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Executive Summary

This report provides information and recommendations to improve the ecological health and appearance of native roadside plant communities in the Pine Barrens.  

The Ecological Value of Pine Barrens Roadsides
Roadsides provide sunny, open habitat required by a large number of native plants.  This type of habitat, which had naturally been created by intense wildfires, has become less common because of fire suppression and related prescribed burning intended to protect human life and property.  In short, roadsides provide over 11,000 acres of critical refuge habitat for a host of rare and attractive species including native orchids, grasses, and wildflowers. 

Threats to Ecological Values
The problems associated with fostering healthy native roadside plant communities fall into two basic categories: 1) mowing regimes and 2) construction materials and post-disturbance soil erosion control practices.  Repeated growing-season mowing has severely degraded native plant communities.  Construction materials and post-construction soil erosion control practices fundamentally alter soils by increasing soil pH and/or increasing soil nutrients, which shift the competitive balance to non-native species that destroy native plant communities.  Construction materials that raise soil pH include trap rock gravel and pulverized concrete.  The addition of nutrient rich topsoils, fertilizer and lime to prepare sites for sowing of non-native cool season grasses following construction or maintenance activities has significantly and perhaps permanently destroyed thousands of acres of roadside habitat.  
Recommendations to Foster Healthy Native Roadside Plant Communities
Specific recommendations are included in Section III, and summarized Best Management Practices are provided on the next page.  The simplest way to improve ecological health of roadside plant communities is to reduce mowing, which also provides tangible cost savings for roadside managers.  Where necessary for road maintenance or provision of safe vehicle pull-off areas, regularly mown turf should be restricted to the Operational Zone (ca. 8 feet from the traveled lane edge).  Annual dormant season mowing should be employed beyond the Operational Zone to foster native plants.  Existing positive mowing regimes include the New Jersey Department of Transportation’s GEMZ (Grassland Eco Mow Zone) program and Burlington County’s delayed mowing program along Route 563.  These programs should be perfected and expanded throughout the Pine Barrens.  
Post-disturbance treatment of roadsides should shift focus from soil stabilization to ecological restoration that stabilizes soil.  Current soil erosion control standards provide limited room for interpretation, but NJDOT (New Jersey Department of Transportation) and SSCC (State Soil Conservation Committee) can improve implementation to reduce impacts on native plants by carefully considering actual soil erosion risks on sandy, porous soils.  However, formal changes to existing Standards, in consultation with the Pinelands Commission and other stakeholders, are recommended for both NJDOT and SSCC Standards.  These changes should consider the uniqueness of the Pine Barrens and eliminate requirements or recommendations that raise soil pH, increase soil nutrients, or include use of non-native seed mixes.  In addition to changing soil erosion control Standards, cooperative efforts to develop native roadside seed mixes, strategic control invasive plants, and restoration of impacted roadsides will be critical to maximize the ecological health and appearance of Pine Barrens roadsides.
Summary Best Management Practices for Pine Barrens Roadside Plant Communities
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 - Avoid or minimize disturbance to existing native roadside vegetation

 - Do not apply paving, underlayment or roadside fill materials that may raise soil pH or increase soil nutrients

Mowing and Maintenance Regimes

- Regular, repeated mowing during growing season (mow as necessary to maintain vegetation height between 6-10 inches)

- Do not apply fertilizer or soil amendments

- Do not mow bare or sparsely vegetated areas to reduce mower-generated soil erosion

- SPECIAL EXCEPTION TO REGULAR MOWING: Rare plant populations within 8 feet of traveled lane edge warrant special mowing 

regimes.  Ideally, mowing should occur annually in March at no lower than 6 inches.  These isolated areas require permanent markings to 

avoid inadvertant mowing during the growing season.

- SPECIAL EXCEPTION TO REGULAR MOWING: Many roadsides are less than 8 total feet in width from the traveled lane edge to 

forest habitat.  These areas cannot provide safe emergency vehicular access.  Narrow roadsides should receive an annual dormant season 

mowing as detailed below unless regular mowing is required for draiange ditches, utility access, etc.

- Annual dormant season mowing to edge of Undistrubed Zone (i.e., forest edge)

Post-Disturbance Restoration Regimes

- Create necessary grade to minimize potential soil erosion

- Allow natural colonization by native species

- Do not apply non-Pine Barrens fill material, fertilizer or soil amendments

- Treat invasive species as necessary

- Follow above mowing and maintenance guidelines

- Create necessary grade to minimize potential soil erosion

- Do not apply non-Pine Barrens fill material, repeated fertilizer applications or soil amendments

- Treat invasive species as necessary

- Follow above mowing and maintenance guidelines

The following options are hierarchical and dependent upon project specific considerations.  Option A should be the first option, 

followed by Option B and then Option C.

- Option A: Utilize biodegradable erosion control products/techniques that hold soil during natural colonization and allow establishment 

of native species that require sunlight for germination.

- Option B: As available, apply appropriate native ecotype Pine Barrens seed mix.  

- Option C: If necessary, apply minimally required rate of non-native cool season grasses to temporarily hold soil prior to establishment of 

naturally colonizing native species.  As available, apply appropriate native ecotype Pine Barrens species to the seed mix.  If necessary, an 

initial addition of minimally required fertilizer may be considered.

2. If USLE calcuation suggests moderate or high soil erosion potential, then...

2. Areas greater than 8 Feet from Traveled Lane Edge (Clear and Transitional Zones)

1. Areas within 8 Feet of Traveled Lane Edge (Operational Zone)

1. If USLE (Universal Soil Loss Equation) calcuation suggests low soil erosion potential, then...

- Mowing from November 30th to March 30th at 6" height to eliminate woody plants and maintain herbaceous plant cover by allowing 

full plant life cycle (i.e., growth, flowering, seed production/dispersal, seedling establishment)


Table of Contents

Executive Summary
i

Summary Best Management Practices for Pine Barrens Roadside Plant Communities
ii

Table of Contents 
iii
List of Tables, Figures and Appendices
iv
I. Introduction
1

Pine Barrens Roadsides as Habitat 
1
Roadside Management Principles 
2
Review of Current Regulations and Management Practices 
3
Review of Costs for Roadside Management Practices
6
II. Specific Examples of Pine Barrens Roadside Management 
9
Atlantic City Expressway 
9
Franklin Parker Preserve 
10
Garden State Parkway 
11
Ocean County Route 528 
11
State Highway 70 
12
Other Sites Containing Rare Plants and Unique Plant Communities 
14
III. Recommended Best Management Practices
16
Regulatory Framework
16
Road Construction and Drainage Materials
17
Post-Disturbance Restoration Regimes 
17
Fill Materials and Amendments
18
Soil Erosion Considerations 
18

Developing Native Ecotype Pine Barrens Roadside Seed Mixes 
20
Mowing and Maintenance Regimes 
23

Invasive Species Management
25
Pilot Restoration Projects for Impacted Roadsides
25
Special Considerations 
26
IV. Invasive Plant Management
28
Invasive Plants in the Pine Barrens
28
Overview of Invasive Plant Management
28
Roadside Invasive Plant Stewardship Recommendations
31
Literature Cited
32
List of Tables, Figures and Appendices

List of Tables

Table 1.
Road Miles by Type and County within the New Jersey Pine Barrens
2
Table 2. 
Evaluation of Sample Pine Barrens Roadside Management Practices
9
Table 3.
Soil Erodibility Factors for Pine Barrens Soils
19
Table 4.
Potential Candidate Species for Native Pine Barrens Roadside Seed Mixes
22
Table 5.
Description of Invasive Plant Control Methods
30
Table 6. 
Summary of Roadside Invasive Plant Stewardship Recommendations
31
List of Figures

Figure 1.
Pine Barrens Road Network
Figure 2.
Locations of Pine Barrens Mining Operations
List of Appendices

Appendix A.
List of Interviewed Professionals

Appendix B. 
Pine Barrens Municipalities
Appendix C. 
Photographs of Selected Road Stretches
Appendix D.
Pine Barrens Mining Operations

Appendix E.
Pine Barrens Roadside Plant Species (Compiled by Russell Juelg)

Appendix F.
NJDOT Sample Language Addressing Roadside Aesthetic Complaints

Appendix G.
Overview of Invasive Plant Control Methods
Appendix H.
Summary of Herbicide Characteristics

Appendix I.
Invasive Species Treatment Options and Phenology

Appendix J.
Scientific Names of Native Pine Barrens Species Mentioned in Text

Section I. Introduction

The goal of this document is to present best management practices (BMPs) to foster healthy, attractive, native Pine Barrens plant communities along roadsides.  This report includes relevant background information including a summary of roadside management principles and regulations, selected examples of current roadside management practices, and recommended best management practices including recommendations for invasive plant management.  
Pine Barrens Roadsides as Habitat

The open, disturbed habitat (a.k.a. early successional habitat) of roadsides is required by a large number of native plants and animals.  This type of habitat, which would naturally be created by intense wildfires, has become less common because of fire suppression and related prescribed burning that is intended to protect human life and property (typically, prescribed burns are not intense enough to produce early successional habitat because trees and shrubs are not killed and bare sand is not exposed).  In short, the open habitat of roadsides has become a critical refuge for a host of native Pine Barrens species. 

The New Jersey Pine Barrens consist almost entirely of fire-maintained ecological communities that can be categorized as early successional.  Wetland communities range from densely shaded Atlantic white cedar swamps (late successional) to open, acidic bogs containing a variety of orchids and carnivorous plants.  Upland communities include the pygmy pine ‘forests’, pitch pine forests & shrublands and mixed pine-oak forests.  Although uncommon at present, open upland habitats were much more common in the past (Stone 1910, Harshberger 1916).  Early successional habitats occur in areas following intense burning or other significant disturbances, but cleared areas can quickly be converted to pine or oak forests following fire or land clearing.  Roadsides now represent a significant amount of the potential habitat for a variety of plants and the animals (such as Lepidoptera) that depend upon sunny, open habitats.  Pinelands plants that can flourish on roadsides include a variety of orchids, Pine Barrens Gentian, Blazing Star, Bonesets, Asters, Goldenrods and Golden-asters along with a host of other species not commonly found outside of the Pine Barrens including Pine Barrens Sandwort, Pine Barrens Heather and Bearberry.  Please see Appendix J for a complete listing of scientific names for plant species mentioned in this report.  New Jersey also hosts over 100 species of butterflies (Gochfeld and Burger1997) that rely on these wildflowers as sources of food and breeding sites.  Common butterfly species that would benefit from diverse native roadside plant communities include monarchs, sulphurs, skippers and swallowtails.    

The potential scope of habitat creation along Pine Barrens roadsides is significant.  Table 1 provides road miles of various types by county within the Pinelands area boundary defined by the New Jersey Pinelands Commission.  Although the width of non-forest roadside habitat is quite variable depending on road type and adjacent land uses, there exists an estimated 11,072 acres of potential early successional habitat for native Pine Barrens ecological communities (assuming 3,059 miles of roadways and average non-forest roadside width of 15 feet).  
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Sweet goldenrod just beginning to bloom
Table 1. Road Miles by Type and County within the New Jersey Pine Barrens
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Total 

Miles

US Highways NJDOT 84 15 10 9 0 0 0 118

State Highways NJDOT 35 33 19 0 16 0 23 126

Atlantic City Expressway SJTA 45 0 14 0 0 0 0 58

Garden State Parkway NJTA 28 12 0 0 0 0 36 77

County Routes Various Counties 230 178 77 43 31 31 154 744

Local Roads Various Municipalities 730 660 172 54 22 100 200 1937

Interchanges Various 26 2 7 0 0 1 6 42

TOTALS 1178 900 298 106 69 132 419 3059

County


Roadside Management Principles
Traditionally, roadside vegetation management has utilized a combination of mowing and herbicide application.  Harper-Lore (2001) reported that the early emphasis of roadside management was to mimic “front yards” with well-manicured turf grasses.  As early as the 1970’s, planting of wildflowers increased in popularity (spurred by Lady Bird Johnson’s support of the Highway Beautification Act of 1965) and environmental concerns coupled with higher energy costs started the search for less resource intensive alternatives to manicured turf grasses.  The financially-intensive practices of frequent mowing and intensive herbicide applications continue to be challenged by reduced budgets and increased interest in more environmentally-friendly approaches.  Newer practices, which are ultimately less costly and more environmentally benign, are generally referred to as Integrated Roadside Vegetation Management or IRVM (NCHRP 2005).  The goal of IRVM is to maintain the functional integrity of roadsides while reducing costs and minimizing carbon emissions and herbicide use while enhancing habitat for flora and fauna.  
The need to capture IRVM principles into Best Management Practices (BMPs) is still occurring but requires further development (NCHRP 2005).  Principles of IRVM include needs of local communities and highway users, knowledge of plant ecology and natural processes, design, construction and maintenance considerations, monitoring and evaluation procedures, government statutes and regulations and technology that considers cultural, biological, mechanical and chemical pest control methods to economically manage roadsides for safety and environmental and visual quality.  Specific implementation considerations include selection of appropriate seed mixes following roadside disturbance, minimization of mowing and herbicide use, controlled burning and biological control of invasive species. 
Roadside managers delineate zones by distances from the traveled roadway to facilitate management decisions.  Although different entities may apply different numbers of zones or name zones differently, nomenclature defined by the North Carolina Department of Transportation is utilized in this report (NCDOT 1998) because it allows an integration of principles that can clearly define direct human needs with an allowance for facilitating the preservation of native roadside plant communities.  
The zone adjacent to the road is referred to as the ‘Operational Zone’, followed by the ‘Clear Zone’, ‘Transitional Zone’ and ‘Undisturbed Zone’.  The Operational Zone is maintained as low growing vegetation to allow safe pull-off areas for vehicles, facilitate road maintenance, maintain hydraulic capacity of ditches and accommodate underground utilities.  This area may be considered the ‘road shoulder’ whether paved or unpaved.  The operational zone is typically between 5 to 15 feet from the traveled roadway (NDOR 2009).  The maintenance of site lines at road intersections or highway access ramps may be considered an extension of the operational zone.  The Operational Zone is generally maintained through repeated mowing during the growing season to maintain vegetation at heights below ten inches.  In New Jersey, vegetation in this zone generally consists of non-native, cool season grasses that can withstand repeated mowing, but there are also a variety of native, low-growing Pine Barrens plants (e.g. Wintergreen, Bearberry, Pine Barrens Heather, and Three-Awn Grasses) that meet safe operational zone requirements.  Zones beyond the operational zone are more easily managed for self-sustaining plant communities that prevent soil erosion, enhance roadside visual quality, and preserve native plants.
The Clear Zone is intended to provide a safe area for errant vehicles (functionally, the operational zone edge is the nearest roadside edge of the clear zone).  Therefore, clear zones are kept free of trees and shrubs that would provide a safety hazard.  The width of a clear zone is determined by traffic volume, vehicle speed and roadside slope (Task Force for Roadside Safety 2002).  Examples of clear zone distances may range from 10 to 40 feet beyond the traveled road edge (NJDOT 2009).  Guiderails or other barriers are employed when required clear zone distances cannot be maintained due to obstructions (e.g., steep slopes, ditches, etc.).  If managed appropriately, the clear zone represents significant potential habitat for early successional Pine Barrens ecological communities.  

The Transitional Zone lies beyond the clear zone and its width may vary.  This area is intended to buffer the clear zone from growth of trees and may be maintained as shrub thickets through periodic mowing.  This zone may not be considered necessary in many cases, especially if an appropriately-sized clear zone is maintained.  However, New Jersey state agencies have utilized ‘alcoves’ (areas kept free of woody plants) to create visual interest along major roadways (e.g., Garden State Parkway, Atlantic City Expressway).  Alcoves occupy the transitional zone and are wider than clear zone requirements.  The Undisturbed Zone lies beyond the clear and transitional zones and consists of forest communities that are not maintained through typical roadside management.  This zone may represent the remaining distance from the clear zone or transitional zone to the boundary of the roadside right-of-way.
In practice, one or more of these zones may not occur or zones may be significantly compressed on particular roadways.  This is most common on less travelled roadways (e.g., County or local roads), but may also apply to larger roadways.  The variability of roadside zone width requires flexibility in suggested management regimes that might foster native Pine Barrens ecological communities.  For example, particular roadways may not provide zones beyond the operational zone if mature trees grow less than 8 feet from the traveled roadway.
Review of Current Regulations and Management Practices
Regulations and management practices were reviewed and/or phone interviews were conducted with staff from each of the following organizations: New Jersey Pinelands Commission, New Jersey Department of Transportation, New Jersey Turnpike Authority, South Jersey Transportation Authority, State Soil Conservation Committee (and individual Soil Conservation Districts), County and municipal roadside managers, and multiple NJDEP land managers (Division of Parks & Forestry and Division of Fish & Wildlife) (See Appendix A - List of Interviewed Professionals).
New Jersey Pinelands Commission
The New Jersey Pinelands Commission (Commission) has regulatory authority over roadsides because the Comprehensive Management Plan (CMP) equates vegetation change with development, and the CMP requires an approval application for any development.  Further, the CMP includes specific restrictions on establishment of permanent lawns, placement of fill materials, planting non-native species and destruction of rare species.
In an effort to streamline the regulatory process, the Commission has entered multiple Memoranda of Agreement (MOA’s) with various governmental agencies (i.e., state agencies, counties, municipalities).    The agreements allow government entities to perform projects, within limits defined by the MOA, without completing a formal Commission permit application.  Generally, these agreements allow bridge replacement, road re-surfacing, roadway intersection improvements, and replacement of drainage structures / stormwater infiltration inlets where disturbance is less than 5,000 square feet.  
A recent incident regarding placement of fill material over a population of Pine Barrens gentian (see Section II) highlighted the need for permanent signage to protect roadside populations of rare species along with the need to improve language of the MOA’s between the Commission and state, local, and municipal governments (see Section III for detailed recommendations).  Revisions to existing MOA’s are currently being considered by the Commission.

State Soil Conservation Committee
The Soil Erosion and Sediment Control Act of 1975 and the 1979 amendments require the State Soil Conservation Committee to develop and maintain technical standards and guidance to assure that soil, water and related natural resources are managed during development in a manner which prevents or minimizes soil loss and related environmental damage (SSCC 1999).  The United States Department of Agriculture (USDA) Natural Resource Conservation Service (NRCS) contributes to the Standards through the production of their Field Office Technical Guide, which provides a significant basis for the state Standards.  In 1999, the State Soil Conservation Committee promulgated the sixth edition of the “Standards for Soil Erosion and Sediment Control in New Jersey” (SSCC 1999).  This document includes vegetative standards and engineering standards along with appendices providing detailed technical guidance.  Any disturbance greater than 5,000 square feet must include measures to protect the environment from soil erosion and sedimentation.  These standards are enforced through county / multi-county Soil Conservation Districts (SCD’s).  There are six SCD’s that regulate activities within the Pine Barrens (Burlington, Cape-Atlantic, Camden, Cumberland-Salem, Gloucester, and Ocean).  The SCD’s regulate 2,681 miles of county and municipal roadways in the Pine Barrens.

The primary objective of the Standards is to retain soil on the site and minimize offsite sedimentation.  The primary soil retention method is the establishment of permanent vegetative cover (“Standard for Permanent Vegetative Cover for Soil Stabilization”).  Other standards include temporary or permanent stabilization with mulch or sod based upon season of disturbance and site characteristics.  The regulatory definition of the vegetative standard is: “Established permanent vegetation means 80% vegetative cover of the seeded species and mowed once.”  The Standards do not provide an establishment time frame or direct observation / measurement of soil erosion potential.  In the Pine Barrens, naturally porous soils may not require 80% vegetative cover to meet the purpose of the Standards (i.e., retain soil on site and minimize off site sedimentation).  See recommendations in Section III of this report.

The permanent vegetative cover standard requires site preparation prior to establishing vegetation.  This includes use of fertilizer and lime as needed to maintain a dense stand of desirable species.  Particular application rates are provided in the standards but may be modified based upon suggestions from soil testing.  The maintenance level regimes defined in the Standard suggest fertilizer and lime application only in the first year of establishment.  

Related Standards include “Standards for Land Grading” and “Standards for Topsoiling”.  The purpose of the land grading standard includes improving surface drainage and erosion control.  Topsoil and engineering requirements are provided in this standard.  The purpose of the topsoiling standard is to improve the soil medium for plant establishment and maintenance.  Stripping (4-6 inches deep) and stockpiling of soils prior to construction activities and post-construction replacement of original topsoil is allowed.  Topsoil must have a minimum organic matter content of 2.75%.  Topsoil substitutes having particular qualities may also be utilized.  The recommended topsoil depth is 5 inches for soils with a pH greater than 4.0.    
The permanent vegetative cover standards provide 23 pre-defined seed mixes for New Jersey (13 mixes are recommended for roadsides).  Table 4-2 of the Standards provides seed mix recommendations based upon soil drainage characteristics (i.e., excessively drained - 4 roadside mixes, well to moderately well drained - 9 roadside mixes or somewhat poorly to poorly drained - 5 roadside mixes).  The standards also allow use of additional seed mixes if recommended by NRCS or Rutgers Cooperative Extension (RCE) and approved by the SCD.  

There is a Pine Barrens seed mixture that consists of native warm and cool season grasses along with Partridge Pea, but the Standards do not specifically recommend this mixture for roadsides.  Several seed mixes contain species that may be considered invasive in the Pine Barrens including Sericea Lespedeza (a.k.a. Chinese Bushclover, Lespedeza cuneata) and Weeping Lovegrass (a.k.a. African lovegrass, Eragrostis curvula).  Native and non-native species listed in seed mixes that may increase soil fertility and alter native Pine Barrens soils include Partridge Pea (Chamaechrista fasciculata, native), Crownvetch (Coronilla varia, non-native), Flatpea (Lathyrus sylvestris, non-native), Sericea Lespedeza (Lespedeza cuneata, non-native), Bird’s Foot Trefoil (Lotus corniculatus, non-native), and White Clover (Trifolium repens, non-native).
The permanent vegetative cover standards require mulching of all seed applications.  The standards provide a wide variety of materials and application practices including straw or hay with various mechanical (e.g., netting) or chemical (e.g., liquid binders) anchoring techniques.  Wood- or paper-fiber mulch and pelletized mulch are also acceptable mulch materials. Compliance with the mulching requirement is based upon the “existence of vegetation sufficient to control soil erosion” and is not specific to the presence of mulch (i.e., the applicant is deemed to be in compliance if the end result is the presence of vegetation at the disturbed location). 

The permanent vegetative cover standards provide guidance on mowing and other maintenance levels.  Four levels (A through D) describe the return frequency of mowing events and associated recommendations on the application of fertilizer and lime, pest control and irrigation.  Level D is recommended for roadsides and suggests infrequent or no mowing, and fertilizer and lime applications only in the first year of establishment.  The Standards do not provide specific mowing regimes (e.g., mowing height, seasonal timing).
New Jersey Department of Transportation and other State Roadway Authorities
The New Jersey Department of Transportation (2008) publishes its own “Soil Erosion and Sediment Control Standards”.  This document is very similar to the document promulgated by the SSCC, but it applies only to NJDOT roadsides and NJDOT right-of-ways (this includes federal highways maintained by NJDOT).  The NJDOT certifies to SCD’s that appropriate standards are applied for all NJDOT construction and maintenance projects through an interagency agreement with the New Jersey Department of Agriculture (NJDA).  If necessary, NJDOT Standards allow their engineers to design soil erosion features that differ from the Standards after consultation and approval of internal subject matter experts and/or the Manager of the Bureau of Landscape Architecture and Environmental Solutions.  NJDOT directly manages 244 miles of roadways in the Pine Barrens.  
NJDOT standards list five unique seed mix options following construction activities.  The majority of species listed in seed mixes are non-native cool season grasses.  One recommended species is invasive in the Pine Barrens (Weeping Lovegrass, a.k.a. African Lovegrass, Eragrostis curvula).  One non-native species listed in seed mixes, White Clover (Trifolium repens), may increase soil fertility and alter native Pine Barrens soils.  The application of straw mulch with binding agents (e.g., vegetable-based gel), synthetic plastic emulsion, fiber mulch or vegetable-based gels are required over seedings.  NJDOT Standards specify fertilizer application at initial sowing and approximately six months after sowing.  Liming requirements specify increasing soil pH to 6.5.  “Standards for Topsoiling” allow stripping, storage and re-application of topsoil from the construction site, but the pH must be greater than 5.8.  When any topsoil has a pH less than 5.8, it is required to be amended to reach a pH of 6.5.  
NJDOT “Standards for Maintaining Vegetation” suggests that maintenance occur on a regular basis.  Maintenance programs should include: maintenance of grass height between 3 - 12 inches, application of fertilizer as needed to maintain a dense stand of desirable species and addition of lime as determined by soil testing every 2-3 years.  Other relevant standards include “Standards for Topsoil Stabilization Matting”, “Standards for the Preparation of Existing Soil” and “Standards for Land Grading”.
Other state authorities manage 135 miles of roadways (South Jersey Transportation Authority’s Atlantic City Expressway = 58 miles, New Jersey Turnpike Authority’s Garden State Parkway = 77 miles).  The NJTA and SJTA require direct project review through the SCD’s.  Part of the GSP mission is to provide an attractive greenbelt along the roadway.  NJTA initiatives include the “Going Green Task Force” and “Go Wild Areas” that emphasize reduction of mowing in areas that are difficult / dangerous to mow.  In some places, it is possible that clear zone distances will require widening to meet current road traffic volumes.  

County and Municipal Roadside Management
There are six counties (Atlantic, Burlington, Camden, Cape May, Cumberland, Gloucester, and Ocean) and 56 municipalities within the Pinelands (See Appendix B).  Collectively, counties manage 744 miles and municipalities manage 1,937 miles of roadways in the Pine Barrens.  County and municipal road projects are directly reviewed by the SCD’s.  In addition, many counties and municipalities have entered into MOA’s with the New Jersey Pinelands Commission regarding road maintenance practices (see above under New Jersey Pinelands Commission).   

State Parks, Forests and Wildlife Management Areas Roadside Management
Roadsides along state-owned land are maintained by the New Jersey Department of Environmental Protection - Division of Parks & Forestry (state parks and forests) and Division of Fish & Wildlife (state wildlife management areas).  The NJDEP is responsible for funding and executing roadside maintenance along their lands in agreements with state, county and municipal road authorities.  In general, state-managed roadsides are mowed once per year in fall or winter.  Park superintendents indicate that rare plant locations are known to staff that mow roadsides or may be marked by volunteers to avoid inadvertent mowing during the growing season.  Areas adjacent to entrance driveways/roadways are generally maintained as regularly mowed (ca. 5 times per year) cool season grasses to facilitate easy public recognition.  
Review of Costs for Roadside Management Practices

The practice of Integrated Roadside Vegetation Management (IRVM) has been gaining acceptance around the country and there are many states that have adopted the objective of reducing mowing frequency and/or maintaining native plant communities to minimize maintenance costs and conserve our natural heritage.  NCHRP (2005) reports that Florida, Maine, Maryland, Minnesota, Montana, and Washington have statutes mandating an Integrated Pest Management (IPM) approach to roadside vegetation management.  Arkansas, Florida, Illinois, Maryland, Minnesota, New York, Ohio, Pennsylvania, Texas, and Washington have policies that require an integrated approach to vegetation management.  Some specific examples include:  
· Iowa: For over 30 years, Iowa counties have been practicing IRVM to reduce costs and allow the establishment and maintenance of native prairie vegetation that provides both aesthetics and soil erosion control (Ehley 1990).

· New York: Implemented Conservation Alternative Mowing Plans (CAMPS) to foster native grassland birds along major roadways.  The protocol consists of four management regimes including: High Management Zone, Frequently Mowed Zone, Annually Mowed Zone and No-Mow Zone (Weiskotten 2003).

· Missouri: Reduced mowed roadside acreage by nearly 20% or 100,000 acres from 2000-2004 (Hillis 2005).

However, NCRHP (2005) also reports that data on maintenance costs for IRVM and traditional roadside management is sparse and reported cost estimates vary widely, which challenges accurate cost comparisons.  Reported mowing costs (fine mowing to maintain turf grasses) ranged from $20/acre/cut in West Virginia to $190/acre/cut in Florida.  Coarse mowing (for non-turf grasses) ranged from less than $3/acre/cut in Washington to $130/acre/cut in Maryland.  Annual mowing costs in South Carolina were estimated at approximately $24 per acre (Dlesk and Bell 2006).  The number of cuts per year is a significant variable that often confounds cost comparisons between states (e.g., Florida may require 10 cuts per year while Maine requires 1 cut per year).  
The New Jersey Department of Transportation (NJDOT) initiated the Grassland Eco Mow Zone (GEMZ) program in 2005.  Under the GEMZ program, vegetated roadside areas beyond 6-8 feet from the edge of the paved road shoulder are mowed annually in mid to late fall (vegetated areas closer to the paved road/shoulder edge are mowed whenever vegetation height reaches 8-10 inches).  The ecological, environmental, economic and aesthetic benefits of this program include: 

· Reduced gas consumption and material wear and tear  

· Reduced air pollution and runoff, increased groundwater recharge and facilitates liter removal

· Improved seasonal landscape interest from wildflowers and grasses

· Increased habitat for flora and fauna, creation of habitat corridors  
The NJDOT maintains detailed records through their MMS (Maintenance & Management System).  The NJDOT South Region estimated mowing effort and expenditures from 2005 - 2008 (Scott Oplinger, personal communication).  Mowing costs (including labor and equipment operation) ranged from $182 to $318/acre (mowing frequency was 4 - 6 cuts per year, presumably based upon precipitation patterns).    Importantly, NJDOT’s South Region has decreased their total mowed acreage by 38% since 2006 (from 3,300 to 2,040 acres), which has conferred significant savings.  Total costs for 2008 (after full implementation of the GEMZ program) were 33% lower than the average costs for 2005 and 2006 (prior to GEMZ implementation in the South Region).    
Other commendable examples of roadside management in New Jersey include the conversion from multiple growing season mows to an annual mowing regime along roadside portions of Brendan Byrne State Forest.  This change has helped to conserve the Federally endangered American chaffseed (Schwalbea americana).  
The Burlington County Highway Department recently reduced their mowing regime to once per year in the early spring along Country Route 563.  This will encourage native plant communities while simultaneously reducing management costs.  Reduced mowing along Burlington County Route 563 is expected to save taxpayers approximately $3,000 annually in personnel costs* (fuel costs and equipment wear and tear were not calculated).  If annual dormant season mowing was implemented along all 178 miles of Burlington County routes within the Pine Barrens, then costs savings would be approximately $27,000 annually.  Depending upon individual organizational needs, cost savings may be secondary to time savings that would allow personnel to perform other vital tasks.  In this example, Burlington County would gain over 130 days of personnel time for other tasks – and save fuel and equipment wear and tear costs.

*Assumptions included: 50 acres mowed (20 mile road x 20 feet mowed, 5 work days to cut), one annual mow compared to four mowing events per year, $35,000 salary and 35% benefit rate. 
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Diverse mix of native Pine Barrens wildflowers, grasses and ferns.

Section II. Specific Examples of Pine Barrens Roadside Management
A small number of sites were surveyed for this report to demonstrate a range of existing roadside management practices.  Representative sites include those with potential for improvement and those that currently support healthy native Pine Barrens plant communities.  As a general rule, roadsides that have been filled with non-native soil types and/or composts (i.e., “fill”) support weedy plant assemblages consisting of non-native invasive species or species native to New Jersey that are not typical of the Pine Barrens.  The problem of past fill events is especially prevalent where roads traverse wetland communities where significant amounts of fill were utilized to improve grading and drainage.  
Table 2. Evaluation of Sample Pine Barrens Roadside Management Practices
	Road Name
	Road Stretch Examined
	Manager
	Management Regime

	Atlantic City Expressway
	ca. 2 miles South of intersection with State Highway 54
	South Jersey Transportation Authority
	Repeated growing season mowing

	Franklin Parker Preserve
	Along Airstrip
	New Jersey Conservation Foundation
	Annual dormant season mowing

	Garden State Parkway
	Between Atlantic County Route 561 Alternate and Burlington County Route 539
	NJ Turnpike Authority
	Repeated growing season mowing

	Ocean County Route 528
	Between Stump Tavern Road and Ocean County Route 640
	Ocean County Department of Transportation  / NJDEP Division of Fish & Wildlife
	Repeated growing season mowing, Examined area of recently dumped fill material

	State Highway 70 – Site A 
	ca. 2 miles south of Lakehurst circle
	NJDOT
	Northbound side was recently seeded with cool-season grasses, Southbound side was native vegetation

	State Highway 70 – Site B
	Intersection of Spring Lake Blvd. (ca. 0.5 miles North of Mt. Misery Road)
	NJDOT, Brendan Byrne State Forest
	Repeated growing season mowing along road, annual dormant season mowing in alcoves

	State Highway 70 – Site C
	ca. 1 mile south of Mt. Misery Road
	NJDOT, Brendan Byrne State Forest
	Repeated growing season mowing along road, annual dormant season mowing in alcove

	State Highway 70 – Site D
	Intersection with Sooy Place and Big Hill Road
	NJDOT
	Road intersection area with repeated growing season mowing

	State Highway 70 – Site E
	Intersection with New Road
	NJDOT
	Road intersection area with repeated growing season mowing


Atlantic City Expressway
General Roadside Description: Roadsides have 15-30 foot wide strips receiving repeated growing season mowing and are composed of non-native cool season grasses and typical lawn weeds.  The cool season grasses appear to be dark green, which may indicate that high nutrient non-native fill material was utilized during road construction (it was determined that fertilizer application is not performed as part of normal maintenance) – native Pine Barrens soils are sandy and have low nutrient content.  Some median areas are seeded with wildflower mixes and mowed less frequently.  Wildflower mixes, however, evidently consist of non-native plants.  The narrow grassed roadsides are punctuated with wider (> 50 feet) central median areas and roadside alcoves that are also repeatedly mowed during the growing season. 

Specific Road Stretch Field Observations: An alcove located approximately 2 miles south of the intersection with State Highway 54 was visited on 10 October 2008.  Cool season grasses and typical lawn weeds dominated along the regularly mowed 15-30 feet area closest to the road.  There were large areas where sparse native species cover was predominant despite past growing season mowing events.  The presence of native species may indicate that mowing is less frequent in the alcove than immediately along the roadside.  Alternatively, the presence of native species in alcoves may track areas where non-native soils were not applied or where past soil amendments (e.g., fertilizer, lime) have leached away on steeper slopes.  The dominant native species in these areas was a species of Aristida (Three-Awn Grass), which typically grows 6-12 inches in height (See Appendix C - Photo #5).  Lichens and mosses were present over some bare sandy areas.  There were a variety of native species along a narrow strip where the regularly mowed area meets native forest communities (presumably this area is mowed less frequently).  Native species observed along the forest edge included: Three-Awn Grass, Little Bluestem, Broom sedge, Pennsylvania Sedge, Stiff Aster, Field Aster, Goats Rue and Yellow-Eyed Grass.  Small diameter (< 10 feet) circular tracks were noted in multiple locations (presumably from turning mowers) along with some minor areas where soil erosion was occurring due to repeated mowing on slopes.  See Appendix C for photographs of the examined road stretch (Photos 1 - 5).  
Recommendations to Improve Native Plant Communities: The primary recommendations are to reduce the mowing regime to one cut per year in late winter / early spring, and apply no soil amendments.  This will allow existing native species to expand and prevent potential soil erosion, while inhibiting the establishment of woody species.  Repeated growing season mowing will be required within the current operational zone, which may be reduced to 8 feet in width from the edge of the traveled paved roadway. In some areas, the operational zone may need to exceed 8 feet to incorporate existing drainage swales.
Franklin Parker Preserve

General Roadside Description: This area is not a typical roadside, but unpaved roads are maintained on either side of an unpaved airstrip.  Native Pine Barrens plant communities are maintained along roadsides through annual dormant season mowing and overhanging branches are removed to maintain the integrity of the roads and the adjacent airstrip.  The two roadways are approximately 0.5 miles long.   

Specific Road Stretch Field Observations: The existing management regime of a single dormant season mow has resulted in a healthy early successional Pine Barrens plant community consisting of sparse cover of Little Bluestem along with a variety of low growing wildflowers, grasses and sub-shrubs (See Appendix C – Photos 5, 7, 18, 19, 27 and 31 for examples of low growing native plants).  It is likely that one or more annual mowing events were not performed in the past because pitch pine sprouts were present in particular areas (annual mowing would likely result in preventing seedling establishment).  See Appendix C for photographs of the examined road stretch (Photos 6 - 7).  
Recommendations to Improve Native Plant Communities: The current management regime of annual dormant season mow does not require any modifications.  However, the currently established pitch pine sprouts may be removed as necessary to maintain the integrity of roadsides free from potential vehicle hazards.  Removal may be accomplished through targeted foliar application of herbicide or physical removal of sprout stumps.
Garden State Parkway

General Roadside Description: The majority of the roadway consists of approximately 10-20 foot wide regularly mowed grass strips consisting of non-native cool season grasses and typical lawn weeds.  Some median areas are seeded with wildflower mixes and mowed less frequently.  Wildflower mixes, however, evidently consist of non-native plants.  The cool season grasses appear to be dark green, which may indicate that high nutrient non-native fill material was utilized during road construction (it was determined that fertilizer application is not performed as part of normal maintenance) – native Pine Barrens soils are sandy and have low nutrient content.  The narrow grassed roadsides are punctuated with wider (> 50 feet) mowed central median areas and roadside alcoves.  Many central median areas consist of narrow forests.  Overall, the Garden State Parkway roadsides are maintained similarly to the Atlantic City Expressway. 

Specific Road Stretch Field Observations: A fifteen mile stretch between Atlantic County Route 561 Alternate and Burlington County Route 539 was observed on 10 October 2008.  The general roadside description above adequately describes this portion of the Garden State Parkway.  Specific plant communities or species identifications were not performed but are suspected to be similar to observations made along the Atlantic City Expressway.
Recommendations to Improve Native Plant Communities: See above recommendations under Atlantic City Expressway.
Ocean County Route 528

General Roadside Description: Portions of the roadway consist of approximately 10-15 foot wide regularly mowed grass strips consisting of non-native cool season grasses and typical lawn weeds.  Other portions of the roadside consist of very narrow areas (< 5 foot wide) and consist of regularly mowed native species (mowing is suspected to be less frequent in these areas, which may allow persistence of particular native plants).  Alternatively, the presence of native species may track areas where non-native soils were not applied or where past soil amendments (e.g., fertilizer, lime) have leached away on steeper slopes.  
Specific Road Stretch Field Observations: There were five locations where approximately 3-6 inches of rich topsoil/compost fill was recently applied.  In addition, the fill contains common household trash.  The fill was added to increase the grade to improve roadside parking adjacent to Colliers Mills Wildlife Management Area.  This highly enriched fill is facilitating the establishment of numerous non-native weeds (e.g., Crabgrass, Foxtail Grass, Lady’s Thumb Knotweed, etc.).  Native Pine Barrens plant communities grow on nutrient poor sandy soils and are outcompeted by weedy invasive species when soils contain high nutrient contents.  See Appendix C for photographs of the examined road stretch (Photos 8 - 12).  
Recommendations to Improve Native Plant Communities: The applied non-native fill requires removal and replacement with native Pine Barrens fill material.  Native fill material should be limited to the minimum amount required to provide safe vehicular access to the roadside.  Natural colonization of the area by local plants should occur over time. If seeding is deemed necessary, it should be with native Pine Barrens species (as available) and should be supplemented by lightly raking the mulch layer of adjacent unaffected areas of native vegetation into the impacted area.  This may provide native plant seeds and mulch (e.g., oak leaves, pine needles) that can accelerate re-vegetation of the impacted area.  This restoration approach should be considered experimental and monitored periodically for success.  See Section III for detailed post-disturbance restoration recommendations.
State Highway 70
General Roadside Description: This roadway has multiple roadside management regimes.  Portions are managed similarly to the Atlantic City Expressway and Garden State Parkway.  Other areas have regular growing season mowing regimes along relatively narrow strips (10-15 feet along the paved roadway) with less intense mowing regimes beyond these areas that support healthy native Pine Barrens plant communities.  Roadside alcoves are also present in particular road stretches.  Recently modified areas may be graded with non-native fill materials and seeded with non-native cool season grasses along with additions of fertilizer and lime to facilitate establishment. Illegal off road vehicle (ORV) traffic has resulted in long stretches of unsightly, unofficial ORV tracks along many miles of the road shoulders, with obvious impacts to the native plant communities.
State Highway 70 - Site A
Specific Road Stretch Field Observations: An approximately 6 foot wide recently disturbed roadside area had been graded and seeded with cool season grasses (It is unclear, but probable that non-native fill material was added – See Appendix C, Photo #13).  An approximately 2 - 5 foot strip of native Pine Barrens vegetation was left undisturbed along the forest edge.  Species in the undisturbed area included Bearberry, Wintergreen, Pine Barrens Heather, Purple Lovegrass, Pussy-Toes, Three-Awn Grass, Broomsedge and Little Bluestem.  Overall vegetative cover was sparse with lichen and mosses covering bare sand in many areas.  The opposite roadside was not impacted and consisted of sparse cover of a diverse mix of native Pine Barrens species growing on a low slope (soil erosion was not evident).  Species composition was similar to the undisturbed areas on the impacted roadside.  See Appendix C for photographs of the examined road stretch (Photos 13 - 19).  
Recommendations to Improve Native Plant Communities: If applied, non-native fill material should be removed and replaced with native Pine Barrens fill material.  The mowing regime (repeated growing season mowing) should allow maintenance within the operational zone, which would include approximately 7 feet of paved road shoulder and only 1 foot of the impacted unpaved area.  The remainder of the unpaved area may be treated as described above for Ocean County Route 528. Enforcement of traffic regulations should be sought from appropriate law enforcement agencies.
State Highway 70 - Site B
Specific Road Stretch Field Observations: Alcoves located along the east- and westbound lanes near the intersection with Spring Lake Boulevard were visited on 10 October 2008.  The alcoves consisted of a diverse mix of native Pine Barrens species including Little Bluestem, Pine Barrens Heather, Pinweed, Orange Grass, Pennsylvania Sedge, Dichanthelium sp. and Aristida sp.  Bare sand was present along with areas covered with lichens and mosses that held the soil in place.  Both sides of the road were flanked with approximately 10 foot wide regularly mowed cool season grasses with typical lawn weeds.  Soil erosion was not present despite the sparse vegetative cover in some areas.  A small area in the vicinity of the alcove was dominated by non-Pine Barrens species including the non-native invasive African Lovegrass and Asiatic Bittersweet.  It is likely that this area contains enriched fill that is not native to the Pine Barrens because typical Pine Barrens soils do not support these plant species.  See Appendix C for photographs of the examined road stretch (Photos 20 - 27).   

Recommendations to Improve Native Plant Communities: The current management regime of annual dormant season mowing does not require any modifications, but the regularly mowed operational zone should be reduced to an 8 foot width from the traveled lane edge.  However, there are minor occurrences of currently established pitch pine sprouts that may be removed as necessary to maintain the integrity of roadsides free from potential vehicle hazards.  Removal may be accomplished through targeted foliar application of herbicide or physical removal of sprout stumps.  Adjacent areas containing invasive and other non-Pine Barrens species should be mowed with a brush hog and treated with herbicide to prevent spread (See Section IV for details).  The extent of suspected non-native fill should be examined and removed to prevent re-infestation.  At a minimum, African Lovegrass should be eradicated, through the application of herbicides, because it can invade adjacent areas. 
State Highway 70 - Site C
Specific Road Stretch Field Observations: An alcove located along the eastbound lane approximately 1 mile south of Mt. Misery Road was visited on 10 October 2008.  The paved road was flanked with a 10 foot wide strip of cool season grasses mixed with typical lawn weeds that receive repeated mowing during the growing season.  There were large areas where sparse to dense native species cover was predominant.  These areas receive an annual mowing during the dormant season.  The dominant native species were Broomsedge along the moist woodland edge grading toward Little Bluestem on drier areas closer to the paved road.  See Appendix C for photographs of the examined road stretch (Photos 28 - 29).  
Recommendations to Improve Native Plant Communities: The current management regime of annual dormant season mowing does not require any modifications, but the regularly mowed operational zone should be reduced to an 8 foot width from the traveled lane edge.  This site should be evaluated by the NJ Forest Fire Service to determine fire hazard risk because of the dense growth of native grasses.  If the area is considered high risk, then the annual dormant season mowing should occur in autumn to minimize the amount of time that cured grass stems are present.  If fire hazard risk is considered low, then annual mowing should occur in early spring to allow seeds to remain on dried stems, which will allow natural seed dispersal and provide a food source for winter resident birds.  Autumn mowing would also reduce the aesthetic beauty of the site by removing the attractive cottony seed heads and autumn and winter stem colors (usually russet and tan). 
State Highway 70 - Site D

Specific Road Stretch Field Observations: The road intersection with Sooy Place / Big Hill Road was visited on 10 October 2008.  There was a 5 foot strip that receives repeated growing season mowing and consists of non-native cool season grasses and typical lawn weeds.  The cool season grasses appear to be dark green, which may indicate that high nutrient non-native fill material was utilized during road construction – native Pine Barrens soils are sandy and have low nutrient content (NJDOT reports that this area is not fertilized as part of normal maintenance, so non-native fill is strongly suspected).  The remaining area was predominately a mowed mixture of native and non-native species (probably receiving less frequent growing season mowing).  The non-impacted forest edge was dominated by a dense stand of low growing native Pennsylvania Sedge.  See Appendix C for photographs of the examined road stretch (Photos 30 - 31).  
Recommendations to Improve Native Plant Communities: The applied fill requires removal and replacement with native Pine Barrens fill material.  Fill should be limited to the minimum amount required to provide safe emergency vehicular access to the roadside.  Natural colonization of the area by local plants should occur over time.  If seeding is deemed necessary, it should be with native Pine Barrens species (as available) and should be supplemented by lightly raking the mulch layer of adjacent unaffected areas of native vegetation into the impacted area.  This may provide native plant propagules (e.g., seeds, stolons, rhizomes) and mulch (e.g., oak leaves, pine needles) that can accelerate re-vegetation of the impacted area.  This restoration approach should be considered experimental and monitored periodically for success.  See Section III for detailed post-disturbance restoration recommendations.
State Highway 70 - Site E

Specific Road Stretch Field Observations: The road intersection with New Road (north and southbound side of New Road) was visited on 10 October 2008.  There was a 10-15 foot strip that receives repeated growing season mowing and consists of non-native cool season grasses with typical lawn weeds.  The cool season grasses appear to be dark green, which may indicate that high nutrient non-native fill material was utilized during road construction – native Pine Barrens soils are sandy and have low nutrient content (NJDOT reports that this area is not fertilized as part of normal maintenance, so non-native fill is strongly suspected).  The remaining area was predominately a mowed mixture of native and non-native species. The invasive Japanese Stiltgrass and Canada Thistle along with numerous other weedy species were present.  See Appendix C for photographs of the examined road stretch (Photos 32 - 35).  
Recommendations to Improve Native Plant Communities: Existing fill requires removal and replacement with native Pine Barrens fill material.  Fill should be limited to the minimum amount required to provide safe emergency vehicular access to the roadside.  Natural colonization of the area by local plants should occur over time. If seeding is deemed necessary, it should be with native Pine Barrens species (as available) and should be supplemented by lightly raking the mulch layer of adjacent unaffected areas of native vegetation into the impacted area.  This may provide native plant seeds and mulch (e.g., oak leaves, pine needles) that can accelerate re-vegetation of the impacted area.  This restoration approach should be considered experimental and monitored periodically for success.  See Section III for detailed post-disturbance restoration recommendations.
Other Sites Containing Rare Plants and Unique Plant Communities
Louis Hand and Ted Gordon pioneered efforts to protect roadside plant populations in the early 1970’s.  Initial efforts focused on protecting Schwalbea americana (American Chaffseed) near Whitesbog.  Although there were setbacks through the years (untimely mowing, road widening, utility pole replacements, etc.), this population still exists and is relatively healthy due to continuing efforts of the Office of Natural Lands Management in cooperation with NJDOT.  Other early pioneers included Howard Boyd, Lou Phallon and Betty Woodford who communicated the need to protect roadside plant communities with various road agencies.

In addition to the threat of direct loss of rare species, there are numerous examples of diverse assemblages of native Pine Barrens wildflowers being degraded by the application of non-native fill materials and/or untimely and repeated growing season mowing.  Over the years, Pine Barrens naturalists and researchers feel that thousands of roadside miles have lost their unique native flora (Ted Gordon and Joseph Arsenault, personal communications).  Particular examples include: 

· New Lisbon Road (Burlington County) – This road is considered the “Gateway to the Pines”, but is regularly mowed during the growing season.

· State Highway 55 – Planting of invasive African Lovegrass, which is now spreading throughout Pine Barrens roadsides.

· State Highway 70 (Four Mile to Lakehurst) – non-native fill material (Piedmont Triassic shale) installed following road construction

· State Highway 72 (through Pine Plains) – extensive colony of bearberry (maximum height typically six inches) was repeatedly mowed to extinction

· U.S. Highway 206 (near Atsion) – Past management included dormant season mowing only, which resulted in large displays of Wand Goldenrod, Ladies’ Tresses and Lobelias.  Current growing season mowing will ultimately eliminate these native species.
· County Route 539 (Warren Grove to Tuckerton) – significant dumping of leaf compost leading to replacement of native species with native cool season grasses that require significantly more maintenance mowing

· County Route 563 (multiple locations) – There are numerous locations containing many species of Pine Barrens plants.  There have been repeated efforts over many years to protect particular road stretches, but growing season mowing events have reduced quality in some areas.  In 2008, Burlington County agreed to an annual dormant season mowing, which should significantly improve the health of native roadside plants.
· Dover Road (Ocean County) - In November 2008, non-native fill was applied to increase roadside grade to match the height of a newly paved roadway.  Unfortunately, this fill was spread over an existing population of Pine Barrens Gentian located along the eastern road shoulder of Dover Road near the entrance to Dover Forge.  According to Ocean County personnel, the initial fill material was removed and replaced with native fill that included sand, compost and Pinelands grass seeds.  However, the precise nature of the new fill, in terms of pH and nutrient levels, is not known, and it is not known whether the Gentian population will survive.   
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The invasive Chinese silvergrass beginning an infestation along a Pine Barrens roadside.

Section III. Recommended Best Management Practices
Recommendations in this section are intended to inform future revisions and current interpretations of existing soil erosion control standards (Standards) utilized by NJDOT and SSCC as well as informing proposed changes to MOA’s between the Pinelands Commission and the State and Pinelands counties and municipalities.  In addition, recommendations encourage changes to roadside mowing regimes, development of native seed mixes, initiation of pilot roadside restoration projects, and management of invasive species.  Each recommendation is prefaced by a brief discussion.  Additional background information to support recommendations is provided in other plan sections.  

Regulatory Framework

The overarching goal of existing soil erosion Standards is to retain soils on site and reduce off-site sedimentation.  Although a generic statewide approach has led to attempts to improve roadside soils through additions of nutrient rich fill materials, fertilizer, lime and seeding with non-native cool season grasses, this suite of measures is not necessary to reduce soil erosion in the Pine Barrens.  In fact, these Standard recommendations and requirements are counter to the health and natural attractiveness of native Pine Barrens roadside plant communities.  Particular improvements are possible utilizing the existing Standards, but new interpretations by NJDOT and SCD’s will be required to ensure conformance while bringing increased protection to native roadside plant communities.  Currently, NJDOT Standards allow their engineers to design soil erosion features that differ from the Standards after consultation and approval of internal subject matter experts and/or the Manager of the Bureau of Landscape Architecture and Environmental Solutions.  However, greater clarity and consistency would be obtained through the creation of specific NJDOT and SSCC Standards that shift focus from soil stabilization to ecological restoration that stabilizes soil.  

Recommendation #1 – Modify existing NJDOT and SSCC Standards:   NJDOT and SSCC Standards should specifically account for the uniqueness of the Pine Barrens (e.g., reduced soil erosion potential and ecological value of native roadside plant communities).  The SSCC is expected to revise their existing standards within the next 2-3 years.  The NJDOT revised their standards in 2008, but inclusion of specific requirements for the Pine Barrens should be considered during their next revision.  Overall, new standards should shift focus from soil stabilization to ecological restoration that stabilizes soil.

Key recommendations and requirements of the Standards are listed in Section I.  Statewide soil erosion control recommendations and regulations that should be altered for Pine Barrens’ applications include: vegetative cover requirements, topsoiling requirements, use of soil amendments including fertilizer and lime, seeding with non-native species, and standards for maintaining vegetation.  Specific recommendations for changes to the Standards are provided in Recommendations 3, 4, and 5.  Recommendation #5 should be considered especially important for guiding future revisions of the Standards and is presented as “Summary Best Management Practices for Pine Barrens Roadside Plant Communities” after the executive summary of this report.  All other recommendations should be considered as additions to existing Standards that will further the health of roadside plant communities. 
Recommendation #2 - Modify existing NJ Pinelands Commission MOA’s: MOA’s should clearly distinguish between road maintenance and other activities that impact roadsides that would trigger the formal Commission application procedures.  Items that should require application to the Commission include:
1. Any grading or scraping that impacts the existing vegetation community of the road shoulder

2. Any fill material that changes soil chemistry (e.g., pH, nutrients, etc.) 
3. Any soil amendments, especially lime and fertilizer
4. Any non-native seed mix
The Pinelands Commission is currently considering modification to their MOA’s with state agencies, counties and municipalities regarding roadside management (See Section I), which provides an opportunity to improve roadside management practices that are not addressed in the current Standards.  The protections afforded through the Pinelands Comprehensive Management Plan allow the Pinelands Commission to establish protocols that allow improved management of roadsides (e.g., permit requirements for vegetation disturbance, prohibiting non-native plantings, protections for rare plants - See Section I).

Road Construction and Drainage Materials
Road construction, re-surfacing and widening along with drainage and utility maintenance, and other roadway improvements may involve intensive practices that alter roadside plant communities.  The selection of materials for pavement underlayment, drainage improvements (especially concrete washouts), and road bank stabilization can involve materials that raise roadside soil pH (native Pine Barrens surface soil pH ranges from 3.6 to 4.0 and sub-surface soils range from 4.2 to 5.0 - Markley 1998).  Some materials of concern include gravel, particularly trap rock gravel.  These materials do not have a basic pH, but may be significantly more basic than natural Pine Barrens soils.  For example, preliminary studies show that typical gravel, sourced from outside of the Pine Barrens, can raise local soil pH values to approximately 6.5 and may encourage invasive species proliferation, especially under disturbed conditions (Walter Bien, personal communication).  The use of pulverized concrete underlayment and concrete drainage systems should be expected to produce even greater alteration of roadside soil pH.  Freshly poured concrete has a pH value of 11-12, while aged concrete has a pH value of 8-9 (NASA 2009).  One known example of pulverized concrete underlayment occurs on State Highway 55 near its intersection with State Highway 322, but soil pH impacts have not been measured.  Native Pine Barrens plants adapted to low pH soils are more likely to be outcompeted by invasive species and other non-native plants in the vicinity of the roadway due to increases in soil pH.  
Recommendation #3 – Road Construction and Drainage Materials: The practice of utilizing pulverized concrete or any other potentially pH-altering roadside construction materials should be discontinued.  Locally sourced gravel underlayment and plastic-lined washouts should be utilized to avoid increasing roadside soil pH (see Appendix D for listing of local sources of gravel).
Post-Disturbance Restoration Regimes

This section contains sub-sections on the following topics: fill materials and amendments, soil erosion considerations, and development of native Pine Barrens roadside seed mixes.  In all cases, it is ideal to minimize soil disturbance related to any project to avoid the need for soil erosion control measures or other remediation.
Fill Materials and Amendments

The use of non-native fill material continues to be the norm in the Pine Barrens.  Leaf compost and non-native topsoil have been considered useful amendments to aid the establishment of non-native cool season grasses following roadside construction projects and road re-surfacing.  Unfortunately, these practices have seriously degraded native Pine Barrens roadside plant communities in numerous locations (e.g., County Route 539 from Warren Grove to Tuckerton, State Highway 70 from Four Mile to Lakehurst).  Enriched non-native fill material allows the establishment of invasive species that normally cannot compete with native Pine Barrens species on native, nutrient-poor soils.
Recommendation #4 - Fill Material and Amendments:  The nutrient deficient A-horizon of Cohansey and Kirkwood formations is a unique feature of the Pine Barrens, which will require fill materials from local sources only.  Sub-soils of these formations may contain elevated minerals, but it is not expected that pH would vary significantly from topsoils (Markly 1998).  Within the Kirkwood-Cohansey formation, there are belts of other formations (e.g., Potomac-Raritan-Mahothy sands) that may have sub-soils with relatively higher amounts of organic matter, clay or green sand (Robert Canace, personal communication).  Only topsoils from soil formations matching the local roadside conditions should be utilized as fill material (if sub-soils are utilized as fill material, then testing should be performed to assure a chemical and texture match to topsoils in the impacted locality).  There are 80 sand and gravel mines located on either Kirkwood or Cohansey geological formations (Appendix D, Figure 2).  Fertilizer, lime or other amendments that increase nutrient content or alter soil pH should be eliminated or solely restricted to a single application coinciding with appropriately determined seeding events (see below).
Soil Erosion Considerations
The Universal Soil Loss Equation (USLE) is utilized to determine the sediment yield from construction sites (SSCC 1999, NJDOT 2008).  The equation (E = R x K x LS x C) incorporates factors including rainfall (R), soil-erodibility (K) and slope gradient and length (LS) where vegetative cover (C) plays an important mitigating role in minimizing potential erosion losses.  Fifteen soil series have been identified in the Pine Barrens (Markley 1998) and soil erodibility factors (K) are considered “Low” for seven soil series, “Medium” for six soil series and “High” for one soil series (SSCC 1999, Table 3). It is important to note that for each soil series, the K-value is based upon soil in a cultivated continuous fallow situation on a 9% slope that is 73 feet long.  In general, the majority of roadsides slopes in the Pine Barrens are significantly less than 9% and/or considerably shorter than 73 feet long.  Therefore, K-values reported in this table are conservative (i.e., soil erosion potential is lower than reported whenever the slope gradient is less than 9% or shorter than 73 feet).  Currently, the Standards do not stipulate an acceptable range of estimated soil loss derived from the USLE, but generically require establishment of vegetative cover to reduce soil erosion potential (See Section I).  
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Native boneset flowers in bud.

Table 3. Soil Erodibility Factors for Pine Barrens Soils 1
	Soil Erodibility Class
	Percentage of Pine Barrens Land Area (Markley 1998)
	Soil Series Names
	Notes

	Low

K = 0.17 – 0.24
	44
	Atsion, Berryland, Evesboro, Fort Mott, Klej, Lakehurst and Woodmansie
	

	Medium

K = 0.28 – 0.37
	41
	Downer, Fallsington, Hammonton, Pocomoke, Sassafras and Woodstown
	Each of these soil series has a K-value of 0.28, which is the minimum value to be considered “Medium”.

	High

K = 0.43 – 0.49
	5
	Aura
	

	Total
	90
	
	Total is less than 100% because it excludes the “Muck” soil series described by Markley (1998) that is not included in Standards Table A1-2 (SSCC 1999).


1Erodibility values of the top strata for each soil series are reported in this table.
Recommendation #5 - Soil Erosion Decision Guidelines and Procedures:  The calculation of estimated soil loss through the USLE should be determined on a site-by-site basis, because the lack of strong slopes and relatively low soil erodibility classes suggest low erosion potential throughout large portions of the Pine Barrens.  In general, natural early successional Pine Barrens plant communities that would form on bare soils are typified by a mixture of sparse herbaceous vegetative cover with lichens/mosses reducing the amount of exposed sand.  This natural vegetative cover, along with low potential soil erodibility, should mitigate the need for rapid establishment of vegetative cover or allow reduction of the current statewide standard of 80% permanent vegetative cover in much of the Pine Barrens.  

1) If USLE calculations suggest low soil erosion potential, then unassisted natural colonization should be allowed following soil re-grading or disturbance.  When applicable, the re-application of stockpiled topsoil from the impacted area can provide natural seed sources for revegetation.  Additionally, a light raking of the mulch layer from adjacent non-impacted areas is likely to introduce propagules and a light layer of pine needles / oak leaves that would facilitate germination and seedling establishment.  This recommendation is optimal and should be utilized whenever possible.    

2) If USLE calculations suggest moderate or high erosion potential, then the following step-wise, prioritized decisions are recommended after soil re-grading.  Recommendations of Step A are considered optimal in cases where soil erosion is a potential risk.  If these recommendations are not adequate, then recommendations of Step B, followed by recommendations of Step C should be considered.  Discretion of soil erosion control specialists should be utilized to minimize impacts and inputs.   
A) Utilize biodegradable erosion control products that hold soil during natural colonization and allow establishment of native species that require sunlight for germination.  Erosion control may be achieved with multiple products detailed in SSCC (1999) and NJDOT (2008).  If erosion control products are not an acceptable solution, then proceed to B.

B) As available, apply appropriate native ecotype Pine Barrens seed mixes (see below for detailed considerations).  The use of a “nurse crop” of non-native annual grasses may be considered.  If vegetation establishment time is not conducive to reducing immediate soil erosion concerns, then proceed to C.

C) Apply customary non-native cool season grass mixes at minimally acceptable application rates as a nurse crop along with seed of native species.  If specific native ecotype Pine Barrens roadside mixes are not available, then utilize Pinelands native species that are more commonly available (e.g., Little Bluestem, Panic Grass, Indian Grass - See Table 4).  If necessary, an initial addition of minimally required fertilizer may be considered to facilitate establishment of cool season grasses.  Note:  It is suspected that a lack of regular mowing may allow a transition from planted cool season grasses to a native Pine Barrens plant community if non-native fill is not utilized.  However, this speculation should be corroborated with either detailed field observation or experimentation.
Developing Native Ecotype Pine Barrens Roadside Seed Mixes
Early successional plant communities that form on bare sand develop over longer periods of time in the Pine Barrens than in other parts of New Jersey.  This is because native soils are low in nutrients and often droughty, which slows plant establishment and growth.  However, relatively sparse vegetation, developing cover of lichens and mosses and porous sandy soils with little slope generally do not result in significant soil erosion even in the very early stages of succession.    
In some cases, rapid establishment of vegetation may be required for aesthetic or regulatory purposes and seeding with native Pine Barrens plants would accelerate plant establishment.  Nationally, there are only several large seed suppliers (Ernst Conservation Seeds, Meadville, PA is the nearest source).  Currently, there is very limited availability of most Pine Barrens species and there are no suitable commercially available seed mixes because large seed suppliers require large, stable demand for particular seed mixes to retain economic viability.  Additionally, original source locations for seeds of particular native species (ecotypes) are distant to the Pine Barrens and should not be considered for use in New Jersey when the primary goal is to promote diversity (species and genetic) of our native flora.  The uniqueness of the Pine Barrens and relatively low potential demand for native seed mixes (from the viewpoint of very large seed suppliers) suggests the need to encourage the participation of smaller, local seed suppliers (i.e., niche markets or diversified growers).  Assistance from governmental agencies or non-profit organizations will be especially important during seed mix development when demand is relatively low and there is significant need for development of efficient production methodologies.  

The Natural Resource Conservation Service (NRCS) Cape May Plant Materials Center can potentially provide support for development of native ecotypes of Pine Barrens species.  The Plant Materials Center has extensive expertise, seed cleaning equipment, seed storage facilities and ample land base to develop new seed mixes (founder plots are typically 100 - 1000 square feet, while production plots may encompass 1 - 20 acres).  In recent years, the Center has worked with Pine Barrens ecotypes of native species such as Bearberry, Little Bluestem and Panic Grass.  Recently, the Center has become interested in developing several species of native, cool season grasses that would be appropriate for Pine Barrens roadsides.  However, personnel and budget constraints limit their development capacity to several species at any given time and the Center must be responsive to regional projects from Massachusetts to North Carolina.  

Potential State involvement could include resources (i.e., expert personnel, land base) of the Forest Resource Education Center in Jackson or existing farmland located in state parks, forests and wildlife management areas within the Pine Barrens.  Non-profit land trusts may also consider allowing use of their existing farmland for testing or production purposes.  Because of federal and state government spending constraints, private fundraising efforts may be necessary to leverage the full potential of private growers and government agencies to jump-start seed production of native Pine Barrens plants.  The participation by government or non-profit entities may also assist potential private growers by cushioning potentially uneven or relatively light demand for native seed mixes specific to the New Jersey Pine Barrens.  
As an example of current efforts, the Pinelands Preservation Alliance plans to establish demonstration plots at the New Jersey Conservation Foundation’s Franklin Parker Preserve to test establishment rates of several species and there is some area to establish founder or small production plots at the preserve (Emile DeVito, personal communication).  Two private growers, Clemenson Farms Native Plant Nursery (Estell Manor) and Rare Find Nursery (Jackson) are contract growing or experimenting with ecotypes of native species, but these are small-scale preliminary efforts that require additional investment by numerous entities before Pine Barrens seed mixes can become readily available.  

There is considerable need to conduct research to identify candidate species and develop seed mixes.  Research should include seed collection locations/ripening time, seed extraction techniques, assessment of germination rates, seed production rates and seed application requirements (quantity and application type - drilling or surface sow).  Generally, moving a new species from initial seed collection through generating enough seed for production growers requires 5-10 years (Chris Miller, personal communication).  
The best candidate species would produce large amounts seed, be amenable to easy harvest and seed cleaning, have high germination rates and be adapted to roadside conditions.  Ideally, seed mixes containing annual and perennial species including native grasses (cool and warm season) along with wildflowers to support pollinators.  Effort should be made to assure species diversity with the goal of restoring native plant communities rather than solely focusing on producing vegetative ground cover. The components of any mix should be compatible (e.g., species germination times are similar or early germinating species will not inhibit later germinating species).  For proposed native plantings within the operational zone, determination of mowing tolerance for species that will exceed 6 inches in height will also be necessary.  Another important consideration is the maintenance of genetic diversity throughout long-term seed production, which will require careful record keeping practices that note initial native source populations and on-going seed sources to maintain production plots.  Initially, soil erosion considerations may require species with rapid establishment rates, but other species will also ultimately naturally colonize roadsides to create a healthy and diverse roadside plant community.  
The Pinelands Preservation Alliance has assembled a comprehensive database of Pine Barrens plants that includes references to their status as a characteristic Pine Barrens species, flowering and fruiting times, wetland indicator status, growth form, life history and habitat descriptions (South Jersey Vascular Plant Database created by Russell Juelg).  This database should be utilized to assess whether a particular species should be considered a candidate for roadside seed mixes.  A preliminary list of candidate species was created based upon interviews with numerous professionals with natural history and/or plant propagation experience (Table 4).  See Appendix E for a more extensive list of potential roadside species compiled by Russell Juelg.     
Table 4. Potential Candidate Species for Native Pine Barrens Roadside Seed Mixes

	Species Grouping
	Species
	Notes

	Grass - Annual
	Six Weeks Fescue (Vulpia octoflora), Three-Awn Grass (Aristida longispica and other Aristida species)
	

	Grass - Perennial Cool Season
	Blackseed Speargrass (Piptochaetium avenaceum), Pennsylvania Sedge (Carex pensylvanica), Poverty Oat Grass (Danthonia spicata), Silky Wild Oat Grass (Danthonia sericea), Ticklegrass (Agrostis hyemalis) 
	

	Grass - Perennial Warm Season (> 12 inch height)
	Crinkled Hair Grass (Deschampsia flexuosa), Little Bluestem (Schizachyrium scoparium)
	

	Grass - Perennial Warm Season (< 12 inch height)
	Dichanthelium species (formerly Panicum)
	Group of short-statured panic grasses

	Herbs - Annual
	Rough Buttonweed (Diodia teres)
	

	Herbs - Perennial
	Clasping Milkweed (Asclepias amplexicaulus), Wild Indigo (Baptisia tinctora), Marlyland Goldenaster (Chrysopsis mariana), Trailing Tick-Trefoil (Desmodium rotundifolium), Hyssop-Leaved Boneset and other Bonesets (Eupatorium hyssopifolium), Bush Clover (Lespedeza capitata or L. hirta), Hairy Blazing Star (Liatris pilosa),  Toothed Whitetop Aster and other asters (Sericocarpus asteroides ), Sweet Goldenrod and other Goldenrods (Solidago odora)
	Rough Buttonweed (above), Toothed Whitetop Aster and Clasping Milkweed are utilized by bees that also pollinate commercial blueberries and cranberries (Rachael Winfree, personal communication).

	Sub-shrubs (6 - 12 inch height)
	Bearberry (Arctostaphylos uva-ursi), Pine Barrens Heather (Hudsonia ericoides), Wintergreen (Gaultheria procumbens)
	


Recommendation #6 - Native Ecotype Seed Mix Development: Partnerships will be critical toward the development of native seed mixes.  The relatively long development timeline necessitates immediate action starting with initiation of seed collection, germination trials and establishment of founder plots.  Non-profit or state entities should immediately begin seed collection even if seeds cannot be immediately grown (This may be feasible if an arrangement can be made with the Green Belt Nursery, who participates in the Millennium Seed Bank project and has facilities to preserve seeds for long periods of time).  
Prior to initiating seed production, it will be crucial to complete a market analysis that involves determination of approximate annual quantity of seed required for Pine Barrens roadsides or other restoration efforts.  These estimations are vital to developing a market viability analysis that would allow private growers to determine the economic viability of participating in seed mix development.  This task would initially involve estimation of impacted roadside acreage, but would also require estimating seed production rates and seed application rates.  As an example, Coastal Panic Grass can produce 150 pounds of seed per acre annually and seed application rates range from 5-10 pounds per acre (therefore one planted acre may produce enough to seed for 15-30 acres).  Cool season native grasses produce significantly less seed per acre and require twice the seeding rate and will therefore require significantly larger production areas (Chris Miller, personal communication).
The New Jersey Pinelands Commission should provide signals to public agencies and private growers that local ecotypes of native species will ultimately be required for restoration activities.  This would stimulate required research and notify growers of anticipated economic benefits from producing native seed mixes.  

The development of native ecotype seed mixes should include creation of a certification process.  Iowa and other states have developed a seed certification processes for the production of local ecotypes (AOSCA 2009, ICIA 2009).  Locally, the Green Belt Nursery (part of New York City Parks Department) is currently in the process of developing protocols for restoration of the Fresh Kills landfill (Timothy Chambers, personal communication).

The NJDOT and SCD soil standards both include seed mix recommendations that include invasive species and species that increase soil fertility (nitrogen-fixing species) - See Section I, Review of Current Regulations and Management Practices.  Although there are some native species that fix nitrogen, seed mixes should avoid planting densities that would lead to excessive amounts of nitrogen-fixing plants because high soil nitrogen shifts the competitive balance to non-native plants.  Seed mixes should not include any non-native plants that fix nitrogen or species that are considered invasive. 

Mowing and Maintenance Regimes

Current mowing practices are detrimental to the health of native Pine Barrens roadside plant communities.  Frequent mowing, mowing large distances from the edge of traveled lane edges, and low mowing heights are key practices that should be stopped.  Section I of this report defined roadside zones (i.e., operational, clear, transitional and undistrubed zones) that will be referred to in this section.  Refinement of roadside zone distance definitions and other mowing recommendations are provided below.  Examples of current and past roadside management practices are provided in Section II.  

Operational Zone - This zone is defined as an 8 foot distance from the edge of the traveled roadway.  This zone includes the paved, gravel or vegetated road shoulder beyond the typical road area utilized by vehicles.  The purpose of this zone is to provide safe emergency vehicle pull-off areas and allow road maintenance activities including maintenance of drainage swales and access to utilities.  In limited cases, this zone may have to be wider than 8 feet to allow required maintenance activities.

Recommendation #7 - Operational Zone Mowing and Maintenance Regime: The operational zone should be mowed as necessary to maintain its practical functions.  Because typical roadside mowers have 5-6 feet cutting width and paved/gravel portions of road shoulders may be 2-3 feet wide, it is expected that one pass will be required during each mowing event.  Vegetation heights must be maintained below 10 inches at all times to prevent contact with the bottom of vehicles, which may cause ignition of the vegetation under certain conditions.  Vegetation in these areas is typically non-native cool season grasses that can withstand repeated growing season mowing.  However, maintaining a mowing height greater than 6 inches can allow the establishment and maintenance of a suite of native Pine Barrens species (numerous short grasses and sub-shrubs - See Appendix C, Photographs 5, 7, 18, 19, 24 and 31).  Future development of native, cool season grasses may provide suitable substitutes for non-native grasses (see above).  In general, the presence of nutrient rich fill material necessitates more frequent mowing requirements (up to 3 - 4 times per year) than would be required of native plants growing on unaltered native soils.  Fertilizer or other soil amendments should not be utilized to avoid impacts on native plants growing in any zone.  There should be no mowing in areas of any zone that are currently sparsely vegetated.  This will reduce mower-generated soil erosion.

There are two recommended special exceptions to regular mowing within the operational zone.  The first involves the presence of rare plant species and the second involves narrow road shoulders.  Regular mowing has eliminated numerous roadside rare plant populations.  Sites with rare plants require the mowing regime described under the clear zone below (i.e., annual dormant season mowing only).  Areas requiring this special exception are relatively small compared to the entire roadway length (e.g., less than 5,000 square feet).  These areas should be marked with signage to facilitate communications with roadside managers and avoid untimely mowing that would degrade or eliminate rare plant populations.  Signage should be placed on either side of the sensitive areas and include language that specifies acceptable mowing dates (i.e., after November 30th and before March 30th).     

Many smaller roadways (e.g., county and municipal) have narrow vegetated road shoulders less than 8 feet wide.  Undisturbed zones are close to the traveled roadway and do not allow typical zonation.  In these cases, there is no provision for safe vehicle pull-off areas.  These narrow road shoulders should be mowed as described under the clear zone recommendations below unless regular mowing is required for maintenance functions described for the operational zone.  Where emergency vehicular access is desired in the future, the removal of trees and shrubs will be required and maintenance regimes should follow recommendations in this section.

Clear Zone - Clear zone distances vary based on safety considerations and is kept free of all woody plants or other large obstructions that present a hazard to errant vehicles.  The installation of guide rail is required when sufficient clear zone distances cannot be obtained due to unmovable obstructions.  Intersection site lines may be considered an extension of the clear zone concept whereby vegetation height must be maintained below 30 inches at all times to allow visibility (David Earl, personal communication).

Recommendation #8 - Clear Zone Mowing and Maintenance Regime:  The clear zone should be mowed on an annual basis during the dormant season.  Whenever possible, all mowing should occur in March (ca. late winter / early spring) to allow the full, uninterrupted life cycle of plants including growth, flowering, seed production, seed dispersal and seedling establishment. Annual mowing will remove the tops of any woody plants that may have sprouted during the previous year and will weaken root systems to stunt future growth.  Mowing height should be 6 inches above the ground to avoid damage to a suite of short-statured woody native species (e.g., Bearberry, Wintergreen, and Pine Barrens Heather which are excellent ground cover for roadsides - See Table 4).  Fertilizer or other soil amendments should not be utilized to avoid impacts on native plants growing in any zone.  Areas of any zone that are currently sparsely vegetated should not be mowed.  This will reduce mower-generated soil erosion.

Practical considerations of a condensed mowing schedule may necessitate a wider mowing window (i.e., after November 30th and before March 30th) because personnel may not be able to perform all necessary mowing during a one month period.  Currently, many annual mowing efforts are conducted from September to mid-November.  Even though personnel time constraints may not allow all mowing to occur in March, effort should be taken to delay mowing into late autumn to allow late-flowering species (e.g., Pine Barrens Gentian, Asters, Bonesets, and Goldenrods) to produce and begin dispersing their seeds.  The flowering and fruiting of Pine Barrens plants indicates a number of potential roadside species that begin flowering as early as April and flower/produce fruit through October (Boyd 1991 and South Jersey Vascular Plant Database).  It is critical that mowing regimes preserve both early blooming and late fruiting plants.   

Exclusive use of dormant season mowing may not be adequate to completely eliminate recalcitrant woody species, especially where establishment is already underway (e.g., pitch pine sprouts - See Appendix C, Photo 6).  In these cases, it may become necessary to mechanically or chemically remove woody species (See guidelines in Section IV).  Prescribed burning during the dormant season should also be considered a useful option to reduce woody plant establishment.  However, low intensity prescribed burning should not be utilized on an annual basis and care should be given to understand the impacts of repeated burns on reducing desirable native species and/or increasing invasive species (e.g., Chinese bushclover).  Annual, low intensity prescribed burning has documented negative impacts on soil microfauna and related natural food chains (Boyd and Marucci 1979).  Potential for increased fire hazard risk from particular types of roadside vegetation is described below under Special Considerations.   
Transitional Zone - The “alcove” and wide median areas along major interstate and state roadways may be considered an extension of the transitional zone concept and are common on the Garden State Parkway and Atlantic City Expressway.  Alcoves were designed to provide visual interest for drivers and typically exceed clear zone distance requirements.  They are kept clear of woody vegetation and can be utilized to foster healthy, attractive native Pine Barrens plant communities.

Recommendation #9 - Transitional Zone Mowing and Maintenance Regime:  The transitional zone should be managed in the same manner as the clear zone recommendations detailed above.  These areas have potential to greatly expand early successional habitat that is becoming increasingly uncommon throughout the Pine Barrens, while simultaneously filling their original intended purpose of creating visual interest for drivers.

Undisturbed Zone – This zone begins at the tree line of adjacent forest cover and its distance from the roadside is defined by clear zone requirements (or modified by the inclusion of alcoves – see above).  This zone typically extends to the edge of the roadside right-of-way.

Recommendation #10 – Undisturbed Zone Mowing and Maintenance Regime: Mowing is not recommended in this zone.  However, some major roadways may not currently provide required clear zone distances (original clear zones may have become obsolete due to increased speed limits and traffic volumes), which will necessitate future removal of woody plants within the right-of-way.  Recommended mowing regimes detailed above should be utilized for any newly enlarged clear zones.  

Invasive Species Management

Section IV provides background information on invasive species in the Pine Barrens.  In general, roadsides are at increased risk to infestation relative to core areas of the Pine Barrens.  This is due to modified soils, regular disturbance, direct seeding of particular species, and unintentional spread through mowing equipment.
Recommendation #11 – Invasive Species Management:  A summary of invasive plant stewardship recommendations is provided in Table 6 (Section IV).  The primary tenets involve prevention, early detection and rapid response to newly forming infestations, and thoughtful control and restoration techniques.  In all cases, the use of herbicides should be restricted or minimized to avoid impacts to non-target species.  Although mechanical control (e.g., hand pulling) is more labor intensive than chemical control methods, it is recommended that cooperative efforts of all stakeholders be organized to control most emerging infestations.  This will require an organized pool of volunteers and staff members from a variety of organizations. 
Pilot Restoration Projects for Impacted Roadsides

The restoration of impacted roadsides is considered beyond the scope of this report.  However, roadsides that have received nutrient-enriched fill materials should not be expected to recover solely with changes to mowing regimes.  Instead, invasive species (and other species not native to the Pine Barrens) will continue to dominate without remedial efforts.  

Recommendation #12 - Restoration Demonstration Project and Research:  The Pinelands Preservation Alliance and the NJDOT have begun discussions regarding the potential restoration of two areas along State Highway 70 (see Section II).  Successful restoration will require removal of enriched fill materials and replacement with native fill to maintain the existing grade with the roadway.  Decisions regarding seeding with native species should follow the recommendations outlined above based upon erosion control considerations.  

The long-term goal of restoring all areas that have received non-native fill materials should be guided by careful mapping in highest priority areas, careful determination of restoration strategies, and funding opportunities.  Mapping should be guided by knowledge of local naturalists (searching areas previously known to have healthy native plant communities) and careful observation of existing vegetative cover (i.e., non-native species cover will likely indicate areas of non-native fill materials). 

Special Considerations

There are several additional considerations regarding the establishment of management regimes that favor native Pine Barrens roadside communities.  Factors include fire management, site line safety considerations, deer-vehicle collisions, impacts of road salting, and aesthetics / public opinion.

Fire management is considered an important component regarding mowing regimes on roadsides by the New Jersey Forest Fire Service (NJFFS).  The presence of dense stands of tall, native warm season grasses could reduce the effectiveness of roads acting as firebreaks.  High fuel loads of cured grasses may increase fire risk from discarded cigarettes or blown catalytic converters.  Additionally, it is feared that high fuel loads along roadsides may attract arsonists in the brief autumn and traditional spring fire seasons.  The mowing of tall dense stands of grass in autumn (prior to curing - i.e., drying out) is recommended by the NJFFS.  Warm season grasses and fallen oak leaves begin to cure in October-November, but wildfire risk is generally highest from March - May (Horace Somes, personal communication).  Additionally, the presence of dense, tall grasses is not the desired goal for healthy native Pine Barrens roadside plant communities and seed mixes should not contain significant amounts of tall warm season grasses such as Indian Grass and Switch Grass.  Open communication between roadside managers and the NJ Forest Fire Service must be maintained to reduce any potential conflicts between the species composition of roadside vegetation, timing of mowing, and fire risk.

Site line safety considerations must be considered for roadside management regimes that foster native plant communities.  There are many herbaceous plants that will not grow taller than 30 centimeters (ca. 1 foot) and these species must be utilized whenever site lines must be maintained.  As native species are evaluated for roadside seeding, a special ‘site-line’ seed mix should be developed.  
The Deer Vehicle Crash Information Clearinghouse (www.deercrash.com) provides reviews regarding the impacts of roadside vegetation and maintenance regimes on the frequency of collisions (DVCIC 2009a, DVCIC 2009b).  These reviews conclude that there is no current literature suggesting a strong correlation between roadside maintenance regimes or vegetation types and frequency of deer-vehicle collisions.  DVCIC 2009a suggests that road configurations related to reducing driver speeds (e.g., narrow lanes, road curvature, etc.) are more significant in reducing deer-vehicle collisions and also suggests herd reduction as an important tool.  In general, white-tailed deer are considered “edge species” that are likely to forage on herbaceous vegetation found on roadsides (Martin et al. 1951).  These potential foraging areas are necessitated by safety through the creation of clear zones.  This dilemma may be resolved by fostering native Pine Barrens plant communities instead of non-native cool season grasses.  Cool-season grasses become green and begin growing early in the spring and are utilized by deer when other foods (e.g., native warm-season grasses, native wildflowers) are not available.  Many native Pine Barrens species are resistant to deer browse and make less attractive food sources.  Additions of fertilizer or non-native, nutrient-rich fill materials also lead to more lush deer browse, as well as a high number of non-native forbs that may attract deer to roadsides, and these additions should be avoided to potentially minimize deer-vehicle collisions.  Overall, taller herbaceous roadside vegetation is not expected to pose a significant visibility risk leading to increased deer-vehicle collisions because the height of deer exceeds the height of any potential herbaceous vegetation.
The necessary salting of roadways during winter months may alter roadside vegetation, but is not suspected to cause significant harm to native roadside plant communities.  The two common salts, calcium chloride and sodium chloride, both add chloride ions that most plants cannot tolerate in excess.  This can facilitate dominance by weedy/tolerant species such as crabgrass along the immediate paved road edge (i.e., 1-2 feet).  Additionally, calcium addition from road salt may increase soil pH levels along the immediate road edge, which may also facilitate non-native species.  The existence of healthy plant communities in areas where non-native fills are absent suggests that road salting may not pose a significant risk.
Roadside managers that have minimized mowing are occasionally subject to complaints from some members of the general public that perceive non-turf roadsides as a sign of neglect.  Public outreach in the form of road signage and website messages will be required to mitigate public concerns.  Messaging should include concepts of restoring natural ecosystems and reducing taxpayer costs through reduced mowing.  Fear of encountering ticks or chiggers during emergency care pull-offs has also been cited as a public concern.  However, this concern is mitigated by the recommended provision of 8 feet of regularly mowed area within the operational zone.  Reduced deer use from elimination of non-native cool season grasses should also reduce populations of ticks and chiggers (see above).  The benefits of encouraging native plant communities (e.g., reduced maintenance costs, improved biodiversity) should outweigh minor complaints from a limited number of people.  Additionally, the number of citizens unhappy with natural vegetation on roadsides may actually be outweighed by the number that enthusiastically welcomes such views. Appendix F provides sample language utilized by NJDOT to address aesthetic complaints posed by the general public in response to its GEMZ program.  This language has provided an effective communication tool for NJDOT (Scott Oplinger, personal communication).  
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Native asters provide attractive roadside scenery.
Section IV. Invasive Plant Management
Invasive Plants in the Pine Barrens

The uniqueness of Pine Barrens soils has largely protected the region from serious infestations of invasive plants that are rampant in other parts of New Jersey and across much of the world.  Characteristics such as low nutrient content, low soil pH and low water holding capacity, alone or in combination, makes the Pine Barrens inhospitable to most invasive plants.  However, roadside areas that have received or continue to receive inputs such as non-Pine Barrens fill material, lime and/or fertilizer are susceptible to a host of invasive plants (and native plants that are typically found only outside of the Pine Barrens) that do not tolerate harsher growing conditions.  The use of basic or relatively basic construction materials (underlayment, erosion control, drainage structures, etc.) could increase soil pH and shift the competitive balance from native species to invasive species.  In addition to changes in soils, roadsides are subject to infestation through introduction of seeds from intentional nearby plantings of invasive species and unintentional spreading of seeds from mowers and other roadside maintenance equipment.
The most threatening invasive species that are found within the Pine Barrens include Chinese Bushclover (Lespedeza cuneata -- a.k.a. Sericea Lespedeza), African Lovegrass (Eragrostis curvula, a.k.a. weeping lovegrass) and Common Reed (Phragmites australis).  Chinese Silvergrass (Miscanthus sinensis) is an emerging invasive species in the Pine Barrens and should be eradicated immediately upon detection.  A serious invasive pest commonly found outside of the Pine Barrens, Japanese Stiltgrass (Microstegium vimineum), is also beginning to establish emerging populations along edges of wetlands, especially along roadsides and other disturbed habitats.  Occurrences of stiltgrass should also be eradicated immediately upon detection.  Other invasive species that are widespread in New Jersey, but relatively uncommon in the Pine Barrens include Asiatic Bittersweet, Japanese Honeysuckle, Japanese Wisteria, Multiflora Rose and Reed Canary Grass.  These species should also be treated as encountered on roadsides.  Treatment recommendations for all species listed in this paragraph are included as Appendix I.
Other relatively common non-native roadside species include Sheep Sorrel (Rumex acetosella), Mimosa (Albizia julibrissin), Common Yarrow (Achillea millefolium), White Sweet Clover (Melilotus alba), Queen Anne’s Lace (Daucus carota), several Hawkweed species (Hieracium spp.), Cypress Spurge (Euphorbia cyparissias), Spotted Knapweed (Centaurea stoebe) and Canada Thistle (Cirsium vulgare).  In general, this pool of non-native species (and others), thrive along roadsides that have significant and repeated human disturbances and/or compaction from regular vehicular traffic or thrive in areas where non-native fill materials are present.  At present, these species do not appear to pose a significant risk, but many invasive species have a significant lag time before they become truly invasive (i.e., invasive species may be present in low numbers for decades before forming significant infestations across a large area).  
Overview of Invasive Plant Management

The underlying philosophical context for invasive species management is the obligation to counteract negative human impacts on natural systems, which is often referred to as “stewardship”.  The guiding principal of stewardship is fostering health of native plant communities that support our flora and fauna, which is indirectly accomplished through the management of invasive species.  Management of invasive species is generally achieved through targeted control measures that minimize, but do not eradicate, particular invasive species.  Eradication within pre-defined boundaries should only be considered a valid goal when populations are relatively small and the threat of continued spread is significant.  In all cases, invasive species management should aim to stimulate native plant communities to resist infestation and minimize the use of pesticides and any other intervention.  However, human impacts on natural systems are diverse and perpetual, which will necessitate continuing stewardship of natural resources within the context of a human-dominated environment in order to support healthy native plant communities.

There are two general approaches related to invasive species management.  These involve a species-based approach or a site-based approach.  A species-based approach should be employed when an invasive or potentially invasive species can either be eradicated or contained to reduce impacts across the entire Pine Barrens or within smaller specific areas.  This approach is warranted for invasive species that are emerging regionally (e.g., Chinese Silvergrass) and for widespread invasive species with limited distribution in the Pine Barrens (e.g., Japanese Stiltgrass).  

A site-based approach should be employed when conservation targets within a defined area are threatened by invasive species that are widespread throughout the Pine Barrens (e.g., Chinese Bushclover).  This approach involves holistic strategies to promote native plant species assemblages that reduce overall invasive species cover through direct competition for light and soil nutrients.  The ultimate goal is to foster native plant communities that resist future infestations.  

Control Methods
The management of invasive species can be classified into five broad methods referred to as mechanical, chemical, biological, cultural and ecological control (Table 5).  Each control method utilizes multiple techniques and control methods may be used alone or in combination depending upon the resource to be protected and practical constraints (Appendix G - Overview of Invasive Plant Control Methods).  

For Pine Barrens roadsides, the single largest factor facilitating invasive species is the use of non-native, nutrient enriched soils and soil amendments.  The majority of non-native species in the Pine Barrens cannot compete with native species on unaltered soils, but see above for a small number of invasive species that are problematic within the Pine Barrens.

Chemical control is the most commonly utilized method.  It can be used in concert with mechanical control (e.g., cutting plants and applying herbicide to the stump) or alone (e.g., basal bark applications).  However, herbicide use to control invasive species should be judicious to avoid impacts to non-target plants and animals.  In all cases, herbicide use should involve the most benign formulations and application methods that effectively control the invasive species being treated.  Appendix H - Summary of Herbicide Characteristics provides a summary of eleven herbicides that includes target species classes, persistence in the environment, toxicity to humans and wildlife and estimated material cost.  Each herbicide was placed into a recommended use grouping that considers all of the above mentioned factors.
In all cases, the use of herbicides should be restricted or minimized to avoid impacts to non-target species.  Mechanical control should be utilized as the primary control method (especially for newly emerging populations of invasive species) to reduce potential non-target impacts from herbicides.  Methods involve physical removal or cutting of invasive species.  Although mechanical control is more labor intensive than chemical control methods, it is recommended that cooperative efforts of all stakeholders be organized to control most emerging infestations.  This will require an organized pool of volunteers and staff members from a variety of organizations. 
Table 5. Description of Invasive Plant Control Methods
	Control Method
	Description
	Pros
	Cons
	Notes

	Biological
	Introduction of a biocontrol agent (e.g., insect, pathogen) from the invasive species’ native range
	Dramatic reduction in abundance with minimal costs; minimal accessibility issues 
	Limited number of invasive species have agents; potential for unintended consequences if the biocontrol agent ‘switches’ to non-target species
	Requires extensive time and effort to provide effective host-specific agents; Numerous federal regulations provide significantly reduced risk of impacts to non-targets species

	Mechanical
	Physical removal of all or portions of an invasive species
	No requirement for specialized training; can be performed by volunteers
	Very labor intensive; may require specialized equipment; site accessibility issues, impractical for large infestations; re-sprouting or further invasive species dissemination may occur
	Common techniques include mowing, cutting, pulling and girdling

	Chemical
	Application of herbicide to all or portions of a plant
	Most effective and efficient method in most cases; staff can be assisted by volunteers
	Labor intensive; site accessibility issues; requires specialized training/license and equipment; may require repeated applications for more difficult species 
	Common applications include foliar, cut stump, basal bark and injection; Mechanical and chemical controls may be combined for cut stump and hack-and-squirt methods   



	Cultural
	Removal of invasive species through broad land use activities
	Very cost effective
	Does not apply well to forest habitats
	Primarily applies to agricultural or horticultural systems, but may apply to the maintenance of early successional natural systems including grasslands; Techniques include prescribed fire and prescribed grazing

	Ecological
	Allowing natural ecological processes (e.g., competition for light and soil resources, predator-prey relationships, etc.) to reduce invasive species over time
	Very cost effective; utilizes natural processes 
	May not occur in many systems due to persistent or continuing human impacts (e.g., overabundant deer, continual physical disturbance, habitat fragmentation, etc.)
	Primarily applies to forest systems; As an example, very strong anecdotal evidence suggests that overabundant deer facilitate infestations by Japanese stiltgrass and other invasive species in forests


Roadside Invasive Plant Stewardship Recommendations

A primary goal of stewardship activities is the maintenance or enhancement of healthy plant communities that resist future infestation by invasive species.  A comprehensive effort to reduce the impacts of invasive species should include elements of prevention, control and restoration. An outline of recommended activities is provided in Table 6.

Table 6. Summary of Roadside Invasive Plant Stewardship Recommendations

	Stewardship Element
	Stewardship Activity
	Stewardship Goal
	Note

	Prevention
	Follow suggested BMP guidelines (See Section III)
	Promote healthy native Pine Barrens plant communities
	The exclusion of non-native fill material and soil amendments is the most important prevention strategy.

	Prevention
	Regular cleaning of roadside maintenance equipment
	Reduce unintentional spread of invasive species
	This is particularly important when mowing is performed at infested sites

	Control
	Map areas prone to invasive species
	Prioritize mapping activities.
	Assessment of infestation susceptibility by mapping areas suspected of having non-native fill, pH alterations and/or higher human disturbance frequency & intensity.

	Control
	Map roadsides to determine distribution and intensity of infestations
	Formulate a clear operational plan that prioritizes control work based on existing infestations
	This could serve as a proxy for mapping soil additions and alterations mentioned above.

	Control
	Regularly perform Early Detection & Rapid Response to newly forming infestations
	Prevent small infestations from becoming too large to control.
	This is the most efficient and effective control method to prevent the growth of large infestations.

	Control
	Develop treatment control options including the use of herbicides or mechanical treatments 
	Reduce impacts and potential spread of invasive species
	See Appendix I

	Restoration
	Whenever practicable, remove non-native fill material and restore native plant communities
	Reduce site susceptibility to prevent future infestations
	See Section III
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