as a hiking, walking, nature observation trail around the entire stand. These
roads and trails are used as firebreaks when conducting control burns. This stand is surrounded by Harris
Lake on 3 sides and a mature mixed pine/hardwood stand to the Northeast.
Prescribed burning has been used to manage this stand since it was established. The topography of the
area allows the site to be easily divided. Winter burns have been conducted in various sections of this
stand in: 2002 – 2006 – 2008 – 2010 – 2013 – 2015 – 2016 – 2017 – 2018 – 2019. A 5-acre growing
season burn was conducted in August of 2018. Efforts are being made to remove as many loblolly pines
from within the stand as possible. Work is also being done to remove the sweetgum and Baccharis from
around the road edges
within 10 feet into the Longleaf border.
Longleaf Savannah Mix plugs have been planted in the more longleaf tree dominated areas. One thousand
of these plugs were planted in both 2018 and 2019. These plugs contained a mix of bluestem, wire grass,
Indian grass and deer tongue. These plugs were purchased from the NC Forest Service.
Six pounds of longleaf pine understory mix (Mix 126) was planted along the road in February 2019. This
mix contains 7 native grasses and 18 native wildflower species. (Attachment 1) This seed was purchased
from Roundstone Seed Company.
Recommended Management Practices
Sections of this stand can already be considered a productive longleaf stand. I recommend that you
continue with the following practices as needed:
• Maintain roads and fire breaks
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• Remove loblolly pines and sweet gums
• Monitor growth of grass plugs and seed mix plantings
Continuing with your plan to remove the loblolly pine from within the stand will open the area and allow
more natural regeneration of longleaf pine. The additional control burns will favor longleaf regeneration
over loblolly pine.
A growing season burn in August of 2019 should be conducted to control the amount of sweetgum
saplings and Baccharis that have become established along the Southeastern side of the main road. This
burn should be planned as a slow backing fire. A slow backing fire should produce enough heat to
hopefully eradicate the sweetgum saplings and Baccharis. After this burn, the entire area should be open
enough to continue with burning roughly 1/3 of the stand every year. This will put the area on a 3-year
burning rotation.
If additional control of unwanted species is needed, you may want to consider some type of herbaceous
control. Once the unwanted species and loblolly pines have been removed, you can start thinning out the
less than desirable longleaf from the stand. Removing some of the undesirable longleaf will allow more
sunlight to reach the ground. More sunlight reaching the ground will encourage natural regeneration for
both longleaf and native grass mixes. Do not remove all the undesirables. These odd shaped trees will add
character to your stand and can often be used as conservation pieces or stopping spots during tours.
I recommend a project schedule of:
• Growing season burn August 2019
• Winter burn 1/3 area January – April 2020
• Control of Invasive species July – October 2020
• Remove undesirable longleaf- Ongoing
• Winter burn 1/3 area January – April 2021
• Control of Invasive species July – October 2021
• Winter burn 1/3 area January – April 2022
Attachment 1
https://roundstoneseed.com/wildflower-meadow-mix/1031-long-leaf-pine-understorymix.
html?search_query=pea&results=67#short_description_block
Mix 126 (LONG LEAF PINE UNDERSTORY MIX) is designed for the environmental conditions of the
Southeastern Coastal Plain and for sites with dry soils. Flowering period and flower colors are
coordinated for full season variety. The amount of seed of each species in the mix has been calculated
using the number of seeds per pound of each species factored by establishment parameters. Mix 126
contains the following 7 native grass species and 18 native wildflower species: Pineywoods Dropseed,
Little Bluestem, Wiregrass, Splitbeard Bluestem, Muhly Grass, Switchgrass, Indian Grass, Slender
Indiangrass, Lopsided Indiangrass, Ohio Spiderwort, Lance Leaved Coreopsis, Smooth Beardtongue,
Blackeyed Susan, Purple Coneflower, False Sunflower, Partridge Pea, Rattlesnake Master, Bergamot,
Wild Quinine, Greyheaded Coneflower, Sensitive Briar, Maximilian Sunflower, Spurred Butterfly Pea,
Florida Tick Trefoil, and Rigid Goldenrod, Large Coreopsis, Partridge Pea, Short Leaf Blazing Star,
Florida Paintbrush, Narrowleaf Silkgrass, and Starry Silphium. Recommended Rate 6.75-9.75 PLS
pounds/acre
Case Study: NCSU Mid-Pines Rd
The following information is from Dr. Tom Wentworth’s 2018 grant proposal:
Introduction/Background
For the past twenty years, Dr. Wentworth has been taking his Plant Community Ecology class to visit a 7
ha (16 acres) site at NCSU’s Lake Wheeler Road Biological Field Laboratory. This area is a mixed
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hardwood/loblolly pine/longleaf pine stand. The longleaf pines on this site occur essentially throughout,
sometimes singly, sometimes in small clusters of 2-4 stems. All longleaf pines are in the canopy; the trees
have diameters ranging from approximately 30 - 50 cm (12-20 in). Many of the larger trees have been
observed to be producing cones, though no successful reproduction of longleaf pine (seedlings or
saplings) has been observed. Also common throughout the stand are old longleaf pine stumps, suggesting
that the present stand regenerated after logging of a mature longleaf stand sometime in the late 1800s or
early 1900s. Turpentine production in North Carolina peaked in the mid-1800s, suggesting further that the
previous stand was mature at this time.
During past visits, Dr. Wentworth explored the site and established a permanent vegetation monitoring
plot. The arborescent flora identified on the site matches description of the fire-influenced pinehardwood woodlands of the upper Coastal Plain-Piedmont transition region. The herbaceous understory
flora has several characteristic species in common with the dry-mesic, fire-influenced ecosystems of the
adjacent Coastal Plain and Sandhills regions.
Aside from the indirect evidence provided by the coexistence of longleaf pine and elements of firedependent flora, we can only speculate at this time on the fire history of the site. A fire-plow line of
unknown age traverses the site, separating the eastern portion (adjacent to a field) from the lower,
western portion. Charring of the bark on pines in the eastern portion of the site suggests that the fire line
was used to successfully control spread of a fire in recent times. No charring was observed to the west of
the fire- plow line.
This is an unusual site worthy of restoration and future protection as an example of a nearly-extinct
ecosystem, Piedmont fire-influenced pine-hardwood woodland with longleaf pine (formally identified
as Dry Piedmont Longleaf Pine Forest by the North Carolina Natural Heritage Program). The site has
high value for protection of gene pools of several species (longleaf pine, dangleberry, Carphephorus
bellidifolius) at the western margin of their natural distributions. Because of the proximity of this site
to the city of Raleigh and because of its association with lands currently used heavily for educational
purposes, the site assumes additional value as an outdoor laboratory suitable for illustrating the
fascinating natural and human histories of the region.
Recent forest harvesting activities implemented by the College of Agriculture and Life Sciences on
the Lake Wheeler Road Biological Field Laboratory improved conditions in this stand by removing
off-site species that had encroached as a result of decades of fire suppression. With these off-site
species removed, fire would now be the best tool to maintain a more open forest structure dominated
by fire- tolerant species. However, a critical first step in the long-term restoration process is a
prescribed fire in the very near term to suppress remaining off-site species that might otherwise
reestablish and dominate the site.
Our objectives with this project are:
• Restore the longleaf pine woodland
• Reestablish the longleaf pine woodland characteristics on the site. Fire will be reintroduced to the
location and maintained on annual 2-3 year cycle. Longleaf pine seedlings grown from a local
source (from NC Forest Service) will be planted after the initial burn and removal of competing
vegetation.
• Increase awareness of the existence and educational value and usefulness of the site
• Educational materials will be created to include background information about the importance of
longleaf pine ecosystems, restoration activities and process, and subsequent monitoring. Student
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•

groups such as Roots & Shoots and the student chapter of SAF will be invited to assist with
planting activities.
Monitor the success of the restoration project

NCSU-CALS Lake Wheeler Road Field Laboratory Longleaf Pine Restoration Area
Additional permanent vegetation monitoring locations will be established, following the procedures used
by the Carolina Vegetation Survey (Peet et al. 1998). Students from courses such as Plant Community
Ecology (PB565/FOR595) and Forest Mapping and Mensuration (FOR172) will continue to track the
growth and survival of the vegetation.
Forestry students that are fireline certified will be invited to participate in the regular prescribed burns.
Department of Forestry and Environmental Resources (FER) “work crew” students will be hired to
conduct site preparation and stand tending activities.
Anticipated Outcomes/Impact
We acknowledge that this restoration project is a long-term commitment. It will take many years to
become a mature, picturesque longleaf pine site. However even in the initial restorative years, the site will
be a very useful demonstration area for the Colleges of Agriculture and Life Sciences, Natural Resources,
and Sciences. We know several faculty who will use the site for field exercises and visits for their
courses, including Forest Mapping and Mensuration, Plant Community Ecology, Restoration Ecology,
and General Ecology. The Departments of Forestry and Environmental Resources and Plant and
Microbial Biology may also use the site for recruitment events because they often include field trips with
prospective students during events. The Piedmont longleaf pine forest will serve as a great place to take
students to teach about presettlement vegetation, managing for multiple objectives, and ecological
restoration.
Updated 12/16/2020

18 | P a g e

Broader Vision
The project will provide a demonstration area that may inspire additional restoration efforts in other
locations. Although the site will not be open to the general public, the Lake Wheeler Road Biological
Field Laboratory is very willing to host classes and visiting groups. The location makes it an ideal
outdoor laboratory for a number of classes taught at NC State. It has a very nice pavilion and classroom
that can be used in tandem with a visit to the site for introductory lectures or space for associated learning
activities.
With the growing emphasis on longleaf restoration across the Southeast, the site presents a unique
opportunity for NC State University to highlight its commitment to sustainable forest management. The
longleaf pine ecosystem once covered more than half of the southern landscape including a variety of
different habitat types. Longleaf pine forests provide quality habitat for many desirable and often less
common plant and animal species. In addition, longleaf pine is longer lived than other southern pines and
may increase the long-term carbon storage of the site.

Case Study: Sandy Pines Preserve
The property itself is the largest single parcel (571 acres) ever purchased by the open space program. This
property was in the Procter family for over 200 years. The preserve’s design phase was completed in 2019
and construction began in 2020. The preserve will have a gravel parking area, picnic areas, and equestrian
trails. The design phase included input from the equestrian community, wildlife biologists and foresters.
A WakeNature Preserves Partnership bioblitz held in May 2018 resulted in 41 birds, 12 amphibians, 10
reptiles, 25 insects, and 218 plants for a total of 306 species for the day, many new for the preserve. A list
of all species for the preserve can be found on the Wake County Natural Resources Inventory Database.
NCSU professors Tom Stith Gower and Douglas Frederick shared their expertise as well as the best of the
forestry management plans that were created by NCSU forestry students as part of their senior capstone
experience during the spring 2018.
There is a history of longleaf pines on the property. In 1961, NCSU Professors Fred Liverman and J.O.
Lammi wrote a letter about their forestry student field trip, where they estimated a longleaf pine stump to
be 231 years old and the rest of the longleaf pine stumps 80-90 years old. Park staff have this letter,
forestry plans and other documents acquired from the Procter family (George Bason) dating back to 1952.
Park staff have written a summary of forest management and timber harvests, which is included in the
Procter files. Many areas around Procter were replanted with loblolly pine and harvested throughout the
history of the property.
Longleaf pine trees occur still on the adjacent land retained by the Procter family as well as two remnant
adult longleaf pines that have been found on the Wake County property, although it is unclear if these
trees are producing cones. In the fall of 2019, 140 longleaf pines were planted in the field closest to the
two remnant adult trees. This planting was a partnership effort between Triangle Land Conservancy,
Wake County, NCSU, and NC Forest Service. The trees were donated from Triangle Land Conservancy
that were left over from recently planted longleaf pine at their future Sarah and Bailey Williamson
Preserve at Walnut Hill through a partnership with Longleaf Alliance and Appalachian Mountain
Brewery. Students from NCSU conservation class with Dr. George Hess and NCSU EcoVillage with
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Meghan Teten provided the labor as well as open space and nature preserve staff. As of December 2019,
100 trees have survived.
The natural resource management plan for Sandy Pines Preserve will include restoration of longleaf on
the property, initially in the two agricultural fields near the existing two longleaf trees. The hope is to
acquire viable cones from these two trees and/or from the Procter family’s property to cultivate for
restoration. The restoration would include native piedmont grasses and other plants as the understory for
the longleaf pines. Staff are encouraged to seek grants to help with this effort.

Resources
Longleaf Stewardship Fund: http://www.nfwf.org/longleaf/Pages/2018rfp.aspx
Longleaf Alliance: https://longleafalliance.org/
NC Prescribed Fire Council http://www.ncprescribedfirecouncil.org

Lakes and reservoirs
There are no natural lakes in the Piedmont. However, reservoirs, mill ponds, farm ponds and other water
bodies provide habitat for a variety of fully- and semiaquatic species. These areas are also important areas
for many bird species (nesting, roosting, and feeding sites) and provide habitat for fish, reptiles,
amphibians, and aquatic mammals. In addition, these water bodies are popular destinations for human
recreation. Beaver ponds
are discussed in the ‘Small wetland communities’ section. Other fully aquatic taxa (fish, mussels,
crayfish, and snails) are referenced in the river basin portion of the report. See the river basin sections
(Chapter 5B) for more detailed information on aquatic species and habitats, by basin.
The major impoundments in Wake County include B. Everett Jordan Lake and Harris Reservoir along the
Haw/Cape Fear rivers; Falls Lake along the Neuse River. In addition, many smaller reservoirs and farm
ponds are scattered throughout, providing key habitat for many species of waterfowl, wading birds and
other waterbirds throughout the year. Impoundments vary with age, water depth and disturbance history;
the isolation of these ponds may be an important factor in the flora and fauna present.

Management Guidelines
•
•
•

Monitor existing lake system to maintain current levels of flooding.
Monitor and inventory flora and fauna.
Monitor and prevent invasive species.

Case Study: Harris Lake County Park
In 1985, Wake County Parks, Recreation and Open Space (PROS) signed a 25-year lease with Carolina
Power and Light (CP&L) for a 680- acre regional park facility on Harris Lake. Park Construction began
in 1997 and the park opened to the public in May of 1999. Harris Lake is part of the Cape Fear River
drainage basin and is dammed about 2 miles above the Cape Fear on Buckhorn Creek. Harris Lake itself
is 4100 acres in size with an average depth 18 feet deep and a maximum depth of 58 feet. The park’s
facilities include a fishing pier, picnic shelters, hiking and mountain bike trails, group primitive camping,
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playground, and an 18-hole disc golf course. Programs offered at the park highlight these and the natural
beauty surrounding it.
Harris Lake Aquatic Habitat
Harris Lake has diverse aquatic habitat, including rock outcroppings, flats, submerged roadbeds, creek
channels and a variety of aquatic vegetation. Fishes and waterfowl utilize these areas for forage, refuge,
spawning, and nesting. Harris Lake has been studied since 1982 and is comparable in terms of diversity
and abundance to other area piedmont lakes.
The NC Wildlife Resources Commission has developed and instituted a Habitat Enhancement Plant for
the lake which is currently underway. The actions taken include:
• Install nine new fish attractor reefs throughout the lake (Conducted August 2018)
• Plant 11 new founder colonies of native vegetation around the lake (Conducted August 2018)
• Develop and implement a five-year aquatic habitat enhancement project to establish
approximately 30 acres of artificial and natural structure and 1 acre of founder colonies of native
vegetation. (Began in 2019)
• Seek input and help throughout the process from anglers, hunters, the public and other partners.
Aquatic Vegetation
In October 2017, a preliminary vegetation survey focused on emergent and rooted floating leaf plants
found White Oak Creek, Little White Oak Creek and Tom Jack Creek arms had approximately 60 percent
of shoreline with aquatic vegetation; excluding hydrilla. Emergent species included giant cutgrass,
squarestem, spikerush, and cattail. Rooted and floating species included American lotus, white water lily
and spadderdock.
Per the Wildlife Commission’s plan, aquatic vegetation will be established in two phases. Phase 1
involves mapping existing vegetation, identifying areas for re-vegetation, planting and monitoring a
variety of plant species within and outside of small protective fenced enclosures to see which species are
best suited for re-introduction or expansion. Monitoring during Phase 1 will ascertain levels of protection
needed from grazers: herbivores such as turtles, muskrats, beavers and introduced sterile grass carp.
Phase 2, using data from phase 1, will dictate the course of action during subsequent growing seasons.
The size and number of protective enclosures on Harris Lake increases in Phase 2, and should establish at
least 0.4 hectare of growth around all founder colonies. These colonies will expand outside of cages over
time and establish new colonies from fragmentation and seed propagation.
In 2019, PROS employees along with Duke Energy and North Carolina Wildlife resources Commission,
began enhancing the aquatic habitat at Harris Lake. Together they planted ~300 water willow plants. Nine
plant cages were installed and ten species of native aquatic vegetation were planted. 2,600 sterile grass
carp were stocked in Harris at this time.
Stop the Spread of ANS
Aquatic nuisance species (ANS) are plants and animals introduced into waters that cause
ecological and/or economic harm when established. Aquatic nuisance species include whirling
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disease, didymo, gill lice, hydrilla, zebra mussel, Giant Salvinia and many others. Hydrilla is found
extensively in the lake. Harris Lake staff currently removes ANS through mechanical and chemical
means.
Structures
Presently, there are five artificial reef sites that consist of a variety of fish attractors, including Mossback
trophy trees, stake beds and barrel structures. In 2019 Duke energy and PROS installed 75 polytrees, 100
spider blocks, 20 Shelbyville Cubes, and 3 Mossback fish attractors, and seventy-five artificial fish
attracting structures placed throughout the lake. The group of volunteers and Duke Energy staff helped to
build PVC fish attracting structures; installing them in lake areas lacking habitat.
As part of the habitat enhancement plan, approximately 400 to 700 fish attractors will be placed
throughout the reservoir at varying depths and habitat features (e.g., flats, creek channels, points,
roadbeds) to ensure seasonal use by a variety of fish species. Sites have been marked with buoys and GPS
coordinates will be available on the Commission’s website.

Riverine aquatic communities
The Neuse River is the only example of a riverine system within Wake County and Wake County PROS
does not currently manage any park, preserve or open space directly adjacent to the Neuse. The City of
Raleigh owns and operates Anderson Point Park, Horseshoe Farm Nature Preserve, and the Neuse River
Greenway. These properties along with the following details here from NC WRC’s WAP could be a
source for natural resource management in the future, if Wake County acquires a property directly
adjacent to the Neuse River.
Piedmont riverine habitats are important for a number of wildlife species that utilize aquatic habitats
during part or all of their life cycle. Terrestrial species that are dependent upon riverine aquatic
communities are often also intimately tied to floodplain forest habitats. Many of the issues from the
floodplain forest section will also have relevance for these taxa. Examples for birds that utilize river and
streams include the Louisiana waterthrush, some waterfowl, wading birds and some shorebirds. Piedmont
riverine habitats are important for a number of reptiles and amphibians including certain turtles, frogs,
and salamanders that utilize aquatic habitats during part or all of their life cycle. These habitats are also
important for a variety of mammals that are semi-aquatic and/or that have an aquatic food base (e.g.,
muskrats, beavers, river otters, and certain bats).
Piedmont rivers and streams provide a number of important habitat, life cycle, or prey components to a
vast assemblage of terrestrial, semi-aquatic, and aquatic wildlife. In addition, the importance of
maintaining water quality of riverine habitats cannot be overstated, both in terms of the species that rely
upon rivers and streams for habitat, as well as those species which rely indirectly upon the habitat by
virtue of provision of habitat for their prey.
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Floodplain forest
Piedmont floodplain forests generally do not contain significant recognizable elevation differences easily
seen in the larger coastal floodplain systems. In these smaller floodplains, the relief and size of the fluvial
landforms (levees, sloughs and ridges), which differentiate the communities in large floodplains, become
smaller and harder to find (Schafale and Weakley 1990). In larger and more expansive examples of these
floodplains, the forest canopy contains a good mixture of bottomland and mesophytic (moderately
moisture tolerant) plant species, such as green ash, red maple, swamp chestnut oak, willow oak, and
American elm. In areas where floodplain landforms are apparent, levees may contain sycamore, river
birch and box elder. Floodplain areas that have been farmed or clear cut recently are usually dominated by
tulip poplar or sweetgum.
Piedmont floodplain communities include Piedmont Levee Forest, Piedmont Swamp Forest, Piedmont
Bottomland Forest, Floodplain Pool, Piedmont Semipermanent Impoundment and Piedmont Alluvial
Forest (Schafale and Weakley 1990). Piedmont Alluvial Forest is quite common as a habitat type
although the vegetative buffers surrounding them can be quite small or fragmented. Some of the best
remaining examples of Piedmont Bottomland Forest and associated large floodplain communities are at
New Hope Creek Bottomland in Durham County, Pee Dee National Wildlife Refuge in Anson and
Richmond Counties, and along the
Dan River (case studies?). The widest floodplains are located within Triassic Basins, which contain more
easily erodable sedimentary rock than are found elsewhere (metamorphic rock).
Piedmont Alluvial Forests are distinguished from larger floodplain communities by the absence or poor
development of the depositional fluvial landforms, which determine vegetation (Schafale and Weakley
1990). Levees, sloughs and ridges may be visible in alluvial forest communities but are usually small.
Variation in these sites is likely related to frequency and recentness of large-scale flood events.
Historically, many floodplains were maintained in switch cane (Arundinaria gigantea) and herbaceous
plants through fire and other periodic disturbance. Small remnants of “canebrake” communities still exist
throughout the Piedmont, but management strategies to maintain this feature are almost non-existent.
Migratory landbirds that use switch cane areas for breeding include hooded warbler, Kentucky warbler
and Swainson’s warbler.
Floodplain pools that occur in small depressions and are flooded for a portion of the year generally have
few or no trees and are especially important sites for breeding amphibians such as spotted salamander,
marbled salamander, four-toed salamander and many frogs. Piedmont floodplains are also important as
movement corridors for mammals, reptiles, and amphibians. Birds use riparian corridors at all times of the
year and these areas are especially important to neotropical migrants during the migration periods. Indeed,
floodplain forests generally have the highest nesting bird concentrations in the state and they are arguably
the most important habitats for birds. In general, our knowledge about how wildlife use altered or
fragmented habitat is lacking especially for animals other than birds or bats (Ellis et al. 2002 ) and we
need to develop more accurate and usable protocols for sampling many species using floodplains such as
amphibians to better understand status, distribution and life histories (Taylor and Jones 2002).
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Management Guidelines
•
•
•

Monitor existing wetland system to maintain current levels of flooding.
Monitor and inventory flora and fauna.
Monitor and prevent invasive species.

Case Study: Turnipseed Nature Preserve
Turnipseed Nature Preserve is a 248-acre site: A little over 40 acres of the property consists of abandoned
agricultural fields, with the remainder generally comprised of wetlands and forest. The Turnipseed
watershed consists of Gin and Sandy Branches, which empty into Marks Creek. The Marks Creek
Floodplain has been recognized by the North Carolina Natural Heritage Program as a Natural Heritage
Area. The accompanying wetlands and granitic flat-rock outcrops contribute to this designation.
Along the edges of Gin Branch Creek, the floodplain forest includes a mix of hardwoods: river birch,
boxelder, red maple, as well as oaks, elm and ash. Black willow, elderberry, winterberry and tag alder
grow in the wetland fringe and pond margins. Many large sugarberry hackberry trees (Celtis laevigata)
occur near the parking lot for the Hunt Valley Trail entrance, as well as along the creek south of the large
pedestrian bridge over Gin Branch Creek. There are occasional dense stands of switch cane in the
floodplain forest. Much of the floodplain is infested with the invasive Microstegium.
A large expanse of floodplain forest occurs near the confluence of Gin Branch and Mark’s Creek, which
would benefit from more survey work.
The floodplain forest bisected by Sandy Branch creek is approximately 9 acres and includes species like
those found along Gin Branch, including swamp chestnut oak (Quercus michauxii). Sandy Branch creek
has a rocky base in the upper sections which has formed a series of small waterfalls and pools as the creek
descends into the floodplain. Eventually the floodplain widens and the creek forms a serpentine ribbon
through the headwaters of a swamp before entering a beaver pond. Extensive deposits of sand suggest
heavy sediment loading during flood stages. A lengthy section of the creek below the waterfalls
disappeared during the latter part of the summer in 2008 as drought conditions persisted through August.
Students from N.C. State University conducted an inventory of this area in 2009. They identified a mixed
forest dominated by loblolly pine, sycamore (Platanus occidentalis), water oak (Quercus nigra) and river
birch. These trees averaged 45-56 years in age. Of note on the northernmost sector of the stand was a
large black walnut tree (Juglans nigra), 80 feet tall with a DBH of 30 inches. The students refrained from
coring the tree but speculated that it was likely a boundary marker with an age of 150-200 years. Wildlife
Action Plan species found in the floodplain forest include: eastern mole, hairy woodpecker, wood thrush,
spotted salamander, marbled salamander and eastern box turtle.
Sandy Branch flows from the east and merges directly into the beaver-impounded wetlands at the
confluence of Gin Branch with Marks Creek. The floodplain is perhaps 30-50 meters (~100-175 feet)
wide with a mix of switchcane sedges, and lizard’s tail alternating with areas that have become infested
with Microstegium. The switchcane stands are thick in some sections providing a sense of canebreak,
reminiscent of areas in the coastal plain. In other areas there is an inexplicable void of switchcane or
understory vegetation. Much of this area has been colonized by Microstegium. Perhaps both sediment
Updated 12/16/2020

24 | P a g e

deposits and flooding have drowned stands of native vegetation allowing this invasive to secure a
foothold.
Switchcane is an important and increasingly rare component of river floodplain forests, particularly in the
Piedmont, and protection and enhancement of these stands is desirable. Aging of stems, deposition of
sediments during floods and competition with Microstegium could be negatively affecting the switchcane
in this floodplain forest.

Early Successional
Background and Key Points Summarized
As mentioned earlier, this habitat type is fourth on the list of the top 21 endangered ecosystems in the
United States, eight of which can be found in North Carolina (Noss and Peters 1995). It is a priority
habitat type designated for acquisition and conservation in NC (NCWRC WAP 2005).
The NC Natural Heritage Program’s Habitat Guild ranks this habitat type as S3 – rare and uncommon in
NC. Few natural communities support this habitat and agricultural components are being largely replaced
by “improved” pastures and hayfields that supply only marginal habitat, if any at all. Except for small
populations of horned larks and lark sparrows that inhabit drop zones at Fort Bragg, habitat species are
essentially the same in the Piedmont as in the Sandhills. Consequently, a joint state rank is applied that
reflects the overall distribution of these guilds within the state (Steve Hall, NC NHP Habitat Guild).
Piedmont early succession and scrub-shrub habitats, characterized by low woody vegetation and
herbaceous plants, are often found associated with agricultural or forestry activities. This habitat includes
grasslands, shrublands, clearcuts and regenerating forests, large canopy gaps, hayfields, pasture, row
crops and field borders. For the purposes of this Plan, this habitat category will also include open
savannas, or any habitat
where dense understory vegetation is maintained through periodic disturbance. These habitats are created
and maintained by disturbances like discing, clearcutting or burning. To a lesser extent, extreme weather
events or tree pests (insects and diseases) can also create early succession habitats. (NC WRC WAP,
2005)
Meadows dominated by a diverse mixture of native grasses and supporting populations of native forbs
adapted to open habitat conditions. Scattered shrubs or even small groves of trees may be present, but the
overall amount of woody cover is generally less than 25%. (Steve Hall, NC NHP Habitat Guild)
By their nature, early succession habitats are ephemeral and will have a limited longevity without
repeated disturbance. The habitat structure changes as succession progresses, and many wildlife and plant
species are adapted to different stages within the early succession continuum, from bare earth through
pole-stage woodland. Managing for species dependent upon early succession habitats presents several
management challenges, including the need to identify which successional stage is most appropriate for
the species or assemblage of interest and the need for repeated management actions to maintain suitable
habitat (NCWRC WAP, 2005).
Early succession habitats can contain a diverse assemblage of plants, with Piedmont prairies being a
notable example of this (Davis et al. 2002). However, intensively managed habitats such as large lawns,
golf courses, high production agricultural fields, monoculture hayfields, and intensively managed
commercial timber stands often have low species and structural diversity, and thus have limited habitat
value for wildlife. They may, however, play a role in the overall landscape scale habitat selection process
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of certain early successional species, provide transitional habitats, or provide habitat for a limited number
of other species. Therefore, in a
general sense or at a large scale, they can be included as part of the overall early successional habitat
matrix, though most of the priority early successional species require a more diverse plant community
than is often provided at these kinds of sites (NCWRC WAP, 2005).
The landscape context can be critical for success of maintaining populations of early succession species,
as many of these species depend on the ability to rapidly colonize new areas as succession renders other
areas unsuitable, and many of the species in this group are “area sensitive,” requiring a minimum
contiguous habitat patch size before they will colonize an area or successfully reproduce. Many early
succession habitats with otherwise suitable habitat structure may have limited wildlife value if the habitat
patch is too small or isolated from other similar habitats (NCWRC WAP, 2005).
Historically, the Piedmont contained some prairie-type habitats (Barden 1997) with high plant and,
presumably, insect diversity. The term “Piedmont Prairies” applies to these habitats as well as some
examples of pastures, hayfields, or other grasslands with a long history of minimal management and
where concentrations of native species exist that are believed to have been once associated with lands
cultivated and/or cleared using fire by native Americans or possibly grazed by bison or kept open by
lightning-ignited fire (Barden, 1997). Today, remnant tracts of prairie are found primarily along
powerline rights-of-way and sites managed specifically for prairie restoration and maintenance (NCWRC
WAP, 2005).
In the Piedmont, these habitats include some types of natural glades associated with mafic or other types
of rock or clay hardpans located close to the ground surface. (NC WRC WAP, 2015) Soils may be dry or
wet, but species confined to wet meadow habitats are treated in a more specialized guild (Steve Hall, NC
NHP Habitat Guild).
Sites with potential for restoration of Piedmont prairies should be identified and beneficial management
should be proactively promoted. Sources of local-ecotype native seed should be developed for use in
restoration projects. The Piedmont Prairie Partnership is providing a framework for those interested in
prairie restoration.
PLANT COMMUNITIES
Early successional habitats – particularly terrestrial examples and those associated with agriculture – are
not included as natural communities under Schafale and Weakley’s classification.
The National Vegetation Classification includes both successional and semi-natural habitats. For
example, a Little Bluestem - Broomsedge Grassland (Schizachyrium scoparium – Andropogon (gyrans,
ternarius, virginicus) Herbaceous Vegetation) has been described from Kentucky and Tennessee,
representing an association found in on annually mowed powerline rights-of-way, mowed successional or
abandoned agricultural fields, pastures”, as well as least some types of natural habitats (NatureServe,
2007). However, nothing similar has yet been described for North Carolina.
MAP UNITS
None of the Southeast GAP cover types completely matches the habitat for this guild. The Pasture/Hay
class (148) probably includes most examples but also represents examples of “improved pastures” and
other types that do not support this guild. Improved pastures planted in fescue, along with fields of winter
wheat, have a solid red color signature on the 1998 CIR photos, due to their winter growing season.
Unimproved pastures and hayfields are brown in these photos due to winter dormancy, but are difficult to
distinguish from croplands unless furrows are evident.
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The presence of shrubs, particularly red cedars, is about the only useful aid in diagnosing this habitat,
since they are often left in unimproved pastures but seldom in other types of agricultural fields. Their
presence, moreover, is a key habitat feature for shrikes and other species of birds associated with this
habitat type. Loggerhead shrikes prefer sites with scattered hawthorns; several bird species use shrubs as
singing posts (Steve Hall, NC NHP Habitat Guild).
Key points summarized:
• Uncommon and diminishing habitat type.
• Ephemeral and will have a limited longevity without repeated disturbance.
• Structure changes as succession progresses, and many wildlife and plant species are adapted to
different stages within the early succession continuum, from bare earth through pole-stage
woodland.
• Requires greater than 20 acres of early succession habitat for priority bird species and/or
connected via one mile radius to similar habitat.
• Less acreage required for pollinators, but value is diminished if patch is too small or isolated from
similar habitats.

Management Guidelines
Fire was probably the predominant force historically in creating and maintaining these habitats, although
the edaphic features of the glades and barrens also contributes to keeping them open. In absence of fire,
mowing, cultivation, and other forms of active management serve somewhat as replacement but only
within certain limits. The presence of the native bunch-grasses, forbs, and shrubs mentioned above is
usually a good indicator that a site receives only minimal management, however even in these sites,
mowing, burning, and other management conducted at the wrong time of the year – during the breeding
period for bird species – may drastically limit the number of guild members that occur. For the insect
species, management at any time of the year may have significant impacts, and populations may persist
only where patches of habitat have been left unmanaged during any one year, serving as refugia and as recolonization sources. (Steve Hall, NC NHP Habitat Guild)
The next two pages include management guidelines from the NC Wildlife Resources Commission, which
is a good place to start. After those, you will find some case studies and resources to help develop a sitespecific management plan.
Key Management Practices summarized:
1. Prescribed fire on a two or three-year rotation before resorting to chemical or mechanical
methods of vegetation control.
2. If burning cannot be used, woody vegetation can be sprayed with herbicide on a two to three-year
rotation. This is more expensive and surfactants should be of low toxicity to wildlife.
3. Mechanical methods suffice if no other means are available. Light disking with a tractor every
two to three years will stimulate a variety of annual plants beneficial to wildlife.
4. Mowing is the least preferred method for controlling woody vegetation. Mowing generally selects
for grass over forbs and will likely produce a less diverse habitat over time. Disking the first year
then every third year is recommended. This method should be applied in late winter to early
spring (late February through mid-April) to avoid disturbance of nests and young wildlife and to
maintain winter cover.
An interesting observation about the following guidelines is that mowing is the least preferred method,
but that this is sometimes the only method feasible and is better than not doing anything to maintain early
succession habitat. Disking is another method mentioned that Wake County PROS has not conducted on

Updated 12/16/2020

27 | P a g e

any site to the date of this report. It would be good to explore this option and discuss with other land
managers and partners.
Conducting an inventory of the site to understand species present and absent is vital information. This
will also help determine what species are desirable to manage for, enhance and/or maintain. This will also
determine if there are species to eliminate.
It is also important to keep an activity log attached to the management plan each time work is done for
historical records. Part of this log should include a quick discussion of the results of the work done,
whether or not is was successful and any lessons learned. This will help future staff of the site be better
prepared to make management plan decisions.
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Case Study: Turnipseed Nature Preserve
Turnipseed meadows have been documented in the preserve’s natural resource management plan, which
can be referred to for more information. Here is an excerpt from that plan of the management log:
Management Log (Each early successional burn/mow unit has a number)

T1
Leave approx 50-80 ft buffer behind
houses to re-forest.

T2
T6
T3

T5

T4

.
T1
•

•
•
•

2005-2015 Some restoration done by volunteers and staff under the direction of John Connors of
the NC Museum of Natural Sciences & Wake Audubon, and Chris Snow, Director of PROS.
Lupine seeds and other seeds were gathered from plants along the power line (T4), prepared for
planting, and planted in T1 meadow.
2016 First time meadow burned by OS Mgr/burn boss D. Fowler and NCFS. John Connors, who
has been monitoring site for the lupine for years said he had never seen them bloom or grow as
vigorous as they did after the burn in the spring of 2016.
May 2016 – John Connors planted around 20 small lupine plants he sprouted from seeds collected
from T4. As far as we know, none survived.
March 2017 – John Connors planted 5 Common Milkweed
2017-2018 left fallow
2019 mowed meadow

•
•
•
•

2016 left fallow
2017 burned
2018 left fallow
2019 mowed

•

•

T2
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T3
•
•
•
•

2016 left fallow
2017 burned
2018 left fallow
2019 mowed

•
•

2015-2018 Power line mowed annually by GSA Field Services
2019 Duke Progress bush-hogged

•
•
•
•

2016 left fallow
2017 left fallow
2018 left fallow
2019 burned

•
•
•
•

2016 left fallow
2017 left fallow
2018 left fallow
2019 mowed

T4

T5

T6

Case Study: Sandy Pines Preserve
The preserve’s early successional habitat is currently in agricultural use for hay. The largest open area is
35 acres. This largest area meets the key points outlined earlier for priority bird species: >20 acres for
priority bird species and/or connected via 1 mile radius to similar habitat. One mile from Sandy Pines
Preserve on the open space lands north of Robertson Millpond on Buffalo Creek, there are greater than 20
acres of early successional habitat currently being grazed or mowed.
Design for the preserve was completed in 2019 and includes approximately 8-10 miles of equestrian
trails, a gravel parking lot, and picnic areas. Guidance for priority species protection was provided and
included in the design of the preserve. Open Space Manager Deborah Fowler is working on management
plan to include those priority species guidelines for a variety of habitats, including early successional
habitat management. There is also interest in the possibilities of early successional habitat restoration as
well as larger pollinator gardens.
Management Log:
2017 Grassland bird surveys conducted by Deborah Fowler and Brooke Massa, NCWRC Wildlife
Biologist
2018.May.11 WakeNature Preserves Partnership held a bioblitz and a lone Grasshopper Sparrow was
found.
2019 Ag lease continued as previous years for hay crop, design complete for preserve
2020 Construction started for preserve
Case Study: Piedmont Prairie Demonstration Plot, Historic Yates Mill County Park
A small Piedmont Prairie demonstration plot of about 15’ x 40’ is maintained at Historic Yates Mill
County Park just off the west side of the parking area. It was established a few years after the park opened
to the public in 2006. Dr. David Orr from NC State University (NCSU) helped to design and install the
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garden, which features native plants such as Purple Coneflower (Echinacea purpurea), Common
Milkweed (Asclepias syriaca), Butterfly Weed (Asclepias tuberosa), and Lanceleaf Coreopsis (Coreopsis
lanceolate). The plot is maintained by park staff with assistance from volunteers.
Throughout the last decade, Goldfinches (Spinus tristis) have enjoyed the coneflower seeds that are left to
overwinter, among other wildlife. Numbers of Milkweed Beetles have been observed sheltering on the
Milkweed plants, and Monarch Butterfly (Danaus plexippus) and Milkweed Tussock Moth (Euchaetes
egle) caterpillars have feasted on the Milkweed leaves. Through wind dispersion, the Milkweed has
spread to other locations in the park, including the nearby NCSU beef cattle pasture. NCSU wants to
spray herbicide in this field to control Cockle Burr (Xanthium), but they have agreed to do so in the
summer-time after the Milkweed leaves have senesced, to ensure that as much of this plant as possible
can rebound later.
A prescribed/controlled burn would be beneficial for this small prairie plot, but fire has never been
introduced to this location due to its proximity to the park visitor center’s propane tank and the high
volume of pedestrian traffic that this area receives on a daily basis. Park staff and volunteers have handpulled pervasive, undesired plants that would otherwise take over the plot, such as Blackberry (Rubus),
Yellow Vetch (Vicia), and Groundseltree (Baccharis halimifolia) sprouts, but their abundance has been
increasing in recent years. Staff is interested in possibly spot-treating undesirable plants with a limited fire
application and/or with the use of herbicide, and also wants to do a replanting of some of the desired
native species and possibly introduced a few others as well.

Case Study: Monarch Waystation, North Carolina Zoo
The U.S. Fish and Wildlife service estimates that the population of Monarch Butterflies (Danaus
plexippus) is smaller by nearly a billion insects than a quarter-century ago. Milkweed plants are the only
source of food for Monarchs. There are many different species of Milkweed, but most will do as
Monarchs aren’t picky. Any of the native Asclepias species will do, such as tuberosa (Butterfly
Milkweed), syriaca (Common Milkweed), incarnate (Swamp Milkweed), and quadrifolia (Fourleaf
Milkweed). Milkweed is also a great nectar source for other essential pollinators as well. Years ago,
Milkweed was a fairly common plant in North Carolina ditch banks, along roadsides, and on the edges of
farmland but it has since declined dramatically due to the overuse and inappropriate application of
herbicides.
To help support these butterflies and other threatened pollinators, a Monarch Waystation has been
established at the NC Zoo to serve as a rest and refueling stop for migrating Monarch butterflies. The
Conservation program, Animal section, Horticulture section, and Zoo volunteers all collaborated on this
project, with additional help from other Zoo staff. The garden site is a sunny slope near the Solar Pointe
picnic area. Horticulture staff created a garden design and volunteers provided seeds and plants, which are
being grown to planting size by Horticulture with help from the volunteers. The Zoo website states that
“to be successful, monarch butterfly habitat needs to provide milkweeds for food for caterpillars, nectar
plants for food for adults, and sufficient vegetation to provide shelter for all butterfly life stages.”
Plant species were chosen to provide a steady food supply throughout the growing season, especially in
the fall during the monarch migration. These may not always be the most attractive plants to human eyes,
but they serve an important purpose. The garden was planted in the spring of 2016. Herbicides and
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insecticides are not used in or near it, as this can negatively affect the butterflies. Avoiding insecticides
allows the populations of natural predators to increase, and these hunters will help reduce the number of
unwanted pests.
Nell Allen, Associate Curator of Research and Conservation for the NC Zoo, was interviewed by phone in
September 2018 and provided further detail about this garden. She explained that it was initially
established in an area that consisted of hard-packed clay. The area was tilled and gravel was mixed into
the soil. The Zoo’s Horticulture Department grew the plants that were put into the garden. Compost and
mulch are used to maintain the garden and volunteers hand pull weeds and add mulch on a weekly basis
during the growing season. Very little watering is done since the garden features drought-resistant plants,
other than during extremely hot and dry summer conditions. No fertilizer is used. The garden is cut back
in the fall, other than the Coneflowers which are left for a longer time so that the Goldfinches can benefit
by eating the seeds. These seed-heads are cut back in late winter, after the birds have had their way with
them. The garden is replanted each spring (perennials from previous growing seasons are kept), at which
time any dead plants are also removed. The garden contains a mix of native and non-native species that
are all beneficial to wildlife. For example, the annual plant known as Lantana is included because the
Carolina Butterfly Society had encouraged them to include this plant because it provides both nectar and
pollen for pollinators. Zinnias are also featured, which attract a variety of pollinators and are used as food
and places for egg-laying by Monarch butterflies.
Case Study: Blue Jay Point demonstration meadow
The meadow is about half an acre and was originally created to be used for insect sweep netting and other
educational programming.
Management Log:
Mid-1990s Original planting done.
2002 inventory of plant species in meadow identified by Mark Johns, NCWRC Wildlife Biologist, with
additional notes and comments:
Schizachyrium scoparium: little bluestem
Andropogon gerardii: big bluestem (just a few scattered plants)
Andropogon virginicus: broom sedge
Panicum virgatum: switch grass
Dactylis glomerata: orchard grass (non-native, This seemed to be mostly along the edges of the
patch)
Festuca sp.: fescue (nonnative, mostly along the edges, but will invade the interior of the patch
eventually without prescribed burning)
2007.Feb.19 Susan Carl, Assistant Park Manager from Crowder District Park, conducted prescribed burn
on the meadow. The burn was successful and met objectives.
2008 mowed, too wet on days available or burn ban in effect
2008.May.19 Planted three longleaf pine saplings barely in grass stage in meadow. These saplings started
as seedlings in pots for three years prior to planting in meadow and were tended by D’Nise Hefner (kept
on back deck, watered infrequently).
2009 mowed, weather not within parameters on available days
2010 mowed
2011 mowed
2012 mowed
2013.Feb.05 Deborah Robertson, Park Manager at Blue Jay Point, conducted prescribed burn on the
meadow. Burn started at 12 pm and was completed by 3:30 pm. A few additional areas were burned
(small strip island at Tee-ball parking lot, small strip along park maintenance road in addition to
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meadow). Burn objectives met and fireline rehab satisfactory. 3 ft high scorch on pines, no tree mortality.
Still problems with fescue grass, which needs to be treated in winter with round-up.
2014 mowed
2015 mowed
2016 mowed, too wet to burn on days available.
2017.Feb.10 Prescribed burn on the meadow. Burn started at 10:23 am and finished at 11:36 am. We
could have started another half hour later when clouds broke, and avoided some of the smoke that laid
down for the first 20 min of burn. Burn Objectives met and fireline rehab satisfactory. 2 feet high scorch
marks on pines, 80% soil exposure, no tree mortality. Problems running fire due to trees getting so big
and shading out more of the grasses. Recommend taking out some of the trees in meadow to encourage
grasses.
2017.February Park staff removed several trees from the meadow, that had begun to shade out a large
area of meadow and scattered some little bluestem seeds.
Throughout these years, park staff have removed blackberries from the meadow patch. There is another
area in park that has blackberries, which are mowed regularly. Blackberries tear up insect sweep nets and
will take over a meadow if allowed to survive. See notes from Prairie Ridge about how they manage
blackberries.

Case Study: Piedmont Prairie Demonstration Garden, Crowder County Park
A pre-existing Piedmont Prairie garden was rejuvenated a few years ago at Crowder County Park, through
the efforts of park staff working with Master Gardener volunteers from the Wake County Cooperative
Extension Services. This garden, which is approximately 30’ x 75’ in size, had been established by
previous staff but had not been maintained in recent years. It is located on the west side of the park, near
the park perimeter and paved walking trail, just uphill from the open play field. Management Log (no
complete records exist): After 2003 or 2004 (the date of the original planting installation), the Master
Gardeners reestablished the garden in 2016.
Case Study: NC State University Agroecology Education Farm, near Historic Yates Mill County Park
In 2005, the Agroecology Education Farm started with a vision from Drs. Michelle Schroeder-Moreno,
David Orr, and Mike Linker to create a space near campus for students and the community to learn about
sustainable agriculture. Developing this at the Lake Wheeler Field Station near the Historic Yates Mill
County Park was important to demonstrate sustainable agriculture near a natural area. The Department of
Crop Science, the Center for Environmental Farming Systems and the College of Agriculture and Life
Sciences provided critical support, and the farm manager was hired in 2015. Following the university’s
land-grant mission, the farm aims to provide hands-on education in sustainable agriculture and a place
where students and community can learn from each other.
The agroecology farm is located next to other NCSU fields, in which conventional agriculture is
conducted and where hybrid corn and other non-organic crops are grown as food for the university’s farm
animals. In order to prevent as much cross-pollination of crops from occurring as possible, the
agroecology farm staff designed and installed a long, narrow bio-hedge that runs between these fields.
The hedge contains native prairie plants such as Coneflowers, Milkweeds, and Blackberry, and it attracts
a lot of wildlife, including flocks of Bobolinks (Dolichonyx oryzivorus) which greatly excited the birdwatching community. Bobwhite Quail have been heard near this area along the park’s Creekside Trail and
American Woodcock are known to breed nearby in the farm fields located off Mid-Pines Road.
The agroecology staff intended to maintain this hedge by using a rotational schedule of
prescribed/controlled burns, having divided the hedgerow into three management units. One of the three
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units were to be burned each year, while the other two would be allowed to remain fallow. This
management strategy was used for several years after the hedge was established. However, due to a lack
of time and the difficulty that comes from trying to do prescribed/controlled burns near residential
communities, the entire hedgerow has instead, in recent years, been bush-hogged at the beginning of the
year and allowed to grow up afterward.

Case Study: NCMNS Prairie Ridge
Prairie Ridge Ecostation consists of 38.5 acres of old cow pasture. This pasture has been transformed into
a variety of habitats including prairie grassland, bottomland forest, ponds and stream. A diversity of
plants, animals and other life can be found among the myriad habitats of this special place. As early as
1540, explorers reported “savannas” in the Carolina Piedmont. These open expanses were probably the
result of lightning fires or of fires set by Native Americans to clear land for planting. Grazing animals
such as elk and bison may have also helped maintain the prairies. The many streams and rivers in the
Piedmont created natural firebreaks, causing these prairies to be smaller than those in the Midwest. As
Native American populations declined, so did the prairies. Remnant prairies are all that are left in North
Carolina. Our prairie was established in a former cow pasture in the spring of 2004.
Initial establishment from fescue grazed field to prairie (12 acres total) and staff have a detailed log for
management conducted since 2004 – brief summary of that log here:
1. Spray with round up, spray again until fescue gone.
2. Burn or disk in winter.
3. Then spread seed in winter.
4. Divide into units (3-5 acres ea) for burn, mow, fallow rotation
5. Collect seed as able or order more seed
6. Burn before February or early March
7. Mow after burn to get saplings and blackberry
8. Mow 6-8” height early to mid-December so that thatch has chance to decompose
9. Blackberry treated with bushhog and spraying with 24D
10. Overseed after burns and after spraying patches (ex: after invasive or undesirable species removal
like blackberry)
Lessons learned: much much less switchgrass in initial seed mix (now dominant species), blackberry,
Bobolinks disappeared when fescue disappeared

Resources
Suppliers for native prairie seed and plant material:
CURE (trees only)
Plant’s Delight
Mellow Marsh Farm
Carolina Native Nursery
Ernst Seed: https://www.ernstseed.com/product/nc-piedmont-upl-meadow-mix/
Partners:
The Piedmont Prairie Partnership is a group of natural resource professionals and landowners who joined
forces to explore opportunities and techniques for the restoration and enhancement of native prairies
throughout North Carolina. Piedmont Prairies, also known as grasslands, early successional habitat,
savannahs, or xeric hardpan forests contain a whole suite of native bird and rare plant species such as
Schweinitz’s sunflower and smooth coneflower which are both federally listed endangered species. To
learn more or become involved contact Laura Fogo at: laura_fogo@fws.gov
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NC Botanical Gardens has a Pollinator Toolkit published in 2019 with excellent information on seed
sources, establishment/installation, management, and grants available from a variety of organizations.
https://ncbg.sites.unc.edu/files/2019/04/NC-Pollinator-Toolkit.pdf
Monarchwatch.org
BEE-SAFE Certification is a nationwide program that allows individuals, public institutions,
corporations, parks and cities to apply and participate in solutions for the health and well-being of
pollinators and healthy ecosystems. The mission and outreach of New York Bee Sanctuary reaches all
fifty states and with several international partners. The BEE-SAFE Certification program was launched in
2015 to respond to the urgent need for expanded safe habitat for pollinators and a public awareness
campaign to stop spraying lawns and grounds with toxic chemicals. From the certification
page: http://www.newyorkbeesanctuary.org/certification/
NC Wildlife Federation’s Butterfly Highway
http://ncwf.org/programs/garden-for-wildlife/butterfly-highway/
NC Pollinator Conservation Alliance
http://ncpollinatoralliance.org/

Oak forest (& mixed hardwoods/pine)
A variety of natural communities recognized by the NC Natural Heritage program have an oak-hickory or
mixed hardwood/pine component and occur in the Piedmont on both xeric and mesic sites. The
communities with the largest or best examples include Dry Oak-Hickory Forest, Dry-Mesic Oak-Hickory
Forest, Basic Oak-Hickory Forest, Xeric Hardpan Forest and Piedmont Monadnock Forest (Schafale and
Weakley 1990).
Dry-Mesic Oak-Hickory Forests and Dry Oak-Hickory are the most natural community types of the
Piedmont landscape, occurring on ridgetops, upper slopes, south-facing slopes and other dry to mesic
upland areas with acidic soils. They are dominated by a variety of oak and hickory tree species, but pines
may also be an important component of both communities. Shrub layers are variable in density, but herbs
are usually sparse. Both of these forests are naturally uneven-aged forests with some old trees present.
Reproduction typically occurs in canopy gaps and although the historical fire regime is largely unknown,
fires (mostly of low intensity) certainly occurred periodically (Schafale and Weakley 1990).
Piedmont Monadnock Forests occur on monadnocks or high ridges and have a canopy dominated by
chestnut oak, although other oaks are also present. The Xeric Hardpan community is found at scattered
locations throughout the Piedmont, and the canopy is often dominated by post oak and blackjack oak.
Basic Oak-Hickory Forest is also found scattered throughout the Piedmont on slopes, ridges and uplands
with basic or circumneutral soils (Schafale and Weakley 1990).
In addition to these natural communities, there are a growing number of acres of pine plantations in the
Piedmont, primarily of loblolly pine (Brown and Sheffield 2003). While there can be significant variation
in the structure and composition of these pine plantations, particularly in the mid-story, the vast majority
are even-aged stands with exclusively loblolly pine in the canopy.
Mid-Atlantic Coastal Plain Oak forest (including mixed hardwoods and pine. This habitat includes the
traditional “oak-hickory” forest type, but may also contain large concentrations of tulip poplar, red maple,
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sweet gum and/or pine species in disturbed sites. In very dry settings, post oak and blackjack oak may
dominate. This habitat category also includes sites that may have been longleaf pine stands at one time,
but without fire have regenerated into closed canopy mixed hardwood/pine stands with crowded midstory
development and low understory species diversity.
In the Coastal Plain, two examples of oak dominated natural communities include Dry Oak-Hickory
Forest and Dry-Mesic Oak-Hickory Forest. Dry Oak-Hickory Forest is typically a more upland
community and was once one of the predominant community types in the Piedmont, and although not as
common in the Coastal Plain it was clearly widespread before European settlement and land clearing.
Dry-Mesic Oak-Hickory Forest was historically found throughout the Piedmont and Coastal Plain but
much of this area in the Coastal Plain is now in agriculture or pine plantations. (Schafale and Weakley
1990).

Management Guidelines
Mixed oak-hardwood forests cover much of North Carolina and contain many sub-types depending on
tract size, composition, and site quality. Much, if not all, of these forests have been timbered or
selectively cut over the past 300 years; some multiple times. Quality or condition of an existing site
depends primarily on its age, size, and management history. Currently acreage of this forest type is
decreasing due to mainly development in the piedmont and coastal plain, but also lost through conversion
to pine plantation and other agriculture. Through fire suppression and lack of management, species
composition has been altered and allowed mesophytic species to become established on many tracts.
Development and fragmentation both negatively affect the condition and site quality, especially in suburban areas. Small and road-filled tracts, less than 500 acres, simply do not support many of the wildlife
species, from birds to herps, to invertebrates, that the larger sites can. Developing manners of movement
for wildlife through fragmented areas should be an area of study, such as wildlife under- or overpasses.
Key management points summarized:
• Restore high-graded areas and former pine plantations. Manage forest areas with the goal to
mimic old-growth forest dynamics such as canopy gap, snag, and woody debris creation.
• Institute a prescribed burn regimen, as allowed by local statutes and guidelines, to reduce
mesophytic species such as American beech.
• Control invasive species and exotic species, minimizing impacts on non-target species.
• Protect large, at least 500 acres in size, tracts.
• Consolidate fragmented habitat, and cluster, or practice low-impact development.
Case Study: Crowder County Park
Crowder County Park sits on 132 acres of property in southern Wake County, North Carolina. Owned and
operated by Wake County PROS, the original 33 acres of park land was donated by Doris Crowder in
1991. Officially opened in 1998 the park has provided recreation and education opportunities to hundreds
of thousands of visitors. In summer 2019 Wake County acquired 99 acres adjacent to the north of the
existing park, quadrupling the park in size. The acquisition was made using funds from a bond
referendum and other local sources. This new tract of land has been largely undeveloped since early in the
20th century and is home to diverse flora and fauna. Management history for this new land is scant, and
most likely was cultivated in the past. In 1996 Hurricane Fran severely impacted this area with up to 50%
of the trees knocked down or damaged. Access is currently restricted and has no public access. An old
logging trail runs into the property to Dutchman’s Branch, a tributary of Swift Creek, on the property.
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The entire park property is situated in the Swift Creek watershed. A creek, Dutchman’s Branch, transects
the newly added property and generally divides it into two habitat types. Dry-Oak Hickory Forest
predominates the southern, elevated side of the creek, while coniferous and mixed forest habitats
dominate the lower, northern side of the creek. Bluffs run along the southern bank of the creek, with
about a 60ft difference in elevation on the two sides of Dutchman’s Branch. Present on the property are
rich and moist draws sloping into Dutchman’s Branch. These areas have some uncommon species such as
indian cucmber-root (Medeola virginiana) and a number of orchid species. More wetland species are
found in these draws and wet areas.
Dry Oak-Hickory Forest covers much of the southern side of Dutchman’s branch. Quercus alba and
Quercus rubra dominate the over-story with Carya tomentosa present. Mature Pinus taeda is scattered
throughout the tract. The mid-story is composed of Acer rubrum, Oxydedndron arboretum, Cornus
florida, young oaks, hickories, and Fagus grandifolia. The understory is composed of Vaccinium spp.
such as V.arboreum and V. stamineum with isolated Viburnum spp.. The herb layer is sparse and
dominated by Muscadinia Rotundifolia. Other plants present in the layer include Hexastylis arifolia,
Actea pachypoda, and Chimaphila maculata. Some very large individual trees (36< DBH) are on the
tract.
Along the draws and bluffs, mature Liriodendron tulipifera and F. grandifolia are present in the over- and
mid-stories. In these areas the mid- and understories are dominated by more wetland species such as
Carpinus caroliniana and Lindera benzoin. The herb layer is more developed than upland areas and is
dominated by ferns.
The site history is relatively unknown, with much of the land passing from and into cultivation in the past.
Currently no management plan exists for the 99 new acres of Crowder Park.
Many species of fungi thrive on the upland areas of the property with chanterelles, many polypores, black
trumpets, and morels all found in large numbers.
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Dry coniferous woodlands
This habitat type occurs on extremely dry Piedmont sites, including ridgetops and steep slopes. These
sites contain rocky, shallow, often extremely acidic soil. Canopy tree species may Virginia pine, shortleaf
pine, chestnut oak, scarlet oak, post oak, blackjack oak, and some hickories. Hemlocks (especially
Carolina hemlock) occur on some rocky areas and exposed bluff slopes
in the western Piedmont.
Piedmont Monadnock Forest is a specific community type (distinguished from other dry oak pine
communities by the dominance of chestnut oak) that can include pine species such as Virginia and
shortleaf pine in the canopy, a patchy shrub layer and a sparse herb layer. Monadnocks are exposed and
subject to disturbance by high winds and lightning and can contain old trees. Because of the dryness and
disturbance, pines were likely a more important component of Piedmont Monadnock Forests than of other
piedmont forests (Schafale and Weakley 1990).
Piedmont Acidic Cliff communities occur on very steep to vertical slopes on acid soils, stream bluffs, and
other slopes. They typically lack a closed tree or shrub canopy due to the rocky, dry sites, but may occur
in areas with softer substrate that has been exposed by stream undercutting. Pine species include Virginia
and shortleaf pine, and hemlocks may occur on sites that are more sheltered along with rhododendron.
Cliff communities are distinguished from forest communities by having an absent or open canopy and
abundant bare substrate due to steepness and rockiness (Schafale and Weakley 1990).
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Management Guidelines
Located in extremely dry sites, including rides, slopes and ridge tops, dry-coniferous woodlands are
relatively rare in the piedmont, occurring mostly in our counties which border the mountains. Due to
variation in elevation, location, and local aspect, plant species composition can be quite different between
sites especially in the understory and shrub layer, if present. Overall this community is dominated by
pines and does require infrequent fires to maintain typical species composition. Given its’ location mainly
along well-drained and dry slopes or ridges fires occur occasionally and rarely are catastrophic.
Also due to being found on slopes and ridges development of homes and access roads in these often
remote areas have led to fragmentation. Building activities can also lead to erosion and loss of topsoil and
substrate and even increased risk of mud/rock slides.
Infestations from exotic diseases and pests can be catastrophic, devastating entire tracts and areas, but
localized and non-lethal infestations can actually be beneficial creating snags, woody debris, and opening
canopy gaps.
Key management points:
• Reintroduction of prescribed fire to encourage pine regeneration, structural diversity, and
understory development.
• Identify remaining communities and sites and protect them.
• Develop in low-impact manner, clustering development, and reducing landslide risk and erosion.
• Exotic and invasive species, including fungal diseases and other pests, removal/control.
Case Study: Historic Yates Mill County Park
Historic Yates Mill County Park is located downstream of a steep, north-facing bluff, which is found
along Steephill Creek – a northern tributary that flows into Swift Creek at the headwaters of Lake Benson.
The beginning slopes associated with the bluffs are found within park property but, outside of the park,
the cliff rises to approximately 80 feet above the creek corridor. Plants found in this area include
Christmas Fern, Galax, Heartleaf, Rhododendron, and rare, individual Hemlock trees (off park property).
No trails run along this bluff (purposefully to avoid the potential for erosion), although the park’s High
Ridge Trail provides a view down the creek corridor and passes through the first, lower slopes of the
bluffs. Staff has planted a few Hemlocks in other locations in the park and may attempt to do so at the
start of the slopes at some point. Wake County worked with the private landowners to put some of the
steep bluffs into a conservation easement so that the area cannot be developed, and also purchased a 16acre property further upstream where the creek curves to the north, which contains endangered Dwarf
Trillium (Trillium pusillum) plants on the floodplain below the bluffs. The purchase was made through
grant funding from the NC Clean Water Management Trust Fund. No trails run to this area and access is
limited to research purposes only.
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Case Study: Hemlock Bluffs Nature Preserve (Piedmont Acidic Cliff) (RC)
Hemlock Bluffs in Wake County is a 140-acre registered state natural area located in Cary, NC that
contains a north-facing cliff with a disjunct population of Eastern Hemlock trees (Tsuga canadensis) and
other mountain plant species that are believed to be relict from the Pleistocene. The disjunctive plant
communities of Hemlock Bluffs are believed to be one of these unique relics of the ancient past, surviving
in this particular location due to the protective nature of the north-facing bluffs which provide a relatively
cool, moist environment for the plants. Access to this area is possible by hiking the park’s 2 miles of
mulched nature trails.
The majority of the preserve is comprised of land owned by the State of North Carolina with a small
parcel owned by the Town of Cary. Access to the preserve, parking and a small nature/visitor center are
located on the Town's property. A little over two miles of trails are available for walking, quiet
recreation, and nature study. Designated as a State Nature Preserve, Hemlock Bluffs is a unique natural
area, created to protect wildlife habitat and preserve the Eastern Hemlock trees on the property. The onsite staff offer environmental education programs to provide insight into the conservation, biology, and
ecology of the preserve.
Swift Creek is dramatically affected in the vicinity of Hemlock Bluffs by urban runoff and flooding.
Sediment pollution and erosion occur along the stream banks throughout the nature preserve due to
increased stream flow from upstream development and impervious surfaces. The erosion is threatening
the stability of adjacent park boardwalks located near Swift Creek.
Monitoring of the stream bank for this project began in the year 2000 when staff began noticing that
stream bank erosion was getting closer to the existing boardwalk. Staff put a project together that was
initially funded in the FY2010 budget. As the project was being designed it was determined that
additional funding was needed and staff applied for several grants.
Grant funding was sought from the North Carolina Division of Water Resources in the amount of $20,000
to help fund the construction of stabilization measures, re-vegetation and native vegetation enhancement
along the stream banks. The stabilization project will not only curtail erosion, improve water quality and
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native habitat, and protect adjacent park structures but it will also serve as a demonstration project to the
thousands of visitors to Hemlock Bluffs each year.
As part of the project, permanent signage will be installed after the project is complete. This signage will
provide educational opportunities for the visitors to Hemlock Bluffs.

Mesic forest
Piedmont mesic forests occur on moist portions of upland habitat, steep north-facing slopes, lower slopes,
along ravines, high sections of outer floodplains and stream bottoms. The most common subtypes in the
Piedmont are Mesic Mixed Hardwood Forest and Basic Mesic Forest (Schafale and Weakley 1990).
These habitats have well-developed understory and shrub layers and are characterized by canopy species
such as American beech, tulip poplar and red oak, and in the western Piedmont, eastern hemlock.
Under natural conditions these forests are uneven-aged and often have some old, large trees present.
Reproduction occurs mainly in canopy gaps (Schafale and Weakley 1990) and disturbed areas have
increased amounts of pines, tulip poplar and sweetgum. Fires most likely occurred periodically but
because of the moist and sheltered nature of the sites, they likely did not burn often or with great
intensity. Mesic Mixed Hardwood Forests grade into alluvial or bottomland forest or into various upland
forest types and can be distinguished from Basic Mesic Forest by more acidic soils, an absence of baseloving plants and lower vegetative diversity in the understory.
In general, Mesic Mixed Hardwood Forests are quite common and their occurrence on steeper topography
has allowed some to escape extensive disturbance until recently. Due to a scarcity of basic rocks in the
piedmont, the Basic Mesic Forest subtype is rare. Mesic forests can be distinguished from upland
hardwood forests by the canopy composition and from floodplain forests by the lack of bottomland tree
species and presence of flood-intolerant trees (Schafale and Weakley 1990).

Management Guidelines
Mesic forests are burned only periodically, and less intensively than other habitat types. Fire did occur in
these forests; historically the interval was long years and generally was not an important factor in
regeneration. (Schafale and Weakley 1990) As such forest regeneration and species composition depend
primarily on forest openings and clearings. Often they are small, less than an acre, and can be the most
diverse areas in the forest. Naturally these openings may be created through tree falls, wind damage,
lightning strikes, and insects. We can make them by creating snags and leaving dead trees standing as
well as debris.
Key Management points:
1. Structural diversity is the most important factor to maintain/improve. Promote uneven-aged
stands and a developed understory to increase wildlife diversity. Creating canopy gaps by leaving
fallen logs and creating snags is an easy and cost effective method to improve stands with little or
no mid- and understory.
2. Maintain/create connectivity of stands. Many forest interior animal species require nonfragmented tracts with old growth characteristics. If planning new trails or infrastructure try to
contain the impact to a small area and build close to existing amenities.
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3. Reduce and control invasive species. Especially in canopy gaps as invasive can easily choke out
native plants and stifle regeneration in these important areas. Follow appropriate guidelines for
the specific invasive species when encountered.

Generally, managing mesic forests is canopy management. Keeping the canopy from closing and
maintaining structural diversity is the goal. Always have a few canopy gaps and small clearings as well.
Fire can be used, although on an extended rotation (10-15 years) and at a low intensity, to control the
mid- and understories. The best time to apply treatments is the late winter/ early spring. This will avoid
disturbing most nesting birds and other wildlife.

Case Study: Historic Yate’s Mill County Park
Site Description
Yate’s Mill is a 174-acre park crisscrossed by miles of natural and mulched trails in central Wake County.
It is highlighted by the restored water-powered mill. Formerly a working gristmill serving Wake County
it has become a historical marker and provides opportunities both for historical and ecological
interpretation. Around the focal point of the mill and its’ pond the surrounding area contains diverse
habitats ranging from beaver created wetlands to early successional fields, and examples of mesic forest.
Located in the Swift Creek watershed, Steep Hill creek, flows through the property and into the millpond.
Following the 1996 Hurricane Fran the mill-dam breached and was rebuilt with the creek channel
deepened as well.
Bordering the property are university owned teaching farms and animal pastures as well as housing
developments.
Management history:
Currently Yate’s Mill is operated with a “Hands off” approach. No active management is planned for the
mesic forest areas in the park, besides the occasional removal of hazard trees and the continuing battle
against invasive species. Unfortunately invasive species including privet (Ligustrum sinense), Japanese
honeysuckle, (Lonicera japonica), stilt grass (Microstegum vimenium), autumn olive (Eleagnus
umbellata), and wisteria (Wisteria sinensis, have become established in the park. Also known as “Hack
N’ Squirt” a mixture of chemical and mechanical means are employed to remove these unwanted plants.
In the past much, if not all, the surrounding areas was used for agricultural purposes and pastureland. The
land was cleared in the past too, and may have been high-graded. Recently however, at least the last >30
years, no logging operation has occurred in the mesic forest areas of the park. Beavers will fell a tree only
occasionally.
No future forest management actions are planned, besides keeping the status quo and continued removal
of the invasives. There is a small issue of sediment run-off from the teaching farms into park property but
steps are being taken to remedy the issue.
Site composition:
The mesic forest at HYMCP occurs mainly in two areas, on the slopes which run between steep hill creek
and the Millpond, generally following the “High Ridge” Trail in the park, and along the south side of the
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NCSU teaching farms, north of the creek. The larger green shaded area in map below show the park
boundary. The two lighter shaded green disjunct areas are mesic habitat.

These areas are dominated by large, (<20’’ DBH) mixed hardwoods such as mockernut hickory (Carya
alba) N.Red oak (Quercus rubra) Beech (Fagus grandifolia) and Tulip poplar (Liriodendron tulipifera).
Many younger trees of these species are be found resulting in an un-even age composition on-site. Midstory species such as American holly (Ilex opaca) sourwood (Oxydendron arboretum)as well as many
Vaccinium spp. and Viburnum spp. make up a significant component of the these areas. In spots with
fallen trees, or canopy gaps, young pines and sweetgums can be found growing up with aforementioned
species. These canopy gaps are especially important as much of the understory diversity, and forest
regeneration, is found in the area. However they are most at risk from invasive species.
The understory contains many fern species such as Christmas and netted chain fern. Muscadine grape
makes up a large component. A small population of dwarf trillium (Trillium pusilium) is located on the
property. Multiple grass species and other forbs like Hypericum spp. are also found. Scattered orchid
species including putty root (Aplectrum hyemale) cranefly (Tipularia discolor) Lady’s slipper
(Cypripedium acaule) and downy rattlesnake plaintain (Goodyera puibescens) are found in the
understory. An exhaustive list of both plant and wildlife species can be found at the Wake County NRID
website.
Uses & Threats:
Mesic areas are used extensively by local wildlife populations for food and shelter. The old, large, tree
support ample high canopy habitat for many birds and even provide snags and cavities for species like
raccoons and possums to live in. Mesic forest is especially important for eastern box turtles. Often a high
diversity of birds will be found. Herps also extensively uses these areas and salamanders often rely on
them to reproduce and find suitable habitat.
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However in non-protected areas mesic forest is becoming increasingly fragmented and altered. Logging
practices favor pine regeneration resetting the succession. Much of former mesic forest has become pine
plantation or been developed. Protecting the continuity and large unbroken tracts of land can preserve the
diversity and beauty of these forests.

Low elevation cliffs/rock outcrops
This habitat category includes areas that are characterized by exposed rock, sometimes supporting forest
canopy, but often these areas are too steep or rocky to support a closed canopy. These habitats can be
found in the Southern Blue Ridge, but also in some areas of the Piedmont. Often these areas contain
patchy vegetation, reflecting the variability in soil depth and moisture content. Seepage may provide some
moisture for mosses, lichens, and wetland vegetation. This habitat type contains many different types of
communities defined by Schafale and Weakley (1990) including low elevation granitic domes and rocky
summits, acidic cliffs, mafic cliffs, and some boulder fields. In addition, many of the wildlife species
associated with low elevation cliffs and rock outcrops occur in association with rock outcrops dispersed
throughout other forest or habitat types in patches too small to be considered discreet communities of
their own.
Many wildlife species utilize rock outcrop habitat without regard to arbitrary elevational distinction (e.g.,
peregrine falcon), and others will utilize only high elevation rock outcrop habitats (at least according to
what we currently know, e.g., rock voles and rock shrews). However, many wildlife species and even
more plant species (Schafale and Weakley 1990) are either associated with high elevation rock
communities or low elevation rock communities. The elevation limits for each species, however, are quite
variable. Many low elevation rock outcrop species of plants and animals are restricted to ranges outside
high elevation areas (e.g., crevice salamanders are only found in and around the relatively low elevation
Hickorynut Gorge). Still other wildlife may occur in both high and low elevation rock communities, but
for various reasons may reach higher densities or have wider distribution in low elevation rock outcrops
(e.g., timber rattlesnakes).
Some wildlife species may occupy/use low elevation rock outcrop communities but may not necessarily
be restricted to them (e.g., eastern woodrat). Finally, several species are often associated with low
elevation rock outcrops, however we may not know the full extent of their range and distribution, nor
specific factors that result in their selection of low elevation rock outcrops. The result is a wide array of
animal species associated with low elevation rock outcrop communities, with varying degrees of
exclusive use. Nonetheless, there are several wildlife species often associated with our generalized low
elevation rock outcrop habitat.

Management Guidelines
Rock outcrops are unique due to geology, geography, elevation, moisture, and position in the landscape.
The habitat provided by each rock outcrop is dependent upon the entire set of conditions in and
surrounding the surface rock. Those conditions influence its use by plants and animals dependent upon
the surface rock and may include significant amounts of adjacent ecological community types. This
habitat type cannot be created. The only option is to try to protect these unique areas.
The two major problems most associated with low elevation rock outcrops include development and
recreational impacts from trampling and insufficient buffers to keep the rock outcrop hidden from nearby
activity. A N.C. Wildlife Resources Commission Biologist recommended a 650 ft buffer around the flat
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rock outcrop within Sandy Pines Preserve to protect ecological function, prevent trampling, and keep it
hidden from trails.
Prescribed, controlled fire can be a tool to restore a more natural structure around the margins of the
forest surrounding the rock outcrop. Prescribed fire will favor species that will tolerate drought and wild
fire better and should be applied every 2-4 years. If the rock outcrop will carry the fire due to trees or
other grasses on the rock outcrop, the fire can be conducted during the winter months when rare plants
and animals are dormant.
Key Management Points:
1. This habitat type cannot be created – the only option is to protect these unique areas.
2. To protect ecological function for rare species, prevent trampling and keep hidden from trails.
3. Preserve a 650 foot buffer surrounding flat rock outcrop with no recreational intrusion.
4. Apply prescribed fire to the surrounding forest every 2-4 years during winter.
Case Study: Sandy Pines Preserve/The Rocks/Mitchell Mill
Geology
The Little River watershed contains the largest area of low elevation rock outcrop in Wake County. This
watershed includes Sandy Pines Preserve, which is connected to Little River via The Rocks (OS-055).
Little River also includes Mitchell Mill State Natural Area and directly across from that state-owned land
is Mitchell Mill (OS-011) owned by Wake County. The Rolesville batholith is the largest body of granite
in the southern Appalachian region. It measures about 15x50 miles and occupies the eastern third of
Wake County, and about two-thirds of Franklin County. These sites include a huge flat exposure of the
granite that is part of the batholith. The age of the Rolesville batholith is late Paleozoic – approximately
300 million years old.
The granite is composed of two types of feldspar – orthoclase and Na-plagioclase, plus quartz and biotite
mica. Sometimes it may contain hornblende or muscovite mica or garnet. Granite is the most common
type of rock that is quarried for crushed stone, used in making concrete and asphalt, among other things.
The granite here is a medium-grained biotite granite.
Cracks or fractures in the granite are of two types. Exfoliation fractures are parallel to the earth’s surface;
they form as the result of slow erosion that removes the weight of the overlying rock. Joints are sets of
parallel, generally steeply dipping cracks that are related to horizontal stresses. Below the surface,
groundwater moves along these cracks. You may also see thin bands of slightly different rock cutting
across the granite. These may be quartz veins, consisting of only gray, glassy quartz, or they may be
aplite (fine-grained white granite) or pegmatite (coarse-grained granite). In addition, you may see biotite
schlieren, which are dark patches of biotite mica that formed during intrusion and crystallization of the
magma.
Geology Technical Information: Speer, J. A., 1994, Nature of the Rolesville batholith, North Carolina
(pages 57-62 in Carolina Geological Society Field Trip Guide, 1994
Speer, J.A., McSween, H.Y., and Gates. A.E., 1994, Generation, segregation, ascent and emplacement of
Alleghanian granitoid plutons in the Southern Appalachians: Journal of Geology, v. 102, p. 249-267.
https://ncgreenwaysgeology.blogspot.com/2018/07/granite-pavement-exposure-mitchell-mill.html
Plant and Animal Community
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The erosion of the rock within this community type provides a special niche for some unique species both
on the exposed flat rock and the surrounding area. A variety of lichen, mosses and plants take root in
minimal soil found within the cracks and depressions in the rock. Many species of amphibians breed in
the pools of water within the eroded depressions in the granite rock, including Ambystoma maculatum,
Spotted Salamanders.
Portulaca smallii (Small’s Purslane) is a rare, protected plant, endemic to the thin soils of granite
flatrocks and outcrops in the Piedmont regions of Virginia, North Carolina, South Carolina (a single site),
and Georgia. Status – Threatened (T); Rank -Imperiled (S2); Global Rank – Vulnerable (G3).
P. smallii is found only in a restricted zone, in thin soil between the open rock and the deeper soils and
background vegetation. P. smallii is a succulent summer annual, a member of the large Purslane family,
the Portulacaceae. The seeds primarily germinate in spring and early summer, and flowering often follows
closely in a month or so. The flowers are usually a pale pink, and can be so pale as to appear white at
times. The flowers open for only a short period around noon, and may remain closed all day when the
skies are dark with clouds. The flowers can self-pollinate, which is useful when the period for pollinators
to enter the flower is so narrow. Portulaca amilis, Paraguayan Purslane, is an introduced species from
South America and can be distinguished from Portulaca smallii by its larger, dark pink flowers, and its
flatter, wider leaves that often appear like the blades of a fan. Portulaca amilis has found in these
flatrocks in the Mitchell Mill area. Both portulaca species begin to decline in October and
by Thanksgiving, most plants have disappeared completely or there is only a remnant stem or dead leaves.
For more details about Portulaca, please visit the blog by our volunteer Herb Amyx, who also volunteers
for the Plant Conservation Program and hold permits for handling rare plants:
https://bwwellsassociation.wordpress.com/2014/11/28/portulaca-smallii-at-the-mitchell-mill-state-naturalarea/
https://bwwellsassociation.wordpress.com/2015/05/04/early-may-diamorpha-smallii-blooms-andportulaca-smallii-appears/
A listing of plant and animal species found at these sites can be found on Wake County’s NRID.
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Species List by Habitat
Non-alluvial Mineral Wetlands
ANIMALS FROM THE NC WAP PLAN:
AMPHIBIANS:
Amphiuma means
Two-toed Amphiuma
Eurycea chamberlaini
Chamberlain's Dwarf Salamander
Plethodon chlorobryonis
Atlantic Coast Slimy Salamander
BIRDS:
Tachycineta bicolor
Euphagus carolinus
Limnothlypis swainsonii
Setophaga coronate
Sitta canadensis
Troglodytes troglodytes
Empidonax virescens

Tree Swallow
Rusty Blackbird
Swainson's Warbler
Yellow-rumped Warbler
Red-breasted Nuthatch
Winter Wren
Acadian Flycatcher

MAMMALS:
Lasiurus seminolus
Perimyotis subflavus

Seminole Bat
Tri-colored Bat

Small Wetland Communities
ANIMALS FROM THE NC WAP PLAN:
4.3 WETLANDS COMMUNITIES
AMPHIBIANS:
Ambystoma talpoideum (Mole Salamander) – upland pools & inland floodplains
Ambystoma tigrinum tigrinum (Eastern Tiger Salamander) – upland pools
Eurycea bislineata (Northern Two-Lined Salamander) – upland pools, upland seepages & inland
floodplains
Hemidactylium scutatum (Four-Toed Salamander) – upland pools, upland seepages & inland floodplains
Hyla chrysoscelis (Cope's Gray Treefrog) – upland pools, upland seepages & inland floodplains
Scaphiopus holbrookii (Eastern Spadefoot) – upland pools
Ambystoma maculatum (Spotted Salamander) – upland pools & inland floodplains
Ambystoma opacum (Marbled Salamander) – upland pools & inland floodplains
Amphiuma means (Two-Toed Amphiuma) – upland seepages
Eurycea chamberlaini (Chamberlain's Dwarf Salamander) – upland pools, upland seepages & inland
floodplains
Plethodon cinereus (Eastern Red-Backed Salamander) – inland floodplains
Plethodon cylindraceus (White-Spotted Slimy Salamander) – inland floodplains
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Pseudotriton montanus montanus (Eastern Mud Salamander) – upland pools, upland seepages & inland
floodplains
Pseudotriton ruber (Red Salamander) – upland pools, upland seepages & inland floodplains
REPTILES:
Terrapene carolina Carolina
Clemmys guttata
Crotalus horridus

(Eastern Box Turtle)
(Spotted Turtle)
(Timber Rattlesnake)

BIRDS:
Empidonax virescens (Acadian Flycatcher) – inland floodplains
Euphagus carolinus (Rusty Blackbird) – inland floodplains
Haliaeetus leucocephalus (Bald Eagle) – inland floodplains
Limnothlypis swainsonii (Swainson's Warbler) – inland floodplains
Melanerpes erythrocephalus (Red-Headed Woodpecker) – inland floodplains
Nyctanassa violacea (Yellow-Crowned Night-Heron) – upland pools, upland seepages & inland
floodplains
Parkesia motacilla (Louisiana Waterthrush) – inland floodplains
Podilymbus podiceps (Pied-Billed Grebe) – upland pools
Protonotaria citrea (Prothonotary Warbler) – inland floodplains
Scolopax minor (American Woodcock) – inland floodplains
Setophaga dominica (Yellow-Throated Warbler) – inland floodplains
Tachycineta bicolor (Tree Swallow) – inland floodplains
Tringa flavipes (Lesser Yellowlegs) – upland pools
Tringa melanoleuca (Greater Yellowlegs) – upland pools
Troglodytes troglodytes (Winter Wren) – upland pools & upland seepages
Archilochus colubris (Ruby-throated Hummingbird) – inland floodplains
Gallinago delicate (Wilson's Snipe) – upland pools
Ardea alba (Great Egret) – upland pools & inland floodplains
Ardea herodias (Great Blue Heron) – upland pools & inland floodplains
Bubulcus ibis (Cattle Egret) – upland pools & inland floodplains
Zenaida macroura (Mourning Dove) – upland pools, upland seepages & inland floodplains
Meleagris gallopavo (Wild Turkey) – inland floodplains
Progne subis (Purple Martin) – inland floodplains
Geothlypis Formosa (Kentucky Warbler) – inland floodplains
Antrostomus vociferous (Whip-poor-will) – inland floodplains
Coccyzus americanus (Yellow-billed Cuckoo) – inland floodplains
Setophaga citrine (Hooded Warbler) – inland floodplains
Hylocichla mustelina (Wood Thrush) – inland floodplains
Contopus virens (Eastern Wood-Pewee) – inland floodplains
Colaptes auratus (Northern Flicker) – inland floodplains
Picoides villosus (Hairy woodpecker) – inland floodplains
MAMMALS:
Canis rufus (Red Wolf) – inland floodplains
Corynorhinus rafinesquii (Rafinesque's Big-Eared Bat) – inland floodplains
Lasiurus cinereus (Hoary Bat) – inland floodplains?
Lasiurus seminolus (Seminole Bat) – inland floodplains
Myotis austroriparius (Southeastern Bat) – inland floodplains
Myotis lucifugus (Little Brown Bat) – upland pools, upland seepages & inland floodplains
Perimyotis subflavus (Tri-Colored Bat) – upland pools, upland seepages & inland floodplains
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Dry Longleaf Pine Forest
ANIMALS FROM THE NC WAP PLAN:
4.4 TERRESTRIAL COMMUNITIES/4.4.13 Dry Longleaf Pine Communities
AMPHIBIANS:
Plethodon cylindraceus

White-Spotted Slimy Salamander - W

BIRDS:
Coccothraustes vespertinus
Falco sparverius
Melanerpes erythrocephalus
Regulus satrapa
Setophaga coronate
Sitta canadensis
Sitta pusilla
Archilochus colubris
Zenaida macroura
Meleagris gallopavo
Progne subis
Thryothorus ludovicianus

Evening Grosbeak
American Kestrel
Red-Headed Woodpecker
Golden-Crowned Kinglet
Yellow-Rumped Warbler
Red-Breasted Nuthatch
Brown-Headed Nuthatch
Ruby-throated Hummingbird
Mourning Dove
Wild Turkey
Purple Martin
Carolina Wren

MAMMALS:
Lasiurus seminolus
Myotis lucifugus
Perimyotis subflavus

Seminole Bat
Little Brown Bat
Tri-Colored Bat

Lakes and Resevoirs
ANIMALS FROM THE NC WAP PLAN:
4.2. AQUATIC COMMUNITIES/4.2.13 Reservoirs & Impoundments
CRAYFISH
Cambarus davidi (Carolina Ladle Crayfish) – cold water
FISH
Ameiurus brunneus (Snail Bullhead) – cold water, Cape Fear & Neuse
Ameiurus platycephalus (Flat Bullhead) – cold water, Cape Fear & Neuse
Lepisosteus osseus (Longnose gar) – warm water, Cape Fear & Neuse
Moxostoma pappillosum (V-lip Redhorse) – cold water, Cape Fear & Neuse
MUSSELS
Corbicula fluminea (Asian Clam) – introduced; cold and warm water, Cape Fear & Neuse
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Elliptio icterina (Variable Spike) – cold water, Cape Fear & Neuse
Elliptio roanokensis (Roanoke Slabshell) – cold water, Cape Fear & Neuse
Lampsilis cariosa (Yellow Lampmussel) – warm water, Cape Fear & Neuse
Lampsilis radiata (Eastern Lampmussel) – cold and warm water, Cape Fear & Neuse
Pyganodon cataracta (Eastern Floater) – cold water, Cape Fear & Neuse
Pyganodon grandis (Giant Floater) – introduced; warm water, Cape Fear
Taxolasma parvum (parvus) (Lilliput) – introduced; cold water, Neuse
Toxolasma pullus (Savannah Lilliput) – warm water, Cape Fear
Uniomerus carolinianus (Florida Pondhorn) – cold and warm water, Cape Fear & Neuse
Utterbackia imbecillis (Paper Pondshell) – cold and warm water, Cape Fear & Neuse
Villosa delumbis (Eastern Creekshell) – cold water, Cape Fear
AMPHIBIANS:
Amphiuma means
Necturus punctatus

Two-Toed Amphiuma – warm water
Dwarf Waterdog – warm water

REPTILES:
Sternotherus odoratus
Thamnophis sauritus sauritus
Nerodia erythrogaster
Trachemys scripta scripta

Eastern Musk Turtle – cold and warm water
Eastern Ribbon Snake – cold and warm water
Plain-Bellied Water Snake – cold and warm water
Yellow-Bellied Slider

BIRDS:
Actitis macularia
Anas rubripes
Anas Strepera
Arenaria interpres
Aythya valisineria
Butorides virescens
Charadrius semipalmatus
Gallinula galeata
Gavia immer
Haliaeetus leucocephalus
Larus argentatus
Larus marinus
Limnodromus scolopaceus
Melanerpes erythrocephalus
Mergus merganser
Nyctanassa violacea
Phalacrocorax auratus
Podilymbus podiceps
Riparia riparia
Setophaga dominica
Tachycineta bicolor
Tringa flavipes
Tringa melanoleuca
Aix sponsa
Anas acuta
Anas clypeata
Anas crecca
Anas discors

Spotted Sandpiper – cold and warm water
American Black Duck – cold and warm water
Gadwall – cold and warm water
Ruddy Turnstone – cold and warm water
Canvasback – cold and warm water
Green Heron – cold and warm water
Semipalmated Plover – cold and warm water
Common Gallinule – cold and warm water
Common Loon – cold and warm water
Bald Eagle – cold and warm water
Herring Gull – cold and warm water
Great Black-Backed Gull – cold and warm water
Long-Billed Dowitcher – cold and warm water
Red-Headed Woodpecker – cold and warm water
Common Merganser – cold and warm water
Yellow-Crowned Night-Heron – cold and warm water
Double-Crested Cormorant – cold and warm water?
Pied-Billed Grebe – cold and warm water
Bank Swallow – cold and warm water?
Yellow-Throated Warbler – cold and warm water
Tree Swallow – cold and warm water
Lesser Yellowlegs – cold and warm water
Greater Yellowlegs – cold and warm water
Wood Duck – cold and warm water
Northern Pintail – cold and warm water
Northern Shoveler – cold and warm water
Green-winged Teal – cold and warm water
Blue-winged Teal – cold and warm water

Updated 12/16/2020

52 | P a g e

Aythya affinis
Aythya collaris
Branta canadensis
Bucephala albeola
Lophodytes cucullatus
Mergus serrator
Oxyura jamaicensis
Gallinago delicate
Ardea alba
Ardea Herodias
Bubulcus ibis
Zenaida macroura
Progne subis
Charadrius vociferous
Corvus ossifragus

Lesser Scaup – cold and warm water
Ring-necked Duck – cold and warm water
Canada Goose – cold and warm water
Bufflehead – cold and warm water
Hooded Merganser – cold and warm water
Red-breasted Merganser – cold and warm water
Ruddy Duck – cold and warm water
Wilson's Snipe – cold and warm water
Great Egret – cold and warm water
Great Blue Heron – cold and warm water
Cattle Egret – cold and warm water
Mourning Dove – cold and warm water
Purple Martin – warm water
Killdeer – warm water
Fish Crow – cold and warm water

MAMMALS:
Lasiurus cinereus
Myotis lucifugus
Perimyotis subflavus

Hoary Bat – cold and warm water
Little Brown Bat – cold and warm water
Tri-Colored Bat – cold and warm water

Riverine Aquatic Systems
ANIMALS FROM THE NC WAP PLAN:
4.2 AQUATIC COMMUNITIES/4.2.7-4.2.9 Headwaters, Streams & Rivers
CRAYFISH
Cambarus catagius
Greensboro Burrowing Crayfish – Headwater Streams/Small Creeks, Cape Fear
Cambarus davidi
Carolina Ladle Crayfish – Headwater Streams/Small Creeks (cool & warm) &
Small River Systems/Large Creeks (cool & warm), Cape Fear & Neuse River
Cambarus hystricosus Sandhills Spiny Crayfish – Headwater Streams/Small Creeks (warm) & Small
River Systems/Large Creeks (warm) & Cape Fear Medium River Systems (warm), Cape Fear
Procambarus medialis Pamlico Crayfish – Small River Systems/Large Creeks (warm), Neuse
FISH
Ambloplites cavifrons (Roanoke Bass) – Small River Systems/Large Creeks (warm) & Medium River
Systems (warm), Neuse
Ameiurus brunneus (Snail Bullhead) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems
(warm), Cape Fear & Neuse
Ameiurus platycephalus (Flat Bullhead) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems
(warm), Cape Fear & Neuse
Chrosomus oreas (Mountain Redbelly Dace) – Headwater Streams/Small Creeks (warm) & Small River
Systems/Large Creeks (cool & warm), Cape Fear & Neuse
Etheostoma collis (Carolina Darter) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Cape Fear & Neuse
Etheostoma vitreum (Glassy Darter) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Neuse
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Lampetra aepyptera (Least Brook Lamprey) – Headwater Streams/Small Creeks (warm), Neuse
Lepisosteus osseus (Longnose gar) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Cape Fear & Neuse
Moxostoma cervinum (Blacktip Jumprock) – Small River Systems/Large Creeks (cool & warm) &
Medium River Systems (cool & warm), Neuse
Moxostoma pappillosum (V-lip Redhorse) – Small River Systems/Large Creeks (cool & warm), Medium
River Systems (cool & warm) & Large River Systems (warm), Cape Fear & Neuse
Moxostoma sp. 3 [Carolina] (Carolina Redhorse) – Small River Systems/Large Creeks (warm) &
Medium River Systems (warm), Cape Fear
Nocomis raneyi (Bull Chub) – Small River Systems/Large Creeks (cool & warm) & Medium River
Systems (cool & warm), Neuse
Notropis chalybaeus (Ironcolor Shiner) – Small River Systems/Large Creeks (warm), Cape Fear & Neuse
Notropis mekistocholas (Cape Fear Shiner) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm), Cape Fear
Notropis volucellus (Mimic Shiner) – Headwater Streams/Small Creeks (warm) & Medium River
Systems (warm), Neuse
Percina nevisense (Chainback Darter) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm), Neuse
Percina roanoka (Roanoke Darter) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Neuse
Petromyzon marinus (Sea Lamprey) – Headwater Streams/Small Creeks (warm) & Small River
Systems/Large Creeks (warm), Neuse
MUSSELS
Alasmidonta heterodon (Dwarf Wedgemussel) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm) & Large River Systems (warm), Neuse
Alasmidonta undulate (Triangle Floater) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm) & Large River Systems (warm), Cape
Fear & Neuse
Alasmidonta varicose (Brook Floater) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm) & Medium River Systems (cool & warm), Cape Fear
Corbicula fluminea (Asian Clam) – introduced; Headwater Streams/Small Creeks (cool & warm), Small
River Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River
Systems (warm), Cape Fear & Neuse
Elliptio fisheriana (Northern Lance) – Small River Systems/Large Creeks (warm), Medium River
Systems (cool & warm) & Large River Systems (warm), Neuse
Elliptio icterina (Variable Spike) – Small River Systems/Large Creeks (cool & warm), Medium River
Systems (cool & warm) & Large River Systems (warm), Cape Fear & Neuse
Elliptio lanceolata (Yellow Lance) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Neuse
Elliptio roanokensis (Roanoke Slabshell) – Small River Systems/Large Creeks (warm), Medium River
Systems (warm) & Large River Systems (warm), Cape Fear & Neuse
Fusconaia masoni (Atlantic Pigtoe) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Cape Fear & Neuse
Lampsilis cariosa (Yellow Lampmussel) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm) & Large River Systems (warm), Cape
Fear & Neuse
Lampsilis radiate (Eastern Lampmussel) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm), Medium River Systems (warm) & Large River Systems (warm), Cape
Fear & Neuse
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Lampsilis sp. 2 (Chameleon Lampmussel) – Headwater Streams/Small Creeks (warm), Cape Fear &
Neuse
Lasmigona subviridis (Green Floater) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Cape Fear & Neuse
Pyganodon cataracta (Eastern Floater) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems
(warm), Cape Fear & Neuse
Pyganodon grandis (Giant Floater) – introduced; Headwater Streams/Small Creeks (warm) & Small
River Systems/Large Creeks (warm), Cape Fear
Strophitus undulates (Creeper) – Headwater Streams/Small Creeks (warm), Small River Systems/Large
Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems (warm), Cape Fear
& Neuse
Toxolasma pullus (Savannah Lilliput) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm), Cape Fear
Uniomerus carolinianus (Florida Pondhorn) – Headwater Streams/Small Creeks (cool & warm), Small
River Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River
Systems (warm), Cape Fear & Neuse
Utterbackia imbecillis (Paper Pondshell) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (warm) & Large River Systems (warm),
Cape Fear & Neuse
Villosa constricta (Notched Rainbow) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems
(warm), Cape Fear & Neuse
Villosa delumbis (Eastern Creekshell) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm), Medium River Systems (cool & warm) & Large River Systems
(warm), Cape Fear
Villosa vaughaniana (Carolina Creekshell) – Headwater Streams/Small Creeks (cool & warm), Small
River Systems/Large Creeks (warm), Medium River Systems (warm) & Large River Systems (warm),
Cape Fear
AQUATIC SNAILS
Somatogyrus virginicus Panhandle Pebblesnail – Small River Systems/Large Creeks (warm), Neuse
AMPHIBIANS:
Hyla chrysoscelis (Cope's Gray Treefrog) – Headwater Streams/Small Creeks (cool & warm) & Small
River Systems/Large Creeks (cool & warm)
Amphiuma means (Two-Toed Amphiuma) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm)
Eurycea chamberlaini (Chamberlain's Dwarf Salamander) – Headwater Streams/Small Creeks (warm) &
Small River Systems/Large Creeks (warm)
Pseudotriton montanus montanus (Eastern Mud Salamander) – Headwater Streams/Small Creeks (cool &
warm)
Pseudotriton ruber (Red Salamander) – Headwater Streams/Small Creeks (cool & warm)
Necturus punctatus (Dwarf Waterdog) – Headwater Streams/Small Creeks (warm), Small River
Systems/Large Creeks (warm) & Medium River Systems (warm)
REPTILES:
Sternotherus odoratus (Eastern Musk Turtle) – Small River Systems/Large Creeks (cool & warm)? &
Medium River Systems (cool & warm)?
Thamnophis sauritus sauritus (Eastern Ribbon Snake) – Headwater Streams/Small Creeks (cool &
warm)?, Small River Systems/Large Creeks (cool & warm) & Medium River Systems (cool & warm)
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Nerodia erythrogaster (Plain-Bellied Water Snake) – Headwater Streams/Small Creeks (cool & warm)
Small River Systems/Large Creeks (cool & warm) & Medium River Systems (cool & warm)
Regina septemvittata (Queen Snake) – Headwater Streams/Small Creeks (cool & warm) & Small River
Systems/Large Creeks (cool & warm)
BIRDS:
Actitis macularia (Spotted Sandpiper) – Medium River Systems (cool & warm)
Anas rubripes (American Black Duck) – Medium River Systems (cool & warm)
Anas strepera (Gadwall) – Medium River Systems (cool & warm)
Butorides virescens (Green Heron) – Small River Systems/Large Creeks (cool & warm) & Medium River
Systems (cool & warm)
Phalacrocorax auritus (Double-Crested Cormorant) – Medium River Systems (cool & warm)?
Podilymbus podiceps (Pied-Billed Grebe) – Medium River Systems (cool & warm)
Riparia riparia (Bank Swallow) – Medium River Systems (cool & warm)?
Aix sponsa (Wood Duck) – Small River Systems/Large Creeks (cool & warm) & Medium River Systems
(cool & warm)
Anas crecca (Green-winged Teal) – Medium River Systems (cool & warm)
Aythya collaris (Ring-necked Duck) – Medium River Systems (cool & warm)
Branta canadensis (Canada Goose) – Medium River Systems (cool & warm)
Lophodytes cucullatus (Hooded Merganser) – Small River Systems/Large Creeks (cool & warm) &
Medium River Systems (cool & warm)
Gallinago delicate (Wilson's Snipe) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm) & Medium River Systems (cool & warm)
Ardea alba (Great Egret) – Headwater Streams/Small Creeks (cool & warm), Small River Systems/Large
Creeks (cool & warm) & Medium River Systems (cool & warm)
Ardea herodias (Great Blue Heron) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm) & Medium River Systems (cool & warm)
Bubulcus ibis (Cattle Egret) – Headwater Streams/Small Creeks (cool & warm) & Small River
Systems/Large Creeks (cool & warm)
MAMMALS:
Lasiurus cinereus (Hoary Bat) – Headwater Streams/Small Creeks (cool & warm)?, Small River
Systems/Large Creeks (cool & warm)? & & Medium River Systems (cool & warm)?
Myotis lucifugus (Little Brown Bat) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm) & & Medium River Systems (cool & warm)
Perimyotis subflavus (Tri-Colored Bat) – Headwater Streams/Small Creeks (cool & warm), Small River
Systems/Large Creeks (cool & warm) & & Medium River Systems (cool & warm)

Floodplain Forest
ANIMALS FROM THE NC WAP PLAN
4.3 WETLAND COMMUNBITIES: 4.3.5 Inland Floodplains
AMPHIBIANS:
Ambystoma talpoideum (Mole Salamander) – upland pools & inland floodplains
Hemidactylium scutatum (Four-Toed Salamander) – upland pools, upland seepages & inland floodplains
Hyla chrysoscelis (Cope's Gray Treefrog) – upland pools, upland seepages & inland floodplains
Ambystoma maculatum (Spotted Salamander) – upland pools & inland floodplains
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Ambystoma opacum (Marbled Salamander) – upland pools & inland floodplains
Eurycea chamberlaini (Chamberlain's Dwarf Salamander) – upland pools, upland seepages & inland
floodplains
Plethodon cinereus (Eastern Red-Backed Salamander) – inland floodplains
Plethodon cylindraceus (White-Spotted Slimy Salamander) – inland floodplains
Pseudotriton montanus montanus (Eastern Mud Salamander) – upland pools, upland seepages & inland
floodplains
Pseudotriton ruber (Red Salamander) – upland pools, upland seepages & inland floodplains
REPTILES:
Terrapene carolina Carolina
Clemmys guttata
Crotalus horridus

Eastern Box Turtle
Spotted Turtle
Timber Rattlesnake

BIRDS:
Empidonax virescens (Acadian Flycatcher) – inland floodplains
Euphagus carolinus (Rusty Blackbird) – inland floodplains
Haliaeetus leucocephalus (Bald Eagle) – inland floodplains
Limnothlypis swainsonii (Swainson's Warbler) – inland floodplains
Melanerpes erythrocephalus (Red-Headed Woodpecker) – inland floodplains
Nyctanassa violacea (Yellow-Crowned Night-Heron) – upland pools, upland seepages & inland
floodplains
Parkesia motacilla (Louisiana Waterthrush) – inland floodplains
Protonotaria citrea (Prothonotary Warbler) – inland floodplains
Scolopax minor (American Woodcock) – inland floodplains
Setophaga dominica (Yellow-Throated Warbler) – inland floodplains
Tachycineta bicolor (Tree Swallow) – inland floodplains
Archilochus colubris (Ruby-throated Hummingbird) – inland floodplains
Ardea alba (Great Egret) – upland pools & inland floodplains
Ardea herodias (Great Blue Heron) – upland pools & inland floodplains
Bubulcus ibis (Cattle Egret) – upland pools & inland floodplains
Zenaida macroura (Mourning Dove) – upland pools, upland seepages & inland floodplains
Meleagris gallopavo (Wild Turkey) – inland floodplains
Progne subis (Purple Martin) – inland floodplains
Geothlypis Formosa (Kentucky Warbler) – inland floodplains
Antrostomus vociferous (Whip-poor-will) – inland floodplains
Coccyzus americanus (Yellow-billed Cuckoo) – inland floodplains
Setophaga citrine (Hooded Warbler) – inland floodplains
Hylocichla mustelina (Wood Thrush) – inland floodplains
Contopus virens (Eastern Wood-Pewee) – inland floodplains
Colaptes auratus (Northern Flicker) – inland floodplains
Picoides villosus (Hairy woodpecker) – inland floodplains
MAMMALS:
Canis rufus (Red Wolf) – inland floodplains
Corynorhinus rafinesquii (Rafinesque's Big-Eared Bat) – inland floodplains
Lasiurus cinereus (Hoary Bat) – inland floodplains?
Lasiurus seminolus (Seminole Bat) – inland floodplains
Myotis austroriparius (Southeastern Bat) – inland floodplains
Myotis lucifugus (Little Brown Bat) – upland pools, upland seepages & inland floodplains
Perimyotis subflavus (Tri-Colored Bat) – upland pools, upland seepages & inland floodplains
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Early Successional
Indicator Species
Early Successional Community Types
H=Herb
S=Shrub
W=Woody
PLANTS:
(FROM NC NHP HABITAT GUIILD) So many more species could be here!
GRASSES: H/S, less common in W
Andropogon sp. broomsedges, bluestems
Bothriochloa sp beardgrasses
Schizachyrium sp. little bluestems,
Sorghastrum nutans Indian grass
Panicum virgatum switchgrass
Saccharum sp. plume grasses
Forbs H/S, less common in W
Aster sp
Solidago sp
Bidens sp
Shrubs/tree saplings S/W, less common in H
Rubus sp
Pinus taeda
Liquidambar styraciflua
Liriodendron tuliperfera
Acer rubra
Acer floridanum

ANIMALS FROM THE NC WAP PLAN:
4.4 TERRESTRIAL COMMUNITIES /4.4.17 Successional Communities
AMPHIBIANS:
Hyla chrysoscelis
Plethodon cinereus
Plethodon cylindraceus

Cope's Gray Treefrog - S/W
Eastern Red-Backed Salamander – W
White-Spotted Slimy Salamander - W

REPTILES:
Terrapene carolina Carolina
Ophisaurus attenuatus longicaudus
Lampropeltis calligaster

Eastern Box Turtle - H/S/W
Eastern Slender Glass Lizard - H/S/W
Mole Kingsnake - H/S/W
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BIRDS:
Ammodramus henslowii
Colinus virginianus
Dolichonyx oryzivorus
Empidonax traillii
Falco sparverius
Gallinula galeata
Lanius ludovicianus
Melospiza lincolnii
Oreothlypis ruficapilla
Peucaea aestivalis
Rallus elegans
Scolopax minor
Setophaga coronata
Setophaga discolor
Spiza americana
Spizella pallida
Tachycineta bicolor
Troglodytes troglodytes
Tyto alba
Archilochus colubris
Gallinago delicata
Ardea alba
Ardea herodias
Bubulcus ibis
Columba livia
Zenaida macroura
Meleagris gallopavo
Progne subis
Sturnus vulgaris
Antrostomus carolinensis
Antrostomus vociferus
Chordeiles minor
Corvus ossifragus
Ammodramus savannarum
Pipilo erythrophthalmus
Spizella pusilla
Icterus spurius
Sturnella magna
Thryothorus ludovicianus
Tyrannus tyrannus

(Henslow's Sparrow) - H/S
(Northern Bobwhite) - H/S
(Bobolink) - H
(Willow Flycatcher) - H
(American Kestrel) - S
(Common Gallinule) - H?
(Loggerhead Shrike) - H/S
(Lincoln's Sparrow) - H/S
(Nashville Warbler) - S
(Bachman's Sparrow) - H/S
(King Rail) - H
(American Woodcock) - H
(Yellow-rumped Warbler) - S/W
(Prairie Warbler) - H/S
(Dickcissel) - H
(Clay-Colored Sparrow) - H?/S?
(Tree Swallow) - H/S/W
(Winter Wren) - S/W
(Barn Owl) - H/S/W
(Ruby-throated Hummingbird) - H/S/W
(Wilson's Snipe) - H
(Great Egret) - S/W
(Great Blue Heron) - S/W
(Cattle Egret) - H/S/W
(Rock Pigeon) - H
(Mourning Dove) - H/S/W
(Wild Turkey) - H/S/W
(Purple Martin) - H/S/W
(European Starling) - H/S/W
(Chuck-will's-widow) - H
(Whip-poor-will) - H
(Common Nighthawk) - H
(Fish Crow) - S
(Grasshopper Sparrow) - H
(Eastern Towhee) - S
(Field Sparrow) - H
(Orchard Oriole) - H
(Eastern Meadowlark) - H
(Carolina Wren) - H/S
(Eastern Kingbird) - H

MAMMALS:
Myotis lucifugus
(Little Brown Bat) - H/S
Perimyotis subflavus
(Tri-Colored Bat) - H/S
Peromyscus polionotus
(Old-Field Deermouse) - H/S
Reithrodontomys humulis
(Eastern Harvest Mouse) - H? (Eastern Harvest Mouse; also
occurs in freshwater marshes and other types of habitats)
Zapus hudsonius
(Meadow Jumping Mouse) – H (Meadow Jumping Mouse;
appears to prefer wetter meadows, but habitats in North Carolina are uncertain)
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LEPIDOPTERA: (from Steve Hall, NC NHP Habitat Guild)
Nastra lherminier (on Schizachyrium scoparium but probably on other grasses as well)
Hesperia leonardus (on a wide range of grasses)
Hesperia metea (on Andropogon and Schizachyrium sp.)
Atrytonopsis hianna (on Andropogon and Schizachyrium sp., including broomsedge in the eastern
Piedmont)
ORTHOPTERA: (from Steve Hall, NC NHP Habitat Guild)
This group probably forms the main prey base for many of the grassland birds. Particular species not yet
identified – please check back with Steve Hall for monitoring targets.

Oak Forest (& Mixed Hardwoods/Pine)
ANIMALS FROM THE NC WAP PLAN:
AMPHIBIANS:
Plethodon cinereus
Plethodon cylindraceus
Ambystoma talpoideum
Hemidactylium scutatum
Eurycea bislineata
Ambystoma maculatum
Ambystoma opacum
Hyla chrysoscelis
Pseudotriton montanus montanus
Pseudotriton ruber
Scaphiopus holbrookii

Eastern Red-backed Salamander
White-spotted Slimy Salamander
Mole Salamander
Four-toed Salamander
Northern Two-lined Salamander
Spotted Salamander
Marbled Salamander
Cope's Gray Treefrog
Eastern Mud Salamander
Red Salamander
Eastern Spadefoot

REPTILES:
Alligator mississippiensis
Terrapene carolina Carolina
Ophisaurus attenuatus longicaudus
Cemophora coccinea copei
Lampropeltis triangulum elapsoides
Crotalus horridus

American alligator
Eastern box turtle
Eastern slender glass lizard
Northern scarlet snake
Scarlet kingsnake
Timber rattlesnake

BIRDS:
Coccyzus erythropthalmus
Accipiter cooperii
Coccothraustes vespertinus
Tachycineta bicolor
Oreothlypis peregrine
Oreothlypis ruficapilla
Setophaga coronate
Setophaga fusca
Regulus satrapa
Sitta Canadensis
Updated 12/16/2020

Black-billed Cuckoo
Cooper's Hawk
Evening Grosbeak
Tree Swallow
Tennessee Warbler
Nashville Warbler
Yellow-rumped Warbler
Blackburnian Warbler
Golden-crowned Kinglet
Red-breasted Nuthatch
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Sitta pusilla
Troglodytes troglodytes
Catharus guttatus
Melanerpes erythrocephalus
Tyto alba

Brown-headed Nuthatch
Winter Wren
Hermit Thrush
Red-headed Woodpecker
Barn Owl

MAMMALS:
Corynorhinus rafinesquii macrotis
Myotis lucifugus
Myotis septentrionalis
Perimyotis subflavus

Rafinesque’s Big eared bat
Little brown myotis
Northern long eared bat
Tri-colored bat

Dry Coniferous woodlands
ANIMALS FROM THE NC WAP PLAN:
4.3 TERRESTRIAL COMMUNITIES 4.4.10 Dry Coniferous Woodlands
AMPHIBIANS:
Plethodon cinereus
(Eastern Red-backed Salamander)
Plethodon cylindraceus
(White-spotted Slimy Salamander)
REPTILES:
Crotalus horridus

(Timber Rattlesnake)

BIRDS:
Accipiter cooperii
Setophaga coronate
Regulus satrapa
Sitta Canadensis
Sitta pusilla
Melanerpes erythrocephalus

(Cooper's Hawk)
(Yellow-rumped Warbler)
(Golden-crowned Kinglet)
(Red-breasted Nuthatch)
(Brown-headed Nuthatch)
(Red-headed Woodpecker)

MAMMALS:
Lasiurus seminolus

(Seminole Bat)

Mesic Forest
ANIMALS FROM THE NC WAP PLAN:
AMPHIBIANS:
Ambystoma talpoideum
Eurycea bislineata
Hemidactylium scutatum
Hyla chrysoscelis
Ambystoma maculatum
Ambystoma opacum
Updated 12/16/2020

Mole Salamander
Northern Two-Lined Salamander
Four-Toed Salamander
Cope's Gray Treefrog
Spotted Salamander
Marbled Salamander
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Plethodon cinereus
Plethodon cylindraceus
Pseudotriton montanus montanus
Pseudotriton ruber

Eastern Red-Backed Salamander
White-Spotted Slimy Salamander
Eastern Mud Salamander
Red Salamander

REPTILES:
Clemmys guttata
Crotalus horridus
Elaphe guttata
Eumeces laticeps
Lampropeltis calligaster
Terrapene carolina
Virginia valeriae valeriae

Spotted Turtle
Timber Rattlesnake
Corn Snake
Broadhead Skink
Mole Kingsnake
Eastern Box Turtle
Eastern Smooth Earth Snake

BIRDS:
Coccothraustes vespertinus
Falco sparverius
Melanerpes erythrocephalus
Oreothlypis ruficapilla
Parkesia motacilla
Phalacrocorax auritus
Protonotaria citrea
Regulus satrapa
Setophaga coronata
Setophaga discolor
Setophaga dominica
Setophaga tigrina
Sitta canadensis
Sitta pusilla
Vireo philadelphicus
Archilochus colubris
Zenaida macroura
Meleagris gallopavo
Progne subis
Geothlypis formosa
Coccyzus americanus
Accipiter striatus
Melospiza melodia
Pipilo erythrophthalmus
Setophaga citrina
Thryothorus ludovicianus
Hylocichla mustelina
Contopus virens
Colaptes auratus
Picoides villosus

Evening Grosbeak
American Kestrel
Red-Headed Woodpecker
Nashville Warbler
Louisiana Waterthrush
Double-Crested Cormorant
Prothonotary Warbler
Golden-Crowned Kinglet
Yellow-Rumped Warbler
Prairie Warbler
Yellow-Throated Warbler
Cape May Warbler
Red-Breasted Nuthatch
Brown-Headed Nuthatch
Philadelphia Vireo
Ruby-throated Hummingbird
Mourning Dove
Wild Turkey
Purple Martin
Kentucky Warbler
Yellow-billed Cuckoo
Sharp-shinned Hawk
Song Sparrow
Eastern Towhee
Hooded Warbler
Carolina Wren
Wood Thrush
Eastern Wood-Pewee
Northern Flicker
Hairy woodpecker

MAMMALS:
Myotis lucifugus
Perimyotis subflavus
Lasionycteris noctivagans
Updated 12/16/2020

Little Brown Bat
Tri-Colored Bat
Silver-haired Bat
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Mustela frenata
Scalopus aquaticus

Long-tailed Weasel
Eastern Mole

Low Elevation Flatrocks, Cliffs & Rock Outcrops
ANIMALS FROM THE NC WAP PLAN:
4.4.8, Low Elevation Flatrocks, Cliffs & Rock Outcrops

MAMMALS:
Myotis lucifugus
Perimyotis subflavus
Myotis leibii

Little brown bat
Tri-colored bat
Eastern Small-footed myotis

Indicator Species
Community Types
H=Herb
S=Shrub
W=Woody
PLANTS: (FROM NC NHP HABITAT GUIILD)
Grasses: H
Cyperus granitophilus
Dichanthelium sp.
Andropogon sp.

Granite Flatsedge
Witch grasses
Broomsedge/Bluestems

Forbs: H
Diamorpha smallii
Mononeuria glabra
Phemeranthus teretifolius
Portulaca smallii
Hypericum gentianoides

Elf Orpine
Appalachian Sandwort
Quill Fameflower
Small’s Purslane
Orange grass

Shrubs/Trees: S/W
Rhus copallina
Chionanthus virginicus
Pinus echinata
Pinus virginiana
Ulmus alata
Juniperus virginiana
Quercus stellata
Quercus marilandica
Quercus coccinea
Carya tomentosa
Carya glabra
Updated 12/16/2020

Winged Sumac
Fringe Tree
Shortleaf Pine
Virginia Pine
Winged Elm
Eastern Red Cedar
Post Oak
Blackjack Oak
Scarlet Oak
Mockernut Hickory
Pignut Hickory
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