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The National Wildlife Refuge System, managed by the U.S. Fish and Wildlife Service, is the 

world's premier system of public lands and waters set aside to conserve America's fish, 

wildlife and plants. Since the designation of the first wildlife refuge in 1903, the System has 

grown to encompass more than 150 million acres, 557 national wildlife refuges and other 

units of the Refuge System, plus 37 wetland management districts. 
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Image: Pine-oak woodland along Wildlife Drive.  Photo by Don Freiday 
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1.1 SCOPE AND RATIONALE   

 

This Habitat Management Plan (HMP) for the Edwin B. Forsythe National Wildlife Refuge 

(Refuge) is a dynamic working document providing a decision-making process and guidance for 

managing Refuge habitat. The HMP defines a long-term vision, affording continuity and 

consistency for habitat management on Refuge lands. This HMP will be used in conjunction with 

the approved 2004 Comprehensive Conservation Plan (CCP) (USFWS 2004). The HMP lifespan 

is 15 years (2014-2029). It will be reviewed every five years using adaptive management to 

assess and modify management activities as monitoring and priorities dictate. 

 

This plan documents the following processes: 

1. Identification and prioritization of resources of concern;  

2. Consideration of biological integrity, diversity, and environmental health; 

3. Development of habitat goals, objectives, management strategies and prescriptions; and  

4. Consideration of other factors such as collecting and analyzing available biological 

information, applying sound biological principles to the decision-making process, 

achieving the Refuge’s purpose, and meeting the mission of the National Wildlife Refuge 

System (Refuge System). 

 

The Refuge is managed as part of the Refuge System, whose mission is “to administer a national 

network of lands and waters for the conservation, management, and where appropriate, 

restoration of fish, wildlife, and plant resources and their habitats within the United States (U.S.) 

for the benefit of present and future generations of Americans.”  The Refuge spans almost 50 

miles of the New Jersey coastal estuaries, from the Metedeconk River in Ocean County to Reeds 

Bay in Atlantic County. Over 47,000 acres of coastal beach/dune, salt marsh, freshwater 

wetlands, wetland forest, upland forest, pitch pine barrens, early successional habitats, and 

managed wetland impoundments comprise the Refuge. The Refuge’s approved acquisition 

boundary encompasses 60,082 acres. 

 

During the HMP planning effort it was important to ensure consistency with other conservation 

plans such as threatened and endangered species recovery plans, U.S. Fish and Wildlife Service 

(Service) ecosystem plans, the North American Waterfowl Management Plan, the New Jersey 

Wildlife Action Plan, and others to attain the goals and objectives of those conservation efforts to 

the extent practicable. This plan describes the potential contribution of this Refuge to ecosystem 

and landscape scale wildlife and biodiversity conservation goals. Federal, state, and local 

government agencies, conservation organizations, and individuals provided valuable input to this 

HMP.  

 

1.2 LEGAL MANDATES AND REFUGE PURPOSES 
 

Statutory authority for preparing HMPs is derived from the National Wildlife Refuge System 

Administration Act of 1966 (Refuge Administration Act), as amended by the National Wildlife 

Refuge Improvement Act of 1997 (Refuge Improvement Act), 16 U.S.C. 668dd - 668ee. The 

Refuge Improvement Act paved the way for a renewed vision for the future of the System where: 
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 Wildlife comes first  

 Refuges are anchors for biodiversity and ecosystem-level conservation  

 Lands and waters of the System are biologically healthy  

 Refuge lands reflect national and international leadership in habitat management            

and wildlife conservation  

 

The Refuge was created on May 22, 1984 by combining the former Brigantine and Barnegat 

National Wildlife Refuges (98 Stat. 207). The Refuge was named in memory of the late 

conservationist Congressman from New Jersey, Edwin B. Forsythe, through a Congressional 

Joint Resolution (H.J. Res. 537).  

 

Brigantine National Wildlife Refuge was established on January 24, 1939 by the Migratory Bird 

Conservation Commission, under the authority of the Migratory Bird Conservation Act (16 

U.S.C. section 715d). Congress designated 6,603 acres of the Brigantine National Wildlife 

Refuge as the Brigantine Wilderness (Wilderness Area) on January 3, 1975 (P.L. 93-632) to be 

managed under the Wilderness Act of 1964 (78 Stat. 890; 16 U.S.C. 1121 (note), 1131-1136). 

This designation has far-ranging impacts on the management of these portions of the Refuge. 

The Holgate Unit, Little Beach Island, and Mullica-Motts areas of unaltered beach and salt 

marsh comprise the Wilderness Area (see Appendix B, Map 1). 

 

The Barnegat National Wildlife Refuge was established on June 21, 1967, under the authority of 

the Migratory Bird Conservation Act (16 U.S.C. section 715d).  

 

The Reedy Creek Unit was established in 1991, under authority of the Emergency Wetlands 

Resources Act of 1968 (16USC 3901 (b). 100 Stat.3583). 

 

The Refuge was established for the following purposes:  

 For lands acquired under the Migratory Bird Conservation Act (16 U.S.C. §715-715r), as 

amended, “…for use as an inviolate sanctuary, or for any other management purpose, for 

migratory birds….” (16 U.S.C. §715d) 

 “…the development, advancement, management, conservation, and protection of fish and 

wildlife resources….”(16 U.S.C. §742f(a)(4),  Fish and Wildlife Act of 1956) 

 “…the conservation of the wetlands of the Nation in order to maintain the public benefits 

they provide and to help fulfill international obligations (regarding migratory birds)…” 

(16 U.S.C. §3901(b), 100 Stat. 3583 Emergency Wetlands Resources Act of 1986) 

 “…to secure for the American people of present and future generations the benefits of an 

enduring resource of wilderness.” (78 Stat. 890:16 U.S.C. 1121 (note), 1131-1136, 

Wilderness Act of 1964) 

 

Establishing Purposes for Brigantine National Wildlife Refuge: 

 “…to preserve estuarine habitats important to the Atlantic brant (Branta bernicla hrota) 

and to provide nesting habitats for American black ducks (Anas rubripes) and rails 

(Rallidae).”   
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Establishing Purposes for Barnegat National Wildlife Refuge: 

 “…the basic objective of preserving estuarine feeding and resting habitat for ducks and 

brant.” 

 

1.3 REFUGE VISION 

 

 The current vision for the Refuge is as follows:  

 

Vision – To encourage a positive working environment in which we focus on high priority 
biological, visitor services, and resource protection work that supports our role in protecting and 
enhancing refuge resources while providing safe and educational opportunities to a diverse 
public. While we participate in a variety of projects throughout the year, the majority of each 
employee’s work should support the following priorities:  
 

 Manage federally listed (Endangered or Threatened) species that occur on the refuge – 

 Piping Plover-continue to track bird use of refuge; develop project to better 

understand reasons for current survival rates 

 Swamp Pink-develop strategies to ensure protection of plant on refuge land and 

understand threats; manage against those threats 

 Seabeach Amaranth-work with the State and Conserve Wildlife Foundation to track 

plant, protect as needed 

 Assess and manage impoundment systems to maximize habitat availability for a 

multitude of water-dependent birds and other wildlife- 

 Develop a Structure Decision-making process with the RO regarding long-term 

management of Brigantine system 

 Seek professional guidance about management of Brigantine and Barnegat 

complexes to maximize use by waterbirds 

 Seek opportunities for funding that completes carrying capacity research for brant 

and black ducks 

 Understand and manage salt marsh habitat for priority species– 

 Collect salt marsh integrity data and understand how they relate to long-term 

resilience and persistence of our coastal habitats  

 Identify degraded  areas of refuge marsh and work with partners to  restore them  

 Work with partners on potential research projects that increase resiliency of marsh 

systems. 

 Understand forest habitats on refuge–  

 Complete forest surveys and work with partners to assess forest health and resilience 

 Understand and manage early successional habitat for priority species– 

 Maintain existing shrub and grassland areas 

 Set back habitat succession on over-mature areas 
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 Control invasive plants to that threaten native plant communities  

 Welcome & Orient Visitors – 

 Visitor Information Center – Keep the VIC and grounds well-maintained, staffed and 

projecting a positive image for the refuge and the NWRS 

 Update new website – Ensure information is up-to-date and the site is easy to use 

o Continue to maintain Facebook page as best in Region 5 

o Expand use of Twitter 

 Continue to respond promptly and accurately to public inquiries 

 Improve directional signage on Route 9, Jimmie Leeds Road, and GSP 

 Education and Outreach – Improve information we provide public 

o Continue to enhance environmental education program 

 Finalize lesson plans and train volunteers  

 Develop and print EE lesson brochure 

 Work with Stockton to lead Volunteer Master Naturalist program 

o Focus on Holgate, the Wildlife Drive, and deCamp Trail  

 Develop and install new welcoming and interpretive signage at 

Holgate 

 Revise Holgate Brochure 

 Continue to improve summer interpretive presence at Holgate 

 Update interpretive signage on WL Drive 

 Update self-guiding brochure to WL Drive 

 Develop and install new welcoming and interpretive signage at 

deCamp Trail 

 Make improvements at deCamp Trail 

 Foster partnership with locals to adopt deCamp Trail 

o Develop strategy to outreach to underserved communities focusing on Atlantic 

County area as a model to be used later in other areas of the refuge 

o Celebrate Brigantine 75th and Wilderness Act 50th Anniversary in 2014 

 Wildlife-dependent Recreation –  

o Update Refuge deer hunt plan 

o Develop kayaking information/kayak trail  

 Protect refuge resources and ensure public safety –  

 Establish specific Law Enforcement Priority Zones on the refuge for the purpose of 

focused patrol, outreach/interpretation and maintenance. 

o 7 Priority Areas/Activities 

 Reedy Creek 

1. F-Cove 



DRAFT

  

Edwin B. Forsythe National Wildlife Refuge 
Habitat Management Plan Page 6 

 

2. deCamp Trail 

 Forked River/Lacey Township 

1. Game Farm 

2. Murray Grove 

3. Lakes area/ Power Plant 

 Oxycocus 

 Holgate 

 Headquarters/Wildlife Drive 

 Waterfowl Hunting 

 Deer Hunting 

o Create a plan for each area with specific problems, a list of possible solutions and 

actions to be accomplished. 

 Continue to work with Zone Officer to establish full NJ State jurisdiction to enforce 

State law.  

 Engage in productive partnerships with organizations/individuals that enhance our 

stated vision – 

 Barnegat Bay Partnership 

 Relationships between Refuge and Municipalities 

 Researchers 

 Encourage development of refuge staff and work together to ensure good 

communication and teamwork – 

 Support leadership training for all interested staff 

 Ensure all Individual Development Plans are completed and that they are used as an 

opportunity for supervisors and staff to develop learning opportunities 

 Develop and implement a pulse check for staff to provide feedback to station 

managers every few years 

 

 

1.4 RELATIONSHIP TO OTHER PLANS 

 

Regional and National Plans 

 

To ensure consistency with other plans, Refuge staff reviewed and considered the plans listed 

below to identify resources of concern, prioritize habitats and species, and evaluate the Refuge at 

a landscape level. Refuge staff will continue to work with state and regional partners in the 

conservation of trust resources by implementing the following plans and programs to the extent 

possible: 
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The Landscape Project, New Jersey Division of Fish and Wildlife (2012) 

 

Beginning in 1994, the New Jersey Division of Fish and Wildlife began a landscape-level 

approach to protect New Jersey’s biological diversity by maintaining and enhancing rare wildlife 

populations. (New Jersey Department of Environmental Protection. 2003). The plan identified 

and mapped areas of critical habitat for state and federally-listed threatened or endangered 

species using an extensive database that combines rare species location information with land 

cover data. Critical areas are ranked and prioritized.  

 

New Jersey Wildlife Action Plan (revised 2008) 

 

Congress established a “State Wildlife Grants” program to provide funds to state wildlife 

agencies for the conservation of fish and wildlife and their habitats in 2001. Each state was 

charged with developing a Comprehensive Wildlife Conservation Plan or Strategy by October 

2005. State fish and wildlife agencies evaluated species and habitats in the greatest need of 

conservation while also considering the needs of all native wildlife. 

 

The New Jersey Wildlife Action Plan was completed in 2008 and provides a statewide 

perspective, including all of New Jersey’s wildlife diversity and habitats, in a comprehensive 

approach to long-term wildlife and habitat conservation in New Jersey. The plan identifies 

Species of Conservation Concern that represent the full array of wildlife species in New Jersey.   

 

U.S. Fish and Wildlife Service Recovery Plans 

 

Current Refuge management is guided by three Federal Endangered Species Act Recovery Plans:  

 Atlantic Coast Piping Plover (Chadradius melodus) Recovery Plan (USFWS 1995) 

 Recovery Plan for Seabeach Amaranth (Amaranthus pumilus) (USFWS 1996) 

 Northeastern Beach Tiger Beetle (Cincindela dorsalis dorsalis) Recovery Plan (USFWS 

1994)  

 Swamp Pink (Helonias bullata) Recovery Plan (USFWS 1991) 

 

The Northeastern Beach Tiger Beetle is considered extirpated in New Jersey; however, annual 

surveys are conducted. 

 

Regional Wetlands Concept Plan – Emergency Wetlands Resources Act (USFWS 1990) 

 

In 1986, Congress enacted the Emergency Wetlands Resources Act to promote the conservation 

of our Nation's wetlands. The Act directs the Department of the Interior to develop a National 

Wetlands Priority Conservation Plan identifying the location and types of wetlands that should 

receive priority attention for acquisition by federal and state agencies. In 1990, the Northeast 

Region completed a Regional Wetlands Concept Plan to provide specific information about 

wetlands resources in the Northeast. The plan identifies nearly 850 wetland sites that warrant 

consideration for acquisition to conserve wetland values including three sites within the Refuge:  

Brigantine/Barnegat Wetlands, Manahawkin Lake, and Reedy Creek. 
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U.S. Fish and Wildlife Service North Atlantic Landscape Conservation Cooperative (LCC)  

 

The Service’s North Atlantic LCC is a self-directed science and conservation planning 

partnership of federal agencies, states, tribes, universities, non-governmental organizations, and 

other conservation partnerships, such as fish habitat partnerships and migratory bird joint 

ventures. The North Atlantic LCC is a forum for developing common goals, coordinating 

conservation efforts and jointly developing the science and tools required by resource managers. 

In the face of ever increasing threats, LCCs help ensure that the right science is in the right 

places to support the most effective conservation of America's resources. The geographic area 

covered by the North Atlantic LCC extends from southeastern Virginia north along the mid-

Atlantic coast through New England to Nova Scotia and the Gaspe Peninsula of Quebec (see 

Appendix B, Map 2). The boundaries for this LCC include the entire Refuge. The LCC has 

identified representative species and habitats using existing information. 

 

One of the major goals of this effort is to identify a list of representative species for designing 

conservation and management strategies that will most effectively sustain fish and wildlife 

populations at desired levels in the face of land use change, climate change, and other stressors 

occurring within the North Atlantic LCC.  

 

Conserving the Future: Wildlife Refuges and the Next Generation (USFWS 2011a) 
 

Service staff began charting the course for the System’s next decade in 2010. Using the System’s 

last strategic plan, Fulfilling the Promise, they updated the vision for the future of America’s 

national wildlife refuges (USFWS 1999a). Much has changed since 1999, when Fulfilling the 

Promise was published. America has less undeveloped land, more invasive species and impacts 

from a changing climate. The actions in this HMP reflect the vision and direction for the Service 

in the future. 

 

U.S. Fish and Wildlife Service Migratory Bird Program Strategic Plan (2004) 
   

The 10-year (2004-2014) strategic plan outlines goals and strategies to sustain and restore bird 

migrations and natural systems (USFWS 2004a). Key themes for this plan are as follows: 

 monitoring and management actions for migratory birds based on sound science 

 learning how  priority birds respond to anthropogenic threats and habitat restoration 

 supporting migratory birds and habitats through partnerships 

 

The Refuge can contribute to the goals and strategies of the Migratory Bird Program Strategic 

Plan by supporting research studies on the Refuge with partners, conducting biological 

monitoring that contributes to region-wide population or habitat assessments, and managing 

Refuge habitats and conducting activities to protect and enhance migratory birds habitats and 

populations. 
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U.S. Fish and Wildlife Service Birds of Conservation Concern (BCC) (2008) 

 

The BCC identifies nongame migratory birds that, without strong conservation action, are likely 

to become candidates for listing under the federal Endangered Species Act (USFWS 2008). BCC 

status was used in prioritizing species in the HMP. The Refuge can contribute to the goals and 

strategies of the BCC report by supporting research studies on the Refuge with partners, 

conducting biological monitoring that contributes to region-wide population or habitat 

assessments, and managing Refuge habitats and conducting activities to protect and enhance 

BCC habitats and populations. 

 

North American Waterfowl Management Plan (NAWMP) (revised 2012) 

 

The NAWMP specifies population goals and habitat conservation strategies needed to restore 

and sustain waterfowl in partnership with Canada and Mexico. The first NAWMP established 

“joint venture” partnerships across the country (USFWS 1986) involving federal, state and 

provincial governments; tribal nations; local businesses; conservation organizations; and 

individual citizens focused on protecting habitat and species. NAWMP is updated periodically 

with input from the waterfowl conservation community. The latest revision was made in 2012. 

The 2012 NAWMP Revision represents a new call to action for the waterfowl conservation 

community. The integrated vision – ‘People conserving waterfowl and wetlands’ – outlines the 

need to manage adaptively with clear goals and integrated measurable objectives for populations, 

habitat and people.  To achieve this integrated vision, three goals are identified in the 2012 

NAWMP Revision: Goal 1: Abundant and resilient waterfowl populations to support hunting and 

other uses without imperiling habitat; Goal 2: Wetlands and related habitats sufficient to sustain 

waterfowl populations at desired level while providing places to recreate and ecological services 

that benefit society; and Goal 3: Growing numbers of waterfowl hunters, other conservationists, 

and citizens who enjoy and support waterfowl and wetlands conservation.  

 

Migratory Bird Joint Ventures 

 

The most recent Atlantic Coast Joint Venture (ACJV) Waterfowl Implementation Plan (ACJV 

2005) identifies focus areas, i.e., habitat complexes that are priorities for waterfowl conservation. 

Portions of the Refuge fall within the Brigantine-Barnegat Wetlands focus area (23,400 acres), 

one of seven in the state. The Arctic Goose Joint Venture coordinates monitoring of and research 

on Atlantic population Canada geese (Branta canadensis), brant (Branta bernicla), and greater 

snow geese (Chen caerulescens). The Refuge attracts significant numbers of these species in 

winter. Additionally, saltmarsh habitats along the mid-upper Atlantic Coast have been identified 

by the Black Duck Joint Venture (BDJV) as critical habitat for wintering American black ducks 

(Anas rubripes). Both JVs have identified quantification of winter habitat carrying capacity as 

priority needs for conservation planning and habitat development. The Refuge has participated in 

several studies funded in part by these JVs to estimate the winter habitat carrying capacity of 

Refuge habitats for brant and black ducks.  
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North American Bird Conservation Initiative (NABCI) 

  

NABCI ensures the long-term health of North America's native bird populations by integrating 

bird conservation efforts based on sound science and cost-effective management, benefiting all 

birds in all habitats. NABCI participants coordinate efforts such as monitoring, private lands 

issues, policy and legislative issues, international collaboration, conservation design, and federal 

and state agency support for bird conservation. Refuge conservation actions often contribute to 

the goals of multiple ABCI partners and plans.  

 

Partners-in-Flight (PIF) Bird Conservation Plan for the Mid-Atlantic Coastal Plain 

(Physiographic Area 44) 

  

PIF is a partnership of government agencies, private organizations, academic researchers, and 

private industry throughout North America focused on coordinating voluntary bird conservation 

efforts to benefit species at risk and their habitats. The Refuge is located within the Coastal Plain 

physiographic province area 44 (PIF 1999). Many of the PIF priority species are also priority 

species of Bird Conservation Region (BCR) 30 and Species of Conservation Concern within the 

New Jersey Wildlife Action Plan. These priorities guide management on a regional scale and are 

incorporated in the HMP. 

 

Mid-Atlantic Coast Bird Conservation Region (BCR 30) Implementation Plan (2008) 

 

The Implementation Plan for BCR 30 (Steinkamp 2008) combines regional plans, assessments, 

and research completed over the past two decades to develop continental-based bird conservation 

efforts. The Refuge is located within the New England/Mid-Atlantic Region BCR 30 and many 

of the BCR 30 priority species are also priority species in PIF 44 and Species of Conservation 

Concern within the New Jersey Wildlife Action Plan. 

 

U.S. Shorebird Conservation Plan (2001, 2
nd

 Edition) and North Atlantic Regional 

Shorebird Plan (2000) 

 

Concerns about shorebirds led to the creation of the U.S. Shorebird Conservation Plan (Brown et 

al. 2001). Developed as a partnership with individuals and organizations throughout the U.S., the 

plan presents conservation goals for each U.S. region, identifies important habitat conservation 

and research needs, and proposes education and outreach programs to increase public awareness 

of shorebirds and threats to them. 

 

In the Northeast, the North Atlantic Regional Shorebird Plan (USFWS 2004b) was drafted to 

step-down the goals of the continental plan to smaller scales to identify priority species, species 

goals, and habitats, and prioritize implementation projects, which provides guidance for the 

HMP. 
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North American Waterbird Conservation Plan (2002) and Mid-Atlantic/New 

England/Maritimes (MANEM) Waterbird Conservation Plan (2008) 

 

The North American Waterbird Conservation Plan (Kushlan et al. 2002) provides a framework 

for conserving and managing colonial nesting water-dependent birds by facilitating continent-

wide planning and monitoring, coordination, and local habitat protection and management.  

Sixteen waterbird planning regions were identified to allow for planning at a scale that is 

practical yet provides a landscape-level perspective. The Refuge falls within the MANEM 

region. To facilitate waterbird conservation, a partnership of organizations and individuals 

drafted a regional waterbird conservation plan for 2006-2010. 

 

Atlantic Flyway Resident Population Canada Goose Management Plan (2011) 

 

The goal of the Atlantic Flyway Resident Population Canada Goose Management Plan (Atlantic 

Flyway Council 2011) is to manage resident Canada geese to achieve a socially acceptable 

balance between the positive values and negative conflicts associated with these birds. The plan 

describes the status and value of Atlantic Flyway resident Canada geese, summarizes the 

management consensus of wildlife agencies, and provides direction and objectives for 

cooperative efforts. Specific management objectives include reducing resident Canada geese to 

700,000 birds (spring estimate) by 2020, distributed in accordance with levels prescribed by 

individual states and provinces. In New Jersey, the goal is 41,000 resident geese - the current 

population is 87,000. 

 

Management Plan for Greater Snow Geese in the Atlantic Flyway (2009) 

 

This plan seeks to sustain the greater snow goose populations at a level that maximizes a balance 

between benefits to society and habitat integrity (Atlantic Flyway Council 2009). It sets a 

population objective for greater snow geese of 500,000 to 750,000 to optimize the balance 

between a healthy population that can easily recover from catastrophic events and one that does 

not negatively impact its natural habitats and associated biodiversity. The population objective is 

to minimize habitat and crop damage on staging and wintering areas, and maximize other 

human-related benefits such as recreational hunting opportunity and wildlife viewing. 

 

Atlantic Flyway Mute Swan Management Plan (2003-2013) 

 

The Atlantic Flyway Mute Swan Management Plan (Atlantic Flyway Council 2003) was 

developed to reduce mute swan (Cygnus olor) populations in the Atlantic Flyway to levels that 

will minimize negative ecological impacts to wetland habitats and native migratory waterfowl 

and to prevent further range expansion into unoccupied areas. Specific management objectives 

include increasing public awareness of mute swans, their status as an introduced and invasive 

species, and their impacts on native wetland ecosystems and other species of wildlife. Other 

objectives include reducing the population of mute swans to less than 3,000 birds by 2013 as 

measured by the Atlantic Flyway Mid-summer Mute Swan Survey by preventing mute swans 

from further expanding their range or establishing new breeding populations; developing and 

implementing guidelines and regulations for keeping captive mute swans; monitoring changes in 

mute swan numbers and distributions to evaluate the effectiveness of management actions; and 
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developing research programs to assess what effects these changes have on wetland habitats and 

other wildlife. 

 

National Audubon Society Important Bird Areas (IBA) Program 

 

The IBA Program is an international bird conservation initiative that aims to identify and 

conserve the most important habitats for birds. IBAs link global and continental bird 

conservation priorities to local sites that provide critical habitat for native bird populations. The 

program is overseen by a Technical Review Committee representing state and federal agencies, 

academic ornithologists, the birding community, and regional biologists. The Refuge is 

recognized as an Important Bird Area.  

 

North American Monarch Conservation Plan (2008) 

 

This international plan encompassing Canada, the U.S., and Mexico outlines threats and 

conservation actions for monarch butterfly (Danaus plexippus) breeding, flyway, and wintering 

areas (CEC 2008).  

 

National - State Agency Herpetological Conservation Report (NHCR) (Draft 2004) 

 

The NHCR is a summary report sponsored by Partners in Amphibian and Reptile Conservation 

(PARC 2004). Partners in Amphibian and Reptile Conservation were created in response to the 

increasing national declines in amphibian and reptile populations. The NHCR provides a general 

overview of each state wildlife agency’s support for reptile and amphibian conservation and 

research, and includes lists of the amphibian and reptile species of concern for each state. The 

latest draft NHCR plan was used in developing Appendix C. 

 

Trust for Public Land Century Plan (1995) 

 

The Trust for Public Land is a national nonprofit conservation organization dedicated to 

preserving land of recreational, ecological, and cultural value for public enjoyment. Its primary 

mission is to protect open space for public benefit. The Trust's Barnegat Bay Initiative is a 

long-term protection strategy involving land acquisition, public education, and scientific research 

on the region’s remaining outstanding natural resources. Its goal is to collaborate with other 

non-profit and civic groups as well as local, state, and federal government agencies to establish a 

powerful and united coalition working to preserve the Barnegat Bay watershed. Barnegat Bay is 

within the National Estuary Program. 

 

The Century Plan (Trust for Public Lands 1995) is a guide for future action to preserve the 

Barnegat Bay watershed in Ocean County, New Jersey and heighten public awareness about the 

Bay's landscape and ecological importance. It lists 100 unique conservation and public access 

sites of long-term importance to protecting Barnegat Bay as an ecosystem and a treasured public 

resource. Of these 100 sites, about half are partially or totally within the approved acquisition 

boundary of the Refuge. 
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Governor’s Action Plan for Barnegat Bay (2010) 
 

In December 2010, NJ Governor Chris Christie established a comprehensive plan to address the 

health of Barnegat Bay. Areas of the plan in which the Refuge may contribute include acquiring 

land in the watershed, educating the public, producing more comprehensive research, and 

reducing water craft impacts, where appropriate (New Jersey Department of Environmental 

Protection, 2010). 

 

Barnegat Bay Partnership Strategic Plan (BBP) (2012) 
 

Refuge staff are active members in the BBP and helped develop the 2012 Strategic Plan. Some 

Refuge actions in this HMP are directly related to priorities of the BBP, particularly projects 

related to land acquisition, education, and habitat protection. 

 

Refuge Plans 
 

Comprehensive Conservation Plan (June 2004) 

 

The 1997 Refuge Improvement Act requires completion of a CCP for all Refuges by 2012. The 

2004 CCP for E. B. Forsythe NWR (USFWS 2004) guides all biological and public use actions 

on the Refuge for a 15-year period. Habitat goals and objectives developed in this HMP are 

based on Refuge goals in the CCP, but also consider more recent developments, such as 

emerging climate change information and Hurricane Sandy impacts. 

 

Refuge Annual Performance Plan 

 

Each refuge prepares a Refuge Annual Performance Plan that includes a review of the habitat 

management activities from the previous year, an evaluation of monitoring programs, and 

recommendations for habitat management strategies and prescriptions for the coming year. The 

work plan documents specific habitat and wildlife management strategies for a specific work 

year. Adaptive management practices are incorporated by evaluating success of specific 

management strategies and prescriptions on an annual basis.  

 

Annual Habitat Work Plans  

 

Annual Habitat Work Plans (AHWP) review habitat management activities from the previous 

year, evaluate monitoring programs, and make recommendations for habitat management 

strategies and prescriptions for the coming year. The AHWP incorporates adaptive management 

practices by evaluating success of management programs on an annual basis.  

 

Step-down Plans 

 

A number of other plans specific to Refuge programs have provided guidance either in their draft 

or final format, including but not limited to: 

 Habitat and Species Inventory and Monitoring Plans 
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 Hunt Plans 

 Predator Management Plans 

 Wildlife Disease Surveillance and Contingency Plan 

 Fire Management and Prescribed Burning Plans 

 Public Use Plan 

 Law Enforcement Plan 

 Energy Management Plan 

 Safety Plans 

 

Partnerships 

 

Threats to America’s land, water, fish, wildlife, or cultural resources are greater than any single 

agency or program can handle. Threats such as land use change, water scarcity, and the changing 

climate not only affect a single species or an isolated place, but affect multiple species and 

resources across an entire landscape. The Refuge has worked with federal, state, county and local 

governmental agencies as well as universities and private conservation organizations to 

understand and manage the habitats on the Refuge. In recent years the Refuge has partnered with 

the University of Delaware and the NJ Division of Fish and Wildlife to study the demographics, 

distribution and density of saltmarsh sparrows, as well as other tidal marsh obligate breeding 

birds. The Refuge has also partnered with the University of Delaware, University of Rhode 

Island, NJ Division of Fish and Wildlife, BDJV and ACJV to study the winter food supply and 

demand of black ducks and brant. The Refuge partners with the NJ Division of Fish and 

Wildlife, FWS Office of Migratory Bird Management and private conservation organizations, 

such as NJ Audubon Society and the Manomet Bird Observatory, to conduct a number of bird 

surveys that inform habitat management.  

 

The North Atlantic LCC is a forum for science and conservation planning of federal agencies, 

states, tribes, universities, non-governmental organizations, and other conservation partnerships 

such as fish habitat partnerships and migratory bird joint ventures. A list of representative 

species driven by the LCC process has been created and forms the basis for conservation efforts. 

 

The Refuge will continue to work together with federal, state, county, and local partners in the 

conservation of natural resources through the development and implementation of plans, 

programs, research, and management.  
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CHAPTER 2:  BACKGROUND 

 

 

Image: Salt marsh with Atlantic City in background.  Photo by Don Freiday 
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2.1 LOCATION AND DESCRIPTION 

The Refuge extends almost 50 miles along coastal southern New Jersey in Atlantic, Burlington, 

and Ocean Counties (see Appendix B, Map 3). The refuge is surrounded by other state, federal, 

and private conservation lands. It lies almost entirely east of the Garden State Parkway from 

Brick Township, Ocean County in the north to Galloway Township, Atlantic County in the 

south. Refuge headquarters is in Oceanville, 10 miles north of Atlantic City. The Philadelphia 

Metropolitan area lies 50 miles west. New York City is 40 miles north of the northern boundary 

of the Refuge. The Refuge covers over 47,000 acres with an approved acquisition boundary of 

60,082 acres.  

A portion of the Refuge lies within the Pinelands National Reserve (PNR), which encompasses 

approximately 1.1 million acres and covers portions of seven counties and 56 municipalities in 

New Jersey. The PNR was created by Congress under the National Parks and Recreation Act of 

1978. The New Jersey Pinelands Commission administers the Pineland Comprehensive 

Management Plan that promotes orderly development of the Pinelands to preserve and protect 

their significant and unique natural, ecological, agricultural, archaeological, historical, scenic, 

cultural and recreational resources. It was designated a U.S. Biosphere Reserve by the United 

Nations and is recognized as an International Biosphere Reserve.  

The Refuge’s location in the Atlantic Flyway makes it an important link to other protected areas. 

The Refuge is located within the Mid-Atlantic Coast BCR 30, the PIF Physiographic Area 44, 

and the North Atlantic LCC. Its value for the protection of wildlife and their habitat continues to 

increase as New Jersey’s development increases.  

 

2.2 CLIMATE, CLIMATE CHANGE, AND SEA LEVEL RISE 

Climate 

The Refuge is within the New Jersey coastal weather zone (Sandy Hook, Long Branch, Atlantic 

City, and Cape May weather stations). The ocean moderates the continental climate. Average 

monthly temperatures are 35°F in January, the coldest month of the year; and 75°F in July, the 

hottest month of the year. The growing season (average temperature of 43°F or more) for the 

Refuge is 255 days. Average annual precipitation is 42.6 inches, distributed fairly evenly 

throughout the year with slightly more in July and August, and less in February (USFWS 2004). 

Climate Change and Sea Level Rise 

According to Smerline et al. (2005) global climate change has already had an observable impact 

in the Northeastern U.S. The Intergovernmental Panel on Climate Change (IPCC) documented a 

worldwide sea level rise of 4.8 to 8.8 inches during the last century (IPCC 2007). The historic 

trend for sea level rise at the Refuge as measured at the Atlantic City tide gauge is 0.157 inches 

per year; about twice the global average for the last 100 years.  

According to a 2009 review by researchers at the Geophysical Fluid Dynamics Laboratory in 

Princeton, New Jersey, state-of-the-art climate models predict that the sea level off New York 

City will rise about 8 inches more than the global average this century. A new U.S. Geological 

Survey study suggests that sea level in the northeastern United States is already rising faster than 
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the global average. Global and regional rates of sea level rise are expected to accelerate further 

as ice sheets and glaciers melt and warmer oceans expand. The Intergovernmental Panel on 

Climate Change’s 2007 projections of between 8 and 24 inches of global sea level rise this 

century, are widely viewed by scientists as likely underestimates, with some researchers 

projecting more than a 4-foot rise.  

 

A recent analysis by the Princeton-based nonprofit Climate Central found that 140,000 people in 

New Jersey live within 3 feet of the high-tide line. When the 4-foot storm surge associated with a 

once-in-50-years storm is taken into account, a 3-foot sea level rise would place the homes of 

400,000 New Jersey citizens at risk (Climate Central 2012).  Hurricane Sandy made landfall on 

the coast of New Jersey on October 29, 2012. The storm surge and flooding affected a large 

swath of the state.  Over two million households in the state lost power, 346,000 homes were 

damaged or destroyed, and 37 people were killed.  

 

Tidal marshes are among the most susceptible ecosystems to climate change, particularly 

accelerated sea level rise (Clough and Larsen 2008). The IPCC Special Report on Emissions 

Scenarios, cited in Clough and Larsen (2008), suggested that global sea levels will increase by 

11.8 to 39.4 inches by 2100. Rahmstorf (2007) suggests that this range may be too conservative 

and that the feasible range by 2100 could be 19.7 to 55.1 inches. Pfeiffer et al. (2008) calculated 

that a 78.7 inch rise in sea level by 2100 is at the upper end of plausible scenarios due to physical 

limitations on glaciological conditions. Rising sea level may result in tidal marsh submergence 

(Moorhead and Brinson 1995) and habitat migration as salt marshes transgress landward and 

replace tidal freshwater and irregularly flooded marsh (Park et al. 1991). Additionally, during 

strong east winds, salt water droplets might be carried further inland, damaging salt-intolerant 

plants. 

To assess the potential effects of sea level rise on refuges, the Service used the Sea-level 

Affecting Marshes Model (SLAMM) (Clough and Larsen 2008) for most Region 5 refuges. 

Under most scenarios of this model, the Refuge will be greatly impacted by sea level rise. The 

loss of irregularly flooded marsh, which constitutes roughly half of the Refuge, is predicted to be 

severe, particularly in the northern portion of the Refuge, which has the smallest tidal range. 

SLAMM predicts that the Refuge will be seriously threatened by all sea level rise scenarios, and 

even in the most conservative (15.3 inches) scenario half of the irregularly flooded marsh is lost 

by 2100. The southern half of the Refuge is not impacted as much, but is still predicted to have 

significant loss of marshes.  

2.3 PHYSICAL FEATURES 

Air Quality 

New Jersey is the most densely populated state in the country and has the highest density of 

roads and traffic impacting air quality (USFWS 2004). The greatest adverse impact seems to be 

elevated levels of low-altitude ozone. Ozone levels exceed Environmental Protection Agency 

thresholds set for the state. Investigations at the Refuge indicate that the low-altitude ozone 

levels are high with resulting damage to vegetation (Davis 1995). The Interagency Monitoring of 

Protected Visual Habitats began in 1992 on the Refuge. The National Atmospheric Deposition 

Program began in 1998 and the New Jersey Department of Environmental Protection monitoring 

http://en.wikipedia.org/wiki/New_Jersey
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began in 2007. Ozone, sulfur dioxide, fine particulates, light attenuation, visibility and mercury 

are monitored. 

The Wilderness Area is a Class I Air Quality Area. This is the highest level of protection, giving 

it special protection under the Clean Air Act. Congress charged the Service with the 

responsibility of protecting air quality and air quality-related values, including vegetation, 

wildlife, soils, water quality, visibility, odors, and cultural and archaeological resources of the 

area from manmade pollution (USFWS 2004). 

Despite this protection, air pollution is impacting the Wilderness Area (USFWS 2004). The area 

lies in a highly industrialized air shed with air pollution coming from many sources, including 

industry, automobiles, and power plants. Surveys conducted from 1993 to 1996 indicated that 

certain plant species exhibited typical symptoms of ozone injury (e.g., stippling and chlorosis, 

the yellowing of leaf tissue due to a lack of chlorophyll) (USFWS 2004). Higher CO2 levels 

might result in lower pH acid rain or fog.  

In addition to these documented effects, there is concern that other effects may be occurring. 

Rainfall throughout the area is acidic; rainfall pH at sampling locations in New Jersey is often 

less than 5.0 (USFWS 2004). As is the case in most of the eastern U.S., visibility in the 

Wilderness Area is affected by pollution-caused haze. Also, inshore waters of the Wilderness 

Area may be at risk from atmospheric nitrogen pollution. Research along the Atlantic Coast has 

demonstrated that atmospheric nitrogen (primarily from power plant and automobile emissions) 

contributes to nutrient level increases of inshore waters, with subsequent algae blooms, loss of 

sea grass beds, and deterioration of fish and wildlife habitat (USFWS 2004). 

Soils  

The Refuge is in the outer coastal plain, which consists of sedimentary deposits dating from the 

tertiary period. Refuge elevations range from sea level to 50 feet above mean sea level. 

Topography is nearly level to gently sloping. Uplands slope gradually to a wide band of salt 

marsh and shallow bays. These bays are separated from the ocean by barrier islands or spits.  

The major soil series in the Refuge are Sulfaquents-Sulfihemists, Manahawkin-Atsion-

Berryland, Tidal Marsh-Coastal Beach and Downer-Hammonton-Sassafras association (USFWS 

2004). Soils survey data and maps are available from the U.S. Department of Agriculture 

(USDA) Natural Resources Conservation Service (NRCS) website 

http://soildatamart.nrcs.usda.gov/manuscripts/NJ001/0/atlantic.pdf. Pleistocene and Recent Age 

deposits overlay the Kirkwood-Cohansey formations and contain sand, gravel, silt, peat, and 

organic muck. The effect of sea level rise on soils adjacent to salt marshes has yet to be 

determined. 

Hydrology 

Kirkwood-Cohansey is the major aquifer underlying the Refuge. The Kirkwood Formation is 

chiefly sand, silt, and clay. The Cohansey Sand is chiefly unconsolidated quartz sand with some 

gravel and many clay beds. This aquifer system provides most of the domestic water to the area. 

Several aquifers underlie the Kirkwood-Cohansey system and are tapped to a lesser extent for 

public and domestic supply.  

http://soildatamart.nrcs.usda.gov/manuscripts/NJ001/0/atlantic.pdf
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The Refuge contains both tidal and non-tidal surface waters. Non-tidal waters include marshes, 

bogs, fens, ponds, creeks, artificial impoundments, and seasonally flooded forests. Tidal waters 

include salt and fresh marshes, ponds, creeks, ditches, tidally restored impoundments, coves, 

bays, rivers, and inlets. Numerous creeks flow through salt marshes connecting estuarine waters 

with uplands. Higher sea levels will increase marine transgression, causing salt water to intrude 

into freshwater areas and aquifers. Upstream development along streams and creeks continues to 

degrade Refuge hydrology and habitat quality. Much of the development is comprised of single 

family homes, but recently a large shopping mall development was constructed upstream of a 

site containing endangered swamp pink. Increases in nutrients, oils, road salts and tars, sediment, 

garbage and higher coliform counts often occur after development. 

The tide cycle on the Refuge includes two high and two low tides each day. The rotation of the 

earth, gravitational pull, relative alignment of the moon, and sun cause tide times and heights to 

vary in a monthly cycle. The greatest inundation occurs during new and full moons, however 

tides are also effected by wind speed and direction as well as barometric pressure. These 

variations in tide as well as slight elevation differences in marshes result in some areas being 

flooded more or less frequently. Coastal geomorphology also affects tidal height and duration. 

The flooding regime is the primary determinant of the type of plant community found on a 

particular area of salt marsh.  

Environmental Contaminants 

The Service collected sediments, mummichogs, and fiddler crabs to determine baseline 

contamination in and adjacent to the Refuge in 1996. Sediments were collected at 25 locations; 

mummichogs and fiddler crabs from 10 of the 25 locations. Samples were analyzed for trace 

metals, organochlorine pesticides, polychlorinated biphenyls (PCBs), and butyltin compounds 

(USFWS 1998).  

The Service analyzed the samples for 19 trace metals: aluminum, arsenic, barium, beryllium, 

boron, cadmium, chromium, copper, iron, lead, magnesium, manganese, mercury, molybdenum, 

nickel, selenium, strontium, vanadium, and zinc. All of these trace metals were detected in the 

sediment samples. None of the sediment samples contained metal concentrations exceeding 

severe toxic effects guidelines for sediment (USFWS 2004). Many sediment trace metal 

concentrations exceeded lower toxic effects guidelines, but these concentrations were not notably 

greater than background levels within New Jersey. Fiddler crabs contained higher mean metal 

concentrations than mummichogs for all detected metals except zinc.  

There was no strong relationship between the sediment concentrations of metals and those in 

crabs. Inorganic contaminant concentrations in Refuge biota were not notably greater than 

reference levels and were less than levels measured in areas known to be polluted. The whole 

body concentrations of inorganic contaminants in both fish and crabs were not sufficient to cause 

acute or sublethal effects to piscivorous birds and predatory fish. 

Several organic contaminants, dichlorodiphenyl-dichloroethane (DDD), dichlorodiphenyl-

dichloroethylene (DDE), total PCBs, and PCB 77, were detected in measurable quantities in all 

sediment samples. Levels of several organic contaminants, particularly the metabolites of 

dichlorodiphenyltrichloroethane (DDT), DDD and DDE, were greater than available reference 
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concentrations from other areas within southern New Jersey. Some of the highest sediment 

concentrations of these organic contaminants were detected at sampling stations located just 

downstream of inactive cranberry farms. One farm yielded a DDD concentration of significant 

ecotoxicological concern. A few other sampling stations also contained levels of DDE and total 

chlordane that exceeded severe toxic effect sediment guidelines. 

Detectable levels of p, p1-DDD, p, p1-DDE, dieldrin, heptachlor epoxide, oxychlordane, and 

total PCBs were found in all crab and fish samples analyzed. Unlike the inorganic contaminant 

result, crabs did not contain higher organic contaminant levels than fish. Organic contaminant 

concentrations in Refuge biota were not notably greater than reference levels and were less than 

levels measured in areas known to be polluted. Body burdens of organic contaminants in 

mummichogs did not indicate that these fish should be suffering physiological impairment. The 

whole body concentrations of organic contaminants in both fish and crabs were not sufficient to 

cause acute or sublethal effects to piscivorous birds and predatory fish.  

The New Jersey Field Office (NJFO) recently investigated sediment organochlorine pesticide 

contamination in several local abandoned cranberry bogs under Service ownership in Ocean 

County, New Jersey (USFWS 2005, USFWS in prep). All bogs sampled in those investigations 

had elevated sediment levels of total-DDT (sum of all six DDD, DDE, and DDT isomers) 

ranging from 0.7 to 25.5 ug/g (dry weight). The DDT isomer composition in bog sediments was 

unusually dominated by DDD rather than DDE, and the concentrations of the various DDT 

isomers frequently exceeded levels correlated with severe adverse effects to benthic 

macroinvertebrates. It is recommended that these bogs are prioritized for sediment contaminant 

characterization to support informed decision making and management options and that habitat 

management options should include allowing the bogs to revert to stands of Atlantic white cedar.  

Preliminary data collected by NJFO during summer 2011 from bats and several passerine species 

near Refuge headquarters and along Absecon Creek, which is approximately 8 km southwest of 

the Refuge Headquarters, indicates substantial exposure and bioaccumulation of mercury at 

levels that may be correlated with adverse biological effects. There are several potential sources 

of mercury identified that require further evaluation - global distillation of mercury as a potential 

source has not been ruled out.   

Contaminant levels in the majority of sediment and biota from the Refuge were found to be low 

and of little concern with regard to the potential for adverse effects on resident biota or their 

predators. Exceptions were limited to seven sampling stations where the concentrations of DDD, 

DDE, or total chlordane exceeded severe toxic effects sediment guidelines. Two of these stations 

were located at the surface water outfalls of the inactive Oxycoccus and Commerce cranberry 

farms. Unfortunately, biota was not collected from these two stations. It is reasonable to suspect 

even greater concentrations of organic contaminants exist inside the abandoned cranberry farms 

themselves. Inactive cranberry farms that used DDT in the past may be a serious threat to federal 

trust resources (USFWS 2004).  
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2.4 HISTORICAL PERSPECTIVE 

Pre-European Settlement 

Human occupation of the New Jersey coast began with the arrival of Native American hunter-

gatherer bands approximately 10,000 BCE (Before the Common Era). Human population on the 

coast seems to have increased somewhat after 5000 BCE as the climate warmed. The locations 

and contents of archaeological sites reflect a diverse mix of hunting and gathering of upland, 

wetland, and aquatic resources that varied with the seasons (USFWS 2004). Sea level change 

moderated around 2000 BCE, and the extensive coastal wetlands that developed provided rich 

hunting, shell fishing, and plant gathering environments (USFWS 2004). Greater resource 

reliability supported a larger and more stable human population.  

The Lenni Lenape tribe inhabited the area (USFWS 2004) establishing permanent villages, but 

also used temporary camps for short term activities, such as fishing or hunting. Villages were 

most likely located along waterways used for transportation. Native Americans were primarily 

farmers - major crops were corn, squash, and beans. These crops were supplemented with fish, 

wild game, berries, nuts, herbs, and roots. Fires were set to move deer to hunters. Large fires of 

unknown causes were observed by Dutch explorers as early as 1632 (Foreman 1979).  

European Settlement 

Permanent settlement of the Refuge area by Euro-Americans began in the second quarter of the 

18th century. This was preceded by a long period of contact with Native American Lenape 

through offshore fishing and the fur trade. By the middle of the century, the Lenape were 

severely diminished by European diseases and moved to a reservation. By 1801, almost all 

Lenape had left New Jersey (Foreman 1979).  

According to Foreman (1979), by 1765 European settlement concentrated on the outer coastal 

plain. Primary activities were fishing, whaling, lumbering, and hunting and gathering. Settlement 

within the Pine Barrens remained sparse. Throughout the eighteenth and nineteenth century 

forests were exploited for lumber, pitch-tar, turpentine, and charcoal to support the iron, glass, 

and brick industry (Boyd 1991). 

Colonial towns on the New Jersey shore were generally established at estuaries with suitable 

harbors for fishing and trade, such as the Mullica River. The New York Road linked these 

communities along the shore. Ore from bogs and charcoal from the Pine Barrens provided raw 

materials for an ironworks at Batsto that produced munitions for the American Revolution. 

Limited by shallow and small harbors, these shore community’s experienced slow economic and 

population growth during the 19th century (USFWS 2004). 

Many upland areas on the Refuge generally consist of former farmland associated with historic 

period settlement. Cranberry production started between 1825 and 1840 mostly in the Pine 

Barrens (Boyd 1991). Historic archaeological sites are rare except in a few settings, such as 

present or former landing areas. Some remains of landing wharves and sunken small craft may 

exist in the marshes. A lifesaving station site near Brigantine City is one of the few documented 

historic archaeological sites at the Refuge (USFWS 2004). There are currently no standing 

historic structures on the Refuge. 
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Except for a handful of studies prior to Refuge construction projects, Refuge lands have never 

been surveyed for archaeological sites. Prehistoric site potential is high, but site discovery is 

complicated by major changes in sea level over the last 12,000 years (USFWS 2004). Much of 

the Refuge is tidal marsh, and archaeological sites/artifacts in this setting are logistically difficult 

to locate and study. In exposed areas, they have often been lost to erosion. Upland portions of the 

Refuge have generally high potential for prehistoric sites, as much of this land adjoins wetland 

resources used by their inhabitants (USFWS 2004). 

Wildlife and Habitat Changes 

Human impact to the Pine Barrens of New Jersey has been severe (Foreman 1979). Forest 

cutting, agriculture, mining for iron ore and glass sands, subdivision, and other real estate 

development have removed forest cover and increased the abundance of disturbance-adapted 

species. The greatest human impacts to the Pine Barrens are currently wildfire control and forest 

fragmentation.  

According to Little (in Foreman 1979), Pine Barrens forests were modified and shaped by Native 

American burning resulting in upland sites dominated by large pines with little undergrowth or 

small scattered pines with blueberry/huckleberry understories. Sites were most likely maintained 

by frequent and light fires. Fire intensity was probably low as most anthropogenic fires occurred 

primarily in fall and winter. Large fire events after settlement occurred in 1755 (30 miles in 

length) and in 1895 (125,000 acres). In 1900 and 1930, fires burned 129,500 and 172,855 acres 

respectively. In 1963, 183,000 acres burned and in 1995 one wildfire burned 19,225 acres in 

Ocean County (NJDEP 2012). Fire is the single most important factor in shaping vegetation in 

the Pine Barrens. Today prescribed burning is used to decrease the start and spread of wildfire. 

Continued wildfire suppression, and the use of low-temperature, cold-season controlled fires, 

may change the composition of some Pine Barrens forests by favoring oaks for dominance of the 

forest (Boyd 1991).  

Early farms along the salt marsh altered adjacent pine forests for timber products and agricultural 

lands (Harshberger 1916). Woodlands were exploited for lumber, wood, charcoal, turpentine, 

and other forest products. Atlantic white cedar was cut for lumber and shingles. Forest removal 

favored wildlife preferring successional habitats, such as American woodcock (Scolopax minor), 

northern bobwhite (Colinus virginianus), and prairie warbler (Dendroica discolor). 

In the 1900s, salt marshes were ditched for mosquito control. Large-scale parallel-ditching 

continued through the 1930s (Burger et al. 1979). Approximately 6,000 acres of salt marsh on 

the Refuge is not ditched. Lathrop et al. (2010) reported Barnegat Bay has lost more than one 

quarter of its tidal salt marshes over the past century due to filling and development, and that a 

large proportion of the bay’s remaining salt marshes are ditched for mosquito control. 

Approximately 45 percent of the total length of the bay is bulkheaded and more than 70 percent 

of the adjacent upland shores are developed, causing the loss and alteration of vital shoreline and 

shallow-water habitats (Lathrop 2010). Some Barnegat Bay sub-watersheds have over half of the 

riparian zone altered by impervious surfaces (highways, parking lots, buildings), and have 

degraded riparian buffers (straightened and/or ditched channels without a vegetated buffer). As 
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sea levels rise, 29 percent of potential tidal marsh retreat area is presently limited by developed 

features, such as housing, commercial development, and roads (Lathrop 2010). 

One-third (270 species) of the vascular plants in the Pine Barrens are non-native (Foreman 

1979). Introduced mammals, birds, a reptile, fish, and insects are common. Some native species 

such as wolf (Canis lupus), cougar (Puma concolor) (Harshberger 1916), and heath hen 

(Tympanuchus cupido cupido) are no longer found in New Jersey.  

2.5 CURRENT REFUGE CONDITIONS 

Natural Community Types 

The Refuge System uses the National Vegetation Classification System (NVCS) developed by 

The Nature Conservancy and the Natural Heritage Network as a standard for classifying plant 

communities (NatureServe 2009). The classification contains hierarchical levels of community 

specificity. The narrowest level within the classification is the Association. Vegetation 

community classification and mapping using a combination of aerial photo interpretation and on-

the-ground field assessment was conducted for this project. NVCS and mapping to the NVCS 

association level was used, wherever possible. Vascular plant species nomenclature within the 

report follows the nationally standardized list from the PLANTS 3.5 Database (USDA NRCS 

2006). The various communities were grouped into the following 8 major habitat types (also see 

Appendix B, Map 4). 

Coastal Habitats 

Beach/Dune comprises 1,574 acres and includes: 

 Northern Bayberry Dune Shrubland and Central Coast Beach-Heather Dune Shrubland 

Communities: maritime dune shrubland, often dwarf, characterized by bayberry (Morella 

spp.) and beach plum (Prunus maritima) or woolly beach heather (Hudsonia tomentosa) 

with a sparse herbaceous layer including American beachgrass (Ammophila 

breviligulata), seaside goldenrod (Solidago sempervirens), and coastal panicgrass 

(Panicum amarum).   

 Northern Beachgrass, Mid-Atlantic Coast Backdune and Overwash Dune Grassland 

Communities:  maritime grassland dunes with variable cover (25-50%) dominated by 

American beachgrass, coastal panicgrass, bluestem broomsedge (Andropogon virginicus), 

shore little bluestem (Schizachyrium littorale), and sparse to variable, often monotypic 

stands of saltmeadow cordgrass (Spartina patens), and other associated species including 

beach pea (Lathyrus japonicas), seaside goldenrod, field sagewort (Artemisia 

campestris), purple sandgrass (Triplasis purpurea), and American searocket (Cakile 

edentula) (closer to the tidal zone), and sparse shrubs of bayberry and wax myrtle 

(Morella cerifera) (away from the tidal zone). 

 Beach Strand Communities: characterized by sparsely vegetated annuals and biennials, 

including American searocket, seaside sandmat (Chamaesyce polygonifolia), and spear 

saltbush (Atriplex patula). 

 Maritime Forest Communities: dense tall-shrub thickets to open woodlands dominated by 

eastern red cedar (Juniperus virginiana), mixed with pitch pine (Pinus rigida), post oak 
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(Quercus stellata), black oak (Quercus velutina), black cherry (Prunus serotina), 

common serviceberry (Amelanchier arborea), American holly (Ilex opaca), or common 

hackberry (Celtis occidentalis); a variable shrub layer of bayberry, groundsel tree 

(Baccharis halimifolia), or beach plum, and a patchy herbaceous cover. 

 Northern Tall Maritime Shrubland Communities: variable community with a canopy of 

common serviceberry, black cherry, sassafras (Sassafras albidum), blackgum (Nyssa 

sylvatica), and red maple (Acer rubrum), a subcanopy layer of bayberry, Photopia spp., 

and Viburnum spp., and a sparse herbaceous layer. 

Salt Marsh comprises 33,358 acres and includes: 

 North Atlantic Low Salt Marsh Communities: monotypic tall grassland dominated by 

smooth cordgrass (Spartina alterniflora) in regularly flooded intertidal zones with very 

low species richness. 

 North Atlantic High Salt Marsh Communities: patch mosaic generally dominated by a 

single graminoid species, saltmeadow cordgrass (Spartina patens), saltgrass (Distichlis 

spicata), or saltmeadow rush (Juncus gerardii). 

 Tidal Phragmites Marsh Communities: often dominated by monotypic stands of invasive 

Phragmites (australis), and with few or no other vascular plants present.  

 Salt Panne and Pool Communities: tidally flooded hypersaline flats or very shallow 

depressions (pannes) dominated by variable cover of Virginia glasswort (Salicornia 

depressa), dwarf saltwort (Salicornia bigelovii), slender grasswort (Salicornia maritima), 

and permanently or semi-permanently flooded salt pools or pannes with widgeongrass 

(Ruppia maritima) and sago pondweed (Stuckenia pectinata) herbaceous vegetation. 

 North Atlantic Coast Estuarine Intertidal Mudflats Communities: unvegetated saline 

mudflats exposed between the highest high tide and the lowest low tide with a low-

diversity but a highly productive benthic invertebrate community. 

 Transitional Tidal Marsh and Brackish Meadow Communities: dominated by colonies of 

chairmaker’s bulrush (Schoenoplectus americanus) (40 to 75% total cover) or 

switchgrass (Panicum virgatum) and co-dominant with saltmeadow cordgrass, and 

associated with sweetscent (Pluchea odorata), smooth cordgrass, goldenrod (Solidago 

spp.), and saltgrass.  

 Salt Shrub Scrub Communities: transition from salt marsh to upland dominated by 

maritime shrubs, including maritime marsh elder, and with common associates of 

groundsel tree, bayberry, switchgrass, and saltgrass, rosemallow (Hibiscus moscheutos), 

poison ivy (Toxicodendron radicans), and red fescue (Festuca rubra).  

Freshwater Wetland 

Freshwater Wetland comprises 593 acres and includes: 

 Eastern Reed Marsh Communities: often dominated by monotypic stands of invasive 

Phragmites, and with few or no other vascular plants, to native freshwater marsh 

vegetation. 
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 Lily Pond Communities: hydromorphic coastal plain pond community with a muck 

substrate and characterized by American white water-lily (Nymphaea odorata) and 

Robbins' spikerush (Eleocharis robbinsii) herbaceous vegetation. 

 Eastern Cattail Marsh Communities: tall emergent marsh dominated with graminoid 

vegetation including narrowleaf (Typha angustifolia) and broadleaf cattail (T. latifolia) 

and a shrub layer (<25% cover) of sweetgale (Myrica gale), common winterberry (Ilex 

verticillata), and white meadowsweet (Spiraea alba). 

 Northeastern Leafy Forb Marsh Communities: emergent marshes dominated by broad- 

leaved plants including pickerelweed (Pontederia cordata), green arrow-arum (Peltandra 

virginica), and broadleaf arrowhead (Sagittaria latifolia) herbaceous vegetation. 

 Northern Peatland Sedge Coastal Plain Pond Communities: Coastal Plain depression 

wetland community dominated by Walter’s sedge (Carex striata) on sand and gravel, and 

sometimes organic muck, substrate. 

 Blueberry Wetland Thicket Communities: a tall-shrub swamp where the dominant shrubs 

include highbush blueberry (Vaccinium corymbosum), common winterberry, coastal 

sweet pepperbush (Clethra alnifolia), and swamp azalea (Rhododendron viscosum), and 

variable herbaceous layer with Sphagnum spp. 

 Swamp Loosestrife Shrub Swamp Communities: flooded shrubland border where swamp 

loosestrife (Decodon verticillatus) forms dense, often monotypic tangles to provide 

breeding, nesting, and migratory bird habitat, and habitat for other species of greatest 

conservation need.  

 Pine Barrens Bog Communities: shallow, circular depressions and swales, or margins of 

intermittent ponds and stream sides with dense leatherleaf (Chamaedaphne calyculata) 

interspersed with swamp loosestrife, cranberry (Vaccinium macrocarpon), and 

huckleberry (Gaylussacia spp.) over a carpet of Sphagnum spp., and scattered Walter’s 

sedge. 

 Sea Level Fen Communities: small patch communities with diverse species composition 

of estuarine and palustrine species, including smooth sawgrass (Cladium mariscoides), 

water sundew (Drosera intermedia), beaked spikerush (Eleocharis rostellata) in 

association coastal sedge (Carex exilis), common spikerush (Eleocharis palustris), 

brownfuit rush (Juncus pelocarpus), and swamp rose (Rosa palustris). 

 Pine Barrens Riverside Shrub Savanna Communities: woody herbaceous community 

with an open canopy (10-25%) of Atlantic white cedar, pitch pine, dwarf huckleberry 

(Gaylussacia dumosa) and woody associates including  inkberry (Ilex glabra), sheep 

laurel (Kalmia angustifolia), bayberry spp., and bristly dewberry (Rubus hispidus), and 

herbaceous associates including chainfern (Woodwardia spp.). 

Wetland Forest  

Wetland Forest comprises 10,842 acres and includes: 

 Southern Red Maple-Blackgum, Red Maple-Sweetgum, Red Maple Sedge Swamp Forest, 

and Successional Sweetgum Forest Communities:  seasonally flooded open to closed 

forests with a canopy of red maple, blackgum, green ash (Fraxinus pennsylvanica), and 

sweetgum (Liquidambar styraciflua)with an occasional American holly, sassafras, 

sweetbay (Magnolia virginiana), tuliptree (Liriodendron tulipifera), and willow oak 
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(Quercus phellos) with a variable shrub layer including highbush blueberry, coastal sweet 

pepperbush, huckleberry, swamp azalea, swamp doghobble (Eubotrys racemosa), and 

common winterberry, and a sparse herbaceous layer to a graminoid and fern dominated 

layer in the Sedge Swamp community. 

 Lowland Pitch Pine Forest Communities: mixed deciduous-evergreen to deciduous 

canopy of pitch pine, red maple, blackgum, and sweetgum and  a subcanopy of sweetbay 

and American holly with a shrub layer of coastal sweet pepperbush, swamp doghobble, 

huckleberry, and blueberry, and herbaceous layer of cinnamon fern (Osmunda 

cinnamomea), eastern teaberry (Gaultheria procumbens), and various sedges. 

 Coastal Plain Atlantic White Cedar-Red Maple Swamp and Atlantic White Cedar Swamp 

Communities: canopies dominated by Atlantic white cedar or mixed with red maple, a 

shrub layer of blueberry, coastal sweet pepperbush, inkberry, and a sparse to moderate 

herbaceous layer of cinnamon fern, Carex spp., and Sphagnum spp. mosses. 

 Atlantic White Cedar Bog Communities: open canopy of stunted Atlantic white cedar in 

association with red maple, pitch pine, and sweetbay with a dense low shrub layer 

dominated by heath shrubs, leatherleaf and sheep laurel, and a dwarf shrub mat 

herbaceous layer of cotton grass (Eriophorum spp.), and chainfern with a continuous 

Sphagnum spp. moss layer. 

 Pine Barrens Riverside Bog Asphodel Savanna Communities: diverse wet meadow 

community of Atlantic white cedar, bog asphodel (Narthecium americanum), purple 

pitcherplant (Sarracenia purpurea)-threadleaf sundew (Drosera filiformis) and 

Sphagnum spp. 

Upland Forest 

Upland Forest comprises 4,893 acres and includes: 

 Oak, Oak-Pine, and Pine Oak Upland Forest Communities: open to closed canopy forest 

of pitch pine mixed with scarlet (Quercus coccinea), southern red (Q. falcata), white and 

black oak (Q. velutina) or of mixed oaks including southern red, willow, white (Q. alba), 

scarlet, swamp chestnut (Q. michauxii), and black oak  with a sub canopy of American 

holly, sassafras, mountain laurel (Kalmia latifolia), red maple, blackgum, or dogwood 

(Cornus spp.), a shrub layer of huckleberry, blueberry, common serviceberry, or 

American hazelnut (Corylus americana), and a sparse to variable herbaceous layer. 

 Successional Upland Forest Communities: mix of overstory species including scarlet and 

red oaks, red maple, tuliptree, and loblolly pine (Pinus taeda) with a variable shrub cover 

of Rubus spp., deerberry (Vaccinium stamineum), and spicebush (Lindera benzoin), and a 

variable herbaceous cover. These communities are fire adapted with fire as natural 

disturbance. 

Pitch Pine Barrens Forest 

Pitch Pine Barrens Forest comprises 1,368 acres and includes: 

 Pitch Pine Barrens Upland Forest Communities: open canopy forests with an overstory 

of pitch pine, a very low cover of deciduous trees, when present, may include post oak 

(Quercus stellata) and black oak, an understory dominated by blackjack oak (Quercus 
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marilandica), a low heath shrub layer of blueberry and huckleberry, and a variable 

herbaceous layer. This community is fire-dependent. 

Early Successional Habitat 

Early Successional Habitat comprises 832 acres and includes: 

 Northeastern Successional Shrubland Communities: varying from open fields with 

scattered tall and short shrubs of gray dogwood (Cornus racemosa), blackhaw (Viburnum 

prunifolium), and Rhus spp., covering 25% of the field, with herbaceous vegetation, 

including Solidago spp., bentgrass (Agrostis spp.), bromegrass (Bromus spp.), and clovers 

(Trifolium spp.) in the interstices, to dense "closed-canopy" tall shrubland with a canopy 

of eastern red cedar, gray birch (Betula populifolia), chokecherry (Prunus virginiana), 

red maple, and black cherry and a sparse ground layer vegetation. 

 Old Field Eastern Red Cedar Communities: broadly spaced woodland of dense and 

nearly impenetrable thickets with an eastern red cedar dominated canopy layer with 

scattered pines. Maples, oaks, cherry, and a variable shrub cover dependent on canopy 

closure, with the most forested stands having little or no shrub cover and with exotic 

shrubs such as silverberry (Elaeagnus commutata) and multiflora rose (Rosa multiflora). 

 Northeastern Modified Successional Shrubland Communities: shrubby old fields 

dominated by thickets of gray dogwood, blackhaw, multifora rose, and smooth sumac 

(Rhus glabra) with patches of herbaceous vegetation among the shrubs and short shrubs, 

including Japanese barberry (Berberis thunbergii), Rhus spp. and in some fields, 

blueberry and huckleberry with occasional small trees, including eastern red cedar, gray 

birch, chokecherry and red maple with <25% cover, and a variable herbaceous layer 

typical of old fields, grasslands, and agricultural sites. 

 Northeastern Old Field Communities: grassland comprised of mid-height (1-3 feet tall) 

grasses and forbs, with occasional scattered shrubs with variable species composition 

resulting from early succession in pastures and post-agricultural fields with largely non-

native cool-season grasses and herbs (generally of European origin).  

Managed Impoundments and Ponds 

On the Refuge there are approximately 2,500 acres of water and wetland areas created by dams 

or dikes impounding water flow. When impoundments are properly managed as ephemeral 

freshwater wetlands, they have high carrying capacity for waterbirds and increase biodiversity 

(Fredrickson and Taylor. 1982). Coastal impoundments require significant maintence to remain 

functional.  Accelerated sea level rise is expected to increase the cost of maintence and the risk 

of breaching, necessitating re-evaluation and adaptation. Two large, managed impoundments are 

important features of the southern part of the Refuge and are popular wildlife viewing areas. The 

Northwest and Southwest Pools, comprising approximately 800 acres, are fed by Lily Lake, 

Doughty Creek and springs. These two impoundments have been managed as one since the dike 

separating them failed. This impoundment is managed as a moist-soil unit for migrating 

shorebirds and wintering waterfowl.The adjacent East Pool (536 acres) receives tidal flow from 

the four open tide gates and is managed as a salt marsh habitat for waterfowl, shorebirds and 

piscivorous migratory birds. Several small ponds near the impoundments were excavated during 

construction of the dikes.  
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Four other impoundments are located on the Refuge. Barnegat Pool 1 is managed as a deep water 

reservoir and provides water to Pools 2 and 3, which are managed as medium-depth reservoirs 

that feed Pool 4. Pool 4 is managed as moist soil for migrating shorebirds and wintering 

waterfowl. The Barnegat Pools total about 350 acres. There are other smaller impoundments at 

Forked River, Murray Grove/Stouts Creek and Oak Island that would need significant repair 

before the water in them could be controlled and managed. Freshwater ponds exist on the 

Oxycoccus, Commerce Bank, and Headquarters properties. 

Wildlife 

New Jersey coastal wetlands have long been wintering and migration habitat for brant and 

American black ducks. Located along the Atlantic Flyway, Refuge salt marsh and wetland 

habitats are of significant importance to many species of waterfowl, shorebirds, and songbirds 

during the spring and fall migratory periods. Refuge beaches provide nesting and migration 

habitat for shorebirds, gulls, terns and skimmers. Forested habitats support varied and abundant 

populations of resident and migratory wildlife including more than 300 species of birds and a 

variety of mammals, reptiles, amphibians, insects, and plants. 

Migratory Birds 

The coastal wetlands of New Jersey are of international importance to wintering waterfowl. In 

2011, 37% of the Atlantic Flyway black duck population, 41% of the brant population, and 22% 

of the greater snow goose (Chen caerulescens) population were recorded in New Jersey during 

the Service’s mid-winter inventory (USFWS 2012). Refuge wetlands are one of only 26 sites in 

the U.S. classified as a Wetlands of International Importance under the Ramsar Convention.  

The Refuge provides important migrating and wintering habitat for snow geese, brant, American 

black duck and northern pintail (Anas acuta). The 2012 Midwinter Waterfowl counts for the 

Refuge included 6,060 snow geese, 5,480 brant, and 20,335 black duck (USFWS 2012). 

Many marsh and water birds use the Refuge. The most common include great blue heron (Ardea 

herodias), great egret (Ardea alba), snowy egret (Egretta thula), black-crowned night-heron 

(Nycticorax nycticorax), glossy ibis (Plegadis falcinellus), and cattle egret (Bubulcus ibis). 

Herons and egrets nest on or near the Refuge, frequently foraging in the salt marshes, streams, 

ponds, and impoundments. Black rail (Laterallus jamaicensis), clapper rail (Rallus longirostris), 

king rail (Rallus elegans), Virginia rail (Rallus limicola), and sora (Porzana carolina) are found 

in Refuge marshes. Songbird species utilizing the marshes include marsh wren (Cistothorus 

palustris), saltmarsh sparrow (Ammodramus caudacutus), and seaside sparrow (Ammodramus 

maritimus). Seaside sparrows occur primarily in natural salt marshes (Burger et al. 1982). 

Common shorebird spring migrants include dunlin (Calidris alpina), sanderling (Calidris alba), 

semipalmated sandpiper (Calidris pusilla), semipalmated plover (Charadrius semipalmatus) and 

short-billed dowitcher (Limnodromus griseus). In fall, common migrants include black-bellied 

plover (Pluvialis squatarola), red knot (Caladris canutus), sanderling, semipalmated sandpiper, 

and semipalmated plover (Refuge files). Other species utilizing the Refuge include greater 

yellowlegs (Tringa melanoleuca), least sandpiper (Caladris minutilla), lesser yellowlegs (Tringa 

flavipes), piping plover, ruddy turnstone (Arenaria interpres), whimbrel (Numenius phaeopus), 
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spotted sandpiper (Actitis macularia) and pectoral sandpiper (Calidris melanotos). More 

shorebirds species are found in fall migration than in spring. Shorebird migration peaks in May 

and August (Refuge files).  

Important beach nesting birds on Holgate and Little Beach Island are the American oystercatcher 

(Haematopus palliatus), black skimmer (Rynchops niger), piping plover, and least tern (Sternula 

antillarum). From 1993 to 2011, piping plover production (chicks fledged) averaged 0.8 chicks 

per nesting pair (Refuge files). During the same period black skimmer and least tern nesting 

numbers and production varied greatly. No black skimmer or least tern fledglings have been 

documented in recent years, though there have been a few attempts at nesting.  

Many raptors breed on the Refuge, including red-tailed hawk (Buteo jamaicensis), turkey vulture 

(Cathartes aura), sharp-shinned hawk (Accipiter striatus), broad-winged hawk (Buteo 

platypterus), osprey (Pandion haliaetus), red-shouldered hawk (Buteo lineatus), northern harrier 

(Circus cyaneus), great horned owl (Bubo virginianus), common barn owl (Tyto alba), and 

barred owl (Strix varia). Wintering and resident foraging raptors include bald eagle (Haliaeetus 

leucocephalus), northern harrier, and red-tailed hawk. Many other raptors may be seen during 

migration; including, American kestrel (Falco sparverius), sharp-shinned hawk, and Cooper’s 

hawk (Accipiter cooperii).  

Avifauna of the Pine Barrens has been described as “not rich” (Boyd 1991) or “remarkably 

simple” (Foreman 1979) because of a lack of habitat diversity and edge (Boyd 1991, 2008). 

Common bird species include the American kestrel, common nighthawk (Chordeiles minor), 

eastern towhee (Pipilo erythrophthalmus), northern bobwhite, pine warbler (Dendroica pinus), 

and whip-poor-will (Caprimulgus vociferus).  

Oak and oak-pine forests provide better nesting habitat, are richer in food resources and provide 

for a greater diversity of birds than Pine Barrens (Boyd 2008). Species utilizing these forests 

include black-and-white warbler (Mniotilta varia), downy woodpecker (Picoides pubescens), 

ovenbird (Seiurus aurocapilla), red-eyed vireo (Vireo olivaceus), hairy woodpecker (Picoides 

villosus), and wood thrush (Hylocichla mustelina).  

Wetland forests and Atlantic white cedar swamp birds include Acadian flycatcher (Empidonax 

virescens), gray catbird (Dumetella carolinensis), eastern wood-pewee (Contopus virens), 

northern parula (Parula americana), worm-eating warbler (Helmitheros vermivorus), and wood 

thrush.  

Freshwater wetlands, including bogs, fens, and shrub swamps represent a small portion of 

Refuge habitats and provide habitat for belted kingfisher (Megaceryle alcyon), green heron 

(Butorides irescens), marsh wren, tree swallow (Tachycineta bicolor), and wood duck (Aix 

sponsa). 

Current bird sightings for the Refuge can be found at the following website: 

http://www.fws.gov/refuge /Edwin_B_Forsythe/visit/ebird.html. 
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Mammals 

No systematic inventory of mammalian species has been conducted at the Refuge, but over 30 

species of mammals, characteristic of the Mid-Atlantic coastal communities occur on the Refuge. 

Forest species include  red fox (Vulpes vulpes), grey fox (Urocyon cinereoargenteus), coyote 

(Canis latrans), raccoon (Procyon lotor), long-tailed weasel (Mustela frenata), striped skunk 

(Mephitis mephitis), opossum (Didelphis virginiana), white-tailed deer (Odocoileus virginianus), 

grey squirrel (Sciurus carolinensis), red squirrel (Tamiasciurus hudsonicus), eastern chipmunk 

(Tamias striatus), white-footed mouse (Peromyscus leucopus), red-backed vole (Clethrionomys 

gapperi), pine vole (Microtus pinetorum), masked shrew (Sorex cinereus), short-tailed shrew 

(Blarina brevicauda), and eastern mole (Scalopus aquaticus) (Refuge files). 

Shrubland and grassland species of mammals include the meadow vole (Microtis 

pennsylvanicus), meadow jumping mouse (Zapus hudsonius), woodchuck (Marmota monax), 

eastern cottontail (Sylvilagus floridanus) and several of the forest and wetland species. Mammals 

associated with wetlands include mink (Mustela vison), river otter (Lutra canadensis), muskrat 

(Ondatra zibethicus), meadow vole, southern bog lemming (Synaptomys cooperi), and least 

shrew (Cryptotis parva) (Boyd 2008). Many species of nesting, migrating, or wintering raptors 

are dependent on the availability of small mammal populations.  

Year around species of bats include little brown bat (Myotis lucifugus), big brown bat (Eptesicus 

fuscus), northern long-eared bat (Myotis septentrionalis), eastern small-footed bat (Myotis leibii) 

and tri-colored bat (Perimyotis subflavus). Bats occur in forested habitat types during the 

summer breeding season and forage in forest openings. A number of other migratory bat species, 

hoary bat (Lasiurus cinereus), red bat (Lasiurus borealis), and silver-haired bat (Lasionycteris 

noctivagans) probably pass through southern New Jersey during migration. Bat counts conducted 

by the Conserve Wildlife Foundation of New Jersey and the New Jersey Endangered and 

Nongame Species Program indicate that roost sites in New Jersey have decreased by 41% from 

2008 or earlier compared to 2010 (CWFNJ 2010). Little research has been done on bats in the 

vicinity of the Refuge.  

Marine mammals, such as harbor porpoise (Phocoena phocoena) and bottle-nosed dolphin 

(Tursiops truncatus) are observed in waters off Refuge lands. Harbor seals (Phoca vitulina) and 

gray seals (Halichoerus grypus) use the Refuge beach and salt marshes as haul out areas during 

winter months. Marine mammals are managed by the National Oceanic and Atmospheric 

Administration. 

Reptiles and Amphibians 

The most commonly observed amphibian observed in Refuge uplands is Fowler’s toad 

(Anaxyrus fowlerii) and less frequently eastern spadefoot toad (Scaphiopus holbrookii) and wood 

frog (Lithobates sylvatica). Pine Barrens treefrog (Hyla andersonii) is mostly restricted to cedar 

and sphagnum bogs and swamps in the Pine Barrens (Boyd 2008). Other upland reptiles found 

on the Refuge include northern fence lizard (Sceloporus undulatus), northern pine snake 

(Pituophis melanoleucus), and eastern box turtle (Terrapene carolina). 
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Wetlands provide habitat for salamanders including, red-backed salamander (Plethodon 

cinereus), slimy salamander (Plethodon glutinosus), and marbled salamander (Ambystoma 

opacum) (Foreman 1979). Spring peeper (Hyla crucifer) and southern gray treefrog (Hyla 

chrysoscelis) are known for their chorus of distinctive mating calls. Other turtles include 

snapping turtle (Chelydra serpentina), eastern mud turtle (Kinosternon subrubrum), and redbelly 

turtle (Pseudemys rubriventris).  

Northern diamondback terrapin (Malaclemys terrapin) utilize coastal marshes, estuaries, coves, 

tidal flats, and inner edges of barrier beaches in New Jersey (Gessner and Stiles 2001) and select 

flat locations in high dunes in New Jersey for their nests (Burger and Montevecchi 1975). 

Overall, 19 species of reptiles and amphibians can be found on the Refuge (Refuge files). 

Fish 

Salt marshes, streams, ponds, bays, and rivers comprising the estuaries of the Refuge are critical 

and provide the foundation for sport and commercial fisheries, as well as food base for many 

birds and mammals. Refuge lands are bordered by and hydrologically connected to these 

estuarine habitats. Fishery resources are of significant importance to Refuge wildlife species and 

fish and invertebrates are bio-indicators of habitat change. The Refuge relies on partnerships 

with other agencies and groups to conserve these resources. 

Mummichog (Fundulus heteroclitus) and sheepshead minnow (Cyprinodon variegatus) are 

abundant in salt marshes where they are most frequently found in shallow water environments 

such as marsh ponds and small intertidal creeks. Estuarine habitats are important nursery areas 

for a number of important recreational and commercial species including summer flounder 

(Paralichthys dentatus), striped bass (Morone saxatilis), white perch (Morone americana), and 

northern weakfish (Cynoscion regalis).  

Upland Refuge streams and ponds are high in acidity tannins and dissolved iron content, but low 

in nutrients (Boyd 2008). Characteristic species include blackbanded sunfish (Enneacanthus 

chaetodon), banded sunfish (E. obesus), bluespotted sunfish (E. gloriosus), pirate perch 

(Aphredoderus sayanus), swamp darter (Etheostoma fusiforme), and chain pickerel (Esox niger). 

Invertebrates 

A wide variety and number of invertebrates are of biological importance. Numerous aquatic 

invertebrates provide an important food source for fish and bird species. For example, grass 

shrimp (Palaemonetes spp.) remain in salt marsh pools of water after tides have receded and are 

an important food source for Refuge birds. Other invertebrates such as chironomids or midges 

are the focus of freshwater impoundment management because of their high value for feeding 

shorebirds.  

According to Boyd (2008), there are over 10,000 species of arthropods in the Pine Barrens alone. 

Refuge beach habitat is considered of medium restoration potential for the federally threatened 

northeastern beach tiger beetle (Cicindela dorsalis), which is considered extirpated in New 

Jersey (USFWS 1994, USFWS 2004). 
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The monarch butterfly utilizes Refuge landscapes during fall migration. Other butterfly species 

include the bronze copper (Lycaena hyllus), checkered white (Pontia protodice), and Hessel’s 

hairstreak (Mitoura hesseli). Insect pollinators on the Refuge are not well documented.  

Important marine bivalves found in nearby waters include blue mussel (Mytilus edulis), Coquina 

clam (Donax variabilis), eastern oyster (Crassostrea virginica), quahogs (Mercenaria 

mercenaria), razor clam (Ensis directus), ribbed mussel (Modiolus demisus), soft shell clam 

(Mya arenaria), and surf clam (Spisula solidissima). Other important invertebrates include blue 

crab (Callinectes sapidus), fiddler crab (Uca spp.), and horseshoe crab (Limulus polyphemus). 

Invasive Species 

Federal management of invasive plant species is guided by planning efforts outlined in Executive 

Order 13112 requiring the development of a National Invasive Species Management Plan every 

two years. The Executive Order defined an invasive species as a non-native species to the 

ecosystem whose introduction will cause (or is likely to cause) economic or environmental harm. 

The Plan focuses on those non-native species that cause or may cause significant negative 

impacts and that do not provide an equivalent benefit to society.  

One report estimates the economic cost of invasive species in the U.S. at $137 billion annually 

(Pimentel et al. 2000). Up to 46 percent of the plants and animals federally listed as endangered 

species have been negatively impacted by invasive species (National Invasive Species Council 

2001, Wilcove et al. 1998). Nonindigenous plants documented in New Jersey number between 

1,288 and 1,363 and are as much as 62 percent of the state’s total vascular flora. Most have been 

introduced into New Jersey from continents other than North America, mostly from Europe and 

Asia (Snyder and Kaufman 2004). 

Inventories have identified a minimum of 30 invasive plant species on the Refuge (Table 2-1) 

Annual control techniques include chemical, hand pulling, and mowing. Inventory and mapping 

are ongoing efforts.  

TABLE 2-1. INVASIVE PLANT SPECIES AT E.B. FORSYTHE NWR  

Common Name Scientific Name 

Asiatic sand sedge Carex kobomugi 

Autumn/Russian olive  Elaeagnus umbellata, E. angustifolia  

bamboo  Bambusa, Phyllostachys, Psuedosassa 

black locust  Robinia pseudoacacia 

Bradford pear  Pyrus calleryana 

butterfly bush Buddleia davidii 

Chinese/Japanese wisterias  Wisteria sinensis, W. floribunda 

common reedgrass  Phragmites australis 

English ivy Hedera helix 

Chinese silvergrass  Miscanthus sinensis 
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ditch lily  Hemerocalis fulva 

honeysuckle spp. Lonicera spp. 

Japanese barberry  Berberis thunbergii 

Japanese knotweed Fallopia japonica 

 

Asiatic sand sedge is restricted to sea beaches and primary and secondary sand dunes. Planted for 

erosion control and sand stabilization, the sedge forms dense mats that crowd out indigenous 

dune species. The sedge is lower growing than the native dune grasses and leaves dunes 

vulnerable to shifting sands and blowouts, changing the dune profile dramatically (Virginia 

NHP1998). Asiatic sand sedge may form dense monocultures up to 65 feet across, effectively 

excluding most native species. This species is found on the Holgate Unit of the Refuge. In 

summer 2012, an aggressive eradication program to eliminate the plant was initiated. 

Since 2001, southern pine beetle (Dendroctonus frontalis) populations in New Jersey have 

remained largely confined to the southern portions of the state. In 2008, southern pine beetles 

crossed the Egg Harbor River and entered the pine forests of Atlantic County. In 2010, it 

continued north and west and now is found in the New Jersey Pinelands (NJDEP 2012a). During 

March 2012, Refuge biologists accompanied by a forester from the U.S. Forest Service (USFS) 

surveyed for the beetles on the southern boundary of the Refuge and found evidence of 

infestation on private property near Great Creek Road. The New Jersey Department of 

Environmental Protection, Bureau of Forest Management and the USFS continue to monitor for 

southern pine bark beetles throughout southern New Jersey.  

A number of other invasive species, such as the mute swan and European starling (Sternus 

vulgaris), can be found on the Refuge. Detailed and updated information on invasive species in 

New Jersey can be found on the USDA National Invasive Species Information Center for New 

Jersey and New Jersey Department of Environmental Protection, New Jersey Invasive Species 

Council websites (http://www.invasivespeciesinfo.gov/unitedstates/nj.shtml, 

http://www.nj.gov/dep/njisc/). 

 
Wildlife Surveys 

 

Refuge staff conducts a variety of inventories to estimate wildlife usage and make management 

decisions. Inventories may vary based on data needs and availability of staff and funding. A 

Service-wide inventory and monitoring initiative was undertaken in 2009. Its purpose is to 

collect and synthesize information that supports management at multiple geographic scales and 

informs decisions at all organizational levels. Information contained in this HMP will be utilized 

as the Refuge prepares its own inventory and management plan. Results of that plan will be 

important to implement the objectives and strategies discussed in this HMP. The inventory and 

monitoring plan will be targeting monitoring efforts toward species that will result in meaningful 

data to evaluate management actions. 
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Threatened, Endangered, Recovered and Rare Species 

 

Piping plover, a federally threatened bird species, occur on the Refuge. Swamp pink, a federally 

threatened plant species, is found on the Refuge and the Refuge is within the historic range of the 

federally endangered, American chaffseed (Schwalbea americana) plant, and the federally 

threatened plant, Knieskern’s beaked-rush (Rhynchospora knieskernii). A number of federally 

endangered marine mammals and sea turtles are found in the nearby Atlantic Ocean and 

Delaware Bay waters. 
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CHAPTER 3:  RESOURCES OF CONCERN 

 

 

 

 
 

Image: American black ducks (Anas rubripes).   Photo by Nick Kontonicolas 
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3.1 POTENTIAL RESOURCES OF CONCERN 

 

The HMP policy (620 FW 1) defines resources of concern as “all plant and/or animal species, 

species groups, or communities specifically identified in Refuge purpose(s), System mission, or 

international, national, regional, State, or ecosystem conservation plans or acts. For example, 

waterfowl and shorebirds are resources of concern on a refuge whose purpose is to protect 

migrating waterfowl and shorebirds. Federal or state threatened and endangered species on that 

same refuge are also a resource of concern under terms of the respective endangered species 

acts.”  

 

Trust resources for which the Service has full responsibility include migratory birds, endangered 

species, certain marine mammals, inter-jurisdictional fish, and the land and waters administered 

by the Service for the management and protection of these resources. Additionally, each refuge 

has an establishment purpose(s) to guide management goals and objectives. The New Jersey 

Wildlife Action Plan (2008) identifies wildlife species in the state that are the highest priority for 

conservation. These federal and state lists received emphasis in developing the Refuge’s 

resources of concern.  

 

Given the multitude of purposes, mandates, policies, and regional and national plans that can 

apply to the Refuge (see Chapter 1.2 and 1.3), there is a need to prioritize those resources on 

which the Refuge is best suited to focus management objectives. This chapter documents the 

process used to identify priority Refuge resources of concern, priority habitats, and 

representative species. The first step of developing a habitat management strategy is to define the 

Refuge resources of concern by referencing mandates, policies, purposes, and applicable 

regional/national plans.  

 

The results of this process are summarized in Appendix C, which contains a matrix of potential 

Refuge resources of concern based on occurrence, habitat availability, and population trends. 

Species in Appendix C are of local, state, regional, or national conservation concern whose range 

and habitat requirements are found in the Refuge. 

 

In May 2011, a meeting of technical experts from federal, state and local agencies, along with 

other Service program areas helped define habitats and species of concern. Review of numerous 

conservation plans and documents focusing on the Mid-Atlantic Region and New Jersey assisted 

this process. Refuge surveys, databases, studies, and reports provided substantial information.  

 

3.2 BIOLOGICAL INTEGRITY, DIVERSITY, AND ENVIRONMENTAL HEALTH  

 

The National Wildlife Refuge System Improvement Act of 1997 states that in administering the 

System, the Service shall “… ensure that the biological integrity, diversity, and environmental 

health of the System are maintained…” (USFWS 2003). The Service defines these terms as:  

 Biological Integrity:  Biotic composition, structure, and functioning at genetic, organism, 

and community levels comparable with historic conditions, including the natural 

biological processes that shape genomes, organisms, and communities. 
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 Biological Diversity:  The variety of life and its processes, including the variety of living 

organisms, the genetic differences between them, and the communities and ecosystems in 

which they occur.  

 Environmental Health: Composition, structure, and functioning of soil, water, air, and 

other abiotic features comparable with historic conditions, including the natural abiotic 

processes that shape the environment.  

 

In addition to providing habitat for trust species, refuges support other elements of biodiversity 

including invertebrates, rare plants, unique natural communities, and ecological processes 

(USFWS 1999a). Where possible, refuge management restores or mimics natural ecosystem 

processes or functions and thereby maintains biological diversity, integrity, and environmental 

health. Given the continually changing environmental conditions and landscape patterns of the 

past and present (e.g., rapid development, climate change, sea level rise), relying on natural 

processes is not always feasible nor is it always the best management strategy for conserving 

wildlife resources. Uncertainty about the future requires that the Refuge manage within a natural 

range of variability rather than emulating an arbitrary point in time. This maintains mechanisms 

that allow species, genetic strains, and natural communities to evolve with changing conditions 

rather than trying to maintain stability.  

 

The Integrity Policy directs refuges to assess their importance across landscape scales and to 

“forge solutions to problems arising outside refuge boundaries” (Meretsky et al. 2006).  Some of 

these regional land use problems include habitat fragmentation and lack of connectivity, high 

levels of contaminants, and incompatible development or recreational activities.  

 

To assess the historical condition, site capability, current regional landscape conditions, and 

Biological Integrity, Diversity, and Environmental Health (BIDEH) data pertinent to the Refuge, 

the following resources were utilized: 

 Archaeological and historical accounts 

 Maps and associated data on site history and capabilities 

 Landscape vegetation classification schemes, Nature Serve, TNC, USFS  

 Species conservation plans and assessments including the New Jersey Wildlife 

Action Plan, BCR 30 Plan, the Service’s Species of Conservation Concern 2008, 

North Atlantic LCC Representative Species, NAWMP, and others (see Chapter 

1.3) 

 Status and trend information for potential species of concern as documented in 

regional and state assessments and reports 

 Literature review and scientific publications 

 Status and trend information from Refuge surveys and other research 

 Meeting and review with Refuge partners 

 

A list of habitats that contain naturally-occurring elements of BIDEH was developed from the 

above effort to determine those habitats that contain the most ecological and biological integrity 

(Table 3-1). 
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TABLE 3-1.  SUMMARY OF THE BIDEH FOR E.B. FORSYTHE NWR 

Habitat (plant 

communities) 

that 

Represent 

Existing 

BIDEH 

Habitats and Potential Conservation Species  

Natural Processes 

Responsible for These 

Conditions 

Limiting Factors 

Beach/Dune 

Beach/Dune communities span from just above mean high tide 

to back dunes beyond the influence of most storm tides.  

Community complexity and cover increase further and higher 

from the shoreline. Plant communities include:  Beach Strand, 

Overwash Dune Grassland, Mid-Atlantic Coast Backdune 

Grassland, Northern Beachgrass Dune, Central Coast Beach 

Heather Dune Shrubland, and Northern Bayberry Dune 

Shrubland (NatureServe 2009).                                                                                           

Potential Conservation Species: American oystercatcher, black 

skimmer, common tern, least tern, marbled godwit, piping 

plover, red knot, royal tern, ruddy turnstone, sanderling, 

semipalmated sandpiper, seabeach amaranth, northeastern 

beach tiger beetle, and monarch butterfly. 

Tidal currents, shifting 

sand transport by water and 

wind, salt spray, low 

substrate moisture, salt 

water, summer heat, storm 

events, and periodic tidal 

overwash.    

Climate change, 

sea level rise, 

subsidence, 

shoreline 

stabilization 

(jetties, shoreline 

hardening, etc.), 

recreation, 

mammalian/avian 

predation, coastal 

storms, and 

invasive species. 

Salt Marsh 

Salt Marsh is an estuarine, intertidal, emergent marsh within 

lagoon systems behind barrier islands and along the shorelines 

of major bays and estuaries extending to the lower reaches of 

major tributaries. Ultimately gives way to brackish and tidal 

fresh wetlands within lower salinity waters. Plant communities 

include:  Salt Scrub Shrub, Eastern Tidal Salt Shrub, Reed Tidal 

Marsh, Transitional Tidal Marsh, Brackish Meadow, North 

Atlantic Low Salt Marsh, North Atlantic High Salt Marsh, Salt 

Panne, Salt Panne Pool, North Atlantic Coastal Estuarine 

Intertidal Mudflats, Northern Tall Maritime Shrub, and 

Maritime Red-cedar Woodland (NatureServe 2009). 

Potential Conservation Species: American black duck, 

Elevation, diurnal tides, 

regular and irregular tidal 

inundation, flooding, 

sediment deposition, and 

storm events. 

Climate change, 

sea level rise, 

subsidence, marsh 

dieback, urban and 

industrial 

development, 

eutrophication, 

mosquito ditching, 

haying, dredge and 

fill, pollution, and 

invasive species.   
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American bittern, American oystercatcher, bald eagle, black-

crowned night-heron, black rail, black skimmer, brant, 

bufflehead, canvasback, clapper rail, common tern, dunlin, 

least bittern, least tern, marsh wren, northern harrier, 

saltmarsh sparrow, seaside sparrow, sedge wren, semipalmated 

sandpiper, snowy egret, tricolored heron, whimbrel, white-

rumped sandpiper, willet, yellow-crowned night-heron, river 

otter, diamond-backed terrapin, and monarch butterfly.  

Permanently 

Flooded 

Freshwater 

Wetland 

Diverse freshwater wetlands occurring in both tidal and non-

tidal areas. Tidal freshwater wetlands are located directly inland 

of salt marshes in areas where water movement is influenced by 

tidal fluctuations. Plant communities include:  Eastern Reed 

Grass, Lily Pond, Eastern Cattail Marsh, Northern Peatland 

Sedge Coastal Plain Marsh, Blueberry Wetland Thicket, 

Swamp Loosestrife Shrub Swamp, Pine Barrens Bog, Sea Level 

Fen, Pine Barrens Riverside Shrub Savanna, and Pine Barrens 

Riverside Bog Asphodel Savanna (NatureServe 2009). 

Potential Conservation Species: American bittern, American 

black duck, bald eagle, black-crowned night-heron, green 

heron, glossy ibis, king rail, least bittern, little blue heron, 

marsh wren, sedge wren, sora, wood duck, river otter, eastern 

painted turtle, eastern tiger salamander, spotted turtle, 

southern leopard frog, and bronze copper. 

Elevation, water table, 

seasonal flooding, ground 

water discharge, silt 

deposition, beaver, and old 

channel oxbows. 

Drainage and 

filling, 

eutrophication, 

sedimentation, 

altered chemical 

and hydrologic 

alteration, 

impoundment/dike 

construction, 

invasive species, 

salt water 

intrusion, sea level 

rise, and 

recreational 

activities.  

Wetland Forest 

Closed canopy forested wetland communities dominated by 

deciduous tree species. Plant communities include:  Coastal 

Plain Atlantic White Cedar-Red Maple Swamp, Atlantic White 

Cedar Swamp, Atlantic White Cedar Bog, Southern Red Maple-

Blackgum Swamp, Red Maple-Sweetgum Swamp, Lowland 

Pitch Pine Forest, and Red Maple Sedge Swamp (NatureServe 

2009).                                                                                                  

Potential Conservation Species: black-and-white warbler, 

eastern whip-poor-will, Kentucky warbler, Louisiana 

Windthrow, ice storms, 

beaver, tree senescence, 

insect outbreaks, 

pathogens. Groundwater 

seepage in sandy soils, 

seasonal flooding, or 

perched water table. 

Variable hydrologic 

regimes from saturated 

Logging, 

conversion to 

agriculture and 

urban 

development, 

drainage and 

filling, deer 

browsing, 

fragmentation, 
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waterthrush, mallard, northern flicker, red-shouldered hawk, 

rusty blackbird, wood duck, wood frog, wood thrush, worm-

eating warbler, yellow-throated vireo, eastern red bat, hoary 

bat, silver-haired bat, marbled salamander, wood frog, Hessel's 

hairstreak, and swamp pink. 

 

throughout growing season 

to dry by midseason.  

Atlantic white cedar occurs 

in basins overlying sand 

and gravel deposits with 

saturated peat over mineral 

sediments with standing 

water present for at least 

half the growing season, 

and with nutrient-poor 

soils, especially low in 

nitrogen and phosphorus, 

and high in iron. 

invasive species, 

altered chemical 

and hydrologic 

regimes, 

impoundment/dike 

construction, salt 

water intrusion, 

and sea level rise. 

Upland Forest 

Upland Forest includes mixed hardwood species dominated by 

oak. Plant communities include: Scarlet Oak-Pitch Pine Forest, 

Mixed Oak-Pine/Pine-Mixed Oak, Mixed Oak-Pine/Holly 

Forest, Pitch Pine-Oak Forest, Mesic Mixed Oak Forest, 

Southern Red Oak/Heath Forest, Northeastern Coastal Oak-

Heath Forest, and Coastal Oak Laurel Forest (NatureServe 2009                                                                                    

Potential Conservation Species: brown thrasher, chimney 

swift, eastern whip-poor-will, eastern wood-pewee, Kentucky 

warbler, northern flicker, ovenbird, rusty blackbird, scarlet 

tanager, wood thrush, worm-eating warbler, yellow-throated 

vireo, hoary bat, little brown bat, silver-haired bat, northern 

pine snake, and eastern box turtle. 

Elevation, windthrow, ice 

storms, variable fire 

frequency in some 

communities, tree 

senescence, insect 

outbreaks, pathogens, 

droughty soils to moist and 

well-drained sites.  

Logging, 

conversion to 

agriculture and 

urban 

development, fire 

suppression, deer 

browsing, 

fragmentation, and 

invasive species. 

Pitch-Pine 

Barrens Forest 

Pine Barrens dominated by pitch pine with very low cover of 

deciduous trees. Plant communities include:  New Jersey Pitch 

Pine/Scrub Oak Barrens, Coastal Plain Mesic Pine Barrens, and 

Pitch Pine/Pennsylvania Sedge Woodland (NatureServe 2009).                                                                                               

Potential Conservation Species: brown thrasher, eastern 

kingbird, eastern towhee, eastern whip-poor-will, northern 

bobwhite, prairie warbler, wood thrush, corn snake, northern 

Fire and soil dependent and 

well-drained to xeric sands. 

Logging, 

conversion to 

agriculture and 

urban 

development, fire 

suppression, deer 

browsing, 
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pine snake, and pine barrens tree frog. fragmentation, and 

invasive species. 

Early 

Successional 

Habitat 

Transitional habitats dominated by shrub and small trees 

persisting up to 20 years depending on site potential with 

variable species composition representing the particular site.  

This habitat probably occurred in a patchy distribution 

reflecting natural disturbances and aboriginal use of fire prior to 

European times. Plant communities include:  Old Field Eastern 

Red Cedar Forest, Northeastern Modified Successional Forest, 

Northeastern Successional Shrubland, Successional Heath 

Shrubland, and Northeastern Old Field (NatureServe 2009). 

Potential Conservation Species: American woodcock, blue-

winged warbler, brown thrasher, eastern kingbird, eastern 

meadowlark,  eastern towhee, eastern whip-poor-will, field 

sparrow, northern bobwhite, northern harrier, prairie warbler, 

short-eared owl, white-eyed vireo, willow flycatcher, checkered 

white, and monarch butterfly. 

Windthrow, ice storms, 

fire, beaver, tree, 

senescence, insect 

outbreaks, pathogens, and 

forest edge. 

Conversion to 

agriculture and 

urban 

development, deer 

browsing, and 

invasive species. 

Managed 

Wetland 

Impoundments 

Common impoundment species include: dwarf spike rush 

(Eleocharis parvula), smartweed (Polygonum spp.), fleabane 

(Pluchea odorata), swamp rose mallow (Hibiscus moscheutos), 

American three-square (Scirpus americanus), umbrella-grass 

(Fuirena pumila), Bacopa monnieri, inland saltgrass (Distichlis 

spicata), beggartick (Bidens spp.), cattail (Typha spp.), and 

eastern baccharis (Baccharis halimifolia) 

Potential Conservation Species: American black duck, brant, 

black-bellied plover, Canada goose, dunlin, greater yellowlegs, 

green-winged teal, northern pintail, snow goose, semipalmated 

plover, semipalmated sandpiper, short-billed dowitcher, and 

monarch butterfly. 

Freshwater inflows, tidal 

currents, salt water, 

summer heat, storm events. 

Naturally would occur on 

flats having small 

depressions where 

rainwater/tidal overwash 

and/or high groundwater 

table create brackish 

wetlands inhabited by 

plants with limited salt 

tolerance. 

Climate change, 

sea level rise, 

subsidence, 

recreation, 

mammalian/avian 

predation, coastal 

storms, and 

invasive species, 

water management 

capabilities, high 

maintenance and 

management needs 
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3.3 PRIORITY RESOURCES OF CONCERN 

 

The Priority Resources of Concern listed Table 3-2 contains federal or state endangered or 

threatened species and priority species identified in various regional landscape level plans. 

Species were prioritized by considering the vegetative communities, the species using those 

habitats in the landscape, and how the Refuge can make the greatest contribution to 

state/regional/national priorities. To guide this process, the following concepts were considered: 

 Indicator species can be used as a representative of BIDEH. Indicator species 

presence, absence, abundance, or relative well-being in a given habitat niche 

serves as a marker of overall health of its required habitat type. 

 The BCR 30 plan ranks and prioritizes all birds and their habitats relative to their 

conservation concern and priority of needs. 

 The PIF Mid-Atlantic Coastal Plain Bird Conservation Plan (Physiographic Area 

44) ranks and prioritizes land birds and habitats of management and conservation 

concern.   

 The North Atlantic LCC identifies representative species. 

 Refuge habitat conditions may limit the capability or practicality of support or 

management for some potential species of concern. Site-specific factors evaluated 

are: 

 Patch size 

 Habitat connectivity 

 Incompatibility or conflict with surrounding land uses 

 Specific life history needs 

 Use of natural processes to maintain habitat conditions within a 

natural range of variability suitable to the representative species 

 Use of adaptive management (flexibility and responsiveness) to 

changing environmental conditions (e.g., climate change) 

 The likelihood that a potential species of concern would have a positive reaction 

to management strategies. 

 The ability of natural processes to maintain suitable habitat conditions within a 

natural range of variability. 

 The ability to use adaptive management (flexibility and responsiveness of the 

Refuge and habitats) in the face of changing environmental conditions (e.g., 

climate change). 
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TABLE 3-2.  PRIORITY RESOURCES OF CONCERN FOR E.B. FORSYTHE 

NWR 

Habitat Class                Species 
Season Used By 

Species 

Beach/Dune 

 

 

 

birds American oystercatcher Y 

black skimmer M, B 

common tern M, B 

least tern M, B 

migrating shorebirds M 

piping plover M, B 

red knot M, W 

sanderling M, W 

willet M, B 

invertebrates monarch butterfly M 

reptiles northern diamondback 

terrapin 
Y 

plants seabeach amaranth Y 

Salt Marsh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

birds 

   
American bittern M, B 

American black duck Y 

American oystercatcher Y 

bald eagle Y 

black skimmer M, B 

brant M, W 

bufflehead M, W 

canvasback M, W 

clapper rail Y 

common tern M, B 

least tern M, B 

marsh wren Y 

migrating and wintering 

waterfowl 
M, W 

northern harrier Y 

saltmarsh sparrow Y 

semipalmated sandpiper M 

short-billed dowitcher M, W 

snowy egret M, B 

whimbrel M 

willet M, B 

invertebrates monarch butterfly M, B 

reptiles northern diamondback 

terrapin 
Y 
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Permanently Flooded 

Freshwater Wetland 

 

 

 

 

 

 

 

 

 

 

 

 

 

birds 

  

  

  

  

  

  

  

  

  

  

American bittern M, B 

American black duck Y 

bald eagle Y 

black-crowned night-

heron 
Y 

green heron M, B 

king rail M, B 

least bittern M, B 

marsh wren Y 

migrating landbirds M 

sedge wren M 

wood duck M, B 

invertebrates bronze copper Y 

reptiles eastern painted turtle Y 

amphibians southern gray treefrog Y 

Wetland Forest 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

birds 

  

  

  

  

bald eagle Y 

black-and-white warbler M, B 

eastern whip-poor-will M, B 

Kentucky warbler M ,B 

migrating landbirds M 

red-shouldered hawk M 

wood duck M, B 

wood thrush M, B 

worm-eating warbler M, B 

 mammals eastern red bat M 

hoary bat M 

silver-haired bat M 

 amphibians marbled salamander Y 

wood frog Y 

invertebrates Hessel's hairstreak Y 

 plants swamp pink Y 

 

Upland Forest 

 

 

 

 

 

 

 

 

 

birds 

  

  

  

  

  

  

  

  

bald eagle Y 

black-and-white warbler M, B 

brown thrasher M, B 

eastern whip-poor-will M, B 

eastern wood-pewee M, B 

Kentucky warbler M, B 

migrating landbirds M 

ovenbird M, B 

wood thrush M, B 

worm-eating warbler M, B 
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yellow throated vireo M 

mammals hoary bat M 

little brown bat M 

silver haired bat M 

 reptiles 

  
eastern box turtle Y 

northern pine snake Y 

amphibians wood frog Y 

Pitch Pine Barrens 

 

 

 

 

 

 

 

birds 

  

  

  

  

  

black-and-white warbler M, B 

brown thrasher M, B 

eastern towhee M, B 

eastern whip-poor-will M, B 

northern bobwhite Y 

prairie warbler M, B 

wood thrush M, B 

reptiles corn snake Y 

northern pine snake Y 

amphibians pine barrens tree frog Y 

Early Successional 

Habitat 

 

 

 

 

 

 

 birds American woodcock Y 

brown thrasher Y 

eastern meadowlark M, B 

eastern towhee Y 

eastern whip-poor-will M, B 

migrating landbirds M 

northern bobwhite Y 

northern harrier Y 

prairie warbler M, B 

invertebrates checkered white Y 

monarch butterfly M 

 

Managed Wetland 

Impoundments 

birds 

  

  

  

  

  

  

American black duck Y 

black-crowned night-

heron 
Y 

colonial waterbirds 

(tricolored and little 

blue heron, glossy ibis, 

snowy egret) 

M, B  

least bittern M,B 

migrating and wintering 

waterfowl  
M, W 

migrating shorebirds  M 

B=Breeding season, M= Migration season; W=Wintering season, Y=Year round 
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3.4 REPRESENTATIVE SPECIES  

 

Representative species represent groups that are closely associated with important habitat 

attributes and are selected to represent the needs of a group of species that use the same habitat 

and respond to management similarly. The Potential Resources of Concern Table (Appendix C) 

contains a large number of species with a broad array of habitat needs. Prioritizing those species 

and their habitats is necessary to determine where to focus Refuge management strategies, where 

Refuge species and habitats can make the greatest contribution to the System, its surrounding 

landscape, and state/regional/national priorities, and where the Refuge may use its resources with 

the greatest efficacy. Using representative species simplifies the development of goals, 

objectives, and strategies while at the same time addressing important components of functional, 

healthy ecosystems (USFWS 2008a). Achieving Refuge purposes and managing for trust 

resources, as well as BIDEH, can be addressed through the habitat requirements of representative 

species or species that may represent guilds that are associated with important attributes or 

conditions within habitat types (Table 3-3).   

 

Achieving Refuge purposes and managing for trust resources as well as BIDEH can be addressed 

through the habitat requirements of "representative species" or species that may represent guilds 

that are highly associated with important attributes or conditions within habitat types. Landscape 

conservation plans, like the North Atlantic LCC, BCR Plans (BCR 30), PIF Plans, New Jersey 

Wildlife Action Plan, and others (see Chapter 1.3) have been very effective at ranking and 

prioritizing migratory birds and other species of conservation need and focus.  
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TABLE 3-3.  REPRESENTATIVE SPECIES, ASSOCIATED HABITAT REQUIREMENTS, AND OTHER BENEFITTING SPECIES – E.B. 

FORSYTHE NWR 

 Representative 

Species 
Habitat Type 

Habitat Structure and Life History Requirements Other Benefiting 

Species 

American 

Oystercatcher 

Beach/Dune 

(1,574 acres) 

Habitat includes sand or shell beaches, dunes, and salt marsh. Nesting habitat includes upland 

dune, higher sandy areas, part of a primary or secondary dune system, above mean high water 

and beach, flat open sand areas with little or no vegetation, and small residual dunes in 

periodically flooded areas. Typically feeds in intertidal mud or sand flats, or on shellfish beds; 

roosts on adjacent beaches, dunes, or marsh islands (Nol and Humphrey 1994). Utilizes 

Refuge habitats for breeding, migration, and wintering. 

Other benefiting species 

include:  black-bellied 

plover, black-skimmer, 

common tern, dunlin, 

Forster's tern, least tern, 

marbled godwit, red 

knot, ruddy turnstone, 

sanderling, 

semipalmated 

sandpiper,  willet, 

northern diamondback 

terrapin, and 

northeastern beach tiger 

beetle  

Migrating 

Shorebirds 

Undisturbed beach habitats provide feeding and resting sites for shorebirds to replenish their 

fat reserves and meet energetic demands of migration. Feed in the wrack line in the morning 

on low to rising tides (Burger et al. 1979a). Will utilize the nearby habitat mosaic that provides 

shallow water and/or mud flat habitats with sparse vegetation, undisturbed roosting areas, and 

abundant invertebrate food resources. 

Piping Plover 

Nests on sparsely vegetated open sand, gravel, or cobble beaches, frequently adjacent to sand 

dunes. Areas with access to ephemeral pools, salt-pond, or bay habitat preferred and may 

result in increased fledging success for beach nesting birds (Loegering and Fraser 1995). 

Utilizes Refuge habitats for breeding and migration. 

Seabeach 

Amaranth 

Found on overwash flats at accreting ends of coastal islands, lower foredunes, and upper 

strands of non-eroding beaches, landward of the wrack line (USFWS 1996). Utilizes Refuge 

habitat year-around.  

American Black 

Duck 

Salt Marsh 

(33,358 acres) 

Utilizes salt, brackish, and freshwater marshes. Breeds in salt marshes, coastal islands and 

meadows, brackish and freshwater impoundments, and riverine marshes. Nest sites are very 

diverse; uses salt marsh, islands, wooded swamps, and marshes. Forages in salt marsh, 

mudflats, impoundments, as well as shallow margins of lakes, streams, bays, and open waters 

(Frazer et al. 1990). Utilizes Refuge habitats for breeding, migration, and wintering. 

Other benefiting species 

include:  American 

bittern, bald eagle, 

black-crowned night-

heron, black rail, black 

skimmer, bufflehead, 

canvasback, common 

tern, dunlin, Forster's 

tern, glossy ibis, greater 

scaup, greater and 

lesser yellowlegs, least 

sandpiper, least tern, 

marbled godwit, marsh 

wren, monarch 

American 

Oystercatcher 

Uses salt marsh islands, surrounded by intertidal marsh or mud flats, with a sand, tide wrack 

substrate and dredge spoil areas, usually flat and nearly level elevated areas of various 

substrates. Typically feeds in intertidal mud or sand flats, or on shellfish beds; roosts on 

adjacent beaches, dunes, or marsh islands (Nol and Humphrey 1994). Utilizes Refuge habitats 

for breeding and migration. 

Brant 

Overwinter on mudflats and in shallow waters sheltered coastal bays and estuaries behind 

barrier beaches, with extensive cordgrass marshes in upper intertidal area and eelgrass and sea-

lettuce (Ulva lactuca) beds near the lower reaches (Reed et al. 1998). Utilizes Refuge habitats 

for migration and wintering. 
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Clapper Rail 

Breeding habitats in New Jersey are natural and ditched short-form salt marsh cordgrass (most 

preferred), tall-form salt marsh cordgrass, and salt meadow cordgrass (least preferred) 

(Mangold 1974). Presumably uses similar salt and brackish marshes during migration 

(Eddleman 1998). Utilizes Refuge habitats for breeding and migration. 

butterfly, short-billed 

dowitcher, tricolored 

heron, white-rumped 

sandpiper, whimbrel, 

and yellow-crowned 

night-heron.  

Northern Harrier 

Use of marshes and open fields in fall migration in Cape May suggests that fall habitat 

selection is similar to summer and winter habitats (Niles et al. 1996). Forages over open 

habitats. Habitat use frequency appears related to a combination of prey biomass and 

vegetative cover. Hunts low <15 feet over ground (Smith et al.2011). Utilizes Refuge habitats 

for breeding, migration, and wintering. 

Saltmarsh 

Sparrow 

Breeding is restricted to salt marsh edges along the Atlantic Coast. Nests typically placed 

within grass column with sides supported by vegetation. Bottom of nest usually elevated a few 

centimeters above substrate or water in salt marshes. Breeding success limited by storms and 

spring tides, which often flood nests (Greenlaw and Rising 1994). Utilizes Refuge habitats for 

breeding and migration. 

Semipalmated 

Sandpiper 

Feeds along water’s edge in water less than 1.2 inches deep (Wilds 2007). Feeds by pecking 

and probing for macroinvertebrates or “slurping” biofilm. Utilizes Refuge habitats for 

migration. 

Snowy Egret 

In New Jersey usually breeds in mixed species rookeries in shrubs and trees. Uses shallow 

estuarine sites for feeding including salt-marsh pools, tidal channels, and shallow bays 

(Parsons and Master 2000). Utilizes Refuge habitats for breeding and migration. 

Willet 

In Mid-Atlantic states, found in salt marsh habitat mosaic of shallow puddles and salt pannes 

with cordgrass, rarely found in freshwater habitats during breeding season (Lowther et al. 

2001). Utilizes Refuge habitats for breeding and migration. 

Northern 

Diamondback 

Terrapin 

Only estuarine turtle found in coastal, brackish marshes and their tributaries, bays, inlets, and 

tidal portions of coastal rivers. Shallow tidal creeks and tidal mudflats are the most important 

feeding areas. Feed primarily on marine invertebrates, such as fish, crustaceans, bivalves, and 

worms (Sierra and Burke 2007). Along saltmarsh creeks on Cape May Peninsula in southern 

New Jersey, Yearicks et al. (1981) found adults hibernating below the surface in banks and 

shallow depressions along creek bottoms. Utilizes Refuge habitats year-round. 

Green Heron 
Permanently 

Flooded 

Freshwater 

Wetland 

(1,368 acres) 

Thick vegetation along creeks and wetlands for feeding and trees (32.5 to 65 feet) or bushes on 

islands usually on or over water for nesting (ground level to 65 feet). Utilizes Refuge habitats 

for breeding and migration. 

Other benefiting species 

include:  American 

black duck, American 

bittern, bald eagle, 

black-crowned night-

heron, dunlin, Forster's 

tern, glossy ibis, gull-

billed tern, king rail, 

least bittern, least tern, 

little blue heron, sedge 

Marsh Wren 

Marsh wrens use a diversity of vegetation to support their nests including cattail, bulrush, and 

Phragmites. Utilizes tall marsh grasses; prefers high grass (>6.5 ft.) in narrow strips along 

tidal creeks and rivers and moderately high grass (3-5 ft.) in adjacent marsh (Kroodsma and 

Verner 1997). Utilizes Refuge habitats for breeding and migration. 
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Eastern Painted 

Turtle 

Occur in aquatic habitats with permanent water, aquatic vegetation, soft substrate, and basking 

sites. Hibernation occurs in water under logs and stumps, and in muskrat and beaver lodges. 

Occasionally found on land during dispersal or nesting (Mitchell 1994, Wilson 1995). In 

fragmented habitats considerable annual mortality may result from vehicular traffic (Mitchell 

1994). Utilizes Refuge habitats year-around. 

wren, sora, wood duck, 

Wilson's phalarope, 

northern gray treefrog, 

eastern spadefoot toad,  

southern gray treefrog, 

and bronze copper. 

Red-shouldered 

Hawk 

Wetland 

Forest 

(10,842 acres) 

Requires large areas of contiguous forest (Dykstra et al.2008). Extensive bottomland 

hardwood, riparian areas, and flooded deciduous forest stands of mature to old-growth canopy 

trees with variable amounts of understory with a generally open subcanopy (Dykstra et 

al.2008). Utilizes Refuge habitats for breeding and migration. 

Other benefiting species 

include:  bay-breasted 

warbler, black-and-

white warbler, brown 

thrasher, chimney swift, 

eastern whip-poor-will, 

Kentucky warbler, 

mallard, northern 

waterthrush, prairie 

warbler, scarlet tanager, 

wood duck, worm-

eating warbler, yellow-

throated vireo, eastern 

red bat, hoary bat, 

silver-haired bat, 

eastern spade-foot toad, 

Fowler’s toad, eastern 

tiger salamander, 

marbled salamander, 

and Hessel’s hairstreak.  

Wood Thrush 

Utilizes interior and edges of deciduous and mixed forests, especially well-developed, upland, 

and mesic sites. Key elements include: trees >52 feet height, high variety deciduous tree 

species, moderate subcanopy and shrub density, shade, fairly open forest floor, moist soil, and 

decaying leaf litter. Area sensitive and seems to favor forests greater than 250 acres with few 

roads and bordered by narrow unpaved roads or power line corridors rather than paved roads 

(Robbins et al.1989, Rich et al.1994). Poorly documented in fall, probably uses second-growth 

and forest-edge habitats with fruit (Evans et al. 2011). Utilizes Refuge habitats for breeding 

and migration. 

Migrating 

Landbirds 

Utilize closed canopy forested wetland communities dominated by tree species including red 

maple, Atlantic white cedar, sweetgum, and pine. Other trees and shrubs include American 

holly, magnolia, sassafras, huckleberries, rhododendron, swamp doghobble, and pepperbush 

with a variable herbaceous layer. Fruit producing shrubs and trees, such as American holly and 

cherry, provide high energy fruit for migrating foraging birds. Utilizes Refuge habitats for 

migration. 

Wood Frog 

Wood frogs are typically found in or near moist woods and breed in shallow ponds or pools. 

Pond hydroperiod must be at least 85 days to ensure adequate time for complete 

metamorphosis (Bagdonas and Pettus 1976, Haynes and Aird 1981). Favor wooded swamps 

and bogs (preferably closed canopy) with emergent vegetation, still water and shallow, sloping 

shorelines with moist grassy meadows, willow bogs, or forests with moderate to thick leaf 

litter within 325 feet of the shoreline (Muths et al.2005). Utilizes Refuge habitats year-round. 

Swamp Pink 

Over half of the known populations are found in New Jersey. Is an obligate wetland species 

that occurs in forested wetlands, including those bordering meandering streamlets, headwater 

wetlands, sphagnous Atlantic white cedar swamps, and spring seepage areas. Occurrence is 

limited to perennially saturated areas with the water table near or at the surface, fluctuating 

slightly during spring and summer months (USFWS 1991). Is a shade-tolerant plant and has 

been found in wetlands with canopy closure varying between 20-100 percent. Observations at 

Atlantic white cedar dominated sites indicate that it is associated with emergent portions of in-

stream and stream bank hummocks under a relatively open tree canopy (Laidig and Zampella 

2009). Primary threats are the indirect effects of off-site activities and developments that 

http://bna.birds.cornell.edu/bna/species/246/articles/biblio/bib111
http://bna.birds.cornell.edu/bna/species/246/articles/biblio/bib106


DRAFT
  

Edwin B. Forsythe National Wildlife Refuge 
Habitat Management Plan Page 50 

 

change groundwater and surface water hydrology. 

Eastern wood-

pewee 

Upland Forest 

(4,893 acres) 

Breeds in wooded communities, including both deciduous and coniferous forest. Usually 

associated with forest clearings and edges (McCarty 1996). In eastern deciduous forest 

habitats, found in more open sites with low-density canopy cover. Absent in areas of closed 

canopy (Hespenheide 1971). Size of forest fragments does not appear to be an important factor 

in habitat selection (Robbins et al. 1989).  Uses edge and suburban habitats, including a variety 

of habitats with trees and shrubs, edge, early successional clearings, and primary and 

secondary forest for migration. Forestry practices that maintain large tracts of intermediate 

aged forest with closed canopy and limited clear cuts (≤25acres), along with thinning to 

remove mature trees and woody growth <3 inches in diameter at breast height, should provide 

adequate habitat (Stauffer and Best 1980) Impacts of white-tailed deer deserve further 

attention (deCalesta 1994). 

Other benefiting species 

include:  bay-breasted 

warbler, brown 

thrasher, chimney swift, 

Kentucky warbler, 

northern waterthrush, 

prairie warbler, rusty 

blackbird, scarlet 

tanager, worm-eating 

warbler, yellow-

throated vireo, hoary 

bat, silver haired bat, 

eastern spade-foot toad, 

northern gray treefrog, 

eastern tiger 

salamander, and wood 

frog. 

Eastern Whip-

poor-will  

Utilize dry deciduous or mixed forests with little or no underbrush. Openness in forest 

understory appears more important than composition (Wilson 1985). Absent from areas of 

extensive closed forest canopy. Little migration habitat information available; probably occurs 

in same forests used for breeding (Cink 2002). Nests and young broods inhabit young to mid-

age forest interspersed with openings; older broods found where tree basal area greater with a 

sparser mature tree composition. Absent from areas of extensive closed forest canopy. Utilizes 

Refuge habitats for breeding and migration. 

Ovenbird 

Utilize mature, large, contiguous tracts of deciduous or mixed deciduous/coniferous closed-

canopy forest with heights of 52–72 feet and canopy closure from 60 -  90 percent in 

contiguous blocks of 250 to 2,200 acres for breeding (Porneluzi 2011). Utilizes Refuge 

habitats for breeding and migration. 

Migrating 

Landbirds 

Utilize mixed hardwood forest species dominated by various oak trees and shrubs, including 

huckleberries, or a mix of oak trees, pine trees, and shrubs, including huckleberries. Fruit 

producing shrubs and trees, such as American holly and cherry, provide high energy fruit for 

migrating foraging birds. Utilize Refuge habitats for migration. 

Eastern Box 

Turtle 

Found in open canopied woodlands and meadows with areas of dense ground cover. Utilizes 

Refuge habitats year-round. 

Northern Pine 

Snake 

Found in well-drained and pliable sandy soils in upland pine and pine-oak forests with open 

areas of loose sandy soil and little vegetation (NJDEP 2009). Nest burrows are in large 

clearings with less than 10% tree cover (Zappalorti et al.1983). Threats are population 

fragmentation through habitat loss and fragmentation, road mortality, limited dispersal, and 

fire suppression (NJDEP 2009). Utilizes Refuge habitats year-round. 

Eastern Towhee 

Pitch Pine 

Barrens 

(1.368 acres) 

Edge-associated generalist occupying habitats characterized by dense shrub–small tree cover 

near ground and well-developed litter. Dense, low cover may be interspersed with patches of 

more open ground. Overstory trees may or may not be present, and if present, open-canopy 

(woodland) situations are favored (Greenlaw 1996). Utilizes Refuge habitats for breeding and 

Other benefiting species 

include: black-and-

white warbler, brown 

thrasher, Kentucky 
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migration. warbler, northern 

flicker, scarlet tanager, 

wood thrush, worm-

eating warbler, yellow-

throated vireo 

Eastern Whip-

poor-will  

Utilize dry deciduous or mixed forests with little or no underbrush. Openness in forest 

understory appears more important than composition (Wilson 1985). Absent from areas of 

extensive closed forest canopy. Little migration habitat information available; probably occurs 

in same forests used for breeding (Cink 2002). Nests and young broods inhabit young to mid-

age forest interspersed with openings; older broods found where tree basal area greater with a 

sparser mature tree composition. Absent from areas of extensive closed forest canopy. Utilizes 

Refuge habitats for breeding and migration. 

Migrating 

Landbirds 

Utilize pitch pine forests with mixed hardwood forest species dominated by various oak trees 

and shrubs, including huckleberries, or a mix of oak trees, pine trees, and shrubs, including 

huckleberries. Fruit producing shrubs and trees, like American holly and cherry, provide high 

energy fruit for migrating foraging birds. Utilize Refuge habitats for migration. 

Northern 

Bobwhite 

In forest habitats, the best opportunities for management exist in well-drained upland pine and 

mixed pine-hardwood stands. Maintaining tree canopy cover at <50% to create open, park-like 

conditions is essential. Fifty to 75 % of understory vegetation should be burned annually 

during late winter to early summer in small, patchy mosaics (Brennan 1999). Utilizes Refuge 

habitats year-round. 

Prairie Warbler 

Nest in areas of mixed pine-oak forest, especially where tall pines and or shrub undergrowth 

are found (Foreman 1979) and maintained by fire (Nolan et al.1999). Utilizes Refuge habitats 

for breeding and migration. 

Northern Pine 

Snake 

Found in well-drained and pliable sandy soils in upland pine and pine-oak forests with open 

areas of loose sandy soil and little vegetation (NJDEP 2009). Nest burrows are in large 

clearings with less than 10% tree cover (Zappalorti et al.1983). Threats are population 

fragmentation through habitat loss and fragmentation, road mortality, limited dispersal, and 

fire suppression (NJDEP 2009). Utilizes Refuge habitats year-round. 

Pine Barrens 

Tree Frog 

Acidic habitats, carpeted with dense mats of sphagnum moss are required. Breeding ponds are 

typically isolated, shallow, dilute, and acidic (pH 3.74 - 4.69). Structural characteristics 

include an open canopy, a dense shrub layer, and heavy ground cover. Soil types include sands 

and muck. Utilize temporary, early successional pond-like habitats dominated by shrub and 

herbaceous vegetation (Bunnell 2011). Utilizes Refuge habitats year-round. 

American 

Woodcock 

Early  

Successional 

(832 acres) 

Habitat change across American woodcock range is the suspected cause of region-wide 

declines in abundance. Habitat quality and probably quality is decreasing as the rate of change 

of farm land into young growth forests slows (Dobell 1977). Requires young forest and with 

forest openings to provide display areas. Adjacent young hardwoods and mixed woods with 

shrubs provide moist ground for daytime feeding. Overstory canopy cover 53–64 percent in 

diurnal sites may vary daily and seasonally. Shrub canopy cover generally high (75–8 7 

percent). Nests and young broods inhabit young to mid-age forest interspersed with openings 

Other benefiting species 

include:  American 

kestrel, blue grosbeak, 

blue-winged warbler, 

eastern towhee, gray 

catbird, eastern 

kingbird, golden-
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1-10 acres in size; older broods found where tree basal area is greater with a sparser mature 

tree composition. Loss of even-aged forest management (low variation tree age structure, often 

initiated by large scale natural disturbances (fire, insects or clearcut harvesting) may 

discriminate against this species (Keppie and Whiting 1994). Spring and autumn migration 

habitat similar: moist, young hardwoods with shrubs. Utilizes Refuge habitats for breeding and 

migration. 

winged warbler, great 

crested flycatcher, 

indigo bunting, 

northern harrier, prairie 

warbler, short eared 

owl, white-eyed vireo, 

eastern whip-poor-will, 

willow flycatcher, 

eastern spade-foot toad, 

and Fowler’s toad. Brown Thrasher 

Uses a wide variety of habitats and reaches highest densities in shrub or mid-successional 

stages of forests. Habitat suitability index model variables: suitability peaked when density of 

woody stems ≥39 inches tall was 4,000–12,000/acre, percentage of canopy cover of trees was 

10–30%, and percentage of ground surface covered by litter ≥0.4 in deep was >80% (Cavitt 

and Haas 2000). Not found breeding in New Jersey woodlots <2 acres in size and rare in 

woodlots of <10 acres (Foreman et al. 1976). Utilizes Refuge habitats for breeding and 

migration. 

Eastern 

Meadowlark 

Favor habitats with good grass and litter cover. Ground nests are well concealed, often in a 

shallow depression and usually in fairly dense vegetation (Lanyon 1995). Utilizes Refuge 

habitats for breeding and migration. 

Northern 

Bobwhite 

Requires an abundance of seed producing plants and green succulent vegetation for  feeding 

adults as well as abundant insects for feeding young in a mosaic of small patches (1.25 to 6.25 

acre) of early successional habitats (Brennan 1999). Utilizes Refuge habitats year-round. 

Wintering and 

Migrating 

Landbirds 

Scattered shrubs and small trees less than 15 feet are used for security, roosting, and feeding. 

Fruit-producing shrubs and trees, such as American holly and cherry, provide high energy fruit 

for migrating foraging birds. Migrating bird abundance is highest in this habitat in New Jersey 

(McCann et al. 1993). Utilizes Refuge habitats for migration.                                                                                                                                                                                                                                                                                                                      

American Black 

Duck 

Managed 

Wetland 

Impoundments 

(1,736 acres) 

 

Managed wetland impoundments are used for foraging, loafing, thermal cover, and protection 

from anthropogenic disturbances. Utilizes Refuge impoundment habitats for breeding, 

migration, and wintering. 

Other benefiting species 

include:   black-

crowned night-heron, 

glossy ibis, least bittern, 

and little blue heron. 

 

Northern Pintail 

Managed wetland impoundments provide shallow flooded (<12” water depth) areas and seed-

producing moist soil vegetation that provides important habitat for feeding, loafing, thermal 

cover and protection from anthropogenic disturbances. Utilizes Refuge impoundments for 

migration and wintering. 

Migrating 

Shorebirds 

Managed wetland habitats provide a mix of shallow water (<4 inches water depth) and mudflat 

habitat with sparse to no vegetation (<15% cover) at the time of peak migration (late May and 

late August) to provide arthropods, amphipods, and insects. Utilizes Refuge impoundments for 

migration and wintering. 

Snowy Egret 

Forages in shallow (<8 in) pools along the water edge where foot-stirring, striking, and 

captures were most prevalent; larger pools (>2.5 acres) visited more frequently than small ones 

(Parsons and Master 2000). Utilizes Refuge impoundments habitats during the breeding season 

and for migration. 



DRAFT

  

Edwin B. Forsythe National Wildlife Refuge 
Habitat Management Plan Page 53 

 

3.5 CONFLICTING HABITAT NEEDS 

 

Given the diversity of goals, purposes, mandates, past management priorities, and conservation 

priorities for the Refuge System, conflicting management priorities may exist at the Refuge. 

Conflicting habitat or management decisions will require a conflict resolution process, such as 

Structured Decision Making. Potential conflicts include: 

 

Impoundment Management 

 

Refuge impoundments alter natural processes and habitats to provide high-productivity managed 

wetlands that are used extensively by wildlife and for wildlife viewing by the public. Climate 

change and sea level rise will present management and maintenance challenges in the future. 

Management and maintenance will likely become more difficult and expensive. Conversely, the 

value of managed impoundments may increase as salt marsh is negatively impacted by sea level 

rise. Decisions concerning the future of impoundments will be challenging and will have direct 

impacts on wildlife and visitors. Refuge managers and staff will work with their partners and the 

public to determine future actions concerning impoundment management. Refuge managers and 

staff will utilize the Region 5 Coastal Impoundment Structured Decision Making process for 

impoundment management. 

 

Forest Habitat Management 

 

A variety of species utilize forest habitat and the different successional stages that may occur 

from fire, storm events, or management actions. Different forest age classes provide habitat for 

various wildlife species and will require tradeoffs between species as management actions are 

implemented. The reduction of forest fuels along the wildland urban interface (WUI) to protect 

adjacent properties has the potential to compromise Refuge objectives. 

 

Prescribed burning, cutting, or thinning to maintain early successional forest habitats must 

consider undesirable effects of forest fragmentation or risk to adjoining properties. Forest 

management, which includes providing early successional habitats, will require a careful balance 

to achieve wildlife objectives, to provide healthy forests, and to manage the WUI. 

 

Mosquito Management  

 

Several species of mosquitoes found in coastal New Jersey are important vectors of potentially 

lethal diseases, including Eastern Equine Encephalitis and West Nile Virus. Refuge staff are 

striving to responsibly address risks to public health and safety and to protect trust resources 

from mosquito borne diseases as well as the impacts of pesticides and Open Marsh Water 

Management on wildlife and the ecosystem. Refuge staff, Regional staff and mosquito control 

agencies are working to develop new strategies for mosquito control with appropriate National 

Environmental Policy Act (NEPA) compliance. The public will have the opportunity to review 

and comment on the proposed strategies before they are implemented. 
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3.6 ADAPTIVE MANAGEMENT 

 

Adaptive management is a deliberate, science-based process for decision making in the face of 

uncertainty. This approach treats management actions as experiments, and uses the outcomes of 

those experiments to inform and improve future actions. Adaptive management relies on an 

iterative cycle of monitoring, assessment, and decision making to clarify the relationships among 

management actions, habitat response, and wildlife use. Since it is based on a continual learning 

process, adaptive management improves long-term management outcomes.   

 

Refuge managers and staff will use adaptive management to assess and to modify management 

strategies and prescriptions as necessary and to achieve habitat goals and objectives. The 

adaptive approach recognizes management performance can be optimized if management 

strategy effects can be predicted with certainty. Adaptive management provides a framework for 

making objective decisions in the face of uncertainty. Management faces four fundamental 

sources of uncertainty:  

 Environmental variation/stochasticity – the temporal and spatial variation in weather 

conditions and other key features of wildlife habitat. 

 Partial controllability – the outcome of and species response to habitat manipulation 

cannot be controlled or predicted with certainty due to natural variation, climate change, 

contaminants, invasive species, or other factors.  

 Partial observability – the ability to estimate key attributes only within the precision 

afforded by existing monitoring programs. 

 Structural uncertainty – an incomplete understanding of biological processes.   
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CHAPTER 4: HABITAT GOALS, OBJECTIVES,  

MANAGEMENT STRATEGIES AND PRESCRIPTIONS 

 

 

Image: Forsythe personnel spraying invasive plants from airboat      Photo by Don Freiday 
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4.1 INTRODUCTION 

 

The goals and objectives identified in this chapter were developed through collaboration among 

managers and biologists from the Refuge after examination of other conservation plans as 

described in Chapter 1 and consultation with federal, state, and local government agencies, 

conservation organizations, and individuals with knowledge of Refuge resources. The potential 

of this Refuge to contribute to ecosystem and landscape scale wildlife and biodiversity 

conservation goals was considered. The goals were generally consistent with the existing 2004 

CCP, but were also written with an eye towards the next CCP revision. These goals and 

objectives will be re-evaluated during the CCP revision process with additional federal, state, 

local, university, and conservation organizations, and public involvement. 

 

To develop habitat objectives, Refuge staff conducted a comprehensive analysis of habitat 

requirements for each priority resource of concern (Table 3-2). To facilitate management, all 

priority resources of concern were grouped into habitat types.  Representative species, limiting 

factors and threats to each habitat type were determined (Table 3-3). 

 

The Service requires habitat objectives be developed using the SMART criteria (objectives 

should be Specific, Measurable, Achievable, Result-oriented, and Time-fixed). Rationale is 

provided for each habitat objective to summarize scientific information, expert opinion, and 

professional judgment used to formulate each objective. 

 

This chapter also outlines management strategies and prescriptions to address the habitat 

management goals and objectives. Management strategies identify the tools and techniques (e.g. 

mowing, burning, water level manipulation, etc.) utilized to achieve the habitat objectives. 

Prescriptions provide the details behind the specific means by which the strategies will be 

implemented (e.g. timing, frequency, duration, and location). After reviewing available literature 

the identified treatments were selected in consultation with other Refuge biologists, managers, 

and practitioners to ensure their effectiveness. Many environmental factors including wildlife 

population size and migration, as well as weather and habitat conditions, affect the selected 

prescriptions and the ability to achieve objectives from year to year. As such, many prescription 

details will be identified in future Annual Habitat Work Plans.  

 

The natural world contains myriad complex and dynamic systems. This is especially true at the 

Refuge, which contains an array of different habitats that support thousands of plant and wildlife 

species in a relatively small area. It is important to acknowledge as land stewards and habitat 

managers that one can never fully understand each aspect of these continually changing systems. 

Despite the planning efforts undertaken within this HMP, there will undoubtedly be the need to 

address changes to physical, ecological, social, political, and financial factors that influence 

biodiversity and its conservation. For example, Hurricane Sandy changed the physical structure 

of some Refuge habitats. In addition, the resulting Debris Cleanup and Resilience funding 

changed what it will be possible for managers to accomplish and the Congressional, Public, and 

Partner expectations of Refuge management. 

 

The work outlined within this HMP is intended to be feasible, yet extensive, given the available 

workload of Refuge staff, funding, and community support. As such, additional biological 
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http://www.state.nj.us/dep/barnegatbay/
http://bna.birds.cornell.edu/bna/species/455


http://www.pwrc.usgs.gov/






































http://www.invasivespeciesinfo.gov/toolkit/preventionbmp.shtml
http://www.usbr.gov/mussels/prevention/docs/EquipmentInspectionandCleaningManual2010.pdf
http://www.usbr.gov/mussels/prevention/docs/EquipmentInspectionandCleaningManual2010.pdf
http://training.fws.gov/CSP/Resources/pdf/HACCP%20Manual.pdf
http://invasivespeciesinfo.gov/index.shtml


http://invasivespecies.nbii.gov/
http://tncweeds.ucdavis.edu/control.html
http://biology.usgs.gov/invasive/
http://nbii-nin.ciesin.columbia.edu/ipane/
http://www.nps.gov/plants/alien/index.htm
http://www.midatlanticpanel.org/resources/links.htm


http://www.nawma.org/
http://www.natureserve.org/getData/plantData.jsp


http://www.npwrc.usgs.gov/resource/literatr/aprs








http://www.sref.info/courses/mtf2/mtf2-2-1.pdf



















































