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CLEAN AIR ACT STATEMENT OF CONFORMITY 
BARNEGAT BAY ECOSYSTEM RESTORATION 

OCEAN COUNTY, NEW JERSEY 
 
 
 Based on the conformity analysis in the subject report, I have determined that the selected 
plan conforms to the applicable State Implementation Plan (SIP).  The Environmental Protection 
Agency had no adverse comments under their Clean Air Act authority.  No comments from the 
air quality management district were received during coordination of the draft feasibility report.  
The selected plan would comply with Section 176 ( c )(1) of the Clean Air Act Amendments of 
1990. 
 
 
 
__________________  __________________________________________ 
Date:       Thomas C. Chapman, P.E. 
     Lieutenant Colonel, Corps of Engineers 
     District Engineer 
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 I.  Project Description 
  

A. Location: 
 

 The proposed projects are located in Barnegat Bay, Ocean County, New Jersey, in the 
southeastern part of the State.  The Barnegat Bay estuarine ecosystem, located between the 
Atlantic coastal barrier islands and the New Jersey mainland, consists of two hydrologically 
connected bays, Barnegat Bay and Little Egg Harbor.  For the purposes of the feasibility study, 
the Barnegat Bay ecosystem is defined as Barnegat Bay itself and adjacent lands west to the area 
of the Garden State Parkway.  This covers approximately 328-mi2 (210,000 acres) of Ocean 
County, NJ stretching from Point Pleasant and Bay Head in the north to Beach Haven Inlet in the 
south, and from Island Beach and Long Beach Island in the east to the Garden State Parkway in 
the west.  These projects are located over a 40-mile stretch of the ecosystem that reaches from 
approximately 40 miles south of New York City to 20 miles north of Atlantic City, the closest 
urban center.    
 

The six proposed restoration projects are located throughout the Barnegat Bay ecosystem.  
The F&L Abandoned Lagoons are located in West Mantoloking just south of Herring Island 
between the mouth of Metedeconk River and Route 528 (Mantoloking Road).  The Bayville 
Abandoned Lagoon is located east of Bayville, off the south side of Bayview Avenue, about 
3,360 feet to the east of the intersection with Amherst Drive.  Oyster Creek is located 
approximately 12 miles east of the Oyster Creek Nuclear Generating Station, on the left bank of 
Oyster Creek at its confluence with Barnegat Bay.   Barnegat Lighthouse is located within 
Barnegat Lighthouse State Park, just south of the Barnegat Inlet.  Stafford Forge is located 
within the Stafford Forge Wildlife Management Area on Westecunk Creek, about two miles 
north of West Creek, and immediately north of the Garden State Parkway.   Flat Island is located 
in Barnegat Bay, approximately one mile southwest of Ship Bottom, Long Beach Island. 

 
    B.  General Description: 
 

 Barnegat Bay is a 75- mi2 estuary draining a 660-mi2 watershed located primarily within 
Ocean County, New Jersey.  Since the early 1900s, the estuary has been impacted by various 
human activities, resulting in the loss of habitat from filling and dredging activities, loss of 
habitat from hydrological modifications, invasion of habitats by invasive plants, and degradation 
of water quality.  Identification of ecosystem restoration problems, needs, and opportunities for 
Barnegat Bay began with the Congressional resolution on Barnegat Bay, NJ (September 14, 
1995), charging the U.S. Army Corps of Engineers, Philadelphia District, with completing an 
expedited reconnaissance study to identify possible improvements in ecosystem restoration and 
protection.  Following that reconnaissance study, the Corps of Engineers undertook the 
feasibility study that resulted in plan formulation for six restoration projects: F&L Abandoned 
Lagoons, Bayville Abandoned Lagoon, Oyster Creek, Barnegat Lighthouse, Stafford Forge, and 
Flat Island. 
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C.  Purpose 
 
The purpose of this study was to determine the feasibility of addressing the following 

problems (and associated objectives) for the Barnegat Bay ecosystem identified in the 
reconnaissance study: (1) ecosystem degradation and habitat loss (including freshwater wetlands 
restoration/creation, salt marsh restoration, restoration of abandoned lagoons, and submerged 
aquatic vegetation (SAV) restoration) and (2) fish and wildlife ecosystem degradation (including 
restoration of fishery habitat, waterbird habitat restoration, and creation/restoration of islands).  
Specifically, this feasibility study completed the problem identification, plan formulation, and 
environmental assessment phases for the proposed action (six restoration projects and their 
alternatives).   

 
  D.  General Description of Dredged or Fill Material: 
 

The proposed placement material will be natural sediment chosen to match the restoration site 
and improve the probability of successful restoration of the ecosystem. 
  
 E.  Description of Placement Method: 
  
The material will be placed using a variety of earth-moving and dredge-transport equipment 
chosen to minimize effects on the existing environment. 
 
 
II.  Factual Determination 
 

A. Physical Substrate Determinations 
 
  To be determined. 
   
 B. Water Circulation, Fluctuation and Salinity Determinations 
  
  1. Water.  Consider effects on: 

   
  a.  Salinity - No effect. 
  b. Water Chemistry - No significant effect. 
  c.  Clarity - Minor short-term increase in turbidity during construction. 
  d.  Color - No effect. 
  e.  Odor - No effect. 
  f.  Taste - No effect. 
  g.  Dissolved gas levels - No significant effect. 
  h.  Nutrients - Minor short-term effect 
  i.  Eutrophication - No effect. 
  j.  Others as appropriate - None 

   
  2. Current patterns and circulation 
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 a. Current patterns and flow - Circulation would be enhanced by some of 
the restoration projects.  

  
 b. Velocity – Beneficial effects to tidal velocity and regimes. 
  

 c. Stratification – Beneficial effects to thermal stratification for some of 
the projects. 

  
 d. Hydrologic regime - The regime would be enhanced by some of the 

restoration projects.  
  

3.  Normal water level fluctuations - the tides are semidiurnal with a mean tide 
range of 4.1 feet and a spring tide range of 5.0 feet in the Atlantic Ocean.  
Construction of the proposed work would not affect the tidal regime. 

  
4.  Salinity gradients - There would be no effect on the existing salinity gradients. 
  
5.  Actions that would be taken to minimize impacts – Not applicable.  

  
  C. Suspended Particulate/Turbidity Determinations 
  
 Restoration actions are expected to benefit light penetration, dissolved oxygen, 

and biota.  
  
 D. Contaminant Determinations 
  
  No contaminated areas will be affected.  

  
 E. Aquatic Ecosystem and Organism Determinations 
  
  Beneficial effects are expected on the aquatic ecosystem and resident organisms.  
   
 F. Proposed Placement Site Determinations 
  
  1. Mixing zone determination 
  
   Not applicable. 
 
 2. Determination of compliance with applicable water quality standards - Prior to 

construction a Section 401 Water Quality Certificate and consistency 
concurrence with the States Coastal Zone Management Program will be 
obtained from the State of New Jersey. 

  
  3. Potential effects on human use characteristics 
  

  a. Municipal and private water supply - No effect. 
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b. Recreational and commercial fisheries – No effect. 
  c. Water related recreation - Short-term effect during construction. 
  d. Aesthetics - Short-term effect during construction. 

e. Parks, national and historic monuments, national seashores, wilderness 
areas, etc. –  No effect. 

  
 G.  Determination of Cumulative Effects on the Aquatic Ecosystem – Positive impacts 

are anticipated for all six projects and the larger ecosystem. 
 
 H. Determination of Secondary Effects on the Aquatic Ecosystem – The proposed 

projects offers positive impacts to the entire aquatic ecosystem in the vicinity of 
Barnegat Bay. 

  
 
III. Finding of Compliance or Non-Compliance with the Restrictions on Discharge 
  
 A. No significant adaptation of the Section 404(b)(1) Guidelines was made relative to 

this evaluation. 
  
 B. The alternative measures considered for accomplishing the project are detailed in 

Section 5.0 of the document of which this 404(b)(1) analysis is part. 
  
 C. Clean Water Act Section 401 water quality certification will be obtained from the 

New Jersey Department of Environmental Protection. 
  
 D. The proposed project will not violate the Toxic Effluent Standards of Section 307 of 

the Clean Water Act. 
  
 E. The proposed project is in compliance with the Endangered Species Act of 1973.  

Informal coordination procedures have been completed. 
  
 F. The proposed project will not violate the protective measures for any Marine 

Sanctuaries designated by the Marine Protection, Research, and Sanctuaries Act of 
1972. 

  
 G. The proposed project will not result in significant adverse effects on human health 

and welfare, including municipal and private water supplies, recreation and 
commercial fishing, plankton, fish, shellfish, wildlife, and special aquatic sites.  
Significant adverse effects on life stages of aquatic life and other wildlife dependent 
on the aquatic ecosystem; aquatic ecosystem diversity, productivity, and stability; and 
recreationa l, aesthetic, and economic values will not occur. 

  
 H. Appropriate steps to minimize potential adverse impacts of the project on aquatic 

systems include selection of natural fill material. 
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I. On the basis of the guidelines, the placement sites for the fill material is specified as 
complying with the requirements of these guidelines, with the inclusion of 
appropriate and practical conditions to minimize pollution or adverse effects on the 
aquatic ecosystem.  In each case, the goal of fill material placement is to enhance the 
ecological condition of the aquatic environment and benefit natural resources. 
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related to or unrelated to the restoration.
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Barnegat Bay Restoration Site Testing Project – 27 June 2001 Coordination Meeting with 
State and Federal Agencies  
  
Participants: 
Terry Fowler  Corps, Coastal Planning   215-656-6575 
Barbara Conlin Corps, Environmental Resources  215-656-6557 
Adriana Calle   NJDEP, Watershed Management   609-777-0586 
Bill Dixon  NJDEP, Coastal Engineering    732-255-0890 
Dave Jenkins  NJDEP, Fish and Wildlife   609-989-1581 
Bob Mancini  NJDEP, Watershed Management   609-777-0580 
Helen Owens  NJDEP, Land Use Regulation  609-292-8342  
Ginger Kopkash NJDEP, Land Use Regulation  609-633-6563 
David Risilia  NJDEP, Office of Dredging   609-292-9342 
Jennifer Sliko  NJDEP, ODST    609-633-1357 
Kevin DeRoberts USFWS, Forsythe NWR   609-698-1387 
Carlo Popolizio USFWS, NJ Field Office   609-646-9310 
Anita Riportella NOAA, NMFS    732-872-3116 
Mark Southerland  Versar      410-740-6074 
Steve Harriott  Versar      410-740-6099 
  
INTRODUCTION 
  
On June 27, 2001, the above individuals participated in a coordination meeting to discuss the 23 
proposed Barnegat Bay restoration projects.  Specific objectives of the meeting were to  
  

1.      Provide a brief overview of the November 10, 2000 Draft Report, “Barnegat Bay 
Ecosystem Restoration Environmental Testing and Restoration Proposals.” 
2.      Obtain agency feedback on proposed restoration concepts. 
3.      Identify restoration projects for which there is the greatest support 
  

This meeting is the latest in a series of coordination meetings with Federal and State natural 
resource and regulatory agencies to discuss the Barnegat Bay Ecosystem Restoration initiative 
and develop consensus. 

  
GENERAL DISCUSSION 
  
The meeting began with a Power Point presentation by Steve Harriott of Versar summarizing the 
history of the initiative and describing the environmental testing and analysis leading to the 
restoration proposals.  Terry Fowler (USACE Study Manager for the Barnegat Bay Ecosystem 
Restoration Project) led the individual introductions and provided an overview of the agenda and 
meeting objectives.  Mr. Harriott continued the Power Point presentation with specific examples 
of restoration projects, including habitat mapping on aerial photographs and proposed restoration 
concepts. 
  
Following the presentation, Ms. Fowler led a discussion during which each agency representative 
identified the projects they most supported.  USEPA was unable to attend the meeting.  Ms. 
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Fowler distributed a letter submitted by USEPA.  Carlo Popolizio said that the USFWS supports 
restoration of tidal wetlands, control of phragmites, fish passage, and SAV restoration (noting the 
he would like greater emphasis on SAV restoration).  Ms. Fowler agreed that SAV restoration is 
an important issue in Barnegat Bay.  The project team has held discussions with Paul Bologna 
and identified potential restoration areas.  However, the team has been limited in terms of 
pursuing SAV restoration due to the need for positive research results to follow.  The parameters 
of this project include implementation, no t research.  In addition, drainage basin water quality 
issues may need to be addressed for successful SAV restoration.  That is also outside the scope 
of this project.  Bob Mancini mentioned that SAV restoration is also important to NJDEP-DWM 
and that a new 1.5-year grant to Paul Bologna should provide research results (involving eight 
sites in Barnegat Bay) to support the USACE SAV restoration projects.  Anita Riportella said 
that NMFS supports anadromous fish runs and intertidal habitat for fisheries.  Dave Jenkins 
spoke for the NJDEP Fisheries representative (who did not attend) in seconding support for these 
restoration actions.  He noted that actions on NJ lands, such as Stafford Forge, would have the 
greatest support.  Mr. Jenkins stated that his number one project was the Barnegat Light project 
to increase beach nesting and foraging habitat for piping plover.  Mr. Popolizio said the USFWS 
also supports this project.  Mr. Jenkins also gave high priority to other beach nesting habitat 
restoration on islands (especially for black skimmers, least terns and other terns, and terrapins), 
but noted that maintenance (including predator control) will be required for benefits to continue 
after one or two years.  Bill Dixon said he was interested in any beneficial uses of dredged 
material and that he could supply maintenance activities as part of a restoration package that 
included use of dredged material (grain size and chemical analyses may need to be performed on 
these materials).  This would include providing non-federal cost share on federal lands such as 
the USFWS refuges.  Mr. Dixon stated that the suite of six Westecunk Creek sites could be 
supported based on this approach.  Mr. Jenkins felt that these sites would have less benefit to 
wildlife than other projects because they would restore relatively few acres in a large area of 
existing salt marsh.  Mr. Jenkins asked if in-kind funds from NJDEP could be counted as part of 
the non-federal match and Ms. Fowler said they could.  Exact percentages depend on the 
authorities used for individual projects.  Ms. Fowler indicated that she was seeking different 
sponsors for individual projects and that all 23 sites would probably not have a single sponsor.  
Mr. Mancini asked if the 319 funds he receives from EPA could be used as the non-federal 
match.  Ms. Fowler said she needed to determine that.  Currently the Corporate Business Tax is 
being used to fund the non-federal share of the feasibility work.   
  
As the discussion progressed, Ms. Fowler asked that the participants also present any ecological 
or regulatory concerns they had.  Helen Owens said she would support restoration to improve 
ecological conditions, including the Barnegat Light project, but that any project negatively 
affecting endangered species would not likely be supported.  Mark Southerland stated that the 
intention of any projects with resident endangered species was to benefit them, but he agreed that 
the uncertainties about projected ecological change under the projects would have to be reduced 
during the feasibility phase.  Mr. Jenkins felt that benefits to the Pine Barrens tree frog could be 
better achieved by creating vernal ponds away from the stream channel than by retaining 
backwater areas that might currently support this species.  Kevin DesRoberts said he would have 
to take back the information from this meeting and coordinate with his office before he could 
provide project priorities.  Mr. Dixon said that he would be able to support off-site restoration 
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work on USFWS lands if they would allow use of preexisting dredged material disposal sites.  
Barbara Conlin commented that projects requiring the removal of fill material would face more 
hurdles than those only requiring rearrangement of fill or disposal of fill.  Mr. Jenkins would 
give higher priority to restoration of islands near inlets, since they provide richer fisheries for 
bird foraging.  Ms. Riportella reminded the group that the feasibility phase would need to include 
assessment of essential fish habitat.  Mr. Jenkins asked whether USACE would conduct a HEP 
analysis.  Ms. Fowler and Ms. Conlin indicated that an incremental analysis involving some kind 
of habitat quantification would be done.  David Risilia stated that an acceptable use 
determination would be needed for dredged material.  It could potentially be a blanket permit and 
be part of the federal consistency.  Appendix E of Dredging Activities and Dredged Material in 
New Jersey’s Tidal Waters should be referred to.  He noted that the material that has been 
dredged would have to be characterized and that USFWS and EPA testing requirements should 
be taken into account as well.  Ms. Owens said that all freshwater wetlands affected would 
require a permit (potentially an individual wetlands permit, unless the project is before 
Congressiona l review).  It is uncertain whether the general permit for restoration activities that 
has been proposed will be enacted or will expire in August. 
  
INDIVIDUAL PROJECTS DISCUSSION 
  
Dr. Southerland initiated the discussion on individual projects starting at the top of the table 
reprinted from the November 2000 report.   
  

1.      Westecunk Creek Sites (6) 
  
The group agreed that these six sites are best undertaken as a single project (four involve 
removing fill and two adding it).  It was agreed that restoring the sites to salt marsh was the best 
thing to do in the context of the landscape, but it was noted that the acreage gained was small 
relative to the existing marsh.  Pending expected funding to do dredging in Westecunk Creek, 
Mr. Dixon said he could provide the non-federal match or even undertake the project without 
USACE funding from this project, if USFWS is amenable to NJDEP using one of the preexisting 
sites for dredged material disposal.  Mr. Dixon noted that > 100,000 c.y. needs to be dredged.  
NJDEP could possibly remove fill from one site, if they can dispose of material at another site.  
Mr. Dixon noted that there may be landfills interested in receiving the fill.  A more expensive 
alternative might be to use the material for dike construction elsewhere.  Mr. Dixon also 
indicated that a currently private-owned dredge disposal site to the west of Cedar Run Dock 
Road (opposite side of Westecunk Creek from our projects) could potentially provide a cheaper 
alternative to use of TWS23 and TWS24 for disposal of any materials.  This is because the 
private site possesses road access; none of our Westecunk Creek sites do. 
  

2.      Abandoned Cranberry Bogs (4) 
  
The group considered the four impounded sites together but noted that each was rather complex, 
involving a fish passage as well as wetland habitat restoration component.  Ms. Owens stated 
that Stafford Forge, Cedar Run, and Ballanger Creek all have endangered species concerns that 
need to be addressed in feasibility.  She does favor the fish passage aspects without reservation.  
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Mr. Jenkins said the USACE should determine whether these areas are among the NJDEP Parks 
and Forestry Atlantic white cedar restoration priorities.  Craig Coutros (609-984-0813) is the 
contact.  It was also recommended that the superintendent at Bass River State Forest be 
contacted to see what their management plan calls for.  Jenkins likes the Stafford Forge project 
the most and suggested that tree frog habitat could be accommodated in the project. Mr. Harriott 
noted that stream blockage removal at Silver Lake would be needed to achieve fish passage at 
Stafford Forge and the group agreed that the two projects should be packaged together.   Ms. 
Owens asked whether removing the Silver Lake blockage would drain any of the wetland and 
Mr. Harriott indicated it was unlikely.  The group agreed that the restoration of fish passage 
could be supported unreservedly at these projects, but that habitat enhancement should be 
considered an option to be determined during the feasibility investigation.  Mr. Dixon noted that 
John Ritchey of the NJDEP Dam Safety Program can provide specific physical and historic 
information on the dams. 
  

3.      Barnegat Light 
  
There was strong support for this project from several participants.  Mr. Jenkins rated it his 
number 1 project, but noted it should be modified to use culverts to convey flow to the pond.  He 
indicated that careful engineering analysis would be needed to ensure good flow.  He also 
recommended that the pond be linear in shape parallel to the beach.  He said that potential 
landowner concern about removing sand for the pond could be alleviated by adding more dunes 
closer to the homes.  Mr. Dixon had no objection, but noted that the sand (of which there is a 
large amount) is designated as an emergency reserve for replenishment in case of a severe storm.  
Ms. Owens said that she would be willing to fast track the project. 
  

4.      Oyster Creek 
  
The group felt that the plan to restore tidal flow by creation of a meandering channel was a good 
approach to controlling phragmites.  Although no ready non-federal sponsor was in the room, it 
was mentioned that the nuclear power plant owner might be interested.  Ms. Riportella 
commented that there may be eelgrass nearby that must be protected from possible impacts.  Ms. 
Owens also expressed concern about possible road (i.e., Orlando Drive, in the Forked Beach 
Community) flooding when the marsh is flooded. 
  

5.      Abandoned Lagoons (3) 
  
The group agreed that providing tidal flow and raising the bottom of these lagoons would 
provide ecological benefit.  The proposed connection between the F-cove and L-cove lagoons 
indicates that they should be considered together.  Ms. Kopkash suggested that new dredged 
material be used to raise the bottom, rather than using old fill material along the lagoon edge so 
that the upland vegetation could be retained as a buffer to noise on the bay.  Mr. Risilia also 
mentioned a possible stabilization issue if the material is removed.  Mr. Dixon said that dredged 
material from a nearby source was available.  Several participants discussed the advantage of 
keeping boats out to reduce disturbances to the created island and raising the bottom further or 
putting in pilings at the entrance were proposed.  Ms. Owens and Ms. Kopkash expressed 
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concerns about wetlands loss involved in providing the tidal connection for the Bayville lagoon, 
noting that the permitting would be difficult and it would have to be demonstrated that no 
alternative was available.  Mr. Jenkins stated that it needed to be a solvable problem since the 
wetlands law creating the hurdle was enacted to prevent wetlands loss caused by the lagoon that 
was now recommended for restoration.  Mr. Dixon suggested that the tidal connection be 
considered part of open marsh water management for mosquito control.  It was agreed that a 
hydrology/hydraulics analysis would need to be done to identify what is necessary for circulation 
and demonstrate that impact is minimized. 
  

6.      Islands 
  
Ms. Conlin noted that around the Chesapeake Bay, islands with new dredged material have been 
rapidly colonized by beach nesting birds.  Mr. Jenkins said the same has occurred in Barnegat 
Bay, but that maintenance is required to keep vegetation down and to control predators.  Ms. 
Kopkash wondered whether the predator problem from foxes and raccoons was insolvable.  Mr. 
Jenkins said that complete removal was very difficult but that reductions in predators would 
benefit beach nesting species, i.e., that some predation losses could occur and nesting could still 
succeed.  He felt that we could get several good years of bird nesting before foxes (and other 
predators) re-colonize.  He said birds are currently nesting on some of the project islands using 
wrack mats.  Mr. Risilia said that a rotational program with new sandy dredged material added at 
the proper interval would be optimal.  Mr. Dixon noted that it was conceivable to do disposal on 
all three islands, but he confirmed that rotational disposal might have too long an interval (citing 
the fact that the Intercoastal waterway has not been dredged in that area since it was created).  
Mr. Jenkins commented that the 200 gull colonies on Island 26A are a new problem facing that 
project.  There are no foxes currently known to exist on that island.  On High Island, he 
suggested that the terrapin habitat be created right along the eastern edge, where adult and 
juvenile escape to the water is easy and predation losses would be less.  Mr. Jenkins 
recommended that creation of beach habitat be done on the north area of Island 26A and that the 
south area be reserved for heron nesting in the developing existing vegetation.  Mr. Jenkins and 
Mr. Dixon agreed that these activities on Island 26A could be undertaken as part of the base 
dredged material disposal program and would not need to be included among the USACE 
restoration project proposals.  Mr. Dixon said that Flat Island is acceptable for restoration, but 
part of it is also needed for disposal. 
  

7.      Double Trouble Dam 
  
The group discussed the continuing uncertainties about whether current low pH conditions would 
limit the success of new anadromous fish runs in Cedar Creek above Double Trouble.   
  
Summary 
  
Dr. Southerland asked the group to name their top 5 and bottom 5 projects as a way of 
summarizing the level of support for each.  The following rankings (in approximately order of 
priority) were generally agreed to by all participants: 
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Top Priority 
  
Barnegat Light 
F&L Lagoons 
Bayville Lagoon  
Stafford Forge and Silver Lake (fish passage, + AWC habitat and emergent wetlands 
enhancement presented as an option) 
Island 26A (expected to be undertaken without USACE restoration funds) 
Flat Island 
Oyster Creek 
  
Medium Priority 
  
Westecunk Creek 6 sites 
High Island 
Cedar Bonnet Island 
Double Trouble Dam 
  
Low Priority 
  
Cedar Run 
Ballanger Creek 
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BARNEGAT BAY ECOSYSTEM RESTORATION PROJECT 
 
INTERAGENCY MEETING AT NJDEP IN TRENTON, NEW JERSEY –  
DECEMBER 06, 2001 
 
Attending: 
 
Name  Affiliation  Phone Title     
Terry Fowler USACE-PL-PC 215-656-6575 Project Manager  
Vinny Turner USF&WS Forsythe NWR 609-698-1387 Wildlife Biologist 
Anita Riportella NOAA / NMFS 732-872-3116 Biologist 
Don Wilkinson NJF&W 856-785-0455 Biologist 
Brian Marsh USF&WS 609-646-9310x21 Federal Activities  
      Biologist 
Curtis Orvis USF&WS 413-253-8288 Hyd. Eng. Fish  
      Passage 
Carlo Popolizio USF&WS 609-383-3938 x32 Biologist 
Jennifer Sliko NJDEP / ODST 609-633-1357 Geologist 
Bill Dixon NJDEP Eng-Const 732-255-0890 Princ. Env. Specialist 
Helen Owens NJDEP LURP 609-292-8262 Princ. Env. Specialist 
Virginia Kopkash NJDEP Land Use Mitigation 609-777-0454 Princ. Env. Specialist 
Bob Mancini NJDEP Atlantic Coastal WM 609-984-6888 Section Chief 
Larry Torok NJDEP LURP E&T 609-984-9488 Princ. Env. Specialist 
Adrianna Calle  NJDEP Atlantic Coastal WM 609-777-0586 Env. Specialist 
Bob Dieterich US EPA Region 2 212-637-3794 Env. Scientist 
Dave Jenkins NJDEP F&W 609-984-1581 Princ. Zoologist 
Mark Southerland  Versar, Inc. 410-740-6074 Sr. Ecologist, PM 
Steve Harriott Versar, Inc. 410-740-6099 Wetland Scientist 
Ed Fulford Andrews, Miller & Assoc. 410-228-7117 President, PM 
Oner Yucel Andrews, Miller & Assoc. 410-897-1004 Western Area Mgr,  
       Co-PM 
 
 
§ At 9:00 AM, Terry Fowler opened the meeting, and briefly discussed the current status of the 

study.  She indicated that Andrews, Miller & Associates, Inc. (AMA) had provided a hard-
copy report on the 30% Concept work done to date.  

 
§ She also indicated that prior to today’s meeting, a two-day field inspection trip to the six 

project sites was conducted on December 4 and 5 for the benefit of some USACE and 
NJDEP staff.  

 
§ She explained that at today’s meeting AMA would be making a Power Point slide 

presentation but with a change in the original discussion order of the six projects. Stafford 
Forge project would be addressed first to accommodate those who need to leave at 10:00 
AM. 
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§ Following introductions, Terry Fowler suggested that questions regarding the specific project 
areas be entertained during the course of the presentation with subsequent answers by AMA, 
VERSAR or Terry Fowler. She then asked AMA to proceed with the presentation. 

 
§ AMA’s Ed Fulford handed out copies of the Power Point presentation that AMA’s Oner 

Yucel would be making this morning to describe the 30% Concept work done to date for the 
six project sites. 

 
§ Oner Yucel indicated that the presentation for each site would consist of a summary of the 

background information with the use of a number of selected slides based on previous 
presentations by Versar, followed by an explanation of the restoration goals and the 
alternatives, and with each alternative to be accompanied by an exhibit and the preliminary 
cost estimates.  At that point, Oner Yucel asked Versar’s Mark Southerland to make 
introductory remarks on Versar’s work that has led into the current study. 

 
§ Mark Southerland indicated that Versar’s work on the environmental restoration of Barnegat 

Bay started with the investigation of a large number of sites throughout the Bay, resulting in 
the selection of 23 sites. Subsequently, the number of project sites to be included in this 
engineering feasibility study was then reduced to six project sites.  Mark Southerland 
concluded his remarks by stating that AMA was commissioned by the Philadelphia District 
Army Corps of Engineers with the task of performing an engineering feasibility study on 
these six project sites with Versar cooperating with AMA throughout the study.  At this 
point, he returned the lead to Oner Yucel to make the presentation. 

 
§ Oner Yucel began the presentation by emphasizing that the 30% Concept designs and the 

preliminary cost estimates being offered would be subject to refinement as a result of AMA’s 
site-specific field surveys planned to take place in the immedia te future. 

 
§ Oner Yucel indicated that 90 slides would be used for the main presentation, with an 

additional 9 slides of the AutoCad drawings depicting the draft fish ladder concepts received 
from Curt Orvis, and a number of photographs that were taken by Terry Fowler during the 
previous field trips.  The highlights of the presentation as well as the comments received 
during the presentation are provided below. 

 
STAFFORD FORGE 
 
§ Oner Yucel showed several slides providing background information, the restoration 

goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 7 alternatives involving the 
incorporation of fish passages at 3 locations and water control structures for 3 ponds.  He 
also showed the slides of the AutoCad drawings provided by Curtis Orvis for the fish 
passage concepts. 

 
• Terry Fowler explained that the Corps procedure involves marrying the costs of each 

alternative with habitat units derived to evaluate the potential benefits of an alternative 
plan. 



 
 
Draft C-35 October 2003 

 
• A statement was made that the structure at Pond 5 has not been completely renovated at 

this time. 
 

• Bill Dixon stated that Dam Safety required that Pond 1 be drained due to the unsafe weir 
structure. 

 
• Steve Harriott stated that the purpose of lowering the water levels at several of the ponds 

was to increase the growth of vegetation for waterfowl habitat. The target depth is 18”. 
 

• Larry Torok asked if there would be any water elevation manipulation in Ponds 1 & 5. 
The answer was no. Larry then stated that, regardless of what alternatives we use, as long 
as we don’t manipulate the level of Pond 1, we’re not going to affect tree frogs.  He noted 
that lowering Ponds 2 & 3 would actually improve tree frog habitat. 

 
• Virginia Kopkash said that she has heard of a site where a device was used to reduce the 

water flow rate/sound of the water flow to fool beavers into not building dams. Curt 
Orvis indicated that he was aware of the site also and he believed that it is located on 
Cash Lake (Patuxent Wildlife Refuge) in Maryland.  He indicated that the device is 
experimental. 
 

• Bill Dixon stated that coordination should be conducted with the Dam Safety office in 
NJDEP regarding improvements such as the fish ladders. POC is John Moyle at NJDEP. 
 

• Helen Owens stated that her understanding was that previous alternatives that were being 
considered included trapping out beavers and white cedar forest creation, and that now 
the only alternative under consideration consists of water elevation control for wetland 
vegetation enhancement.  Steve Harriott explained that water elevation control would be 
implemented only in the three offstream ponds, and that white cedar forest creation is not 
being currently considered.  We need to address the beaver dam which is currently 
blocking the stream and design for beaver occlusion, but the Wildlife Management Area 
will need to address their overall beaver problem. 
 

• Subsequently, Curt Orvis presented the slides of the drawings of his fish passage design 
concepts and discussed their function. He generally discussed the options available for 
upstream and downstream designs, the approximate dimensions of typical fish passage 
modules that would be used, and the type of support structures where needed.  He stated 
that the design would be based on the hydraulic characteristics of the existing water 
control structures. He proposed that we stock herring.  Don Wilkinson noted that at the 
August 2000 meeting on Stafford Forge, Hugh Carberry agreed to do this. 

 
 
• Oner Yucel indicated that AMA received from Curtis Orvis a list of design related 

inquiries and forwarded this list to NJDEP’s Ray Porutski, including the pertinent 
hydraulic characteristics of the water control structure at Pond 5 and any seasonal 
management plans being implemented for the site. Oner Yucel further indicated that the 
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proposed fish passage designs and the water control structure designs at Ponds 2, 3 and 4 
would aim not to adversely impact any existing management plans if they exist.  Oner 
Yucel stated that the pending field surveys by AMA would provide additional site-
specific data and facilitate the design of the proposed fish passage structures. 

 
FLAT ISLAND  
 
§ Oner Yucel showed several slides providing background information, the restoration 

goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 3 alternatives targeting the 
re-creation of 8 acres, 5 acres and 3 acres of tidal marsh. 

 
• Virginia Kopkash requested a clarification of the tidal range at the site; specifically the 

MHW. Oner Yucel responded that the tidal range is about 1 ft. 
 

• Helen Owens asked if all of the area shown in Alternative 1 would be flooded. Oner 
Yucel responded that it would be if the elevation is less than or equal to 2 ft., but only 
periodically. 
 

• Bill Dixon stated that the site is private property and questioned whether AMA’s costs 
reflected land acquisition costs. He stated that the local sponsor usually provides the land 
and asked who the local sponsor might be for this project. Terry Fowler responded that 
the local sponsor is yet to be determined. 
 

• Bill Dixon stated that if the forested area cannot be used for dredged material disposal, 
the available site area for disposal would be reduced to 25% of its area. He indicated that 
the site has to be re- looked at to make sure that dredged material disposal is 
accommodated since there are no other areas available.  (See Dixon’s comment under 
Bayville Lagoon.) 
 

• Bill Dixon stated that he thinks our estimated elevations are too low; i.e., that they are 
greater than 2 ft. and that the elevations will impact the functional performance of the 
project; we need to go deeper to reach water. 
 

• Bill Dixon stated that he needed to determine if the forested area can or cannot be used 
for dredged material disposal.  If it can, then he could be okay with the Corps’ proposal.  
Dave Jenkins said that he believed the uplands could be used.  However, NJDEP 
currently has no formal mechanism besides permit application for agreeing on where on 
the island Bill can dispose of dredged material. 
 

• Terry Fowler stated that since it appears that Bill Dixon will not be able to tell us where 
we should locate our project within our study timeframe, we would have to make our best 
effort at accommodating today’s comments and move forward.  Terry recommended that 
the three designs extend in length over three different distances, rather than all be of the 
same length with different amounts of braiding. 
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• Bill Dixon stated that the cost of land acquisition would be high. 
 

• Dave Jenkins suggested reducing the extent of the channels to the northeast and 
providing more contiguous area for dredged material disposal. 
 

• Virginia Kopkash stated that if Bill Dixon applied for a permit for disposal on wet 
Phragmites, he could propose the current plan as mitigation. It was then stated that the 
current project is a restoration project, and as such should not involve or require 
mitigation. 
 

• Helen Owens stated that there would be a problem with dredged material disposal unless 
it was in the upland areas. It was stated that upland disposal was the intent. Helen Owens 
stated that the bottom line was the need to dispose of dredged material on upland 
Phragmites areas as long as it is not habitat for birds of concern to NJDEP Fish & 
Wildlife. 

 
• Virginia Kopkash stated that she had run into a problem earlier when Federal funds were 

used for restoration projects that were called mitigation projects. Terry Fowler indicated 
that Corps funds could be used for environmental restoration but not for mitigation for 
the proposed project. 
 

• It was suggested that Bill Dixon should mark up AMA’s Flat Island drawings to indicate 
his recommendations regarding the limits of channel excavation and disposal areas. 
 

• Don Wilkinson stated that salinity greater than 12 ppt will control Phragmites. 
 

• Bill Dixon recommended maximizing the number of tidal openings since there is a lot of 
eelgrass in the area that could clog the openings. 

 
• Carlo Popolizio said that it was important to remove the dead Phragmites cane so the rack 

did not build up. 
 

• In response to a question as to whether planting was planned, it was stated that the intent 
is for natural colonization by Spartina alterniflora. 
 

• Bill Dixon stated that using a Bobcat for excavation is only good if we are planning on 
side-casting the material. Other equipment will be needed if the material is to be moved 
somewhere else.  If the material will be moved elsewhere, the width of the channel will 
need to accommodate the hydraulic pumping equipment. 
 

• Oner Yucel asked if burning Phragmites is acceptable. Bill Dixon replied that 
authorization from NJDEP Forest Service for burning has been received previously. 
 

• Virginia Kopkash stated, and Dave Jenkins agreed, that just adding channels and flooding 
the Phragmites provides better habitat than currently exists.  
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OYSTER CREEK 
 
§ Oner Yucel showed several slides providing background information, the restoration 

goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 3 alternatives involving 
varying sizes and lengths of open channels. The designs target the introduction of tidal 
water into the fresh/brackish water ponds and the perimeter ditches as well as the 
Phragmites occupying the two cells of the site. The designs would recreate varying 
acreages of tidal marsh. 

 
• The question of ownership of the site was posed. Terry Fowler answered that the 

Baltimore District Real Estate Division was researching the ownership. Bill Dixon said 
that Amergen is the current owner and Jay Vouglitois is the POC. Bill has his phone 
number in his office. 
 

• Bill Dixon stated that the owner might need to use the site for dredged material 
placement when the nuclear plant is decommisioned. Oner Yucel responded that in that 
case, the proposed Alternative 1 with wide channels might be the most viable alternative. 
 

• Helen Owens stated that if the public currently has access to the dikes, the access needs 
to be maintained with any alternative. 
 

• Bill Dixon stated that access should be incorporated. The dike dividing the East and West 
channels should not be breached.  He recommended the use of a pipe or adding a 
walkover bridge if channels were to be used. 
 

• The issue of tidelands jurisdiction was mentioned by Don Wilkinson. The question was 
whether the NJDEP Office of Tidelands needs to be involved.  What is the status of the 
land with regard to tidelands leases and grants. Terry Fowler answered that the Baltimore 
District Real Estate Division would look into the issue. 
 

• Carlo Popolizio stated that there is record of a State listed plant  on the site. The POC is 
David Snyder of NJDEP Natural Heritage. 
 

• Helen Owens suggested considering placing pilings at the openings to the bay to restrict 
jet ski usage in the site. 

 
F & L LAGOONS 
 
§ Oner Yucel showed several slides providing background information, the restoration 

goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 4 alternatives, involving 
the channels connecting the two prongs of the F Lagoon, a channel connecting F & L 
Lagoons, deepening of the L Lagoon access channel, and raising the bottom elevations 
throughout the lagoons to achieve an average depth of 6 feet.  
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• The question of the source of the fill for raising the bottoms of the lagoons was raised. 

Oner Yucel responded that the two sources being considered are (1) material from the 
dredged material berms surround ing the lagoons, and (2) dredged material from off-site. 
Bill Dixon stated that we should not assume that there is dredged material available of 
sufficient quantity and quality and that we should also get a cost estimate from an upland 
source, dredging source, and onsite source.  Bill later amended his statement to say that 
dredged material may well be available. 
 

• Virginia Kopkash asked why the bottom depth of 6 ft. was selected. Steve Harriott 
responded that the three major reasons were:  (a) 6 ft. is the maximum depth that they 
caught fish while seining, (b) the maximum depth for SAVs in the area is 6 ft, and (c) the 
average depth throughout the Barnegat Bay is 6 ft. Mark Southerland said that the 
previous dredged hole project indicated that better habitat for benthic invertebrates 
existed in shallower depths. 
 

• Carlo Popolizio asked about the value of the habitat on the manmade berms. Dave 
Jenkins responded that we do not know the value at this time but that we need to 
determine it. He pointed out that even if we took what we needed from the berms to put 
fill in the lagoons, we would still have upland habitat on the berms.  Mark Southerland 
believes that there may be enough material available in the berms overall so that we 
could only use the less valuable parts of the berms. A discussion that followed stipulated 
that the parts of the berm on the West and North sides of the F Lagoon might be less 
valuable than the parts on the East end or the South side of the lagoon. 
 

• Virginia Kopkash stated that more information on the berm habitat value is needed to 
determine if we can or cannot use the berms.  There was general discussion of upland 
habitats that are out of place in marsh systems, but may have value because they have 
been reduced elsewhere. 

 
• Vinny Turner said that the Refuge would like to see access to the lagoons blocked off.  

He did not know the quality of the upland habitat. 
 

• Virginia Kopkash asked if a HEP analysis would be done. Terry Fowler responded that a 
Habitat Units assessment is being done. Steve Harriott added that this analysis would 
include some HEP analysis. 
 

• Dave Jenkins suggested that actual habitat use data be obtained rather than relying on 
point counts or based on vegetation. 
 

• Helen Owens asked if the wetlands in the brackish pond would be disturbed with 
Alternative 1 and, if so, why not modify Alternative 2 (i.e., the location of the east-west 
connecting channel) to eliminate these impacts. Terry Fowler and Oner Yucel responded 
that we would explore the recommendation. 
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BAYVILLE LAGOON  
 
§ Oner Yucel showed several slides providing background information, the restoration 

goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 3 alternatives, involving a 
meandering channel through the Phragmites area connecting the west end, and culverts or 
a culvert-channel system on the east, providing access of tidal water to the lagoon, and 
raising the lagoon bottom elevation to an average depth of 6 feet.  

 
• Virginia Kopkash asked why we need to have a 50-100 ft. wide channel. Oner Yucel 

responded that AMA would refine these dimensions but the low tide ranges available 
tend to suggest that relatively large channel sections would be needed to facilitate 
effective tidal water access to the lagoon. 
 

• Helen Owens stated that she believes there is only a 0.5 ft. tide range at this site. She also 
said that Alternative 2, involving an open channel adjacent to the dirt road, would be 
considered to be acceptable only if we can guarantee Spartina would be restored there. 
Steve Harriott responded that habitat would be improved even if Spartina were not 
restored at the site. 
 

• Helen Owens asked if the proposed open channel is better than the Phragmites marsh it 
would be replacing. The general consensus was that the proposed tidal access channels 
would improve the water quality in the lagoon significantly and that we are not just 
evaluating the channel versus the Phragmites marsh.  Bill Dixon noted that the benefits 
derived from open water management are relevant here.  Mark Southerland and Dave 
Jenkins said that the entire project is restoration and habitat changed should be viewed at 
that scale. 
 

• Virginia Kopkash said it would be more acceptable if we could vegetate the side slopes 
of the channel. It was agreed that vegetating the side slopes would be beneficial. 
 

• Bill Dixon stated that dredged material from nearby lagoon entrance channels may be 
available for this site and, on second thought, dredged material from NJIWW near F&L 
lagoons might also be available.  He may propose to be the sponsor and could possibly 
dig the channels. 
 

• Virginia Kopkash stated that we should require a pre-construction/grading meeting with 
the selected contractor to insure that the project is constructed properly. Terry Fowler 
responded that the Corps has a Construction Section that would oversee construction to 
insure proper project construction.    

 
BARNEGAT LIGHTHOUSE 
 

• Oner Yucel showed several slides providing background information, the restoration 
goals and the alternatives.  He then used an exhibit and the preliminary cost estimates to 
describe the various engineering design details for each of the 8 alternatives, involving 
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two different sizes of shallow ponds, and one or two openings, formed of open channel or 
culverts. 

 
• A comment was made that since the Borough, the Coast Guard and the Park staff drive 

through the area adjacent and parallel to the jetty for emergencies and maintenance, we 
should consider including a short pipe section for a vehicle crossing. Oner Yucel 
responded that we would consider this during our design. 
 

• Bill Dixon made the comment that we should consider using armor mats to line the 
proposed channel. 
 

• Dave Jenkins stated that we should consider orienting the proposed pond axis 
perpendicular to the jetty centerline to result in the pond being more parallel to the beach. 
This would maximize the habitat created. He also suggested that we try to minimize 
impacting the dune sections by meandering the pond. The more diverse and imaginative 
the planform of the pond is, the better it will function as habitat. He also said that at low 
tide the pond could be a mudflat. 
 

• Terry Fowler said that we could probably take sand from the pond excavation to the area 
where geotubes will be filled and placed behind the jetty as part of a separate USACE 
project.   
 

• Bill Dixon stated that the pond should not be dry at low tide and that two channels versus 
one channel is a hydraulic decision.  The design should anticipate some filling in of the 
pond. 
 

• Helen Owens noted that Scott Fritzinger of USACE had said during the previous day’s 
field trip that the existing nearshore channel parallel to the jetty could be a problem 
during storms, since water would sweep down it, parallel to and alongside of the jetty. 
Bob Dieterich added that storms from the southeast bring swells which flood the area. 
 

• Dave Jenkins suggested that the project could be modified in the future to cause 
Phragmites elsewhere on the Barnegat Lighthouse site to change over to Spartina. Terry 
Fowler responded that this might be a good idea that could be incorporated in a future 
study.  Dave and Helen Owens recommended that we relocate the beachgrass we’ll be 
moving and put it up on the northwest dunes in front of the houses.   
 

• Helen Owens asked if we were planning on discussing the proposed projects at Stafford 
Forge with Ray Porutski and the proposed projects at Barnegat Lighthouse with the 
Borough.  Terry Fowler responded that we would make those contacts. The point of 
contact recommended by Dave Jenkins for Barnegat Light is environmentally- inclined 
Councilperson Dottie Reynolds. Dave has her number.   

 
The meeting was adjourned at 12:30. 
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Barnegat Bay Ecosystem Restoration Meeting 
at NJDEP Offices, Trenton, NJ 

23 July 2002 
Minutes 

 
Participants: 
Terry Fowler  USACE, Coastal Planning  215-656-6575 theresa.a.fowler@usace.army.mil 
Mark Southerland Versar    410-740-6074 southerlandmar@versar.com 
Oner Yucel  Andrews, Miller & Assoc. (AMA) 410-897-1004 oyucel@amainc.org  
Keith Harrington  David Miller & Assoc. (DMA) 703-255-1300 kharrington@dma-us.com 
John Policarpo  NJDEP, LURP   609-984-0288 John.Policarpo@dep.state.nj.us 
Kevin DesRoberts USFWS, Forsythe NWR  609-698-1387 Kevin_DesRoberts@fws.gov 
Darren Robinson  NOAA (intern)   443-614-3616 
Jennifer Sliko  NJDEP, ODST   609-633-1357 Jennifer.Sliko@dep.state.nj.us 
Anita Riportella   NOAA/NMFS   732-872-3116 anita.riportella@noaa.gov 
Jo Dale Legg  NJDEP, Watershed Mgmt.  609-633-2003 JoDale.Legg@dep.state.nj.us 
Bill Dixon  NJDEP, Coastal Engineering 732-255-0890 William.Dixon@dep.state.nj.us 
Bob Dieterich  USEPA, Region 2  212-637-3794 dieterich.Robert@epa.gov 
Carlo Popolizio   USFWS, NJ Field Office  609-383-3938 x32   Carlo.Popolizio@fws.gov 
 
Introduction 
 
On July 23, 2002, the above individuals participated in a meeting to provide resource agencies 
with an update on the progress of the Barnegat Bay restoration feasibility study projects and to 
discuss the selected plans.   
 
The meeting began with introductions.  Terry Fowler (USACE Study Manager for the Barnegat 
Bay Ecosystem Restoration Project) then initiated the PowerPoint presentation (see attached) by 
stating the meeting purpose and providing a brief overview of the project to date.  Ms. Fowler 
noted that some changes to the alternatives considered were incorporated based on agency 
comments from the last meeting (6 December 2001).  For Flat Island the linear extent of the 
alternative designs was changed to further accommodate future dredged material disposal needs.  
An additional alternative was added at Bayville Lagoon to place the eastern channel at the end of 
the lagoon and through a lower upland area.  Bridges were incorporated over the channels at 
Barnegat Lighthouse. 
 
Review of Sites and Alternative Plans  
 
Oner Yucel of AMA briefly described the alternatives considered for each project site (see 
attached).  Except for the changes noted above, this presentation was a review of information 
presented at the 6 December meeting. 
 
Kevin DesRoberts of USFWS stated that they are in favor of placing barriers to boat traffic at the 
mouth of the F Lagoon to ensure that restoration benefits are not overwhelmed by human 
disturbance.  Ms. Fowler stated that it was appropriate for USFWS to discuss this further with 
USACE so that they can discuss what role USACE might play in USFWS’s goal of limiting 
access to their land.  Bill Dixon of NJDEP said it was unlikely that a state tidelands conveyance 
would be needed for this, since the land was not formerly tidally flowed.  However, NJDEP 
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Office of Tidelands will still need to be contacted.  Bill Dixon also stated that a Tidelands 
conveyance will probably be needed at the Barnegat Lighthouse site, as the area was formerly 
flowed. 
 
Habitat Evaluation Process 
 
Mark Southerland of Versar described the Habitat Assessment Procedure developed specifically 
for the Barnegat Study to address ecosystem restoration using representative species in need of 
conservation (see attached).   
 
Purpose and Process of Cost Effectiveness/Incremental Cost Analysis 
 
Keith Harrington of DMA described the Cost Effectiveness/Incremental Cost Analysis (CE/ICA) 
conducted to support plan selection for each Barnegat Bay restoration site (see attached).  The 
CE/ICA methodology was developed by the Corps to evaluate restoration projects, which have 
ecological outputs that cannot be measured in monetary terms.  CE/ICA typically does not select 
a single, best plan. Rather, it identifies those plans (“Best Buys”) that are the most efficient 
means to achieve various levels of ecological output.  Dr. Harrington explained the conceptual 
basis of the CE/ICA methodology and provided an example using Stafford Forge.  He then 
described the results for each of the six Barnegat Bay restoration sites.  Dr. Harrington noted that 
CE/ICA informs – rather than constrains – plan selection.  The analysis does not include decision 
criteria other than outputs and costs.  Consequently, the study team’s comprehensive evaluation 
of the alternative plans may identify compelling reason(s) not to select a Best Buy plan.   
 
Selected Plans  
 
Dr. Southerland of Versar presented the selected plan for each project site, describing the 
rationale for each selection based on cost, technical, and environmental factors (see attached).  
The slides were augmented with the following information: 
 
Oyster Creek:  Alternative 2 introduces tidal flow to ponds, but has limited impact on phragmites 
and, therefore, limited wetlands restoration. 
F & L Lagoons:  Alternative 3 does not interfere with high quality marsh. 
Bayville Lagoon:  Alternative 4 does not interfere with the existing spur road and has the best 
access for construction. 
Barnegat Lighthouse:  Alternative 4A has two bridges and channels to be maintained, but they 
aren’t expected to require much more maintenance than one channel and bridge. 
 
Mr. Dixon stated that he expected that the selected plan for Flat Island would meet State disposal 
needs, but that he was not sure about Federal longterm needs.  Bill will continue his discussion 
on this with Jerry Jones of USACE.  Bill also noted that in terms of his preferences for disposal 
sites, Flat Island (currently in private ownership) is significantly less favorable than Cedar 
Bonnet Island (currently in USFWS ownership), because of its isolation.  This isolation (fewer 
predators of nesting birds) should make it a better candidate for restoration than Cedar Bonnet 
Island, which has road access and numerous predators.  Therefore, he is interested in negotiating 
a land swap with USFWS, which could put Flat Island in USFWS ownership and open up Cedar 
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Bonnet Island for disposal.  Jennifer Sliko of NJDEP stated that NJDOT is participating with 
NJDEP in a dredged material management study that includes Flat Island, so the USACE should 
contact Genevieve Boehm of NJDOT. 
 
Carlo Popolizio of USFWS recommended that a barrier be constructed at the entrance to the new 
channel to be created at the west end of the Bayville Lagoon to restrict access by boats.  Mr. 
Dixon noted that a tidelands conveyance may be needed for this project.  He noted that we may 
be able to get everything in one Federal Consistency Determination. 
 
Next Steps  
 
Ms. Fowler stated that the next step was the completion of the feasibility study and 
environmental assessment, which will be distributed to agencies for comment as part of the 
NEPA compliance process.  USACE will also be seeking sponsors for the projects.  Ms. Fowler 
closed the meeting by thanking the participants for attending the meeting and contributing 
throughout the process. 
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 EXECUTIVE SUMMARY 
 
The Philadelphia District, U.S. Army Corps of Engineers (Corps) was authorized to conduct a 
reconnaissance study to evaluate the feasibility of various ecosystem restoration projects throughout 
Barnegat Bay and nearby inland sites of Ocean County, New Jersey.  The Corps and the ecological 
consulting firm Versar had originally identified 27 target sites for potential restoration of fish and wildlife 
habitats (Southerland et al., 2000).  After further review, the Corps and Versar narrowed this selection 
to 20 sites (Harriott and Southerland, 2001).  In addition, the Corps plans to select 3 sites for 
restoration of submerged aquatic vegetation (SAV) beds, out of 7 potential SAV sites originally 
investigated (Harriott, pers. comm., 2001).  Target restoration areas at the 20 sites include tidal 
wetlands, abandoned cranberry bogs, anadromous fish runs, abandoned lagoons, and bay islands.  This 
planning aid report addresses these 20 sites, plus the 7 sites previously screened as candidates for 
potential SAV restoration.  The recommendations resulting from reconnaissance investigations and 
multi-agency coordination meetings indicate that the Corps should proceed on the majority of proposed 
restoration projects.  The New Jersey Department of Environmental Protection (NJDEP) is the non-
federal cost-sharing sponsor.  The study area, which includes Barnegat Bay, Little Egg Harbor, and 
adjacent inland areas, extends approximately 45 miles and encompasses 75 square miles, including 
portions of the Edwin B. Forsythe National Wildlife Refuge. 
 
This planning aid report includes the U.S. Fish and Wildlife Service’s (Service) evaluation of target 
restoration sites for:  (1) existing environmental conditions, (2) potential adverse environmental impacts 
and (3) recommended habitat restoration methods.  Moreover, the Service has identified the presence 
of high quality and sensitive ecosystems, as well as federally and State-listed threatened and endangered 
species, and has addressed potential restoration and enhancement techniques (in general terms) with 
respect to existing fish and wildlife resources within the Barnegat Bay study area. 
 
The Service recommends the following measures for target restoration areas: 
 

(1)  Develop a common reed (Phragmites australis) eradication and control plan in 
conjunction with habitat restoration and enhancement alternatives.  To facilitate common reed 
control, select native plant species that are best suited to transplanting into environments mostly 
with high salt content, poor nutrient content, and/or reductional processes occurring within the 
substrate.  Also, select native plant species that are capable of establishing within one or two 
growing seasons.  Minimize potential adverse effects of herbicide use near tidal Spartina-
dominated marshes and submerged aquatic vegetation beds. 

 
(2)  Design project activities (i.e., movement of equipment and of dredged / fill materials) to 
avoid disturbance to any component of existing estuarine ecosystem (i.e., submerged aquatic 
vegetation, shellfish beds, essential fish habitat, salt marshes, mud  

 
flats, shallow water zones, sand flats, and surrounding uplands) associated with the target 
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restoration areas. 
 

(3)  Prepare a calendar of restricted periods of project activity based on site-specific potentially 
detrimental impacts to federal and State endangered, threatened, and sensitive species occurring 
in the general area.  Coordinate with the National Marine Fisheries Service (NMFS) regarding 
potential adverse effects on portions of the project area designated as Essential Fish Habitat, 
pursuant to Section 305 (b)(2) of the Magnuson - Stevens Fishery Conservation and 
Management Act (P.L. 94-265).  

 
The Service generally supports the proposed projects aimed at restoring or enhancing tidal wetlands, 
anadromous fish runs, submerged aquatic vegetation, abandoned lagoons, and bay islands.  The Service 
is concerned that disturbance to the abandoned cranberry bogs may have a detrimental impact to plant 
and wildlife resources, given the very advanced seral (successional) stages achieved at these particular 
sites.  The Service is also concerned about the presence of contaminants that may be trapped in bottom 
sediments at these sites.  Therefore, the Service recommends establishing small enhancement projects 
within the existing abandoned cranberry bogs or finding alternative sites for restoration, where 
agricultural practices have been abandoned recently.  All abandoned cranberry bogs should be tested 
for organic contaminants in coordination with the Service (Stern, pers. comm., 2001). 
 
The Service recommends coordinating with this office regarding chemical testing of dredged material to 
be used for restoring and enhancing nesting habitats for terns and other colonial nesting water birds.  In 
addition, we recommend selecting alternatives that would restore and enhance bare sand and sparsely 
vegetated nesting habitat for terns and skimmers, and grass/shrub habitat for neo-tropical migratory 
passerine birds.  Maintain close coordination with the New Jersey Division of Fish and Wildlife 
(NJDFW), Endangered and Nongame Species Program (ENSP) and the Service during project 
planning and construction. 
 
Where unsuitable conditions exist for enhancement of tern and skimmer nesting habitats, restore upland 
habitat for arboreal nesting long-legged water birds and neo-tropical migratory passerine birds.  
Alternatives associated with short-term and long-term deposition of dredging materials should be 
designed to establish and maintain early through late seral stages of vegetation, providing a wide range 
of habitats.  Moreover, the Service recommends maintaining various proportions of seral stages, using 
various configurations of dredged material, to promote colonization and attract a diversity of species. 
 
The Service views this study as providing an opportunity to gain information relative to enhancement of 
New Jersey estuaries and inland sites, as well as a possibility to implement specific habitat restoration 
and enhancement measures.  Coordination with NJDFW, ENSP, NMFS, private landowners, the 
Edwin B. Forsythe National Wildlife Refuge, and this office should be maintained during all planning 
phases. 
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 I.  INTRODUCTION 
 
Pursuant to the Congressional resolution on Barnegat Bay, New Jersey, the U.S. Army Corps of 
Engineers, Philadelphia District (Corps) initiated the New Jersey Intracostal Waterway Ecosystem 
Restoration, Expedited Reconnaissance Study (U.S. Army Corps of Engineers, 1997) under the 
authority of the Committee on Transportation and Infrastructure of the United States House of 
Representatives, adopted on September 12, 1996.  The Corps, as a result, identified 122 potential 
restoration projects within or near Barnegat Bay.  The Office of Watershed Management, New Jersey 
Department of Environmental Protection is the co-sponsor. 
 
The Corps funded the final report Barnegat Bay Ecosystem Restoration Site Selection (Southerland 
et al., 2000) through Versar, Incorporated (Versar), an ecological consulting firm.  From the 122 sites 
initially identified, the Corps and Versar selected 27 sites within or near Barnegat Bay as potential 
candidates for ecological restoration.  The Corps and Versar proposed to restore tidal wetlands, 
control invasive stands of common reed (Phragmites australis), restore selected abandoned cranberry 
bogs to pre-diked conditions, construct a fish ladder to re-establish an extirpated anadromous fish run, 
create submerged aquatic vegetation (SAV) beds, improve water quality and fish habitat in selected 
abandoned lagoons, and enhance overall plant and wildlife habitats on selected bay islands.  In addition, 
the Corps and Versar identified potentially suitable sites for beneficial uses of added dredged materials, 
as well as suitable sites for removal or rearrangement of the aforesaid materials.  The targeted sites are 
former or current dredged material disposal sites, as well as sites where dredged materials were used to 
create or enhance habitats of particular ecological interest, existing as artificially created islands or 
extensions of natural estuarine features (e.g., mud flats, sand flats, salt marshes, lagoons, and uplands). 
 
The Corps and Versar have recently presented results of field testing and have refined plans for 
restoration in the draft report titled Barnegat Bay Ecosystem Restoration - Environmental Testing 
and Restoration Proposals, Barnegat Bay, New Jersey (Harriott and Southerland, 2001).  The draft 
report focuses on 20 of the 27 sites described by Southerland et al. (2000), omitting discussion of 7 
sites originally recommended as potential sites for SAV restoration.  Nonetheless, according to Harriott 
(pers. comm., 2001), 3 sites will eventually be selected for SAV restoration out of the 7 that were 
previously investigated.  This U.S. Fish and Wildlife Service (Service) planning aid report (PAR) is 
based on review of the 20 sites described in the Harriott and Southerland (2001) draft report, in 
addition to the 7 potential SAV restoration sites described by Southerland et al. (2000) (Figure 1).  In 
addition to review of the above-mentioned  reports, Service biologists have attended interagency 
meetings and have established extensive personal communications with resource managers of State and 
federal agencies, as well as Versar ecologists and private company experts.  Service biologists have 
also conducted field investigations at the sites.  The Service has reviewed the proposed restoration 
plans, evaluated habitat quality at the sites, and determined whether federally listed threatened and 
endangered species occurred within or near the sites
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This PAR is organized to (1) provide descriptions of the study area; (2) list the sources of information 
presented in the report; (3) contribute general information on each site targeted for restoration, as well 
as describe existing conditions, determine potential impacts, and recommend habitat restoration 
methods; (4) provide a discussion and conclusion section to evaluate both site restorations and affected 
species, and (5) include a comprehensive bibliography pertinent to the ecological restoration of 
Barnegat Bay and surrounding areas. 
 
 
 II.  STUDY AREA 
 
The Barnegat Bay Ecological Restoration sites are located in Barnegat Bay, Little Egg Harbor, and 
Long Beach Island, as well as inland areas found within Barnegat Bay and Little Egg Harbor to the east, 
Great Bay and Atlantic County to the south, the Garden State Parkway to the west, and the 
Metedeconk River and Monmouth County to the north (Figure 1).  The original study area that was 
designated by the Corps for site selection covered approximately 210,000 acres of Ocean County 
(Southerland et al., 2000).   
 
According to Chizmadia et al. (1984) and Tatham et al. (1984), Barnegat Bay is approximately 40 
miles long, 1.2-5.2 miles wide, and approximately 3 to 20 feet deep.  Barnegat Inlet is the primary area 
for the exchange of ocean and bay water, and has the highest levels of water salinity (greater than 30 
parts per thousand).  Average salinity in the central bay is 25 parts per thousand and dropping to 17-20 
parts per thousand during high stream runoff in February and March, with overall milder salinity to the 
west, northwest, and north.  The freshwater component derived from ground water was rated as 
substantial.  The sediment composition east of the Intracoastal Waterway is sand, changing to sand 
mixed with silts, clays, and organic matter to the west.  Water movement is greatest along the 
Intracoastal Waterway. 
 
Ecological restoration sites are represented within tidal wetlands, non-tidal wetlands, riparian areas, 
submerged aquatic vegetation beds, abandoned lagoons, and bay islands. 
 
 
 III.  METHODS AND MATERIALS 
 
This PAR incorporates information compiled from searches of the Service’s New Jersey Field Office 
library and the Richard Stockton College of New Jersey library, personal interviews, interagency 
meetings, and the State of New Jersey (1998a, 1998b) Natural Heritage Program.  A service biologist 
conducted a series of site inspections of potential target restoration sites on June 28, and July 5, 6, 7, 
and 24, 2000. 
 
Identification of the local flora was aided by consulting Stone (1911), Radford et al. (1968), Britton 
and Brown (1970), Robichaud and Buell (1973), Gleason and Cronquist (1991), and the Natural 
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Resources Conservation Service (1999).  Bird identifications and descriptions were based on Walsh et 
al. (1999). 
 IV.  FEDERALLY LISTED THREATENED AND ENDANGERED SPECIES 
 
A.  ROSEATE TERN 
 
The roseate tern (Sterna dougallii dougallii) is both federally and State-listed as endangered.  The 
roseate tern is a colonial-nesting water bird known to nest with the more numerous common tern 
(Sterna hirundo) in open sand of barrier and coastal bay islands.  The roseate tern nests in the 
concealment of vegetation, boulders, or rip-rap.  Restored or enhanced nesting habitat may be 
improved by providing sheltered areas among the bare sandy sites.  Loss of nesting habitat by human 
development of barrier islands, predation, and encroachment by gulls are considered the primary threats 
to the species.  However, nesting is not detrimentally affected by the proximity of humans on foot, which 
may serve as a deterrent to predators.  Fox (Vulpes fulva) and racoon (Procyor lotor) are the most 
destructive terrestrial predators.  The great horned owl (Bubo virginianus) and the great black-backed 
gull (Larus marinus) may kill and eat adults and juveniles, while the black-crowned night heron 
(Nycticorax nycticorax) may ingest eggs and hatchlings.  Although roseate and common terns nest 
together, the former have not increased in numbers as have common terns, likely because of lower 
hatching success and smaller average clutches (Collins, 1970; LeCroy and Collins, 1972; Federal 
Register, 1986; Roseate Tern Recovery Team, 1989; State of New Jersey, 1998b).  Hatchlings that 
showed regular weight gains through day 9 survived to free flying stage (e.g., 3-4 weeks of age) 
(LeCroy and Collins, 1972). 
 
B.  PIPING PLOVER 
 
The federally listed (threatened) piping plover has nested at two sites that are being proposed for 
restoration: (1) Barnegat Lighthouse State Park (TWS39), where piping plovers nested this season, and 
(2) Cedar Bonnet Island (ISS01), where piping plovers nested in the late 1980s.  Piping plovers nest on 
sandy beaches above the high tide line on mainland coastal beaches, sand flats, and barrier island 
coastal beaches.  The nesting sites are located on gently sloping foredunes, blowout areas behind 
primary dunes, wash-over areas cut into or between dunes, ends of sand spits, and on sites with 
deposits of suitable dredged or pumped sand.  Food for adult plovers and chicks consists of 
invertebrates such as marine worms, fly larvae, beetles, crustaceans, and mollusks.  Feeding areas 
include intertidal portions of ocean beaches, ocean wash-over areas, mud flats, sand flats, wrack lines 
(organic ocean material left by high tide), shorelines of coastal ponds, lagoons, and salt marshes. 
 
A growing body of information shows that wash-over habitats, including bayside flats, unstable and 
recently closed inlets, ephemeral pools (areas on the beach where sea and/or rain water pooled during 
storm wash-overs and rains), and moist, sparsely vegetated barrier flats, are especially important to 
piping plover productivity and carrying capacity in the New England, New York-New Jersey, and 
Southern Recovery Units (Wilcox, 1959; Strauss, 1990; Massachusetts Division of Fisheries and 
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Wildlife, 1996; Jones, 1997). 
 
Research indicates that plovers utilizing New England beaches are attracted to, and highly productive 
on, a wider variety of habitats (Massachusetts Division of Fisheries and Wildlife, 1996; Jones, 1997) 
than other recovery units in the southern half of their range.  However, studies in the New England 
Recovery Unit also recognize the optimal value of wash-over habitats with open connections to bayside 
foraging habitats.  The majority of plover beaches in New England are natural beaches that are not 
subjected to beach nourishment.  Out of 80 piping plover nests observed by Strauss (1990), no nests 
were found seaward of steep foredunes in Sandy Neck, Massachusetts, where this habitat constituted 
83 percent of the beach front.  Beach stabilization projects often create beach habitat similar to such 
steep foredune habitat.   
 
In New York, Wilcox (1959) described the effects of storms on piping plovers in 1931 and 1938 that 
breached the Long Island barrier islands, forming Moriches and Shinnecock Inlets and leveling dunes 
across the south shore.  Only 3 to 4 pairs of piping plovers nested on 17 miles [27.4 kilometers (km)] 
of barrier beach along Moriches and Shinnecock Bays in 1929.  However, following the natural opening 
of Moriches Inlet in 1931, plover numbers increased to 20 pairs in 2 miles (3.2 km) of beach habitat by 
1938.  In 1938, a hurricane opened Shinnecock Inlet and also flattened dunes along both Shinnecock 
and Moriches Bays.  In 1941, plover numbers along the same 17-mile (27.4 km) stretch of beach 
peaked at 64 pairs.  Numbers then gradually decreased, a decline that Wilcox attributed to deposition 
of dredged sand to rebuild dunes, planting of beach grass, and construction of roads and summer 
homes. 
 
A 1992-1993 study of nest site selection on 90 km (55.8 miles) of beach on Jones Beach Island, Fire 
Island, and Westhampton Island, New York (Elias et al., 2000) found that all 1-km beach segments 
with ephemeral pools or bay tidal flats were used for nesting and brood rearing, whereas less than 50 
percent of beach segments without these habitats were used.  Where present, bay tidal flats and wrack 
were the most preferred habitats.   
 
Based on observations by Service biologists during the 2000 nesting season, 7 of the 21 sites (33 
percent) occupied by nesting piping plovers in New Jersey were areas with low recreational use and 
access to ephemeral pools and/or bayside tidal flats.  These 7 sites supported 58 percent (65 pairs) of 
the112 piping plover pairs nesting in New Jersey in 2000, and accounted for 62 percent of Statewide 
productivity (i.e., 97 of 157 chicks fledged) (U.S. Fish and Wildlife Service, 2000a).  
 
Residential and commercial development along the coastal shoreline, and the subsequent stabilization of 
the shifting and dynamic beach ecosystem via sea walls, breakwaters, jetties, and groins have resulted in 
the destruction and alteration of natural beaches along the Atlantic cost to such an extent that many 
beaches no longer provide suitable habitat for the Piping Plover.  However, human disturbances and the 
direct loss of nests, rather than the shortage of suitable habitat, are the most critical contributors to the 
population decline of the Piping Plover (U.S. Fish and Wildlife Service, 1996a).  According to the 
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State’s Endangered and Nongame Species Program (ENSP), loss of open sandy areas to vegetation 
succession is considered the reason why piping plovers no longer nest on Cedar Bonnet Island (Jenkins, 
pers. comm., 2000).  
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C.  SEABEACH AMARANTH 
 
Beach nourishment may also create habitat for the seabeach amaranth (Amaranthus pumilus), a 
federally listed (threatened) plant.  The seabeach amaranth is a prostrate annual herb, endemic to 
Atlantic coastal plain beaches, primarily occurring on wash-over flats at the accreting ends of barrier 
beach islands and lower foredunes of non-eroding beaches.  The species occasionally establishes small 
temporary populations in other areas, including bayside beaches, blowouts in foredunes, and sand and 
shell material placed as beach replenishment or dredge spoil.  Each plant is an active sand binder and 
can create a dune 2 feet tall.  The seabeach amaranth appears to be intolerant of competition and does 
not occur on well-vegetated sites (U.S. Fish and Wildlife Service, 1996b).   
 
Flowering begins as early as June and continues until the plant’s death, usually in late fall, depending on 
weather and ocean conditions.  Flowers appear to be wind pollinated.  Seed production peaks in 
September and continues until the plants’ death.  Most seeds are dispersed by wind and water; a waxy 
coating makes them impervious to water.  A portion of the seeds is retained by the dying parent plant 
and buried in sand on site, a dispersal strategy sea beach amaranth shares with sea rocket (Cakile 
edentula), a close associate (U.S. Fish and Wildlife Service, 1996b). 
 
Sea beach amaranth is federally listed as threatened under the ESA and is State-listed as endangered.  
Causes directly related to its rarity are “hard” beach stabilization projects (sea walls, rip-rap, jetties, 
bulkheads), beach erosion, beach grooming, and off-road vehicles.  Off road vehicular use of beaches 
has no adverse effects off-season, but the brittle stems break easily when subjected to vehicular traffic 
during the growing season.  Overall, walking beach goers avoid the sparsely vegetated sands of upper 
beaches (U.S. Fish and Wildlife Service, 1993).  
 
Historically, sea beach amaranth occurred from Massachusetts to South Carolina.  Currently, there are 
approximately 56 remaining populations in the world, distributed in New York, New Jersey, and the 
Carolinas.  Sea beach amaranth was considered extirpated in New Jersey by 1913, following extensive 
construction of bulkheads and sea walls.  It was re-discovered on beaches in Monmouth County on 
July 31, 2000.   In New York, sea beach amaranth  reappeared after hurricane Hugo which, at the 
same time, decreased the South Carolina population numbers by 90 percent.  Some of the most 
vigorous populations are associated with rare nesting shore birds and marine turtles (U.S. Fish and 
Wildlife Service, 1993).  Although no extant occurrences of the seabeach amaranth are known within 
the proposed project area, the species recently has re-colonized naturally on coastal sites within 
northern New Jersey, New York, Delaware, and Maryland.  Therefore, the seabeach amaranth could 
become naturally re-established within the project area during the project life.  Beach nourishment 
projects have resulted in thriving populations on a few occasions (U.S. Fish and Wildlife Service, 
1996b).  
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 V.  OTHER RESOURCES OF FEDERAL AND STATE INTEREST 
 
A. SUBMERGED AQUATIC VEGETATION 
 
Submerged aquatic vegetation (SAV) is being increasingly recognized for its important biological, 
geological, physical, and chemical contributions to marine and bay environments.  Submerged habitats 
occupied by SAV perform many essential roles in bay ecosystems (Thayer et al., 1975a; Thayer et al., 
1975b; Good et al., 1978, Orth, 1985; Fredette et al., 1990; Hurley, 1990) by: 
 
· providing a major food source for waterfowl; 
 
· supplying food to threatened and endangered sea turtles; 
 
· providing superior shelter, food, and protection for fish and invertebrate production; 
 
· supporting large numbers of epiphytic organisms; 
 
· creating detrital material that feeds small invertebrates, zooplankton, and bacteria; 
 
· sustaining unique and most productive composition of associated species; 
 
· removing excess nutrients and preventing algal blooms, which deplete oxygen from bay waters; 
 
· having a high growth rate and high biomass; 
 
· removing suspended sediment from bay waters;  
 
· protecting microbial flora of substrate sediment by the binding actions of rhizomes; and 
 
· preventing shoreline erosion by root action and wave energy absorption. 
 
Chizmadia et al. (1984) reported that beds of eelgrass (Zostera marina), mixed with macro-algae such 
as sea lettuce (Ulva lactuca), were extensive along the western portion of Barnegat Bay and within the 
shallow areas east of the Intercoastal Waterway.  Sago pondweed (Potamogeton pectinatus) was 
dominant north of Tom’s River and was often associated with widgeon grass (Ruppia maritima), 
horned pondweed (Zannichellia palustris), and eelgrass.  Good et al. (1978) documented that 
eelgrass beds were dominant in Little Egg Harbor and that sea lettuce was virtually absent.   
 
According to Good et al. (1978), Hurley (1990), and Walsh et al. (1999), eelgrass and widgeon grass 
provide important winter food for Atlantic brant (Branta bernicla subsp. hrota); once a common 
winter resident in Barnegat Bay, it sharply declined in numbers as a result of loss of eelgrass beds.   
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American black duck (Anas rubripes), gadwall (Anas strepera), mallard (Anas platyrhynchos), 
American wigeon (Anas americana), blue-winged teal (Anas discors), bufflehead (Bucephala 
albeola), greater scaup (Aythya marila), and the infrequently sighted redhead (Aythya americana) 
also overwinter in Barnegat Bay and rely on eelgrass and widgeon grass as important food sources.  
From a study conducted in Chesapeake Bay, Stevenson and Confer (1978) estimated that widgeon 
grass composed 7.4 percent of total volume of food ingested by canvasback (Aythya valisineria) 14.7 
percent by redhead, 20.5 percent by lesser scaup (Aythya affinis), 13.5 percent by bufflehead, 8.2 
percent by mallard, and 14.2 percent by American black duck. 
 
Fredette et al. (1990) reported that mixed eelgrass-widgeon grass beds in Lower Chesapeake Bay 
sustain higher densities of in-faunal and epi-faunal invertebrates relative to adjacent, un-vegetated 
habitats.  Standing crops of grass shrimp (Palaemonetes vulgaris), sand shrimp (Crangon 
septemspinosa), blue crab (Callinectes sapidus), isopods (Edotea triloba, Erichsonella attenuata, 
and Idotea balthica), the amphipod Gammarus mucronatus, the gastropod Brittium varium, and the 
bivalve Gemma gemma are essential food for migratory predators.  Production estimates could not 
account for ca. 56 metric tons of these and other invertebrates found within the eelgrass-widgeon grass 
beds, indicating that 92 percent of total production could be consumed by predators. 
 
As SAV beds decline, so do most animal species associated with bay communities.  Thayer et al. 
(1975b) and Orth (1985) reported that negative attributes of SAV are mostly related to human 
perceptions.  Swimming beaches are made less attractive by decaying grass drifts and grass beds are 
unattractive overall to recreationists involved in activities such as swimming, boating, and fishing. 
 
B.  NORTHERN DIAMONDBACK TERRAPIN 
 
According to Burger and Montevecchi (1975), Montevecchi and Burger (1975), Palmer and Cordes 
(1988), and Roosenburg (1990), the State-listed (threatened) northern diamondback terrapin 
(Malaclemys terrapin variety terrapin) inhabits brackish waters of tidal flats and marshes, tidal creeks 
and channels, coves, estuaries, and lagoons.  Females mature at 8-13 years of age, males between 4 
and 7.  During mating, terrapins seek small meanders, canals, and ditches of relatively sheltered areas.  
From early June to late July, females select high sand dunes with open canopies during high tides to dig 
a hole approximately 13-15 cm deep and lay 7-12 eggs (sometimes as few as 4 and as many as 18) 
that they cover thoroughly.  Slopes less than 7 percent are optimal for nesting whereas slopes greater 
than 25 percent are unsuitable.  Females avoid un-vegetated dunes and areas with vegetation cover 
greater than 75 percent are unsuitable as well.  Shrub cover should be less than 25 percent and grass 
cover should be between 5 and 25 percent.  Female terrapins abandon their nests when disturbed.  
Also, they may dig up the nest of a conspecific female to lay their own eggs.   
 
According to Palmer and Cordes (1988) and Roosenburg (1990), natural incubation of eggs varies 
between 61 and 104 days.  Eggs in individual nests hatch between 1 and 4 days.  Hatchlings emerge 
from nests in 1 to 9 days.  The temperature of the nest determines the sex of terrapins; therefore, a 
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clutch is almost invariably of one sex.  Predation on eggs and hatchlings is the major cause of mortality 
for the northern diamondback terrapin.  Fox, racoon, crow (Corvus brachyrhynchos), and laughing 
gull (Larus atricilla) are the main natural predators of terrapin hatchlings and eggs.  The presence of 
trees and shrubs promotes predation by foxes and racoons, whereas paucity of vegetation favors 
predation from the air.  At times, beach grass roots smother terrapin nests and draw nourishment from 
the eggs. 
 
Roosenburg (1990) studied the northern diamondback terrapin in the Patuxent River within Chesapeake 
Bay.  In 1987, 333 nests were monitored, 12 of which were successful, resulting in 129 hatchlings.  In 
1990, 287 nests were monitored, 7 of which were successful, resulting in 24 hatchlings.  Successful 
nesting decreased from 3.6 percent in 1987 to 2.4 percent in 1990.  The  average number of hatchlings 
produced in successful nests decreased from 10.75 individuals in 1987 to 3.4 individuals in 1990, 
despite a relative decrease in nest predation.  Roosenburg (1990) attributed the decrease to the roots of 
beach grass spreading into the northern diamondback terrapin nests and smothering the eggs.  
Roosenburg (1990) calculated that a female must reproduce for 3 years at maximum reproductive 
output to replace herself as a hatchling. 
 
According to Bishop (1983), Palmer and Cordes (1988), and Wood (1992), terrapins forage on 
crustaceans, molluscs, and other invertebrates and bask in mud flats when not feeding.  On sunny days, 
they may congregate and float in channels, which makes them vulnerable to injury from boat keels and 
propellers.  Premature mortality in adults is also caused by commercial crab traps, racoons, 
automobiles, harvesting for human consumption, and even barnacle infestations on shells.  Commercial 
crab pots entrap terrapins, causing them to drown at times.  Ghost (carelessly abandoned) crab pots are 
likely the cause of the highest adult mortality of the northern diamondback terrapin, as many were found 
to contain several dead individuals.  These pots are frequently carried by tidal action into shallow areas 
inhabited by terrapins.  Maximum longevity of the northern diamondback terrapin may otherwise exceed 
40 years.   
 
C.  LEAST TERN 
 
The least tern (Sterna antillarum) is State-listed as endangered in New Jersey (State of New Jersey, 
1998b) and has been confirmed to nest in the Barnegat Bay study area.  The species’ status is 
considered precarious and tenuous because of human development of barrier islands.  Newly created 
islands or spoils are considered to provide good nesting habitat for the least tern.  A large least tern 
colony, estimated at between 500 and 800 individuals, established in 1997 between Sea Bright and 
Monmouth Beach, Monmouth County, following a beach nourishment by the Corps, New York 
District.  The colony established on a portion of the newly created beach that was separated from 
residential development by a seawall.  The site also had limited access points that further restricted 
human disturbance as compared to neighboring beaches (U.S. Fish and Wildlife Service, 1997).  Many 
colonies in New Jersey, however, fledge few or no young for reasons that are not well understood 
(Walsh et al., 1999).  Nourished areas are no longer suitable once they become vegetated.   
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D.  BLACK SKIMMER 
 
The black skimmer (Rynchops niger) is State-listed as endangered in New Jersey (State of New 
Jersey, 1998b).  The species has been confirmed to nest in the Barnegat Bay study area over time and 
found to have a stronghold here.  The black skimmer nests in open, sandy islands or beaches with little 
or no vegetation, in single species colonies or mixed with common terns or least terns.  Black skimmer 
populations have been variable; trends have been difficult to predict (Walsh et al., 1999). 
 
E.  GULL-BILLED TERN 
 
The gull-billed tern (Sterna nilotica) has been confirmed occurring in the Barnegat Bay study area, 
nesting on beaches and salt marsh islands (Walsh et al., 1999).  The breeding population of the species 
is listed as critically imperiled, but stable by the Natural Heritage Program (State of New Jersey, 
1998b). 
 
 
 VI.  PROPOSED TARGET RESTORATION AREAS AND RECOMMENDATIONS 
 
A.   TIDAL WETLANDS 
 
1. TWS15, TWS17, and TWS18 (Westecunk Creek, near West Creek) 
 
These three sites are located on Westecunk Creek just north of Bay Avenue (also known as Dock 
Road), approximately 0.6 mile east of the town of West Creek and Highway 9 (Figure 1).  TWS15, 
TWS17, and TWS18 are 10, 8, and 6 acres, respectively (Southerland et al., 2000) and are property 
of the Edwin B. Forsythe National Wildlife Refuge.  TWS15, TWS17, and TWS18 are adjacent to one 
another and are treated here as one large site.  These sites were visited by the Service on July 5, 2000.  
TWS15, TWS17, and TWS18 are upland sites with unclassified wetlands of human-made origins, 
bordering with estuarine subtidal open water (U.S. Fish and Wildlife Service, 1972; Cowardin, 1979).  
Restoration is being proposed to re-establish a freshwater tidal marsh by removing old dredged fill and 
providing control of common reed (Harriott and Southerland, 2001). 
 
Harriott and Southerland (2001) have proposed to control common reed by application of the herbicide 
RodeoTM, remove old fill down to the tidal zone, and re-establish meanders in the newly established 
tidal zone.  Restored areas will be re-connected to existing marshes.  Coarse sand fill would be 
removed from the site and brought to the bay islands and selectively piled on site for improving the 
nesting habitat of the northern diamondback terrapin (Harriott, pers. comm., 2000); however, no further 
information was provided by Harriott and Southerland (2001) in regard to disposal of the removed sand 
fill.  It is likely that a portion of removed fill would be placed at sites TWS23 and TWS24 to improve 
upland communities.  The original proposal by Southerland et al. (2000) called for placement of a 
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relatively thick layer (6 inches to 1 foot) of crushed shell at TWS15, TWS17, and TWS18 to help 
prevent common reed from re-establishing on barren sand from seed; however, this proposed activity 
has apparently been abandoned (Harriott and Southerland, 2001).  The current proposal calls for 
removing approximately 37,168 cubic yards of sand fill to create approximately 6.5 acres of tidal 
marshes and eradicating common reed to create an additional 21.13 acres of tidal marshes (Harriott and 
Southerland, 2001).  The total cost for restoration of TWS15, TWS17, and TWS18 is estimated at 
$1,327,772 (Harriott and Southerland, 2001). 
 
a. Existing Conditions 
 
The upland portions of these sites consist of coarse sand fill deposited in the 1920-1930s (Harriott, 
pers. comm., 2001) surrounded by dense common reed.  Fill averages 4 feet in depth at TWS15, 4.5 
feet at TWS17, and between 2 and 3 feet at TWS18, respectively (Harriott and Southerland, 2001).  A 
few eastern red cedar (Juniperus virginiana) trees are interspersed within the uplands of each site.  
According to Bart and Hartman (2000), common reed, an invasive  native plant species of North 
America, has steadily increased into brackish marshes by first occupying human-made ditches, 
roadsides, landfill edges, and dykes, spreading from there into natural areas.  Ditches, as well as old 
meanders, may become visible once common reed is successfully controlled and the wrack is burned 
(Ronafalvy, pers. comm., 2000).  According to Harrott and Southerland (2001), the sites are relatively 
free from human-made ditches and partially retain the natural meandering patterns; the presence of 
common reed mono-cultures appears to have resulted from deposition of dredging spoils onto the 
original freshwater tidal marsh. 
 
Good quality tidal marsh remains interspersed to upland portions dominated by common reed.  Salinity 
has been estimated between 2.4 and 7 parts per thousand (Harriott and Southerland, 2001).  Use of 
habitat by the northern diamondback terrapin appears to be restricted to a small area within TWS15 
(Harriott, pers. comm., 2000).     
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Harriott and Southerland (2001) have proposed spraying common reed with the herbicide RodeoTM in 
early to mid-September and have recommended inspecting the sites twice a year for 3 years to 
determine the effectiveness of control measures.  The Service (Schrading, pers. comm., 2000) is 
concerned that common reed may re-invade the site, because the tidal flow that is re-established 
throughout these sites will not have salinity levels high enough to provide for natural control.  Planting 
plugs of desirable wetland plants is, therefore, recommended as a measure that will aid in preventing 
common reed re-establishment.  Planting of upland vegetation is also recommended.  The Service 
recommends testing any added or removed dredged / fill material for contaminants.  Prior to any 
chemical testing or bio-essays, we recommend that the Corps coordinate with this office on tests to be 
conducted and locations to be sampled. 
 



 
 13 

The Service supports restoring common reed stands to tidal marsh at these sites, as well as improving 
northern diamondback terrapin habitat.  The land is owned by the Edwin B. Forsythe National Wildlife 
Refuge.  Therefore, close coordination with the Refuge Manager, Mr. Steve Atzert, is required.  
Obliteration of ditches and restoration of natural meanders is a restoration priority within the refuge 
(Atzert, pers. comm., 2001).  Coordination efforts may result in restoration efforts being re-directed to 
more heavily ditched areas within the refuge.  The State of New Jersey has no concerns over the 
restoration of these sites as far as potential loss of areas available for disposal of dredging material 
(Dixon, pers. comm., 2000) or regarding the proposed restoration itself (Jenkins and Torok, pers. 
comms., 2000).  However, Jenkins (pers. comm., 2001) considered restoration of tidal marshes at sites 
along Westecunk Creek as the least benefitting to wildlife among the 23 sites proposed for restoration in 
Barnegat Bay.  The sites were ranked as “medium priority” by the Corps (Fowler, pers. comm., 2001).  
 
No federally listed threatened and endangered species are known to occur within and nearby these 
three sites.  The State-listed marsh wren (Cistothorus palustris), snowy egret (Egretta thula), and 
black-crowned night heron are known to nest in extensive cattail or common reed marshes (Soots and 
Landin, 1978; Walsh et al., 1999).  The former may also select marsh plants such as big cordgrass 
(Spartina cynosuroides), cattail (Typha spp.), bulrush (Scirpus spp.), and marsh elder (Iva 
frutescens) (Harriott, pers. comm., 2000).  
 
The Service recommends ensuring that control practices for common reed (e.g., burning or application 
of herbicides) will not detrimentally affect the marsh wren and other State-listed birds.  The marsh wren 
has been confirmed to occur both in freshwater and saltwater marshes of Barnegat Bay, migrating south 
between early September and early October (except for a few individuals that may over-winter in New 
Jersey), and returning to New Jersey in late April - mid May (Walsh et al., 1999).  Migration may 
occur at or near the optimal period to control common reed with herbicides, in mid-September when 
common reed withdraws its above ground resources into the rhizomatous system.  The Service 
recommends a survey for State-listed birds before common reed control activities are implemented. 
 
All flights to the site for the aerial spraying of common reed must be coordinated with the U.S. Fish and 
Wildlife Service.  This will also ensure that flights do not interfere with known populations of the 
federally listed (threatened) bald eagle. 
 
2. TWS23, TWS24, and TWS25 (Westecunk Creek, near Little Egg Harbor) 
 
The three sites are located just west of the confluence of Westecunk Creek and Little Egg Harbor 
(figure 1).  The sites are property of the Edwin B. Forsythe National Wildlife Refuge, are relatively close 
to one another, and are 30, 30, and 20 acres, respectively (Southerland et al. 2000).  These tidal 
wetlands were visited by the Service on July 5, 2000.  According to the U.S. Fish and Wildlife Service 
(1972) and Cowardin et al. (1979) sites TWS23 and TWS25 are not mapped as wetlands, whereas 
portion of TWS24 is an estuarine - intertidal flat.  Restoration is being proposed to re-establish a 
freshwater tidal marsh by removing old dredged fill at TWS25, providing control of common reed at the 
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three sites, and adding sand fill to selected areas at TWS23 and 24 to improve upland habitats for long-
legged wading birds and neo-tropical passerine birds (Harriott and Southerland, 2001). 
 
At TWS25, Harriott and Southerland (2001) have proposed to control common reed by late summer-
early fall application of the herbicide RodeoTM, remove old fill to the tidal zone, create meanders in the 
newly established tidal zone, and add clean, coarse sand fill to selected areas.  Restored areas will be 
re-connected to existing marshes.  Coarse sand fill will be added to TWS23 and TWS24 for improving 
upland habitats.  A relatively thick layer (6 inches to 1 foot) of crushed shell would help with preventing 
common reed from re-establishing on barren sand from seed.  The current proposal calls for removing 
14,843 cubic yards for dredge fill and create approximately 7 acres of tidal marsh at TWS25.  The 
proposal also calls for expansion of upland habitat by adding 30,234 cubic yards of fill to TWS23 and 
TWS24, creating 5.87 acres of tree/shrub habitat.  The total cost for restoration of TWS23, TWS24, 
and TWS25 is estimated at $1,611,908 (Harriott and Southerland, 2001). 
 
a. Existing Conditions 
 
According to Harriott and Southerland (2001), these sites represent old sandy fills over 20 years old 
covered by dense common reed.  Fill is 3 to 5 feet above the marsh line at TWS23, 3 to 8 feet at 
TWS24, and 2 to 3 feet at TWS25.  A few trees, such as eastern cottonwood (Populus deltoides 
variety deltoides) and wild black cherry (Prunus serotina), are found within the upper portions of each 
site.  Common reed affords very little diversity in both plant and animal life within dense, extensive 
stands.  Salinity ranges from 16-18 parts per thousand at TWS25 to 24 parts per thousand in portions 
of TWS23; however, sandy fills prevent intrusions of salt water as natural control for common reed.  
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
The Service supports restoration activities at these sites.  The land is owned by the Edwin B. Forsythe 
National Wildlife Refuge.  Therefore, close coordination with the Refuge Manager is required prior to 
restoration activities.  The State of New Jersey supports tidal marsh restoration at TWS25, but would 
like to retain the privilege of using TWS23 and TWS24 as dredged material disposal sites.  Dixon (pers. 
comm., 2001) proposed to fund restoration projects in exchange for guarantees from the Edwin B. 
Forsythe National Wildlife Refuge allowing the State of New Jersey to dispose of dredged spoils at 
these sites.  This issue must be coordinated with the Refuge Manager, as well.  Any added or removed 
dredged / fill material should be tested for contaminants.  Chemical testing or bio-essays should be 
coordinated with this office.   Jenkins (pers. comm., 2001) considered restoration at sites along 
Westecunk Creek as the least benefitting to wildlife among the 23 sites proposed for restoration at 
Barnegat Bay.  The sites were ranked as “medium priority” by the Corps (Fowler, pers. comm., 2001).  
 
Schrading (pers. comm., 2000) recommended planting tidal wetland plants in low areas and native trees 
and shrubs in upland areas following control of common reed.  The recommendation is based on 
introducing suitable competitors to common reed to prevent the need for repeated herbicide 
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applications.  Salinity is higher at these sites than at the previous three upstream (16-18 vs. 6 parts per 
thousand, respectively), which should favor the restoration effort at TWS25. 
 
Atzert (pers. comm., 2001) expressed a priority interest in converting extensive systems of grid ditches 
back to their natural state.  The Service recommends that the Corps and Versar investigate 
opportunities to convert areas within the Edwin B. Forsythe National Wildlife Refuge to the original 
meandering patterns. 
 
No federally listed threatened or endangered species are known to occur within and nearby these three 
sites.  The State-listed marsh wren, snowy egret, and black-crowned night heron are known to nest in 
extensive cattail or common reed marshes (Soots and Landin, 1978; Walsh et al., 1999).  The former 
may also select marsh plants such as big cordgrass, cattail (Typha spp.), bulrush (Scirpus spp.), and 
marsh elder (Iva frutescens) (Harriott, pers. comm., 2000).   
 
The Service recommends ensuring that control practices for common reed (e.g., burning or herbicide 
application) may not detrimentally affect the marsh wren and other State-listed birds.  The marsh wren 
has been confirmed to occur both in freshwater and saltwater marshes of Barnegat Bay (Walsh et al., 
1999).  As mentioned previously in the text, the marsh wren migrates south between early September 
and early October except for a few individuals that may over-winter in New Jersey, and returns to New 
Jersey in late April - mid May (Walsh et al., 1999).  Migration may occur at or near the optimal period 
to control common reed with herbicides, in mid-September when common reed withdraws its above 
ground resources into the rhizomatous system.  The Service recommends a survey for State-listed birds 
before common reed control activities are implemented. 
 
All flights to the site for the aerial spraying of common reed must be coordinated with the U.S. Fish and 
Wildlife Service.  This will ensure that flights do not interfere with known populations of the federally 
listed (threatened) bald eagle. 
 
3. TWS39 (Barnegat Lighthouse State Park) 
 
This site is near the tip of Long Beach Island and just south of the Barnegat Inlet (Figure 1).  Restoration 
would focus on a 20-acre parcel (Southerland et al., 2000) within the 117-acre Barnegat Lighthouse 
State Park, including an area that is considered essential nesting habitat for the federally listed 
(threatened) piping plover (Charadrius melodus) and other ground nesting shore birds such as the least 
tern and black skimmer, which are endangered in New Jersey (Walsh et al., 1999), as well as the 
American oyster catcher (Haematopus palliatus) (Jenkins, pers. comm., 2000).  The site was visited 
on July 6 and 7, 2000.  The most recent proposal (Harriott and Southerland, 2001) calls for the 
creation of a 3.2-acre pond to a varying depth of several inches to 3 feet, with an average overall depth 
of 18 inches at mean high tide.  Plans would include connecting the pond to tidal flow by creating a 200-
foot long, 100-foot wide (maximum width), and 28-inch deep channel.  Beach grass and other shoreline 
vegetation would be planted along the channel to prevent bank erosion.  Excavated materials would be 
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used for dune creation at the opposite end of Barnegat Lighthouse State Park.  The estimated cost of 
this project is $366,390. 
 
a. Existing Conditions 
 
A portion of this site once was an open water pond that was drained by the State of New Jersey as part 
of a previous restoration of this site, specifically for enhancing ground nesting shore bird habitat, for 
mosquito control, and for child safety (Jenkins, pers. comm., 2000); currently, a wetland fed by fresh 
ground water persists in its place.   Common reed is dominant and associated with rush species, three 
square (Scirpus cf. americanus), curly dock (Rumex crispus), and sandbar willow (Salix cf. exigua), 
with small and isolated patches of salt meadow cordgrass (Spartina patens). 
 
Portions of this site are shrubby and dominated by northern bayberry (Myrica pennsylvanica), while 
others are more sparsely vegetated by beach grass (Ammophila breviligulata), seaside goldenrod 
(Solidago sempervirens), beach pea (Lathyrus maritimus), Queen Anne’s lace (Daucus carota), 
white sweet clover (Melilotus albus), plantain (Plantago spp.), and the State-listed beach sedge 
(Carex cf. silicea).  Beach sedge has been identified tentatively.  A small population was located in a 
wet area along the maintenance road near the boundary, between the parcel slated for restoration and 
private homes. 
 
Jenkins (pers. comm., 2000) stated that previous restoration resulted in excellent nesting habitat for 
shore birds.  However, this resource declined over time as a result of encroaching vegetation onto 
otherwise barren sand and shell, as well as lack of an inland tidal marsh for shore bird use.  Predator 
problems were never resolved satisfactorily.  Nesting pairs of sensitive shorebird species have steadily 
declined as a result of these factors.  Some disking was conducted periodically to improve shorebird 
habitat.  
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Any project at this site will require further consultation with the Service under Section 7 of the 
Endangered Species Act.  Also, the Service recommends interagency cooperation to support the New 
Jersey Department of Environmental Protection (NJDEP) in their proposed restoration of the southern 
jetty at this site.  Jenkins (pers. comm., 2000) reported plans to erect a cross-dike perpendicular to the 
Barnegat Inlet jetty to prevent beach erosion caused by tidal pool formation to the area surrounding 
Barnegat Bay Lighthouse.  Tidal pools would be allowed to continue and form on the other side of the 
proposed cross-dike.  Other plans supported by Harriott (pers. comm., 2000) included converting an 
area currently occupied by common reed by deepening this channel into a shallow, narrow pond to 
provide for a back water feeding area for plovers, terns, and skimmers, restoring tidal flow to the pond 
and increasing the size of inland dunes (Harriott, pers. comm., 2000).  This proposal was opposed by 
the State’s Land Use Regulatory Program (Owens, pers. comm., 2000) over wetland issues, as well as 
a portion of the general public over potential hazards to children and issues related to mosquito control 
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(Jenkins, pers. comm., 2000).  The State (Owens, pers. comm., 2001) has been more supportive of 
restoration activities as currently proposed, recommending not to adversely affect the inland tidal marsh 
during restoration activities.  Apparently, the tidal marsh would not feed into the created pond, a current 
design that avoids adverse effects to existing wetlands. 
 
Populations of the federally listed (threatened) piping plover have been documented on site since 1984. 
 All restoration activities must be conducted during the period when piping plovers migrate south of 
New Jersey.  According to the U.S. Fish and Wildlife Service (1996a) piping plovers may arrive on 
New Jersey shores as early as February and normally in March, and fly southward as early as late 
August and as late as October.  The NJDEP has placed a restriction on sand transfers between April 1 
and August 15.  However, the Service recommends performing the work between October and 
December to allow for a limited recovery of benthic fauna, which is essential for piping plover feeding 
and nesting success. 
 
Jenkins (pers. comm., 2001) recommended designing a pond that would be more linear and extended 
than round.  Dunes forming near the water’s edge should be flattened to enhance piping plover habitat. 
 
The Service supports the proposed project as beneficial to wildlife resources.  We note that the project 
has received broad support among resource managers and has received a high priority by the Corps for 
restoration.  Scherer (pers. comm., 2000) recommended creation of an over wash area to benefit piping 
plovers.  The Service recommends against stabilizing dunes with geotubes or sand-trapping fences.  
Such stabilizing structures can become exposed following storms and become barriers to piping plover 
chick movements from nest to feeding areas, as well as reducing nesting habitat by creating straight line 
dunes and preventing wash over areas.  Beach nesting birds depend on natural beach dynamics for 
nesting and survival (U.S. Fish and Wildlife Service and New Jersey Department of Environmental 
Protection, undated). 
 
Scherer (pers. comm., 2000) also suggested attempting the re-introduction of the federally listed 
(threatened) northeastern beach tiger beetle (Cicindela dorsalis dorsalis) at Barnegat Lighthouse State 
Park.  The northeastern beach tiger beetle decreased in numbers substantially as a result of development 
on barrier islands and shores, as well as a steady increase in vehicular and foot traffic on Mid-Atlantic 
beaches (U.S. Fish and Wildlife Service, 1994; Knisley and Hill, 1997). 
 
Walsh (pers. comm., 2000) reported that, on July 31, 2000, Dag Madera, of the Corps’ New York 
District re-discovered the federally listed (threatened) seabeach amaranth (Amaranthus pumilus) on 
Monmouth Beach, at the northern end of Seabright near the border with Gateway National Recreation 
Area Sandy Hook Unit.  A second larger clump was found shortly thereafter.  A third small population 
was subsequently found at the southern end of Monmouth Beach near Long Branch Borough.  All 
plants were found in the vicinity of areas currently or previously closed to public access with post and 
string fencing for the protection of beach-nesting birds.  The Service requests that beaches and dunes at 
Barnegat Lighthouse State Park be thoroughly surveyed for the presence of seabeach amaranth prior to 
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proceeding with proposed restorations.  In addition, seabeach amaranth could become naturally re-
established within the project area.  If a survey identifies seabeach amaranth sites, the Service 
recommends establishing a protective zone (e.g., fences and signs) around any seabeach amaranth sites 
and avoiding the placement, movement, or maintenance of pipelines, stockpiling of construction 
materials and equipment, and pumping, placement, or distribution of sand within such zones.  
 
4. TWS02 (Ballanger Creek) 
 
The site is located on Ballanger Creek between Highway 9 and the tidal wetlands to the south, half way 
between the towns of Tuckerton and New Gretna (Figure 1).  This portion of Ballanger Creek is 
approximately 25 acres (Southerland et al., 2000).  The site was converted into cranberry bogs,  later 
abandoned, and eventually purchased by NJDEP for conservation.  Southerland et al. (2000) reported 
that this site is considered a Natural Heritage Priority Site by the State of New Jersey, likely due to the 
presence of sensitive floral and faunal species.  According to the U.S. Fish and Wildlife Service (1972) 
and Cowardin et al. (1979), the site comprises palustrine - forested wetlands, with subclasses of 
broad-leaved deciduous and needle-leaved evergreen trees, as well as estuarine subtidal open water.  
However, the latter was not observed during a site visit on July 7, 2000, and it appears that common 
reed has invaded. 
 
Harriott and Southerland (2001) have proposed to remove a breached water control structure, a 
beaver dam, which has now replaced the function of the former, and an earthen dike below an 
abandoned cranberry bog to restore Atlantic white-cedar (Chamaecyparis thyoides) stands.  These 
modifications would result in draining two ponds above the dam and the re-establishment of a creek 
bed.  The estimated cost of this project is $10,000. 
 
Originally, Southerland et al. (2000) and Harriott (pers. comm., 2000) had also proposed to control 
extensive stands of common reed below the dam.  This portion of the proposed restoration effort 
appears to have been abandoned.  
 
a. Existing Conditions 
 
There are three broad habitat types at Ballanger Creek:  (1) forested wetlands and ecotones with 
abandoned cranberry bogs and upland pine - oak forest, (2) abandoned cranberry bogs (resulting from 
an enlarged riparian area) now lush with wetland vegetation, and (3) an extensive section of common 
reed and narrow-leaved cattail (Typha angustifolia) below the lowermost dam and bog. 
Forested wetland and ecotone trees include oaks (Quercus spp.), mixed with Atlantic white-cedar, red 
maple (Acer rubrum), sweet gum (Liquidambar styraciflua), sassafras (Sassafras albidum), black 
gum (Nyssa sylvatica), pitch pine (Pinus rigida), holly (Ilex glabra), and eastern red cedar.  The 
forest understory is composed of shrubs such as blueberry (Vaccinium corymbosum), blackberry / 
raspberry (Rubus spp.), southern arrow wood (Viburnum dentatum variety dentatum), and sheep 
laurel (Kalmia angustifolia).  Woody vines present are Virginia creeper (Parthenocissus 
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quinquefolia), wild grape (Vitis sp.), greenbrier (Smilax spp.), and poison ivy [Rhus radicans 
(synonym: Toxicodendron radicans)]. 

 
Abandoned cranberry bogs have live and standing dead Atlantic white-cedar and red maple trees and 
are rich with fringed sedge (Carex crinita), northern long sedge (Carex folliculata) and other sedges 
(Carex spp.), American white water lily (Nymphaea odorata variety odorata), yellow water lily 
(Nuphar variegata), green arrow arum (Peltandra virginica), sun dews (Drosera filiformis and D. 
intermedia), and water willow (Decodon verticillatus).  A variety of unidentified ferns also occupy the 
fringes of these bogs.  Beaver are present in these bogs, contributing to their maintenance.  The dead 
snags scattered over the abandoned cranberry bogs are important perching sites for raptors and 
dwelling sites for cavity-nesting birds. 
 
The section of Ballanger Creek below the lowermost dam and pond is choked with common reed and 
narrow-leaved cattail.  Two other species that are found within these stands are three square in patches 
and scattered poison ivy. 
 
Results of a study by the Service (1998) regarding organic contaminants trapped in bottom sediments of 
abandoned cranberry bogs indicated that sediment collected down gradient of the abandoned cranberry 
bog south of State Highway 9 on Ballanger Creek contained the second greatest concentration of DDD 
isomers and o-p’-DDE (metabolites of dichloro-diphenyl-trichloro-ethane, also known as DDT) of the 
bogs tested.  The concentration of DDD exceeded the Lowest Effect Level (LEL).  The LEL represents 
a level of sediment contamination tolerated by most freshwater benthic organisms (Persaud et al., 
1993).  The levels of DDE and DDD in sediment down gradient of this and other inactive cranberry 
bogs were sufficiently elevated to potentially induce significant disruption of the local aquatic 
communities (U.S. Fish and Wildlife Service, 1998). 
   
Some illegal dumping has occurred in the proximity of State Highway 9, off the dirt road paralleling the 
eastern portion of Ballanger Creek.  Trash includes construction material, old tires, mattresses, and old 
boats. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
The Service recommends not draining this abandoned cranberry bog, noting that the overall consensus 
among natural resource managers from various agencies is that the proposed restoration may be 
counter-productive to the environment upstream from the earthen dam. Cranberry cultivation was 
abandoned long ago.  A precise date is unknown; however, the site has reverted to healthy and richly 
diverse habitats.  Federally listed species have not been documented on site; however, the site likely 
supports species ranked by the State of New Jersey, such as marsh rattlesnake master (Eryngium 
aquaticum).  Moreover, Service observations indicate that draining the bog might result in mixed tree 
stands following woody invasion.  Atlantic white-cedar is currently present and scattered throughout the 
forested portion of the wetland with other tree species.  Draining the bog will likely not change the 
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species composition of the existing forested portion of this wetland, but will conceivably result in a less 
diverse environment from a net loss of wetlands.   
 
Owens (pers. comm., 2001) expressed concerns for loss of wetlands, loss of potential habitat for the 
State-listed (endangered) pine barrens tree frog (Hyla andersonii), lack of information and monitoring 
for State and federally listed species.  All restoration proposals must be negotiated with the Natural 
Heritage Program, the New Jersey Division of Fish and Wildlife, and the Land Use Regulation Program 
(LURP).  The Service (Scherer, pers. comm., 2000) recommends  surveying for the federal candidate 
bog asphodel (Narthecium americanum) and, if present, ensure that management is compatible with 
the restoration effort.  Any restoration effort at Ballanger Creek should be preceded by thorough 
floristic and faunal surveys. 
 
The portion of Ballanger Creek below the earthen dam is dominated by common reed.  The restoration 
effort was originally planned to include controlling heavy stands of common reed and converting the 
reed dominated area into a forested wetland or an emergent wetland composed of native species.  
However, the original proposal to control common reed has been abandoned (Harriott and 
Southerland, 2001).  If the dam is breached and removed, common reed may spread upstream, with 
undesirable results.  Therefore, any restoration proposal for Ballanger Creek must consider restoring the 
lower portion of the creek currently occupied by common reed. 
 
According to Schrading (pers. comm., 2000), a fixed wing airplane cannot be used to spray common 
reed with RodeoTM herbicide because of the narrow width of the drainage.  Instead, the task would 
require a narrow nozzle attached to a helicopter.  A drawback is that helicopters create eddies in the 
air, pulling a portion of the herbicide up into the rotors and making the treatment less effective. 
 
The State-listed marsh wren, snowy egret, and black-crowned night heron are known to nest in 
extensive cattail or common reed marshes (Soots and Landin, 1978; Walsh et al., 1999).  If common 
reed becomes slated for control, the Service recommends surveying for nesting marsh wrens and 
determining if the cattail / common reed habitat below the earth dam constitutes essential breeding 
habitat for this species.  The marsh wren has been confirmed to occur in freshwater marshes of 
Barnegat Bay.  
 
If chemical control of common reed is not feasible, more of the habitat upstream from the earthen dam 
could be created here by introducing or encouraging beaver (Castor canadensis) occupation of the 
lower portion of the stream.  “Problem” beaver trapped from other sites could be re-located here.  
Wetland vegetation commonly found upstream would soon colonize the shallow flooded area by seed.  
Overall, the newly created habitat would perform important ecological functions, which have been 
declining as a result of historical loss of beaver-created habitat.  Nonetheless, some form of common 
reed control might be required to encourage beaver establishment in this portion of Ballanger Creek. 
 
Alternatively, efforts could be made to establish a stand of Atlantic white-cedar following control of 
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common reed.  Atlantic white-cedar could be seeded and/or planted.  This portion of Ballanger Creek 
is transitional and close to estuarine tidal wetlands to the south; therefore, it is difficult to predict what 
habitat will result following control of common reed.   
 
The Service concurs with Owens (pers. comm., 2001) proposal to create pine barrens tree frog habitat 
by providing for an open water pond with scattered shrubs surrounded by forested areas, although any 
change in vegetation and hydrology in freshwater watersheds will require an individual State Freshwater 
Wetlands Protection Act (N.J.S.A. 13:9B-1 et seq.) (FWPA) permit.  Jenkins (pers. comm., 2001) 
specified that fisheries and pine barrens tree frog habitat are generally incompatible.  Harriott and 
Southerland (2001) stated that restoration of anadromous fish runs at Ballanger Creek is not feasible 
because of additional barriers just north of the project area. 
 
The Service opposes the proposed restoration plan as presented by Harriott and Southerland (2001).  
Ballanger Creek and Cedar Run, another abandoned cranberry bog, are currently rated as the lowest 
priority for restoration by the Corps among the proposed sites.  The Service supports retaining the 
ponded wetlands above the earth dam and converting the portion of Ballanger Creek below the earth 
dam to habitat for the pine barrens tree frog.   
 
The Service recommends testing for organic contaminants that may be trapped in bog sediments and 
coordinating contaminant testing / bio-essay methods with this office.  The Service further recommends 
trash removal from the site.  
 
5. TWC21 (Oyster Creek) 
 
The Oyster Creek dredged material disposal site is now likely owned by Exelon Corporation, which is 
also proprietor of the Oyster Creek nuclear power plant that is located approximately 1.6 miles west of 
this site (Figure 1).  Exelon Corporation has recently acquired the nuclear power plant from GPU 
Energy.  The dredge material disposal site is approximately 111 acres (Harriott and Southerland, 2001). 
 According to the U.S. Fish and Wildlife Service (1972) and the classification system of Cowardin et 
al. (1979), wetlands in the vicinity of the Oyster creek disposal site may be classified as estuarine 
intertidal emergent, estuarine intertidal aquatic beds, estuarine intertidal open water, and estuarine 
subtidal open water.  The Service visited the site on July 6, 2000. 
 
 
The original proposal by Southerland et al. (2000) and Harriott (pers. comm., 2000) called for control 
of common reed in the uplands and wetlands, removal of vegetation growing in the old dredged 
material, creation of open nesting habitats for ground-nesting water birds and the northern diamondback 
terrapin, planting of trees and shrubs to provide habitat for heron rookeries, and creation of meanders, 
which would connect ponds to emergent intertidal wetlands.   
 
Subsequently, Harriott and Southerland (2001) proposed to re-introduce tidal flow by creating a 
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meandering channel 100 feet wide and 3 feet deep.  This proposed activity would convert 4.6 acres of 
common reed-occupied wetlands into shallow, open water by removal of 22,222 cubic yards of 
substrate materials that would be placed in the western portion of the site.  Effective control of common 
reed would be accomplished by the introduction of bay salt water through the channel; salinity near the 
mouth of Oyster Creek was estimated at 20-25 parts per thousand.  Herbicide use to control common 
reed was not deemed necessary, although the proposed budget includes provisions for both aerial and 
manual spraying.  Recurrent burning of dormant common reed was prescribed.  Only the easternmost 
portion of the site would be considered for restoration.  The cost was estimated at $782,807.  Harriott 
(pers. comm., 2001) later stated that the site will not be burned because of its proximity to private 
property to the north. 
 
a. Existing Conditions 
 
The site consists of sparse vegetation dominated by weak common reed, switchgrass, and blueberry 
shrubs, and encompasses dense common reed stands, as well.  Ponded areas are also present 
(Southerland et al., 2000). The site is adjacent to submerged aquatic vegetation beds (Riportella, pers. 
comm., 2001). 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
The Service supports the restoration proposal, but acknowledges potential obstacles in implementation. 
 Dixon and Bologna (pers. comms., 2000) considered the site a low priority for restoration or 
enhancement because the upcoming de-commissioning of Oyster Creek nuclear power plant will 
necessitate dredging within the circular-shaped Forked River waterway to allow access of heavy 
maritime equipment to the nuclear plant to remove the reactor.  The dredged materials would be placed 
on TWC21, counteracting the beneficial effects of proposed restoration.  The Service recommends that 
the Corps and Versar obtain information on potential de-commissioning of the Oyster Creek nuclear 
plant during the feasibility portion of project planning. 
 
Bologna (pers. comm., 2000) was concerned that creating meanders to connect the isolated ponds will 
change the water salinity to the detriment of ponded habitat and the migratory birds that use it, although 
Harriott and Southerland (2001) reported that these ponds are infrequently used.  Jenkins (pers. 
comm., 2000) stated that natural substrates in this area contain fine sediments.  The Service 
recommends that any added or removed dredged / fill material should be tested for contaminants and 
that chemical testing or bio-essay methods, as well as sampling locations, be coordinated with this 
office. 
 
The Service supports the proposal of increasing the salinity by creating meanders to control common 
reed and establish tidal marsh vegetation (Schrading, pers. comm., 2000).  The Service also 
recommends planting native warm-season grasses as well as native trees and shrubs over fresh upland 
dredge piles following de-watering and control of common reed. 
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Three extant populations of the awned mountain mint (Pycnanthemum setosum) were located by the 
Natural Heritage Program near the site.  The taxon is State ranked (State of New Jersey, 1998a).  Two 
of the three populations are found across Oyster Creek to the south.  The third population is found 
inland toward the private properties to the north of this project site.  It does not appear that restoration 
activities would adversely affect the awned mountain mint populations; however, the Service 
recommends surveying the site prior to implementing the proposed restoration.  An extant population of 
the federally listed (threatened) swamp pink (Helonias bullata) is located approximately 1.2 miles from 
the property in dissimilar habitat.  The proposed restoration activities would not have detrimental effects 
on this population.  An extant population of the federal candidate and State-listed (endangered) bog 
asphodel is located within 1.0 mile of the proposed activities.  We recommend that the Corps ensure 
that bog asphodel would not be adversely affected by changes in hydrology.  No other federal or State-
listed / ranked plant species are known to occur on or near the site.  
 
All flights to the site for the aerial spraying of common reed must be coordinated with the U.S. Fish and 
Wildlife Service prior to scheduling.  This will ensure that flights do not interfere with known populations 
of the federally listed (threatened) bald eagle.  Surveys are recommended to determine presence of 
osprey (Pandion haliaetus).   
 
Submerged aquatic vegetation should be preserved.  The Service is concerned about the possible 
detrimental effects of drifting herbicide on nearby SAV beds.  The NMFS (Riportella, pers. comm., 
2001) noted concern for smothering of SAV by sediment loads resulting from the proposed restoration. 
 
Ultimately, no restoration at TWS21 can be possible without the landowner’s consent.  The potential 
de-commissioning of Oyster Creek nuclear power plant and the need for a nearby dredged material 
disposal site may raise prohibitive obstacles to the proposed restoration of this site.  Therefore, the 
Service recommends giving this restoration initiative a low priority until contacts and coordination with 
Exelon Corporation are conducted for a possible cooperative effort to restore tidal marshes at this site 
in the future. 
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B. NON-TIDAL WETLANDS 
 
1.         NWS01 (Cedar Run) 
 
The abandoned cranberry bog at Cedar Run is property of the Edwin B. Forsythe National Wildlife 
Refuge.  The site is located just north of Highway 9, between the towns of Cedar Run and Marietta 
(Figure 1).  The 60.3-acre site was proposed for restoration to its pre-diked shoreline with an opened 
fish passage (U.S. Fish and Wildlife Service, 2000b; Harriott and Southerland, 2001).  A biologist with 
the Edwin B. Forsythe National Wildlife Refuge introduced the proposed restoration of Atlantic white-
cedar  habitat to the Corps and Versar in 1999 (Harriott, pers. comm., 2000).  Harriott and 
Southerland (2001) subsequently proposed to restore the anadromous fish run by removing the water 
holding structure, seeding alewife (Alosa pseudoharengus), and planting approximately 1,000 Atlantic 
white-cedar saplings over 5 acres.  The estimated cost of restoring the site is $15,200.  The abandoned 
bogs at Cedar Run were visited on July 5 and 25, 2000. Wetlands on site are classified as palustrine - 
emergent in the upper portion of Cedar Run, and palustrine - emergent and palustrine - open water in 
the lower portion (U.S. Fish and Wildlife Service, 1972; Cowardin, et al., 1977). 
 
a. Existing Conditions 
 
The cranberry bog at Cedar Run appears to have been abandoned long ago, although a precise date is 
not available.  Over time, it has diversified into habitats rich with native wetland vegetation.  The pH of 
these bog waters is acidic (Harriott and Southerland, 2001), preventing the invasion of exotic plant 
species.  The abandoned cranberry bog at Cedar Run is surrounded by upland forest dominated by 
pines (Pinus spp.) and oaks with sparse eastern red cedar and holly, and a understory of sheep laurel, 
leatherleaf (Chamaedaphne calyculata), fetterbush (Leucothoe racemosa), blueberry, and greenbrier.  
 
The southwestern portion, between the forested upland and the inundated bog, has a narrow zone of 
red maple mixed with Atlantic white-cedar, with interspersed sweet gum, river birch (Betula nigra), 
wild cherries (Prunus spp.), and sassafras; a shrub understory of blueberry, leatherleaf, cranberry 
(Vaccinium macrocarpum), wax myrtle (Myrica cerifera), and swamp azalea (Rhododendron 
viscosum); and vines such as Virginia creeper, roundleaf greenbrier (Smilax rotundifolia), and poison 
ivy.  The herbaceous portion of the shoreline is rich with bur reed (Sparganium americanum and/or S. 
eurocarpum), Walter’s sedge (Carex striata) and other sedges, flat sedge (Cyperus spp.), spike rush 
(Eleocharis spp.), wool grass (Scirpus cyperinus) and other bulrushes (Scirpus spp.), Canada rush 
(Juncus canadensis), soft rush (Juncus effusus) and other rush species (Juncus spp.), beak rush 
(Rhynchospora spp.), switchgrass (Panicum virgatum) and other panic grasses (Panicum spp.), 
broom sedge (Andropogon glomeratus), sun dews, purple pitcher plant (Sarracenia purpurea), 
ground nut (Apios americana) and, the partially woody, water willow. 
 
 
The southeastern portion of the site is adjacent to Highway 9.  The northwestern portion is flooded, but 
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the bog is densely inhabited by sedge species [particularly American woolly fruit sedge (Carex 
lasiocarpa variety americana) (Harriott, pers. comm., 2000) or woolly sedge (C. lanuginosa) 
(Harriott and Southerland, 2001)] and sparsely by young or stunted red maples.  The bog itself is 
mostly covered by American white water lily, yellow water lily, and common water-plantain (Alisma 
plantago-aquatica) and is occupied by a rich variety and abundance of submerged aquatic vegetation, 
such as floating aquatic pondweed (Potamogeton pectinatus) and water celery (Vallisneria 
americana) (Harriott and Southerland, 2001). 
 
The northeastern portion of the site is occupied by a relatively wide band of Atlantic white-cedar, with 
many standing dead trees in a locality that is permanently flooded.  The forest floor is carpeted with 
mosses (Sphagnum spp.) and sedge clumps.  Shoreline vegetation is less diverse, but similar to the 
southwestern portion of the bog, with the addition of black gum, and the shade-tolerant sweet fern 
(Comptonia peregrina), sweet pepper bush (Clethra alnifolia), and clubmoss (Lycopodium sp.). 
 
Wildlife documented during the site visits includes the eastern cottontail (Sylvilagus floridanus), gray 
squirrel (Sciurus caroliniensis), red squirrel (Tamiasciurus hudsonicus), red fox (Vulpes vulpes), 
racoon (Procyon lator), white-tailed deer (Odocoileus virginianus), snowy egret (Egretta thula), 
wood duck (Aix sponsa), American black duck, Canada goose (Branta canadensis), great blue heron 
(Ardea herodias), turkey vulture (Cathartes aura), mourning dove (Zenaida macroura), fish crow 
(Corvus ossifragus), and American robin (Turdus migratorius). 
 
No federally or State-listed plant or animal species are known to inhabit this site.  However, an extant 
population of curly grass fern (Schizaea pusilla) was documented just upstream from the proposed 
restoration site.  Using a ranking system developed by The Nature Conservancy, curly grass fern is 
given a global rank of G3 (either very rare and local throughout its range or found locally in a restricted 
range, or because of other factors making it vulnerable to extinction throughout its range, with the 
number of occurrences ranging between 21 and 100) and a State rank of S3 (rare in the State with 21 
to 50 occurrences) (State of New Jersey, 1998a).   The Pinelands Commission listed the curly grass 
fern as endangered and with a northern geographical affinity to cedar swamps within the Pinelands 
(State of New Jersey, 1980; 1998a).  The taxon has no federal status. 
 
Since cranberries grow in wet areas that also provide breeding ground for mosquitos and other pests, 
cranberry bogs and surrounding areas may have been historically sprayed with organic pesticides to 
prevent the transmission of mosquito-borne diseases or for general pest control.  These pesticides may 
still be present, since the topography of many cranberry bogs promotes the retention or trapping of 
sediments and local run off.  Sampling conducted as part of a Service (1998) study entitled, "Baseline 
Contaminant Study of the Edwin B. Forsythe National Wildlife Refuge" indicated that sediments down 
gradient of operational and inactive cranberry bogs had pesticide concentrations at levels that present a 
potential hazard to trust resources.  Although many of the organo-chlorine pesticides targeted in the 
Service’s 1998 study are now prohibited, environmental media may still contain measurable 
concentrations of these compounds due to their persistence.  The levels of DDE and DDD in sediment 
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down gradient of inactive cranberry bogs, tested in the Service’s (1998) study, were sufficiently 
elevated to potentially induce significant disruption of the local aquatic communities.  
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
The proposed restoration to its pre-diked shoreline with an opened fish passage may result in an overall 
loss of wetland habitat.  Extensive freshwater SAV beds would be irremediably lost.  Red maple will 
likely increase over Atlantic white-cedar in the southwestern and northwestern portions of the bog.  The 
Atlantic white-cedar habitat in the northeastern portion of the bog will likely shift closer to the newly 
established channel, while its current location may dry out and be encroached upon by upland trees and 
shrubs resulting from a lower water table.  Finally, draining of this abandoned cranberry bog may leave 
behind large portions of insulated, desiccated areas that will be reclaimed by target trees such as 
Atlantic white-cedar only with difficulty.  Opening of a fish passage will likely result in improved fish 
habitat, although the water pH is acid (approximately 4.6 below the site, 4.9 above the site, and 5.0 - 
6.0 at the site)  (Harriott and Southerland, 2001).  
 
The Service opposes the draining of Cedar Run’s bogs, although we encourage the Corps to consider 
implementing restoration practices at other cranberry bog sites where cultivation was more recently 
abandoned.  At Cedar Run, the proposed restoration may damage an important resource to migratory 
birds, namely open bogs rich in submerged aquatic vegetation and emergent wetland plants, in favor of 
Atlantic white-cedar, which is already present as sizeable stands at Cedar Run.  Due to vegetational 
succession, Cedar Run currently supports high quality habitats for migratory waterfowl, raptors, long-
legged wading birds, and various “herptiles” (turtles, snakes, frogs, and salamanders).   
 
Concurrence by federal and State resource and regulatory agencies will be necessary for any work on 
site.  The Refuge Manager (Atzert, pers. comm., 2001) and NJDFW (Wilkinson, pers. comm., 2000) 
also oppose the restoration of Cedar Run as proposed by the Corps and Versar because the site 
represents an important resource for migratory birds.  Owens (pers. comm., 2001) indicated that any 
changes in vegetation and/or hydrology in freshwater wetlands due to restoration projects will require 
individual FWPA permits from the LURP.  The LURP (Owens, pers. comm., 2001) is not likely to 
support any restoration project that has the potential to adversely affect State and federally listed 
threatened and endangered species.  The LURP (Owens, pers. comm., 2001) added concern for loss 
of tree frog habitat and lack of monitoring programs for the species.  As a result of expressed concerns 
from several resource managers, the Corps and Versar have placed Cedar Run in a low priority 
category for restoration.  No alternative sites for restoration of abandoned cranberry bogs have been 
sought (Harriott, pers. comm., 2001). 
 
 
In its current ecological condition, Cedar Run may serve as an important rest stop and feeding ground 
for many inland migratory bird species.  Currently, Cedar Run mimics the habitat conditions resulting 
from a long-standing beaver dam.  Existing freshwater SAV should not be disturbed.  There may be 
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several opportunities to restore this wetland site at the micro-habitat level, without affecting its current 
functions and values significantly.  Restoration may target the expansion of Atlantic white-cedar swamps 
in various areas of the 36-acre site, without incurring into wetland losses that may result from draining 
the bog.  The opportunity may also exist to create small islands, within the inundated portions of the 
bog, for nesting habitat that would be relatively safe from terrestrial predators, by breaching existing 
berms in key areas. 
 
During a Service field visit to Cedar Run, Schrading (pers. comm., 2000) determined that the water 
holding structure would not last more than a few years and would cause an abrupt drainage of the bog in 
the event it failed.  A proposed alternative to restoration to pre-diked conditions, or no action, would be 
to replace the water holding structure, adding a fish ladder to restore anadromous fish runs.  The new 
structure could be lowered 6 to 12 inches or to any desired level to encourage partial spread of Atlantic 
white-cedar into the open bog habitat, particularly from the northeastern section of Cedar Run (where 
many seedlings are present) while, at the same time, preserving most of the character and integrity of the 
rich, open bog habitat.  The Refuge Manager (Atzert, pers. comm., 2001) expressed the intent of 
replacing the decaying water holding structure in the near future with the possible addition of a fish 
ladder to provide for anadromous fish runs. 
 
A thorough survey of all federal and State-listed/candidate species that may potentially occur at Cedar 
Run should be conducted prior to any restoration attempt.  In particular, the extant population of curly 
grass fern, that was documented just upstream from the proposed restoration site, may be affected 
negatively by the proposed restoration at Cedar Run.  The Service recommends avoiding any impacts 
to curly grass fern.  
 
Populations of the federally listed (threatened) Knieskern’s beak rush (Rhynchospora knieskernii) 
were documented in habitats further upstream.  However, these populations are unlikely to be affected 
by restoration at Cedar Run.  Scherer (pers. comm., 2000) also recommended surveying for the federal 
candidate bog asphodel and, if present, ensure that management is compatible with the restoration 
effort.   
 
The Service’s (1998) finding that organic pesticides remain present in the sediments of abandoned 
cranberry bogs warrants further study to fully evaluate the threats to federal trust resources.  The 
Service recommends testing for organic contaminants that may be trapped in bog sediments and 
coordinating contaminant testing / bio-essay methods with this office. 
 
2. NWS02 (Stafford Forge Wildlife Management Area) 
 
The abandoned cranberry bogs on Westecunk Creek at Stafford Forge are administered by NJDFW 
as a wildlife management area (Figure 1).  The site is approximately 527 acres (Harriott and 
Southerland, 2001).  The site was visited by a Service biologist on July 6, 2000.  According to the U.S. 
Fish and Wildlife Service (1972) and Cowardin et al. (1979), the wetlands on site may be classified as 



 
 28 

palustrine - farmed; palustrine - forested, with subclasses of broad-leaved deciduous and needle-leaved 
evergreen trees; and palustrine - emergent.  The Corps, Versar, and NJDFW propose establishing a 
partnership to: 
 
· replace water holding structures with added fish ladders; 
· seed alewife; 
· convert 2 (or possibly 3) open water ponds to emergent wetlands for migratory waterfowl, 

waders, and other water birds;  
· add culverts with water control structures; and  
· plant approximately 1,600 Atlantic white-cedar saplings along the riparian corridor of 

Westecunk Creek for a total of 15.8 acres. 
 
Fish ladders would be securely fenced to prevent poaching.  Site NWS03 at Silver Lake would require 
restoration for a successful establishment of an anadromous fish run at Stafford Forge.  The estimated 
cost of this project is $371,200 (Harriott and Southerland, 2001). 
 
a. Existing Conditions 
 
The site is comprised of ponds, which exemplify different levels of plant succession, following 
abandonment of cultivation.  The ponds that were created along the original channel typically 
demonstrate a greater diversity of plant life, whereas the lateral ones separated from the original channel 
are open bodies of water.  A narrow cut with Atlantic white-cedar separates the upper and lower pond 
along the original channel.  According to Harriott and Southerland (2001), the water pH at or near 
Westecunk Creek is between 3.77 and 4.92. 
 
The bogs are surrounded by pine - oak forest.  Common trees observed in or near wetlands are 
Atlantic white-cedar, red maple, eastern red cedar, black willow (Salix nigra), wild cherries, and 
sassafras.  Common shrubs are blueberry, leatherleaf, cranberry, wax myrtle, sheep laurel, leather leaf, 
rose, swamp azalea, blackberry, sweet fern, dangleberry (Gaylussacia frondosa), and shining sumac 
(Rhus copallinum).  Vines are represented by Virginia creeper, greenbrier, poison ivy, climbing 
hempweed (Mikania scandens), and trumpet creeper (Campsis radicans).  Wetland plants include 
American white water lily, yellow water lily, bur reed, sedges, rushes, flat sedge, spike rush, bulrush, 
beak rush, three square, switchgrass, panic grasses, broom-sedge, red top (Agrostis stolonifera), 
common reed, sun dews, purple pitcher plant, clubmoss, St. John’s wort (Hypericum sp.), milkweed 
(Asclepias sp.) and, the partially woody, water willow. 
 
Wildlife documented during the site visit includes the eastern cottontail, gray squirrel, red squirrel, red 
fox, racoon, white-tailed deer, beaver, Canada goose, snowy egret, turkey vulture, mourning dove, fish 
crow, and the American robin. 
 
Since cranberries grow in wet areas that also provide breeding ground for mosquitos and other pests, 
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cranberry bogs and surrounding areas may have been historically sprayed with organic pesticides to 
prevent the transmission of mosquito-borne diseases or for general pest control.  These pesticides may 
still be present, since the topography of many cranberry bogs promotes the retention or trapping of 
sediments and local run off.  The levels of DDE and DDD in sediment down gradient of inactive 
cranberry bogs tested in the Service’s (1998) study, were sufficiently elevated to potentially induce 
significant disruption of the local aquatic communities. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
There are a few federal and State-listed threatened and endangered plant and animal species within or 
nearby SFWMA.  Swamp pink is found approximately 2 miles upstream from the upper pond in an 
unnamed branch of Westecunk Creek and would not be affected by restoration activities at SFWMA.  
Knieskern’s beak rush is found on the Rail Branch of Westecunk Creek, almost at the confluence of this 
branch with the upper portion of SFWMA.  The State endangered pine barrens tree frog was 
documented both within SFWMA and between SWFMA and the Garden State Parkway nearby.  The 
State threatened northern pine snake (Pithuophis melanoleucus melanoleucus) was documented in 
1988 within the Rail Branch of Westecunk Creek and is currently considered extant.  Owens (pers. 
comm., 2001) indicated that any changes in vegetation and/or hydrology in freshwater wetlands due to 
restoration projects would require FWPA individual permits.  The NJDEP will not support any 
restoration project that has the potential to adversely affect State and federally listed threatened and 
endangered species (Owens, pers. comm., 2001).  The NJDEP also noted concern for loss of tree frog 
habitat and lack of monitoring programs for the species.  The New Jersey Natural Heritage Program 
should be contacted regarding the documented occurrences of the pine barrens tree frog.  The Service 
recommends surveys for the federal candidate bog asphodel and, if present, to ensure that management 
is compatible with the restoration effort.  Surveys for the above-mentioned species within the 
boundaries of SFWMA should be conducted prior to initiating proposed habitat restoration activities, 
and potential negative effects of restoration on any extant populations must be considered. 
 
Fire suppression adversely affects Atlantic white-cedar rejuvenation and restoration.  Establishment of 
seedlings and saplings is favored by shallow burns at high water to remove vegetation and debris 
(Carter, 1987; Laderman, 1989).  Hot fires that burn peat deeply, also reduce the possibilities that 
viable seed will remain in the forest floor and  that a new Atlantic white-cedar stand will develop 
(Laderman, 1989).  Any prescribed burn at SWFMA must be coordinated with the New Jersey 
Bureau of Forest Fire Management (NJBFFM).  The Service recommends coordination with NJBFFM 
for a prescribed burn to precede Atlantic white-cedar restoration at SFWMA.   
 
The Service’s (1998) finding that organic pesticides remain present in the sediments of abandoned 
cranberry bogs warrants further study to fully evaluate the threats to federal trust resources.  The 
Service recommends testing for organic contaminants that may be trapped in bog sediments and 
coordinating contaminant testing / bio-essay methods with this office. 
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3. NWS03 (Silver Lake) 
 
This site is partially on private property (Harriott and Southerland, 2001) (Figure 1).  Wetlands at this 
site are classified as palustrine - forested with a subclass of deciduous vegetation (U.S. Fish and Wildlife 
Service, 1972; Cowardin et al., 1979).  The site was not visited to date by Service personnel.  Harriott 
(pers. comm., 2000) provided photographs of this site, which the Service has reviewed.  Southerland et 
al. have proposed to remove an old concrete cranberry bog structure, which is currently on private 
land, to restore anadromous and catadromous fish runs.  Construction of a fish ladder at Stafford Forge 
Wildlife Management Area would first require removing this obstruction to fish runs at Silver Lake.  
Actual estimated cost would be $10,020, which appears to have been miscalculated by Harriott and 
Southerland (2001). 
 
a. Existing Conditions 
 
The bogs are surrounded by pine - oak forest.  Common trees in or near wetlands are Atlantic white-
cedar, red maple, sweet gum, wild cherry, and sassafras.  Common shrubs are blueberry, sheep laurel, 
leather leaf, rose, and blackberry.  Vines are represented by Virginia creeper, and poison ivy.  
 
According to Southerland et al. (2000), there should be ample striped bass (Morone saxatilis), shad 
(Alosa spp.), and other anadromous fish immediately downstream of this site.  Alewife was documented 
as occurring below the structure by Harriott and Southerland (2001) through personal communications 
with local anglers.  
 
Since cranberries grow in wet areas that also provide breeding ground for mosquitos and other pests, 
cranberry bogs and surrounding areas may have been historically sprayed with organic pesticides to 
prevent the transmission of mosquito-borne diseases or for general pest control.  These pesticides may 
still be present, since the dam promotes the retention or trapping of sediments and local run off. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
There are no known populations of threatened and endangered species on or nearby this site.  
Historically, the site supported populations of Knieskern’s beak rush, Barrett’s sedge (Carex 
barrattii), and Pine Barren bellwort (Uvularia puberula variety nitida).  An extant population of 
swamp pink is located approximately 2 miles north-northwest of this site, within an unnamed branch of 
Westecunk Creek.  Restoration efforts would have no impact on the swamp pink population.  The 
Service recommends that the Corps conduct a survey of the flora at Silver Lake prior to implementing 
restorative practices.  The landowner must be contacted for permission to access the property.   
The NJDEP (Owens, pers. comm., 2001) expressed concern for the potential loss of wetlands 
upstream of the water holding structure as a result of its removal.  A State of New Jersey FWPA permit 
would be required to proceed with the proposed restoration of an anadromous fish run.  The Service 
has no objections to proposed fish passage restoration at this site, but recommends assessing potential 
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wetland losses prior to removing the concrete structure. 
 
The levels of DDE and DDD in sediment down gradient of several inactive cranberry bogs tested by the 
Service (1998) were sufficiently elevated to potentially induce significant disruption of the local aquatic 
communities.  This finding warrants further study to fully evaluate the threat of organic pesticide residues 
to federal trust resources.  The Service recommends testing for organic contaminants that may be 
trapped in bog sediments and coordinating contaminant testing / bio-essay methods with this office. 
 
4. 33-17 (Double Trouble Dam) 
 
This site is located on Cedar Creek, within Double Trouble State Park, and is property of NJDFW 
(Harriott and Southerland, 2001) (Figure 1).  Wetlands at this site are classified as lacustrine - littoral 
with subclasses of emergent / aquatic bed vegetation and open water.  Wetlands immediately upstream 
from the site are classified as palustrine -  forested, with a subclass of broad-leaved forested vegetation; 
while those downstream are palustrine scrub / shrub, with a subclass of evergreen vegetation (U.S. Fish 
and Wildlife Service, 1972; Cowardin et al., 1979).  The site was not visited to date by Service 
personnel.  Harriott and Southerland (2001) have proposed to add a fish passage to Double Trouble 
Dam, seed Cedar Creek with alewife, and restore anadromous fish runs.  The estimated cost would be 
$104,800. 
 
a. Existing Conditions 
 
The site is near Atlantic white-cedar and red maple swamps surrounded by pine - oak forest.  There are 
also shrub thickets with species such as blueberry, huckleberry (Gaylussacia baccata), speckled alder 
(Alnus rugosa), buttonbush (Cephalanthus occidentalis), and sweet pepper bush (Harriott and 
Southerland, 2001).  
 
Harriott and Southerland (2001) documented acidic water upstream of the proposed fish ladder (pH = 
3.9 - 4.0).  No historical information is available on the adaptability of alewife to the upstream site; 
however, alewife was apparently documented below the dam. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
There are no known populations of threatened and endangered species on or nearby this site, with the 
exception of the State-listed (threatened) northern pine snake.  Restoration efforts would have no 
impact on the northern pine snake.  The Service has no objections to proposed fish passage restoration 
at this site.  Again, the NJDEP should be contacted regarding permitting requirements. 
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C.  SUBMERGED AQUATIC VEGETATION 
 
1. SAN02, SAC07, SAC08, SAS14, SAS15, SAS17, SAS18 
 
The seven submerged sites are all found within Barnegat Bay and Little Egg Harbor, near Little Sedge 
Island, Island Beach State Park, Vol Sedge Islands, Surf City, and Barrel Island  
(Figure 1).  Southerland et al. (2000) have proposed to initiate pilot studies that would help assess 
optimal planting season and methods.  Successful pilot studies would result in large scale restoration at 
three of the seven sites (Harriott, pers. comm., 2001).  The three restoration sites have not yet been 
selected from the seven originally proposed for SAV restoration. 
 
According to the U.S. Fish and Wildlife Service (1972) wetland inventory and the Cowardin et al. 
(1979) classification system, the site SANO2  is comprised of estuarine intertidal flats, estuarine 
intertidal emergent vegetation, and estuarine subtidal aquatic beds.  The sites SACO7 and SACO8 are 
within estuarine subtidal aquatic beds.  The sites SAS14 and SA15 are represented by estuarine 
intertidal aquatic beds. 
 
a. Existing Conditions 
 
According to Southerland et al. (2000), the seven sites proposed for restoration meet the following 
criteria: 
 
· are located at water depths between 1 and 2 meters, 
· are larger than 10 acres, 
· are farther than 100 meters from navigation channels, 
· are stacked against a barrier island, 
· have adequate light penetration, and 
· are adjacent to existing SAV beds, or 
· are located within historical SAV beds.  
 
b.  Potential Impacts and Recommended Habitat Restoration Methods 
 
Bologna (pers. comm., 2000) recommended to avoid selecting sites that are currently highly devoid of 
SAV.  Conversely, sites with good water flow and with available sediments would hold the greatest 
promise for restoration success.  In areas of Barnegat Bay with high salinity, Bologna (pers. comm., 
2000) recommended to attempt widgeon grass restoration first, which may result in mosaics or patches. 
 Widgeon grass, being more adaptable than eelgrass, would capture enough sediments to allow 
restoration of eelgrass within widgeon grass beds.  Eelgrass is known to transplant poorly in areas 
devoid of bottom sediments. 
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The Service recommends transplanting widgeon grass and eelgrass because both are well-suited to 
submerged bay habitats where salinity is the highest.  Eelgrass is tolerant of salinity concentrations from 
moderate brackish ranges of the mesohaline zone (5-18 parts per thousand) to full strength sea water.  
Widgeon grass is adaptable to low brackish ranges of the oligohaline zone (0.5-5 parts per thousand) 
(Hurley, 1990) and tolerates salinity as high as 25 parts per thousand (Hammer, 1992).  Sago 
pondweed, redhead grass (Potamogeton perfoliatus), horned pondweed, duckweeds (Lemna spp., 
Spirodela spp., and Wolffia spp.), wild celery, naiad (Najas guadalupensis) and, to a much lesser 
degree, coontail (Ceratophyllum demersum), water stargrass (Heteranthera dubia), and waterweed 
(Elodea canadensis) are well-suited for SAV bed restorations within the oligohaline zone (Orth, 1985; 
Hurley, 1990).  Eurasian watermilfold (Myriophyllum spicatum), hydrilla (Hydrilla verticillata), and 
curly pondweed (Potamogeton crispus) are adventive in North America and, therefore, are not 
recommended for transplanting. 
 
Eelgrass and widgeon grass have no detrimental impacts to bay environments.  Phillips (1980) provided 
a summary of various methods for transplanting SAV and creating new beds.  These were subdivided 
in: 
 
· non-anchoring methods 
 

Ø plants washed free of sediment and rhizome mat covered with sediment in transplant 
site, 

Ø sod method (plants with sediment intact), and 
Ø plugs (plants with sediment intact placed in a hole in substrate); 

 
· anchoring methods 
 

Ø pipes and construction rods (individual shoots with section of intact rhizome fixed 
serially along rod, 

Ø wire mesh (small cluster of shoots with rhizomes fixed to mesh), and 
Ø nails (individual shoots with section of rhizome). 

 
Phillips (1980) recommended plugs and sod as the most effective means of transplanting SAV to new 
sites; these methods were reported to be from very to moderately successful.  The Service concurs with 
this recommendation.  A common problem presented by dropping anchors was the shallow penetration 
of SAV rhizomes into the substrate.  Olesen and Sand-Jensen (1994) stated that recovery of eelgrass 
must rely predominantly on the recruitment of shoots through branching and expansion of healthy 
rhizomes.  Rhizomatous segments are short-lived (1 or 2 years).  Ewanchuk and Williams (1996) 
studied the re-establishment of vegetative fragments of eelgrass (portion of rhizome with shoot) 
dispersing in a bay setting by natural means and found no net gain accrued to populations.  
 
Bologna (pers. comm., 2000) indicated that there are no commercial sources of live plants in New 
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Jersey; therefore, borrow sites should be identified for sources of live material.  Bologna (pers. comm., 
2000) proposed to collect seed and sow it in a controlled environment, inducing early germination.  
Then, seedlings may be transplanted into selected SAV beds between early September and late 
October.  Bologna (pers. comm., 2000) also debated the merits of transplanting in spring rather than in 
early fall and recommended experimental trials to determine the most effective strategy for successful 
seedling establishment.   

 
Seeding was discouraged as unpredictable and variable, with loss of seeds in the field and low seedling 
survival (Phillips, 1980).  Thayer et al. (1975b) assessed that seed germination of eelgrass is optimal at 
salinity between 4.5 and 9 parts per thousand.  Olesen and Sand-Jensen (1994) determined that 
seedlings did not contribute shoot recruitment in well-established eelgrass beds, but became important 
to patch maintenance following catastrophic events.  Therefore, the Service recommends against 
seeding. 
 
Bologna (2000) conducted experimental planting of eelgrass in Barnegat Bay as part of a mitigation 
project for Connectiv Power Delivery.  Five restoration techniques were assessed for  successful SAV 
restoration, including the use of widgeon grass as a successional precursor: 
 
· peat pot planting with 1-meter spacing; 
· peat pot planting with 2-meter spacing; 
· stapled, bundled planting with 1-meter spacing; 
· stapled, bundled planting with 2-meter spacing; and 
· eelgrass-widgeon grass mixed planting with peat pot 1-meter spacing. 
 
The peat pot technique utilizes 7.5 centimeter x 7.5 centimeter plugs obtained from donor SAV beds, 
which are then placed in peat moss pots.  Prior to insertion in bay sediments, the peat moss pot sides 
are cut to allow for root growth and expansion into the substrate.  Half of the peat pots were fertilized to 
determine the effectiveness of nutrient addition.  One meter2 of donor bed can provide between 100 
and 169 peat pot planting units.  The stapled and bundled technique utilizes 10 eelgrass shoots bundled 
together and tied.  One meter2 can provide between 60 and 100 bundles.  Bologna et al. (2000) also 
conducted field surveys to assess the distribution and field composition of SAV beds in Little Egg 
Harbor, highlighting applicable methodologies.  The Service recommends the Corps obtain preliminary 
and final results of these studies from Dr. Bologna and consider the recommendations in Bologna 
(2000) and Bologna et al. (2000). 
 
Fonseca et al. (1983) reported that the continuity of SAV cover is inversely correlated with tidal 
current velocity and proposed that approximately 120-150 centimeters / second is the maximum current 
velocity that eelgrass can tolerate [a limiting 3.5 knots was reported by Good et al. (1978)].  Dredging, 
filling, excessive turbidity and sedimentation (particularly constraining on young and small leaf shoots), 
wasting disease, herbicide accumulations, marinas and boat routes, boat propellers and anchors, and 
uncontrolled development in coastal zones place other environmental constraints on SAV (Thayer et al., 
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1975b; Orth, 1985; Olesen and Sand-Jensen, 1994; Ewanchuk and Williams, 1996).   
 
 
 
Eelgrass and widgeon grass are vulnerable to severe climatic conditions, as well as eutrophication 
resulting from excessive nutrient runoff from agricultural fields.  Eelgrass is susceptible to heat rigor when 
water temperatures reach 20-30?  Celsius, a range representing sensitivity of northern and southern 
eelgrass populations, respectively (Thayer et al., 1975a).  This range may be slightly higher for widgeon 
grass (Stevenson and Confer, 1978).  Eutrophication resulting from excessive nutrient inputs into bay 
waters can cause sea lettuce to proliferate, forming thick bright green sheets that can suffocate 
underlying stands of eelgrass and widgeon grass (Good et al., 1978). 
 
The Service acknowledges the extensive losses of SAV beds within Barnegat Bay.  Although it may be 
difficult to re-establish SAV in historical beds, the Service supports the Corps proposal to restore SAV 
at three preliminary sites as one of the most important restoration activities for Barnegat Bay. 
 
D. ABANDONED LAGOONS 
 
4. LAC02 (Bayville lagoon) 
 
This abandoned lagoon within a 6-acre site is posted as property of Ocean County Land Trust 
(OCLT).  The site is south of Bayview Avenue, approximately 1 mile southeast of the community of 
Ocean Gate (Figure 1) and was visited on July 5, 2000.  The lagoon is land-locked for all navigational 
purposes, although it is connected to estuarine intertidal emergent wetlands.  According to the U.S. Fish 
and Wildlife Service (1972) and Cowardin et al. (1979), the lagoon and immediately surrounding area 
represent an estuarine subtidal open water wetland and uplands that were human-modified in the past.  
Originally, the proposed restoration called for re-establishing a tidal marsh, removing fill, obliterating the 
access dirt road, and planting native trees and shrubs (Southerland et al., 2000).  As a result of site 
investigations, it was recognized that this lagoon performs an important ecological function as a nursery 
for juvenile fish (Harriott, pers. comm., 2000).  Therefore, restoration emphases have been shifted to 
improving flow of water in the lagoon, reducing water depth to create better juvenile fish habitat, 
supporting the growth of submerged aquatic vegetation for migratory waterfowl, reducing anoxic 
conditions, controlling common reed, and removing trash from illegal dumping.  Two channels would be 
cut to improve water circulation. Additional SAV areas would be created by raising the lagoon’s 
bottom with materials found on site.  Approximately 0.9 acre of vegetated uplands would be lost and 
8.4 acres of wooded areas would be retained as wildlife habitat.  Common reed would be controlled by 
introducing highly saline bay water to the site.  Small amounts of rip rap would be applied to prevent 
erosion.  The estimated cost of restoration activities is $799,000 (Harriott and Southerland, 2001). 
 
a. Existing Conditions 
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According to Harriott and Southerland (2001), this lagoon is relatively deep (13-17 feet).  
Approximately 5.96 acres of open water are present on site.  Dissolved oxygen levels are low, resulting 
from poor flushing.  Nonetheless, gill netting documented the presence of numerous juvenile fish of 
approximately 12 species.  Apparently, the juveniles make use of shallow water near the banks, 
avoiding the deep portions of this lagoon.  Water salinity in the lagoon is approximately 12 parts per 
thousand, compared to 23.5 parts per thousand in the nearby bay. 
 
The lagoon is surrounded by predominantly woody vegetation, including small red maple trees, sweet 
gum, river birch, sassafras, eastern red cedar, oak, apple (Pyrus malus), northern bayberry, shining 
sumac, and swamp rose (Rosa palustris).  Vines present at the site include poison ivy, Virginia creeper, 
and Japanese honeysuckle (Lonicera japonica).  Common herbaceous vegetation include spotted 
knapweed (Centaurea cf. maculosa), sheep sorrel (Rumex acetosella), coneflower (Rudbeckia sp.), 
common yarrow (Achillea millefolium), panic grass, flat sedge, redtop, and very small patches of 
common reed. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Service concerns regard restoration practices for the proposal to transform the lagoon into a tidal 
wetland.  The proposal was later abandoned in favor of maintaining the lagoon as a fish nursery.  
Concerns remain that adding fill to the lagoon to create shallow beds for juvenile fish may impede 
ground water recharge and, therefore, eliminate a source of fresh water (Jenkins, pers. comm., 2000).   
 
The Service recommends testing for ground water recharge in the lagoon and proceeding with creation 
of shallow water habitat for juvenile fish, only if this activity does not affect ground water recharge 
detrimentally.  The Service recommends monitoring and improving the natural re-vegetation of aquatic 
plant beds and encourages road obliteration, planting of native trees and shrubs, and trash removal.  
Apparently, the site was slated for development before being purchased by OCLT.  Therefore, the 
proposed restoration must be coordinated with OCLT by discussing its long term management plans for 
this site. 
 
Restoration activities as proposed would involve creating a meandering channel through habitat currently 
occupied by common reed.  The ENSP (Jenkins, pers. comm., 2001) expressed support for the 
initiative, but the NJDEP, LURP (Owens, pers. comm., 2001) stated that dredging in freshwater 
wetlands would require an individual permit with imposed conditions such as minimization of impacts, 
alternatives, and mitigation.  Also, the Corps and Versar must  
consult with the NMFS to obtain recommendations and measures to avoid, minimize, mitigate, or 
otherwise offset adverse effects on Essential Fish Habitat. 
 
There are no known populations of federal or State-listed threatened and endangered species at or near 
the site.  Historically, the general area was habitat for the federal candidate bog asphodel but, currently, 
the habitat is considered too degraded to support populations of this species.  The peregrine falcon 
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(Falco peregrinus) inhabited the site in 1993, but the individuals have since moved to the northern tip 
of the peninsula.  Finally, the Service recommends testing dredged materials for contaminants, if any of 
the materials removed are placed in wildlife areas.  We recommend that the Corps coordinate with this 
office on chemical testing or bio-essay methods and on sampling locations. 
 
2. LAN05 and LAN06 (abandoned lagoons, near Mantoloking) 
 
These abandoned lagoons are located on the Metedeconk Neck, just north of Highway 528 and 
approximately 0.6 mile northwest of the town of Mantoloking (Figure 1).  The two adjacent lagoons are 
10 and 8 acres, respectively, and are property of the Edwin B. Forsythe National Wildlife Refuge.  
According to the U.S. Fish and Wildlife Service (1972) and Cowardin et al. (1979), the wetlands on 
site may be classified as estuarine subtidal open water and estuarine intertidal emergent, surrounded by 
uplands and human-modified areas.  The abandoned lagoons and surrounding areas were visited by a 
Service biologist on July 24, 2000.   
 
Originally, the proposed restoration called for re-establishing tidal marsh that would be integrated with 
the surrounding estuarine intertidal emergent wetlands, improving the uplands, and creating isolated 
ponds (Southerland et al., 2000).  Site inspection revealed that these lagoons are performing an 
important ecological function as a nursery for juvenile fish (Harriott, pers. comm., 2000).  Therefore, 
restoration attention has shifted to improving water circulation and quality in the lagoon by cutting 
channels within and between the two lagoons, creating sandy island habitats for the northern 
diamondback terrapin, adding fill to raise the lagoon bottom to -10 feet, and grading the banks to create 
better juvenile fish habitat.  Approximately 6,482 cubic yards of materials would be excavated to create 
connective channels to improve water circulation.  Raising the lagoons’ bottoms to -10 feet would 
require 50,583 cubic yards of fill.  Berm 4 at LAN05 and berm 1 at LAN06 have been proposed as 
borrow sites for fill.  The estimated cost of restoration is $1,783,180 (Harriott and Southerland, 2001). 
  
a. Existing Conditions 
 
The LAN05 lagoon is 15-17 feet deep and has a direct connection to Barnegat Bay.  Dissolved oxygen 
is relatively high and salinity is 25-29 parts per thousand, similar to bay salinity levels (Harriott and 
Southerland, 2001).  The LAN06 lagoon has indirect, shallow connections to adjacent wetlands, 
although insufficient to improve water movement, resulting in mucky bottoms and anoxic conditions.  A 
few fish species are present.  Salinity has been measured at 28 parts per thousand (Harriott and 
Southerland, 2001). 
 
Lagoons are represented by open bodies of water with gentle to moderately steep sandy shores.  
Common vegetation surrounding the lagoons is represented by the woody northern bayberry, wild 
cherries, sweet gum, holly, roundleaf greenbrier vines, and patches of common reed. 
 
Emergent wetlands on site are dominated by cord grasses, which are associated with salt grass 



 
 38 

(Distichlis spicata), scattered flat sedge, and prickly bog sedge (Carex atlantica).  These emergent 
wetlands are surrounded by patches of common reed and woody species such as 
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bayberry, wild cherry, blueberries, white poplar (Populus alba), and sea myrtle (Baccharis 
halimifolia). 
 
Uplands on site are covered with trees, such as eastern red cedar, wild cherry, sweet gum, sassafras, 
southern red oak (Quercus falcata), bur oak (Quercus macrocarpa), southern catalpa (Catalpa 
bignonioides), Russian olive or silverberry (Elaeagnus sp.), and apple.  Common to scattered shrubs 
are northern bayberry, shining sumac, blackberry, blueberry, swamp rose, and spiraea (Spiraea sp.).  
Vines include poison ivy, Virginia creeper, Japanese honeysuckle, and clematis (Clematis sp.).  
Common to scattered herbs are switchgrass and other panic grasses, fescue (Festuca sp.), little 
bluestem (Schizachyrium scoparium), path rush (Juncus tenuis variety dichotomus), flat sedge, 
spotted knapweed (tentatively identified to species), Queen Ann’s lace,  American wild carrot (Daucus 
pusillus), Virginia dwarf dandelion (Krigia cf. virginica), self-heal (Prunella vulgaris), strawberry 
(Fragaria cf. vesca), everlasting pea (Lathyrus cf. latifolius), pepper weed (Lepidium sp.), and 
mullein (Verbascum thapsus).  Bracken fern (Pteridium aquilinum) is encountered infrequently.  
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Each restoration proposal must be coordinated with resource managers at the Edwin B. Forsythe 
National Wildlife Refuge.  The Service supports enhancing the habitat for the northern diamondback 
terrapin by creating small, sandy islands, and improving water circulation and quality by cutting channels 
within and between lagoons.  Connecting one lagoon to the other will not modify water salinity contents. 
 The Service recommends testing for ground water recharge in the lagoons and proceeding cautiously 
with restoration of these shallow water beds to determine if the addition of fill may impede ground water 
recharge.  This fill would come from the same site; there are substantial piles of dredged material near 
the two lagoons (Harriott and Southerland, 2001).  The Service concurs with the NJDEP’s (Kopcash, 
pers. comm., 2001) recommendation to convert lagoons into shallow water to discourage use of the 
sites by boaters.  The Service also recommends testing dredged materials or fill for contaminants, if any 
of the materials removed are placed in wildlife areas.  Chemical testing and bio-essay methods should 
be coordinated with this office.  Obtaining fill material as proposed will adversely affect upland woody 
plant species and should be minimized. 
 
The site is not easily accessible from the Road 528.  A foot trail, which once was a dirt road, exists 
from the Road 528 into the Edwin B. Forsythe National Wildlife Refuge property.  Filling and grading 
activities may require re-establishing a road through vegetated uplands.  Alternatively, access could be 
obtained by boat through the f-shaped lagoon (LAN05).  The Service realizes that disturbance will 
occur to upland woody vegetation as a result of restoration activities and recommends careful planning 
and coordination with refuge managers to minimize disturbances.  Preservation of upland woody 
vegetation was emphasized by the resource managers present during the interagency coordination 
meetings.   The Service also recommends revegetating the roadbed following restoration. 
 
The Service is concerned about cumulative effects of disturbance at the site if all proposed restoration 
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activities are implemented.  Specifically, grading the lagoon banks as proposed will result in loss of 
stabilizing woody vegetation, shade to the lagoons’ waters, and loss of habitat for passerine birds.  
Portions of these lagoons, particularly LAN05, have gentle-sloping banks, which should be left intact.  
Restoration efforts may be focused on small areas occupied by common reed, which could be 
maintained as sand for access to nesting sites by the northern diamondback terrapin, while leaving most 
native woody vegetation in place.  The Service disagrees with the assessment by Harriott and 
Southerland (2001) that woody vegetation on sites is invasive and not well developed.  Invasive species 
are mostly restricted to herbaceous taxa, which will likely increase and spread through areas disturbed 
by restoration activities.   
 
Restoration practices must not result in the spread of spotted knapweed on refuge property.  The 
invasive spotted knapweed is common in the uplands.  There have been reports of cancerous lesions 
caused by the lattice of this plant on the hands of a field worker pulling spotted knapweed for control 
purposes (The Nature Conservancy, 1997).  The precaution of not handling this taxon with bare hands 
must be taken in the event it becomes targeted for control. 
 
E. ISLANDS 
 
1. ISS01 (Cedar Bonnet Island) 
 
Cedar Bonnet Island is located within Barnegat Bay, approximately 0.7 mile west of the community of 
Ship Bottom and approximately 4.8 miles southeast of the town of Manahawkin (Figure 1).  The island 
is partially owned by the Edwin B. Forsythe National Wildlife Refuge.  The proposed restoration site is 
approximately 143 acres (Harriott and Southerland, 2001).  Cedar Bonnet Island is connected to Long 
Beach Island and the mainland by the bay bridge on Highway 72.  The site was visited on  June 28, 
2000 by Versar, Corps, and Service biologists.  Cedar Bonnet was a dredged material disposal island. 
 It has upland inclusions, estuarine intertidal emergent wetlands, estuarine intertidal flats, and estuarine 
subtidal open waters, as well as estuarine intertidal aquatic beds (U.S. Fish and Wildlife Service, 1972; 
Cowardin et al., 1979).   
 
Harriott and Southerland (2001) have proposed partial restoration of Cedar Bonnet Island.  Portions 
would be restored to:  (1) tidal marsh by control of common reed and by lowering portions of the island 
to encourage tidal flow (2 acres), and (2) nesting habitat for the northern diamondback terrapin by 
adding materials to open, sandy areas (3 acres).  All excavated materials will be used to create new, 
open upland areas.  The estimated cost of these restoration activities is $729,745.   
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a. Existing Conditions 
 
Cedar Bonnet Island is a mosaic of tidal flats, common reed habitat, open sandy areas, shrubby uplands 
with sparse trees, small ponds, and canals.  It is relatively accessible to domestic animals and terrestrial 
wildlife, including predators.   
 
The tidal flats are dominated by salt water cordgrass (Spartina alternifolia), with locally common 
samphire (Salicornia europaea) plants.  Salt meadow cordgrass occupies the relatively higher zone of 
these tidal flats.  Submerged aquatic vegetation beds are present in the southeastern portion of Cedar 
Bonnet Island. 
 
Common reed is dominant in many areas, particularly between tidal flats and upland areas.  Only a few 
other plant species occupy this habitat, including poison ivy, pokeweed (Phytolacca americana), and 
morning glory (Convolvulus sp.). 
 
The open sandy areas are few and were created by relatively recent depositions of dredged material.  
Panic grasses, beach grass, downy chess (Bromus tectorum), six weeks fescue (Vulpia octoflora), 
and the State-listed (imperiled because of rarity) beach sedge occupy these areas.  The latter has been 
tentatively identified only. 
 
The shrubby uplands with sparse trees are composed by clumps of eastern cottonwood and black 
willow trees, typically surrounded by shrubs such as northern bayberry, roses (Rosa palustris and R. 
rugosa), American red raspberry (Rubus cf. idaeus), marsh elder, poison ivy, and pokeweed. 
 
The northern harrier (Circus cyaneus) was confirmed to be present on Cedar Bonnett Island (Jenkins, 
pers. comm., 2000).  Apparently, it is represented by a single individual.  
 
There is ample evidence that the open sandy areas constitute nesting habitat for the northern 
diamondback terrapin.  Unfortunately, nests appear to have been dug up and eggs consumed by 
predators.  Sandy areas have several fox dens, some of which have been dug recently. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Harriott and Southerland (2001) have proposed to convert small portions of common reed habitat to 
tidal wetland by restoring tidal flow.  Bay salinity may discourage common reed from re-invading these 
areas once tidal flow becomes established, but planting cordgrass plugs is recommended as well 
(Schrading, pers. comm., 2000). 
 
Open, sandy areas for northern diamondback terrapin nesting should be expanded, made accessible to 
the species, and maintained periodically.  It will be difficult to control predators of terrapin nests.  A 
bridge connects the island to both the mainland to the west and the barrier island to the east, providing a 
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corridor for predator access.  Jenkins (pers. comm., 2000) stated that it is illegal in New Jersey to trap 
and relocate wildlife.  Shooting by NJDFW personnel would likely be unpopular with local residents.  
Schrading (pers. comm., 2000) suggested  organizing a  public hunting or trapping event; such events 
are frequently scheduled across New Jersey and achieve a high level of control. 
 
The northern harrier nests on the ground in coastal salt marshes.  It is State-listed (endangered - 
breeding only) in New Jersey and is considered imperiled in New Jersey, declining nationwide for 
unknown reasons (Walsh et al., 1999).  The northern harrier is known to occur in Barnegat Bay and, 
reportedly, on Cedar Bonnet Island (Jenkins, pers. comm., 2000).  All restoration plans must be 
carefully reviewed to determine if any activity can have a potentially adverse effect on the northern 
harrier.  Continued coordination with the Service and the NJDFW, ENSP is recommended. 
 
The common tern, the roseate tern, and the piping plover were all documented on Cedar Bonnet Island 
between 1983 and 1985.  None of these species are known to currently occur on the island, likely as a 
result of vegetational succession.  The additions of new dredged material mixed with broken clam shells 
is recommended to attract ground nesting birds; however, visual openings to the bay must be created 
through the band of common reed that surrounds a large portion of the island.  Maintaining optimal 
habitat conditions would require repeated, periodic maintenance of the vegetation (Jenkins, pers. 
comm., 2000). 
 
A large SAV bed occurs just southeast of Cedar Bonnet Island.  It is unclear whether spraying 
herbicides on portions of the island may adversely affect the nearby SAV.  Field studies completed by 
the Service on areas sprayed with Rodeo© in 2000 on the Mullica River have revealed high mortality 
(95 to 99%) of common reed in the majority or areas as a result of the application of herbicide.  In 
addition, observations have shown substantial regrowth of beneficial vegetation (e.g., big cordgrass, 
green arrow arum, and narrow-leaved cattail).  Based on these field studies, effects on non-target 
vegetation were not evident.  Nonetheless, precautionary measures must be taken to avoid impacting 
SAV beds by leaching or drifting of chemicals.  
 
2. ISS02 (Flat Island) 
 
Flat Island is located directly south of Cedar Bonnet Island, at a distance of approximately 0.6 mile 
(Figure 1).  According to Harriott and Southerland (2001) the island is 69 acres in size and is property 
of the Flat Island Investors Corporation.  A portion is used for disposal of dredged material from small 
maintenance projects aimed at maintaining navigational opportunities.  According to the U.S. Fish and 
Wildlife Service (1972) and Cowardin et al. (1979), the island is composed of uplands and human-
modified areas, as well as estuarine intertidal emergent wetlands with small portions of estuarine 
intertidal scrub/shrub wetlands.  Flat Island is surrounded by estuarine intertidal aquatic beds.   
 
 
Harriott and Southerland (2001) proposed full restoration of Flat Island.  Portions would be restored to 
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tidal marsh by controlling 10 acres of common reed and by lowering 8 acres of the island to encourage 
tidal flow.  Common reed would be controlled by combinations of chemical application and prescribed 
burning, repeated as necessary.  Other portions would be restored by creating new upland habitats 
occupied by trees and shrubs.  Restoration can be at best partial, requiring coordination with the private 
landowner(s) and accounting for private disposal activities (Dixon, pers. comm., 2000).  The site was 
visited on June 28, 2000 by Versar, Corps, and Service biologists. 
 
a. Existing Conditions 
 
Flat Island is a mosaic of tidal flats, common reed habitat, open sandy areas, and shrubby uplands with 
clumped tree groves.  A berm is present around the lower circumference of the island.  A second berm 
is located near its center (Harriott and Southerland, 2001).  Submerged aquatic vegetation beds are 
found off the southern and southeastern side of the island. 
 
The tidal flats are dominated by salt water cordgrass, with samphire and the tentatively identified pygmy 
weed (Crassula aquatica) and triangle orache (Atriplex hastata).  Salt meadow cordgrass occupies 
the relatively higher zone of these tidal flats. 
 
Common reed is dominant on Flat Island, particularly between tidal flats and the few upland areas.  
Only a few other plant species occupy this habitat, including poison ivy, pokeweed, and morning glory. 
 
The open sandy areas are few and were created by relatively recent depositions of dredged material.  
Pokeweed, beach grass, downy chess, panic grasses, clover (Trifolium sp.), Virginia dwarf dandelion, 
yellow salsify (Tragopogon dubius), and hawkweed (Hieracium sp.) are commonly encountered in 
these sandy areas. 
 
The shrubby uplands with sparse trees are composed by clumps of eastern red cedar and wild black 
cherry interspersed in shrub habitat consisting of northern bayberry, roses, raspberries, poison ivy, 
pokeweed, and common elder (Sambucus canadensis). 
 
There is ample evidence that the open sandy areas constitute nesting habitat for the northern 
diamondback terrapin.  Unfortunately, nests appear to have been dug up and eggs consumed by 
predators.  Sandy areas have several fox dens, some of which have been dug recently. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Both Schrading (Service) (pers. comm., 2000) and Jenkins (ENSP) (pers. comm., 2000) agreed that it 
would be  difficult to convert common reed areas into open sand for use by nesting terns and skimmers. 
Therefore, heavy planting of trees and shrubs is recommended to control erosion and prevent common 
reed from re-occupying treated areas.  It is unclear whether Harriott and Southerland (2001) propose 
to plant woody species, common threesquare (Scirpus pungens), and bushy bluestem (Andropogon 
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glomeratus).  Planting would occur in areas previously occupied by common reed, which would be 
lowered (restored) to tidal marsh level, and in elevated areas formed by deposition of spoils resulting 
from the tidal marsh restoration.  Bay salinity may discourage common reed from re-invading the newly 
created tidal marsh once tidal flow becomes established, but planting cordgrass plugs is recommended 
by the Service (Schrading, pers. comm., 2000).  Bushy bluestem is commonly encountered in pine 
barrens savannas fed by groundwater, seeps, rivulets, and flooding rivers; this species might be 
incompatible with areas affected by saltwater or newly created uplands.  Accordingly, the Service 
recommends revising the list of species to be planted. 
 
The ENSP (Jenkins, pers. comm., 2000) indicated planting trees and shrubs will not guarantee nesting 
habitat for long-legged wading birds.  Apparently, there is insufficient feeding habitat around the island 
to attract wading birds for nesting.  Nonetheless, restoring native trees and shrubs will be beneficial to 
migratory birds in general. 
 
Creation of open, sandy areas for northern diamondback terrapin nesting is supported by the Service.  
This restoration project should be negotiated, coordinated, and managed jointly with the private 
landowner(s).  Re-distribution of excavated materials within Flat Island must include an evaluation of the 
private landowner(s)’ maintenance needs.  During such coordination, the private landowner(s) should be 
advised to avoid adding dredged material to Flat Island during terrapin nesting season. 
 
Predatory activity on terrapin nests is evident on Flat Island.  Although the island is not connected to 
land, fox dens are found within prime terrapin habitat.  Jenkins (pers. comm., 2000) stated that it is 
illegal in New Jersey to trap and relocate wildlife.  Shooting by NJDFW personnel would likely be 
unpopular with local residents.  Schrading (pers. comm., 2000) suggested organizing a  public hunting or 
trapping event; such events are frequently scheduled across New Jersey and achieve a high level of 
control.  These activities should be coordinated with the landowner(s). 
 
No federal or State-listed plants and animals are known to occur on Flat Island.  The common tern and 
black skimmer were documented on Egg Island to the west, while the roseate tern and common tern 
were sighted on Cedar Bonnet Island to the north.  However, none of these populations are considered 
extant.  The Service recommends adding dredged material mixed with broken clam shells to attract 
ground nesting birds and include visual openings to the bay through the band of common reed that 
surrounds a large portion of the island.  Maintaining optimal habitat conditions would require repeated, 
periodic maintenance of vegetation (Jenkins, pers. comm., 2000).  
 
Any damage to existing tidal wetlands by herbicide drift or bulldozing should be strictly avoided.  The 
shallow waters around Flat Island also support healthy SAV stands.  Field studies completed by the 
Service on areas sprayed with Rodeo© in 2000 on the Mullica River have revealed high mortality (95 to 
99%) of common reed in the majority or areas as a result of the application of herbicide.  In addition, 
observations have shown substantial regrowth of beneficial vegetation (e.g., big cordgrass, green arrow 
arum, and narrow-leaved cattail).  Based on these field studies, effects on non-target vegetation were 
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not evident.  Nonetheless, it is unknown whether SAV may be adversely affected by drifting herbicides 
or not, but this risk should be considered and avoided.  Smothering of SAV beds by sediments resulting 
from the proposed activities must be avoided as well. 

 
3. ISS03 (High Island) 
 
High Island is located approximately 0.3 mile west of the community of Brant Beach and 0.5 mile south 
of Egg Island (Figure 1).  Estuarine intertidal aquatic beds surround the island; small areas of estuarine 
intertidal emergent wetlands are present (U.S. Fish and Wildlife Service, 1972; Cowardin et al., 1979). 
 The site was visited on June 28,  2000 by Versar, Corps, and Service biologists.  High Island is 
property of the Brant Beach Yacht Club and is approximately 11 acres in size (Harriott and 
Southerland, 2001).  Material resulting from dredging of their marina is deposited on High Island 
(Dixon, pers. comm., 2000).  The restoration proposal calls for chemical control in extensive areas 
dominated by common reed, followed by placing 35,332 cubic yards of sand over 7.3 acres to improve 
habitat for shorebirds and the northern diamondback terrapin.  Restoration activities will be relative to 
the landowner(s)’ intent.  The estimated cost of restoration activities is $1,243,951.   
 
a. Existing Conditions 
 
High Island is a mosaic of tidal flats, common reed, open sandy areas, and shrubby uplands with 
clumped tree groves.  The site is mostly upland created by piling of dredged material, with portions of 
estuarine intertidal emergent wetlands.   
 
The tidal flats are dominated by salt water cordgrass, with samphire being present as well.  These areas 
are small.  Submerged aquatic vegetation beds are present off the eastern portion of High Island. 
 
Common reed is dominant on High Island, particularly between tidal flats and the only upland area.  
Only a few other plant species occupy this habitat, including sea myrtle, poison ivy, pokeweed, and 
morning glory. 
 
The open sandy areas are restricted and were created by relatively recent depositions of dredged 
material.  Pokeweed, beach grass, downy chess, panic grasses, clover, Virginia dwarf dandelion, yellow 
salsify, and hawkweed are commonly encountered in these sandy areas. 
 
The shrubby upland with sparse trees is covered with clumps of red cedar and wild black cherry 
interspersed in shrub habitat consisting of northern bayberry, roses, raspberries, poison ivy, pokeweed, 
and common elder. 
The open sandy areas provide nesting habitat for the northern diamondback terrapin.  Unfortunately, 
nests eggs appear to have been consumed by predators.  Sandy areas have several fox dens, some of 
which appeared to have been dug recently. 
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b. Potential Impacts and Recommended Habitat Restoration Methods 
 
No federal or State-listed plants and animals are known to occur on High Island.  The common tern and 
black skimmer were documented on Egg Island to the west, while the roseate tern and common tern 
were sighted on Cedar Bonnet Island to the north.  However, none of these populations are considered 
extant. 
 
Both Schrading (Service) and Jenkins (ENSP) (pers. comm., 2000) agreed that converting common 
reed areas into open sand for use by nesting terns and skimmers would be difficult. Therefore, heavy 
planting of trees and shrubs is recommended to control erosion and prevent common reed from re-
occupying treated areas.  Opportunity exists to enlarge the habitat for neo-tropical migratory passerine 
birds by planting trees and shrubs in areas currently infested with downy chess.  The Service 
recommends assessing the feeding habitat for long-legged wading birds to determine the opportunity to 
attract a colony to High Island. 
 
Open, sandy areas for northern diamondback terrapin nesting should be negotiated, coordinated, and 
managed jointly with the private landowner(s).  Costs of adding dredged or fill material to High Island 
may be reduced by first evaluating the private landowner(s)’ maintenance needs.  By such coordination, 
the private landowner(s) should be advised to avoid adding dredged material to Flat Island during 
terrapin nesting season. 
 
A search for extant fox populations on High Island should be conducted to evaluate predatory activity 
on terrapin nests.  Although the island is not connected to land, fox dens are found within prime terrapin 
habitat.  Jenkins (pers. comm., 2000) stated that it is illegal in New Jersey to trap and relocate wildlife.  
Shooting by NJDFW personnel would likely be unpopular with local residents.  Schrading (pers. 
comm., 2000) has suggested organizing a  public hunting or trapping event; such events are frequently 
scheduled across New Jersey and achieve a high level of control.  These activities should be 
coordinated with the private landowner(s). 
 
The Service recommends avoiding any damage to existing tidal wetlands by herbicide drift or bulldozing. 
 A large SAV bed occurs just east of High Island.  It is unclear whether spraying herbicides on portions 
of the island may adversely affect the nearby SAV.  Field studies completed by the Service on areas 
sprayed with Rodeo© in 2000 on the Mullica River have revealed high mortality (95 to 99%) of 
common reed in the majority or areas as a result of the application of herbicide.  In addition, 
observations have shown substantial regrowth of beneficial vegetation (e.g., big cordgrass, green arrow 
arum, and narrow-leaved cattail).  Based on these field studies, effects on non-target vegetation were 
not evident.  Nonetheless, take precautionary measures to avoid impacting SAV beds by leaching or 
drifting of chemicals.  Avoid smothering SAV beds with sediments resulting from the proposed 
activities. 
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4. ISS08 (Island #26A) 
 
This small island was created by adding dredged material to an inundated tidal flat within Barnegat Bay, 
just west of Sedge Islands and north of Barnegat Bay Lighthouse State Park (Figure 1).  Island 26A is 
owned by NJDEP (Harriott and Southerland, 2001).  The Service did not have the opportunity to visit 
the island.  Southerland et al. (2000) and Harriott and Southerland (2001) reported personal 
communications with NJDEP resource managers and biologists who stated that the newly created island 
was once heavily utilized by black skimmers and other ground-nesting water birds.  The island slowly 
came to support a colony of herring gulls (Larus argentatus), black-backed gulls, and laughing gulls, as 
vegetation began encroaching.  The island was apparently used again by the Corps in 2000 as a 
disposal site for dredged material from Oyster Creek channel and Double Creek channel (Dixon, pers. 
comm., 2000).  Harriott and Southerland (2001) proposed to: 
 
· eliminate vegetation over approximately 12 acres by chemical means; 
· add 96,800 cubic yards of clean, dredged sand; 
· flatten the island’s rolling topography; 
· stabilize sand with jute mats to avoid sediments smothering the nearby SAV beds; 
· add a layer of crushed shell; and 
· remove the gull colony to favor the return of terns and skimmers. 
 
The estimated cost of restoration activities is $736,948. 
 
a. Existing Conditions 
 
Currently, ISS08 is inhabited by a large nesting colony of herring, black-backed, and laughing gulls -- 
300-500 pairs according to Versar estimates (Harriott, pers. comm., 2000) and 600-800 pairs 
according to NJDFW estimates (Jenkins, pers. comm., 2000).  Skimmers and ground-nesting water 
birds have lost the habitat to gulls over time as directly related to the encroachment of vegetation, mainly 
represented by beach grass, seaside goldenrod, the invasive annual downy chess, and some common 
reed (Harriott and Southerland, 2001). 
 
The island is surrounded by estuarine aquatic beds richly inhabited by widgeon grass and eelgrass.  
These beds may be threatened as a result of vegetation control by sand eroding from ISS08 into bay 
waters. 
 
b. Potential Impacts and Recommended Habitat Restoration Methods 
 
Harriott and Southerland (2001) proposed to remove vegetation from ISS08.  According to Russell 
(pers. comm., 2000), removal of vegetation and addition of new dredged material with scattered 
crushed shell would have the potential to discourage gulls and encourage terns and skimmers in re-
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claiming the island as nesting ground.  Gulls that have nested on a site the previous year will often return 
to the same site.  However, they are opportunistic and will likely choose alternative nesting sites with 
vegetation interspersed over a sandy substrate.  Terns, skimmers, and other ground-nesting water birds 
are colonial and can be attracted to a site by placing decoys (Jenkins, pers. comm., 2000). 
 
In the past, terns and skimmers have nested successfully on islands within Barnegat Bay immediately 
following deposition of dredged materials.  There appears to be no alternative to attract terns and 
skimmers to ISS08 other than adding fresh dredged materials and removing vegetation.  The roseate 
tern, least tern, and black skimmer have limited nesting habitats in New Jersey; therefore, the Service 
supports providing new nesting habitat for these species.  The borrow area as a source of clean sand 
should be clearly identified. 
 
The federally and State-listed (endangered) roseate tern was documented in Barnegat Bay in the 1980s 
during a period of island creation and conspicuous additions of dredged materials.  As with other 
beach-nesting water birds, the colonies have steadily declined as vegetation claimed the islands.  
Roseate terns differ in nesting strategy from other colonial water birds by selecting sheltered locations.  
Their young leave the nest after a few days and seek cover in nearby vegetation (Collins, 1970; LeCroy 
and Collins, 1972; U.S. Fish and Wildlife Service, 1988; Roseate Tern Recovery Team, 1989).  
Therefore, it would be appropriate to leave small pockets of vegetation, as well as adding artificial 
shelters (boulders, rip-rap cages, and wood crates) for the roseate tern during restoration activities. 
 
It can be expected that, in 2 to 3 years, the re-created nesting habitat for terns and skimmers will again 
be occupied by vegetation, followed by nesting gulls, unless new dredged material is added periodically. 
 There is a concern that eroding sands will smother the submerged aquatic vegetation beds surrounding 
ISS08.  Erosion matting, biologs, and silt fences will stabilize sand, but will also encourage vegetation 
establishment (Harriott and Jenkins, pers. comms., 2000).  The Service recommends interspersing some 
erosion matting with beach grass and seaside goldenrod as a narrow band around the island shore.  The 
shore must be relatively free of vegetation for terns and skimmers to select the island as nesting ground.  
However, roseate terns are well-adapted to some concealment.  The ENSP (Jenkins, pers. comm., 
2001)  recommends retaining shrubs in the southern portion of Island # 26 as important habitat for the 
snowy egret (Egretta thula) and great egret (Ardea alba). 
 
The Service supports harassing the gull colony away from Island 26A; however, it opposes using live 
foxes to accomplish this task, as this practice has been tested unsuccessfully in the past. 
 
Scherer (pers. comm., 2000) suggested attempting re-introduction of the federally listed (threatened) 
northeastern beach tiger beetle (Cicindela dorsalis dorsalis) on Island 26A.  The northeastern beach 
tiger beetle decreased in numbers substantially as a result of development on barrier islands and shores, 
as well as a steady increase in vehicular and foot traffic on Mid-Atlantic beaches (U.S. Fish and Wildlife 
Service, 1994; Knisley and Hill, 1997). 
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 VII.  DISCUSSION 
 
A.  TIDAL WETLANDS 
 
Monotypic stands of common reed decrease the ability of marshes to support wildlife.  Common reed 
has expanded dramatically during the last 100 years as a result of human attempts to drain standing 
water from marshes.  The taxon is well adapted to reproduce vegetatively and by seed in freshwater 
habitat, as well as in areas disturbed by the construction of ditches, roadbeds, and dikes.  Ditches aid in 
removing sulfides from the substrates, a condition that favors common reed.  
 
Overall, cutting, application of herbicides (particularly RodeoTM), and/or water management schemes 
(increasing tidal action, raising the water table, and increasing water salinity) are effective control 
measures.  Burning is not considered a direct tool for control because fires seldom consume the roots of 
common reed.  However, fires remove the accumulated stem and leaf litter layers, enabling other 
species to germinate from seed (Marks et al., 2000).   
 
The Service recommends removing fill and creating a gradient at the high water level line to allow re-
colonization of both salt meadow cordgrass and salt water cordgrass.  An herbicide should be applied 
to common reed prior to fill removal.  Control of common reed by aerial application of RodeoTM is 
recommended since RodeoTM is widely considered to possess a low level of toxicity and an 
impermanence in the environment.  The optimal time to attempt control is when common reed completes 
the tasseling stage and begins trans-locating nutrients into the root system.  In Barnegat Bay, this 
function should begin by late August.  Dead stands are usually burned in February.  Common reed relies 
on the translocation of oxygen and nutrients through its extensive root system to spread rhizomatously 
into areas exhibiting more stressful conditions.  Therefore, clipping rhizomes in salt marshes with 
relatively high concentrations of sulfides decreases common reed’s performance significantly, providing 
a measure of control (Gallagher, 1999; Bart and Hartman, 2000).  Other essential activities for proper 
control are development and application of water management schemes,  seeding of native plant 
species, and follow-up monitoring of results (Marks et al., 2000). 
 
Mechanical control reduces migratory bird habitat by eliminating or degrading nesting, brooding, or 
feeding areas and may result in soil compaction, reducing invertebrate populations.  Operation of heavy 
equipment in wetland areas is both difficult and costly.  Mowing only removes the aboveground 
vegetation and is needed repeatedly throughout the growing season over at least 3 consecutive years in 
order to reduce plant vigor.  Moreover, repeated mowing does little to promote re-establishment of 
desirable wetland plant communities.  Further, mowing operations may result in nest damage or loss, as 
well as injury or mortality to wildlife unable to escape the mowers path. 
 
Biological control is not a technically feasible option for controlling common reed.  Organisms that feed 
on common reed only cause incidental damage (moth larvae, aphids, leaf miners, gall midges, rodents, 
and birds) (Cross and Fleming, 1989).  No organisms have been identified that cause significant damage 
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without harming other plant species (Marks et al., 1994).  Several insects native to North America 
consume leaves and stems of Phragmites including shoot flies, midges, and a moth (Rhizedra lutosa).  
 The level of insect predation and subsequent damage is inadequate to significantly reduce stand density 
or retard further invasive expansion. 
 
In New England,  Bertness (1991) conducted a study of disturbed high marsh and low marsh areas 
recolonized by salt water cordgrass.  The study concluded that: 
 
· salt meadow cordgrass’ ability to re-colonize was exclusively confined to high marsh; 
· salt meadow cordgrass may became severely depressed in low marsh after 2 years in the 

absence of competition (unlike salt water cordgrass, salt hay does not have aerenchyma tissue 
promoting oxygenation in anoxic soil); 

· salt meadow cordgrass vigor increased with increased tidal height; 
· both species re-colonized disturbed high marshes; 
· salt water cordgrass is capable of vigorous growth in high marsh when unhindered by 

competition, but is reduced in time by competition from salt meadow cordgrass; 
· salt water cordgrass vigor decreased with increased tidal height; 
· salt water cordgrass’ reduced success in high marsh is likely the result of heavy peat density and 

low nutrient levels; and 
· no seedlings of both species were found in any of the re-colonization patches, with re-

colonization occurring by clonal growth. 
 
The following species are likely to benefit from control of common reed (adapted from Walsh et al., 
1999): 
 
· American coot (Fulica americana) nests in freshwater or brackish marshes and ponds with 

dense vegetation.  The species has been declining statewide.  A fall, winter, and spring resident, 
the American coot has been tentatively identified as occurring near Little Egg Harbor. 

 
· Black rail (Laterallus jamaicensis) nests mainly in brackish or saltwater marshes. It has been 

tentatively identified in the Mullica River basin.  The black rail is considered rare, secretive, and 
nomadic.   

 
· Pied-billed grebe (Podilymbus podiceps) nests in freshwater marshes with emergent 

vegetation.  The species is mainly a visitor that breeds in New Jersey only infrequently. 
 
· Whimbrel (Numenius phaeopus) prefer salt marshes and open beaches.  The taxon is a 

summer migrant, arriving by early July and leaving by late August.   
 
· Northern harrier nests on the ground in coastal salt marshes.  The species has been confirmed 

as occurring on Cedar Bonnet Island in Barnegat Bay.  The breeding population of the northern 
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harrier is State-listed as endangered in New Jersey.  It is considered imperiled in the State, 
declining nationwide for unknown reasons. 

 
· Osprey is making a strong return after being decimated by DDT.  Its presence has been 

confirmed at Barnegat Bay, on platforms and structures in coastal salt marshes.  The osprey is 
listed as threatened in New Jersey. 

 
· Greater white-fronted goose (Anser albifrons) was historically documented in Barnegat Bay.  

It is considered rare, but has established an annual migration in New Jersey. 
 
· Snow goose (Chen caerulescens) is represented in large numbers.  The species is a spring, fall, 

and winter resident. 
 
· Redhead duck migrates in small numbers to Barnegat Bay and uses both salt and freshwater 

habitats in winter. 
 
· Harlequin duck (Histrionicus histrionicus) is rare, but best seen at Barnegat inlet. 
 
· Red-breasted merganser (Mergus serrator) has been confirmed as occurring in Barnegat Bay, 

nesting on the ground in fresh or salt water. 
 
· Atlantic brant had declined due to the loss of SAV (eelgrass) beds, but is slowly recovering.  

Brants are fairly common into early May in Barnegat Bay. 
 
· Gadwall is on the increase and is a common spring and fall resident in Barnegat Bay, where it 

breeds infrequently. 
 
Hammer (1992) provided general guidance on selection of plant materials for wetland restoration based 
on hydrology, tolerance to salinity, and substrate.  Plant materials are available from: 
 

Mr. Bill Skaradek, Manager 
Cape May Plant Materials Center 
1536 Route 9 
Cape May Courthouse, New Jersey 08210 
(609) 465-5901  

 
and 

 
Pinelands Nursery and Supplies 
323 Island Road 
Columbus, New Jersey 08022 
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(609) 291-9486 
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B. NON-TIDAL WETLANDS 
 
The Service does not recommend Atlantic white-cedar restoration at the expense of other productive 
habitats.  Abandoned cranberry bogs provide important habitats for raptors [bald eagle, northern 
harrier, osprey, red-shouldered hawk (Buteo lineatus), broad-winged hawk (B. platypterus), red-
tailed hawk (B. jamaicensis), American kestrel (Falco sparverius), eastern screech owl (Otus asio), 
great horned owl]; waterfowl [American black duck, mallard, ring-necked duck (Aythya collaris), 
wood duck, Canada goose, and pied-billed grebe]; wading birds [great blue heron, green-backed 
heron (Buterides striatus), great egret, and snowy egret]; and many passerine birds, including the 
northern parula (Parula americana) (State of New Jersey, 1980; Normandeau Associates 
Environmental Consultants, 1995).  Of these species, the bald eagle is federally listed as threatened; the 
pied-billed grebe and red-shouldered hawk are State-listed as endangered; the osprey, northern harrier, 
and great blue heron are State-listed as threatened; the snowy egret and the broad-winged hawk are 
State-listed as stable; and the northern parula is State-listed as peripheral. 
 
Abandoned cranberry bogs also provide important habitats to several turtle species [including the 
spotted turtle (Clemmys guttata), the eastern painted turtle (Chrysemys picta picta), and the red-
bellied turtle (Pseudemys rubriventris bangsi); snakes [comprising the State-listed (threatened) 
northern pine snake]; frogs [including the northern cricket frog (Acris crepitans crepitans), the 
carpenter frog (Rana virgatipes), and the State endangered pine barrens tree frog]; and State-listed 
salamanders (State of New Jersey, 1980; Normandeau Associates Environmental Consultants, 1995; 
O’Herron et al., 1996).  According to the NJDFW (Wilkinson, pers. comm., 2000) millions of black 
ducks migrate through New Jersey and use open water habitats, such as at Cedar Run, due to the 
submerged aquatic vegetation of such sites.   
 
Atlantic white-cedar restoration is warranted in other instances.  The ENSP (Jenkins, pers. comm., 
2001) recommended contacting Atlantic white-cedar restoration groups and acquiring information and 
management plans, such as the plan recently prepared for the Bass River watershed.  Excellent 
references pertaining to Atlantic white-cedar restoration are provided by Little (1950), Gardner (1983), 
Laderman (1987, 1989), Ehrenfeld (1995), and Kuser and Zimmermann (1995). 
 
According to Laderman (1989), Atlantic white-cedar swamps usually have higher water and are 
flooded for more extended periods of time than red maple swamps.  Cuttings can be gathered in the fall 
and clones grown in pots.  Seed can be collected and sown in the wild or in pots.  Dormancy usually 
lasts for 2-3 growing seasons, but it is enhanced by scarification or over-wintering in cool-moist moss or 
peat.  The first seed crop of the year usually has lower germination rates than later production.  
 
According to Wander (1981) and Laidig (1997) the following bird species nest or otherwise utilize 
Atlantic white-cedar forests and would benefit from restoration: grey catbird (Dumetella carolinensis), 
ovenbird (Seiurus aurocapillus), wood thrush (Hylocychla mustelina), tufted titmouse (Parus 
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bicolor), eastern towhee (Pipilo erythrophthalmus), yellow-billed cuckoo (Coccyzus americanus), 
common yellowthroat (Geothlypis thrichas), hooded warbler (Wilsonia citrina), green heron 
(Butorides virescens), and great-crested flycatcher (Myiarchus crinitus), as well as the State-listed 
Cooper’s hawk (Accipiter cooperii), red-shouldered hawk, and barred owl (Strix varia). 
 
An excellent reference on the aquatic ecology of the New Jersey Pinelands was contributed by Lloyd et 
al. (1980), providing an inventory of aquatic life in all of the more important watersheds and describing 
the composition of characteristic aquatic communities.  According to Lloyd et al. (1980), American eel 
(Anguilla rostrata), eastern mud minnow (Umbra pygmaea), redfin pickerel (Esox americana), 
chain pickerel (E. niger), creek chubsucker (Erimyzon oblongus), tadpole madtom (Noturus 
gyrinus), blue-spotted sunfish (Enneacanthus gloriosus), and tessellated darter (Etheostoma 
olmstedi) are widespread in Pinelands waters.  By contrast, ironcolor shiner (Notropis chalybaeus), 
yellow bullhead (Ictalurus natalis), pirate perch (Aphredoderus sayanus), mud sunfish 
(Acantharchus pomotis), black-banded sunfish (Enneacanthus chaetodon), and swamp darter 
(Etheostoma fusiforme) are restricted in distribution or not as common as they once were. 
 
Cranberry bogs and surrounding areas may have been historically sprayed with DDT, DDD, or dieldrin 
to prevent the transmission of mosquito-borne diseases or for general pest control.  Sampling conducted 
as part of a Service (1998) study indicated that sediments down gradient of operational and inactive 
cranberry bogs had pesticides concentrations at levels that present a potential hazard to trust resources. 
 The most hazardous concentrations of organic contaminants in freshwater samples collected by the 
Service (1998) were down gradient of the bog on Fourmile Branch.  This sampling station contained 
concentrations of p,p'-DDD and total DDT that exceeded the corresponding Severe Effects Level 
(SEL) (see also Persaud et al., 1993) by 2- and 1.4-fold, respectively.  The SEL reflects heavily 
polluted sediment, which is expected to generate a "pronounced disturbance of the sediment-dwelling 
community."  The SEL generally represents the 95th percentile of the species screening level 
concentrations, (i.e., the concentration that cannot be tolerated by 95 percent of the organisms 
screened).   In addition, sediment collected from down gradient of the bog south of U.S. Route 9 on 
Ballanger Creek, contained the second greatest concentrations of DDD isomers and o,p'-DDE; the 
concentration of p,p'-DDD exceeded the Lowest Effects Level (LEL) (see also Persaud et al., 1993).  
The LEL represents a level of sediment contamination tolerated by most freshwater benthic organisms. 
 
According to the Service (1998), p,p'-DDD and total DDT exceeded the LEL, when concentrations 
from all freshwater samples were averaged.  Five of the six freshwater stations contained concentrations 
of p,p'-DDD that exceeded the LEL by at least 10-fold, and contained levels of p,p'-DDE that were 5 
to 35 times the LEL.  All of the freshwater stations revealed total DDT concentrations that exceeded the 
LEL by an average of 65-fold.  These findings warrant further study to fully evaluate the threat to federal 
trust resources that may result from restoring abandoned cranberry bogs (Stern, pers. comm., 2001).   
C. SUBMERGED AQUATIC VEGETATION 
 
The Service supports the Corps’ efforts to re-establish SAV beds in Barnegat Bay.  Whether this is 
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pursued as a pilot study or a full restoration effort, the Service recommends that the Corps implement a 
monitoring study concomitant to the restoration effort, which should include a one-time data (pre-
treatment data) collection of conditions prior to restoration.  Lockwood (1991) provided both specific 
and generalized guidelines to the New Jersey Interagency Seagrass Policy Committee for surveying 
SAV populations.  The general guidelines may be modified to fit the monitoring needs of the Barnegat 
Bay Ecological Restoration of SAV beds and are summarized as follows: 
 
· The monitoring study is designed to determine SAV bottom coverage, SAV bed acreage, and 

SAV habitat acreage, as well as health and reproductive ability of each species, epiphyte 
coverage, water depth and type of sediments. 

 
· The methods apply to eelgrass and widgeon grass, but can also pertain to other aquatic plants. 
 
· In New Jersey, SAV monitoring studies should be conducted between June 1 and October 31. 
 
· Prior to monitoring, the responsible party must submit to the permitting agency a copy of the 

curriculum vitae and a letter detailing qualifications and experience. 
 
· The method requires one or more transects and a 1 x 1 meter quadrat divided into 16 sections. 
 
· Fifty quadrats over one transect are a minimum that must be sampled to obtain statistical 

adequacy. 
 
The guidelines were applied with a few modifications by Bonislawsky (1999) and Bonislawsky and 
Vogel (2001) in Barnegat Bay to monitor restoration of SAV beds impacted by the placing of 
underground cables. 
 
D.  ABANDONED LAGOONS 
 
The Service supports restoration of abandoned lagoons.  Providing that impacts to surrounding woody 
vegetation from construction equipment are minimized, overall benefits can be high. Abandoned lagoons 
are being recognized as important nursing habitat for bay fish.  Apparently, several species of fish 
occupy this habitat during their juvenile stage of growth.  According to Tatham et al. (1984), there are 
at least 107 species of fish within Barnegat Bay, representing 57 families.  Only 20 species are year-
round residents, while the other are represented by cool- and warm-water migrants.   
According to Talbot and Able (1984) and Tatham et al. (1984), dominant species that use Barnegat 
Bay as an important spawning (S) or rearing (R) area are Atlantic menhaden (Brevoortia tyrannus) 
(R), bay anchovy (Anchoa mitchilli) (S, R), Atlantic silverside (Menidia menidia) (S, R), fourspine 
stickleback (Apeltes quadracus) (S, R), spot (Leiostomus xanthurus) (R), winter flounder 
(Pseudopleuronectes americanus) (S, R), inland silverside (Menidia beryllina) (S, R), northern 
pipefish (Syngnathus fuscus) (S, R), mummichog (Fundulus heteroclitus) (S, R), bluefish 
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(Pomatomus saltatrix) (R), oyster toadfish (Opsanus tau) (S, R), sheepshead minnow (Cyprinodon 
variegatus) (S, R), rainwater killfish (Lucania parva) (S, R), and weakfish (Cyonoscion regalis) (R). 
 Tatham et al. (1984) also documented the disappearance of the Atlantic tomcod (Microgadus 
tomcod) and the Atlantic croaker (Micropogonias undulatus) from Barnegat Bay.  
 
Overall, most reproductive activity occurs during winter and from May though August.  Larvae and 
juveniles were most plentiful from February through April and from June through September, 
respectively (Tatham et al. 1984).  Therefore, fall and early winter are the best periods to conduct 
restoration projects in abandoned lagoons.  These activities must be coordinated with the NMFS to 
protect Essential Fish Habitat. 
 
E.  ISLANDS 
 
Islands in Barnegat Bay provide essential nesting habitat for the northern diamondback terrapin.  The 
Service recommends that efforts be made to enhance the nesting habitat of this species by expanding the 
sandy areas with open canopies that are occasionally found on island sites proposed for restoration, 
contributing access routes to these areas from the tidal marshes below, and providing relief from 
predators.   
 
As with other migratory avifauna, colonial nesting water birds are protected by federal law.  Since they 
are typically fish eaters, an assessment of fish resources is necessary to understand whether nesting 
habitat that is created for them will be successfully occupied.  The species composition of birds on 
islands created by disposal of dredged materials varies over time with the successional stages of 
vegetation and subsequent habitat availability.  According to Soots and Landin (1978), the brown 
pelican (Pelecanus occidentalis), double-crested cormorant (Phalacrocorax auritus), little blue heron 
(Egretta caerulea), yellow-crowned night heron (Nyctanassa violacea), black-crowned night heron, 
great egret, and snowy egret tend to select shrub-forest habitats.  The glossy ibis is well-adapted to 
densely herbaceous to forested vegetation layers.  The roseate tern and Forster’s tern (Sterna forsteri) 
prefer moderate to dense herbaceous layers, while the gull-billed tern, least tern, common tern, and 
black skimmer are well-adapted to nest on bare sand or within sparse herbaceous vegetation.  
 
Where unsuitable conditions exist for enhancement of tern and skimmer nesting habitats, opportunities 
become available to restore upland habitat for arboreal nesting long-legged water birds and neo-tropical 
migratory passerine birds.  Alternatives associated with short-term and long-term deposition of dredging 
materials should be designed to provide a wide range of habitats.  Maintaining various proportions of 
seral stages by using various configurations of dredged material will promote colonization and attract a 
diversity of species. 
 
Grass, shrub, and tree cover types on islands provide important resting (stopover) habitat for neo-
tropical passerine birds such as yellow-billed cuckoo (Coccyzus americanus), black-billed cuckoo (C. 
erythropthalmus), eastern kingbird (Tyrannus tyrannus), yellow warbler (Dendroica petechia), palm 
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warbler (D. palmarum), common yellowthroat (Geothlypis trichas), willet (Catoptrophorus 
semipalmatus), and black-bellied plover (Pluvialis squatarola).  Moreover, the migrant State-listed 
(endangered) short-eared owl (Asio flammeus) and wintering snowy owls (Nyctea scandiaca) utilize 
woody habitats for roosting.  
 
The Service recommends avoiding any damage to existing tidal wetlands or SAV beds by herbicide 
drift.  Cordgrass-dominated wetlands and widgeon grass / eelgrass beds occur on and nearby Cedar 
Bonnet, High, and Flat Islands.  It is unclear whether spraying herbicides on portions of the island may 
adversely affect these nearby plant communities.  Field studies completed by the Service demonstrated 
that effects on non-target vegetation were not evident.  Nonetheless, the Service recommends taking 
precautionary measures to avoid impacting cordgrass-dominated wetlands and widgeon grass / eelgrass 
beds by leaching or drifting of chemicals.  The Service further recommends avoiding sediment accrual 
by these plant communities as a result of proposed activities. 
 
F. SUMMARY OF GENERAL RECOMMENDATIONS 
 
Common reed-dominated sites that were created by historical additions of dredge spoils may be 
restored to cordgrass-dominated tidal marsh by removing fill and lowering the elevation of sites either to 
the high water line or slightly above to encourage re-colonization by salt meadow cordgrass or to the 
high water line or below to encourage re-colonization by salt water cordgrass.  The Service 
recommends creating a gradient where both species can re-colonize.  Prior to fill removal, the Service 
recommends control of common reed by application of RodeoTM during the tasseling stage in late 
August, followed by a prescribed burn to remove standing dead litter in February of the year after.  The 
Service recommends seeding the sites and/or replanting sites to cordgrasses shortly after.  Maintenance 
of the newly created tidal marsh should include clipping rhizomes of surviving common reed so that the 
high levels of sulfides in tidal water may significantly reduce common reed’s performance.  Seeding of 
native plant species and monitoring are also recommended. 
 
In reference to non-tidal wetland restoration, the Service recommends that the Corps change its 
emphasis from historically abandoned cranberry bogs, where vegetation succession resulted in 
productive conditions for wildlife species, to recently abandoned cranberry bogs, where open water 
habitat and low plant species richness preclude use by most wildlife species.  At sites where Atlantic 
white-cedar and fish run restorations are feasible, the Service recommends that the Corps obtain 
management plans and scientific literature in support of restoration proposals. 
 
The Service (1998) documented the presence of organic pesticides in sediments of abandoned 
cranberry bogs and surrounding areas.  These pesticide concentrations may still be at levels that present 
a potential hazard to federal trust resources due to their persistence, warranting further studies.  The 
Service recommends testing bottom sediments in abandoned cranberry bogs proposed for restoration 
and coordinating tests and bio-essay methods with this office. 
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The Service views restoration of submerged aquatic vegetation beds as a high priority.  Unfortunately, 
data are lacking for Barnegat Bay, except for a limited number of restoration projects conducted by Dr. 
Bologna, as referenced above.  The Service recommends that the Corps include in their SAV 
restoration proposals a monitoring study consistent with general survey guidelines, comparing pre- and 
post-treatment data and assessing the relative success of different restorative techniques. 
 
The Service supports restoration of abandoned lagoons, while minimizing adverse impacts to native 
upland vegetation.  The Service recommends that the Corps conduct restoration activities in the fall and 
early winter, closely coordinating all activities with the National Marine Fisheries Service to protect 
Essential Fish Habitat. 
 
The Service also supports restoring islands and recommends that the Corps improve habitats for the 
diamondback terrapin by expanding sandy areas within open canopies, contributing access routes to 
these areas, and controlling predators.  The Service further recommends that the Corps create open 
sand habitat for terns and skimmers, while improving and maintaining all island habitats, including forest 
vegetation layers that are important resting habitat for neo-tropical passerine birds.  Island habitats can 
also be improved for arboreal nesting long-legged water birds; however, the Corps should first assess 
whether feeding habitat is available for these species.   
 
 
 VIII.  CONCLUSIONS AND SUMMARY OF SITE-SPECIFIC RECOMMENDATIONS 
 
A. TIDAL WETLANDS 
 
1. TWS15, TWS17, and TWS18 (Westecunk Creek, near West Creek) 
 
· Include planting of marsh and upland vegetation as part of the restoration plan; plant plugs of 

native wetland plants to aid in preventing common reed re-establishment. 
 
· Test fill material for contaminants prior to excavation; coordinate testing with the Service. 
 
· Coordinate with the Refuge Manager of the Edwin B. Forsythe National Wildlife Refuge to 

obtain permission to implement the proposed restorative measures.   
 
· Consider obliteration of ditches and restoration of natural meanders within tidal marshes at the 

Edwin B. Forsythe National Wildlife Refuge as an expansion or alternative to the proposed 
restorative measures.   

 
· Survey for State-listed birds before implementing activities (e.g., herbicide application or 

burning) aimed at common reed control. 
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· Coordinate all flights to the site for the aerial spraying of common reed with the Service to 
ensure that flights do not interfere with known populations of the federally listed (threatened) 
bald eagle. 

 
2. TWS23, TWS24, and TWS25 (Westecunk Creek, near Little Egg Harbor) 
 
· Coordinate with the Refuge Manager of the Edwin B. Forsythe National Wildlife Refuge and 

obtain permission to implement the proposed restorative measures.   
 
· Coordinate with the NJDEP, Division of Engineering and Construction regarding the State’s 

request to retain the privilege of using TWS23 and TWS24 as dredged material disposal sites.   
 
· Test fill material for contaminants prior to excavation; coordinate bio-essays or chemical testing 

with the Service. 
 
· Include planting of marsh and upland vegetation as part of the restoration proposal to help 

control re-establishment of common reed. 
 
· Consider obliteration of ditches and restoration of natural meanders within tidal marshes at the 

Edwin B. Forsythe National Wildlife Refuge as an expansion or alternative to the proposed 
restorative measures.   

 
· Survey for State-listed birds before implementing activities aimed at common reed control (e.g., 

application of herbicides or burning). 
 
· Coordinate all flights to the site for the aerial spraying of common reed with the U.S. Fish and 

Wildlife Service to ensure that flights do not interfere with known populations of the federally 
listed (threatened) bald eagle. 

 
3. TWS39 (Barnegat Lighthouse State Park) 
 
· Continue to consult with the Service under Section 7 of the Endangered Species Act for 

protection of the federally listed (threatened) piping plovers nesting at the site. 
 
· Coordinate restoration activities with the NJDEP. 
· Avoid adverse effects to the inland tidal marsh during restoration activities.  
 
· Abide by the seasonal restriction between April 1 and August 15 on restoration activities to 

protect nesting piping plovers. 
 
· Consider that piping plovers may arrive on New Jersey shores as early as February and 
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normally in March, and fly southward as early as late August and as late as October.  Follow 
the Service’s recommendation to perform the restorative work between October and 
December to allow for a limited recovery of the benthic fauna, which is essential for piping 
plover feeding and nesting success. 

 
· Follow the State ENSP (Jenkins, pers. comm., 2001) recommendation and design a pond that 

would be more linear and extended than round. 
 
· Flatten dunes forming near the water’s edge to enhance piping plover habitat and encourage the 

formation of an over wash area. 
 
· Avoid stabilizing dunes with geotubes or sand-trapping fences, as beach nesting birds depend 

on natural beach dynamics for nesting and survival. 
 
· Consider attempting the re-introduction of the federally listed (threatened) northeastern beach 

tiger beetle. 
 
· Survey for the federally threatened seabeach amaranth prior to proceeding with proposed 

restorations. 
 
· Establish a protective zone (e.g., fences and signs) around any found seabeach amaranth site 

and avoid the placement, movement, or maintenance of pipelines, stockpiling of construction 
materials and equipment, and pumping, placement, or distribution of sand within such zones.  

 
4. TWS02 (Ballanger Creek) 
 
· Modify the current proposal for restoration in view of the many concerns raised by resource 

managers and regulatory officers during the various meetings on the subject. Consider the 
expressed concerns for loss of wetlands, loss of potential habitat for the State-listed 
(endangered) pine barrens tree frog, and lack of information and monitoring for State and 
federally listed species.   

 
· Negotiate all restoration proposals with the State Natural Heritage Program, the New Jersey 

Division of Fish and Wildlife, and the Land Use Regulation Program. 
 
 
· Survey for federal and State-listed plants and animals prior to proceeding with any form of 

restoration. 
 
· Consider control of common reed on any proposal for restoration. 
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· Survey for nesting marsh wrens and determine if the cattail / common reed habitat below the 
earth dam constitutes essential breeding habitat for this species, if an agreement is reached over 
control of common reed over that portion of Ballanger Creek. 

 
· Consider introducing or encouraging beaver occupation of the lower stream.  
 
· Consider establishing a stand of Atlantic white-cedar along the lower stream, if control of 

common reed is implemented by chemical application or flooding. 
 
· Consider creating pine barrens tree frog habitat by providing for an open water pond with 

scattered shrubs surrounded by forested areas at the lower portion of the stream. 
 
· Retain the ponded wetlands above the earth dam. 
 
· Test bottom sediments and coordinate tests and bio-essay methods with the Service. 
 
· Remove trash from the site.  
 
5. TWC21 (Oyster Creek) 
 
· Acquire information on the possible de-commissioning of Oyster Creek nuclear power plant. 
 
· Test any added or removed dredged / fill material for contaminants; coordinate chemical testing 

or bio-essays with the Service. 
 
· Plant native warm-season grasses as well as native trees and shrubs over fresh upland dredge 

piles, following de-watering and control of common reed. 
 
· Survey the site for extant populations of the awned mountain mint and bog asphodel. 
 
· Schedule all flights to the site for the aerial spraying of common reed with the Service to ensure 

that flights do not interfere with known populations of the federally listed (threatened) bald 
eagle.  

 
· Obtain information on the presence of osprey at or near the site. 
 
 
· Preserve submerged aquatic vegetation beds by avoiding herbicide drifts and sediment 

overloads. 
 
· Obtain permission from Exelon Corporation to conduct the proposed restoration of this site. 
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B. NON-TIDAL WETLANDS 
 
1. NWS01 (Cedar Run) 
 
The Service opposes the restoration of Cedar Run to pre-diked conditions, as proposed by the Corps 
and Versar, on the grounds that the site represents an important resource for migratory birds and other 
wildlife.   
 
· Consider alternative sites (more recently abandoned cranberry bogs) for restoration to pre-

diked conditions. 
 
· Obtain permission from the Refuge Manager for any on-site restoration and negotiate all 

restoration proposals with the State Natural Heritage Program, the New Jersey Division of Fish 
and Wildlife, and the Land Use Regulation Program.  Consider the expressed concerns for loss 
of wetlands, loss of potential habitat for State-listed species (e.g., pine barrens tree frog), and 
lack of information and monitoring for State and federally listed species. 

 
· Avoid loss of the extensive freshwater SAV beds currently at the site and altering this important 

rest stop and feeding ground for many inland migratory bird species; there may be several 
opportunities to restore this wetland site at the micro-habitat level, without affecting its current 
functions and values significantly. 

 
· Target the expansion of Atlantic white-cedar swamps in various areas of the 36-acre site, 

without incurring into wetland losses that may result from draining the bog.   
 
· Consider the opportunity of creating small islands, within the inundated portions of the bog, for 

nesting habitat that would be relatively safe from terrestrial predators by breaching existing 
berms in key areas. 

 
· Consider the alternative of replacing the water holding structure, adding a fish ladder to restore 

anadromous fish runs, and lowering the structure to an agreeable level to encourage partial 
spread of Atlantic white-cedar into the open bog habitat, while preserving most of the character 
and integrity of the rich, open bog habitat.  

 
· Conduct a thorough survey of all federal and State-listed/candidate species that may potentially 

occur at Cedar Run, including Knieskern’s beaked rush and bog asphodel and, if present, 
ensure that management is compatible with the restoration effort.  Ensure that the extant curly 
grass fern is not adversely affected by restoration activities. 

 
· Test bottom sediments and coordinate tests and bio-essay methods with the Service. 



 
 63 

 
1. NWS02 (Stafford Forge Wildlife Management 

Area) 
 
· Coordinate with the NJDEP’s Land Use Regulation Program over the need to obtain an 

individual FWPA permit  for any changes in vegetation and/or hydrology in freshwater wetlands 
due to the restoration project. 

 
· Obtain detailed information from the New Jersey Natural Heritage Program in regard to the 

State-listed (endangered) pine barrens tree frog that was documented both within SFWMA and 
between SWFMA and the Garden State Parkway nearby.   

 
· Conduct a thorough survey of all federal and State-listed/candidate species that may potentially 

occur at SWFMA, including Knieskern’s beaked rush and bog asphodel and, if present, ensure 
that management is compatible with the restoration effort.   

 
· Consider conducting a prescribed burn to enhance establishment of Atlantic white-cedar 

seedlings and saplings. 
 
· Coordinate any prescribed burn with the New Jersey Bureau of Forest Fire Management. 
 
· Test bottom sediments and coordinate tests and bio-essay methods with the Service. 
 
3. NWS03 (Silver Lake) 
 
· Conduct a survey of the flora at Silver Lake prior to implementing restorative practices and 

contact the landowner for permission to access the property. 
 
· Avoid the potential loss of wetlands upstream of the water holding structure as a result of 

removal activities. 
 
· Coordinate with the NJDEP’s Land Use Regulation Program over the need to obtain an 

individual FWPA permit  for any changes in vegetation and/or hydrology in freshwater wetlands 
due to the restoration project. 

 
· Test bottom sediments and coordinate tests and bio-essay methods with the Service. 
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4. 33-17 (Double Trouble Dam) 
 
· Proceed with the proposed fish passage restoration at this site after obtaining the required 

approvals and pertinent permits. 
 
C. SUBMERGED AQUATIC VEGETATION 
 
1. SAN02, SAC07, SAC08, SAS14, SAS15, SAS17, SAS18 
 
· Avoid selecting sites that are currently highly devoid of SAV and, conversely, select sites with 

good water flow and with available sediments. 
 
· Consider widgeon grass restoration first to create more favorable conditions for transplanting 

eelgrass. 
 
· Transplant widgeon grass and eelgrass only.  Avoid transplanting adventive species such as 

Eurasian watermilfold, hydrilla, and curly pondweed. 
 
· Consider using plugs and sod as, perhaps, the most effective means of transplanting SAV to 

new sites.  Consider the advantages and disadvantages of fertilizing peat pots, plugs, and sod 
prior to transplanting. 

 
· Avoid using anchoring methods, which result in shallow penetration of SAV rhizomes into the 

substrate. 
 
· Identify borrow sites for live materials since there are no commercial sources of live plants in 

New Jersey. 
 
· If transplanting of seedlings is selected, transplant widgeon grass and eelgrass between early 

September and late October.  Alternatively, transplant seedlings in the spring. 
 
· Avoid seeding, which is considered unpredictable and variable, with loss of seeds in the field 

and low seedling survival.  
 
· Coordinate with Dr. Bologna for guidance on specific restoration techniques.  Review 

recommendations provided in Bologna (2000) and Bologna et al. (2000), and acquire the 
literature cited in Bologna (2000) and Bologna et al. (2000). 

 
· Further refine site selection by avoiding sites: 

Ø with high tidal current velocity, 
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Ø near proposed dredging projects, 
Ø near areas to be filled,  
Ø with excessive turbidity and sedimentation, 
Ø where sea lettuce is abundant, 
Ø known to harbor wasting disease,  
Ø near marinas and boat routes, or 
Ø near highly developed shoreline. 

 
· Raise the priority level of this important restoration activity. 
 
D. ABANDONED LAGOONS 

 
1. LAC02 (Bayville lagoon) 
 
· Test for ground water recharge in the lagoon and evaluate concerns that adding fill to the lagoon 

to create shallow beds for juvenile fish may impede ground water recharge and, therefore, 
eliminate a source of fresh water. 

 
· Monitor and improve the natural re-vegetation of aquatic plant beds. 
 
· Consider revegetating roadbeds, planting native trees and shrubs, and removing trash.  
 
· Coordinate with the Ocean County Land Trust and obtain permission to conduct restoration 

activities at the site. 
 
· Obtain the permits required for dredging in freshwater wetlands, which would necessarily 

include minimization of impacts, formulation of alternatives, and mitigation. 
 
· Consult with the NMFS to obtain recommendations and measures to avoid, minimize, mitigate, 

or otherwise offset adverse effects on Essential Fish Habitat. 
 
· Test dredged materials and fills for contaminants, if any of the materials removed are placed in 

wildlife areas.  Coordinate chemical testing and any bio-essay methods with the Service.  
 
2. LAN05 and LAN06 (abandoned lagoons, near Mantoloking) 
 
· Coordinate each restoration proposal with resource managers at the Edwin B. Forsythe 

National Wildlife Refuge.   
 
· Enhance the habitat for the northern diamondback terrapin by creating small, sandy islands. 
 
· Improve water circulation and quality by cutting channels within and between lagoons.   
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· Test for ground water recharge in the lagoons and proceed cautiously with restoration of these 

shallow water beds.   
· Consider converting lagoons into shallow water to discourage use of the sites by boaters. 
   
· Test dredged materials and fills for contaminants, if any of the materials removed are placed in 

wildlife areas.  Coordinate with the Service on chemical testing and bio-essay methods. 
 
· Minimize disturbance to upland woody vegetation as a result of restoration activities. Study, 

minimize, and coordinate such activities with refuge managers.  Preservation of upland woody 
vegetation was emphasized by the resource managers present during the interagency 
coordination meetings. 

 
· Re-vegetate the access road following restoration activities. 
 
· Leave gentle-sloping banks intact. 
 
· Concentrate restoration efforts in areas occupied by common reed, providing sandy access to 

nesting sites for the diamondback terrapin. 
 
· Take measures to prevent the spread of spotted knapweed on refuge property. 
 
· Avoid handling spotted knapweed with bare hands. 
 
E. ISLANDS 

 
1. ISS01 (Cedar Bonnet Island) 
 
· Plant cordgrass plugs to discourage common reed from re-invading restored areas. 
 
· Create open, accessible, sandy nesting sites for the diamondback terrapin and maintain 

periodically. 
 
· Investigate opportunities to limit the presence of ground predators on Cedar Bonnet Island. 
 
· Design restoration plans to avoid potentially adverse effects on the northern harrier. 
 
· Continue coordination with the Service and the NJDFW, ENSP regarding the northern harrier. 
 
· Provide visual openings to the bay, add new dredged material mixed with broken clam shells to 

attract ground nesting birds, and provide repeated, periodic maintenance. 
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· Take precautionary measures to avoid impacting SAV beds with drifting chemicals and 

sediment loads. 
 
2. ISS02 (Flat Island) 
 
· Plant large numbers of trees and shrubs in areas that will be elevated to control common reed.   
 
· Plant cordgrass plugs in areas that will be lowered to tidal marsh level. 
 
· Revise the plant list of species to be planted for restoration purposes.   
 
· Assess the feeding habitat for long-legged wading birds.  
 
· Negotiate, coordinate, and manage the proposed restoration project jointly with the private 

landowner(s) and evaluate the private landowner(s)’ maintenance needs prior to re-distributing 
excavated materials.   

 
· Advise private landowner(s) to avoid adding dredged material to Flat Island during terrapin 

nesting season. 
 
· Organize a public hunting or trapping event to rid the island of ground predators. 
 
· Add visual openings to the bay to attract nesting terns and skimmers, in conjunction to new 

dredged material mixed with broken clam shells.  Include repeated, periodic maintenance of the 
vegetation. 

 
· Avoid any damage to existing tidal wetlands by herbicide drift or bulldozing. 
 
· Avoid any adverse effect to SAV beds from drifting herbicides and avoid smothering SAV beds 

with sediments resulting from the proposed activities. 
 
3. ISS03 (High Island) 
 
· Plant large numbers of trees and shrubs to control erosion in areas that will be elevated to 

control common reed. 
 
· Plant shrubs and trees in areas infested with downy chess to enlarge habitats for neo-tropical 

migratory passerine birds.   
 
· Assess the feeding habitat for long-legged wading birds.  
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· Negotiate, coordinate, and manage the proposed restoration project jointly with the private 

landowner(s).   
 
· Reduce costs of re-distributing new dredged fill by first evaluating the private landowner(s)’ 

maintenance needs.   
 
· Advise private landowner(s) to avoid adding dredged material to Flat Island during terrapin 

nesting season. 
 
· Organize a public hunting or trapping event to rid the island of ground predators. 
 
· Avoid any damage to existing tidal wetlands by herbicide drift or bulldozing. 
 
· Avoid any adverse effect to SAV beds by drifting herbicides. 
 
· Avoid  smothering SAV beds with sediments resulting from the proposed activities. 
 
4. ISS08 (Island #26A) 
 
· Discourage gulls and attract terns and skimmers by removing vegetation and adding new 

dredged material with scattered crushed shell. 
 
· Identify the borrow area(s) to be used as a source of clean sand; coordinate any contaminant 

testing with the Service. 
 
· Attract terns, skimmers, and other ground-nesting water birds by placing decoys. 
 
· Attract the roseate terns by leaving sheltering vegetation and/or adding artificial shelters in 

selected areas. 
 
· Avoid damage to nearby SAV beds by eroding sands from ISS08. 
 
· Intersperse erosion matting with beach grass and seaside goldenrod as a narrow band around 

the island shore for erosion control.   
 
· Retain shrubs in the southern portion of ISS08 as important habitat for the snowy egret and 

great egret. 
 
· Avoid using foxes to harass the gull colony away from ISS08. 
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· Consider attempting the re-introduction of the federally listed (threatened) northeastern beach 

tiger beetle. 
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