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EXECUTIVE SUMMARY 

Once abundant across the southeastern United States, longleaf pine communities now cover only 

3-5% of their historic range.  Much of this land has been converted to fire-excluded loblolly pine 

plantations to supply the South's burgeoning timber market. Ecosystems dominant in longleaf 

pine provide valuable habitat to many unique and threatened southern species as well as financial 

gain from timber and alternative uses such as leasing for pine straw or hunting. Both the 

economic incentives and the ecological benefits are driving motivations for longleaf restoration 

in southeast. Restoration efforts are currently being implemented on a variety of public and 

private lands, bringing a heightened awareness and scrutiny of the management practices 

necessary to bring back this important species.  

This study examines the potential for restoration of longleaf pine habitat on 3300 acres of private 

land in the central Piedmont of North Carolina. The intent of this management plan is to provide: 

a historical background on management of the property, current ecological and site conditions, a 

projection of future forest growth and value, and recommendations for restoration and future 

management in accordance with the landowner’s vision for the property. The study included 

collection and compilation of data on site qualities, an assessment of the current remaining 

timber stock, a forecast of the potential longleaf pine growth including the impact from fire 

management, and the potential economic value of the forest conservation investment.  

This study evaluates site conditions including: forest health history and potential future concerns, 

soil type and conditions, the management history and current status of site hydrology, potential 

wildlife habitat and unique species sightings, forest road conditions, and archaeological history. 

The report details pertinent findings and highlights critical recommendations and alternative 

suggestions for restoring and managing these conditions into the future. In particular, extensive 

road decommissioning as well as restoration and enhancement of hydrologic features will 

significantly improve the ecological condition of the longleaf communities.  

The current remaining timber stock consists of several young, dense stands of pulpwood sized or 

smaller loblolly pines, two stands of mixed hardwood and shortleaf pine, and two stand 

hardwoods dominant in oak and hickory. Due to current pulp market conditions, stands may 
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undergo removal without being sold to market in order to move forward the site-wide longleaf 

restoration. 

The study models future growth of the longleaf pine using the US Forest Service Forest 

Vegetation Simulator (FVS) to estimate growth and yield over a 60-year rotation. Model 

parameters include low-density planting, simulated hardwood competition, and prescribed fire 

once in the beginning or every 5 years. In the presence of hardwood competition, longleaf pine at 

the end of the rotation had higher volume in the 5-year cycle prescribed burn scenario as 

compared to the site preparation burn scenario, indicating that prescribed fire is beneficial for 

competition control.  

The projection of economic payoff from the investment incorporates potential sales of loblolly 

timber, future sales from hardwoods and longleaf pine, revenues from hunting and pine straw 

leases, and the costs of management including longleaf planting and burning, property taxes, and 

management fees. The net present value of this forest investment is highly dependent on the 

acreage of pine straw lease, with the larger pine straw leases (300 and 500 acres) providing a net 

positive cash flow. The model demonstrates that the costs of a longer, conservation-minded 

longleaf rotation and restoration can be offset through carefully selected management techniques.  

A flexible and adaptive management strategy will help to respond to changes in the ecosystem as 

it develops. The potential for ecological and economic gain from this effort is dependent on 

selection of appropriate management techniques and alternative uses. As ecological conditions or 

client motivations shift, the projected growth and potential payoff of the longleaf pine restoration 

should be reevaluated.   
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Introduction and Objectives 

Statement of Purpose 
The intent of this management plan is to provide: a historical background on management of the 

property, current ecological and site conditions, projection of future forest growth and value, and 

recommendations for restoration and future management in accordance with the landowner’s 

vision for the property. The landowner of the Bennett Flatwoods is 130 of Chatham, LLC, a 

North Carolina-based conservation company. The client for this project is Unique Places, LLC, a 

sustainable land management company contracted to manage the Bennett Flatwoods property. 

Property Location 
The Bennett Flatwoods is 3,325 acres of contiguous private property located in the southwest 

corner of Chatham County. The property is located in Chatham County, accessed from the east 

by Devil’s Tramping Ground Road, Bear Creek, NC and from the west by Liberty Drive in 

Bennett, North Carolina. 

 

To access the site from Durham, drive south on US 15-501S for approximately 30 miles to US-

64 West. Drive 6.7 miles and turn left on Alex Cockman Rd. Continue for 3 miles and turn right 

on NC-902 West. Continue along the route for 14.2 miles passing US-421 and turning right on 

Siler City Glendon Road. Take an immediate left onto Devil’s Tramping Ground Rd. Drive 2 

miles and the main entrance is on the left just past 100 Sandwood Dr.    

Brief History 
Extensive occurrences of historical Piedmont Longleaf Pine (Pinus palustris) Forests were 

identified at the Bennett Flatwoods. Historic timber receipts from the early 1900s document 

~25% of the wood volume sales from longleaf pine (Calwell and Raleigh 2014). Additionally, 

current species on the property such as creeping blueberry (Vaccinium crassifolium), short 

gallberry (Ilex glabra), and others are thought to be remnants of the historic longleaf community 

(Calwell and Raleigh 2014). Although formerly a mixed pine-hardwood community, much of the 

Bennett Flatwoods site was converted to a loblolly pine (Pinus taeda) forest. The forest 

management across this property included silvicultural practices such as planting, ditching, 

thinning, clearcutting, and crop tree release. The past intensive management led to many unique 
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hydrologic features to be drained, separated, flattened, filled, and more (Calwell and Raleigh 

2014). The historic management has resulted in a monoculture of loblolly pines, high fuel loads, 

and ecologically degraded hydric features including the loss of function for multiple wetland 

sites. However, carefully considered restoration and conservation efforts could revitalize this 

property to a host of communities resembling those historically present.  

Long-term Site Vision 
The landowner hopes to restore much of the property to the natural community types once 

featured on the site. In particular, the majority of the site is being restored to a longleaf pine 

dominanted community with grasses, herbaceous plants, and understory oaks such as blackjack 

oak (Quercus marilandica) and post oak (Quercus stellata). Several preserve locations on site 

will maintain pure hardwood or mixed hardwood and shortleaf pine (Pinus echinata) 

communities. At present, the landowner is converting and managing the property for 

conservation purposes, but is interested in the alternative use value of the future ecosystem, 

which can guide future management and aid in determining the economic cost of conservation.  

Background 

Economic Motivations 
The longleaf pine was once the dominant pine tree of the southeast and spread across nearly 37 

million hectares of land; now, longleaf pine resides in an estimated 3-5% of its historic cover 

(Addington et al. 2015). During the mid- to late-1800s through the early-1900s, a majority of 

upland sites were logged and reforested with faster-growing loblolly pine, and fire was removed 

from the management of those forests. Because of this shift in management, today there are 

many sites suitable for longleaf pine that contain fire-secluded loblolly plantations (Knapp et al. 

2014). The historic site suitability makes these sites good candidates for restoration efforts.  

 

Longleaf pine has been outcompeted in timber production by loblolly pine due to a higher 

growth rate, particularly early in development. However, longleaf can outgrow other pines once 

height growth is initiated (Longleaf Alliance 2011). Haywood (2009) notes that for landowners 

to restore longleaf in a substantial degree in the southeast, they must appreciate “the economic 

potential of managing longleaf pine stands for producing timber with high percentages of pole- 

and piling-grade trees, forage, and pine straw as well as the incorporation of hunting leases.” 
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Additionally, longleaf timber is strong, durable, aesthetically pleasing, and relatively resistant to 

fire, hurricane damage, and pine bark beetle attacks compared to other commercial southern pine 

species (Stainback and Alavalapati 2004, Longleaf Alliance 2011). Longleaf Alliance (2011) 

notes that longleaf pine investments tend to be both competitive and low-risk.  

 

Longleaf restoration can provide landowner’s the prospect of capitalizing on the high quality 

timber, but not without considering the tradeoffs. Longleaf pine has a longer rotation age, 

particularly when conservation goals are considered, and this presents an opportunity cost to 

private landowners (Stainback and Alavalapati 2004). Delaying cash flow by waiting to harvest 

can have economic drawbacks if a forest is not managed to optimize return on investment 

through multiple revenue streams. Options for multiple revenue streams in a conservation 

investment of longleaf pine forests can include carbon credits and pine straw raking.   

 

Pursuing carbon credits could be compatible with management objectives and may provide an 

additional source of revenue on the property. Stainback and Alavalapati (2004) found that in 

longleaf pine stands in Florida, “carbon payments increased the profitability, optimal rotation age 

and optimal tree density for both silvopasture and traditional forestry.” Despite a growing interest 

in carbon projects, so far there have been few generated, sold, or registered in North Carolina 

(McDow et al. 2009).  

 

A more developed alternative revenue stream for longleaf pine forests, pine straw raking allows 

landowners to sell product on parts of their forest while maintaining less disturbed conditions in other 

areas.  Pine straw raking can consist of removal of pine straw from designated lease areas; and 

for less productive or ecologically sensitive sites, a common rotation structure is a three-year 

“burn, rest, rake” cycle (Roise et al. 1991, Wallace and Ward 2011). A three-year rotation would 

allow for site recovery and maintenance of prescribed burning throughout the site. Raking 

involves the use of heavy equipment, which could potentially destroy existing vegetation 

(including young longleaf seedlings), alter biogeochemical cycles, and disturb soil in different 

ways than fire, so careful management and monitoring is an important factor for a “conservation 

forest” (Kelly et al. 2000, Wallace and Ward 2011).  
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Pine straw raking significantly increases the optimal rotation age of a longleaf pine forest from 

less than 60 to over 120 when considered alone, which could allow for more conservation-based 

objectives long term (Roise et al. 1991). Revenue from pine straw can help landowners maintain 

reasonable cash flows while waiting for harvest, thereby decreasing the rate of return on their 

overall investment (Dickens et al. 2012). This may be especially useful for lower production 

areas like the central Piedmont with shallow, lower fertility soils. Pine straw is one of many 

innovative methods for mixed-use management, and the increasing the number options for 

alternative revenue may help foster the growing interest in longleaf pine restoration. 

Ecological Restoration 
Conversion of loblolly plantations back to longleaf communities has become an increasingly 

popular management goal for many private and public landowners in the southeast (Addington et 

al. 2012). A 2011 study by Lavoie et al. found that landowner motivations for longleaf pine 

restoration included both economic profit and conservation values, especially natural heritage, 

biological diversity, and wildlife habitat. Landowners have greatest restoration success with a 

well defined “end condition” and careful consideration of the historical presence of mixed stands 

(Lavoie et al. 2011). For a majority of longleaf restorations, the target ecosystem is a longleaf 

pine savannah with a small dispersion of hardwoods in the mid- and overstory and a rich 

herbaceous understory, which serve as fine fuels for frequent, low-intensity fires (Knapp et al. 

2014). According to a survey study by Lavoie et al. (2011), over 25% of southern landowners 

restoring longleaf pine habitat include prioritization of hardwood species, which is relevant for 

the Bennett Flatwoods which had historic mix of longleaf and hardwood species. While past 

longleaf communities were for a large part single-species pine communities, restoration efforts 

have proven difficult given the changes undertaken on the land through the last century and a 

half of management.  

 

The process of restoring longleaf pine communities involves decisions at each step in the 

process, including consideration of how to harvest the loblolly pines, what type of site 

preparation is required, what density and spacing to plant the new seedlings, and how to control 

for herbaceous and woody competition. Additionally, when restoring any ecosystem, it is 

important to account for the hydrologic conditions that may lead to specialized management 

within a greater ecosystem. 
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Longleaf pine’s life history shapes the management techniques required for restoring this 

species. Longleaf pine seedlings are known to be fire tolerant throughout the grass stage up until 

a transition to the sapling stage where the bud is vulnerable (Knapp et al. 2011). Longleaf pine 

has sporadic, poorly dispersed seed crops, an extensive root system, and requires a bare mineral 

soil seedbed (Gagnon et al. 2004).  In the first few years of growth, longleaf seedlings generally 

spend a majority of growth efforts on developing the root system instead of aboveground growth 

(Haywood et al. 2011). Given these ecological characteristics, techniques used at planting and 

early development can greatly impact longleaf survival and growth. 

 

Clearcutting is a traditionally used method when establishing new longleaf stands, and has 

shown to help with increase seedling growth when compared to methods that leave residual 

mature loblolly trees (Knapp et al. 2014). Hu et al. (2012) note that canopy removal improves 

early establishment of longleaf pine seedlings when competition is successfully managed 

through herbicides or otherwise. For a site like the Bennett Flatwoods, where canopy retention is 

not a management objective for preserving certain species, clearcutting can help to increase 

survival and growth rate of newly planted seedlings (Hu et al. 2012). By removing the overstory 

trees, clearcutting can also help reduce the propagation of loblolly seeds after harvest.  

 

After harvesting loblolly pine, site preparation will likely be necessary for the success of the 

newly planted longleaf pine seedlings. Lavoie et al. (2011) recommend either mechanical site 

preparation (e.g., bulldozing, disking, bedding) or burning before planting in former agricultural 

fields or forest where longleaf pines were previously absent. Site prep burns can help reduce fuel 

loads, incorporate nutrients from the vegetation into the soil, and reduce competition from 

hardwoods and other pines (Addington et al. 2015, Harrington 2011, Mitchell and Hiers 2006).  

 

Longleaf planting density and spacing greatly impact the composition of the mature stand. Low 

planting density planting (300-500 TPA) tends to be more aligned with conservation-based goals 

for longleaf pine restoration whereas high density planting (600+ TPA) is more closely 

associated with plantation management (Longleaf Partnership Council 2013). A lower density 
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overstory resulting from wider spacing can create more ideal conditions for the diversity of 

herbaceous understory plants associated with longleaf pine ecosystems.  

 

Longleaf pine seedlings have a low tolerance for woody competition, and prescribed fires can be 

effective and economical form on competition control, increasing longleaf seedling growth while 

also killing off large percentages of competitive loblolly seedlings, especially in the first few 

years after planting (Knapp et al. 2011, Lavoie et al 2011). Fire also improves the seedbed 

through exposure of mineral soils, and reduced duff and litter that may smother young seedlings 

(Haywood et al. 2011, Knapp et al. 2011). In later stages of growth, burning can be important in 

shaping vegetation structure in the midstory as well as the understory (Addington et al. 2015). It 

is important to note however, that hardwoods can provide structural diversity in a stand, as well 

as soft and hard mast for wildlife species (Addington et al. 2012). 

 

Prescribed fire can also be an important part of wetland community management within these 

systems. More specifically, the “restoration efforts aimed at preserving the biologically diverse 

fauna and flora of the longleaf pine/wiregrass ecosystem need to encompass associated 

communities, particularly the extremely species-rich upland/wetland transitional zones 

maintained by frequent fire” (Kirkman et al. 1998. Shorter intervals (1-3 years) of fire may pose 

a risk for burning out herpetofauna and other important wetland species, and that a mix of shorter 

and long intervals (5-7 years) may serve to optimize the biodiversity (LeQuire 2010).  

 

In addition to tree planting and prescribed fire, holistic site management of longleaf pine forests 

can include decommissioning of old forest roads and restoring historic communities through 

improving hydrologic connectivity, enhancing site conditions, and promoting relevant, native 

flora and fauna species.  Restoring hydrology is a key element to restoring the composition and 

structure of depressional wetlands and upland pools present at the Bennett Flatwoods. 

“Maintaining adequate hydrologic conditions [is important] for the early development of 

vegetation community” and for restored and created wetlands (Williams et al. 2015). Species 

protection and wetland functionality are primary reasons to prioritize restoring hydrologic 

conditions to these sites.  
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An important connection between the wetland areas and the longleaf pine ecosystems is the 

transitional zone between them. Riparian-forested buffers for isolated wetlands and forested 

streams are a key part of restoration (Havens 2004). Transitional buffer zones linking 

surrounding upland habitat to wetlands should be a priority, especially for areas with active 

prescribed burning (Kirkman et al. 1998). These buffers serve many useful purposes, from 

providing critical habitat to wetland species for shelter, foraging, and reproduction to aiding in 

the retention of nitrogen and phosphorus leached from adjacent forestry operations (Burke and 

Gibbons 1995, Semlitsch and Bodie 2002, Silvan et al. 2004). Even in a conservation-based 

forest management system, building a buffer allows for protection in case a need arises for 

salvage operations or further restoration efforts.  

 

Ultimately, the restoration of an ecosystem is a tremendous undertaking with many moving 

parts. Management needs to consider a multitude of factors when choosing certain tools and 

techniques for restoration, including economic, environmental, and practical considerations. 

Understanding the site conditions and history, available methods for implementing management 

strategies, and the likely future outcome of management scenarios can all be immensely helpful 

for managing a property.   

Objectives 
The intent of this management plan is to provide: a historical background on management of the 

property, current ecological and site conditions, projection of future forest growth and value, and 

recommendations for restoration and future management in accordance with the landowner’s 

vision for the property. Given the desired restoration and management goals, this work set out to 

answer the following questions: 

1. Site conditions 

a. What are the current site conditions and how might they affect management and 

restoration efforts?  

b. What additional restoration measures (outside of longleaf restoration) should be 

considered in light of current site conditions? 

2. Current Timber 

a. How much harvestable timber currently remains on the property and what is the 

value of that timber?  
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3. Future Timber 

a. What will the longleaf ecosystem look like after one rotation of growth?  

b. What will be the value of those trees, and the alternative use values of the forest at 

that time?  

c. How should fire be incorporated into the management of longleaf pine and will 

prescribed fire influence the value and viability of the investment?  

Methods 

Current Site Conditions 
The following areas of concern are important for understanding the current site conditions: forest 

health, soils, hydrology, wildlife, roads, and archaeology. Depending on availability of 

information and client objectives, I took a different approach to assessing site conditions for each 

focus area. 

Forest Health 

I recorded current forest health issues as determined by the client, solicited concerns on potential 

diseases for longleaf pine and potential invasive species threats. I conducted a literature review 

on relevant diseases and invasive species, reported pertinent information, and made management 

recommendations for monitoring and future outbreaks. I also recorded client-provided invasive 

species treatment history in terms of species, site location, and treatment method from years 

2012-2015. Approximate locations of invasive species treatment were then converted into an 

ArcGIS layer file for future reference.  

Soils and Hydrology 

I downloaded a soil spatial layer from the Web Soil Survey using the Bennett Flatwoods as the 

area of interest. Using the Web Soil Survey companion report documents available with the area 

of interest download online, I determined site index at base age 50 and site conditions based on 

the soil types present at the Bennett Flatwoods. I also identified unique or underrepresented soil 

types through the companion report. I converted the web soil spatial layer into a property specific 

ArcGIS data layer and soil site map. I solicited client feedback on current soil management and 

future considerations.  
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Using client feedback and the Bennett Flatwoods Ecological Report community survey, I 

reported the current hydrologic features present on site. I received a shapefile of the hydrologic 

features determined by the community survey, and developed a map to highlight the important 

site features. I reviewed and summarized the findings from the wetland mitigation feasibility 

study and fieldwork completed by Flowers and Worthington in the summer of 2015. In addition 

to work conducted through that study, I further solicited client feedback on priorities for 

hydrologic restoration. I reviewed relevant literature to determine standard practices, benefits, 

and concerns with upland pool and wetland restoration. I developed a list of recommendations 

and focus areas for restoring the varying types of wetland habitats based on literature and client 

input.  

Wildlife 

I reported the list of current threatened and endangered species in Chatham County according to 

the records of the U.S. Fish and Wildlife Service. I solicited client feedback on priority species 

of interest and researched information on the relevant species including habitat needs. I 

developed a list of considerations for habitat compatibility with the species of interest in relation 

to existing restoration efforts.  

 

I recorded occurrences of rare species with information provided by the client. As suggested by 

the client, I contacted the NC Wildlife Resources Commission regarding the history of turkey 

stocking on the property and recorded my findings.  

Other Site Features 

I received a shapefile of the active and decommissioned forest roads on the Bennett Flatwoods 

property and developed a road history map. I solicited client goals for road decommissioning and 

collected sources that outline the process, benefits, and drawbacks of road decommissioning 

projects.   

 

I solicited client prioritization for management of archaeological features. I reviewed and 

reported essential, yet non-descript information from the archaeological survey conducted in 

2013 regarding the importance of certain features and potential future considerations.  
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Forest Inventory 

Current Timber Stock 

I collected stand inventory data for all stands that had not been harvested and planted as of 

December 2015, including loblolly timber stands, hardwood stands, and mixed 

hardwood/shortleaf pine stands.  

Cruise Data Collection 
Several stands of the Bennett Flatwoods had already been cruised by Unique Places staff using 

variable radius plots with a 10-BAF prism (except for one stand which used a 20-BAF prism). 

Plots were set using randomly generated points and found with a GPS unit or map and compass. 

In those counts, only pines above 6” diameter were recorded. For areas that had not been cruised, 

I generated random points using ArcGIS. The number of plot points per stand varied from 3-23 

with an average of 8.5 and were chosen based primarily on limited time available for data 

collection. I uploaded GPS coordinates for each plot point onto a Juno Trimble, which I used to 

navigate to the plots in the field. I tallied variable radius plot “in trees” using a 10-BAF prism. 

For all “in trees”, I estimated total tree height with a clinometer, I measured DBH with a DBH 

tape, and I recorded species type.  

USDA Forest Service Forest Vegetation Simulator (FVS) Output 
I transcribed tree records into a standard Forest Vegetation Simulator (FVS) database in 

Microsoft Access with the following information: Stand Number, Plot Number, Tree Number, 

Tree Species, Tree Height, DBH, Tree History (Merchantable, Alive, Dead). For each Stand the 

following information was recorded: Stand Number, Location Code (81110- UWharrie National 

Forest Region), Site Index (77 for Loblolly Base Age 50), Number of Plots per Stand. Number of 

acres per stand was not recorded in the FVS database, but recorded separately. Using the 

Suppose interface, the database was read into FVS and a base simulation ran with no 

management changes. The output provided the following on a per acre basis for each stand: total 

merchantable volume (Cu ft), total sawlog volume (Cu ft), sawlog board feet (Bd ft, International 

¼ inch rule), basal area (BA), trees per acre (TPA), dominant species and the spread of DBH 

classes.  
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Conversion from Board Feet to Tons 
There are many industry methods for converting predictions of board feet, which is calculated 

volumetrically to tons, which is a measure of weight. The following conversions have been 

developed and are used by the client: 
Softwood 

-6.5 tons/mbf pine sawtimber greater than 14" 

-6.0 tons/mbf pine saw timber less than 14" 

-2.5 tons/cord for pine pulpwood 

Hardwood 
-8.5 tons/mbf for oak 

-2.9 tons/cord for hardwood pulp 
Conversion Factors 

-1 cord = 1536 bf 

-1 mbf = 1000 bf 

 

Current Economic Value 

I assessed the current economic value of standing timber using the output values from the current 

timber stock and stumpage prices provided by the client based on sale history for timber sales 

nearby to the Bennett Flatwoods property (Table 1). For stands with mixed species of hardwoods 

and shortleaf pines, economic value was calculated based on hardwood conversion factors alone. 

This simplification was chosen due to the overwhelming presence of large hardwoods currently 

dominating the stands, seen both in the inventory data and visually at the site.  

 

Table 1. Timber Pricing (Brian Johnson, pers. comm., Unique Places LLC, 2016) 

Timber Type Sawlog Price/Ton Pulp Price/Ton 

Pine $20 $7 

Hardwood $34 $3 
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Future Growth and Value 

Seedling Survival 

In 2014, the client conducted a one-season study one year after planting to measure survivability 

of seedlings at four planting sites. The study recorded planting trees per acre at various sample 

points in four planting areas and one year later recorded the number of dead trees per acre at the 

same sample points (Figure 8). These results are useful for management to determine initial site 

compatibility, however longleaf site suitability cannot be determined through only one season of 

survival counts and should to be monitored over time. Given this small sample size, the longleaf 

growth model detailed below assumed a survival rate based citations from literature and expert 

reference to regional longleaf plantings at Bladen Lakes State Forest in Elizabethtown, NC.  

Longleaf Growth 

I used the FVS growth model to simulate longleaf pine growth over a 60-year rotation in the 
presence of hardwood competition with and without prescribed fire management (Model 0 and 1 
respectively). 

Growth Model  

Model 0. 

In this base model, initial conditions included: 

● planting of 300 TPA of longleaf pine with 80% survival in the first year (Hans Rohr, 

Bladen Lakes State Forest, pers. comm., February 11, 2016)   

● adjusted Site Density Index (SDI) from 390 to 400 with a 62.5% threshold for initiation 

of density-dependent mortality (Shaw and Long 2007) 

● planting of 200 TPA of maple and 200 TPA of sweetgum, age 2 years and average 

height 15ft to mimic the encroachment and reproduction of hardwood competition with  

100% survival in the first year (TPA, height, and age qualitatively estimated based on 

personal experience at the site)  

● site prep burn in Year 0 

● grow for 60 years and tally growth every 5 years (60 years chosen as rotation interval 

based on literature and conservation goals of management (Roise et al. 1991, Stainback 

and Alavalapati 2004)) 
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Model 1. Burn 

The burn model uses the initial conditions, with an additional management of one prescribed 

burn per cycle, or every five years with the following fire parameters: 

 

Fire Parameters: Burn once per cycle using default burn conditions (Rebain 2010). The Fire and 

Fuels Extension (FFE) calculates mortality as a result of fire. FFE estimated mortality for 

hardwood competition (maples and sweetgum), however, the first order fire effects model 

(FOFEM) equations are not up to date in the latest FVS package for longleaf pine, thus, the base 

mortality estimates are much greater for longleaf than those in reality (Chad Keyser, USDA 

Forest Service, pers. comm., Jan 2016). To obtain more realistic survival estimates for of 

longleaf pine, the modeled mortality rates were adjusted to 5% of the default rates in the Forest 

and Fuels Extension calculations. This adjustment represents an ‘educated guess’ and is not 

based on a rigorous data analysis.  Research shows a wide variability in fire-induced mortality of 

growing longleaf stands (Addington et al. 2014, Haywood et al. 2011, Moser et al. 2007), but 

this may be due to either improper burning techniques or heavy fuel loads.  

 

Additionally, the default burn settings assume lower fuel loads than those currently at the 

Bennett Flatwoods. Site prep burns occurring at the Bennett Flatwoods will help reduce fuel 

loads and reintroduce fire into the system prior to longleaf planting. Management intends to 

consider an additional burn in the first cycle if fuel loads remain high, but this was not included 

in the FVS growth model due to constraints on number of burns performed per cycle.  

 

Finally, FVS likely overestimates merchantable height and volume estimates and does not 

account for defects. In some stands, the Forest Service saw up to 20% overestimation in FVS 

predicted board feet volumes (Chad Keyser, pers. comm., 2016). Because such calibration has 

not been carried out for the Bennett Flatwoods stands, no adjustments were made to the board 

feet volume estimates. Therefore, the board feet volume estimates and including derived 

quantities (value) should be taken as overestimated by an unknown amount. 

Prescribed Fire 

I obtained wildfire and controlled burn history from the client in the form of shapefiles and 

verbal communication. I added new blocks to the burn block shapefile based on areas of the 
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property not yet included in the burn plan and I updated the burn history. I solicited client goals 

for timing, intensity, and considerations for prescribed fire regimes. With a synthesis of literature 

and client goals, I developed recommendations for management.  

 

The client hopes to consolidate burn blocks to reduce management efforts and to enhance the 

restoration efforts. The client provided information on priorities for creating new burn block in 

terms of sizes (250-500 acres), location (larger in center, smaller around perimeter), burn history 

(combine like-blocks), planting history (combine like-blocks) and other considerations (use 

streams as buffers, do not constrain based on roads). From this information, I developed a 

recommended configuration that combines the priorities provided by the client, based off of past 

management and creating more natural barriers. This was completed visually in ArcGIS and 

converted into a shapefile for export.  

Economic Forecast 

Using the following inputs and assumptions, the economic growth model predicts the net cash 

flow of the Bennett Flatwoods forestland investment at five year intervals from 2015 until the 

end of the 60 year rotation as well as the discounted cash flow at year 60.  

Assumptions.  
● Discount Rate: 4%, client-provided value 

● Timber Prices: Same as Current Stock Value Prices ($20/ton sawlog, $7/ton pulp) 

● Hunting Lease: $0/acre/year, client-provided value (cost neutral activity, hunters do not 

pay lease fee but help steward property and pay their own insurance costs, Brian 

Johnson, pers. comm., Unique Places, 2016) 

● Pine Straw Lease: $100 per acre, every other year (Dickens et al. 2012, Longleaf 

Alliance 2011) 

● Property Taxes: $0.67/acre/year (Chatham County Tax Record Service, based on 

average per acre from 2015 property taxes) 

● Management Cost: $2/acre/year, client-provided value 

● Prescribed Burn Cost: $30/acre, every 5 years (NC Forest Service 2015) 

● Site Prep Burn Cost: $50/acre, once (NC Forest Service 2015) 

● Planting Cost: $100/acre, once (NC Forest Service 2015) 
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Inputs.  
● Revenue from current FVS Timber Volume 

● Growth and yield from FVS Longleaf Model (every 5 years) 

● Growth and yield from FVS Hardwood and Mixed Stands (every 5 years) 

● Acres in Longleaf and Acres in Hardwood, client-provided value 

Results and Recommendations 

Current Site Conditions  
The current state of degradation, along with the ecological potential for this site, lend well to 

restoration and enhancement of impaired wetlands and restoration of historic pine communities. 

The following sections outline the findings and recommendations for site management.  

Immediate Site Goals 
By August 2016, all mature loblolly pine will have been harvested via clearcut from the property 

(~3012 acres), leaving appropriate SMZs and all hardwoods, including oak, maple, and 

sweetgum. Loblolly pines that are not economically viable for harvest of any wood products by 

such time will be removed through hacking and squirting. All stands with either harvested or 

removed loblolly will undergo preliminary site prep burns with subsequent planting of target 

species. Prepped sites will be planted at ~300 TPA with longleaf pine. Replanting will occur as 

needed for areas with substantial mortality. For specified hydric sites, supplemental hardwood 

and facultative wetland species will be planted. All roads will be decommissioned within 2-5 

years and converted to UTV/ATV-only access for prescribed burn management or to natural 

habitats such as mixed pine-hardwood communities or pollinator fields. Invasive species will be 

removed as needed through chemical and/or physical treatments. 

Forest Health 

Forest Health History 
There is no record of major problems with pests, diseases, invasive species, or human-damage to 

timber stock. As of winter 2016, fuel loads are incredibly high, as much as 50-60 tons in some 

areas (Jason Payne, pers. comm., Unique Places LLC, 2015), due to historic fire suppression, and 

are being addressed through implementation of controlled burn regime addressed in the fire 

management section.  
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Disease Concerns and Management Recommendations 
Brown spot needle blight (Scirrhia acicola.) is a fungus that delays growth and causes mortality 

in longleaf pines. This species is most likely to present a disease threat to longleaf pine. Damage 

is the highest in the grass stage, with nursery seedlings being the most susceptible (Grand et al. 

1991, Phelps et al. 1978), thus management should consider monitoring more heavily in early 

stages. Infected seedlings that do not die may remain in the grass stage for over a decade, which 

could significantly hinder the development of the stands. Once introduced in an area the two 

types of spores produced by the fungus can be difficult to eradicate due to the distance they 

travel and their ability to overwinter (Phelps et al. 1978). Thus, management should ensure close 

monitoring to allow for quick reaction time.  

 

A key identifier of brown spot needle blight is a ⅛” yellow-to-brown spot with darker brown 

(occasionally purplish in cooler temperatures) borders. Spots can appear year-round but 

primarily develop from May to October, especially towards early fall (Grand et al. 1991). 

Multiple infections can occur within one needle, but the basal portion will typically remain 

green. Infected needles eventually turn orange-red, resembling fire-killed needles. Because fire 

will be a part of this management regime, those monitoring for blight should be well trained to 

identify the difference between brown spot fungus and fire damage.  

 

No brown spot needle blight has yet been recorded on site. Management should select 

uninfected, brown spot-resistant seedlings, eradicate dense hardwoods that may harbor the 

fungus, plant at a lower density, and ensure well-drained beds to help prevent introduction of the 

fungus. Expert-recommended fungicide may be used to control infected individuals in the event 

of outbreak, however the best method for preventing and managing Brown Spot needle blight is 

through prescribed fire (Grand et al. 1991, Phelps et al. 1978). 

 

Already adapted to frequent burns, longleaf needles survive intermittent scorching while brown 

spot fungus is killed. For stands that develop brown spot fungus, management should consider 

burning at shorter, 2-3 year intervals, ensuring a root-collar diameter greater than 0.4 inches and 

little-to-no active height growth in the stand (Phelps et al. 1978). If brown spot needle blight 

becomes introduced during regeneration cycles, management could consider shelterwood 
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regeneration with advanced reproduction, which has been shown as an effective method for 

protecting seedlings from major infection (Phelps et al. 1978).  

Invasive Species Concerns and Management Recommendations 

Eastern Baccharis Management 
Eastern baccharis is a deciduous shrub with an increasing occurrence in pine plantations, 

agricultural fields, and disturbed areas (Alabama Cooperative Extension 2015). Baccharis has 

been found in multiple locations at Bennett Flatwoods, primarily along roadsides (Figure 1). The 

seeds are produced in large numbers and have long silky hairs, which allow them to be carried a 

long distance (Alabama Cooperative Extension 2015). Dispersed in late fall (October to 

November), baccharis seeds remain viable for up to a year. Local eradications can be quite 

effective at reducing populations because of the short seed viability. Thus, management should 

consider spot treating baccharis as needed on site.  

  

Established baccharis can be eliminated through mechanical cutting (at least twice in winter due 

to re-sprouting) or herbicide treatment (in late winter/early spring after baccharis begins to leaf 

out but before bud swelling occurs in the hardwood species) (Alabama Cooperative Extension 

2015, Gann et al. 2012). Qualitative research shows that eastern baccharis is fire sensitive, thus 

the prescribed fire management at Bennett Flatwoods can contribute to eradication of this 

invasive species (Alabama Cooperative Extension 2015). Pervasive baccharis will be treated and 

removed in summer 2016, prior to a majority of the road decommissioning. 

Chinese Privet Management  
Chinese Privet is a hardy, often multi-stemmed semi-evergreen to evergreen shrub that can grow 

up to 30’ with densely foliated canopies (Ervin et al. 2007). Privet is known for aggressive root 

and stump sprouting, vigorous growth, and abundant seed production and dispersal (Enloe and 

Lowenstein 2013). While the germination rate is low in this species (less than 25%), it is highly 

effective at seed dispersal and aggressive stump and root sprouting (Ervin et al. 2007). Seeds 

remain viable for less than a year, but privet can recolonize abundantly through dispersal of 

seeds from birds and animals that eat the fruit (Ervin et al. 2007, Willam and Minogue 2008). 

Once established, privet can be difficult to eradicate and it can quickly dominate a sub-canopy 

preventing regeneration of other species (Willam and Minogue 2008). Privet outbreaks at the 

Bennett Flatwoods should controlled through vigorous, multi-method management in order to 
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prevent outcompeting longleaf seedlings in the young stands or understory grasses and forbs in 

mature stands.  

 

Mechanical removal of young seedlings through hand pulling or cutting will prevent seed 

production and dispersal, but sprouting will likely occur in larger individuals creating a need for 

subsequent chemical treatment (Ervin et al. 2007, Enloe and Lowenstein 2013). Chemical 

control is the most common method for managing privet (Hanula et al 2009). Herbicide 

treatment is effective and can be applied directly at the base, cut stumps, frill applications, and to 

the surrounding soil (Ervin et al. 2007). Prescribed fire can also help control younger, low-

density privet due to the plant’s thin bark and shallow roots (Willam and Minogue 2008). 

Repeated burning at a recommended 2-3 year cycle is required to kill both above-ground stems 

and below-soil root systems (Willam and Minogue 2008). The 2-3 year cycle is compatible with 

the longleaf pine fire management plan described below.  

 

Past treatments of privet were carried out in the northern creek at Bennett Flatwoods (Figure 1). 

Each area received a stump treatment in January 2015 of 25% Rodeo herbicide. Privet is found 

lightly dispersed across the property and will be killed as problem areas develop. As mentioned 

above, regular burning may help keep privet at low densities on the property.  

Other Species Management 
Other invasive species that are currently less pervasive identified on the property include: 

Japanese honeysuckle (Lonicera japonica), Japanese stiltgrass (Microstegium vimineum), Tree of 

heaven (Ailanthus altissima), and princess tree (Paulowinia tomentosa). Individual trees or 

shrubs of concern can be spot-treated intermittently through mechanical removal. Once the 

prescribed fire management is implemented throughout the property, remaining problem-areas 

may need chemical treatment or mixed-method removal. In certain hydrologically important 

areas, management may consider reseeding native grasses and encourage canebrake habitat in 

order to aid with reduction of microstegium populations (Caldwell and Raleigh 2014).  
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Figure 1. Soil covertypes based on UDSA Web Soil Survey, collected February 2016, shown 

with a history of invasive species treatments at the Bennett Flatwoods. 
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Soils and Hydrology 

Baseline Soil Conditions 
Soils across the property are mapped primarily (~80%) as Callison-Lignum (Figure 1). This 

complex of soils (CaB) are characterized as fine-silty, siliceous, semiactive, thermic Aquic 

Hapludults, moderately deep, moderately well drained, moderately slowly permeable soils that 

formed in residuum weathered from Carolina slate of the Piedmont uplands (Web Soil Survey, 

2016). Typical slope is 2-6%. As a result, the majority of the site has a Site Index (Base Age 50) 

of 77 for Loblolly Pine and 64 for Shortleaf Pine (Web Soil Survey. 2016). This soil complex is 

characterised by low elevation (200-1400ft), mean annual precipitation of 37-60 in, mean annual 

air temperature of 59-66 F, and 200-240 frost-free days. Callison soils have low runoff, 12-36in 

depth to the water table, and a low water storage capacity (5.8in) (Web Soil Survey, 2016).  

 

Other soils complexes present with over 1% of the site area include Callison-Misenheimer, 

Nanford-Badin, and Goldston-Badin, and Chewacla and Wehadkee Complexes (Web Soil 

Survey, 2016) 

Soil Management Concerns 
The soil composition of the Bennett Flatwoods results in extreme site conditions, which 

subsequently impacts the vegetation. The mixed mineralogy clay on site causes extreme wet and 

dry periods (Soil Survey Staff, 2015). The high variability in surface moisture and temporary 

structural integrity can lead to management concerns for equipment operation and property use 

during timber harvesting and other management activities. Caution should be taken during and 

after periods of inundation to minimize equipment use on property.   

Hydric Soils 
Soils play an important role in the community ecology of the tract, in particular as it pertains to 

the characterization of riparian and non-riparian wetlands.  Most of the tract is composed of 

argillite- and mudstone-based acidic hardpan soils.  These hardpan soils experience extremes of 

xeric and hydric conditions, which in turn influences the vegetation occurring at the site. The 

hardpan soil system, in combination with microtopography, has resulted in many hydrologically 

variable features: upland pools and depressions, vernal pools, hillside seepage bogs, boggy 

streamhead forest, low elevation seeps, wetlands, and a variety of other wetland forest 

communities. Fieldwork conducted in June 2015 demonstrated the occurrence of these hydric 
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soil pockets. The descriptions of soil types and qualities are detailed in the companion technical 

report (Appendix C).  

Community Survey and Hydrologic History 
Silvicultural practices from the loblolly plantation management introduced ditching and 

roadways, which likely drained many upland pools and depressions, diverted groundwater flow, 

and separated areas of natural ponding. A majority of roads and ditching occurred prior to the 

Clean Water Act (CWA) as evidenced by 1966 aerial images sourced from the Natural 

Resources Conservation Service (Figure 2). Because they predate the CWA, these practices did 

not receive exemption through forestry management and subsequent loss of or damage to 

wetlands could therefore qualify for mitigation. While several reference sites remain intact, there 

is great opportunity for restoring and enhancing these ecologically valuable niches. Hydrology 

can be returned to a drained site through a variety of methods, including minor grading, removal 

of ditches, and strategic road removal (Appendix C). Planting wetland flora and ensuring 

protection of current wetland fauna should be a priority for management of these sites. 

 
Figure 2. 1966 Aerial Images of Bennett Flatwoods Property. Main road is visible in center. 
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Streams, wetlands, and wetland forest communities connect the hydrology across much of the 

site (Figure 3). The stream tributaries Falls Creek, Cedar Creek, and Flat Creek drain into the 

Deep River, which connect to the Haw River and then the Cape Fear River downstream.  As a 

part of the Cape Fear River Basin, this area connects to important water bodies that provide both 

habitat for critical species and drinking water for North Carolina residents. According to the 

Comprehensive Conservation Plan (CCP) for Chatham County, North Carolina, Cedar Creek 

belongs to a high quality water management zone, making the protection of the site hydrology 

important to maintaining the water quality of this zone (Biocenosis, Inc., & Robert J. Goldstein 

& Associates, Inc., 2011).  

 

The CCP also identified a majority of the Bennett Flatwoods as a conservation value of 1 on a 

scale of 1-10 for biodiversity and wildlife habitat, with over 10 pockets of level 5 conservation 

value and all tributaries receiving a level 7 conservation value (Biocenosis, Inc., & Robert J. 

Goldstein & Associates, Inc., 2011).  These high conservation value pockets are consistent with 

the mapped locations of many of the upland pool and depression sites indicating their current 

relative ecological importance to the value of the site as a whole. The majority of the site 

received a conservation value of 10 on a scale of 1-10 as a forest resource (Biocenosis, Inc., & 

Robert J. Goldstein & Associates, Inc., 2011). 

 

A natural communities survey conducted in early 2014 demonstrated that there are 14 

communities types in the Bennett Flatwoods, with a large percentage (80%+) of Globally 

Imperiled (G2) or Globally Critically Imperiled (G1) zones. The classification of habitat types is 

useful for determining vegetation potential across the site (Hansen et al. 2011).  Over 70% of the 

property is considered unranked or D-ranked in ecological status due to degradation from 

construction of impoundments, agriculture, and silviculture management (Caldwell and Raleigh 

2014).  Despite the seemingly flat and dry site conditions present during a majority of the year, 

the composition of microtopographic variation, hydrology, and soils has led to a large portion of 

the forested site to be categorized as wetland hardpan communities and wetland non-hardpan 

communities (Caldwell and Raleigh 2014).  
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These hydrological features are unique to the property and the region, and sensitive to changes in 

land use and management.  In particular, isolated depressional wetlands are easily impacted by 

conversion of watersheds for agricultural and silvicultural uses due to their occurrence in flat, 

fertile landscapes which cause drainage and infilling (O’Connell et al. 2013). However, when 

restoration or preservation of isolated wetlands is possible, it is recommended as a management 

practice because of the services they provide. Isolated depressional wetlands can serve as 

floodwater mitigation, water filtration, carbon storage, and habitat for wetland flora and fauna 

(O’Connell et al. 2013).  

 

Even though the wetlands on this property are small, isolated, and intermittently inundated, they 

provide ecosystem services that support the conservation initiatives of the property.  Compared 

to larger, annually inundated wetlands, this type of wetland generally receives less protection 

under Section 404 of the Clean Water Act and therefore requires more self-initiated conservation 

from a landowner (Kirkman et al. 2000). Conservation efforts may include restoring hydrology, 

ecological communities, and unique hydrological features of interest. 

 

In addition to the sites identified in the Natural Communities Survey (Unique Places LLC, 2013), 

fieldwork conducted in Summer 2015 examined 16 potential wetland sites and 21 potential 

drainage pipe-removal sites. Vegetation in many of the upland pools and depressions sampled 

during fieldwork and referenced in the technical report passed the FAC-neutral test, a test 

designed to weigh the presence of obligate and facultative wetland species against the presence 

of upland and facultative upland species. A majority of these sites also were identified with 

hydric soils or past/present hydrology. Many of these wetlands have impervious clay bottoms 

and hydrologic regimes that are driven by precipitation and evapotranspiration, while others 

appear to have direct connections to regional groundwater sources (Chris Flowers, pers. comm., 

Unique Places LLC, 2015). 

 

Several dominant and non-dominant species found at the wetland sites were obligate wetland 

species including the Common Buttonbush (Cephalanthus occidentalis), Water Horehound 

(Lycopus americanus), Zebra Rush (Scirpus zebrinus), and Common Spike-Rush (Eleocharis 

palustris). Sample sites considered jurisdictional wetlands contain wetland vegetation, 
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hydrology, and soil are marked in the map insert of the Wetland Evaluation Technical Report 

(Appendix C). Several sites not qualifying as wetlands represented a transitional zone where 

facultative species and hydric or semi-hydric soils can persist (Chris Flowers, pers. comm., 

Unique Places LLC, 2015). In the non-riparian forested wetlands, the species mix suggests a 

diverse community type can thrive in these transitional forests. 

 

Joyal et al. (2001) suggest that protecting small, isolated wetlands requires a landscape approach 

through maintenance of terrestrial buffers and grouping nearby pools together as conservation 

units. When possible this should be considered for the upland pools at the Bennett Flatwoods. 

Recommendations and requirements vary by state and region for how large to buffer hydrologic 

features however, the degree of protection is variable and arguably insufficient in size for many 

species (Burke and Gibbons 1995). A study by Catelle (1994) suggests that a minimum of 15m is 

necessary to protect most wetlands and streams. Management should consider developing 

sufficient buffers for the protection of aquatic and facultative species and maintaining and 

enhancing the hydrology of these features. Once those buffers are established, ecological 

communities can then begin to flourish.  

 

Self-assembly of species may occur in some wetlands after restoring abiotic processes, but 

recolonization efforts may require planting obligate and faciltative wetland species (O’Connell et 

al. 2013). Selecting the proper species is important for management goals with specific target 

communities such as a forested wetland or a riparian forest buffer (Havens 2004). Research 

suggests that planting richness early on in restoration has a positive effect on species richness 

and diversity throughout its development (Williams et al. 2015). Thus, when planting is 

incorporated into the restoration process, species type and quantity should be considered, 

planned, and implemented from the start. While longleaf restoration is the priority on site, 

planting the hydrologic features should be considered when feasible.    

 

For particular restoration efforts, several other factors should be considered: 

• Wetlands with known amphibian and herpetofauna should “incorporate shallows, high 

amounts of planted or naturally established vegetation cover, and should be fish-free” 

when used for functional reproductive habitat (Shulse et al. 2012). 
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• When using locally sourced seedlings for planting buffer and wetland restoration areas, 

seedlings for planted trees (such as C. carolinina and Q. michauxii) will likely survive 

better if their parents came from similar site conditions, with particular attention to site 

wetness (Havens 2004).  

• For restoration of the canebreak habitat, as recommended by the Bennett Flatwoods 

Ecological Report, river cane (A. gigantea) may be used as a potential riparian buffer, 

and is especially suited in well-drained, sandy soils (Tanner et al. 2011).  
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Figure 3. Hydrologic features as mapped by survey work for the Bennett Flatwoods Ecological 

Report (Caldwell and Raleigh 2014). 
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Wetland Restoration Recommendations 
Based on the literature and the results of the Wetland Evaluation Technical Report and 

fieldwork, the following specific recommendations should be considered for restoration at 

Bennett Flatwoods: 

Hydrologic Restoration 

  

• remove manmade piping and restore culverts 
• regrade the ditches and some bedding that divert water into the stream, thus 

improving natural flow of water through the soil 
• reshape streambeds to reduce eroded banks and scours 

 
Vegetative Enhancement 

  

• remove loblolly pine and invasive species 
• plant longleaf pine in non-riparian sites 
• plant hardwood buffers around riparian wetland sites (marked in MAP) 
• plant native wetland shrubs/grasses or allow for volunteer recolonization  
• increase shade cover for annually inundated pools  

 
Habitat Restoration and Preservation 

  

• convert the intensively managed loblolly forest into a conservation forest 
dominated by the historic community type of longleaf pine with a hardwood 
understory 

• ensure prescribed fire regimes are not too intensive for wetland sites through 
buffering and staggering burn intervals 

• remove, regrade, and replant roads that encroach or split wetland pockets 
• foster buffer zones around the riparian wetland through plantings 
• prevent damage from other management activities 

 

Mitigation Bank Potential 
Fieldwork conducted in the summer of 2015 evaluated upland wetlands and stream sites for 

restoration, enhancement and preservation mitigation credits. The survey identified 11 riparian 

wetlands for a total of 2.5 acres and 9 non-riparian wetlands for a total of 1.09 acres (Appendix 

C). The potential stream credits identified included 20 potential pipe removal sites for at least 

330 linear feet of restoration and upwards of 36,000 linear feet of stream reach preservation. A 

follow up financial analysis determined that a wetlands-only mitigation bank would be unlikely 

to provide substantial return on investment and that a stream and wetland mitigation bank could 

provide a significant return but would likely require a long wait-period for sales of other 

mitigation credits and also encumber future management activities on the property (Jason Payne, 

pers. comm., Unique Places LLC, 2015).  
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It is worth noting that the piedmont of North Carolina has been the proving grounds of several 

aquatic ecological restoration programs, especially near the three-county Triangle Region, which 

has experienced rapid development in the past several decades (Kaza and BenDor 2013). The 

potential for these markets to expand into more rural piedmont areas is a real possibility and 

could be considered again in the future.  

Wildlife 

Common Species Identified on Property 
The following species have been identified by sight or sound during non-survey fieldwork. Many 

other species are likely present and bird, mammal, and herpetological surveys should be 

conducted for a full account. 

Mammals 

  

White-tailed deer (Odocoileus virginianus) 
Eastern cottontail (Sylvilagus floridanus) 
Fox squirrel (Sciurus niger) 
Eastern gray squirrel (Sciurus carolinensis) 
Woodland jumping mouse (Napaeozapus insignis) 
 

Birds 

  

Tufted titmouse (Baeolophus bicolor) 
Northern cardinal (Cardinalis cardinalis) 
Eastern towhee (Pipilo erythrophthalmus) 
Northern bobwhite quail (Colinus virginianus) 
American crow (Corvus brachyrhynchos) 
Turkey vulture (Cathartes aura) 
 

Butterflies 

  

Cabbage white (Pieris rapae) 
Variegated fritillary (Euptoieta claudia) 
Red spotted purple (Limenitis arthemis) 
Spicebush swallowtail (Papilio troilus) 
 

Herps 

  

Eastern Box Turtle (Terrapene carolina carolina) 
Four-Toed Salamander (Hemidactylium scutatum) 
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Rare, Threatened, and Endangered Species Management 
No threatened or endangered species have been identified at the Bennett Flatwoods. Chatham 

County currently has 3 endangered species and 12 Federal Species of Concern listed on record 

(Appendix A). Continued monitoring and sites visits during regular management should be 

mindful of the potential for such species to occur.   

 

Several significant species were found at the site during the natural communities survey 

(Caldwell and Raleigh 2014) and a species survey conducted in the winter and spring of 2014 

(Jason Payne, pers. comm., Unique Places LLC, 2015). Swamp White Oak (Quercus bicolor), 

Pin Oak (Quercus palustris), and Southern Magnolia (Magnolia grandiflora) have all been 

documented on-site. The Four-toed Salamander (Hemidactylium scutatum) was documented at 

two separate upland pools (Appendix A). The presence of these species further supports the 

categorization of community types based on site conditions.  

 

The Four-toed salamander is sensitive to changes in microclimate and is threatened by loss, 

degradation, and fragmentation of habitat, making the protection of the upland pools and 

surrounding buffer areas critical for the Bennett Flatwoods population (Meyer 2008).  Enhancing 

shade cover and returning hydrology to drained sites could increase the current habitat available 

to this species. Management should consider habitat improvement and continued monitoring to 

ensure species persistence.  

Potential and Current Wildlife Habitats 
While the Bennett Flatwoods is not being managed for wildlife specifically, the ecosystem types 

being developed and protected on the property are excellent habitat for several species. Naturally 

occurring upland pools and grassy fields of remnant logging decks are both currently present 

ecosystems that promote biodiversity. Additionally, the future mixed-pine community with 

hardwood understory will be beneficial habitat to a variety of small bird and mammal species. 

The following three habitat types could be considerations for mixed management at the Bennett 

Flatwoods: 

Upland pools 
These ephemeral wetlands provide habitat for salamander and frog species, as well as many 

species of aquatic insects (Jones and Braden eds. 2010). Additionally, an unknown species of 
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fairy shrimp was sighted at one of the upland pools with year-round inundation (Chris Wilson, 

pers. comm., Unique Places LLC, 2015). Restoration, enhancement, and protection of these sites 

is important for wildlife conservation, will improve the overall conservation value of the 

property, and can serve to benefit surrounding habitat types through improved hydrology and 

soils.   

Longleaf Pine Communities 
This habitat is particularly well suited to quail as well as other small birds and mammals. Quail 

thrive in weedy fields and meadows as well as open forest with dense, native grass understory 

(Wooding 2009). Longleaf-dominant habitat requires frequent burning as prescribed above, and 

will encourage an herbaceous, grassy understory. Thus, quail benefit greatly from the plant 

community promoted by the frequent fires. Timing of burns is an important factor for quail 

management, with the best time in early spring (February to early March) when perennial forbs 

are beginning spring growth (Palmer et al. 2011, Wells 2008). If quail management becomes a 

greater priority, burn timing should be considered in the habitat development. 

 

Declining North Carolina species that share habitat with bobwhites use include loggerhead 

shrike, yellow-breasted chat, field sparrow, vesper sparrow, prairie warbler, red-cockaded 

woodpecker, brown-headed nuthatch, eastern meadowlark, eastern kingbird, golden-winged 

warbler, blue-winged warbler, painted bunting, orchard oriole and eastern towhee, among many 

other species of concern (Jones and Braden eds. 2010) 

Grassy fields 
With a mixed height of grasses and herbaceous plants, the old log decks serve as excellent 

pollinator habitat for butterflies and for birds that prefer open low-vegetation such as 

meadowlarks and sparrows (Jones and Braden eds. 2010). Other species that benefit from the 

grassland habitat include rabbits, deer, quail, and turkeys, all of which reside in Bennett 

Flatwoods (Jones and Braden eds. 2010). If conversion of the agricultural fields in the northeast 

corner of the property proves too challenging and costly, another alternative could be to also 

manage this area as grassland habitat. Prescribed burning in these fields will help maintain a 

grassland habitat and prevent unwanted forest regrowth (Jones and Braden eds. 2010).  
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Turkey Stocking 
In 2002, North Carolina Wildlife Resources Commission (NCWRC) released 20 turkeys at 

Bennett Flatwoods: 2 adult gobblers, 8 adult hens, 3 jakes, and 7 jennies (Kreh, 2015). The 

turkeys came from a variety of local trappings: 

● 3 adult females, 3 juvenile males, and 7 juvenile females from Ramsey Farm in 

Madison County, NC  

● 3 adult females from the Ranger site in Cherokee County, NC 

● 2 adult females from Hunter Farm in Madison County, NC 

● 1 adult male from the Biltmore Estate in Buncombe County, NC 

● 1 adult male from the Caswell Game Lands in Caswell County, NC 

 

As is NCWRC standard, turkey hunting season was closed on the property for three years 

following the turkey restoration effects with a reopening of the season in 2005 (Kreh, 2015). 

Information provided via personal communication on September 22, 2015 with Christopher D. 

Kreh, Upland Game Bird Biologist, NCWRC. Future stocking efforts could enhance wildlife 

conservation efforts and recreational use for hunting. 

Hunting Agreement 
The property owner (130 of Chatham) and the property manager (Unique Places, LLC) have 

instituted an agreement with a local hunt club for the use of the property during select seasons 

for deer and turkey hunting. In turn, the hunt club users help steward aspects of the property, pay 

for the cost of their insurance feeds, and alert the owner/manager of any trespassing, illegal 

property use, or other management concerns. The agreement is subject to termination as the 

property owner and/or manager sees fit.  

Other Site Features 

Current Road Network and Decommissioning Recommendations 
The current network of roads consists of variably sized forestry maintenance roads for timber 

management. Some roads are designed for large logging equipment and others are more suited to 

ATVs and small hunting vehicles. Conversion to natural habitat has already begun to take place 

in multiple road segments on the property (Figure 4). The following goals represent the priorities 

in the road removal process: 
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1. Remove all roads including the large middle road that divides the northern and southern 

portions of the property.  

2. Convert some to ATV/UTV access, most to forest/habitat. Restoration efforts should be 

mindful of archaeological sites and wetland sites. 

3. Do not use former road network to restrict development of new burn blocks to maximize 

management/burn block size (250-500 acres). 

4. Timing: Within the next 3-5 years, all roads will have undergone preliminary 

decommissioning. This process began in Q3 of 2015 and will prioritize areas where 

longleaf have already been planted and there is no longer a need for the forestry 

equipment to access certain blocks. Appendix B identifies sources for road-

decommissioning standards and research.  
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Figure 4. Active and decommissioned roads as of Spring 2016.  
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Archaeology 
A preliminary archaeological reconnaissance survey was conducting on the property on March 7-

8, 2012 by Blue Ridge Archaeological Consultants. The survey confirmed nine cultural resource 

sites on the property including prehistoric lithic workshop, quarry, and scatter sites (Shumate 

2013). None of the sites were evaluated for eligibility of recognition under the National Register 

of Historic Places. Further petrographical and geochemical analysis of the rock types at each site 

could “identify patterns of early Native American settlement and migration, as well as provide 

data capable of establishing early networks of local and non-local exchange” (Shumate 2013). 

Sites identified by the survey should be considered for protection and potentially for further 

study. In particular, site sensitivity should be considered during road decommissioning, timber 

harvesting, and restoration across the property.  

Forest Management 

Forest Inventory 

Figure 5 depicts the cover type composition before restoration efforts began in 2014. After two 

years of restoration efforts, the property composition is much different as of early 2016 (Figure 

6). Table 2 summarizes the stand characteristics of the 13 stands at the Bennett Flatwoods with 

remaining timber stands distributed throughout the property (Figure 6) that are scheduled to be 

harvested, pulped, or removed, and hardwood and mixed hardwood/pine preserves.  
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Figure 5. Forest stand cover types before management in 2014.  
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Figure 6. Forest stand types after management as of Spring 2016.  
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Table 2. Stand Characteristics, February 2016, *indicates value produced by FVS 

Stand Type Acres Plots (#) TPA* Std Dev* BA* Std Dev* 
Loblolly Pine 23 7 157 63 81 29 
Loblolly Pine 32 10 225 14 63 5 
Loblolly Pine 45 10 278 102 111 26 
Loblolly Pine 53 5 551 239 91 25 
Loblolly Pine 61 3 414 0 90 0 
Loblolly Pine 77 10 140 45 79 19 
Loblolly Pine 86 3 449 0 110 0 
Loblolly Pine 126 23 106 66 47 23 
Loblolly Pine 184 10 328 138 84 31 
Loblolly Pine 292 10 517 377 66 28 
Mixed Pine/Hwd 30 5 387 99 93 26 
Mixed Pine/Hwd 96 8 486 148 87 18 
Hardwood (Hwd) 28 10 125 677 81 29 
Hardwood (Hwd) 33 5 251 52 66 13 
TPA = Trees per Acre, BA= basal area, Std Dev = One standard deviation 

Current Valuation and Harvest Recommendations 

Total Current Standing Stock, if harvested immediately, would provide just under $400,000 (+/-

180,000) revenue (Table 3). Mixed hardwood/pine stands contain some large shortleaf pine, but 

are dominated by hardwoods in composition, thus tons and revenue conversions conservatively 

used the assumptions for hardwood-only standards. Potential sources of errors in this model 

come from data sampling and processing, including volume calculations and conversions from 

volume to weight. It should be noted that using the default volume calculations in FVS likely 

lead to overestimates of sawlog yields as the functions do not account for reductions due to 

defects or adjustments of merchantable height (Chad Keyser, pers. comm. 2016).   

 

Table 3. Standing stock and current value estimates 

Stand Type Acres 
Total 

Merchantable 
Volume (Cu ft) 

Std 
Dev 

Total 
Sawlog 

BF 
Std Dev Total 

Revenue Std Dev 

Loblolly Pine 979 754600 341450 20680 2950 $237,700   $117,200 
Mixed Pine/Hwd 126 169330 46740 3510 200  $75,600   $26,200  
Hardwood (Hwd) 61 87780 37360 9290 1580  $83,000   $36,800  

 
The rural location of Bennett Flatwoods places it outside the economical range of transport for 

biomass harvesting either small pulpwood or woodchips. Future wood pellet processing plants, 
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pulp mills, or bioenergy plants may open within a closer location to reconsider the ability to 

process small wood products. Future analysis should consider fuel prices and hauling costs, 

distance to transport, and price per ton for wood products. In late spring of 2016, management 

will need to reevaluate market conditions to determine the best course of action for the 

remaining, immature loblolly stands: harvest for pulpwood, liquidate as a part of biomass 

harvesting program, or spray in dormant season to kill and burn in the subsequent season.  

 

For the stands that will be removed with being sold to market, herbicide should be applied during 

the dormant season 13 months before a site prep burn; krenite-S has been applied throughout 

many of the stands already following this protocol to eliminate immature loblolly saplings from 

longleaf planting sites (Jason Payne, pers. comm., Unique Places LLC, 2015)  

Seedling Survival Study 

Table 4 summarizes the findings for each study area. Survivability was incredibly high and may 

not be representative of survivability across the property (Figure 7). Additionally, these sample 

plots indicate that not all areas have been initially planted at 300 TPA per the target planting 

density. Management should consider replanting to fill in areas with low densities in order to 

ensure consistent growth of the longleaf and viability of the ecosystem. Areas with lower than 

300 TPA density will be subject to high competition levels and low levels of success in the long 

term (Longleaf Partnership Council 2013).  

 

Table 4. Seedling Survivability Study Results 

Area # 
Average 

TPA 
Average 

Mortality 
Average 

Survival Rate 
1 208 4% 96% 

2 188 2% 98% 

3 149 0% 100% 

4 327 5% 95% 
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Figure 7. Seedling Survival Study: Mortality in areas 1-3 
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Projected Longleaf Growth 

 
Figure 8. Future desired forest stand types.  
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Growth Model Results 

Table 5 shows the per acre difference in longleaf pine output at year 60 with hardwood 

competition, with and without prescribed burning. With prescribed burn management, longleaf 

pine grew to the same height, but at a higher density and larger volume, suggesting prescribed 

burning can enhance the ability for longleaf pine to outcompete hardwood at the Bennett 

Flatwoods. Additionally, average hardwood tree heights at the end of rotation in the burning 

scenario were 13.9 ft and 14.7 ft for red maple and sweetgum respectively, whereas in the no 

burning scenario, average heights were 71.7 ft and 80.3 ft. This indicates that burning may help 

control hardwood tree height, allowing longleaf to remain competitive in the overstory.  

 

Table 5. Longleaf pine growth at year 60 with and without prescribed burning 

Burning? TPA 
Average 
Height 

Basal 
Area 

Merchantable 
Cu Ft 

Sawtimber 
Bd Ft 

No 150 89 94 3107 10654 
Yes 176 90 124 4134 16674 

 

Table 6 shows the predicted growth over time for the longleaf pine stands with hardwood 

competition and prescribed burning. The model indicates that there may be merchantable 

longleaf pulp by age 15 and merchantable longleaf sawlogs by age 35.  

 

Table 6. Estimated longleaf growth with hardwood competition and prescribed burning 

Year TPA Average Height Basal Area Merchantable 
Cu Ft 

Sawtimber 
Bd Ft 

0 0 0 0 0 0 
5 240 13 3 0 0 

10 232 24 9 0 0 
15 224 33 18 3 0 
20 218 43 28 259 0 
25 213 52 40 666 0 
30 208 59 54 1095 0 
35 203 66 67 1584 131 
40 199 72 81 2183 872 
45 196 77 93 2664 3422 
50 192 82 106 3214 7556 
55 183 86 116 3695 12397 
60 176 90 124 4134 16674 
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Fire Management History and Recommendations 

Wildfire exists as a risk from natural cause in forests and increases as a result of instituting 

prescribed burn management. Wildfire breakouts are among the potential problems resulting 

from prescribed fire management, but with careful practices the benefits can outweigh the costs 

for restoring a longleaf pine community.  

 

One documented incidence of wildfire occurred at the Bennett Flatwoods on May 15, 2014, 

burning a large southern portion of the centrally located 292-acre burn block of young loblolly 

pine and several SMZs (Figure 9). The fire occurred as a result of a fire jump across the road 

from a prescribed burn on the burn block directly south. The fire was contained within 12 hours 

and no further damage was recorded. Future management should continue to diligently avoid 

wildfire breakout during prescribed burns through use of best practices in the field and careful 

monitoring.  

 

Future burn block configuration and size will be greatly consolidated small blocks into larger 

regions using natural buffers such as streams and natural boundaries. The recommended block 

configuration and sizes considers burn history (Figure 10), the plans for road decommissioning, 

the feasibility of managing certain blocks, risks associated with location and proximity to 

property boundary, as well as the restoration goals. Figure 11 shows an example of a possible 

configuration based on these factors.  

 

Because the dominant soil composition is ubiquitous throughout the site, there should be no 

expected difference in survivability between different blocks, with the exception of the 

agricultural conversion site in the Northeast corner of the property. Stands should be able to be 

combined into larger blocks based on age and burn interval using natural features such as 

streams and water elements. If a particular block does not function cohesively, management can 

separate areas on a case-by-case basis. 

Frequency  
Burning will occur approximately every three to five years, except for a one or two year delay 

when longleaf seedlings come out of the grass stage and their ground line diameters are too small 
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to withstand a fire without sustaining substantial mortality (Jason Payne, pers. comm., Unique 

Places LLC, 2015).  

 

Current fuel loads in unburned areas are very high at 50-60 tons per acre (Jason Payne, pers. 

comm., Unique Places LLC, 2015). Fuel loads in areas burned once in either 2014 or 2015 have 

significantly reduced fuel loads but will like need short term increase of fire frequency in order 

to reduce fuel loads to appropriate levels before the seedlings transition from grass stage to 

sapling stage growth. Management recommends an initial cycle length of 18-24 months for 

reducing fuel loads and competition. Cycle length can increase to 3-5 year intervals after at least 

75% of the longleaf pine has a ground diameter of greater than 1.5” (Jason Payne, pers. comm., 

Unique Places LLC, 2015). If woody and vegetative competition proves challenging with a 

longer cycle time, as is common in clearcut conversion from loblolly, shorter time intervals of 2-

3 years may be required (Knapp et al. 2011).  

Timing 
In early stages of prescribed burning while the seedlings are in the grass stage, burns should be 

conducted during the dormant season to prevent bud burning (UP Correspondence). After the 

longleaf seedlings have grown out of the grass stage, burns may be conducted in the growing 

season or well into summer.  Summer burns can be more effective than dormant season burns for 

woody plant control and enhancement of understory herbs, which is important in low-density 

stands due to the increased likelihood of woody competition (Addington et al. 2015). 

Considering the low density planting of the longleaf seedlings at the Bennett Flatwoods, 

management should consider more growing season burns later in the tree development in order 

to help with competition.  

Competition Control 
Fire exclusion can be considered for the preserve areas of hardwood or mixed shortleaf-

hardwood. The landowner may wish to exclude fire from the preserve areas in order to maintain 

higher levels of oak regeneration, instead opting for manual and chemical control of competitive 

species. Common herbicides for southern pine systems include hexazinone, imazapyr, 

glyphosate, and triclopyr, are of which are known for reducing hardwood stem densities in 

longleaf pine restoration areas (Addington et al. 2012). Hexazinone does not affect blueberry 

species, which could be useful for conserving the creeping blueberry present on several areas of 
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the site, however it is particularly effective on oak species, which are also of conservation 

interest at this site (Addington et al. 2012). Imazapyr may also be considered because it is highly 

effective in reducing sweetgum and shrub species and can be used across a variety of soil 

textures (Addington et al. 2012, Hu et al. 2012). In tandem with prescribed burns, imazapyr also 

showed a higher oak component and increase in Carolina jessamine, muscadine, and greenbriers 

(Addington et al. 2012). These species may either enhance the herbaceous layer or outcompete 

other species, and could also be a concern for administration of controlled fire management. All 

herbicide application should be administered under the consultation of a licensed specialist.  
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Figure 9. February 2016 Burn Blocks at Bennett Flatwoods  
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Figure 10. Burn history, February 2016. 
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Figure 11. Potential future consolidated burn block configuration. 
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Future Forest Valuation and Recommendations 

Economic Forecast 
Table 7 presents the discounted cash flows of the economic model and Table 8 shows the total 

net present value (NPV) of the investment. When pine straw leases are considered in the mixed-

management of the forest and the longleaf are harvested after a 60-year rotation, the discounted 

costs of this conservation investment are only offset when a larger pine straw lease is considered. 

If the loblolly pine is not sold to market at the beginning of the rotation, this results in a negative 

NPV, particularly if costs associated with herbicide application from loblolly removal are 

considered. Adapting the management strategy by charging for hunting leases or increasing the 

pine straw lease acreage could help bring in more revenue, as could the implementation of 

silvopasture or the generation of carbon credits. In the current form, management practices will 

likely lead to a deficit. However, it is worth noting that for the client, the cost of longleaf 

restoration may be sufficient to justify the financial deficit for the sake of conservation.  

 

Table 7. Discount Cash Flows (rounded to nearest $100) 

Item Time Interval Net Present Value 
Revenues      
Loblolly Harvest (Year 0) $237,700 
Hunting Lease (Annual) $0 
Pine Straw Lease 100ac (Every 2.5 years starting Year 15) $53,800 
Pine Straw Lease 300ac (Every 2.5 years starting Year 15) $161,400 
Pine Straw Lease 500ac (Every 2.5 years starting Year 15) $269,000 
Sawtimber Longleaf  (Year 60) $596,900 
Pulpwood Longleaf  (Year 60) $32,400 
Sawtimber Hardwood (Year 60) $118,200 
Pulpwood Hardwood (Year 60) $1,300 
Expenses     
Longleaf Planting  (Year 0) $313,800 
Site Prep (Year 0) $156,900 
Property taxes (Annual) $52,600 
Management fees (Annual) $148,300 
Prescribed Burns (Every 5 years starting Year 5) $393,200 

*Up to 1 option will be chosen for Pine Straw Lease 
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Table 8. Net present value of alternative investment options (rounded to nearest $100) 

Total Net Present Value   
with no PSL -$78,300 
with 100ac PSL -$24,500 
with 300ac PSL $83,100 
with 500ac PSL $190,700 

PSL= Lease 

Conclusion 
The historic management of the Bennett Flatwoods led to a monoculture plantation of loblolly 
pine with degraded hydrologic features and ecologically threatened habitat.  The property, once 
home to a substantial population of longleaf pines on the edge of their historic range, is well 
suited for restoration to the longleaf pine ecosystem. Forest health issues have been limited on 
site and the soils and hydrology can undergo restoration as a part of the transition to a longleaf 
pine community. Wildlife and archaeological sites will also benefit from the restoration effort as 
the site becomes more focused on conservation-based management.   
 
Management will need to consider the ecological and financial implications of the various 
techniques implemented in the transition from one forest type to another. From an ecological 
perspective, controlling woody competition and balancing the fire protocol may present the 
greatest challenge to achieving the desired cover type. As the longleaf begin to establish, new 
problems may occur or management goals may shift. A flexible and adaptive management 
approach will aid in responding to changes in the ecosystem as it develops.  
 
An adaptive approach may help also alleviate financial burden from the restoration effort as 
better techniques become available for management at the Bennett Flatwoods. A carefully 
selected mixed-management approach could aid in offsetting the costs of long-term restoration 
should the landowner choose to do so. The opportunities presented here are meant to serve as a 
potential example for balancing the costs, but alternative uses may be available and more 
economically advantageous. Both the ecological and financial ramifications of the management 
suggested in this report should be reevaluated with substantial changes in the goals or plans of 
the landowner, and before the end of the first rotation of growth (60 years).  
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Appendices 

Appendix A. Wildlife Resources 

Threatened and Endangered Species 
Recorded Species in Chatham County (U.S. Fish and Wildlife Service 2015). 

Common Name Scientific name Federal Status Record Status 

Vertebrate:    

American eel Anguilla rostrata FSC Current 

Bachman's sparrow Aimophila aestivalis FSC Current 

Bald eagle Haliaeetus leucocephalus BGPA Current 

Cape Fear shiner Notropis mekistocholas E Current 

Carolina darter Etheostoma collis lepidinion FSC Current 

Carolina redhorse Moxostoma sp. 2 FSC Current 

Red-cockaded woodpecker Picoides borealis E Current 

Invertebrate:    

Atlantic pigtoe Fusconaia masoni FSC Current 

Brook floater Alasmidonta varicosa FSC Current 

Carolina creekshell Villosa vaughaniana FSC Current 

Septima's clubtail Gomphus septima FSC Current 

Yellow lampmussel Lampsilis cariosa FSC Current 

Vascular Plant:    

Buttercup phacelia Phacelia covillei FSC Current 

Harperella Ptilimnium nodosum E Current 

Sweet pinesap Monotropsis odorata FSC Current 

Virginia quillwort Isoetes virginica FSC Historic 

E = endangered. A taxon "in danger of extinction throughout all or a significant portion of its range." 
BGPA =Bald and Golden Eagle Protection Act. See below. 
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FSC=Federal Species of Concern. FSC is an informal term. It is not defined in the federal Endangered Species Act. 

In North Carolina, the Asheville and Raleigh Field Offices of the US Fish and Wildlife Service (Service) define 

Federal Species of Concern as those species that appear to be in decline or otherwise in need of conservation and are 

under consideration for listing or for which there is insufficient information to support listing at this time.Subsumed 

under the term "FSC" are all species petitioned by outside parties and other selected focal species identified in 

Service strategic plans, State Wildlife Action Plans, or Natural Heritage Program Lists. 

Four-toed Salamander Report  

NCSM photographic voucher CRW 14-1 
Four-toed Salamander (Hemidactylium scutatum)  
 
Christopher R. Wilson, Unique Places LLC, 9 Bradford Pl, Hendersonville, NC, 28791, USA; e-
mail: critterfro@gmail.com 
 
One female Hemidactylium scutatum, found on February 25, 2014, with clutch of eggs, under 
sphagnum moss, on top of stump rising above water line, in ephemeral pool, at 35.56928N 
79.52545W on the “Bennett Flatwoods” tract owned by 130 of Chatham LLC.  
 

 
NCSM photographic voucher CRW 14-2 
Four-toed Salamander (Hemidactylium scutatum)  
 
Christopher R. Wilson, Unique Places LLC, 9 Bradford Pl, Hendersonville, NC, 28791, USA; e-
mail: critterfro@gmail.com 
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One female Hemidactylium scutatum, found on February 25, 2014, with no eggs but swollen 
belly, under sphagnum moss, on top of stump rising above water line, in ephemeral pool, at 
35.58337N 79.52285W on the “Bennett Flatwoods” tract owned by 130 of Chatham LLC. 
 
NCSM photographic voucher CRW 14-2 

 

Appendix B.  Road Decommissioning Resources  
Elseroad, A. C., Fule, P. Z., & Covington, W. W. (2003). Forest Road Revegetation: Effects of Seeding 
and Soil Amendments. Ecological Restoration, 21(3), 180-185.  
 
Merrill, B., & Casaday, E. (2001). Field Techniques for Forest and Range Road Removal (Rep.). 
California State Parks: North Coast Redwoods District. 
 
National Resources Conservation Service, North Carolina. (2010). Conservation Practice Standard: 
Road/Trail/Landing Closure and Treatment (Vol. Code 654).  
 
Switalski, T. A., Bissonette, J. A., Deluca, T. H., Luce, C. H., & Madej, M. A. (2004). Benefits and 
Impacts of Road Removal. Frontiers in Ecology and the Environment, 2(1), 21. 
 
Trombulak, S. C., & Frissell, C. A. (2000). Review of Ecological Effects of Roads on Terrestrial and 
Aquatic Communities. Conservation Biology, 14(1), 18-30. 
 
Walder, B., & Bagley, S. (1998). An Explanation and Assessment of Road Removals in Varied Habitats 
(Rep.). Missoula, MT: Wildlands Center for Preventing Roads.  
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EXECUTIVE SUMMARY 
 

In May and June of 2015, Mr. Chris Flowers, LSS, PWS, and Ms. Cakey Worthington completed an 

evaluation of 19 specific wetland and stream areas within the 3,317 acre Bennett Flatwoods 

property in southwestern Chatham County.  In July of 2015 Ms. Worthington evaluated an 

additional 22 sites, primarily stream features. On The Bennett Flatwoods property is home to a 

diverse array of natural communities some of which are rare and hold important ecological 

significance.  Ongoing conservation initiatives on the property include the restoration of natural 

communities including Dry Piedmont Longleaf Pine Forest and Piedmont Longleaf Forest. Several 

unique wetland communities exist on-site, namely Upland Pool, Piedmont Boggy Streamhead, 

Mixed Moisture Hardpan Forest, Upland Depression Swamp Forest, Piedmont Headwater Stream 

Forest, and Hillside Seepage Bog.  This report and the corresponding field work were completed, 

in conjunction with a wetland mitigation feasibility assessment, to assess the possibility of 

incorporating wetland restoration, enhancement, and preservation in conjunction with ongoing 

ecological conservation and restoration efforts. To assess this possibility 41 specific wetland sites 

were evaluated in the field.  The wetland evaluation consisted of; determining the current 

jurisdictional status, determining the presence/absence of wetland soils, vegetation, and 

hydrology, assessing the ability to preserve, enhance, or restore the wetland, and lastly making a 

field assessment of riparian v. non-riparian status.  Based on the wetland evaluation opportunities 

for wetland preservation, enhancement, and restoration exist within multiple wetland types 

across the property. Additional study is necessary to determine the quantity of mitigation 

potential, however this assessment determined that the Bennett Flatwoods property offers the 

potential to conserve unique wetland communities through mitigation banking.  
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SECTION 1 

SITE DESCRIPTION 
 

1.1 Location 

The Bennett Flatwoods property is a 3,317 acre tract of land in southwestern Chatham County.  

The property is on the east site of the town of Bennett, NC and the west side of Devils Tramping 

Ground Rd.   

 

1.2 Natural Communities 

During January to March of 2014 a team of ecologists, Kevin Caldwell and Lloyd Raleigh, 

conducted a survey of natural communities across the Bennett Flatwoods property.  According 

to Caldwell and Raleigh (2014), there are 168 natural community polygons representing 14 

distinct natural community types across the property.  Many of the community types are in poor 

condition being heavily impacted by forestry and agriculture practices. Of the 14 communities 

observed during the 2014 survey 10 of them are wetland communities. Wetland hardpan 

communities observed include;  Upland Pool (Typic Piedmont Subtype, Piedmont Boggy 

Streamhead, Mixed Moisture Hardpan Forest, Upland Depression Swamp Forest, Piedmont 

Headwater Stream Forest (Hardpan Subtype), and Hillside Seepage Bog, (Caldwell and Raleigh, 

2014). Wetland non-hardpan communities observed included; Piedmont Headwater Stream 

Forest (Piedmont Subtype), Piedmont Alluvial Forest, Low Elevation Seep (Floodplain Subtype), 

Piedmont Semi-Permanent Impoundments, (Caldwell and Raleigh, 2014). 

 

1.3 Soils & Geology 

The Bennett Flatwoods property is situated in the Carolina Slate Belt, a major geologic region of 

North Carolina.  The majority of the soils on-site, approximately 80%, are mapped as Callison-

Lignum complex, 2 to 6 percent slopes.  Both Callison and Lignum are weathered from fine 

grained metavolcanic rock and/or argillite.  These soils have slow to very slow permeability and 

have perched water tables within 1 to 3 feet of the soil surface from December through May 

(NRCS, 2015).   
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The extremely low permeability of the dominant soils on site is a major ecologic influence with 

respect to the natural communities found on site.  Seven of the 14 community types, 

representing the majority of the total site acreage, are found on these hardpan soils.  It should 

be noted that “hardpan” is a general term that can refer to several technical soil conditions or 

horizons.  The term “hardpan” is often used to describe plow pans, fragipans, duripans, as well as 

soil conditions such as dense clay horizons and/or low permeability soils (Soil Survey Staff, 2015).  

 

1.4 Current Land Use 

Current land use on site consists primarily of managed forest land.  Forest management 

practices such as logging, thinning, herbicide application, etc are present and ongoing. 

Presently there is an initiative to re-establish Longleaf Pine as a dominant species across the 

property. A small portion of the property in the northeast portion of the property is in fallow 

field/early succession cover.   Unimproved forest roads bisect the site.  These roads have altered 

the hydrologic regime of streams and wetlands onsite through grading and pipe installation.  

Until recently, all terrain vehicle use was common on the property which caused rutting and 

deepening of multiple upland depression wetland areas near the forest roads. The property is 

currently leased by a hunt club. 

 
SECTION 2 

EVALUATION 
 

2.1 Procedure 

The purpose of the study was to find areas of potential wetland restoration, enhancement, and 

preservation.  Prior to the field evaluation, areas that were suspected to have wetlands suitable 

for mitigation, were identified using GIS.  This pre-evaluation effort included cross-referencing the 

existing natural community spatial data, lidar topographic data, and color infrared imagery.  

These data sources were particularly useful to predict potential locations of upland pools and 

headwater wetlands potentially impacted by forest bedding and ditching.  Once the field 

evaluation began, a final method of determining potential wetland mitigation areas was 

employed. This involved traversing the existing unimproved roads and paths on-site to find 

wetland areas that had sustained hydrologic impacts from road construction and/or all terrain 

vehicle traffic. 
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 Based on the pre-field work analysis approximately 50 potential wetland mitigation areas were 

identified that warranted a field evaluation.  Time and budget constraints did not allow for a 

field evaluation of all of the suspected wetland mitigation areas so the field effort was narrowed 

to 19 specific wetland sites. Field evaluation of these 19 sites consisted of; determining the 

current jurisdictional status, determining the presence/absence of wetland soils, vegetation, and 

hydrology, assessing the ability to preserve, enhance, or restore the wetland, and lastly making a 

field assessment of riparian v. non-riparian status. Field work was conducted by Mr. Flowers on 

5/9/15, 6/6/15, and 6/12/15.  The site was accessed by vehicle, all-terrain vehicle, and on foot 

and was assessed in teams of two or three field personnel. 

Determination of the current jurisdictional status of the evaluated sites involved an assessment of 

the three required criteria for jurisdictional wetlands, namely, hydric soils, hydrology, and 

vegetation.  The assessment followed the methodology outlined in the USACE 87 manual and 

the applicable Eastern Mountains and Piedmont Regional Supplement.  Photographs and 

Wetland data form were collected at some sites to provide a baseline documentation of 

jurisdictional status.  At each site the approximate area of the potential wetland mitigation area 

was noted to be used later in a feasibility analysis prepared in conjunction with this report.  As 

part of the evaluation of each site, initial thoughts were noted in regards to how, if possible, 

functional uplift would be achieved.  Similarly each area was designated as having restoration, 

enhancement, or preservation potential.  Lastly a determination of riparian or non-riparian status 

was assessed at each site.  As a guidance for this determination the definitions of non-riparian 

and riparian wetlands found in 15A NCAC 02R .0102 as referenced.  This rule generally ascribes 

riparian and non-riparian status based upon hydrologic source.  Riparian wetlands are those 

which receive their hydrology primarily from surface water and groundwater.  Non-riparian 

wetlands are those in which hydrology is primarily received from precipitation. 

Following the completion of the wetland evaluation an additional 22 sites with possible stream 

mitigation potential were evaluated.  Ms. Worthington evaluated these 22 sites (sites 20-41), 

primarily streams, on 7/14/15.  This effort was made to explore the possibility of including stream 

enhancement, restoration, and preservation as a means of mitigation on the property.  The 

Bennett Flatwoods property contains many forestry/hunting roads, most of which utilize piped 

stream crossings.  Some ford type crossings exist at a few streams, most of which are rutted or 

have significant stream bank erosion. 
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SECTION 3 

RESULTS 
 

3.1  Findings 

As a result of the field analysis it was determined that many of the suspected potential wetland 

mitigation areas identified during the pre-fieldwork effort are jurisdictional wetlands.  Five of the 

41 sites evaluated are intermittent streams, piped in conjunction with existing forestry roads that 

offer stream restoration potential.  Fifteen of the 41 sites are ephemeral streams.  The remaining 

sites are various types of riparian and non-riparian wetlands with a mixture of restoration and 

enhancement potential.  The table below outlines the summary of findings at each site.  Several 

of the sites that were evaluated are relatively undisturbed and could be used as reference sites. 

All of the wetland sites evaluated had hydric soil.   

Sites were considered to have enhancement potential when the following were observed in the 

field; significant disturbance to the vegetation, minor disturbance of hydrology, and the 

possibility to provide buffering around the resource, etc.  These areas could be enhanced 

through vegetative plantings, minor grading if required, and the establishing of a vegetative 

buffer.  Sites were considered to have restoration potential when the following were observed in 

the field; major alteration of hydrology and/or vegetation, ongoing agricultural production on 

the resource, and road construction through the site.  These areas could be restored by re-

grading the area to a natural topography to restore hydrology, remove roads and all-terrain 

vehicle traffic, and by vegetative plantings. 

3.2  Table 1 

# 
Feature 
Type Credit Type Longitude Latitude 

Area 
(ac) 

Linear 
Feet 
(ft) 

1 Upland Pool Preservation (Non-Riparian) -79.505754 35.582808 0.06 n/a 

2 
Ditch and 
stream (int) Restoration (Stream) -79.514948 35.584233 n/a 100 

3 
Pool and 
ditch Restoration (Non-riparian) -79.516616 35.57703 0.05 n/a 

3 
Pool and 
ditch Enhancement (Non-riparian) -79.516652 35.57942 0.06 n/a 

4 Upland pool 
Restoration and Enhancement 
(Non-riparian) -79.518296 35.579136 0.38 n/a 

5 Wetland 
No Credits, does not Pre-date 
CWA -79.522883 35.582383 0.4 n/a 

6 Wetland Enhancement (Non-riparian) -79.522742 35.583406 0.08 n/a 
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7 Upland pool Restoration (Stream) -79.523151 35.585631 0.06 n/a 

8 Upland pool Enhancement (Non-Riparian) -79.534461 35.586649 0.16 n/a 

9 Upland pool Enhancement (Non-Riparian) -79.525445 35.569326 0.18 n/a 

10 Stream (int) Restoration (Riparian) -79.534339 35.565613 n/a 30 

11 Upland pool Enhancement (Non-Riparian) -79.530927 35.563535 0.07 n/a 

12 Upland pool 
No Credits, does not Pre-date 
CWA -79.53097 35.562383 0.07 n/a 

13 Vernal pool Restoration (Riparian) -79.521239 35.567002 0.07 n/a 

14 Vernal pool Enhancement (Riparian) -79.496281 35.581957 0.5 n/a 

15 Vernal pool Enhancement (Riparian) -79.492752 35.584597 0.5 n/a 

16 Vernal pool Enhancement (Riparian) -79.526081 35.583209 0.05 n/a 

17 Hillside seep Restoration, (Riparian) -79.49705 35.58957 0.06 n/a 

18 Upland pool Enhancement (Non-riparian) -79.52302 35.56982 0.05 n/a 

19 
Headwater 
forest Enhancement (Riparian) -79.528698 35.575338 0.25 n/a 

20 
Boggy 
Streamhead Enhancement (pipe removal) -79.495856 35.583808 0.01 n/a 

21 Stream (int) pipe removal -79.496017 35.584733 n/a 30 

22 
Stream 
(ephem) pipe removal -79.491533 35.585662 n/a 20 

23 
Stream 
(ephem) pipe removal -79.496618 35.581893 n/a 20 

24 Vernal pool Enhancement (pipe removal) -79.49996 35.579593 0.1 n/a 

25 Stream (int) pipe removal -79.497551 35.577019 n/a 30 

26 
Stream 
(ephem) pipe removal -79.495395 35.574092 n/a 30 

27 
Stream 
(ephem) ford removal -79.494118 35.572813 n/a 30 

28 Stream (int) pipe removal -79.498109 35.571517 n/a 30 

29 
Stream 
(ephem) pipe removal -79.509562 35.568223 n/a 30 

30 
Stream 
(ephem) pipe removal -79.509283 35.569715 n/a 20 

31 
Stream 
(ephem) pipe removal -79.50931 35.570531 n/a 30 

32 
Stream 
(ephem) pipe removal -79.513253 35.570474 n/a 30 

33 
Stream 
(ephem) pipe removal -79.515302 35.568982 n/a 30 

34 
Stream 
(ephem) pipe removal -79.515742 35.564217 n/a 30 

35 
Stream 
(ephem) pipe removal -79.517555 35.563641 n/a 30 

36 
Stream 
(ephem) pipe removal -79.517925 35.564636 n/a 30 

37 
Stream 
(ephem) pipe removal -79.532029 35.566346 n/a 30 

38 
Stream 
(ephem) pipe removal -79.527394 35.567961 n/a 30 
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39 
Stream 
(ephem) pipe removal -79.520763 35.570693 n/a 30 

40 Vernal pool Enhancement (pipe removal) -79.515431 35.572922 0.7 n/a 
41 Vernal pool Enhancement (pipe removal) -79.510521 35.574368 0.3 n/a 

“ephem” = ephemeral stream, “int” = intermittent stream 

 

 

SECTION 4 

CONCLUSION 
 

4.1 Summary 

Based upon this field evaluation it is apparent that wetland restoration, enhancement, and 

preservation opportunities exist on the property.  Several factors make the Bennett Flatwoods 

property a desirable site for wetland mitigation.  First, the property is a large contiguous site and 

contains many individual areas, both riparian and non-riparian, that have restoration and 

enhancement potential. Secondly, many of the potential mitigation sites represent rare natural 

communities.  Restoration, enhancement, and preservation of these unique areas would 

conserve these rare wetland features in perpetuity.  

This evaluation was preliminary in nature with a primary objective of determining if wetland 

mitigation potential exists on-site and of what type. At this time an accurate quantity of wetland 

mitigation potential is not known.  To obtain an accurate quantification of potential credits more 

fieldwork is required.  As a precursor to additional fieldwork, discussion of the wetland mitigation 

potential with regulatory agencies is recommended. 
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