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I. EXECUTIVE SUMMARY

This document is the first revision of the management plan for the Jacques Cousteau National
Estuarine Research Reserve (JC NERR). The initial plan was completed in 1997 and established
the JC NERR. Many of the original goals and objectives for research, education, and
stewardship remain valid, but have been reviewed and/or modified in the context of recent
accomplishments, partnerships, advice and guidance from key partners, and periodic needs
assessments.

This revision presents the mission, goals and objectives of the National Estuarine Research
Reserve System (NERRS) and the JC NERR. Plans are presented for the next five years with
respect to administration, boundary and acquisition, public access, facilities construction,
research and monitoring, coastal training, education, stewardship, resource protection, and
integration. The four goals of the JC NERR are:

Goal 1. Research

Key management information needs, especially with respect to eutrophication, habitat loss
and alteration, effects of climate change and sea level rise on coastal communities and
resources, and resource conservation are supported with advanced coastal and estuarine
research and observing capabilities at relevant time and space scales.

The JC NERR addresses scientific and technical aspects of coastal management issues through a
comprehensive, interdisciplinary, and coordinated approach. Research and monitoring
programs, including the development of baseline information, form the basis of this approach.
Reserve research and monitoring activities are guided by the National Estuarine Research
Reserve System research and monitoring plan (2006-2011) which identifies goals, priorities, and
implementation strategies. This approach, when used in combination with the education and
outreach programs, ensures that scientific information has long-term, system-wide consistency
and utility for managers and members of the public to use in protecting or improving natural
processes in their estuaries. Research within the Reserves is designed to fulfill the Reserve
system goals as defined in program regulations. These include:

* Address coastal management issues identified as significant through coordinated
estuarine research within the System.

* Promote Federal, state, public and private use of one or more Reserves within the
System when such entities conduct estuarine research.

* Conduct and coordinate estuarine research within the System, gather and make
available information necessary for improved understanding and management of
estuarine areas.

Goal 2. Coastal Training

Coastal decision-makers use science-based information to manage New Jersey’s natural
resources.

The Coastal Training Program (CTP) of the JC NERR provides up-to-date scientific information
and skill-building opportunities to coastal decision-makers who make decisions that affect
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coastal resources. Coastal decision-makers receive the science-based content and tools they
need to address critical resource management issues of concern to local communities.
Additionally, the CTP provides a critical feedback loop to ensure that professional audiences
inform local and regional science and research agendas. Programs are developed in a variety of
formats ranging from seminars, hands-on skill training, participatory workshops, lectures, and
technology demonstrations. Participants benefit from opportunities to share experiences and
network in a multidisciplinary setting, often with a Reserve-based field activity.

Partnerships are important to the success of the CTP program. Reserves work closely with state
coastal programs, protected area networks and a host of local partners to determine key coastal
resource issues of target audiences. The CTP requires a systematic program development
process, involving periodic review of the Reserve niche in the training provider market, audience
assessments, development of a three to five year program strategy, a marketing plan and the
establishment of an advisory group for guidance, program review and perspective in program
development. The CTP implements a performance monitoring system, wherein staff report data
in operations progress reports according to a suite of performance indicators related to increases
in participant understanding, applications of learning and enhanced networking with peers and
experts to inform programs.

Goal 3. Education and Outreach

The K-12 community and the general public possess increased awareness and
understanding of estuaries and coastal watersheds and how they are affected by human
behavior and natural change.

Education programs provide on-site education opportunities for the community, teachers and
other targeted audiences. Programs include general information about the Reserve including its
ecological, economical, and historical values, and how they relate to natural resource protection
and management issues. Educational programs are designed to integrate with other relevant
programs in the Reserve region.

Formal education programs focus on elementary and secondary school teachers, enhancing their
ability to present science in innovative ways which will stimulate student interest. Hands-on field
enrichment opportunities are promoted and educators are immersed in real-time scientific
research being conducted in the Reserve. In addition to field experiences, educators work with
the Education Coordinator to develop practical applications that bring their experiences into the
classroom.

Habitats within the Reserve serve as centers for general public education. Visitors to the Reserve
gain awareness and understanding of the estuarine system through our exhibits at the Seaport and
through our public programs. These activities explore ongoing research throughout the Reserve,
as well as cultural, historical, and economic issues. Scientists are invited to present their
research through seminars and describe how their studies are relevant to community members.
In coordination with land management partners, JC NERR staff offer these community-based
programs throughout the Mullica River-Great Bay watershed and beyond.
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Goal 4. Stewardship

Resource managers use reserve science to protect, conserve and restore estuarine habitat,
resources and water quality.

In the JC NERR, science-based stewardship is a principal goal integrated throughout the
research, education, and coastal training program. The JC NERR does not own or directly
manage large tracts of land and therefore lacks “on the ground” physical forms of stewardship.
Rather, the JC NERR defines stewardship in the broader sense of providing relevant information,
education, and training to achieve our mission. This stewardship role has been broken down into
different themes, each corresponding to a different spatial area of our estuarine and watershed
system. These themes present the JC NERR with a variety of training opportunities based on
land management, human use and unique ecological conditions.

The JC NERR will continue to implement the Mullica River Conservation Initiative, a land
protection initiative with conservation agencies to conserve a contiguous greenway of
ecologically and recreationally valuable land throughout the Mullica and Wading River
Watersheds. This initiative, a partnership with New Jersey Conservation Foundation (NJCF)
recently added 208 acres to the core reserve land which addressed gaps in protection of the
Mullica River watershed. The total acreage of the JC NERR has thus been increased from
114,665 to 114,873 acres. These properties will be managed by the NJCF and include:

Bear Creek Preserve (100 acres) offers a rare chance to view water and wading birds up close in
various wetland habitats. The 100-acre preserve is located where the Bear Creek flows into the
lower Mullica River. The Hanselman Preserve (57 Acres) captures the gradient of coastal forest
habitats from pitch pine lowland and Atlantic white cedar forest to deciduous shrub-scrub
wetlands to salt marsh flats. The Rudolph Property (31 acres) is dominated by a mixed pitch
pine — scrub oak upland. It is adjacent to several out-parcels of the Bass River State Forest. One
portion of the property extends to the east and has frontage on the Wading River. The Lee
Property (20 acres) is a pitch pine and Atlantic white cedar forest in southern New Jersey. The
under story is a typical mix of low bush blueberry and huckleberry. This parcel will help protect
tidal wetlands, one of the Reserve’s key habitat areas.

Inclusion of these land parcels acknowledges the JC NERR as a natural field laboratory that
enables research and data collection on natural processes and human impacts occurring within
the reserve, and provides a basis for increased public awareness and understanding of the
complex nature of estuarine systems, their values, benefits and management challenges. These
land holdings will enhance the educational, outreach and research opportunities for the Reserve,
and add tremendous recreational value for diverse users.
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II. INTRODUCTION

A. Purpose and Scope of the Revised Management Plan

The Jacques Cousteau National Estuarine Research Reserve was established in 1997 to “improve
management of New Jersey coastal environments through science, education and stewardship.”
This mission drives reserve goals, objectives and strategies aimed at addressing the key coastal
management issues in the Mullica River-Great Bay watershed and throughout the New Jersey
coastal zone.

During the past three decades, land use patterns in New Jersey have shifted from “The Garden
State” to a more urbanized landscape. Nowhere is this more apparent than in the majority of the
state’s coastal zone which features a highly developed shoreline and coastal communities subject
to human impacts and the emerging effects of climate change. As the most densely populated
state in the nation, New Jersey is projected to be the first state to reach full buildout status.
Development and associated human activities are affecting water and habitat quality throughout
the state. Proposals to develop remaining open space and to tap into the Kirkwood-Cohansey
aquifer pose threats to the ecological integrity and character of the state’s estuaries and coastal
watersheds. As a result, programs at the JC NERR focus on three key management issues:

* Nutrient inputs into coastal waters
* Human alteration of habitat and water quality
+ Effects of climate change on coastal and estuarine systems

Research, education, and outreach programs of the JC NERR will address these issues in a
manner that links management information with science, and enriches educational programs
across all grade levels with real-world experiences and training. Responding to needs in its home
location in Ocean County, the JC NERR will continue to deliver many of its nationally renowned
programs in this region, but also will scale up these programs for delivery throughout New
Jersey with key partners and two satellite reserve facilities.

Lands within the JC NERR are entirely in public ownership and managed by a variety of local,
state and federal agencies. As a result, a significant level of resource protection is in place. For
this reason, JC NERR programs have focused on research, education and coastal training, and
support services for stewardship programs. These areas of emphasis will continue over the next
five years.

B. National Estuarine Research Reserve System

1. National Estuarine Research Reserve System Mission and Goals
The National Estuarine Reserve System was created by the Coastal Zone Management Act
(CZMA) of 1972, as amended, 16 U.S.C. Section 1461, to augment the Federal Coastal Zone
Management (CZM) Program. The CZM Program is dedicated to comprehensive, sustainable
management of the nation’s coasts.

The Reserve system is a network of protected areas established to promote informed
management of the Nation’s estuaries and coastal habitats. The Reserve system currently
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consists of 27 Reserves in 22 states and territories, protecting over one million acres of estuarine
lands and waters.

Mission

As stated in the NERRS regulations, 15 C.F.R. Part 921.1(a), the National Estuarine Research
Reserve System mission is:

...the establishment and management, through Federal-state cooperation, of a national system of
Estuarine Research Reserves representative of the various regions and estuarine types in the
United States. Estuarine Research Reserves are established to provide opportunities for long-
term research, education, and interpretation...

Goals

Federal regulations, 15 C.F.R. Part 921.1(b), provide five specific goals for the Reserve system:

1. Ensure a stable environment for research through long-term protection of National
Estuarine Research Reserve resources;

2. Address coastal management issues identified as significant through coordinated
estuarine research within the System;

3. Enhance public awareness and understanding of estuarine areas and provide suitable
opportunities for public education and interpretation;

4. Promote Federal, state, public and private use of one or more Reserves within the
System when such entities conduct estuarine research; and

5. Conduct and coordinate estuarine research within the System, gathering and making
available information necessary for improved understanding and management of
estuarine areas.

2. National Estuarine Research Reserve System Strategic Goals 2005 — 2010

The Reserve system began a strategic planning process in 1994 in an effort to help NOAA
achieve its environmental stewardship mission to “sustain healthy coasts.” In conjunction with
the strategic planning process, ERD and Reserve staffs have conducted a multi-year action
planning process on an annual basis since 1996. The resulting three-year action plan provides an
overall vision and direction for the Reserve system. As part of this process, the Reserve system
developed a vision: Healthy estuaries and watersheds where coastal communities and ecosystems
thrive; and mission: To practice and promote coastal and estuarine stewardship through
innovative research and education, using a system of protected areas. The following goals are
outlined in the 2005-2010 Strategic Plan.



JC NERR Management Plan 2009 - 2014

Goals

1. Strengthen the protection and management of representative estuarine ecosystems to
advance estuarine conservation, research and education.

2. Increase the use of Reserve science and sites to address priority coastal management
issues.

3. Enhance peoples’ ability and willingness to make informed decisions and take
responsible actions that affect coastal communities and ecosystems.

3. Biogeographic Regions

NOAA has identified eleven distinct biogeographic regions and 29 subregions in the U.S., each
of which contains several types of estuarine ecosystems (15 C.F.R. Part 921, Appendix I and II).
When complete, the Reserve system will contain examples of estuarine hydrologic and
biological types characteristic of each biogeographic region. As of 2008, the Reserve system
includes 27 Reserves and two Reserves in the process of designation (Figure 1). Designated and
proposed Reserves are listed below.
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. Wells, Maine

. Great Bay, New Hampshire

. Waquoit Bay, Massachusetts

. Narragansett Bay, Rhode Island

. Connecticut *

Hudson River, New York

. Jacques Cousteau, New Jersey

Delaware

. Chesapeake Bay, Maryland

. Chesapeake Bay,Virginia

. North Carolina

. North Inlet-Winyah Bay, South Carolina
. ACE Basin, South Carolina

. Sapelo Island, Georgia

. Guana Tolomato Matanzas, Florida

® designated O proposed

.| Rookery Bay, Florida
.| Apalachicola, Florida

Weeks Bay, Alabama

.| Grand Bay, Mississippi

.| Mission-Aransas, Texas

.| Tijuana River, California

.| Elkhorn Slough, California

.| San Francisco Bay, California

South Slough, Oregon

.| Padilla Bay, Washington
.| 5t.Louis River, Wisconsin *
.| Old Woman Creek, Ohio

.| Kachemak Bay, Alaska

9.| Jobos Bay, Puerto Rico

* Proposed Reserve

Figure 1. List and Locations of National Estuarine Research Reserves.
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4. Reserve Designation and Operation
Under Federal law (16 U.S.C. Section 1461), a state can nominate an estuarine ecosystem for
Research Reserve status so long as the site meets the following conditions:

» The area is representative of its biogeographic region, is suitable for long-term
research and contributes to the biogeographical and typological balance of the
System;

» The law of the coastal State provides long-term protection for the proposed Reserve's
resources to ensure a stable environment for research;

» Designation of the site as a Reserve will serve to enhance public awareness and
understanding of estuarine areas, and provide suitable opportunities for public
education and interpretation; and

* The coastal State has complied with the requirements of any regulations issued by the
Secretary (of Commerce).

Reserve boundaries must include an adequate portion of the key land and water areas of the
natural system to approximate an ecological unit and to ensure effective conservation.

If the proposed site is accepted into the Reserve system, it is eligible for NOAA financial
assistance on a cost-share basis with the state. The state exercises administrative and
management control, consistent with its obligations to NOAA, as outlined in a memorandum of
understanding. A Reserve may apply to NOAA’s ERD for funds to help support operations,
research, monitoring, education/interpretation, stewardship, development projects, facility
construction, and land acquisition.

5. National Estuarine Research Reserve System Administrative Framework

The Estuarine Reserves Division of the Office of Ocean and Coastal Resource Management
(OCRM) administers the Reserve system. The Division establishes standards for designating
and operating Reserves, provides support for Reserve operations and system-wide programming,
undertakes projects that benefit the Reserve system, and integrates information from individual
Reserves to support decision-making at the national level. As required by Federal regulation, 15
C.F.R. Part 921.40, OCRM periodically evaluates Reserves for compliance with Federal
requirements and with the individual Reserve’s Federally-approved management plan.

The Estuarine Reserves Division currently provides support for four system-wide programs: the
System-Wide Monitoring Program, the Graduate Research Fellowship Program, the CTP, and
the K-12 Estuarine Education program (KEEP). Even though no funds have yet been disbursed
to individual research reserves for implementation of the KEEP program; it has received the
support and approval from the NERRS system as the fourth system-wide program to be
implemented. They also provide support for Reserve initiatives on restoration science, invasive
species, K-12 education, and Reserve specific research, monitoring, education and resource
stewardship initiatives and programs.
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C. The Jacques Cousteau National Estuarine Research Reserve

1. Summary of Setting
The Mullica River-Great Bay estuary, located in the southeast corner of New Jersey is regarded
as one of the least disturbed estuaries in the dense urban corridor of the northeastern United
States (Figures 2 and 3). Upon approval of this management plan, the JC NERR will encompass
114,873 acres, incorporating a diverse variety of terrestrial, wetland and aquatic habitats (See JC
NERR Site Profile (Appendix A) for complete characterization.) These habitats range from the
Pinelands forest ecosystem to wetlands and barrier islands (Figure 4).

Attantic

Llcean

I JCNERR

Barnegat Bay

o

Delawarne
Bay
DE.

Figure 2. Location Map of The Jacques Cousteau National Estuarine Research Reserve
within The Greater New Jersey Region. Note the Reserve's geographic position relative to
the major metropolitan areas of Philadelphia and New York City.

11



JC NERR Management Plan 2009 - 2014

LANDSAT THEMATIC MAPPER SATELLITE IMAGE
OF THE MULLICA RIVER WATERSHED - JCNERR REGION

Atlantic

Ocean

Map composed by CRSSA 0 5 10 15 20 Kilometers
— ]

Oclober 1999 [ Image Source: EOSAT

Figure 3. Landsat satellite image of the Mullica River-Great Bay Watershed and Estuary.
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Jacques Cousteau National Estuarine Research Reserve Habitat Map
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Figure 4. Habitat Map of the Jacques Cousteau National Estuarine Research Reserve. (All
habitats are included.)

The lands that comprise the JC NERR are managed as a partnership of state and federal
landholders, with Rutgers-Institute of Marine and Coastal Sciences as the managing institution
for the Reserve (Figure 5). Recently, the JC NERR has expanded the core boundary to include
additional properties as noted in section VI. Boundary and Acquisition Plan with this document.
These properties provide additional buffer areas for key land and water areas that will be
included in future research and monitoring programs. Core facilities for the JC NERR include a
primary complex that contains offices, a classroom, wet lab, and dormitory. A separate facility
houses a public exhibit, and additional research space is located at the Rutgers Marine Field
Station.

13
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Jacques Cousteau National Estuarine Research (JC NERR)

At Mullica River - Great Bay, New Jersey
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Figure 5. JC NERR Land Owners and Managers Including Recent Acquisitions.

In general, the climate in New Jersey and the Reserve is temperate characterized by well-defined
seasons. The Reserve lies between the Delaware River Valley, Delaware Bay and the Atlantic
Ocean all of which have a moderating effect on weather and climate conditions.

The Mullica River-Great Bay estuary is located on the Atlantic Coastal Plain, created over the
last 170-200 million years by depositional and erosional processes. The low relief with sandy
soil underlain with several water-bearing sand layers and confining clay layers give rise to a
unique surface and groundwater system. The Cohansey and Kirkwood formations form the
principal aquifers in the region, and may contain as much as 17 trillion gallons of water. These
tremendous water reserves are due to the sandy soils, flat terrain, and evenly distributed
precipitation. The nature and extent of these aquifers govern the character and integrity of
Reserve habitats. For example, streams flow in shallow, broad valleys on the predominately
sandy soils with cedar forests marking the water course through the uplands. Most of the
streams drain eastward and southeastward on the Atlantic slope toward the ocean. Rivers,
streams and other bodies of water in the Pine Barrens are stained brown from the humic acids of
decaying vegetation and high iron content.
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The Mullica River drainage basin is confined to the Pine Barrens region and includes the Bass,
Wading, Oswego, and Batsto Rivers, as well as several smaller sub-basins. The total drainage
basin area is 1,470 square km (569 square mi.) upstream of Great Bay. Approximately 45
percent of the total precipitation entering the system infiltrates into the groundwater system.
Groundwater thus constitutes a major conduit that contributes to the estuary.

a. Upland Forests
In the upland forests, the water table is generally two or more feet below ground level and may
be as deep as 60 to 70 feet. This contrasts sharply with the lowlands, where water is near or
above the surface during part of the year. The upper headwaters of the Mullica River contain
many white cedar swamps, Sphagnum bogs, and cranberry bogs. The difference in moisture
conditions gives rise to two distinct floristic complexes—upland forests and lowland forests.

The upland areas support two major vegetation types, namely pine-oak forests and oak-pine
forests. The dominant tree is the pitch pine. In no other region of North America does the pitch
pine cover such an extended area. Fire plays an integral role in determining the composition of
upland areas. Differences in resistance to fire damage, shade tolerance, and reproductive
strategies govern the selective action of fire on various plant species. Both pitch pine and oaks
have the ability to resprout from dormant buds lying beneath the soil surface.

Upland streams are stained brown from the humic acids of decaying vegetation, with flow
generally slow due to the gentle topography. Stream water is acidic with an average pH of 4.4,
and is low in alkalinity and high in humic compounds. These areas provide habitat for a number
of orchids and insectivorous plants.

Upland vertebrate amphibian and reptilian species include the tiger salamander, wood turtle,
timber rattlesnake, pine snake and the Pine Barren frog. The southern bog lemming and bird
species, including the barred owl and the redheaded woodpecker, also inhabit this area.

b. Lowland Habitats

In lowland forests, water levels near the surface exert year-round influence on vegetation
patterns. These forests are composed of Atlantic white cedar, red maple, pitch pine, black gum,
gray birch, sassafras and sweetbay magnolia. Cedar swamps and sphagnum bogs are scattered
throughout the pine lowlands. A dense canopy is formed by the cedars inhibiting an understory
community. Fauna in this region includes birds such as the osprey, peregrine falcon, black duck,
ruddy duck, and the great blue heron; reptiles such as the bog turtle; and amphibians such as the
long-tailed salamander and the eastern mud salamander.

Brackish marshes are dominated by cattail, salt reed grass, and three square rush. Fauna includes
egrets, terns, skimmers, and the common gull species. Other marsh birds include herons, ibises,
sparrows, warblers, bobolinks, and godwits.

Tidal salt marshes form an extensive and functionally significant component of the margin
between the pinelands and Great Bay. High salinity salt marshes, dominated by stands of
saltwater cordgrass, salt meadow grass, and spike grass occur near the coast and along the lower
Mullica River. Insect and spider fauna of the marsh surface have been particularly well studied
with a focus on the planthoppers. Fish of the marsh surface pools and intertidal creeks are
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dominated by killifishes and silversides. Fish of the subtidal creeks are much more diverse and
seasonally variable.

Coastal habitats feature dunes, barrier islands and open water environments. Dune covered
regions are generally characterized by an herbaceous community dominated by dune grass,
goldenrod, searocket and, in protected areas of the back dune, beach heather. Fauna includes
shorebirds such as plovers, terns and skimmers.

Barrier islands such as Little Beach and its associated salt marsh islands represent a major
nesting, migration and wintering area for waterfowl, marsh birds and shorebirds. Species
commonly found here include grebes, herons, egrets, brants, bitterns, rails, sandpipers, gulls,
terns, skimmers and piping plovers. Several osprey nests are on the island, as well as a rookery
of black-crowned night herons.

Great Bay represents a major migratory stop and wintering area for many waterfowl, shorebirds
and raptors. During winter, the waterfowl population exceeds 70,000 individuals including more
than 40 distinct nesting colonies for 15 species. The estuary supports 61 species of finfish.
Major anadromous fish are the striped bass, alewife and blueback herring. Shellfish populations
are extensive, especially for surf clams.

2. Human Environment / Impact
Geographic Information Systems (GIS) are used to create, manipulate and analyze digital spatial
data, and have been critical to map land use and future developmental pressures in the Mullica
River Watershed and Barnegat Bay Watershed (Figure 6). This information also has been used
to support buildout analyses of relevant watershed areas. These and other remote sensing
activities have been done in partnership with the Center for Remote Sensing and Spatial Analysis
(CRSSA) at Rutgers University.

The term “buildout” refers to a GIS model that predicts development based on zoning laws,
Pinelands Management Area (PMA) regulations, and N.J. Coastal Area Facility Review act
(CAFRA) regulations.

Hydrologic flow from land through runoff, groundwater, rivers, and streams connect upstream
watersheds with estuary systems. The increase of human population and the resulting land
cover/land use change can alter this hydrologic cycle, changing environmental conditions within
connected estuary systems. There are two major watersheds that provide freshwater to the JC
NERR system; the Barnegat Bay Watershed (508,240 acres) and the Mullica River Watershed
(420,167 acres). These two watersheds are very different with respect to population, land use
land cover, and impervious surface both present and future (predicted).

a. Population
The Barnegat Bay Watershed had a 2000 population of 513,400 people (United States Census
Bureau). Future population predictions based on municipal zoning files, PMA regulations, and
CAFRA rules for the Barnegat Bay Watershed range between 783,231 and 896,920 people
(Lathrop and Conway, 2001).
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Jacques Cousteau National Estuarine Research Reserve Land Use Land Cover
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Figure 6. 2002 Land Use - Land Cover Map of the Great Bay Mullica River Watershed.

The Mullica River Watershed had a 1990 population of 76,383 people or 0.182 people per acre.
In 2000 the population increased to 83,501 or 0.199 person/acre which is an 8% increase in
population over a ten year period. Future population predictions based on municipal zoning
files, PMA regulations, and CAFRA rules for the Mullica River Watershed range between
110,472 and 123,680 people. This would represent a 32% to 48% percent increase in population
from 2000 with a resultant density between 0.263 and 0.294 person/acres respectively.

b. Land Cover
Land Use and Land Cover within the Mullica River Watershed has been compiled for two time
periods, 1995 and 2002 (Table 1). Older historical data from 1986 was excluded from this
analysis due to differences in data collection and analysis. Between 1995 and 2002 there was a
net increase of 2,420 acres or 346 acres per year of urban land. Both forest and agricultural areas
were lost, 1,110 acres for the former and 1,352 acres for the latter. Future development within

the watershed is expected to be limited by zoning and spatially directed to town centers.
(Lathrop et al, 2003).
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Net change Annual Net
Type 1995 acres 2002 acres change 95-
95-02 0
Urban 24,167 26,586 2,420 346
Agriculture 23,883 22,772 -1,110 -159
Barren 2,160 2,294 134 19
Forest 187,652 186,300 -1,352 -193
Wetland 135,124 135,423 299 43

Table 1. Mullica River Watershed Land Use Land Cover from 1995 — 2002.

Land Use and Land Cover within the Barnegat Bay Watershed has been compiled for three time
periods, 1995, 2002, and 2006 (Table 2). Older historical data from 1986 was excluded from
this analysis due to differences in data collection and analysis. A total of 1,650 acres of new
urban land was created per year between 1995 and 2002. This slowed down slightly between
2002 and 2006 to 1,109 acres per year. Most of this urban land was created from the conversion
of forested land areas with a total of 13,278 acres of forested areas converted to urban areas
between 1995 and 2006 (Table 2a) (Lathrop and Haag, 2007.)

Annual Annual
Net Net Net Net
1995 change | change | Change | Change
Type acres 2002 acres | 2006 acres [ 95-02 | 95-02 | 02-06 | 02-06
Urban 87,757 99,308 103,746 | 11,551 [ 1,650 | 4,438 1,109
Agriculture 5,302 4,576 4,205 -726 -104 -371 -93
Barren 9,199 8,935 9,034 -264 -38 99 25
Forest 156,827 147,401 142,579 | -9,425 | -1,346 | -4,822 | -1,206
Wetland 90,165 89,325 89,048 -841 -120 -277 -69

Table 2. Barnegat Bay-Little Egg Harbor Watershed Land Use Land Cover from 1995,
2002, and 2006. Total area was slightly different between years due to the fact water was
excluded from the analysis.

2006 Land Cover
Urban | Agriculture | Barren Forest Wetland
1995 Urban 86,606 102 151 569 19
Land Agriculture 215 950 43 110 2
Cover Barren 1,761 25 5,647 1,201 202
Forest 13,278 246 2,171 140,535 64
Wetland 1,012 32 179 51 88,594

Table 2a. Transition Table for Entire Study Area Between 1995 and 2006.
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3. Impervious Surface

Impervious surface refers to roadways, rooftops, parking lots or any surface that water cannot
penetrate through. Increasing impervious surface can be used as an indicator of both the
intensity of anthropogenic development and the impact that this development has on the
environment. Impervious surface is especially important within both the Mullica River
Watershed and the Barnegat Bay watershed, as these watersheds are dominated by sandy
pineland soils. The porous soils of the pinelands allow water to infiltrate into underground
aquifers, lowering the amount and speed of surface runoff into streams and ultimately into the
estuary system. Scientific studies have shown the larger the percent of the total surface covered
by impervious surface the greater the resulting environmental impact. In general, watersheds
that have less than 10% imperious surface are considered non-impacted, greater than 10% and
less than 20% are considered impacted and greater than 30% are considered degraded.

Impervious surface within the Barnegat Bay watershed was summarized for 1986, 1995, 2002,
and predicted in the future at buildout. Future predictions on impervious surface were
accomplished by matching existing land cover categories with an average impervious surface
value and extrapolating these values to a future predicted land cover layer. To determine the
percentage of impervious surface the imperious area was divided by the upland area of the
watershed (387,738 acres for the Barnegat Bay Watershed and 379,537 acres for the Mullica
River Watershed). Estuary and ocean waters areas were not included.

In 1986, the Barnegat Bay watershed was covered by 7% percent impervious surface, or
approximately 27,000 acres. This increased in 1995 to approximately 8% impervious surface or
approximately 30,000 acres of impervious surface. In 2002, the impervious surface covered
approximately 34,000 acres or 9% of the total surface area of the watershed. While this is below
the 10% cutoff for impacted watersheds, 32% of the sub-watersheds within the larger Barnegat
Bay watershed were over 10% impervious surface in 1995. At buildout, the Barnegat Bay
watershed is predicted to have 12% impervious surface or approximately 46,500 acres of
impervious surface.

Impervious surface for the Mullica River Watershed in 1986 was 1.3% or 5,100 acres. Between
1986 and 1995 impervious surface increased to 1.5% or 5,750 acres. In 2002, the impervious
surface covered around 6,550 acres or 1.7% of the total surface area of the watershed. Both
values are substantially less than the 10% threshold. The build-out analysis aggregated across
the entire Mullica River basin, predicted a range of impervious surface between 2.5% and 2.8%.
These values are also well below the 10% threshold for impacted areas.
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I11. JC NERR VISION, MISSION, GOALS, OBJECTIVES AND STRATEGIES

This section of the Management Plan identifies the vision and mission of the Reserve and
outlines the four overarching goals and the related objectives and strategies which provide the
underlining basis for all work plans. Goals, objectives and strategies are highlighted in detail
within the Research, Coastal Training, Education and Stewardship sections.

A. Vision
A center of expertise for the protection and preservation of estuaries and coastal watersheds
through science-based management and informed public stewardship.

B. Mission
To improve management of New Jersey coastal environments through science, education and
stewardship.

C. Goals, Objectives and Strategies

The JC NERR mission drives reserve goals, objectives and strategies aimed at addressing the key
coastal management issues in the Mullica River-Great Bay watershed and throughout the New
Jersey coastal zone.

A broad suite of environmental issues bears on the quality of life and economic vitality of the
New Jersey coastal zone. These include watershed management, sediment and water
contamination, fishery management, nutrient enrichment, declines in natural resources, habitat
loss, beach erosion, and harmful algal blooms. Given the importance of the coastal environment
to the sustained economic development of the state, JC NERR research, teaching, and service
programs that bear on coastal management issues can be used to help inform environmental
planning and decision-making. Issues such as these are the subject of constant debate by the
public, the media, and coastal decision-makers. A common feature of these debates is the need
for better information and training about the coastal environment.

During the past three decades, land use patterns in New Jersey have shifted from “The Garden
State” to a more urbanized landscape. Nowhere is this more apparent than in the majority of the
state’s coastal zone which features a highly developed shoreline and coastal communities subject
to human impacts and the emerging effects of climate change. As the most densely populated
state in the nation, New Jersey is projected to be the first state to reach full buildout status.
Development and associated human activities are affecting water and habitat quality throughout
the state. Proposals to develop remaining open space and to tap into the Kirkwood-Cohansey
acquifer pose threats to the ecological integrity and character of the state’s estuaries and coastal
watersheds. As a result, programs at the JC NERR focus on three key management issues:

* Nutrient inputs into coastal waters
* Human alteration of habitat and water quality

+ Effects of climate change on coastal and estuarine systems

Research, education, and outreach programs of the JC NERR will address these issues in a
manner that links management information with science, and enriches educational programs
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across all grade levels with real-world experiences and training. Responding to needs in its home
location in Ocean County, the JC NERR will continue to deliver many of its nationally renowned
programs in this region, but also will scale up education and training programs for delivery
throughout New Jersey with key partners at two satellite reserve facilities.

Goal 1. Research

Key management information needs, especially with respect to eutrophication, habitat loss
and alteration, effects of climate change and sea level rise on coastal communities and
resources, and resource conservation are supported with advanced coastal and estuarine
research and observing capabilities at relevant time and space scales.

Objectives

* Track and predict short-term variability and long-term change in the integrity and
biodiversity of estuarine ecosystems and coastal watersheds.

* Disseminate research results and other pertinent information to local and regional
decision-makers.

* Promote the reserve as a long-term study site for use by federal, state, local, private
and academic organizations.

Strategies

» Capitalize on innovative remote sensing and observation technologies to track change
in ecosystem processes, land use and land cover.

* Maintain a data repository that is easily accessed by coastal stakeholders.

* Partner with CICEET and other organizations to focus research and observing
opportunities in the JC NERR.

* Communicate results of research through publicly accessible media.

» Collaborate with coastal training and education staff to translate research findings to
target audiences.

Goal 2. Coastal Training

Coastal decision-makers use science-based information to manage New Jersey’s natural
resources.

Objectives

» Coastal decision-makers will use decision support tools and reserve products to
address local and regional management needs.

* Coastal decision makers will recognize the CTP as a resource for scientific
information relevant to watershed management issues.

* Coastal decision makers will understand the impacts their management decisions
have on NJ’s natural resources.

* Coastal decision-makers will increasingly implement science based decision-making.
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Identify and preserve significant unprotected estuarine areas within the Mullica
River-Great Bay system.
Natural resource managers will consider regional approaches to adaptive coastal
ecosystem management.

Develop decision support tools to inform management land and acquisition activities
of the coastal management community.

Assist partners to identify ecologically sensitive lands, and assist in acquiring funds
for land acquisition and protection.

Coordinate programs and activities through the emerging seamless network initiative
with protected area networks such as the U.S. Fish and Wildlife Service, National
Park Service, Pinelands Commission, and the New Jersey Department of
Environmental Protection.

Conduct coastal training workshops in response to local and regional information
needs.

Implement performance measures and program evaluations to evaluate and guide JC
NERR products, programs and services.

Goal 3. Education and Outreach

The K-12 community and the general public possess increased awareness and
understanding of estuaries and coastal watersheds and how they are affected by human
behavior and natural change.

Objectives

Strategies

Coastal watershed communities will understand the environmental and economic
value of estuaries and coastal watersheds.

Coastal watershed communities will recognize the JC NERR as a provider of science-
based information and resources.

K-12 teachers will incorporate lessons and hands-on experiences which demonstrate
the value and function of estuarine and coastal habitats

Coastal watershed residents will understand the importance of their role as
environmental stewards.

Provide training opportunities for the next generation of coastal managers.

Heighten visibility of the JC NERR by participating in public events, communication
and marketing activities.

Provide educational and recreational activities for the general public

Deliver professional development programs to K-12 educators.

Promote awareness of the value of estuaries through diverse media such as the Life
on the Edge exhibit, the reserve website, newsletter, brochures, and interaction with
community groups.
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Goal 4. Stewardship

Resource managers use reserve science to protect, conserve and restore estuarine habitat,
resources and water quality.

Objectives

Strategies

Resource managers will increasingly use GIS data layers to support coastal
management decisions and set priorities for land acquisition.

Coastal communities will recognize the ecological, economic, historical and cultural
importance and value of estuaries.

Protect, conserve and restore estuarine habitat and water quality.

Coastal communities will adapt to and mitigate the effects of climate change and sea
level rise.

Identify the best available information, tools and technology for environmental
decision-making.

Train resource managers in the use of GIS technologies

Track land use/land cover change in the Mullica River-Great Bay estuary and
surrounding watershed.

Establish JC NERR as a sentinel site for demonstrating approaches to respond to
effects of climate change and sea level rise.
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IV. SUMMARY OF ACCOMPLISHMENTS
A. Introduction

The JC NERR staff has developed a broad array of research, education and coastal training
programs and services that benefited diverse audiences. These achievements are a tribute to an
outstanding staff dedicated to excellence in coastal management. Moreover, the staff has made
strong contributions to the reserve system. Each staff member has devoted considerable time,
energy and talent to develop and advance system-wide initiatives to elevate the NERRS as a
national leader in coastal research, education and training. Key program accomplishments at the
site level and system-wide level are provided below. A more complete list of past
accomplishments may be found at Appendix I and Appendix J.

1. Site Profile

Characterization of the Jacques Cousteau National Estuarine Research Reserve is a
comprehensive profile report on the 2o™ program site of the National Estuarine Research
Reserve System. This 494-page document is the culmination of an intensive three-year effort to
synthesize the voluminous information base that exists on the terrestrial and aquatic ecosystem
components that comprise the JC NERR including the Mullica River-Great Bay and the Barnegat
Bay-Little Egg Harbor estuaries. It also details the extensive outreach and education programs
linked to community involvement in reserve programs. Major elements covered in the report
include a description of the physical-chemical conditions, water quality, habitats, and biotic
communities of the watershed and estuarine systems. It also discusses the significance of the
system-wide monitoring program and the importance of ongoing research projects in the
Reserve. In addition, endangered and threatened species are compiled for the region, as well as
recreational and commercial species found within the reserve boundaries. The JC NERR site-
profile is posted to the website at http://www.jcnerr.org/pdf/JCNERR_FINAL PROFILE 1-7-
09.pdf.

2. Journal of Coastal Research
The Research Coordinator served as the editor of Special Issue 55 of the Journal of Coastal
Research devoted to research and monitoring of NERRS program sites. This comprehensive
compendium volume, published in July 2008, consists of 19 articles dealing with specific
research and monitoring projects at reserve sites that investigated linkages between physical and
biological components of estuarine ecosystems. It includes articles based on NERRS monitoring
data alone, as well as investigations that pair NERRS research data with data collected by other
entities. The latter type of studies demonstrate the value of concurrently using data from
multiple monitoring and research programs in NERRS to more fully understand patterns and
processes in NERRS estuarine systems.

3. System-Wide Monitoring Program/Integrated Ocean Observing System
(SWMP/100S) Real-Time Data in K-12 Classrooms
A front-end assessment was conducted to evaluate the ways in which K-12 teachers and students
can use real-time data and associated education products to understand and appreciate the role of
the environment in general, and the ocean in particular, plays in their daily lives. This project is
aimed to identify the gap between SWMP/IOOS scientific data (current and projected) and the
needs and capabilities of K-12 teachers and students to use those data, and to determine and
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recommend ways to bridge that gap via data visualization/ presentation and educational
products/services. During the spring and summer of 2006, data was gathered from 54
stakeholders and 92 teachers from across the U.S. through:

+ literature review.

* interviews and an online survey of stakeholders.

» focus groups (7 at 5 sites nationwide) with K-12.

* prioritizing activity with teachers and stakeholders during Centers for Ocean Science
Education Excellence-Mid-Atlantic and Monterey Bay Aquarium Research Institute’s
Education and Research: Test Hypotheses teacher workshops.

This study was very successful and has impacted the design and development of the NERRS
national education program, and other IOOS education initiatives.

4. Impacts to Coastal Systems Symposium
“The Impacts to Coastal Systems” symposium, sponsored by the JC NERR and the Barnegat Bay
National Estuary Program was held at Rutgers University in April 2004. Approximately forty-
five scientists and managers from throughout the mid-Atlantic and southeast Atlantic regions
participated. The symposium aimed to evaluate existing knowledge and data gaps on nutrient
dynamics and nutrient enrichment in the Barnegat Bay-Little Egg Harbor Estuary (BB-LEH).

Technical and management aspects of nutrient problems in the BB-LEH estuary and comparable
systems nationwide were featured. Specific topics included nonpoint source nutrient inputs,
eutrophication assessment, water quality and biotic indicators of eutrophication stress, algal
blooms, impacted habitats, altered trophic organization, development of coastal nutrient
standards, management options to remediate nitrogen loadings and other management controls.

A special issue of Ecological Applications on the topic of eutrophication was published.
(Kennish, M. J. (Editor). 2007. Eutrophication of Estuarine and Shallow Coastal Marine
Systems. Ecological Applications, Special Issue, Volume 17, Number 5. 196 p.)

5. Effects of Climate Change on Our Local Estuaries

“Effects of Climate Change on Our Local Estuaries” was the topic of a workshop held on June 9,
2007. The program informed participants about the effects of climate change on local estuarine
environments by providing them with local and global science-based information. The workshop
included a viewing of the “Inconvenient Truth” movie, a presentation by Dr. Mike Kennish
about the local effects of climate change, and wrapped up with a facilitated discussion on climate
change issues led by Steve Miller of the Great Bay NERR.

6. The Changing Landscape of the Barnegat Bay
Scientists from Rutgers University have been very engaged in assessing the ways in which the
water quality, land use patterns and benthic habitats have changed in the Barnegat Bay
watershed. This symposium featured research conducted by Dr. Mike Kennish and Dr. Rick
Lathrop from Rutgers University. The symposium opened with a historical perspective
regarding the changes from the late 1800°s until mid-1900. Dr. Kennish spoke about the changes
in the benthic communities, namely the eelgrass beds, shellfish resources and other estuarine
indicators of change. Discussion centered on the ways in which land use alterations have
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affected the amount of runoff that makes its way into the Bay. Data indicating the effects of
build out on the watershed was highlighted.

7. Bay and River Shoreline Stabilization
In May 2005 a workshop focusing on Bay and River Shoreline Stabilization was held in
Monmouth County. Speakers included experts in the field from Rutgers University, Stevens
Institute of Technology, the NJ DEP, and the U.S. Army Corps of Engineers. Topics were
selected based on a previous needs assessment and included background on processes, current
regulations, stabilization alternatives, and the status of current local stabilization projects.

8. Riparian Assessment

Assessment of Land Use Change and Riparian Zone Status in the Barnegat Bay and Little Egg
Harbor Watershed: 1995-2002-2006. The BB-LEH estuary is suffering from eutrophication
issues due to nutrient, most importantly nitrogen, loading from both atmospheric as well as
watershed sources (Kennish et al, 2007). Urban and agricultural land uses can be an important
source of nitrogen loading. As part of our ongoing monitoring efforts, the Grant F. Walton
Center for Remote Sensing & Spatial Analysis, with funding provided by the BBNEP, undertook
to map and assess recent land use change in the BB-LEH watershed. Updated mapping reveals
that urban land use increased from approximately 25% in 1995 to approximately 30% of the BB-
LEH watershed in 2006. Including all altered land uses (i.e., agriculture and barren lands) puts
the percentage of altered land in the BB-LEH watershed at over 33% in 2006. The BB-LEH
estuary system is continuing to experience a significant conversion of forested and wetland
habitats to urban land cover and thereby exacerbating nutrient loading to the BB-LEH estuary.

9. LIDAR Conference

A LiDAR (light detection and ranging) conference was held in partnership with the JC NERR,
Rutgers University and US Geological Survey in October 2007. This video conference based at
the JC NERR Coastal Center focused on the process to collect analysis and use LiDAR data.
LiDAR is extremely useful in coastal areas to map shoreline change, dune loss, effects of sea
level rise, model storm surge, model storm water runoff, and model flood zones. This
conference featured a wide variety of speakers from South Dakota and Montana using video
conferencing and webex technologies. A diverse group of attendees at the JC NERR Coastal
Center included representatives from Burlington, Atlantic, and Gloucester counties, NJDEP staff,
Stockton College, the Delaware Valley Regional Planning Commission, Camden and
Gloucester Soil Conservation District, The US Fish and Wildlife Service, the Delaware River
Basin Commission, and the NAVAL Air Station. A second audience was housed in the Alampi
Room at the Institute of Marine and Coastal Sciences (IMCS) at Rutgers University.

10. NJDEP Chlorophyll Monitoring Website
The JC NERR has been working in cooperation with The Marine Water Monitoring Bureau, the
NIJ Forest Fire Service, Rutgers University, and United State Environmental Protection Agency
(USEPA) Region 2 to implement aircraft remote sensing for estimating chlorophyll levels in NJ's
coastal waters. Since chlorophyll is a plant pigment, high levels in the water are typically
associated with an algal bloom. A plane flies 6 times a week, weather depending, over the
coastal waters New Jersey to monitor the chlorophyll levels. This aerial monitoring provides a
valuable perspective on water conditions and trends and enables targeted boat sampling in
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locations where algal blooms may be occurring. This data is then mapped using Google maps to
show high or low chlorophyll values over the New Jersey coastal ocean. Additional information
can be found at http://www.state.nj.us/dep/bmw/remotesensing.htm.
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V. ADMINISTRATION PLAN
A. Agencies Roles / Responsibilities

1. Lead State Agency Role/Responsibility

The JC NERR serves as the umbrella for an integrated approach to managing the Mullica River-
Great Bay watershed among Reserve landholders (Figure 7). The lands that comprise the JC
NERR are managed as a partnership of state and federal landholders, with Rutgers-Institute of
Marine and Coastal Sciences as the managing institution for the Reserve. Each landholder has
provided Rutgers with a written commitment to the Reserve program through a Memorandum of
Understanding (MOU) (Appendix D).  Rutgers-IMCS receives the federal financial assistance
and has overall responsibility for Reserve management. Primary staff members are employed by
Rutgers-IMCS and include a Manager, Executive Administrative Assistant, Education
Coordinator, Public Programs Coordinator, CTP Coordinator, Watershed Coordinator/North,
Watershed Coordinator/South, Research Coordinator, Field Researcher/ SWMP Technician, Field
Researcher-Technology/GIS Coordinator, Volunteer Coordinator, Communications and Budget
Coordinator, and Interpretation Coordinator.

JACQUES COUSTEAU NATIONAL ESTUARINE RESEARCH RESERVE (JCNERR)
AT MULLICA RIVER - GREAT BAY, NEW JERSEY
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Figure 7. Land Owners/Managers within the JC NERR.
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2. Federal Agencies

a. U.S. Department of Interior, U.S. Fish & Wildlife Service
The U.S. Fish and Wildlife Service manages the Edwin B. Forsythe National Wildlife Refuge.
The Barnegat component of the Forsythe Refuge lies within the boundary of the JC NERR, an
area that is managed in support of migratory waterfowl and includes environmental
manipulations to provide habitat and food for this natural resource. The Forsythe Refuge
maintains a field office, impoundments, nature trails and a Coastal Center. The Refuge Manager
sits on the JC NERR advisory board.

3. State Agencies

a. N. J. Department of Environmental Protection

The NJ DEP is the designated state agency to administer programs under the CZMA. The NJ
DEP implements state coastal programs and enforces regulations. The NJ DEP collaborates on
CTP and outreach programs with the JC NERR, and coordinates management of state lands
associated with the Reserve (eg. state run natural land trusts and natural areas). Rutgers-IMCS,
together with the NJ DEP and the USFWS have signed a memorandum of understanding (see
Appendix D) to advance the long-term management goals and objectives of the Reserve. These
institutions jointly coordinate and collaborate on research initiatives and education programs
within the Reserve, targeting those coastal and management issues of importance to coastal
decision-makers. This partnership network promotes exchange of research findings and
educational programs, and helps to integrate delivery of NJ DEP and JC NERR programs.

b. Pinelands Commission
The mission of the Pinelands Commission is to preserve, protect, and enhance the natural and
cultural resources of the Pinelands National Reserve, and to encourage compatible economic and
other human activities consistent with that purpose.

The Pinelands is a unique ecosystem of historic villages and berry farms amid a vast oak forest,
extensive wetlands, and diverse species of plants and animals. It is protected by state and federal
legislation through management by local, state, and federal governments and the private sector.
The reserve contains Wharton State Forest, and Bass River State Forest, which provide public
recreation facilities.

The Pinelands Commission has pioneered many smart growth planning concepts, such as
watershed management, transfer of development rights, timed growth and conservation planning.
The JC NERR collaborates primarily on education and outreach programs with the Pinelands
Commission. This may be expanded to include demonstration products and development of
tools to mitigate nonpoint source pollution.

4. Local agencies
a. Barnegat Bay National Estuary Program
The JC NERR features overlapping boundaries with the BBNEP. JC NERR Reserve staff was

very involved in designation of this program and remain involved in the implementation phase of
the BBNEP. The Reserve Manager chairs the BBNEP Science and Technical Advisory
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Committee and is a member of the BBNEP Advisory Committee. The JC NERR Research
Coordinator, Watershed/CTP Coordinator and GIS Coordinator also participate on BBNEP
committees. Through these committees, the research, education and stewardship goals of the JC
NERR were integrated into the Comprehensive Conservation and Management Plan and the
Program Monitoring Plan for the Barnegat Bay Estuary Program. The BBNEP supports Reserve
programs by increasing awareness of related local and adjoining watershed management issues
and by providing opportunities for county, municipal, and state governments to conserve
resources in Barnegat Bay and the adjacent JC NERR and by providing funding opportunities for
research within the Reserve.

b. Tuckerton Seaport

Tuckerton Seaport oversees 40 acres of coastal lands within the JC NERR. The Borough of
Tuckerton, Little Egg Harbor Township, and Ocean County jointly acquired the land through the
States’ Green Acres Program (N.J.S.A. 13:8A-13(a)). The Green Acres legislation requires that
land be used for recreational or conservation purposes and specifies that changes in the
designated use of the lands must be approved by the Commissioner of the NJ DEP and the State
House Commission of the State of New Jersey. The Tuckerton Seaport was also required to pay
an amount equal to 50 percent of the current value of the land, as determined by the commission.
The overall objective of the Seaport includes the establishment and maintenance of a center for
the preservation and interpretation of the history of the New Jersey Shore and its Baymen. “Life
on the Edge”, a public exhibit administered by the JC NERR at the Seaport, has been established
to (1) interpret and promote environmental awareness and the appreciation of coastal resources,
(2) deliver a range of education and training services in support of basic education, school tours,
and continuing education, and (3) act as a venue for the public to learn more about the Reserve,
including education, research and CTP activities and services. The mission of the Seaport, to
support public education on Bay culture and human interaction with the natural environment
complements JC NERR programs and services.

c. Partnership for the Delaware Estuary

The Partnership for the Delaware Estuary, a private nonprofit organization, administers the
Delaware Estuary Program and is one of 20 National Estuary Programs in the nation. This
program fosters research and education programs on behalf of the Delaware Estuary and its
tributaries. Much effort is devoted to oyster restoration, stormwater management, wetlands
restoration, and public environmental education. The Manager of the JC NERR serves on the
governing board of this organization, and is developing joint program opportunities, especially
with respect to oyster restoration, wetlands restoration, fish restoration and public education that
will be conducted via the Sheppard House in Bridgeton.

d. New Jersey Conservation Foundation
The mission of New Jersey Conservation Foundation (NJCF) is to preserve New Jersey’s land
and natural resources for the benefit of all. They are a private, not-for-profit organization which
relies on philanthropic support and grants from a variety of public and private organizations and
individual donors.

Through acquisition and stewardship NJCF protects strategic lands, promotes strong land use
policies, and forges partnerships to achieve conservation goals. Since 1960, NJCF has protected
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over 100,000 acres of natural areas and farmland in New Jersey — from the Highlands to the Pine
Barrens to the Delaware Bay, from farms to forests to urban and suburban parks.

NIJCF is JC NERR’s newest land management partner. In 2009 NJCF will partner with the
reserve to acquire the Lee property in Burlington County. This property along with three other
NICF properties has been identified as core properties and has been added to the JC NERR
boundary (see VI. Boundary and Acquisition Plan).

5. Universities

a. Rutgers University, IMCS

Rutgers-IMCS is composed of interdisciplinary teams of broadly-trained scientists dedicated to
estuarine and ocean research and education. Rutgers has been conducting research and data
collection in the Great Bay area since 1972, and serves as the focal point for the state's research
efforts in estuarine, marine and coastal environments and assists in the development of New
Jersey's environmental and educational assets. Rutgers-IMCS is located in New Brunswick, NJ,
on the Cook campus of Rutgers University, approximately 75 minutes from the Reserve’s
Coastal Center. Staff of the Rutgers-IMCS includes more than thirty-two full time faculty
members with expertise in many disciplines including undersea research, coastal processes,
Pinelands ecology, aquaculture, and coastal physical oceanography. External funding is strong
and provides a good measure of the research and education activities at Rutgers-IMCS, and
opportunities to support JC NERR programs and activities.

Rutgers-IMCS maintains a Marine Field Station (approximately 14.6 acres) and fleet of research
boats at the mouth of Great Bay with wet labs, a large running seawater system, special purpose
laboratory rooms and a large dormitory facility on the upland adjacent to Coastal Center on
Great Bay Boulevard. In addition, Rutgers-IMCS maintains an offshore research site known as
LEO-15 which is located 3 miles offshore from Little Egg Inlet. LEO-15 features a suite of
advanced samplers and sensors that enable the Institute to collect and transmit real time data on
coastal ocean processes via the Internet for use by recreational ocean goers, coastal managers
and the K-12 classroom audience.

Because Rutgers-IMCS is involved in management, education, and research within the Reserve’s
boundary, the Reserve can capitalize on the wealth of University resources and personnel
including research technicians, computer technicians, administrative support, and education
student interns (Figure 8). These resources are used to support JC NERR research and education
programs.
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Figure 8. Management Structure for NOAA, JC NERR and Institute of Marine and
Coastal Sciences at Rutgers, The State University of New Jersey.

b. Richard Stockton College of New Jersey

The RSC Field Station maintains and operates a research and education facility within the
Reserve at Nacote Creek. The facility houses computer and environmental science labs and a
fleet of small boats. RSC assists in preserving the research, education, and stewardship goals and
objectives of the NERRS program through its undergraduate education program (conducted at
the Nacote Creek Field Station) and research program. They also maintain the Reserve’s
weather station, which provides real-time information to the JC NERR system-wide monitoring
program.

¢. New Jersey Sea Grant

The New Jersey Sea Grant College Program is administered by a private, nonprofit group, the
New Jersey Marine Sciences Consortium located at Sandy Hook. The JC NERR Manager is a
member of the governing board of the NJ Marine Sciences Consortium. Efforts to collaborate
have focused primarily on public events such as Coast Day, and K-12 education including joint
sponsorship of the Shore Bowl, one of the regional competitions that comprise the National
Ocean Science Bowl. More recently, Reserve staff members have sought research funding from
NJ Sea Grant to develop information products for fishery managers and fish harvesters. Future
efforts will be aimed at promoting collaboration on coastal training opportunities, and joint
programs delivered from the JC NERR satellite facilities at Sandy Hook and Bridgeton.
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B. JC NERR Staffing Roles / Responsibilities

Support for core staff is essential for meeting the mission, goals, and objectives of the JC NERR.
The core staff consists of a Manager, the Communications-Business, Education, Research, GIS,
Watershed and Volunteer Coordinators who manage the education, coastal training, stewardship
and research programs on behalf of the Reserve. Rutgers-IMCS has the lead responsibility for
administering these core positions (Figure 9).

Reserve staff members are employees of Rutgers-IMCS. Because of limited NERRS funding,
some of the Reserve staff positions are partially or fully supported by Rutgers-IMCS. The
Manager, Research Coordinator and Communications/Business Coordinator have offices at the
main IMCS facility in New Brunswick and at the Coastal Center at Tuckerton. The Reserve
Manager position is the Senior Associate Director at Rutgers-IMCS and has full responsibility
for JC NERR management. The Watershed/CTP Coordinator, Volunteer Coordinator, Education
Coordinator, Field Researcher/SWMP Technician are stationed at the JC NERR Coastal Center.
The commute time between the Tuckerton facility and the office in New Brunswick is
approximately 75 minutes.

Jacques Cousteau National Estuarine Research Reserve
Organizational Chart

Institute of Marine and Coastal Sciences
Rutgers University

Manager/JC NERR

Executive
Administrative Assistant

[ [ [ |

Rese_arch Technology/GIS Education Outreach Communication and Business
Coordinator - . .
Coordinator Coordinator Coordinator
[ [
[ | [ [ [ \
Field Researcher Field Researcher Education Watershed/CTP Interpretive Public Program
SWMP Tech Coordinator Coordinator Coordinator Coordinator
I [
[ \
Volunteer
Graduate Research Watershed Watershed Coordinator
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1. Manager
The Reserve Manager is the principal administrator of the Reserve and is responsible for
ensuring all policies, regulations, and program activities are conducted in accordance with the
Reserve Management Plan. The Reserve Manager has the qualifications of a resource Manager,
and is employed and supervised by the Director of Rutgers-IMCS. Specific duties of the
Manager are to:

» Manage the Reserve operations on a daily basis, prepare state and Federal grant
applications, proposals, budgets, reports and maintain necessary records.

* Represent the Reserve and its policies at public meetings and hearings.

* Advise and coordinate government agencies on particular issues, questions, or
projects, and their effects on or relationship to the Reserve.

* Opversee all special studies and research activities within or related to the Reserve
and interpret and apply research results to produce benefits.

* Oversee the research and education programs for the Reserve.

» Coordinate with other program Managers on activities that might affect the Reserve.

*  Monitor day-to-day operation of the Reserve and progress of research and education
plans.

* Direct and coordinate with NOAA any changes in the management plan.

* Supervise Reserve staff members.

* Oversee facilities development, site selection and changes in the Reserve boundaries
with consent from NOAA.

* Prepare required reports and work plans for NOAA and other funding agencies.

2. Executive Administrative Assistant
The Executive Administrative Assistant provided by the Institute of Marine and Coastal Sciences
is responsible for facilities maintenance, grantsmanship assistance, website support, cultivation
of friends of the Reserve, special events organization and management, and overall
administrative support for the JC NERR.

3. Communications and Business Coordinator
This partially funded Coordinator is responsible for organizing and providing communications
and financial management support for stewardship, research and education programs associated
with the JC NERR/IMCS. In addition, this staff person coordinates production of a periodic
newsletter, special publications, grant and budget accounting and tracking, preparation of
progress reports, and assists with development of proposals including the annual operations
grant. Specific duties are to:

* Develop publications and marketing tools.

» Establish outreach contacts (outlets) for marketing and advertising of
programs/products and maintain database, running queries.

» Assist in the conduct of programs and development of educational materials.

* Assist with administration of JC NERR and related meetings, coordination of
activities of Reserve advisory groups, special events, volunteer coordination, and
preparation of periodic progress reports.

* Assist with fundraising efforts to support Reserve programs including preparation of
proposals.
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4. Research Coordinator
The Research Coordinator (33% grant-funded) implements and oversees all research and
monitoring activities for the Reserve. The Research Coordinator maintains regular and direct
communication with the research community and executes research activities in the Reserve.
The Research Coordinator will report to the Reserve Manager and will be located at IMCS-
Rutgers, the JC NERR Coastal Center or Rutgers Marine Field Station in Tuckerton, depending
on assignments and projects. The Research Coordinator’s responsibilities are to:

Provide staff support for research and monitoring initiatives in the JC NERR.
Coordinate all special studies and research activities within or related to the Reserve
Assist the Reserve Manager and participating agencies in preparing and updating a
list of priorities for research and monitoring at the JC NERR.

Implement the research program for the Reserve.

Interpret and apply research results.

Recommend locations for research and monitoring stations within the Reserve and
provide technical advice and assistance to scientists in conducting research and
monitoring as available.

Serve as the Reserve’s liaison with the scientific community, promote data utilization,
and act as primary contact for scientists performing research within the Reserve.
Represent the Reserve at public and scientific meetings.

Create a site profile.

Implement the National NERRS Research (Fellowship) program at the Reserve.

5. Education Outreach/Watershed/Coastal Training Program Coordinator

The CTP
audiences.
activities.

Coordinator (75% grant funded) works closely with Reserve partners and target
Responsibilities include management of the CTP, land acquisition and outreach
Specific duties are:

Design and conduct outreach programs, seminars and workshops on environmental
issues of importance to coastal stakeholders.

Develop ecosystem-scale management efforts in coordination with Reserve partners
including the U.S. Fish and Wildlife Service, Pinelands Commission, NJ DEP and the
EPA.

Manage a CTP, including the preparation of a market analysis and needs assessment
for technical training, development, organization, and conduct of Coastal Decision
Maker workshops, and the establishment of a coastal repository.

Enhance funding and support for the JC NERR.

Develop public education programs and materials to complement the Life on the
Edge exhibit at the Tuckerton Seaport.

Coordinate training activities of the watershed coordinators.

6. Education Coordinator
The Education Coordinator (100% grant funded) implements and coordinates education and
interpretation elements of the management plan. Specific duties include:

Assist in preparing and updating an annual list of priorities for education,
interpretation, and visitor use programs.
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» Coordinate education, interpretation, and visitor use activities within the Reserve and
communicate with other Reserve management areas, especially research and
volunteer programs.

* Advise and coordinate government agencies on education issues, questions, or
projects, and their impacts on or relationship to the Reserve.

» Serve as a liaison with the academic community and act as primary contact for
educators bringing groups to the Reserve.

» Provide technical advice and assistance, as available, for education and interpretation
programs.

* Coordinate with NOAA National Education programs.

* Provide public outreach to area schools, colleges, universities, civic groups,
professional societies, and other environmental education organizations.

» Coordinate educational activities of the watershed coordinators.

7. Watershed Coordinator
The part-time (40% grant funded) Watershed Coordinator will be stationed primarily at the
Sheppard House. Emphasis will be placed on delivery and enhancement of CTP and education
programs including programs on oyster and sturgeon restoration, as well as development of a
volunteer program. Tasks associated with this position are to:

* Provide outreach and educational opportunities to the citizens of Bridgeton and the
southern New Jersey area to increase an awareness of marine and estuarine issues
within the region.

* Coordinate Project PORTS: Promoting Oyster Restoration through Schools K-12
enrichment and restoration programs; develop additional funding to sustain program;
promote program among local schools and expand network of Project PORTS partner
schools; and conduct biological assessments of restored oyster habitats.

* Develop collaborative programs with other regional environmental and research
organizations to promote the protection and sustainability of important resources
through research and education. In the near term this will include providing support in
planning and conducting a regional symposium focusing on Atlantic sturgeon.

» Assess program interests and needs of local policy makers and the general public.

* Integrate regional programs with JC NERR programs and staff where appropriate.

* Develop relevant grant opportunities on behalf of the JC NERR.

* Assist in delivery of the MARE program.

8. Watershed Coordinator
This part-time (20% grant funded) coordinator will be primarily stationed at Sandy Hook to
oversee the Seamless Network Initiative with the National Park Service, develop CTP programs
with partners such as the National Park Service, National Marine Fisheries Service, and local
officials in the northern New Jersey region. This staff person will assist in delivery of CTP
workshops, especially those related to shoreline protection and coastal erosion-primary issues for
this region of New Jersey, deliver training programs for park service personnel, foster activities
and programs in support of science-based management of marine protected areas, and offer
training programs for the next generation of resource managers.
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9. Field Researcher-Technology/GIS Coordinator
This  staff position (50% grant funded) monitors changing land use patterns within the JC
NERR boundaries, assists the Research Coordinator in the design and completion of research
projects, creates cartographic products, and collaborates with the Watershed Coordinator on CTP
outreach efforts. Within each of these major job functions (research, outreach, and monitoring)
are several job duties including:

» @IS and Remote Sensing data incorporation from Reserve partners.

* Designing Remote Sensing data collection missions. (Aerial Photograph, REMUS,
LiDAR)

* Website creation and maintenance.

» Research project design and implementation.

* CTP workshops.

* @IS data creation and guidance for local municipalities.

* Cartographic and Graphics Design for technical reports, PowerPoint presentations,
and web sites design.

This individual also assists the Research Coordinator with ecological investigations, including
biomonitoring projects and other estuarine research efforts to characterize the Reserve:

* Obtain and process field data, including water quality, nutrient, biomonitoring, and
other environmental data from JC NERR estuaries and watershed areas.

* Record physical-chemical parameters (temperature, salinity, dissolved oxygen, pH,
turbidity, depth, and nutrients) of estuarine waters through the monitoring of field
recording devices.

» Provides technical support for the JC NERR on remote sensing, spatial analysis, and
applications.

» Collaborate with the JC NERR Research Coordinator on the preparation of technical
reports and manuscripts for publication in peer-reviewed journals and other media.

10. Field Researcher/System Wide Monitoring Program Technician
The Field Research/SWMP Technician (100% grant funded) is the lead technical coordinator of
SWMP water quality monitoring, telemetry, and IOOS applications at the JC NERR. This staff
person oversees all field and laboratory aspects of the program including -calibration,
deployment, retrieval, and maintenance of dataloggers, the sampling and analysis of nutrients
and other water quality parameters and the preparation of SWMP water quality reports for the
NERRS program.

Field Researcher/SWMP Technician also:

* Maintains comprehensive and accurate SWMP records.

* Maintains telemetered water quality stations and instrumentation.

» Updates and maintains internal data base.

* Prepares metadata reports for submission.

* Provides support for JC NERR Education programs.

» Collaborate with the JC NERR Research Coordinator on the preparation of technical
reports and manuscripts for publication in peer-reviewed journals and other media.
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11. Diving / Field Support
Field support for research and monitoring at the JC NERR is provided by the Mid-Atlantic Bight
National Undersea Research Program. Two individuals, the Technical Director and Dive Safety
Officer devote time and effort to deploy, maintain and troubleshoot the dataloggers, provide
AUV support, and general dive support on behalf of JC NERR projects.

12. Volunteer Coordinator
A Volunteer Coordinator (part-time hourly) trains and organizes volunteers and docents to
support JC NERR programs including public programs and festivals, field programs,
administrative assistance, data entry, library work and mass mailings. The Volunteer
Coordinator:

* Prepares and plan volunteer programs in coordination with the Reserve staff.
* Recruits, trains and supervises volunteers.

» Evaluates volunteer programs.

* Develops an incentive/reward program for volunteers.

13. Interpretation Coordinator
An Interpretation Coordinator (part time hourly) contributes to audience understanding at the
Life on the Edge Exhibit at the Tuckerton Seaport. The docent’s responsibility is to increase
awareness of research and education programs conducted at the Reserve and to act as a
spokesperson on coastal decision-making issues and inform the public of recreational access to
MRGB. Specific duties are to:

* Develop a Steward Training program with reserve partners and in collaboration with
the Education Coordinator to improve public involvement in the Reserve.

* Coordinate with the Volunteer Coordinator in the training of docents for
interpretation related activities.

* Provide context and interpretive messages that relates the Life in the Edge Exhibit as
the gateway to the Reserve.

14. Public Program Coordinator
The Public Program Coordinator (part time hourly) is responsible for the oversight and execution
of all aspects of the Shore Bowl regional academic competition for high school students. The
Public Program Coordinator is the JC NERR liaison working closely with the National Ocean
Science Bowl Office in the delivery of this regional competition. Responsibilities include all
team registrations and correspondence, recruiting and training all volunteers, solicitation of
prizes, media relations, and all logistics for the event.

The Public Program Coordinator assists the Education Coordinator with the delivery and
coordination of the Lunch n’ Learn programs, and the recreation and public education programs
offered by the JC NERR. This staff person also works collaboratively with the CTP Coordinator
in planning and delivering CTP programs and represents the JC NERR a local festivals.
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15. Facility Maintenance - Tuckerton
Rutgers University provides facilities maintenance both to the administrative offices in New
Brunswick and to the Coastal Center in Tuckerton, NJ. This support includes the grounds,
interior and exterior building maintenance and structural building maintenance. Rutgers employs
two full-time maintenance persons to oversee all the facilities in Tuckerton.

C. JC NERR Adyvisory Committee

This committee, originally organized with subcommittees for each function area, has been
restructured and streamlined to provide senior level advice and guidance on Reserve priorities to
the Reserve Manager and staff. The committee meets twice annually to help develop
opportunities for collaboration among Reserve partners, define key areas for future investment,
and to provide advice on programs, products and services.

Committee members are specifically charged with helping to advance the Reserve mission of
science-based management through partnerships, leveraging resources, and providing guidance
on emerging trends for protected area networks. (See Appendix H.) JC NERR staff will
communicate regularly with committee members, especially to exchange information on results
of reserve programs.

Reserve staff may establish informal ad hoc committees to help guide their respective efforts as
necessary.

Committee Members Affiliation

Assistant  Commissioner for Land Use | New Jersey Department of Environmental

Management Protection

Steve Atzert, Project Leader Edwin B. Forsythe National Wildlife Refuge

Rick Lathrop, Director Center for Remote Sensing and Spatial
Analysis — Rutgers University

John Stokes, Executive Director Pinelands Commission

Dave McKeon, Planning Director Ocean County Planning

Mike Mangum, Director Ocean County Department of Parks and
Recreation

Bob Connell, Chief New Jersey Department of Environmental
Protection Bureau of Marine Water Monitoring

Carleton Montgomery, Executive Director Pinelands Preservation Alliance

Stanton Hales, Program Director Barnegat Bay National Estuary Program

Table 3. JC NERR Advisory Committee Members.

D. Memoranda of Understanding and Other Inter-Agency Arrangements for Coordination
Memoranda of Understanding (MOU) have been developed with key Reserve partners to define
roles and responsibilities for Reserve programs, products and services. Agreements exist with
NOAA, the New lJersey Department of Environmental Protection, U.S. Fish and Wildlife
Service, New Jersey Pinelands Commission, Rutgers University, and the Tuckerton Seaport.
These agreements were initially developed when the Reserve was designated in 1997 and have
been updated and revised and are included in Appendix D. A Land Management Agreement has
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been developed with the New Jersey Conservation Foundation. This agreement established a
framework for coordination, cooperation and communication between the NJCF and the JC
NERR for purposes of acquiring and managing lands within the boundaries of the JC NERR.
This agreement is included in Appendix E.

E. Coastal Zone Management Program Consistency Certification

While the JC NERR has not received formal consistency certification from the New Jersey
Department of Environmental Protection other methods are in place to insure this management
plan is consistent with the State of New Jersey’s Coastal Zone Management Plan. Several senior
level NJ DEP employees have been appointed to the JC NERR Advisory Committee and have
been charged with helping to advance the Reserve mission of science-based management while
staying within CZMA compliance. Each Advisory Committee member has been given copies of
the management plan to review. They have provided advice and guidance on Reserve priorities
in order to establish CZMA consistency.
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VI. Boundary and Acquisition Plan

VI. BOUNDARY AND ACQUISITION PLAN
A. Introduction

Presently, the Jacques Cousteau National Estuarine Research Reserve (JC NERR) consists
entirely of public lands managed primarily by state, federal, or local government agencies. A
high level of protection and management exists for designated core and buffer regions that help
to unify federal and state conservation efforts in the area. Current protection practices and land
management ethics of the NERRS program also will be used to unify other conservation efforts
in the area such as that of the Barnegat Bay National Estuary Program (BBNEP). Any land
interest purchased by or donated to the Reserve will be managed by the requisite federal, state, or
local landholders and subject to all the management provisions of the landholders. No
condemnation procedures will be used for the addition of property.

Acquisition policy of the JC NERR states that lands may be added as a result of (1) continuing
efforts by the federal government to acquire land for the Forsythe Refuge; (2) state efforts to
increase its holdings of natural areas; (3) private donations; and/or (4) acquisitions made through
the Coastal and Estuarine Land Conservation Program and the NERRS Construction/Acquisition
program. Future acquisitions may also be needed to accommodate ecological or
geomorphological changes in the Reserve including lands that enable adaptation to effects of
climate change. Furthermore, acquisitions of land parcels in the region will certainly be
welcomed to strengthen the current level of resource protection goals of the Reserve. More than
99 % (114,833 acres) of the JC NERR is composed of state and federal public lands. A total of
40 acres of the JC NERR are overseen by the Tuckerton Seaport, a local non-profit organization
dedicated to the preservation and interpretation of the history of the New Jersey Baymen culture.
The town of Tuckerton, Little Egg Harbor Township, and Ocean County jointly acquired the
land through the N.J. Green Acres Program (N.J.S.A. 13:8A-13(a). Green Acres legislation
requires that the land be used for recreational or conservation purposes and specifies that changes
in the designated use of the lands must be approved by the Commissioner of the New Jersey
Department of Environmental Protection (NJ DEP) and the State House Commission of the State
of New Jersey following a public hearing. As per N.J.S.A. 54:4-3.63 et seq. P.L. 1974, Chapter
167, the Legislature hereby finds and declare that natural open space areas for public recreation
and conservation purposes are rapidly diminishing; that public funds for the acquisition and
maintenance of public open space should be supplemented by private individuals and
conservation organizations; and that it is therefore in the public interest to encourage the
dedication of privately-owned open space to public use and enjoyment and provided for in this
act. The Green Acres Legislation and a list of the comprehensive deed restrictions are included
in Appendix C.

Historically, private landowners adjacent to the public land holdings of the Reserve have
practiced good stewardship and have maintained a strong conservation ethic in management of
these properties. Public education and awareness will be used to foster continued stewardship of
properties neighboring (i.e., buffering) the Reserve. Public participation in the Reserve has and
will continue to promote compatible uses of lands within the Reserve region.
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B. Ecologically Key Land and Water Areas of the Reserve

All regulatory agencies with jurisdiction in the Reserve boundaries have committed to enforcing
an appropriate level of state or Federal regulation necessary to uphold the long term resource
protection objectives of the NERRs program. These agencies, including the Pinelands
Commission, United States Fish and Wildlife Service (USFWS), and NJ DEP (under the
CZMA), are empowered to manage the public lands comprising the Reserve and are committed
to upholding the resource protection goals of the NERRS program through a Memorandum of
Understanding between all parties (see Appendix D). All land acquisitions are in accordance
with Federal laws and regulations for real estate acquisition, including independent appraisals.
Property is acquired only from private landowners willing to participate in the Reserve program.
Boundaries for the JC NERR include "an adequate portion of the key land and water areas of the
natural system to approximate an ecological unit and to ensure an effective conservation" (15
C.F.R. 921.11). These areas are discrete enough to be effectively managed, but large enough to
make long term research possible. To organize management efforts, site boundaries include two
regions: key land and water areas (core area) and a buffer zone.

Regulations (C.F.R. 921.11) define core areas as areas that contain "critical estuarine ecological
units for research purposes, encompassing a full range of significant physical, biological, and
chemical factors contributing to the diversity of fauna, flora, and natural processes occurring
within the estuary.” The term "key land and water areas" in the regulations refers to that core
area that is so vital to the function of the estuarine ecosystem that it must be under state control
sufficient to ensure the long-term viability of the Reserve for research on natural estuarine
processes. The determinations of which land and water areas are "key" to a particular Reserve
are based upon specific scientific knowledge of the area. Key land and water areas also
encompass resources that are representative of the total ecosystem and which, if compromised,
could endanger the research objectives of the Reserve.

A buffer zone is described as an area adjacent to or surrounding the core and on which the
integrity of the core area depends. Buffer zones protect the core and provide additional
protection for estuarine-dependent species, including those that are threatened or endangered.
Where determined appropriate and approved by the state and NOAA, the buffer zone also may
include an area best-suited for facilities required for research and interpretation. Additionally,
buffer zones should encompass an area sufficient to accommodate the shift of the core in case of
biological, ecological, or geomorphologic change.

1. Proposed Boundary Delineation Criteria
The following criteria were used in the selection of the JC NERR boundaries:

a. Minimum amount of development and population in upland watershed and
coastal/estuarine area.

b. Maximum amount of watershed protection in the form of public open
space and multilevel state regulatory programs for private lands

(e.g.,Pinelands Commission regulation).

c. Maximum amount of coastal/estuarine wetlands protection in the form of public open
space (e.g., fish and wildlife management areas, park and forest lands, refuge space).
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d. Maximum amount of diversity in rare plants, animals and natural
communities which interact with the estuarine zone. Diversity provides
for contact with all representative trophic levels within the integrated
ecosystem. The inclusion of many habitat types allows for a full range
of comparative research and education activities.

2. Core and Buffer Delineation Criteria
The core and buffer zones were defined using the following criteria:

a. The core area of the NERR are a contiguous area of minimally to virtually
undisturbed lands and waters that span the gradient from upland/ freshwater wetland
interface through the estuary and out to the near-shore continental shelf. The core
area contains primarily water and adjacent wetlands (including both emergent and
forested wetlands).

b. The buffer zone of the NERR include upland forested areas adjacent to wetlands,
whenever possible, to serve as a protective buffer. Areas from adjacent or fringing
estuaries are included within the buffer zone boundary to include missing coastal
habitats and/or allow greater comparative analysis of adjacent habitats.

c. The jurisdictional boundaries for both the core and buffer zones, to the greatest extent
possible, are coincident with existing municipal/county boundaries. Buffer zones will
be identified as appropriate ecological units for research and monitoring purposes,
and for long term planning purposes, as areas identified for future acquisitions.
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Jacques Cousteau National Estuarine Research Reserve Core vs Buffer areas

Legend

JC MERR Core Areas
JC NERR Buffer Areas

Figure 10. Core and Buffer Areas of the JC NERR and Its Resulting Boundaries.

3. Resulting JC NERR Boundaries

The JC NERR boundary was delineated to incorporate the Mullica River upriver to the head of
tidal influence and down river to include all of Great Bay (Figure 10). The JC NERR boundary
extends north to include the adjacent waters and marshes of Little Egg Harbor to include
submerged aquatic vegetation habitats (i.e., extensive beds of eelgrass, Zostera marina) that are
largely absent from Great Bay proper. The boundary extends south to the important migratory
waterfowl habitats contained in the Brigantine portion of the Forsythe National Wildlife Refuge
and adjacent State Fish & Game Management lands. The tributaries of the Mullica River
including Bull Creek, Wading River, Bass River, Landing Creek, and the Nacote Creek are
included to the limit of tidal influence. The boundaries for the JC NERR are designed to
comprise a natural ecological unit to the greatest extent possible. JC NERR boundaries
encompass a core area of contiguous wetlands, riparian habitats, and portions of open water in
Great Bay. These boundaries contain a highly productive system supporting a rich diversity of
activities including recreation such as fishing and boating, as well as research studies by Rutgers
University (since 1972), Richard Stockton College of NJ, the Pinelands Commission, and other
institutions.
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Because estuaries receive inputs from the adjacent oceanic margin, the boundaries of the JC
NERR extend seaward into the Atlantic Ocean approximately 3 miles to include the LEO-15
observatory on the inner continental shelf. One obvious reason for considering this oceanic area
is the importance of organic and inorganic exchanges within the water column and at the
sediment interface, and opportunities to evaluate the significance of the oceanic contributions to
the maintenance of the estuarine system. The LEO-15 site is designated as a 2.79 km offshore
research area and is listed on all navigation charts and notices to mariners.

In Great Bay proper, with the exception of the small communities (i.e., small population size) of
Mystic Island and Tuckerton extending for less than 3,000 m along the margin of the Bay, the
aquatic boundary is in a near pristine state. A handful of marinas occur outside of Mystic Island,
but their spatial impact is small within the overall scale of the JC NERR. This characteristic is
particularly beneficial to compare the long-term processes related to estuarine quality in other
nearby locations. For example, the adjacent waters and shoreline of Little Egg Harbor have
experienced greater human pressure with the lagoonal development of Beach Haven West and
the developed portions of Long Beach Island. Thus, the MRGB estuary can provide baseline
data for evaluating modification and recovery programs at other sites.

a. Core Areas

The core area, totaling 96,943 acres, was delineated to extend from the head of saltwater
influence in the Mullica River downstream to include all of Great Bay and adjacent inlet areas
and out into continental shelf waters to the LEO-15 site. In addition to the above water bodies,
the core area includes the emergent wetlands and contiguous forested wetlands of adjacent
estuaries. The core area is composed of three distinct areas: (1) Great Bay Blvd. Wildlife
Management Area, a state owned and managed salt marsh area (4,670 acres) at the end of a
peninsula extending south from Little Egg Harbor which forms the northern and eastern shore of
Great Bay, (2) a Federally -owned complex of salt marsh and undeveloped barrier islands
(40,000 acres) forming the southern boundary of Great Bay with eastern frontage on Beach
Haven Inlet and the Atlantic Ocean, and (3) a coastal ocean area offshore at the mouth of Beach
Haven Inlet. These areas along with the barrier islands incorporate the natural conditions of
beach, dune features, overwash fans, abandoned inlets, and extensive back marsh virtually
unknown throughout most of the East Coast. Certain heavily populated areas were specifically
excluded to minimize conflicts with existing incompatible uses (e.g., Mystic Isles Development
to the south).

Within the core region there are four major state and federal facilities including RUMFS, the
RSC - Field Station (at Nacote Creek), the NJ DEP Fisheries Laboratory at Nacote Creek, and
the Edwin B. Forsythe (USFWS) Visitors Center. All state regulatory agencies with jurisdiction
in the proposed Reserve boundary have committed to enforcing the level of state regulation
necessary to uphold the long term resource protection objectives of the NERRs program.
Existing regulatory agencies (see section V. Administration Plan) including the Pinelands
Commission, USFWS, and NJ DEP (under the CZMA) are empowered to manage the public
lands comprising the proposed Reserve and are committed to upholding the resource protection
goals of the NERRS program under the Memorandum of Understanding Agreement between all
parties (see Appendix D). The Administrative Plan also provides for an advisory committee of
all landowners and interested parties with educational, research, and resource management

49



JC NERR Management Plan 2009 - 2014

objectives in the Reserve region. This committee acts as an advisory body for ensuring that the
long-term natural resource protection objectives of the NERRS program are continually met.

Historically, private landowners surrounding the public land holdings included in the Reserve
have practiced good stewardship and maintained a strong conservation ethic in management of
these properties. Manipulations conducted by public landholders in the core area which are
required to meet mandated responsibilities will continue. Specifically, the Forsythe National
Wildlife Refuge will maintain the wetland habitats (i.e., East and West Pools) created by diking
and water management strategies. Refuge staff also will conduct controlled burning to reduce
the buildup of plant debris and maintain diversity in the upland (Pinelands) portion of the
Refuge. These practices are a long-term preexisting management uses and are allowed to
continue under 15 C.R.F. 921.1(d).

The coastal ocean portion of the JC NERR comprises more than one half of the core area. The
Intracoastal Waterway is included in the boundary of the Reserve buffer region. Two primary
management considerations exist in the coastal ocean portion of the core area: (1) dredging of
navigational channels and (2) commercial and recreational fishing. Permits for coastal ocean
dredging are controlled through the Tideland Resource Council. Dredging in NJ navigable tidal
waters require a Waterfront Development Permit and a Water Quality Certificate (pursuant to
Section 401 of the Federal Clean Water Act) from the NJ DEP. Any discharge of dredged
material also will require a permit from the U.S. Army Corps of Engineers pursuant to Section
404 of the Federal Clean Water Act. Dredging operations are regulated by the Federal
government pursuant to Section 10 of the Rivers and Harbors Act of 1899. Federally-conducted,
funded, or permitted activities which have an impact on any land or water use or natural resource
of the NJ Coastal Zone will, in addition, require a Federal consistency determination from the NJ
DEP, pursuant to the Coastal Zone Management Act.

The NJ DEP anticipates no problems with future, small scale dredge operations or disposal of
dredge materials. Dredging may cause short-term changes in the benthic community structure.
These changes are generally temporary in nature and do not represent a significant threat to the
ecosystem. Dredge materials are either used as beach fill or cast back into the system. The
dredged material in the MRGB system has a large sand content and is generally not considered
contaminated or hazardous to the system.

In addition, Rutgers-IMCS has placed lighted guard buoys for recreational and commercial
fishermen in the region, alerting them to the presence of the LEO-15 oceanographic equipment.
The location of the buoys 1is explained on the Rutgers-IMCS home page
(http://marine.rutgers.edu/nurp/facilities). Rutgers-IMCS also enjoys an excellent working
relationship with the Cape May Seafood Association and has frequently met with the clammers
in the region to explain the LEO-15 research site. LEO-15 is the site of a 1970's proposal to
build a floating nuclear power plant. This site is consequently marked on navigational charts as
a research site. Based on these navigational restrictions, this area receives moderate fishing
traffic. Lastly, the Tidelands Council granted Rutgers-IMCS a revocable license/lease for the
electro-optic cable that connects LEO-15 to RUMFS. NJ DEP will maintain adequate state
control of dredging and fishing in the core region. Each of these controls has been in place for
quite some time during which we have not experienced any conflicts between coastal user groups
and operations of LEO-15 research and education programs.
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b. Buffer Areas

Upland forest areas were included in the buffer area to capture the full ecological gradient from
uplands to wetlands (e.g., soil catena) and to serve as a protective buffer. Adjacent areas were
included within the boundary of the buffer to include missing coastal habitats and/or allow
greater comparative analysis of adjacent habitats. The JC NERR boundary extends north to the
adjacent waters and marshes of Little Egg Harbor to include submerged aquatic vegetation
habitats (i.e., extensive beds of eelgrass, Zostera marina) that are largely absent from Great Bay
proper. The proposed boundary extends south to include the important migratory waterfowl
habitats contained in the Brigantine portion of the Forsythe National Wildlife Refuge and
adjacent State Fish & Game Management lands.

The Reserve’s buffer comprises approximately 17,930 acres of public lands and includes the
Intracoastal Waterway, within the estuarine portion of the JC NERR. Management issues
associated with the Intracoastal Waterway in the buffer area include commercial/recreational
fishing and periodic dredging. In addition, the Tuckerton Seaport oversees 40 acres of public
lands, purchased under the state’s Green Acres program.

Private use of adjacent nonpublic lands surrounding the Reserve buffer area has been compatible
with regulated land practices of the state and Federal lands for many years. The privately owned
upland forested areas adjacent to the Reserve wetlands are important to migrating and nesting
songbirds and other species. Residential and commercial uses of these adjacent public areas
could present a threat to water quality of the estuary.

C. Methods/Strategies for Acquisition

Donation of property and or purchase of lands from willing sellers will be the primary
mechanisms for land acquisition in the JC NERR. Rutgers-IMCS will work with landholders,
the JC NERR Advisory Committee, the Trust for Public Land and local land trusts to acquire
high priority lands including lands identified through the Coastal and Estuarine Land
Conservation Program. Particular emphasis will be placed on developing criteria to identify
properties for acquisition to adapt to the effects of climate change.

D. Recent Boundary Expansion

Through an agreement with the New Jersey Conservation Foundation (NJCF), the JC NERR has
expanded the core boundary to include four additional properties (Figure 11). These properties
are currently owned and managed by the NJCF. Addition of these parcels through agreement
rather than by acquisition provides additional buffer areas for key land and water areas, with the
responsibility for stewardship remaining with NJCF. The Foundation benefits by having the
lands included in future research and monitoring programs. For example, physical control of
invasives such as Phragmites will support habitat for desired species and biodiversity. Natural
water flow will be preserved to sustain ecosystem function.

The Foundation will continue to manage these properties using accepted stewardship methods
and best management practices on behalf of the JC NERR. The New Jersey Conservation
Foundation's (NJCF) mission is to preserve and protect land for the benefit of all. Over the past
fifty years, NJCF has been responsible for the preservation of more than 125,000 acres of land all
across the State. During that time, NJCF has retained approximately 20,000 acres of preserves.
The philosophy that guides the stewardship of NJCF preserves is driven by the protection and
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enhancement of native habitats and ecosystem functions. This includes wetland restoration,
forest management, invasive species control, rare species habitat creation, and coordination with
adjacent landowners. Public access is granted to all of NJCF's preserves but is limited to passive
recreational activities and is not directed toward areas of sensitive plant or animal populations.
Finally, NJCF's stewardship staff goes to great lengths to protect our preserves from off-road
vehicle use, illegal dumping and the poaching of rare species.

NJCF will support the long-term management of the lands and waters that comprise the JC
NERR, in compliance with regulations of the National Estuarine Research Reserve Program
contained in 15 CFR Part 921. Through cooperative efforts the landholders will support and
complement on going educational, stewardship and research programs of the JC NERR. The
NIJCF agrees to manage their land holdings in the JC NERR according to the primary goals of
the JC NERR as noted in this management plan. The JC NERR does not own or directly manage
large tracts of land, therefore this agreement will allow for the inclusion of conservation lands
within the Reserve boundary. The letter of agreement between JC NERR and the NJCF can be
found at Appendix E.

1. Bear Creek Preserve (100 acres)
Bear Creek Preserve offers a rare chance to view water and wading birds up close in various
wetland habitats. This 100-acre preserve is located where the Bear Creek flows into the lower
Mullica River. The Mullica River in this area is close enough to the ocean that its waters rise and
fall with the tides. The water is also brackish, meaning it is a mix of fresh and seawater.

A sandy dike road starts at the access point on Lower Bank Road, just north of the Mullica River
Bridge. After traversing Atlantic white cedar swamp, the road runs along a dike that dams the
water of the Bear Creek, creating a fresh water pond and wetland habitat on one side, and a
brackish water wetland on the other. This mix of habitat types attracts a wide diversity of
wildlife species. Coupled with views of the Mullica River and mudflats that are exposed at low
tide, the property is a great location for watching birds and other wildlife. The dike offers great
views of the lower Mullica River Bald Eagle nest, located just across the river.

The property was donated to NJCF in 1986 by the Bear Creek Conservancy, a group of duck
hunters and conservationists who wanted to ensure that the property was always protected.

2. Hanselman Preserve (57 Acres)
The Hanselman Preserve is comprised of two units along North Manheim Avenue in Galloway
Township, Atlantic County. The property captures the gradient of coastal forest habitats from
pitch pine lowland and Atlantic white cedar forest to deciduous shrub-scrub wetlands to salt
marsh flats. It is adjacent to land conserved by the New Jersey Natural Lands Trust as part of
their Clark’s Landing Preserve project area.

3. Rudolph Property (31 acres)
The Rudolph property is dominated by a mixed pitch pine — scrub oak upland. It is adjacent to
several out-parcels of the Bass River State Forest. One portion of the property extends to the
east and has frontage on the Wading River.
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4. Lee Property (20 acres)
JC NERR has partnered with the NJCF to acquire approximately 20 acres of pitch pine and
Atlantic white cedar forest in southern New Jersey. This acquisition represents the first parcel
acquired through the Mullica River Conservation Initiative, a new land conservation project the
JC NERR is facilitating with conservation agencies throughout the Mullica and Wading River
watersheds.

The property is dominated by pitch pine lowlands with a few scattered Atlantic white-cedars.
The under story is a typical mix of low bush blueberry and huckleberry. The habitat is suitable
for Pine Barrens tree frogs and other threatened and endangered species. Nearby properties are
being used as logging sites, making this site susceptible to similar activities.

JC NERR Recent Boundary Expansion
Inset Map 1: Hanselman/Clarks Landing Inset Map 2: Rudolph property 2 ‘;'
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Figure 11. Map Showing Recent Boundary Expansion of the JC NERR.
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E. Future Planned or Proposed Acquisitions

Although the JC NERR is composed of public lands, Rutgers-IMCS recognizes the importance
of long range planning for the acquisition of unique lands that possess critical habitat within the
MRGB watershed. Rutgers-IMCS and Center for Remote Sensing and Spatial Analysis have
been working with the Trust for Public Land to complete a study and gap analysis of property
within the watershed that would be of conservation or public access value. Rutgers-IMCS
acknowledges the work of USFWS and non-profit organizations such as the Trust for Public
Land in the identification of unique conservation and public access sites. In collaboration with
these partners, the following is a list of priority acquisitions sought during the next five years
(Figure 12).

1. Pocket Marsh (10.55 acres)

Acquisition of the Pocket Marsh is ranked as top priority by the JC NERR. The purchase of this
tract would allow the preservation of the wetland area on the eastern boundary of the JC NERR
Coastal Center in Tuckerton, New Jersey. This small pocket of wetlands and marsh habitat
(10.55 acres) adjacent to Tuckers Creek resides within one of our core areas, the Great Bay
Boulevard Wildlife Management Area; a state owned and managed saltmarsh area (4,670 acres)
at the end of a peninsula extending from Little Egg Harbor that forms the northern and eastern
shore of Great Bay. This land is privately owned and is currently under consideration for
development.

The JC NERR will continue to work with our land partners to acquire this highest priority parcel
using the most cost effective means possible. In the past, the Little Egg Harbor Open Space
Committee, the Ocean County Natural Lands Trust, Green Acres and Trust for Public Lands
have all been unsuccessful in purchasing the property. The current private owner is unwilling to
sell for the fair market value which was assessed at $208,700 in 2004. Until the current owner is
willing to accept fair market value the property will be at a selling impasse.

If acquired, an educational boardwalk trail will loop through the current JC NERR property and
connect to this adjacent property. Stewardship concepts, plant identification and the changes in
vegetation from upland habitats to wetland areas would be demonstrated throughout the trail.

2. Osborn Island (46 Acres)
Osborn Island is a parcel in Little Egg Harbor Township, immediately adjacent to Great Bay.
The “island” is an area of uplands surrounded by both residential development and thousands of
acres of protected tidal wetlands. Nearby conserved lands include the Edwin B. Forsythe
National Wildlife Refuge, which protects more than 1,700 acres to the west of the site, and
several thousand acres largely owned by the state to the east, which is within the JC NERR
boundary.

Osborn Island is the site of a former golf course that was closed in the 1960s. Vegetation has
since regenerated with mostly native species. The property contains freshwater wetlands and
maritime forest including stands of red cedar, American holly, oak and pine trees. The state
recently confirmed nesting black-crowned night herons, a state-threatened species since 1999,
but only a ten acre area has been reserved as a rookery. The destruction of coastal maritime dune
forests, due to development along the Atlantic shore, has greatly reduced habitat for black-
crowned night-herons. The property is frequented by many other species including osprey, fox
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and diamond back terrapins which also nest on the site. The property is also thought to contain a
Native American burial ground, a site of potentially significant archeological value.

Osborn Island ranks second in importance of acquisition because it is most threatened for
development. Presently, this land is in the process of being acquired by the Ocean County
Natural Lands Trust in partnership with the Trust for Public Land. The asking price for this
parcel is 4.2 million and is considered fair market value. Negotiations have begun between
Ocean County Natural Lands Trust and the private land owner. Once acquired the JC NERR
will partner with these agencies to ensure the property is slated for preservation in order to
protect the integrity of the Reserve for research purposes.

3. West Creek Dock Road Property (26 acres)

The third property is a 26-acre parcel of wetland/marsh exists at the end of West Creek Dock
Road, a rural, residential area in West Creek, New Jersey. This parcel is surrounded by JC
NERR property that is managed in partnership with the Edwin B. Forsythe National Wildlife
Refuge on two sides, Dock Road on one side and opens to Great Bay on the remaining side. As
this land was previously a dredge spoil site, it has the potential to be used by the Reserve for
restoration science efforts, education and stewardship programs. This piece of land is the only
point of access for local hunters accessing the designated hunting grounds of Edwin B. Forsythe
Refuge. It also is the only piece of land in the area that does not fall within the boundaries of the
Reserve, as it has historically been privately owned. It does fall within the buffer area, as
indicated by this management plan. As such, the property encompasses a full ecological gradient
including wetlands and uplands, and provides a protective barrier to human disturbance.

Presently, the State of New Jersey is looking to purchase the land to use as a dredged materials
disposal site. There has been much local opposition to this proposed land usage. Therefore, the
JC NERR will work with its land partners to obtain the land. The Forsythe Wildlife Refuge has
land adjacent to this parcel and may be interested in acquiring it. The Trust for Public Land has
also express interest. The Green Acres Program, the Ocean County Natural Lands Trust and the
New Jersey Conservation Foundation are additional agencies the JC NERR can partner with to
acquire this land. In 2003 the asking price for this property was 1.2 million which was fair
market value.

4. Wading River and Mullica River Wetland (4,192 Acres)

.Lastly, the JC NERR looks to acquire the tidal lands along the Wading and the Mullica River.
This parcel is pristine waterfowl and duck habitat especially due to the extensive wild rice stand
which represents the last major stand in New Jersey. The rice was extensive beyond the Wading
River Bridge into the freshwater stream of the Bass River State Forest in small patches. This
extension of the wild rice is a relatively new growth. Wild rice was also noted growing in
patches above the Green Bank Bridge (along both sides of the river). These wetlands habitats
are partially protected by state and federal forests and Wildlife Refuges. In order to preserve the
reminder of the wetland habitat and a large portion of what is draining into the JC NERR, the
remaining publicly owned tidal habitat should be acquired and placed into public ownership.

The current Mullica River Conservation Initiative boundary line only includes tidally flowed

lands. Many of these properties are already afforded protection through Tidelands and coastal
wetlands regulations. In order to include properties which may have more imminent
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development pressure, the Mullica River Conservation Initiative partners are considering
expanding the current conservation boundary line to include upland properties. This boundary
expansion could potentially include a much more broad area and take into account lands adjacent
to the Mullica and Wading River headwaters, including their respective sub-watersheds.

The JC NERR will partner with the New Jersey Conservation Foundation to acquire individual
land parcels that make up the Mullica River Conservation Initiative either through purchase or
donation. Currently, the NJCF owns a number of properties within this area. The going rate for
coastal wetlands is approximately $1000 per acre. Due to the abundant number parcels with in
this area that are owned by many different private land owners in this area will take numerous
years to acquire.

Jacques Cousteau National Estuarine Research Priority Land Acquisition

Insert Map 1: Mullica River Conservation Initiative

i Inset Map 2: Pocket Marsh 3 ".:r‘} . : £l Inset Map 4: West Creek
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Figure 12. Map of Priority Land Acquisitions for the JC NERR.
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Support to acquire the lands noted above will be sought via three primary avenues. Two of these
are direct grant support available to the Reserve system from the Coastal and Estuarine Land
Conservation Program and the NERR Construction and Land Acquisition Program. These
opportunities will be pursued via established competitive grant procedures. The third avenue is
to seek support in collaboration with Reserve partners including the U.S. Fish and Wildlife
Service, Trust for Public Land, The Nature Conservancy and local land trusts.

Efforts also will be made to seek priority status for these land acquisitions on the state priority
list, now being developed by the JC NERR in partnership with the NJ DEP. Any lands acquired
by the JC NERR will ultimately be transferred to appropriate land management agencies for
long-term stewardship and management. The JC NERR will work with its land management and
conservation partners to develop acquisition criteria that improve resiliency of coastal
communities, with an emphasis on identifying properties that can help mitigate effects of climate
change.
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VII. PUBLIC ACCESS PLAN

A. Introduction

Waterfront property and public open space is at a premium in New Jersey and access to it is
highly desirable. Understandably, the potential for conflict among users and resource protection
is great. Conflict can be minimized through proper management. The success of well managed
waterfront and public open space lie in approaches that combine long-term flexible public use
with resource protection.

The Jacques Cousteau National Estuarine Research Reserve (JC NERR) will rely on public
access plans enacted by the public agencies that manage the federal and state lands and waters
comprising the Reserve. These plans maintain the integrity of the land for research, long-term
resource protection and education while permitting traditional uses that do not conflict with
Reserve goals. The plans foster strategic access to public lands and waters for municipal and
recreational uses in a manner that mitigates broad human disturbance.

B. Existing Access Points

Access to resources of the JC NERR for recreational, research, education, and interpretive
purposes is a major objective of the JC NERR program. The JC NERR maintains the public
access policies enacted by the Reserve land management agencies. Public access to state waters
for traditional uses such as boating, hunting and fishing are maintained under these policies.
Existing allowable public land uses are detailed in Table 4. Continued and improved access is
encouraged to the extent that Reserve resources are not adversely affected. Current statutes that
exist for the land Managers in the Reserve continue to govern access within the Reserve. No
new regulations will be developed with regard to access. The general public also can gain virtual
access to the Reserve through the “Life on the Edge” Exhibit located within the Tuckerton
Seaport. This facility has adequate parking and serves as a main point of public contact with the
JC NERR.

The Forsythe Refuge provides access for more than 200,000 visitors annually through an 8-mile
Wildlife Drive and foot trails. To ensure that the Refuge remains protected from human impact,
visitors are asked to comply with simple guidelines and regulations. Access to the 6,000 acres of
designated wilderness area, including Holgate and Little Beach (undeveloped barrier islands), is
managed by the U.S. Fish and Wildlife Service which does restrict access through state and
Federal programs. The Reserve does not impose any additional limitations on lands within the
Reserve boundary.
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C. Traditional Uses

Traditionally, the JC NERR has been used for hunting many game species. Recreational fishing
in the rivers and creeks and commercial fishing and shell fishing in the estuary and bay also are
recognized traditional uses. Each of these activities is currently subject to state regulation
through required licenses, permits and other laws. The Reserve does not possess authority to
enforce or implement existing laws and regulations concerning these or any other traditional uses
of the JC NERR. These activities are permitted up to levels currently permitted under local and
state laws unless these uses interfere with a research or educational activity that cannot avoid a
conflict with these traditional uses.

D. Future Proposed or Planned Project

The JC NERR plans to construct an interpretive and educational boardwalk to support
professional development workshops for the public, teachers, coastal decision-maker training,
and family and public programs. The boardwalk would be placed within the forest/marshland
behind the JC NERR Coastal Center in Tuckerton, NJ. The trailhead would originate at the
Coastal Center and pass through upland, wetland and creek habitats and loop back to the Coastal
Center. The loop nature of the trail will expose program participants and visitors to the
distinctive flora and fauna found within these habitats. The trail would include a 6-foot wide
raised, wooden accessible boardwalk, fashioned like the wooden boardwalks used at the Edwin
B. Forsythe National Wildlife Refuge. This looped walkway would include wooden benches and
interpretive signage at various distances along the trail. The boardwalk and benches will be
constructed from a recycled composite material to reduce long-term maintenance costs.
Maintenance staff at Rutgers University, along with volunteers and educational staff at the JC
NERR, will be responsible for maintenance of the interpretive trail.

This project will feature a self-guided, educational boardwalk that exposes the public to the
various habitats which dominate southern Ocean County, NJ. Importantly, this boardwalk will
describe living resources and discuss the importance of the transitional zones between the
habitats. By offering this type of educational experience, visitors will be able to learn why it is
important to protect such areas. Our boardwalk would be used by the public, K-12 educators,
and by staff educators, who offer professional development opportunities for teachers and their
students. The boardwalk will also be used during outreach workshops for local coastal Managers
charged with land use planning decisions.
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VIII. FACILITIES CONSTRUCTION PLAN

A. Introduction

To date funds have been used to construct core facilities for the Jacques Cousteau National
Estuarine Research Reserve (JC NERR). These include a primary complex that contains offices,
a classroom, wet lab, and dormitory, facilities that house a public exhibit, and research space
located at the Rutgers Marine Field Station.

Two efforts in progress will add satellite facilities to broaden delivery of Reserve programs and
services to achieve the goals of the JC NERR. These are a renovated army barracks at historic
Fort Hancock located at Sandy Hook, and the historic Sheppard House located on the bank of the
Cohansey River in Bridgeton. Future plans require renovation of the Life on the Edge exhibit,
and construction of an auditorium to support growing public programs.

Major construction projects (i.e., buildings) require the preparation of architectural and
engineering plans and state approval of capital outlay proposals. Development of architectural
and engineering plans for buildings must meet the goals and objectives of the Final
Environmental Impact Statement. Funds for constructing buildings may come from Federal
acquisition and development grants. All construction within the JC NERR boundary (core or
buffer) will follow state and Federal regulations and guidelines. The construction and operation
of a research and/or educational facilities will be thoroughly reviewed and examined by all
landholders to ensure there are no negative impacts on the natural system. Pursuant to the
National Environmental Policy Act, a categorical exclusion, environmental assessment, or
supplemental environmental impact statement may be required prior to construction.

Minor construction activities such as nature trails, boardwalks, and boat ramps do not require
architectural or engineering plans. Funding for planning and constructing nature trails,
boardwalks, boat ramps, and other minor improvements also can be awarded under future
acquisition and development grants.

B. Existing Facilities
1. The Jacques Cousteau Coastal Center

Funds from the NERRS Construction and Acquisition Program were used to construct a Coastal
Center in Tuckerton, NJ. The Coastal Center provides research, education and office space, and
supports two types of programs: (1) coastal decision-maker workshops for resource and marine
policy professionals and a variety of local/state government officials, environmental, civic, non-
profit, and public interest groups, and (2) state-of-the-art professional development programs for
K-12 educators seeking environmental classroom and field-based curricular programs. The
Coastal Center is located in the buffer zone, next to the RUMFS dorm. This location has
excellent access to a variety of Reserve habitats with minimal traffic impacts on sensitive areas.

Facilities within the Coastal Center include:
* Main Entry Vestibule
* Distance Learning Classroom - Used for formal classroom activities, lectures, and

hands-on demonstrations, includes an audio-visual projection area and distance
learning equipment
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* Restrooms with showers- Used by our class participants and overnight guests

» Office space - Office space for Reserve staff and volunteers

* Library - Small library for environmental science curricula and watershed
management resources

* Bedrooms - Four bedrooms each with space for four people

» Staff Dorms - Used by staff or VIP guests that may be staying for multiple nights.
Includes a small kitchen and laundry facilities

« Wet Laboratory — Used by education groups and researchers for further
investigations of organisms collected in the field

2. “Life on the Edge Exhibit” at the Tuckerton Seaport

The exhibit opened to the public in July 2002, on the upper level of the Yacht Club Visitor
Center. The project was collaboration between the Tuckerton Seaport, Rutgers-IMCS, and the JC
NERR and was also funded through a NERRS Construction and Acquisition Program. The
multi-media exhibit is presented through the context of water, with a unifying theme of “You
Are Always Upstream or Downstream from Somewhere Else”. Simulated water streaming down
the stairwell welcomes the visitor. After viewing an orientation video, the visitor is reintroduced
to the water theme, repeated in sound, image, light and undulating fluid forms, shaping a natural
pathway through Pinelands, the marshes and bay, barrier island and open ocean. A stopover at
the mock-up of the RUMFS is also part of the journey. Throughout, layers of text, displays of
satellite images, objects and “props”, present ideas and patterns of life. Interactive stations
extend the reach of the exhibit with personal narratives that promote environmental literacy and
scientific advancement, and help define community stakeholders and land use issues. Visitors
leave the “virtual” experience to develop their own points of view. Further exploration at the
Seaport reinforces the exhibit material, to further create a meaningful experience that forges a
sense of place and stewardship of a region rich with culture, natural resources and maritime
history.

3. Marine Field Station, IMCS, Rutgers University

The Rutgers University Marine Field Station (RUMFS) is a unit of the IMCS the primary
manager of the JC NERR. At present, the buildings, causeway and grounds of RUMFS occupy
seven acres on a peninsula close to Little Egg Inlet in southern New Jersey within the JC NERR.
The facilities at this site consist of an office/laboratory building (7,388 sq. ft.), an adjoining
seawater laboratory (1,736 sq. ft.), a third building consists of a partially renovated dry
laboratories/office space (3,390 sq. ft.). The main building is also the terminus for the fiber optic
cable from the Long-Term Ecosystem Observatory at 15 m outside Little Egg Inlet
(http://marine.rutgers.edu/mrs/LEO/LEO15.html). A dormitory (5,828 sq. ft.), warehouse (2,068
sq. ft.), and the JC NERR Coastal Center (7,500 sq. ft.) are located in nearby Tuckerton.
RUMEFS resources also include the R/V CALETA a 28 ft. aluminum hull research vessel,
equipped with an A-frame and winches and a 48 ft. research vessel, the R’V ARABELLA,
equipped with an A-frame, GPS navigation system, lab facilities, and mast mounted wind
sensors. The JC NERR boat, the Mullica Explorer, a 20 ft. Maritime Skiff is docked at RUMFS.
Ready access to this boat enables JC NERR researchers to accomplish research programs and
enhances support of field-based education programs.

Use of RUMEFS has increased almost every year. During the last five years there were typically
25-30 individuals/day in the winter and filled our present capacity of 45-60 during the summer.
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These are comprised of faculty, postdocs, graduate students, staff, and undergraduate interns and
technicians. Over the same period, there have been a large number of visiting scientists from
U.S. (190), Canadian (8), European (4), Japanese (3) and other (7) foreign academic institutions.
Visitors from elsewhere in the US include scientists from academic institutions, federal and state
laboratories, private institutions and consulting companies.

The location of RUMFS near Little Egg Inlet provides immediate access to the adjacent Atlantic
Ocean and a Long-Term Ecosystem Observatory at 15 m depth (LEO-15). This site is already
the focus of multi-disciplinary studies that integrate physical, chemical, geological and biological
approaches to the study to seasonal (e.g. upwellings and hypoxia), low-frequency (e.g. major
storms), and other aperiodic events. The Science Dive Program complements this activity by
support and conducting undersea research activities, primarily at the LEO-15 site. LEO is the
first facility in the U.S. to be established as part of an electro-optical ocean sensing network,
which provides the scientific community with the ability to monitor natural and anthropogenic
changes in the marine environment in situ and in real time. A related sampling program that
operates from RUMEFS, both in the estuary and the ocean, is the Remote Environment
Monitoring Unit (REMUS), an autonomous underwater vehicle that is designed to perform
hydrographic reconnaissance in shallow water (3-20 m).

As a result of interest expressed by many investigators, and the development of NERRs
objectives, RUMFS has become a focal point for estuarine and marine researchers and students
from many other institutions. In addition, the IMCS research experience for undergraduates
summer program sponsors students, from Rutgers and other institutions, who work and conduct
research at RUMFS. In an attempt to encourage graduate student research at RUMFS there is an
annual competition that provides support for students working in the JC NERR.

C. Existing Partnerships

Two recent facilities, funded by NOAA and reserve partners, have been established to scale up
delivery of coastal training, education and outreach programs. These facilities will be operated
in partnership with a variety of stakeholders including government, academic and nonprofit
organizations.

1. Sandy Hook Building Renovation

Brookdale Community College, RU-IMCS and the JC NERR formed a partnership to combine
the research, education, and service strengths of both institutions to serve the Bayshore and
NY/NJ Harbor region. Grounded in nationally-acclaimed science and education programs
(including a major Brookdale program presently housed at Sandy Hook), the partnership
proposes to capitalize on the unique natural resources and reinvestment opportunities that exist at
Sandy Hook to establish a coastal “campus” for the environment including a satellite facility to
scale up delivery of CTP programs and services. Two priority themes will be addressed—
identification of strategies for coastal communities to adapt to the effects of climate change and
science-based efforts to mitigate shoreline erosion.

A broad suite of environmental issues bears on the quality of life and economic vitality of the
Bayshore and NY/NJ Harbor region. These include watershed management, sediment and water
contamination, fishery management, nutrient enrichment, declines in natural resources, habitat
loss, beach erosion, and harmful algal blooms. Given the importance of the coastal environment
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to the sustained economic development of this region, research, teaching, and service programs
that bear on coastal management issues can be used to help guide county planning. Issues such as
these are the subject of constant debate by the public, the media, and coastal decision-makers. A
common feature of these debates is the need for better information and training about the coastal
environment. The existing research, education, and outreach expertise of Brookdale Community
College offer unique opportunities to link science to the management needs of Monmouth
County, and to enrich educational programs across all grade levels with real-world experiences
and training.

Fort Hancock, built a century ago to guard the entrance to New York Harbor at the tip of Sandy
Hook, was deactivated in 1974 and turned over to the National Park Service as part of the
Gateway National Recreation Area. Among its many assets are a number of unique buildings
that are being made available to educational, cultural, business, and non-profit groups. Several
of these buildings are ideal to support the research, education, and service programs of
Brookdale Community College. The Sandy Hook peninsula features diverse habitats ranging
from beaches to wetlands, and offers easy accessibility to the metropolitan area. It also provides
an excellent venue for addressing the environmental and economic challenges faced by the entire
NY/NJ Harbor region, especially as identified by regional user groups (e.g., maritime industry,
environmental Managers, pilots, County officials, and students).

A key feature of the partnership is to link information generated from field research programs to
formal and informal training programs that prepare resource managers, visitors to the Bayshore
and NY/NJ Harbor region, and our youth to be informed decision-makers.

Use of the facilities at Fort Hancock is designed to support a diverse range of research,
education, and service programs. The teaching and academic core of the programs would be
housed in an Enlisted Men’s Barracks (Building 23). At over 17,000 square feet, Building 23
would be used to house classrooms, offices and a GIS laboratory.

The operating plan for Sandy Hook relies on several partnerships and the existing capacity of
these partners. A Rutgers Professor Emeritus serves as the Director of Cooperative Research
Programs at Sandy Hook on behalf of Rutgers University and as the Watershed Coordinator at
Sandy Hook on behalf of the JC NERR. He also leads a Cooperative Ecosystem Studies Unit in
partnership with the National Park Service, and will assist with development of the Seamless
Network Initiative with the National Park Service. The Park Service plans to hire a full-time
GIS Coordinator and a researcher on shore processes in the near future. Individuals stationed at
this facility will work collaboratively on CTP programs for north Jersey, and are proposed to be
housed at Sandy Hook. In addition, the National Park Service plans to develop a National Ocean
Institute at Sandy Hook to deliver training programs for park service personnel, foster activities
and programs in support of science-based management of marine protected areas, and offer
training programs for the next generation of resource managers. These efforts will be conducted
in collaboration with the JC NERR, and offer opportunities to leverage resources, share costs and
facilities. CTP and education programs will focus primarily on the effects of climate change on
coastal communities, and shoreline erosion and protection strategies.

Brookdale Community College plans to lease part of the Sandy Hook space for undergraduate
training.  This activity enables the partnership to incorporate science-based information into
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undergraduate instruction. Brookdale Community College also conducts day programs for pre-
college students. Again, this is an opportunity to incorporate results of JC NERR research,
education and stewardship programs to a broad group of students, parents and educators. Two
classrooms and several offices will be devoted to these efforts.

The New Jersey Sea Grant Program is located at Sandy Hook adjacent to Building 23 and
administered through the New Jersey Marine Sciences Consortium. Sea Grant supports research,
education and marine extension throughout New Jersey. Existing collaborations with the JC
NERR focus on special events such as the Shore Bowl and Coast Day. Additional collaboration
is planned in the complementary areas of marine extension and coastal training, as well as
education programs for the general public.

The National Marine Fisheries Service operates the James J. Howard Laboratory at Sandy Hook.
This agency sponsors research on commercial and recreational fisheries in the New York Bight
region. Research conducted by this regional partner complements plans of the partnership to
develop a fisheries CTP program with a relatively underserved audience—state, regional and
federal fishery Managers. Development activities are underway to make this a future focal point
for the partnership. These include acoustic tracking of finfish (conducted in the JC NERR for
the past three years), a pilot project to apply SWMP data to inform fishery management
decisions, and use of an AUV to characterize water masses such as slope water intrusions that
influence stock assessments.

In summary, the constellation of relevant partners at Sandy Hook offer excellent partnering
opportunities for the JC NERR to scale up and diversify delivery of CTP and education
programs. Shared facilities, existing human and financial capacity, and existing partnerships
combine to make this a practical investment for the JC NERR.

2. Bridgeton: The Cousteau Center at Bridgeton (Sheppard House)

In Cumberland County, the JC NERR has partnered with the City of Bridgeton, the Bridgeton
regional school district, local and regional government and the regional business community to
establish a satellite Reserve effort. A Memorandum of Agreement is included in Appendix F.
Support was received to establish a satellite facility in Cumberland County to expand access to
and delivery of programs to all educators, coastal decision-makers, and interested participants in
the southern New Jersey region. Expansion to this area also responds to demand for coastal
programs and services identified in the CTP Needs Assessment for the JC NERR, and was stated
as a priority in the September 2003 Sec. 312 evaluation of the JC NERR. An existing facility in
Cumberland County is being renovated to support partnership programs. Renovation requires
updating of the core infrastructure, improvements to existing space and the installation of
advanced communications. Exterior work to the Sheppard House was completed with external
funding from the City of Bridgeton and the New Jersey State Historic Preservation Office.

Bridgeton’s history, location, current needs, and committed municipal government make it a
perfect site for a satellite center. Established in the late 1600s as Cohansey Bridge, the City of
Bridgeton has served as the Cumberland County seat since 1748. It is a longstanding regional
center encompassing a wide array of financial, manufacturing, cultural and commercial
enterprises. Rich in history, Bridgeton contains New Jersey’s largest historic district with over
2,200 Colonial, Victorian and Federalist period homes and commercial buildings. However,
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since the second half of the twentieth century, the area has struggled with extensive
unemployment and poverty. Clearly the population is underserved and underrepresented and
particularly appropriate for this type of outreach initiative in keeping with the recommendations
of the Commission on Ocean Policy. The demise of Cumberland County’s oyster industry,
which thrived along the Maurice River until the middle 1950’s, is seen as one of the major
historical and environmental factors affecting the county’s later decline in prosperity. More
recently, the City of Bridgeton began proactive redevelopment efforts to revitalize its waterfront
area and stimulate commercial development. Since regional watershed management is of the
utmost priority in the Bridgeton region, the expansion of partnership training and workshop
programs meet a critical need in Cumberland County and southern New Jersey for science-based
support.

Additionally, anchoring a coastal resource center in Bridgeton’s Sheppard House will facilitate
local implementation of the MARE initiative, so effective in other areas of the state. MARE
(Marine Activities, Resources, and Education), is an interdisciplinary, whole school program that
engages teachers, students, parents, administrators, and the community in transforming
elementary and middle schools into dynamic laboratories for the study of the coast and ocean.
The Institute of Marine and Coastal Sciences/Rutgers and its partners, have established MARE in
over 50 New Jersey Schools, including programs in several Bridgeton schools including Indian
Avenue and Quarter Mile Lane schools. Complementing the MARE program, the Sheppard
House partnership program will offer Project PORTS: Promoting Oyster Restoration Through
Schools, a community-based oyster restoration and education program for K-12 students. This
program has been specifically developed for the Delaware Bayshore region and holds particular
relevance for Cumberland County educators and students.

As with the satellite program based at Sandy Hook, programs and activities centered at the
Sheppard house rely on existing partnerships and partner capabilities. Many local and regional
organizations have committed to collaborating with the JC NERR and include: Director,
Bridgeton Department of Development and Planning; President, Bridgeton Development
Corporation; Director, Tri-County Community Development Corporation; Chair, Bridgeton
Municipal Port Authority; President, Bridgeton Downtown Association; Chair, Bridgeton
Church Council; President, Cumberland County College; Superintendent of Schools,
Cumberland County; Director, Cumberland County Planning and Economic Development;
Chair, Aquaculture Development Corporation; Executive Director, Cumberland County Utilities
Authority; Executive Director, Cumberland County Development Corporation; Executive
Director, Cumberland County Empowerment Zone; Director, = Haskin  Shellfish  Research
Laboratory; Director, Garden State Principals Center; Director, Environmental Affairs, Public
Service Electric & Gas Company; and the Director, Walter Rand Institute for Public Policy at
Rutgers-Camden.

These partners seek to develop a regional science enrichment and economic development
program that capitalizes on the natural resources of the Bridgeton area and the research,
education and stewardship capabilities of the JC NERR. Outreach is a key element critical to the
success of the Program, especially for rapid dissemination of demonstration and research
findings to the coastal user community in the Bridgeton region. Specific activities to be
conducted include:

68



VIII. Facilities Construction Plan

1. Coastal Decision-Maker Workshops to enhance coastal decision-making and provide
periodic scientific updates.

2. Field demonstrations of innovative techniques, methods, and practices to improve the
capabilities of coastal planning efforts at the local level.

3. Educational programs that capitalize on the natural resources of the Bridgeton region
to enrich basic and problem-solving skills of precollege students.

4. Opportunities for Bridgeton-area educators to participate in science enrichment
programs such as MARE and Summer Research Experiences for educators.

5. Conservation of coastal resources.

Of particular importance are two emerging partnerships, one with The New Jersey Audubon
Society and the other with the Freeholders of Cumberland County. The Nature Center of Cape
May, an existing JC NERR partner that is administered by New Jersey Audubon, seeks to
collaborate on public educational programs delivered via the Sheppard House. This group has
expressed interest in locating staff and resources at the facility. In turn, this partnership will
engage NJ Audubon in CTP efforts directed at information needs specific to south Jersey.

With respect to the County Freeholders, discussions have occurred to secure part-time support
for a Watershed Coordinator at the Sheppard House. This also may be accomplished in
cooperation with Rutgers Cooperative Extension.

Future discussions also will be held with New Jersey Sea Grant to identify opportunities to co-
locate a marine extension agent at Sheppard House, especially to develop and deliver programs
related to non point source pollution/stormwater management, climate change, and coastal
development.

D. Maintenance

The buildings and the grounds at the Coastal Center, the adjoining dorms and RUMEFS are
maintained by two full-time facilities staff members from Rutgers University. During the
summer months when all facilities are being used to full capacity, additional part-time help may
be enlisted to meet maintenance needs. Satellite facilities at Sandy Hook and Bridgeton will be
maintained by Rutgers University and reserve partners.

E. Future Planned or Proposed Projects
1. Renovation of “Life on the Edge” Exhibit

In 2002, the JC NERR opened the “Life on the Edge” public exhibit at the Tuckerton Seaport.
This facility features interpretive exhibits that introduce visitors to the ecologic, economic and
historical attributes of the MRGB system. Habitats, research activities and CTPs are presented in
a manner that enables visitors to enhance their understanding of state and federal conservation
and coastal management issues. Exhibits articulate differing perspectives from scientists,
managers and people who use the estuary.
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The purpose for the exhibits was to educate visitors about the ecological, economical, and
historical values of the Mullica River-Great Bay region and how they relate to state and national
protection and management issues. The overwhelming message is positive — articulating the
wonder of estuaries from the perspective of scientists, managers, and people who use the estuary
(ie.Baymen).

Exhibits are nearing the end of their life expectancy, and some of the information is dated.
Funds will be sought to update the exhibit, incorporate new communications and learning
strategies, and deliver a dynamic experience for a general public audience.

Updates to the exhibit design require a process of place-making and narratives from a variety of
perspectives. The exhibits will move beyond “edutainment” and will offer the visitor
opportunities to “scaffold learning”, develop scientific inquiry skills, and enhance aesthetic
appreciation of the natural world. The exhibit will be thematic and will express issues important
to the JC NERR. The exhibit updates will provide non-formal education opportunities which
will use a self inquiry approach to relevant topics. Inquiry based exhibits sustain the visitor’s
interest and attention and leave them feeling satisfied that they have gained knowledge. Because
people learn in different ways, interactive and learning options, such as text, sound, and touch
will be employed to form a free choice learning environment. Exhibit updates for family
learning will encourage intergenerational participation and interaction. Design updates will be
made to develop a more engaging exhibit for school group visits to provide a link for children to
connect with nature.

Life on the Edge topics and themes will aim to raise awareness of the ecological, economical and
historical value of the Mullica River-Great Bay region, and to foster citizen stewardship efforts
on behalf of preserving coastal and estuarine resources. We are always upstream or downstream
of somewhere else.

Further enhancement will move toward the design of a greener exhibit to reduce operating costs
such as motion sensor lighting, LED and fluorescent lighting. This is an opportunity to highlight
sustainable strategies and advance the JC NERR stewardship mission.

The proposed construction schedule for this project will be broken down into the following
construction phases: pre-design, schematic design, design development, construction
documentation, construction administration, and construction/fabrication/installation.  All
renovations should be completed within a three year period.

The Pre-Design phase focuses on preparing a clear vision and solid foundation for all work that
follows, insuring that the project is logically structured and its goals are understood and
realistically attainable. Project team members and stakeholders are identified and their roles
defined. In this phase we determine the project goals, interpretive objectives and the desired
visitor experiences. Existing exhibits are evaluated as well as audience response to determine
what works, where improvements can be made, or what should be added. Project parameters,
such as the architectural space, budget, and timeline that will influence the overall design
outcome are evaluated.
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Work accomplished during the Schematic Design Phase will be divided into two sub-phases:
Schematic I and Schematic II. In Schematic I alternative schemes are explored for organizing
both the interpretive content and physical layout of the exhibits and media. In Schematic II, a
preferred alternative has been selected and major stories, exhibit elements and presentation
techniques are illustrated and described. An early budget is developed for the overall project.

The work accomplished in the Design Development phase is divided into two sub-phases:
Design Development and Final Design. Design development builds upon the plan approved in
the Schematic Design phase. All major details of the design are confirmed. Content planning is
fully developed in detail. Design and content are integrated into coherent presentations formats.
Complex media elements requiring further development are fully described. The exhibit’s
physical structure and operational characteristics are established. The preliminary budget is now
refined. In Final Design all content Development is completed: objects, images, and text.

During the Construction Documentation phase technical drawings and specifications are
completed, communicating details necessary for potential exhibit fabricators to understand,
price, and begin work on the project. These drawings communicate design intent. The exhibit
fabricator is responsible for developing all shop drawings. Pre-Production planning and design
tasks are initiated and coordinated with the exhibit fabrication schedule.

Construction Administration work includes creative and technical support during fabrication of
the project, including Planning and Design Follow-ups required to complete development of
specific exhibit elements, and Fabrication Support to insure adherence to the project’s design
intent.

During the Construction/Fabrication/Installation phase experiences craftsman will create an
exact likeness of the JC NERR Reserve from the technical drawings and specifications paying
attention to details and construction codes. Installation will be supervised with creative
flexibility to allow for on site alternations and possible production changes and revisions.

Costs associated with the above phase work are estimated at $72,000 for all phases excluding the
Construction/Fabrication/Installation phase. Fabricators are currently quoting
construction/fabrication/installation costs of $500 sq. ft. for a highly interactive exhibit, $250 sq.
ft. for a moderately interactive exhibit and $150 sq. ft. for a traditional more graphical exhibit.
The total square footage of the Life on the Edge exhibit is 2400 sq. ft.

As with all JC NERR construction projects, Rutgers University will provide matching support
through salaries for staff time for overall project management of the proposed project.

2. Renovation of Research and Education Facilities within the JC NERR
To address a critical facilities need, the JC NERR plans to renovate two small dry laboratories
and offices. On numerous occasions during the past five years, the JC NERR was either unable
to provide laboratory space for visiting scientists or the space provided was marginal and failed
to use researcher time in the JC NERR efficiently. This renovation will allow the continued
development of the JC NERR as a significant facility for the study of complex and important
issues confronting the ecology and management of the coastal zone.
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Numerous domestic and international scientists, teachers, legislators and students use JC NERR
facilities each year. These facilities are uniquely located within international, national and state
reserve systems. As a result, this protection provides an exceptional opportunity for estuarine and
coastal inquiry across physical, geological, chemical and biological regimes that are largely
protected from human disturbance. The intellectual contributions of JC NERR partners and
investigators are innovative and substantial.

Because JC NERR facilities are used by a wide variety of individuals, renovations will be
broadly available for a number of potentially very different lines of research as well as education.
Further, insights gained through these improvements will be actively communicated to other
scientists, resource managers, legislators and the general public through a variety of conventional
approaches (publications, undergraduate and graduate classroom teaching) and state-of-the-art
techniques (web-based learning and communication). The JC NERR has a history of productive,
leading edge research, a broadly applicable setting and a commitment to building excellent
infrastructure for science and training.

The requested renovations for two small dry laboratories and two offices are needed to improve
our capacity to deliver quality research, education and training, especially for visiting scientists
including faculty, postdoctoral fellows, graduate students and summer interns. This project will
safeguard environmental quality in several ways. Rutgers University is required by state law to
construct and renovate facilities to a LEED certifiable standard of a “Silver” rating and all
University Design Standards are written and completed at that level. This includes optimizing
energy performance using higher energy efficient equipment, lighting, motors, and use of
renewable energy. These standards also include reduction of greenhouse gases, reduction of
water usage, low VOC or no VOC in new construction materials, recycling of construction waste
and use of paper with a minimum of 30% consumer fiber content, management of a recycling
program at the faculty, and reducing the use of hazardous materials for research.

The laboratories (429 sq. ft) and offices (819 sq ft) will be renovated by improving insulation,
electrical/lighting, and HVAC. Both laboratories will be outfitted with new cabinetry/casework,
and one will have a new ventilation hood. The office space will be renovated by improving
insulation, HVAC, electrical/lighting and providing moveable partitions to enhance the available
space. The estimate of monies needed to complete the construction is $624,000. This cost is
based on estimates of $556/sq.ft. for 1,248 sq. ft. by Rutgers University, Facilities and
Maintenance Services. Matching support in the amount of $267,430 for this project will be
provided by Rutgers University School of Environmental and Biological Sciences (SEBS) to
further equip the laboratories and offices for tracking fish in space (telemetry) and time (otolith
analysis). This matching support will also include $65,000 for research equipment and $30,000
for minor equipment and lab supplies toward proposed research goals. In addition, other match
support includes $102,430 for personnel support for guiding the construction and $70,000 for
construction support from SEBS.

The proposed construction schedule for this project will be broken down into seven construction
phases including pre-design, schematic design, design development, construction documentation,
bidding and permits, construction phase and close-out and occupancy. Each phase will require
anywhere from 40 to 154 days to complete. All renovations should be completed within a three
year period.
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3. Construct Public Auditorium/Meeting Space
The existing research, education, and outreach programs of the Jacques Cousteau National
Estuarine Research Reserve offer unique vehicles to address coastal management. The JC
NERR staff has developed a broad array of educational programs and services that benefit
diverse audiences. These programs link management information with science, and enrich
educational programs across all demographics with real-world experiences and training within
the state of New Jersey.

A new auditorium/public meeting complex constructed at the JC NERR Coastal Center will
provide valuable infrastructure to deliver programs that will raise the Cousteau profile in Ocean,
Atlantic and Burlington counties within the Mullica River/Great Bay watershed in a state of the
art setting.

Existing off-site venues used for current programs (such as Lunch n Learn) limit the number of
participants and types of programs offered. Participation in the Marine Activities Resources and
Education (MARE) program for K-12 teachers could significantly increase. The JC NERR has
developed a mature volunteer program which can help administer public programs on site at the
JC NERR Coastal Center. Also, there is a demonstrated need for a venue of this size and with
these capabilities in this area. On numerous occasions the Cousteau Reserve has fielded requests
by New Jersey Department of Environmental Protection, and other partners for such a facility.

The proposed auditorium will include a lobby area with freestanding displays that illustrate the
four ecosystems encompassed in the reserve; Pinelands, wetlands/estuaries, barrier islands, and
open oceans and work of the JC NERR. This space will also be used for queuing program
participants and will include restrooms. The auditorium will accommodate 100 people on a
gradual slope. The seats will include flip-up desks tops. The front of the room will include a
stage area, a large screen, and distance learning equipment to ensure the ability to access learning
opportunities off-site. The auditorium will be connected to the existing structure by a walkway.

Rutgers University is required by state law to construct facilities to a LEED certifiable standard
of a “Silver” rating and all University Design Standards are written and completed at that level.
This includes optimizing energy performance using higher energy efficient equipment, lighting,
motors, and use of renewable energy. These standards also include reduction of greenhouse
gases, reduction of water usage, low VOC or no VOC in new construction materials, recycling of
construction waste and use of paper with a minimum of 30% consumer fiber content, and
management of a recycling program at the faculty.

The proposed construction schedule for this project will be broken down into seven construction

phases including pre-design, schematic design, design development, construction documentation,
bidding and permits, construction phase and close-out and occupancy. Construction should take

approximately three years.

The estimate of monies needed to complete the auditorium would range between 3.5 million to
4.5 million for a 7,000 to 8,000 sq. ft. auditorium and 4.5 to 5 million for a 10,000 sq. ft.
auditorium. This cost is based on estimates of $500 sq.ft. by Rutgers University, Facilities and
Maintenance Services. Matching support will be provided by Rutgers, The State University of
New Jersey through salaries for staff time for project management of the proposed project.
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IX. RESEARCH AND MONITORING PLAN
A. NATIONAL ESTUARINE RESEARCH RESERVE SYSTEM

1. Reserve System Research

The Reserve system provides a mechanism for addressing scientific and technical aspects of
coastal management problems through a comprehensive, interdisciplinary, and coordinated
approach.  Research and monitoring programs, including the development of baseline
information, form the basis of this approach. Reserve research and monitoring activities are
guided by the Reserve system research and monitoring plan 2006-2011 which identifies goals,
priorities, and implementation strategies. This approach, when used in combination with the
education and outreach programs, will help ensure the availability of scientific information that
has long-term, system-wide consistency and utility for managers and members of the public to
use in protecting or improving natural processes in their estuaries. Research within the Reserves
is designed to fulfill the Reserve system goals as defined in program regulations. These include:

» Address coastal management issues identified as significant through coordinated
estuarine research within the System;

» Promote Federal, state, public and private use of one or more Reserves within the
System when such entities conduct estuarine research; and

* Conduct and coordinate estuarine research within the System, gathering and making
available information necessary for improved understanding and management of
estuarine areas.

2. Reserve System Research Funding Priorities
Federal regulations, 15 C.F.R. Part 921.50 (a), specify the purposes for which research funds are
to be used:

*  Support management-related research that will enhance scientific understanding of
the Reserve ecosystem,

* Provide information needed by Reserve managers and coastal ecosystem policy-
makers, and

* Improve public awareness and understanding of estuarine ecosystems and estuarine
management issues.

The Reserve system has identified the following five priority research areas to complement the
funding priorities outlined above:

Habitat and ecosystem processes
Anthropogenic influences on estuaries
Habitat conservation and restoration
Species management

Social science and economics

Nk W=

3. Reserve System Research Goal
As stated in Goal 2 of the Reserve System Strategic Plan for 2005-2010, the NERRS aim is to
research goal for the reserve system is to “Increase the use of Reserve science and sites to
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address priority coastal management issues.” This is also outlined in the 2006-2011 Reserve
System Research and Monitoring Plan. Expected systemwide outcomes include:

» Biological, chemical, physical, and ecological conditions of Reserves are
characterized and monitored to describe reference conditions and to quantify change.

» Scientists conduct research at Reserves that is relevant to coastal management needs
and increases basic understanding of estuarine processes.

» Scientists have access to NERRS datasets, science products and results

» The scientific, coastal management and education communities, as well as the general
public, use data, products tools, and techniques generated at the NERRS.

Currently, there are two Reserve system-wide efforts to fund estuarine research. The Graduate
Research Fellowship Program (GRF) supports students to produce high quality research in the
Reserves. The fellowship provides graduate students with funding for 1-3 years to conduct their
research, as well as an opportunity to assist with the research and monitoring program at a
Reserve. Projects must address coastal management issues identified as having regional or
national significance; relate them to the Reserve system research focus areas; and be conducted
at least partially within one or more designated Reserve sites. Proposals must focus on the
following areas: 1) Eutrophication, effects of non-point source pollution and/or nutrient
dynamics; 2) Habitat conservation and/or restoration; 3) Biodiversity and/or the effects of
invasive species; 4) Mechanisms for sustaining resources within estuarine ecosystems; or 5)
Economic, sociological, and/or anthropological research applicable to estuarine ecosystem
management.

Students work with the research coordinator or manager at the host Reserve to develop a plan to
participate in the Reserve’s research and/or monitoring program. Students are asked to provide
up to 15 hours per week of research and/or monitoring assistance to the Reserve; this training
may take place throughout the school year or may be concentrated during a specific season.

Secondly, research is funded through the Cooperative Institute for Coastal and Estuarine
Environmental Technology (CICEET), a partnership between NOAA and the University of New
Hampshire (UNH). CICEET uses the capabilities of UNH, the private sector, academic and
public research institutions throughout the U.S., as well as the 27 Reserves in the Reserve
system, to develop and apply new environmental technologies and techniques.

4. System-wide Monitoring Program
It is the policy of the Jacques Cousteau National Estuarine Research Reserve to implement each
phase of the System-wide Monitoring Plan initiated by ERD in 1989, and as outlined in the
Reserve system regulations and strategic plan:

* Phase I: Environmental Characterization, including studies necessary for inventory
and comprehensive site descriptions;

* Phase II: Site Profile, to include a synthesis of data and information; and

* Phase III: Implementation of the System-wide Monitoring Program.

The System-wide Monitoring Program provides standardized data on national estuarine
environmental trends while allowing the flexibility to assess coastal management issues of
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regional or local concern. The principal mission of the monitoring program is to develop
quantitative measurements of short-term variability and long-term changes in the integrity and
biodiversity of representative estuarine ecosystems and coastal watersheds for the purposes of
contributing to effective coastal zone management. The program is designed to enhance the
value and vision of the Reserves as a system of national references sites. The program also takes
a phased approach and focuses on three different ecosystem characteristics.

1. Abiotic Variables: The monitoring program currently measures pH, conductivity,
salinity, temperature, dissolved oxygen, turbidity, water level and atmospheric
conditions. In addition, the program collects monthly nutrient and chlorophyll a
samples and monthly diel samples at one SWMP data logger station. Each Reserve
uses a set of automated instruments and weather stations to collect these data for
submission to a centralized data management office.

2. Biotic Variables: The Reserve system is focusing on monitoring biodiversity, habitat
and population characteristics by monitoring organisms and habitats as funds are
available.

3. Watershed and Landuse Classifications: This component attempts to identify changes
in coastal ecological conditions with the goal of tracking and evaluating changes in
coastal habitats and watershed land use/cover. The main objective of this element is
to examine the links between watershed land use activities and coastal habitat quality.

These data are compiled electronically at a central data management “hub”, the CDMO at the
Belle W. Baruch Institute for Marine Biology and Coastal Research of the University of South
Carolina. They provide additional quality control for data and metadata and they compile and
disseminate the data and summary statistics via the Web (http://cdmo.baruch.sc.edu) where
researchers, coastal managers and educators readily access the information. The metadata meets
the standards of the Federal Geographical Data Committee.

B. JC NERR Program

1. Goal, Objectives, and Strategies
The research goal of the JC NERR is to address Key management information needs,
especially with respect to eutrophication, habitat loss and alteration, effects of climate
change and sea level rise on coastal communities and resources, and resource conservation
are supported with advanced coastal and estuarine research and observing capabilities at
relevant time and space scales.
Key research objectives are to:

Objectives

» Track and predict short-term variability and long-term change in the integrity and
biodiversity of estuarine ecosystems and coastal watersheds.

* Disseminate research results and other pertinent information to local and regional
decision-makers.

77



JC NERR Management Plan 2009 - 2014

» Promote the reserve as a long-term study site for use by federal, state, local, private
and academic organizations.

Strategies

» Capitalize on innovative remote sensing and observation technologies to track change
in ecosystem processes, land use and land cover.

» Maintain a data repository that is easily accessed by coastal stakeholders.

» Partner with CICEET and other organizations to focus research and observing
opportunities in the JC NERR.

» Communicate results of research through publicly accessible media.

» Collaborate with coastal training and education staff to translate research findings to
target audiences.

An integrated approach to research and monitoring will be used to characterize environmental
conditions in the estuaries and adjoining coastal watershed areas of the Reserve. Baseline data
will be regularly collected on water quality, habitat and biotic communities, and land use/land
cover. These databases will be used to track the health and ecosystem function of estuarine
systems in the Reserve through quantitative measurements of short-term variability and long-
term changes in chemical and physical parameters as well as key biotic indicators. These data
will provide decision-makers with vital information for devising solutions to coastal
management problems.

All areas of the Reserve provide an opportunity to observe and explain basic functions of and
changes in natural systems and apply this information to other estuarine systems along the mid-
Atlantic coast. These areas, which are already managed in part to maintain their relatively
undisturbed character, can be used as controls or benchmarks to compare with other areas.
These areas may be modified or manipulated to accommodate research needs and to maximize
their research utility in accordance with the Manipulation Plan.

JC NERR research will focus on ecosystem-based initiatives to help characterize or define
physical, chemical, and biological processes controlling stability and change in the Reserve. To
this end, priority research will emphasize the development of nutrient budgets for the estuarine
systems in the Reserve, characterization of human alteration of habitat and water quality, and
effects of climate change on coastal and estuarine systems. Research is also underway to
describe more definitively the benthic habitats and water column processes influencing the
species composition, diversity, and function of biotic communities in the estuaries. High priority
research initiatives are targeting benthic, nektonic, and planktonic communities in the tidal
creeks as well as the open waters of the Reserve estuaries. Critically important in this regard is
the assessment of essential habitat, such as submerged aquatic vegetation (SAV), shellfish beds
(hard clams), and salt marsh biotopes to the system.
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2. Research and Monitoring Projects

a. System-wide Monitoring Program (SWMP)
i. Nutrients
Research will continue on the collection of atmospheric nitrogen data and water column nutrient
data to determine the degree that both nutrient sources may contribute to seasonal algal blooms
in the Mullica River-Great Bay Estuary. An atmospheric sampling platform was constructed at
the Rutgers University Marine Field Station (RUMEFS) in March 2004, and data on atmospheric
deposition of nitrogen have been collected. The long-term goal is to develop a nutrient budget
for the Mullica River-Great Bay (MRGB) Estuary.

ii. Physical Parameters

The JC NERR currently will maintain five SWMP monitoring stations: four water-quality
monitoring stations and one weather monitoring station. These include Lower Bank and
Chestnut Neck in the Mullica River, and Buoys #126 and #139 in Great Bay (Figure 13).
Monthly arrays of water quality and nutrient data will be collected at all of these sites using YSI
datasondes, an ISCO sampler, and standard grab samplers. A meteorological station will be
maintained at the Richard Stockton College Marine Field Station adjacent to the Mullica River.
Two SWMP monitoring stations (Chestnut Neck and Buoy 126) have been equipped with
telemetry equipment that broadcasts water quality data to a GOES satellite, which is then posted
to the World Wide Web.
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Figure 13. SWMP Monitoring Stations.

79



JC NERR Management Plan 2009 - 2014

The physical environment of the MRGB estuary will be monitored continuously with
measurements of air and water temperature, wind speed and direction, and rainfall at nearby
Atlantic City. JC NERR staff will use YSI data loggers to record salinity, turbidity, water
temperature, dissolved oxygen, pH, and tidal variation. Data loggers will collect data in half-hour
increments at three sites along a salinity gradient from fresh river waters to the open estuary.
This information will be helpful in addressing short-term and long-term episodic events in the
estuary, including patterns of circulation and the effects of upwelling events detected on the
inner continental shelf by LEO equipment. These data will also be valuable in research on the
results of upwelling on larval fish transport in the estuary and general patterns of species
distribution within the estuary. Meteorological conditions including wind speed, direction and
velocity, solar radiation, barometric pressure, and humidity will be recorded in one second
intervals at the RSC Marine Field Station using a Campbell weather station. Monthly nutrient
sampling will continue at the aforementioned SWMP sites, yielding a comprehensive database
on ammonium, nitrate, ortho-phosphate, and chlorophyll a.

b. Phytoplankton

Phytoplankton studies are ongoing in the Barnegat Bay-Little Egg Harbor Estuary as part of the
assessment of escalating nutrient enrichment impacts from coastal watershed areas on this
important coastal bay system. Chlorophyll a data are being collected estuary-wide as a measure
of phytoplankton biomass. The occurrence and abundance of the toxic-bloom-forming species
Aureococcus anophagefferens are being surveyed, particularly as they relate to alteration of vital
seagrass habitat in the estuary. The development of A. anophagefferens blooms (HABs) are
being investigated in respect to short-term nutrient loading and estuarine availability. Long-term
field surveys will target phytoplankton communities and changes in species composition in
response to climate variation and other environmental stress factors.

c. Benthic Research
i. Benthic Habitat Mapping

Benthic Habitat Mapping within the JC NERR involves the inclusion of several research projects
in a Geographics Information System to create a more complete picture of the benthic habitat.
Analysis of side-scan sonar images of Great Bay has been conducted to characterize the seabed
morphology and benthic habitats of a swath of estuarine floor near a long-term water quality
monitoring station (Buoy #126 in Great Bay, New Jersey) of the JC NERR using high-frequency
(600 kHz) side-scan sonar imaging. Acoustic backscatter records obtained with REMUS, an
autonomous underwater vehicle, have been compared to the morphologic features of the seabed,
bathymetry of the survey area, and the bottom sediment type. In addition, the array of bedforms
delineated via side-scan imaging at the field site has been assessed for potential habitat of
bottom-dwelling organisms.

Underwater camera systems have also been used to image bottom environments in the Reserve to
augment benthic habitat mapping via side-scan sonar applications. Digital video camera and
recording units are effective tools that provide high resolution images of the estuarine and coastal
ocean floor useful for characterizing benthic communities and habitats in the JC NERR. The use
of high resolution underwater camera systems coupled to GPS units in conjunction with remote
sensing surveys conducted with aerial photographic and satellite imaging platforms are being
employed in JC NERR research and monitoring initiatives over the near and long term.
Continued application of these technologies will yield broad spatial coverage of estuarine
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systems as well as fine detailed benthic characterization in spatially restricted habitats of the
Reserve.

* Sediments Distribution and Composition
Sediment composition and percent organic matter are being collected throughout the Reserve
system to as part of an overall characterization of bottom habitats. In particular, bottom
sediment characterization will be used to determine if and how sediments influence biotic
communities in the Reserve estuaries. Benthic grab samplers and corers are being used to collect
sediment in SAV beds, unvegetated bay bottom, and intertidal flats.

ii. Benthic Community Surveys
Surveys will be conducted in estuarine waters of the JC NERR system to characterize the benthic
faunal and floral communities. Biotic samples will be collected from both hard surfaces and soft
bottom sediments to determine the species composition, abundance, diversity, and spatial
distribution of the communities. Sampling will also be conducted to delineate spatial and
temporal variation of constituent populations. This work will be augmented by videographic
imaging and diver observations of the bay bottom to provide a more complete assessment of
demographic characteristics of the communities as well as to provide additional information for
benthic habitat characterization and mapping.

* Submerged Aquatic Vegetation
To assess the present condition of seagrass habitat in the BB-LEH Estuary, researchers working
in the BB-LEH Estuary are conducting extensive investigations of seagrass beds. Both remote
sensing and in situ surveys are being conducted to document the condition of SAV habitat in
Reserve waters. Investigations will be ongoing to assess the effects of eutorphication on the
SAYV habitat.

CRSSA has mapped the areal extent and density of SAV within the BB-LEH Estuary as part of
extensive monitoring for the BBNEP. Using advanced digital camera equipment flown in an
airplane, the entire BB-LEH system was imaged on May 4 and 5, 2003. This color imagery was
flown in the spring prior to increasingly turbid conditions in summer, enabling Rutgers
researchers to observe the bay bottom and determine the location of seagrass beds. The aerial
overflight was complemented with boat-based surveys to determine species type (i.e. eelgrass or
widgeon grass), percent cover, blade height and sediment type. Periodic mapping will be
conducted as funds permit to update the areal extent and diversity of SAV habitat.

Periodic in situ surveys of SAV beds will be conducted to assess vital population demographics
of eelgrass (Zostera marina) and widgeon grass (Ruppia maritima). Three-pronged seagrass
surveys will be completed which entail in situ quadrat, core, and hand sampling, as well as high-
resolution underwater videographic imaging and comprehensive water quality sampling at 120
sampling stations estuary-wide. The main objective of these SAV investigations will be to
determine the temporal and spatial habitat change of seagrass (Zostera marina and Ruppia
maritima) over an annual growing period, as well as the potential impacts of benthic macroalgae
and phytoplankton blooms on the seagrass beds. To accomplish this objective, seagrass beds in
the estuary will be sampled bimonthly (June, August, and October). The following demographic
data will be collected on seagrasses in the estuary: aboveground and belowground biomass,
shoot density, blade length, percent epiphytic overgrowth, percent areal cover, and presence of
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bay scallops and other shellfish species. The abundance and percent cover of macroalgae will
also be recorded. Diver observations will be made to determine the occurrence and areal cover
of seagrass and macroalgae, epiphytic infestation, and presence of bay scallops. In addition, high
resolution, underwater videographic imaging coupled to a differential global positioning system
(GIS) will be used to validate diver observations. Sampling stations will be permanently located
with a Differential Global Positioning System (Trimble®GeoXT™ handheld unit). Additional
comprehensive SAV surveys will be conducted during the next five years using the same
sampling protocols.

* Biofouling on Hard Structures

Epibenthic assemblages are collected on hard surfaces using three unique substrate materials:
(1) aluminum panels oriented both vertically and horizontally; (2) plastic and PVC disks
orientated horizontally; and (3) wood. Panels have been deployed and collected in summer and
fall over the past five years; organisms are identified to the genus level, and when possible, to the
species level. Typical fouling organisms include barnacles, calcareous worms, mussels,
bryozoans, and algae. This study will help the NERR understand how SWMP data loggers are
affected by fouling organisms during their 14-day deployment period. It will also provide
information on the impact of fouling organisms on the degradation and integrity of human
structures in estuarine environments of the Reserve.

d. Fisheries Resource Studies
i. Blue Crabs
Research on the blue crab (Callinectes sapidus) entails assessment of its growth, reproduction,
and mortality in both natural and altered habitats of the JC NERR. Investigations are being
conducted by partners on the structure of blue crab populations in Great Bay and the BB-LEH
Estuary and to determine their utilization of different habitat types. A major goal is to ascertain
if human activities have a significant impact on abundance and mortality of blue crabs in
estuarine waters of the Reserve.

ii. Finfish

Finfish research in the JC NERR is being conducted mainly by scientists at the Rutgers
University Marine Field Station. Extensive and long-term datasets have been collected on the
ichthyoplankton of the Mullica River-Great Bay Estuary. Other research has focused on habitat
utilization by early life-history stages of species in estuarine and coastal marine environments.
Habitat utilization by the mummichog, Fundulus heteroclitus, and the sheepshead minnow,
Cyprinodon variegates, in the Mullica River-Great Bay Estuary provides an example. Species of
recreational and commercial importance have also been targeted. For instance, studies have been
conducted to track the distribution and movements of striped bass Morone saxatilis, summer
flounder Paralichthys dentatus, and bluefish Pomatomus saltatrix in the MRGB Estuary and
contiguous nearshore ocean waters using automated acoustic instrumentation. Other species are
now being targeted for further research.

e. Herpetofauna (Northern terrapins)
The northern diamondback terrapin is listed as a "Species of Special Concern" in New Jersey. It
is also an organism highly susceptible to road mortality by both residents and tourists frequenting
wetlands habitat area along the estuary. Investigations have been conducted by RUMFS and JC
NERR to (1) estimate the effect of road mortality due to traffic volume and speed on Great Bay
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Boulevard near Tuckerton, where terrapins are commonly observed; (2) identify any
relationships between traffic volume/speed during the day/might or week/weekend that may
correlate with increased/decreased road mortality; (3) determine the environmental factors that
may increase the occurrence of diamondbacks on the road (e.g., temperature or creek location);
and (4) evaluate the use and effectiveness of Passive Integrate Transponder tags to mark
diamondback terrapins that encounter roadways. These studies have also beenconducted to learn
more about the population dynamics of the northern terrapin in the region.

f. Remote Sensing and Geographic Information Systems (GIS)

The Grant F. Walton CRSSA, in cooperation with Rutgers —IMCS, has been utilizing
Geographic Information Systems (GIS) technology for on-going research in the JC NERR
system. As the primary source of GIS coordination for the Reserve, CRSSA has created and now
maintains a web site to highlight produced maps, interactive mapping capabilities, and the JC
NERR, Coastal Resource Repository. CRSSA is also involved with several research projects
within the JC NERR boundaries including: buildout analysis of the Mullica River Watershed,
buildout analysis of the Barnegat Bay Watershed, land cover of New Jersey in 2000 using spot /
landsat satellite data, mapping of submerged aquatic vegetation in BB-LEH, and mapping brown
tide in the the estuary. The 2003 SAV aerial distribution maps and GIS data/metadata
downloads are available over the internet at http://crssa.rutgers.edu/projects/runj/sav/index.htm.

g. Coastal Change Research — Sandy Hook,

Gateway National Recreation Area
The dynamic interaction of the available sediment with the ambient waves and currents is a
central focus of research along both the Oceanside and Bayside components of Sandy Hook.
GPS survey units with sub-meter accuracy have been used to record shoreline position change,
and to establish a protocol for position determination and monitoring in the North Atlantic region
of the National Park Service. The utilization of Real-Time Kinematic GPS survey equipment is
generating an extensive suite of coastal topographical data to measure sediment budget in a
geotemporal context and to provide management with a quantitative evaluation of dimensions of
change. Under the Seamless Network cooperative program initiated by JC NERR and the NPS,
efforts are underway to integrate the use of the REMUS underwater vehicle with plans for a
major estuarine research effort and new dock facility. Additional directions being pursued by the
Seamless Network program to include local utilization of CODAR monitoring of nearshore
waves and currents, and research directed toward impacts of climate change on the coastal
system.

3. Research Opportunities
Research priorities are driven by the national NERR goals and objectives and will be modified to
address Reserve and site specific management needs. A number of research areas are currently
being pursued within the JC NERR program. These include investigations on eutrophication,
habitat loss and alteration, effects of climate change on coastal communities and resources, sea
level rise, and resource conservation. These research initiatives involve integrative efforts of the
research and monitoring, CTP, and education sectors of JC NERR.
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4. Cooperative Efforts Coordination with the NERR System
The JC NERR works closely with NOAA-ERD staff, especially with the ERD Research
Coordinator to develop and assess national research priorities. NOAA also is involved with the
Reserve through research funding and proposal evaluation. The Reserve Manager and Research
Coordinator communicate with other NERR Managers in other states, particularly the Mid-
Atlantic States, and work with NOAA and other Reserve managers and researchers to exchange
information.

Data from the JC NERR, and the other 26 reserves in the system, contribute to the Reserve
network's long-term study to monitor the status and trends of estuarine ecosystems,
substantively, to understand long-term ecological effects on estuaries and how we may better
conserve and manage coastal resources. The coordinated research network aids greatly in
understanding the theoretical and practical aspects of conservation and coastal resource
management.

JC NERR Staff communicates with OCRM, other Reserves, National Marine Sanctuaries
(NMS), the New Jersey Sea Grant Program, the New Jersey Department of Environmental
Protection marine water quality monitoring, and other programs in the marine and estuarine
science community via e-mail and meetings. Reserve staff also coordinates with NOAA's Office
of Ocean Resources Conservation and Assessment (ORCA) Status and Trends Program, and the
Environmental Protection Agency, where possible.

5. Funding opportunities

Sources of external funding for the research program have included the BBNEP as well as state
(NJ DEP) and federal government agencies such as the EPA and the US Department of
Agriculture (USDA). The research and monitoring staff will continue to seek support from
diverse sources including Rutgers University (Academic Excellence Awards) and external
competitive grants programs, such as those of the National Science Foundation (NSF), EPA, and
NOAA. Funding or in-kind support may also be sought from other partners who want to
collaborate with the JC NERR research and monitoring scientists. Examples include Cooperative
Extension and Sea Grant.

6. Information Dissemination of Results/Products
Information gathered during JC NERR research and monitoring activities, and the management
implications of this information, are made available to decision makers and the public in lay
terms. Both NOAA and the JC NERR encourage the dissemination of research results to
decision makers through the CTP.

Methods include:

» Journal articles in the peer-reviewed literature

* Research summaries at the proposed Reserve

» Presentations at professional societies

» Special symposia arranged by NOAA or Reserves, often in association with other
meetings such as the biennial meetings of the Estuarine Research Federation or
Coastal State Organization

* Annual reports to NOAA and the State of New Jersey
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»  Workshops, conferences and Roundtables at the Reserve

* JC NERR brochure, distributed with the annual call for proposals and at appropriate
conferences and other events

* Press releases to local media

» Articles in journals of local organizations

» Through the Coastal Training Program

* Regular contact with representatives of other state and Federal agencies, local
government agencies, and planning boards

7. Future Planned or Proposed Projects

External sources of funding awarded to researchers in partner organizations are likely to continue
to be the primary source of research support for the JC NERR. Therefore, research in JC NERR
waters is largely conducted by academic scientists affiliated with Rutgers University (notably at
the Institute of Marine Science in New Brunswick and at the Rutgers University Marine Field
Station in Tuckerton) and scientists affiliated with other institutions. Future research at the JC
NERR will be dependent on activities of these researchers, as well as researchers in the JC
NERR who receive research grants from external sources. In addition, research of GRFs will be
continued at the site.
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X. COASTAL TRAINING PROGRAM

A. Reserve System Coastal Training Program

The CTP seeks to provide up-to-date scientific information and skill-building opportunities for
coastal decision-makers. Through this program, National Estuarine Research Reserves can
ensure that coastal decision-makers have the knowledge and tools needed to address critical
resource management issues of concern to local communities.

CTPs offered by Reserves relate to coastal habitat conservation and restoration, biodiversity,
water quality and sustainable resource management and integrate Reserve-based research,
monitoring and stewardship activities. Programs target a range of audiences, such as land-use
planners, elected officials, regulators, land developers, community groups, environmental non-
profits, business and applied scientific groups. These training programs provide opportunities
for professionals to network across disciplines, and develop new collaborative relationships to
solve complex environmental problems. Additionally, the CTP provides a critical feedback loop
to ensure that professional audiences inform local and regional science and research agendas.
Programs are developed in a variety of formats ranging from seminars, hands-on skill training,
participatory workshops, lectures, and technology demonstrations. Participants benefit from
opportunities to share experiences and network in a multidisciplinary setting, often with a
Reserve-based field activity.

Partnerships are important to the success of the program. Reserves work closely with State
Coastal Programs, Sea Grant College extension and education staff, and a host of local partners
in determining key coastal resource issues to address, as well as the identification of target
audiences. Partnerships with local agencies and organizations are critical in the exchange and
sharing of expertise and resources to deliver relevant and accessible training programs that meet
the needs of specific groups.

The CTP requires a systematic program development process, involving periodic review of the
Reserve niche in the training provider market, audience assessments, development of a three to
five year program strategy, a marketing plan and the establishment of an advisory group for
guidance, program review and perspective in program development. The CTP implements a
performance monitoring system, wherein staff report data in operations progress reports
according to a suite of performance indicators related to increases in participant understanding,
applications of learning and enhanced networking with peers and experts to inform programs.

B. JC NERR Program

1. Goal, Objectives, and Strategies
The goal of the coastal training efforts at the JC NERR is to ensure Coastal decision-makers
use science-based information to manage New Jersey’s natural resources. Science-based
information will be transferred to audiences that can influence management of coastal resources.
Often, science and technical experts are enlisted to share knowledge and help local decision-
makers implement strategies to address coastal management issues.
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Coastal decision-makers will use decision support tools and reserve products to
address local and regional management needs.

Coastal decision makers will recognize the CTP as a resource for scientific
information relevant to watershed management issues.

Coastal decision makers will understand the impacts their management decisions
have on NJ’s natural resources.

Coastal decision-makers will increasingly implement science based decision-making.
Identify and preserve significant unprotected estuarine areas within the Mullica
River-Great Bay system.

Natural resource managers will consider regional approaches to adaptive coastal
ecosystem management.

Develop decision support tools to inform management land and acquisition activities
of the coastal management community.

Assist partners to identify ecologically sensitive lands, and assist in acquiring funds
for land acquisition and protection.

Coordinate programs and activities through the emerging seamless network initiative
with protected area networks such as the U.S. Fish and Wildlife Service, National
Park Service, Pinelands Commission, and the New Jersey Department of
Environmental Protection.

Conduct coastal training workshops in response to local and regional information
needs.

Implement performance measures and program evaluations to evaluate and guide JC
NERR products, programs and services.

The CTP seeks to provide decision support tools and to build capacity among coastal managers
in New Jersey. Two additional, part-time staff will be employed to meet increasing demand for
CTP programs and services. One will be located at Sandy Hook and the other at the Sheppard
House in Bridgeton. Their activities will be conducted in partnership with regional and local

partners.

2. Key Management Issues
As the most densely populated state in the nation, NJ is projected to be the first state to reach full
buildout status. Development and associated human activities are affecting water and habitat
quality throughout the state. Proposals to develop remaining open space and to tap into the
Kirkwood-Cohansey acquifer pose threats to the ecological integrity and character of the state’s
estuaries and coastal watersheds. As a result, many management issues relate to land use and
human disturbance of the watershed. These are:

Nutrient inputs into coastal waters
Human alteration of habitat and water quality
Effects of climate change on coastal and estuarine systems

88



X. Coastal Training Program

The JC NERR is developing techniques and strategies for coastal managers to access, and
interpret real-time and near real-time environmental data. This includes implementing a
recommendation from the 2001 Workshop hosted by the JC NERR in which coastal Managers
recommended that the NERRS program develop site level web sites that integrate the SWMP
with other Reserve, state, and regional research data sources. Participants commented that a site
that links all research activity and data products would be very valuable to local and state level
decision-makers. The JC NERR will develop tools to facilitate access to this type of data. This
will assist coastal managers in communicating the significance of the data to a general public and
local community audience.

The JC NERR CTP will continue to target municipal leaders such as mayors, land use planners,
zoning officials, environmental commissioners, planning board members and municipal, county
and state staff for coastal training products and services. They are charged with, and have the
power to make land use decisions. As a “Home Rule” state, individual municipalities are given
primary authority for zoning, land use regulations and ordinances for their individual
municipalities.  Municipal officials present many challenges as a CTP audience. They are
highly constrained by time and are subject to frequent turnover resulting from elections and
changing appointments. In many cases, these officials are asked to make a decision on important
land use issues and are expected to make informed judgments on public environmental issues.

The JC NERR CTP will meet these challenges by tailoring programs and outreach opportunities
that can be delivered over short time periods and that can be easily repeated to engage and
inform newly elected or appointed officials. It will be important for CTP staff to develop and
maintain a strong rapport with land use decision-makers at the local level. Through targeted
educational programs, web-sites and one-on-one interactions, the JC NERR plans to serve this
audience by providing information resources, best available knowledge, management practices
and technologies such as GIS and near real-time data to meet the needs of coastal decision-
makers. In addition, the JC NERR will collaborate with partners to identify ecologically
sensitive lands, and assist in acquiring funds for land acquisition and protection.

CTP participants will continue to be asked to evaluate each CTP in accordance with the CTP
performance measures adopted by the Reserve system. The results of these evaluations will
guide JC NERR programs, products and services.

3. CTP Programs, Workshops and Conferences
Delivery of CTP information is tailored to specific audiences. For coastal decision-makers,
information may be presented in the form of services such as coastal decision-maker workshops,
technical training or products such as CD-ROMs, web-based learning modules, and brochures.

The JC NERR will continue to offer one-on-one training opportunities for coastal management
officials. This type of training allows local land use officials access to the JC NERR GIS
capabilities and assistance to use mapping software. These resources can be cost prohibitive and
technologically challenging, but the face-to-face training enables users to work directly with the
software and interact with CTP and GIS experts. While this type of training does not reach a
large number of participants, it is effective when focused on key coastal Managers. One-on-one
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interactions were identified as a desired learning technique based on the JC NERR needs
assessment.

a. Coastal Impacts of Global Climate Change Workshop

In view of the current Global Climate Change scenario, and the widespread interest in the
challenges the coastal zone is facing, the National Estuarine Research Reserve System is
working collaboratively with the National Park Service and other agencies in order to understand
the likely impacts on coastal resources, coastal systems, and coastal land use. A Seamless
Network concept was created to bring together agencies that share a common goal of conserving
sensitive coastal and marine resources, and ecosystems through the management of marine
sanctuaries, national parks and coastal areas, estuarine research reserves, and national wildlife
refuges. The National Park Service, U.S. Fish and Wildlife Service, the National Marine
Sanctuary Program, and the National Estuarine Research Reserve System, are partners in this
endeavor. To this end, a CTP will be organized and conducted to build upon the Seamless
Network effort currently under way. It will incorporate the Climate Friendly Parks initiative to
address Climate Change and its impacts on the National Parks. The National Park Service and
the U.S. Environmental Protection Agency have created the Climate Friendly Parks program
(www.nps.gov/climatefriendlyparks/index.html) and they are interested in extending its
application. The JC NERRS Watershed Coordinator North is working towards interaction with
the National Park Service and the NERRS program to produce a workshop involving a variety of
Park and local community decision-makers in and around the Sandy Hook Unit of Gateway
National Recreation Area.

Coastal decision maker workshops will continue as educational and technology transfer
workshops, and represent a valuable mechanism to deliver science-based information to the
coastal management community, especially through partnership and sponsorship activities.
Through these workshops, the best scientific data can be presented in a context that is relevant to
NJ’s coastal management community and enables coastal managers an opportunity to receive,
interpret and use scientific data that can be brought to bear on management decisions. In the
needs assessment survey, workshops that featured disciplinary experts were identified as the
most effective means to encourage attendance at a training/education/outreach session.

4. Website Development

The JC NERR CTP launched a web-based professional development program for NJ coastal
managers to build capacity for science-based decision-making. Maintenance and continued
development of this web based program will enable the JC NERR to conveniently target a
greater number of coastal managers, and assist them with natural resource decision making. A
key component of the CTP website is the online training courses. Through a September 2006
needs assessment of municipal construction code officials the following key management issues
were identified: Hazards (Floods, Fires and Storms, Land Use Regulations, Wetlands Protection,
Septic System Issues).

Construction code officials indicated that they were very time-limited, but required continuing
education through the Department of Community Affairs (DCA) to maintain their certifications.
In partnership with the DCA and the NJ Division of Land Use Regulations, the JC NERR CTP
developed web-based, online courses entitled “Understanding Land Use Regulations” and
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“Understanding Floodplain and Flood hazards.” By providing this information online, the JC
NERR CTP gained the opportunity to work with a new municipal audience. The JC NERR CTP
will continue to partner with the DCA and offer online courses which met the needs of
construction code officials.

a. Geographical Information Systems (GIS) WebPages
Much of the data collected by the JC NERR research team has a spatial component and has
direct relevance to a number of coastal issues. Decision makers are not experts in interpreting
raw data or elucidating long term patterns of change. These web pages have been constructed to
facilitate the understanding of scientific information and associated trends in spatial patterns.
Web pages under development include a Stormwater Management Information System
(SWMIS) and a Coastal Vulnerability Decision Support System (CV-DSS).

Existing web pages include:

*  Brown Tide Webpage

The New Jersey Department of Environmental Protection / Division of Science Research and
Technology in partnership with its collaborators at the New Jersey Marine Science Consortium,
the Environmental Protection Agency (EPA) and the Rutgers University CRSSA have conducted
a four-year study of potential contributing factors promoting brown tide blooms, caused by a
minute alga, Aureococcus anophagefferens (A. anophagefferens), in New Jersey’s coastal
estuaries. The maps and computer animations that accompany this study were developed into an
interactive web site, by the JC NERR, to allow researchers and the public to access and view the
information from a remote location. The website graphically displays the spatial patterns of
bloom, salinity, and temperature by date, but does not include the mean, median, maximum, or
minimum summary grid maps that were also created as part of this report. In addition during the
summer of 2003 and 2004 the JC NERR, CRSSA, and the NJDEP provided Brown Tide Counts
on a near real time basis. This information was provided so that coastal decision makers
(clammers) could move seed clams based on brown tide counts. The webpage can be found at
http://www.crssa.rutgers.edu/projects/btide/.

*  Submerged Aquatic Vegetation Mapping Webpage
Submerged aquatic vegetation (SAV) is a key indicator of the environmental health of the
Barnegat Bay ecosystem. The SAV of particular concern are the two species of seagrass,
Eelgrass (Zostera marina) and Widgeon Grass (Ruppia maritima). In the summer of 2003,
researchers from CRSSA mapped the extent and percent cover of SAV within the BB-LEH
estuary systems. A coastal decision makers’ workshop was held in May 2001 and focused on
SAV and mapping. As an outgrowth of this workshop, CRSSA developed and hosts a website
that synthesizes available mapped surveys concerning SAV in the BB-LEH system. This
website was updated in the summer of 2004 (June and July) using PHP web design by the JC
NERR Technology/GIS Coordinator. The updated SAV boundary maps from 2003 were
included. In addition, the GIS data (2003) and metadata were made available for download.
Within New Jersey SAV habitat is protected by several statues by the NJ DEP Division of Land
Use. Unfortunately, the NJ DEP Division of Land Use is using outdated SAV habitat map from
the late 1970’s. This website was created to provide the NJDEP-DLU information on the current
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boundaries of the SAV habitat within the BB-LEH estuary system. The web link is
http://www.crssa.rutgers.edu/projects/runj/sav/index.htm.

b. GIS Data

GIS aids in the collection and analysis of spatial datasets. The main advantage of using GIS is
the ability to integrate, query and synthesize geographic digital data. GIS has a wide range of
potential applications in coastal resource management and land use planning. CRR contains a
comprehensive GIS data bank incorporating data from a variety of sources (e.g., federal, state,
local entities) that can be used by Coastal Decision Makers to identify trends in spatial patterns.
GIS can be used to foster science-based management decisions that involve the principles of best
management practices. Below is a list of data layers incorporated within the coastal resource
repository:

« Aerial Photography

«  Submerged Aquatic Vegetation

+ Satellite Imagery

« Census

« Land Use Land Cover

« Elevation

«  Wetlands

«  Soils

« Place Names

- Sewer Service Areas

+ Historical Imagery

« Zoning

« Boundaries: State, Municipal, Federal and Watershed

« USGS Digital Topographic Maps

« Streams, Lakes and Rivers

GIS data is broadly available as part of the coastal repository via the JC NERR website at
www.jcnerr.org. This information is also disseminated as part of stewardship efforts with local
officials, planning board members and local land trusts including small group meetings and one-
on-one training sessions.

5. Cooperative Efforts and Current Partnership
The CTP advisory committee is comprised of the following organizations: Ocean County Soil
Conservation District, NJ DEP, Ocean County Planning Department, Stafford Township, the
Barnegat Bay National Estuary Program, Ocean County Health Department, the PMK Group and
the Brick Township Utilities Authority. This committee acts to provide overall guidance, identify
program opportunities and provide programmatic expertise. The CTP advisory committee meets
on an as needed basis and communicates regularly through electronic means.

The JC NERR has an on-going relationship with the Coastal Zone Management Program at the
NJ DEP. This partnership has led to training and educational opportunities to both NJ DEP staff
members and statewide coastal managers. An example of a co-sponsored program includes a
workshop to educate NJ DEP Land Use Regulation staff members about the value of submerged
aquatic vegetation and the ways to use remote sensing and GIS to make informed decisions
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regarding land use issues within SAV habitat areas. This represents a key partnership and
audience for JC NERR programs and services.

JC NERR staff has worked closely with the Rutgers Center for Remote Sensing and Spatial
Analysis. Through grants from the CICEET, the CTP and CRSSA will incorporate the needs of
local decision makers in the development of GIS decision support tools. This partnership will
result in spatially relevant planning tools for stormwater managers, floodplain managers,
emergency management officials, town planners and township engineers.

An emerging relationship with the Ocean County Planning Department and the Barnegat Bay
Estuary Program has been developed to deliver outreach, training, and technical assistance for
county land use planning and zoning officials. These partnerships provide input into the content
and value of the CTP, and also provide additional avenues for funding sources as well as
program marketing and delivery.

6. Funding Opportunities
Sources of external funding for the CTP have included CICEET, the BBNEP and the state
Coastal Management Program. Reserve staff will continue to seek support from diverse sources
via competitive grants programs. Funding or in-kind support may also be sought from other
partners that work with Reserve audiences. Examples include Rutgers Cooperative Extension,
and Sea Grant.

7. CTP Resources
Rutgers-IMCS provides a variety of resources that benefit the CTP program. These include
direct access to state of the art scientific and technical information, direct access to scientists and
educators, and match funding for CTP grants.

Many of the members of the JC NERR Advisory committee frequently act as resources for CTP
programs. These partners help deliver programs, act as resources for scientific and management
information, help with funding needs, assist in advertising programs and serve as sponsors. Key
partners include the CRSSA, Richard Stockton College of New Jersey, USFWS, NJ Division of
Parks and Forestry, Ocean County government, the NJ DEP, Pinelands Commission, and the
BBNEP.

8. Future Planned or Proposed Projects

The JC NERR will continue to broaden the use of science-based information, products and
decision support tools within the coastal community. The CTP will continue to offer workshops
and training opportunities in conjunction with reserve partners such as the NJ DEP, Rutgers
University, CRSSA, and BBNEP. The CTP will continue to develop a web-based professional
program for NJ coastal managers to support science based decision-making. Through the
CRSSA partnership, the CTP will broaden the online spatial information available to coastal
decision makers. Finally, the CTP will continue to assess audience needs and respond with
appropriate information, tools, resources and opportunities.
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XI. EDUCATION PLAN
A. The Reserve System

1. The Reserve System Overview

The Reserve system provides a vehicle to increase understanding and awareness of estuarine
systems and improve decision-making among key audiences to promote stewardship of the
nation’s coastal resources. Education and interpretation in the Reserves incorporates a range of
programs and methodologies that are systematically tailored to key audiences around priority
coastal resource issues and incorporate science-based content. Reserve staff members work with
local communities and regional groups to address coastal resource management issues, such as
non-point source pollution, habitat restoration and invasive species. Through integrated research
and education programs, the Reserves help communities develop strategies to deal successfully
with these coastal resource issues.

Formal and non-formal education and training programs in the NERRS target K-12 students,
teachers, university and college students and faculty, as well as coastal decision-maker audiences
such as environmental groups, professionals involved in coastal resource management, municipal
and county zoning boards, planners, elected officials, landscapers, eco-tour operators and
professional associations.

K-12 and professional development programs for teachers include the use of established coastal
and estuarine science curricula aligned with state and national science education standards and
frequently involves both on-site and in-school follow-up activity. Reserve education activities
are guided by national plans that identify goals, priorities, and implementation strategies for
these programs. Education and training programs, interpretive exhibits and community outreach
programs integrate elements of NERRS science, research and monitoring activities and ensure a
systematic, multi-faceted, and locally focused approach to fostering stewardship.

2. Reserve System Education Goals
The National Estuarine Research Reserve System’s mission includes an emphasis on education,
interpretation, and outreach. Education policy at the Jacques Cousteau National Estuarine
Research Reserve is designed to fulfill the Reserve system goals as defined in the regulations (15
C.F.R Part 921(b).) Education goals include:

» Enhance public awareness and understanding of estuarine areas and provide suitable
opportunities for public education and interpretation

* Conduct and coordinate estuarine research within the system, gathering and making
available information necessary for improved understanding and management of

estuarine areas

3. Reserve System Education Objectives
Education-related objectives in the Reserve System Strategic Plan 2005-2010 include:

1. People are aware of the ecological, economic, historical, and cultural importance of
estuarine resources
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2. People understand how human choices and natural disturbances impact social,
economic, and estuarine ecological systems

3. People apply science-based information when making decisions that could impact
coastal and estuarine resources

B. JC NERR Program

1. Goal, Objectives, and Strategies
The education goal of the JC NERR is to ensure The K-12 and community and the general
public possess increased awareness and understanding of estuaries and coastal watersheds
and how they are affected by human behavior and natural change.

Education programs aim to provide on-site education opportunities for the community, teachers
and other targeted audiences. Programs will include general information about the Reserve
including its ecological, economical, and historical values, and how they relate to natural
resource protection and management issues, and are designed to integrate with other relevant
programs in the Reserve region.

Formal education programs will focus on elementary and secondary school teachers, enhancing
their ability to present science in innovative ways to stimulate student interest. Hands-on field
enrichment opportunities will be promoted such as immersion of educators in real-time scientific
research conducted in the Reserve. In addition to field experiences, educators will work with
the Education Coordinator to develop practical applications that bring their experiences into the
classroom.

Habitats within the Reserve will serve as centers for general public education. Visitors to the
Reserve will gain awareness and understanding of the estuarine system through our exhibits at
the Seaport and through our public programs. These activities will explore ongoing research
throughout the Reserve, as well as cultural, historical, and economic issues. Scientists will be
invited to present their research through seminars and describe how their studies are relevant to
community members. In coordination with our land management partners, we plan to offer these
community-based programs throughout the JC NERR watershed.

Objectives

* Coastal watershed communities will understand the environmental and economic
value of estuaries and coastal watersheds.

* Coastal watershed communities will recognize the JC NERR as a provider of science-
based information and resources.

* K-12 teachers will incorporate lessons and hands-on experiences which demonstrate
the value and function of estuarine and coastal habitats

* Coastal watershed residents will understand the importance of their role as
environmental stewards.
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Strategies

» Provide training opportunities for the next generation of coastal managers.

» Heighten visibility of the JC NERR by participating in public events, communication
and marketing activities.

» Provide educational and recreational activities for the general public.

* Deliver professional development programs to K-12 educators.

* Promote awareness of the value of estuaries through diverse media such as the Life
on the Edge exhibit, the reserve website, newsletter, brochures, and interaction with
community groups.

2. K-12 Professional Development Programs

Many studies have shown that conventional approaches to teaching science are not effectively
communicating science basics to students across the nation. In elementary school, students
begin to lose interest in science with this trend continuing through high school. Only a small
percentage of students graduate high school with the knowledge and motivation necessary to
pursue science-related careers. Through environmental education, young people can be
encouraged to explore their ability to develop theories, analyze evidence, and make a difference
in their environment. The key to a changeover from conventional methods to an inquiry-based
approach is a well trained, motivated educator.

In order to increase awareness and understanding of ecosystems such as an estuary, resources
must be provided to the educators. The JC NERR education program will focus on elementary
and secondary school teachers, enhancing their ability to present science in innovative ways to
stimulate student interest. One means to achieve this is to provide educators with access to new
technologies and research relevant to estuarine ecosystems. Hands-on field enrichment
opportunities will be promoted and educators will be immersed in real-time scientific research
being conducted in the Reserve. In addition to field experiences, educators will work with the
Education Coordinator to develop practical applications that bring their experiences into the
classroom. The JC NERR will accomplish this through the following programs.

a. Marine Activities and Resources Education (MARE) Program
The JC NERR selected the Marine Activities Resources & Education or MARE program to serve
as a core professional development program. Developed by the Lawrence Hall of Science at the
University of California - Berkeley, MARE is a dynamic, K-8, inquiry-based science program
that transforms entire elementary schools into laboratories for the exploration of the ocean. The
program has been supported since its inception in 1995 by the Geraldine R Dodge Foundation,
the Institute of Marine & Coastal Sciences at Rutgers University, and Research for Better
Schools (1997-2004). In addition to being designated a "Promising Practice in Mathematics and
Science Education" in 1995, and an "Idea That Works in Science Professional Development" in
1999 by the Eisenhower Regional Consortia and National Clearinghouse in Mathematics and
Science Education, through rigorous evaluation programs with Chris Parsons, (WordCraft)
positive changes have been documented for schools that have implemented MARE. Examples
of these performance metrics included: shifts to non-text book methods for teaching science,
increases in parental involvement, and greater students interest in science as a result of MARE
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being used in their school. Evaluations results also suggest that MARE enhances teacher
competence and confidence in facilitating science learning.

The future of MARE in the JC NERR will include: 1) grade level specific workshops focusing
on habitats found within the reserve boundaries. These courses will commence in summer 2009.
2) Integrating Estuaries 101ciriculum materials where possible and where main concepts fit into
MARE habitat lessons, and 3) Emphasizing watershed concepts through partnering with groups
such as the Pinelands Preservation Alliance, and 4) Instilling concepts of environmental sustain
ability throughout all lessons.

Continued delivery of the MARE program depends on continued funding by organizations such
as the Geraldine R. Dodge Foundation. This funding makes it possible to deliver high quality
programs and offer teachers the materials and supplies needed to employ newly acquired skills
and training. As funding continues to tighten at all levels, delivery of professional development
may require novel approaches to program delivery. Two day workshops may have to replace
week-long training programs. Other strategies may have to be adopted such as bringing
professional development opportunities to the schools instead of relying on the schools to send
teachers to the reserve. Integrating new partnerships may also allow the reserve to take a new
look at the ways in which it delivers it materials to teachers. The JC NERR also plans to
participate in the emerging KEEP program once the final elements and funding are in place.
This will require a reassessment for future delivery of the MARE program through the JC
NERR.

b. Promoting Oyster Restoration through Schools (Project PORTS)

The presence of JC NERR in Cumberland County will support education and outreach efforts on
critical watersheds in the southern New Jersey region. Project PORTS (Promoting Oyster
Restoration Through Schools) is a community-based restoration and education program focusing
on the importance of oyster populations in the Delaware Bay ecosystem. The education program
utilizes the oyster as a vehicle to acquaint school children, grades K-12, with the Delaware
Estuary and scientific concepts via enrichment programming in the school setting. The
community-based restoration component engages students in oyster restoration activities, giving
them an opportunity to experience environmental stewardship first hand, while at the same time
enhancing critical oyster habitat in the Delaware Bay. In the last two years, 14 schools have
participated in Project PORTS. The program offered nearly 3000 child- centered learning
experiences. The focus through Sheppard House will be to expand opportunities for Project
PORTS in Cumberland County Schools, particularly Bridgeton Schools.

¢. K-12 Estuary Education Program
The K-12 Estuary Education Program (KEEP) is a collection of resources for learning about
estuaries for teachers and students in grades kindergarten through high school (K-12). Currently
under development with national coordination, direction and standards, these resources will be
available to all K-12 teachers and students in the country. Some aspects of KEEP will be
delivered globally via the Internet, while others will be implemented at Reserves in the National
Estuarine Research Reserve System (NERRS). As KEEP moves forward in the NERRS system
the JC NERR plans on fully implementing the three components of the program and is working
closely with our land management partners to discuss the development of site-based estuarine
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education programs as well as the continued development of technology and web-based learning
with a variety of local and NOAA partners.

d. The Life on the Edge Exhibit at the Tuckerton Seaport

The “Life on the Edge” Interpretative exhibit serves as a gateway to the Reserve by promoting
knowledge of the habitats within the Mullica River-Great Bay. It also communicates research
occurring throughout the watershed and estuary and provides information and ideas about
recreational access and opportunities throughout the Reserve. The exhibit is an educational tool
that educates visitors about the stewardship of natural resources. It also fosters environmental
awareness that puts special emphasis on helping visitors to develop their own opinions about
natural resource protection. Housed at the Tuckerton Seaport the exhibit forges cooperative
efforts between the JC NERR and the Tuckerton Seaport in a range of environmentally focused
educational programs.

Additionally, the Interpretation Coordinator develops and delivers themed school group
programs that reflect the commonality of both the Seaport and JC NERR missions. The programs
promote and enhance a cohesive field trip experience and fulfill NJ Schools core curriculum
standards.

Funding is being requested to revise the interpretive center. Updates would include new
information about best management practices for coastal communities, our changing estuaries in
the light of climate change and an updated review of reserve-based research. For additional
information see the “Facilities Plan”.

3. Community Education and Outreach Programs

Development and delivery of educational opportunities for the general public will receive
renewed emphasis at the JC NERR. Community education programs and outreach events will be
planned based on audience assessments such as surveys and feedback from visitors to the Life on
the Edge Exhibit. The overall focus for these activities will be familiarizing the community with
the variety of habitats within the Reserve, and ways in which the public can be informed
stewards of these habitats. The Education Coordinator will work closely with the Research
Coordinator to develop a series of outreach programs addressing current research being
conducted at the Reserve and highlighting important topics within the NERRS such as climate
change and sea level rise.

a. Rutgers Marine Field Station Open House

Coinciding with National Estuaries Day, the JC NERR and the RUMFS host an annual Open
House at the Tuckerton-based field station. This annual event draws 500 to 700 people who are
interested in learning more about the research projects occurring at the Field Station. The Open
House runs from 10am until 3pm and is advertised through our websites, local papers, radio and
television. Visitors are given a map and a short description of each of the featured “lecture
stations”. With map in hand, visitors are invited to hear an overview of featured research
projects conducted by technicians and research staff from throughout the Institute of Marine and
Coastal Sciences. This annual event is one of the most anticipated throughout the area. Due to
its popularity this event will be expanded in the future.
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b. You and Your Watershed Outreach Programs

Many people that live and work within the boundaries of the JC NERR are unaware of the
tremendous natural resource value of the Reserve. The JC NERR serves as the educational link
between the community and the scientific research being conducted throughout the Reserve.
Educational programs for the JC NERR are designed to raise public awareness about the
structure and function of a watershed, research that occurs throughout the watershed and daily
behavior that can lead to informed stewardship of the watershed. These outreach programs take
various forms based on audience needs. Community education programs will continue to be
offered and developed over the next few years and may include: Sea Level Rise in New Jersey,
The Importance of Submerged Aquatic Vegetation and What You Can Do About Climate
Change.

c. Lunch n’ Learn Series

Through a partnership with the Tuckerton Seaport, the JC NERR has been hosting a successful
series of Lunch n’ Learn programs. Once a month, on the second Wednesday, a scheduled
speaker talks to an audience of 30-50 people about their research, a culturally significant topic or
a topic of historical importance. These programs were initiated in winter 2004 as a way to get
more people involved in the Tuckerton Seaport during the off season. Due to their
overwhelming success, Lunch n’ Learn has been expanded to include fall, winter and spring
programs. Future improvements to this program will include an emphasis on sustainability and
examples of how to be more “green”, as well as adjustments to program location and room set up
to better facilitate audience integration.

d. Family Science Programs
In association with the Tuckerton Seaport, the JC NERR will be offering Family Science
programs. The Life on the Edge exhibit will serve as the classroom for these programs which
will highlight the importance of clean water, the water cycle, life in an estuary and the watershed
concept. Short, inquiry-based science stations will be set up with each program so children can
use their own creativity and intuition to investigate the watershed in which they live. Some
programs will include short field excursions and sample collecting.

e. Outdoor Recreation
The JC NERR will develop outdoor recreational programs such as hiking, kayaking, and birding.
These programs will provide the community with the hands-on experiences and a greater
appreciation for sensitive habitats. These programs will be developed in cooperation with Ocean
County Parks, a partner generally recognized in the region for their high caliber educational and
recreational programs, and other land management partners.

f. The Nature Center of Cape May
The Nature Center of Cape May and the JC NERR have developed a collaborative effort to
address coastal education and stewardship needs of the Cape May region as a component of a
regional revitalization initiative. This partnership will expand delivery of an integrated program
of research, education and stewardship that promotes informed coastal stewardship. Information
generated from field research programs will be delivered in formal and informal education and
training programs that prepare residents and visitors to the Cape May region, and especially area
youth to be informed decision-makers. Of particular importance is the need to conduct and
deliver programs related to the health of the coastal ecosystem and coastal processes as part of an
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integrated program to meet the changing needs of coastal users in a manner that is compatible
with environmental concerns.

g. Shore Bowl

The Shore Bowl is a regional academic competition for high school students that focuses on
ocean-related topics. Topics include the biology, chemistry, physics and geology of the oceans,
as well as navigation, geography, and related history and literature. Teams of five students (four
plus one alternate) compete in timed matches that include: 1) multiple choice and short answer
oral questions, and 2) written team challenge questions. The competition is held each year at
Rutgers University, and will be one of 25 regional competitions hosted around the nation
Winners travel to compete in the annual National Ocean Sciences Bowl. This program is funded
through 2010.

4. Evaluation
Evaluation is a key element of all JC NERR education and outreach programs. Front end
evaluations guide initial program development. Formative assessments provide adaptive
program feedback which shapes ongoing programs and informs the development of future
programs. Summative evaluations provide results which feed into new educational programs
and opportunities.

MARE is one of the JC NERR programs that has been well evaluated. In addition to yearly post-
training evaluations, an extensive implementation evaluation was completed in 2005.
Evaluation data was gathered from Rutgers MARE staff, MARE Master Trainers, MARE
leadership teams (Rutgers-trained teachers), turnkey-trained teachers and others
(district staff, curriculum supervisors, etc.) involved in implementing the MARE program at
school sites.

In addition to identifying factors that help facilitate and hinder successful MARE
implementation, recommendations were provided to Rutgers IMCS and the JC NERR for future
program development. These recommendations included five overarching factors which were
identified as “key” to the successful implementation and continuation of MARE: school
recruitment & retention, training (turnkey and ongoing), teaching materials (the “binder”),
communication (within schools and between Rutgers and schools), and support (administrative
and financial). More detailed suggestions were provided under each key topic.

These results led to changes in the delivery of MARE over the past few years. In the summer of
2008 the MARE habitat-based lessons were reviewed and correlated with NJ educational
standards. Key lessons were pulled from each habitat and highlighted in a “MARE Guide to the
Golden Lessons”. These guides were distributed to each of the 2008 MARE Summer Institute
teachers. The 2009 Dodge Foundation proposal requested funds to further publish and
disseminate “Golden Guides” to additional MARE schools. Additionally, the MARE Summer
Institute will focus on additional teacher cohorts from the schools represented in 2008. This
program methodology follows the evaluation result which recommendations MARE training be
viewed as a two-year whole school training program.

The evaluation results also suggested that grade level specific materials, such as the MARE
binders, were inspiring to the teachers. In an effort to support and enrich our existing MARE
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community of schools, the JC NERR will be offering one-day habitat-themed workshops for
educators across the MARE network. These workshops, which were successfully offered from
1997-2002, combine classroom and field experiences related to a specific marine habitats
featured in the MARE curriculum. Participants will engage in inquiry-based activities, practice a
variety of teaching strategies, receive high-quality materials, and receive orientation and training
for the Golden Lesson Guides. Workshops will be offered for grades 3-5, focusing on wetlands,
shallow bays and open oceans, respectively.

5. Cooperative Efforts

Community outreach programs will continue to be developed and enhanced by working with our
land management partners, while also acknowledging the need to continue strengthening
education partnerships with other NOAA programs and partners. = The Reserve continues to
place high value on collaborative projects, therefore we developed a series of collaborative
projects using Autonomous and Remotely Operated Underwater Vehicles. These programs are
collaborative approaches to habitat mapping that include an educational component developed
by Douglas R. Levin of the NOAA Chesapeake Bay Office, Krista Trono, NOAA Monitor
National Marine Sanctuary and Christine Arrasate, of Nauticus. These cooperative outreach
projects involve NOAA’s Undersea Research Program Mid Atlantic Bight Center, Rutgers
University, and NOAA’s Chesapeake Bay Office, and have included NJ Sea Grant, and the
NY/NJ Seamless Network group which includes but is not limited to the National Park Service,
U.S. Fish and Wildlife Service, NERRS, and the National Marine Sanctuary Program. They also
involve many of JC NERR’s partners such as our MARE and Shore Bowl schools. These
programs will be continued and expanded upon in the future.

6. Underrepresented Audiences

The retirement population within our watershed is increasing each year. People are moving to
southern New Jersey without much awareness of the watershed or their impacts on it. The JC
NERR is developing an outreach program specifically targeted to this underrepresented audience
specifically including senior citizen living communities within the Reserve boundaries. By
providing these new residents with information about the natural resources and their role in the
watershed the JC NERR will help them become better stewards of their new environment.
Depending on evaluations of this program it may be expanded in the future.

Since a market analysis and needs assessment are needed for the incorporation of KEEP the JC
NERR will be looking closely at our needs assessment for other underrepresented groups such as
the Hispanic/Latino community and developing outreach programs that will raise estuarine and
coastal awareness among these audiences.

7. Volunteer Program

The volunteer program supports field programs and reserve administration with a corps of well-
trained individuals, and generates public involvement in the stewardship of our coasts and
estuaries. The Volunteer Coordinator oversees the implementation and operation of the program
and continuously recruits volunteers through speaking engagements at senior citizen
communities, and festivals and also through the media. It is the Volunteer Coordinator's
responsibility to develop and maintain a Volunteer Manual. The manual includes short- and
long-term responsibilities for all volunteers and orients individuals to the JC NERR and its
volunteer program.
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With the prevalence of 55+ senior developments in Ocean and Atlantic Counties, and the broad
professional experience of retirees which ranges from engineering to library science, recruitment
efforts have targeted this population. To date, volunteers have supported public programs and
festivals, field work, administrative assistance, data entry, library work and mass mailings.
Activities include fish painting, exhibit interpretation and distribution of literature.

Reserve staff often seeks help from the volunteers with the conduct of field research programs.
Training programs are delivered to volunteers to familiarize them with a research program, after
which they accompany investigators to the field to collect data. Field programs that involve
volunteers include LEO-15 data collection, eel grass surveys, offshore otter trawling, bridge
netting, and stripertracker. Volunteers also assist with small boat and equipment handling, and
with interpretation of the Life on the Edge exhibit at the Tuckerton Seaport.

The JC NERR will continue to incorporate the continuous recruiting of quality volunteers to
meet the net-manpower necessary to support the Education, Research and CTP Programs. The
JC NERR will continue to expand learning opportunities and involvement of the volunteers by
giving them additional responsibilities as they assume a greater role as docents and stewards.
The JC NERR website will be updated to include a volunteer section. The annual Volunteer
Recognition program will continue to be held to honor volunteers for their contributions to the
JC NERR. Volunteers receive service pins, and a Volunteer of the Year is honored.

8. Marketing Materials and the JC NERR Website
Marketing materials for the Reserve include brochures, the quarterly Life on the Edge newsletter,
a stormwater newsletter, advertisements for upcoming programs, and special publications. The
Reserve newsletter provides the public with current information on Reserve, education, CTP and
outreach activities and events and updates on research activities. The newsletter also highlights
partner activities. Print materials are distributed through a variety of venues including the Life
on the Edge exhibit.

A future project will be to develop a map to support a watershed driving tour featuring unique
areas throughout the Reserve. Stops along the tour would focus on land management partners
including the Bass River State Forest, Batsto Village, Great Bay Blvd Wildlife Management
Area and the Edwin B. Forsythe Refuge. The map would include historical and recreational
information about each of the sites. The tour may also be made available on Google Maps.

The JC NERR Website provides information on the Reserve to a broad audience. Primary
components of the website highlight Reserve research, education, and CTP programs and
recreational opportunities. Current information is provided on upcoming programs, highlights of
past programs, current descriptions of research projects and results, and links to recreational
activities throughout the Reserve. The website allows for online program registration, provides
contact information for Reserve staff and includes directions to the Coastal Center.

The Reserve plans to design and distribute a general information page about the JC NERR and

its place within the Mullica River/ Great Bay watershed. This document will include information
about land management partners, the JC NERR in relationship to the other Reserves around the
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country, and our mission and core programs. These will be available at the Life on the Edge
exhibit, at the RUMFS, and at public events.

9. Funding Opportunities
Grant opportunities are available that could help supplement the outreach activities of the
Reserve. Proposals will be crafted for teacher professional development programs and
community education programs.

a. The Geraldine R. Dodge Foundation
The Geraldine R. Dodge Foundation has been a long time supporter of the work the JC NERR
has done with the MARE program and other teacher professional development programs. Grant
funding is focused on providing transformational experiences for pre-K-12 children who face
conditions that limit opportunities for, and access to, educational excellence. =~ Foundation
support is focused on:

» Experiential learning opportunities that connect educators and students to the arts, to
the natural world, and to the local and global community.

* Schools in their efforts to reinvent themselves by exploring alternatives to the
traditional public school model. Special consideration will be given to alternatives
that emerge from intentional collaborations, between schools and outside agencies,
dedicated to fostering the emotional, physical, intellectual, and social development of
the entire community.

b. Trust for Public Land, Barnegat Bay Environmental Grant Fund

Professional development and community education programs could benefit from the Barnegat
Bay Environmental Grant Fund. Grants are generated from a portion of a fund established by a
$2.5 million donation to the NJ DEP from the former Ciba-Geigy Corporation. Under contract
with the NJ DEP, The Trust for Public Land was designated as the administrator of the fund
because of its long-term protection effort on behalf of the Barnegat Bay. Since the inception of
the grants program, nearly $350,000 has been awarded to support projects to protect the Barnegat
Bay and its watershed.

c. Barnegat Bay NEP Public Participation and Education
Mini-Grant Program

In order to supplement community education efforts throughout the watershed, the JC NERR
could apply to the BBNEP under their education mini-grant program. In an effort to increase
public awareness, the BBNEP solicits proposals for public education and participation activities
focusing on major environmental problems facing the Barnegat and Little Egg Harbor Bays,
including multiple users’ needs and ecosystem health and sustainability. Proposed projects need
to increase public awareness and education; emphasize that this ecosystem is a living
environmental and social resource; demonstrate that the public can help to protect the estuary;
motivate people to actively participate in its restoration; and utilize innovative activities which
involve people and lead to local action.
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10. Future Planned or Proposed Projects

Education staff will continue to provide educational opportunities for the community, teachers
and other targeted audiences. Programs will be tailored to audiences needs and will familiarize
the participants with the variety of habitats within the Reserve, and ways in which they can be
informed stewards of these habitats. The Education Coordinator will work with the Research
Coordinator to develop a series of outreach programs to address priority coastal resource issues
such as climate change and sea level rise. These science based programs will incorporate the
current research being conducted at the JC NERR Reserve.
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XII. STEWARDSHIP PLAN

A. Reserve-Wide Program

Stewardship within the National Estuarine Reserve System is a national program implemented
differently by each Reserve based on the individual Reserve’s structure and land management
responsibilities. In the JC NERR, science-based stewardship is a principal goal integrated
throughout the research, education, and coastal training program. The JC NERR does not own or
directly manage large tracts of land and therefore lacks “on the ground” physical forms of
stewardship. Rather, the JC NERR defines stewardship in the broader sense of providing
relevant information, education, and training to achieve our mission. This stewardship role has
been broken down into different themes, each corresponding to a different spatial area of our
estuarine and watershed system. These themes present the JC NERR with a variety of training
opportunities based on land management, human use and unique ecological conditions.

B. JC NERR Program

1. Goal, Objectives, and Strategies
The stewardship goal is that Resource managers use reserve science to protect, conserve and
restore estuarine habitat, resources and water quality.

Key objectives in support of this goal are:

Objectives

* Resource managers will increasingly use GIS data layers to support coastal
management decisions and set priorities for land acquisition.

* Coastal communities will recognize the ecological, economic, historical and cultural
importance and value of estuaries.

* Protect, conserve and restore estuarine habitat and water quality.

* Coastal communities will adapt to and mitigate the effects of climate change and sea
level rise.

Strategies

* Identify the best available information, tools and technology for environmental
decision-making.

» Train resource managers in the use of GIS technologies.

» Track land use/land cover change in the Mullica River-Great Bay estuary and
surrounding watershed.

» Establish JC NERR as a sentinel site for demonstrating approaches to respond to
effects of climate change and sea level rise.

C. Stewardship Activities

1. Stewardship for Partner Managed Lands
The upland areas of the JC NERR are owned and managed by Reserve partners and include a
National Wildlife Refuge, state forests, wildlife management areas, state natural areas, and state
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natural lands trusts. Each of these designations is characterized by different management
approaches with unique goals relating to human use and natural habitat function. The JC NERR
will provide a range of stewardship programs and services in collaboration with reserve partners:

a. Provide Relevant Management Information

The JC NERR staff will conduct research on land use and land cover change for the entire
Reserve watershed including areas owned by land management partners. Analyses will be
conducted using remote sensing technologies (aerial and satellite photography) and quantified
within a Geographic Information System. These data will be made available for download at
http://www.crssa.rutgers.edu/data/download.shtml. In addition, a buildout analysis (predicting
future development) may periodically be used to predict future population numbers, land cover
change, and impervious surface coverage. This data will generally be presented as a technical
report available at http://www.crssa.rutgers.edu/data/reports.shtm.

JC NERR staff will collaborate with the Trust for Public Land to revise or periodically update
the “Century Plan”. These reports will set new priorities for land acquisition and codify many
diverse geo-spatial datasets to rank land acquisition priorities for the Barnegat Bay Watershed.
As part of this project, private properties that are adjacent or surrounded by preserved lands will
be designated priority sites.

b. Priority Land Acquisitions
Even though the Reserve does not have land management responsibilities, we will work
alongside land management partners to acquire priority lands that can be added to the JC NERR
core boundaries. The JC NERR will compete for land acquisition funding by applying for
Coastal and Estuarine Land Conservation Program and NERRS-specific land acquisition funds.
The Reserve will continue to engage in priority land acquisition partnerships through the Mullica
River Land Conservation Initiative (See Section VI.).

c. Creating and Hosting Public Outreach Programs
One of the objectives of the education program is to increase public outreach programs and
opportunities. Public visits to the various lands managed by Reserve partners, such as the Edwin
B. Forsythe Refuge, Bass River State Forest and Wharton State Forest, will be promoted as lands
that are managed under the broad umbrella of the JC NERR.

d. Capacity Building for Partners
JC NERR staff will provide partner organizations with opportunities to diversify skill sets and
use of Reserve data layers. Examples of planned programs include the use of GIS and remote
sensing technologies, the practical use of LiDAR data including data acquisition, storage, and
processing, and skill-based training for staff and managers of land management agencies such as
Project Design and Evaluation and Managing Visitor Use. Future courses will be offered based
on the needs of land management agencies.

e. Signage
Placing educational signage throughout the Reserve is another way in which the JC NERR
encourages stewardship. Signs will be placed at partner facilities to educate visitors about the
Reserve, notify them that they are within the boundaries of the JC NERR and to describe core
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programs - research, education and coastal training. The signage will also direct visitors to the
JC NERR website to obtain additional information.

2. Stewardship for Privately Controlled Lands
Privately owned lands make up the majority of the upstream watershed of the JC NERR.
Stewardship activities will rely on both bottom up approaches (homeowner education) and top
down approaches (regulatory and statutory).

a. State Government

The JC NERR will serve the stewardship information needs of several state agencies such as the
NJDEP Division of Land Use Regulations. Web-based data and data layers will be developed in
response to regulatory needs. As an example, JC NERR staff created a website illustrating the
spatial  distribution of rooted submerged aquatic vegetation habitats (seagrass)
http://www.crssa.rutgers.edu/projects/runj/sav/index.htm. These habitats are protected by state
regulation, but the regulations were based on maps from the late 1960’s. A website was
developed to provide the NJDEP with access to five different survey years of data from 1968 to
2003, and the ability to view a cumulative grid showing the number of times each area was
mapped as seagrass habitat. Periodic needs assessments will be used to identify future
information needs.

b. Local Government
JC NERR staff will train local government employees on the use of geographic information
systems, global positioning systems, and remote sensing technologies. Training sessions will be
conducted using both a classroom-style learning approach and hands-on training sessions. In
addition staff will provide hardware (GPS units) and access to GIS software to facilitate the
incorporation of geospatial technologies into local management decisions.

Workshops to be developed include an Introduction to Geographic Information System, the New
Jersey LiDAR Remote Sensing Workshop, Marking and Mapping Storm Drain Inlets and an
Introduction to Global Positioning Systems. Hands on training will include training on GIS to
determine priorities for local land preservation, provide relevant GIS data from diverse sources,
and the use of GIS to enhance local decision making.

c¢. Homeowner Education

Educating the local homeowner community is an important part of the stewardship program at
the JC NERR. The Reserve initiated a municipal storm drain adoption program wherein the
Reserve works with local municipalities and their residents to advance understanding of the
complexities of non point source pollution and the ways in which non point impacts on estuaries
can be reduced. The Reserve will also install and maintain a low maintenance rain garden with
interpretive signage documenting the benefits of using native plants and reusing rainwater
generated onsite. Future JC NERR programs will focus on climate change issues and what
homeowners can do to live a more sustainable lifestyle.

d. Scientific Data
Science information collected on upland habitats has been designed primarily to provide partners
with data on habitat, human land use, and future land use changes. These projects will continue
to be supported with remote sensing technologies and geographic information systems. For
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example the JC NERR staff plan to update maps of land use/land cover over a variety of
temporal and spatial scales using both satellite imagery and aerial photography. In addition,
buildout analyses will continue to be used to analyze changes in natural habitat, altered habitat,
changes in riparian zones, percent impervious surface, and human population (See Section IIL.).
The GIS datasets GIS and written reports will be available online at
www.jcnerr.org/coastal training.

3. Stewardship for Estuary Systems

Stewardship of estuarine systems are governed by a suite of regulatory guidelines set forth by
federal, state and local governments. JC NERR staff will provide data to these management
agencies to inform estuarine management. Data sets will include in situ samples of water quality
based on remote sensing using airplanes and an automated collection and processing system, and
then routing the data stream through Google maps to provide near real time access to the data set
which are located at http://71.59.88.199/SondePages/Projects/ChloSensor/chloro_9.php. Other
data to be provided includes riparian in situ seagrass habitat and 3-dimensional benthic mapping
with the REMUS AUV.

4. Demonstration Stewardship Projects
JC NERR staff has plans to demonstrate science-based stewardship practices to the resource
management and public communities. These are:

a. Rain Garden

In partnership with the Ocean County Soil Conservation District and the NJ Forest Resources
Education, the JC NERR will install and maintain a low maintenance rain garden onsite at the
Coastal Center. The garden will be used to demonstrate various ways in which homeowners,
municipalities and schools can integrate native plants and water reuse on their own properties.
The garden will include signage and handouts documenting the soil and sunlight requirements of
each of the selected species. The Reserve plans on applying for a grant from the BBNEP to add
a “mobile” native plants kiosk to the Life on the Edge exhibit. This will feature the JC NERR
rain garden and the various ways in which homeowners can garden in a more sustainable way.

b. Boardwalk Trail

A boardwalk trail is proposed to demonstrate stewardship concepts and include signage and
kiosks to teach visitors about plant identification and the changes in vegetation from upland
habitats to wetland areas. The boardwalk will cross through arcas dominated by Phargmities sp.
Signage will describe issues associated with invasive species and ways in which restoration
projects can be undertaken to control invasives. Additionally, the platform section of the
boardwalk trail will be outfitted with sampling and monitoring gear, along with signage, to
describe ways in which research staff conduct long term monitoring throughout the Reserve.
Additional information regarding the trail can be found in the Facilities Plan. Construction of the
trail will be contingent upon external funding.

5. Stewards Training Program
A new multi-session Stewards Education Module will be developed to train volunteers to be
docents at the Life on the Edge Exhibit at the Tuckerton Seaport, and to serve as ambassadors at
JC NERR events and other Reserve programs. The Stewards will expand their own horizons
while serving the community and aiding the JC NERR in reaching its goals and objectives. This
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program will create an exchange of ideas, resources and information between scientists and JC
NERR stewards in order to improve the environmental quality and community stewardship of
the Mullica River-Great Bay eco-systems.

The training format will increase the Stewards’ knowledge of eco-systems and scientific research
by engaging their curiosity through consistent educational delivery methods (power-point
lecture, hands-on activities, field trips and independent studies). These focused investigations
will instill a deeper understanding of content and help Stewards consolidate how to communicate
what they’ve learned to others. A framework of learning methodologies for informal educational
settings which are appropriate for specific audience characteristics (age, experience, knowledge
and skills) will be established. The JC NERR will educate, motivate and inspire volunteers
toward environmental stewardship by integrating ideas and relationships into the training such as
sense of place, interpretation methodologies, environmental values, cultural and artistic heritage.

6. NY/NJ Bight Seamless Networks

On May 13-14, 2008, representatives of key federal and state agencies, nongovernmental
organizations, and experts from relevant disciplinary partners met to identify collaborative
approaches and programs to advance a New York/New Jersey Bight Seamless Network of
Protected Shores. The workshop report may be found at Appendix G. Key objectives were to
identify common interests in stewardship, research and monitoring responsibilities, and to
explore strategies to develop a collaborative network on behalf of these common interests. Real
world examples of seamless network collaboration were presented, along with specific
challenges to sustaining networks at various scales.

The themes of global climate change and sea level rise were pervasive throughout all breakout
group discussions. The research and monitoring group listed “climate change” as one of their
monitoring priorities, along with related monitoring efforts such as shoreline geomorphology,
sea level elevations and sediment elevation tables. The stewardship and natural resource
management group recognized climate change in a number of their priority issues. Examples
include characterizing intertidal and subtidal habitat loss and functional degradation, developing
a regional sand and sediment management plan, alternative energy development, and coastal
resilience including disaster response. The outreach and education group outlined two pilot
projects, focusing on sea level rise messaging for various audiences.

Workshop participants agreed that developing pilot projects is one way to test the functionality
of the seamless network. A variety of projects were identified, with two possessing near-term
opportunities for implementation. One of these is to prepare a baseline map of submerged
natural and cultural resources for use by multiple resource partners. Bathymetry, sediment type,
and habitat maps accompanied by detailed inventories comprise critical information needed by
park managers to design effective resource protection strategies, identify restoration needs, and
to implement long-term monitoring programs. This pilot will aim to test and evaluate state-of-
the-art and cost-effective methods for mapping submerged habitats and cultural resources within
nearshore ocean and bay environments. Such information also can provide a mechanism for
scientists, managers and educators to communicate and collaborate on education and outreach
programs and services. This pilot was executed in November 2008. Next steps include the
development of a CTP to disseminate the findings.
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The second project aims to engage the seamless network partners to develop a NY/NJ Bight
online, GIS data repository. Creation of the repository will provide a one stop listing of partner
GIS and Remote Sensing Datasets thus enabling partner agencies to assess data availability or
gaps, solicit partners for technical assistance, and provide contact information for data
distribution.  This project is being spearheaded by the JC NERR currently under initial
development.

7. Resource Manipulations
A number of activities related to research and monitoring may alter or manipulate the estuarine
environment for long-term research purposes. Likewise there are areas which have undergone
disturbance from human activity in the past that could be restored to a natural function capacity
for research and monitoring purposes. These include:

a. Long-term Ecosystem Observatory (LEO-15) Cable Burial

IMCS established a Long-term Ecosystem Observatory (LEO-15) 3 miles off the New Jersey
coast (Figure 14). The observatory is designed to sample and sense the processes governing
change and stability in the ocean not detectable with conventional oceanographic techniques.
LEO-15, located on the continental shelf in 15 m of water just offshore from RUMFS, is
included within the core boundaries of the JC NERR. The goal of LEO-15 is to continuously
acquire long-term data to understand processes in the New York Bight and eventually to predict
changes in the marine environment. LEO-15 consists of a fiber optic cable linked to an
instrumented terminal at RUMFS equipped with sensors to measure standard oceanographic
parameters (i.e, conductivity, temperature, pressure, dissolved oxygen, wave height, etc.).
Lightweight remotely operated vehicles and autonomous undersea vehicles are used to track
episodic events over larger geographic areas. This technology allows investigators to monitor
experiments remotely, based on real-time events occurring in the field.

The cable was installed in August 1996 and has no long term effects on the biota of the region.
These activities were overseen and monitored by the NJ DEP and have had negligible impact on
the local marine environment. LEO-15 was a proof of concept project that faces uncertain
funding in the near future. Partnering opportunities to sustain this capability will be explored
including the potential for maintaining this asset as a core capability of an emerging Seamless
Network of Marine Protected Areas.
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Figure 14. Long-term Ecosystem Observatory in 15 m Water in the Coastal Ocean
Component of the JC NERR.

b. RUMFS Salt Marsh Research Plots
Reserve investigators have engaged in limited research manipulation of three to four salt marsh
plots immediately around the Rutgers Marine Field Station where water levels are manipulated
to determine its relationship to Spartina spp. distribution. These areas, approximately 2- 3
square meters in size, also are used as small tidal pools where cameras are set up to examine
juvenile fish and their interaction with the natural environment. The plots are limited in size and
number and do not significantly affect the larger system.
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c. Tuckerton Creek
Rutgers, IMCS and the JC NERR must maintain water access to Great Bay to support field
operations with research vessels. Periodically, it is necessary to dredge a boat basin. When
dredged, sediments from the boat basin will be disposed of in an environmentally responsible
manner in accordance with the management regulations issued by the NJ DEP.

d. Forsythe Impoundment
The U.S. Fish and Wildlife Service maintains several impoundments to provide habitat for
migratory waterfowl. Elevation of the impoundments is managed seasonally and in response to
prevailing weather conditions. This manipulation is conducted in accordance with all rules and
regulations of the Fish and Wildlife Service.

8. Future Planned or Proposed Projects
JC NERR remains committed to providing relevant scientific information to resource managers
within the JC NERR boundaries and associated watersheds. To facilitate data transfer, the JC
NERR staff identified the following stewardship projects to disseminate vital information to
protect, conserve and restore estuarine habitat, resources and water quality with the reserve.

a. LIDAR

High resolution elevation data for Ocean and Atlantic County coastal areas has been identified as
a priority data gap within the site boundary and watershed area of the JC NERR. JC NERR staff
contacted federal, state, and local government partners to plan for the acquisition of digital
elevation data. The Federal Emergency Management Agency (FEMA) will collect LIDAR data
in the spring of 2009 for the CAFRA zones in both Ocean and Atlantic Counties. This data set
and a three meter Digital Elevation Model (DEM) created by the U. S. Geological Survey
(USGS) will be available in 2010. Combined with the LiDAR data for Burlington County
collected in the spring of 2004, the entire JC NERR and most of the NJ CAFRA area should
have LiDar data available within two years.

LiDAR data can be difficult to assimilate into decision making tools since they are complex to
analyze. To help reserve partners better use this data the for stewardship activities, JC NERR
held a workshop on October 17th, 2008 to provide an overview on LiDAR and hands on
software training as noted in section IV, “Summary of Accomplishments.”. For an agenda and a
list of presentations visits the following link at http://www.crssa.rutgers.edu/rs07/. The JC NERR
continues to provide support to our stewardship partners on the use of high resolution elevation
data for resource management issues. To this end, JC NERR staff has submitted a proposal to
the Cooperative Institute for Coastal and Estuarine Environmental Technology (CICEET) to
provide LiDAR analysis and training to JC NERR partners.

b. Cooperative Institute for Coastal and Estuarine Environmental
Technology
The rapid urbanization/suburbanization of coastal watersheds and barrier islands in New Jersey
has led to alterations in groundwater recharge and surface runoff patterns, as well as the
progressive eutrophication of freshwater tributaries and adjacent coastal waters (Valiela and
Bowen, 2002). Effective and properly engineered storm water management systems (SWMS)
represent one of the most important water resource protection strategies available to counter the
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most deleterious impacts of nonpoint source pollution and surface runoff associated with
development (Debo and Reese, 2003; USEPA 2004a).

Presently, coastal managers, professionals in the environmental protection and land use planning
communities and private developers do not have a comprehensive database detailing the
locations and attributes of retention/detention/infiltration basins and associated infrastructure.
Due to this lack of information, projects are often evaluated in isolation with minimal
consideration of cumulative impacts on the watershed.

To address this issue, the JC NERR and CRSSA are partnering with state and local authorities to
develop a suite of innovative, internet-based geospatial tools coupled to a database management
system, called the StormWater Management Information System (SWMIS). SWMIS will
provide: 1) a geospatial inventory of existing stormwater management systems, 2) an internet
accessible repository of stormwater management system GIS and attribute data, and 3) an on-line
suite of GIS tools and models to evaluate development and/or mitigation projects.

A data base was created by extracting positional information from hard copy data sheets
collected by the Ocean County Soil Conservation District prior to basin development. Historical
basin positional information was obtained by either state plan coordinates or address matching
block and lot information on the original scanned hard copy. Data is stored in a Geographic
Information System (GIS). Future work on this project will focus on providing an internet based
format  for  basin  submittal to  facilitate  direct input into a  GIS.

In response to needs of the end-user, a structured design and evaluation process will be used to
gather input from a cross-section of the target audience. The instructional systems design (ISD)
model is commonly used for the development of programs and products and employs a “systems
approach” that matches the products and programs to users’ needs. This ensures that
program/product development is effective and efficient. The steps are depicted below:

Analyze 0 Design [ Develop [ Launch 0 Evaluate
Audience Product Product Product Product &
Process
U L U O L
Front-end Formative Evaluation Summative
Evaluation (get feedback on design criteria, storyboards, Evaluation
(assess users prototypes, beta products, etc., (assess if
needs & desires as often as possible & is needed) products work &
for improved are useful)
decision making)

A sub-set of the potential users were surveyed to: (1) identify the parameters that are most
important to their decision-making, (2) determine their level of comfort with online mapping
tools (i.e. GOOGLE MAPS and other ESRI-based internet mapping servers), (3) determine the
best structure for querying, inputting data to, and retrieving data from the SWMIS, and (4)
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determine what would enable or prevent them from using such a product. The results of this
assessment guided the overall structure, functionality and display of the SWMIS.

Once a “beta” version of the SWMIS is developed, a sub-set of potential users will be asked to
participate in a focus group to provide feedback on the initial design and usability of the
SWMIS. The evaluation method of “quester testing” will be used. With this approach, potential
users are introduced to the product, and then given a set of decisions they must make (quests)
and asked to use the product to help them make the decisions. Each of the quests is a typical
decision-making scenario. During quests, users engage with the product, find the information
they need, note each decision on a quest sheet and then provide feedback on successes and/or
frustrations. At the end of the session, users discuss their results with product developers and/or
the evaluator.

Based on feedback from “quester testing”, the SWMIS will be improved. Once this new version
of the SWMIS is completed, a second and third focus group will be held to gather additional
feedback. This iterative process allows for on-going development of the SWMIS and ensures a
product that is closely aligned to the needs and skill levels of the intended audiences. Once the
formative evaluation stage has been completed, the SWMIS will be ready for dissemination to
the previously identified audiences throughout the Barnegat Bay watershed.

c. Remote Sensing and in situ Survey of Submerged Aquatic Vegetation

The JC NERR will employ high spatial resolution (<1 meter) ortho-rectified multi spectral (red,
green, blue and infrared) aerial photography to map the extent of SAV in the Barnegat Bay-Little
Egg Harbor Estuary. This mission will be flown with a number of temporal constraints including
tidal, sun glint, wind and wave effects, and water turbidity. An array of in situ field points (N >
100) will be collected within the BB-LEH estuary to field-verify the imagery using both divers
and a submerged video camera unit linked to a Global Positioning System (GPS). The imagery
will be loaded into an object-orientated classification software package (e-cognition) to delineate
SAYV habitat boundaries. The plan is to accurately map SAV. Data created from this project will
be added to the current CRSSA seagrass distribution web-site located at
(http://crssa.rutgers.edu/projects/runj/sav/). In addition, we will collaborate with the education
and outreach group of the JC NERR to deliver presentations and outreach materials on the
project to the coastal and K-12 communities.

d. Developing a Nutrient Pollution Indicator

Public awareness of the eutrophication of the Barnegat Bay ecosystem is growing in response to
research and outreach efforts of the JC NERR. Local citizens, non-governmental organizations,
and community groups are very interested in learning about research projects taking place
through the watershed and estuary. To capitalize on this interest, the eutrophication issues
affecting Barnegat Bay and the use of seagrass as a nutrient indicator will be featured in the JC
NERR “Lunch-N-Learn” series. This program attracts visitors to the Tuckerton Seaport during
the off season and draws an audience beyond the Barnegat Bay watershed including participants
from Pennsylvania.

A fourth grade teacher worked alongside the research team and was involved in all aspects of the

research project including water quality testing, collection of samples, preparation of samples,
and the nutrient analysis. This teacher will develop three novel lesson plans to complement the
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Marine Activities and Resources Education (MARE) curriculum. The lesson plans will focus on
the following topics:

1. Non-point Source Pollution and the Causes of Nutrient Over-Enrichment
2. The Impacts of Eutrophication on Estuarine Systems
3. Using Indicators to Assess Environmental Quality

The completed lesson plans will be added to the JC NERR fourth grade “Shallow Bays”
curriculum.

e. Ocean Governance
In April 2004, the U.S. Commission on Ocean Policy delivered its preliminary recommendations
for a coordinated, comprehensive national ocean policy for the twenty-first century. The report
stressed that effective policies must be based on unbiased, credible, and up-to-date scientific
information. The report devotes an entire chapter to discussing the benefits of regional research
approaches to ecosystem management (Ocean Commission, 2004), and calls for a reform of
ocean and coastal governance.

Over the next 5 years, the JC NERR will pursue opportunities to coordinate and advance
ecosystem management approaches at the federal, state and local levels to improve stewardship
of coastal and estuarine resources. Activities will include participation in multi-institutional
initiatives including establishment of Cooperative Institutes with NOAA (2 proposals pending),
and participation in an emerging regional mechanism in the Mid-Atlantic aimed at fostering
ecosystem-based management. The latter opportunity is being driven by the governors of the
Mid-Atlantic States, and modeled after the successful Gulf of Mexico Alliance and West Coast
Governor’s Agreement on Oceans and Human Health.

Among other features, the report calls for a strong role for the states and local entities requiring
the active involvement of informed state and local policy makers and other stakeholders.
Recognizing that an interested and engaged public is essential to addressing complex ocean and
coastal issues, the report promotes high quality ocean education programs — programs that result
in lifelong learning, an adequate and diverse workforce, informed decision makers, improved
science literacy, and a sense of stewardship for ocean and coastal resources. These must include
in particular, outreach to underrepresented and underserved communities. Effective programs at
the K-12 level are needed, and undergraduate and graduate programs must be able to produce the
next generation of ocean scientists, technicians, educators, and policy makers. Outside the
classroom, informal education efforts must cultivate a sense of stewardship by helping all
individuals recognize the value of the ocean to his/her own life and how the oceans affect the
marine environment. JC NERR education and outreach programs will be positioned to address
these education challenges

f. Atlantic Sturgeon
Atlantic sturgeon represents a signature species of the Mid-Atlantic region. The JC NERR
partnered with the Seaboard Fisheries Institute, a nonprofit organization dedicated to research
and education relating to the sustainability of diadromous fish, to organize a symposium to foster
collaborative regional approaches to restoring and protecting coastal Atlantic sturgeon
populations and their associated essential habitats. The Symposium, A Regional Approach to
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Atlantic Sturgeon Recovery—The Seaboard Fisheries Institute 1% Symposium on Atlantic
Sturgeon, was held in February 2009 and hosted scientists, resource managers, nonprofit
organizations, and industry representatives. The specific objectives of the Symposium were: to
provide a forum to facilitate information exchange and discussions between expert scientists and
stakeholders; to ensure that decision makers are aware of the species’ growing importance and
provide them with information necessary to improve policy with regard to the species recovery;
to promote a regional dialogue and to identify appropriate approaches for regional restoration
strategies; to identify and prioritize actions that can accelerate the development and
implementation of such strategies; and to develop and disseminate symposium proceedings,
which summarize the meeting and outlines identified restoration strategies. The JC NERR co-
sponsored this event. Future collaboration with the Seaboard Fisheries Institute will support
Atlantic sturgeon restoration efforts in the Mullica River-Great Bay estuary and other Mid-
Atlantic estuaries.
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XIII. RESOURCE PROTECTION PLAN

A. Introduction

The JC NERR and surrounding watershed are primarily owned and managed by local, state and
federal agencies. These include the New Jersey Department of Environmental Protection (NJ
DEP), Pinelands Commission, and the U.S. Fish and Wildlife Service. These agencies share a
common goal aimed at science-based management of the watershed. Public access and use
within the core and buffer areas of the reserve are coordinated by the Reserve Manager with the
public agencies that manage these areas. All uses within these areas are controlled by the public
land owners and are subject to direct permitting or federal consistency control by the NJ DEP
under the rules for New Jersey's Coastal Management Program. These regulations ensure that the
reserve ecosystem and surrounding watershed will be protected for long-term research and
education.

B. State Regulations

The reserve lies within two regulatory regions including 1) the area east of the Garden State
Parkway is within the Coastal Area as defined by New Jersey's Coastal Management Program,
and 2) the area upstream or west of the Garden State Parkway is within the Pinelands Protection
Area. Both regulatory designations provide protection for the Reserve.

For state lands within the JC NERR, the DEP has responsibility and full authority to manage and
enforce activities and uses. Responsibilities include permit review, planning, managing public
tidelands real estate, monitoring and enforcing coastal permit and tidelands laws, undertaking
coastal engineering projects, and providing financial and technical assistance to local
governments. Legislative mandates for this authority include the Coastal Area Facilities review
Act (CAFRA, N.J.S.A. 13:19-1), the Wetlands Act of 1970 (N.J.S.A. 13:9A-1) and the
Waterfront Development Act (N.J.S.A. 12:5-3). Under these three statutes, any development
proposed within estuarine waters, on wetlands, or on uplands within 150 feet of tidal waters,
beaches, or dunes needs to receive a coastal permit from the NJ DEP. State regulated
development is reviewed using a set of rules known as the Rules on Coastal Zone Management,
N.J.A.C. 7:7E-l et seq., The Mullica River-Great Bay estuarine system was chosen as the site for
the JC NERR, in part, because these rules preserve and protect the key land and water areas of
the reserve. More specifically, these rules define the land and water resources of the research
reserve as Special Areas. These areas are defined as those with natural resource value,
importance for human use, or sensitive to disturbance that they merit specific attention. Special
Areas are defined and given special policies in Subchapter 3, and are grouped under four broad
headings: Special Water Areas; Special Water's Edge Areas; Special Land Areas; and Special
Coast Wide Areas. Special areas protected under these rules include:
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» Shellfish Beds Surf Clam Areas * Erosion Hazard Areas

*  Prime Fishing Areas » Barrier Island Corridors

» Finfish Migratory Areas » Bay Islands

* Submerged Vegetation * Beaches

» Navigation Channels * Flood Hazard Areas

* Canals * Alluvial Flood Margins

* Inlets *  Wetlands

*  Marina Moorings *  Wetlands Buffers

* Ports *  Wet Borrow Pits

* Submerged Infrastructure Routes * Coastal Bluffs

» Shipwrecks and Artificial Reefs * Intermittent Stream Corridors
* Intertidal and Subtidal Shallows » Critical Wildlife Habitat

*  Dunes *  Public Open Space

* Overwash Areas * Special Hazard Areas

» Coastal High Hazard Areas » Endangered or Threatened Wildlife

or Vegetation Species Habitats

The estuarine resources of the JC NERR are protected by several state laws. State laws that
protect the estuarine resources of the JC NERR are described briefly below. These laws form the
core protective measures for estuaries from activities that occur within or adjacent to estuaries.

1. Coastal Area Facility Review Act

The Coastal Area Facility Review Act (CAFRA, N.J.S.A 13:19-1 et seq.) authorizes DEP to
regulate and approve the location, design, and construction of major facilities in a 1,376 square
mile coastal region encompassing portions of Middlesex, Monmouth, Ocean, Burlington,
Atlantic, Cape May, Cumberland and Salem Counties. The CAFRA area also includes coastal
waters. Lying within the CAFRA area are New Jersey's coastal barrier beach islands, all of its
coastal resort areas, portions of the Pinelands, large agricultural areas and New Jersey's fastest
growing communities. Facilities regulated under CAFRA are relatively large in size, such as
residential developments with 25 or more dwelling units, industrial facilities, roads and sewers
greater than 1,200 feet in length and commercial facilities with 50 or more parking spaces. Any
development, regardless of size, within 150 feet of dunes, beaches and tidal waterways is also
subject to CAFRA review.

2. Wetlands Act of 1970
The Wetlands Act of 1970 (N.J.S.A. 13:9A-1 et seq.) authorizes DEP to regulate activities on
coastal wetlands. The Act gives DEP broad discretion in regulating virtually any form of
development or disturbance on mapped coastal wetlands, except for mosquito control and
continued commercial production of salt hay or other agricultural crops or activities. All of the
coastal wetlands within the proposed reserve are protected under the Wetlands Act of 1970. This
Act does not affect inland or freshwater wetlands.

3. Waterfront Development Law
The Waterfront Development Law (N.J.S.A. 12:5-3) authorizes DEP to regulate the construction
or alteration of a dock, wharf, pier, bulkhead, bridge, pipeline, cable, or other "similar or
dissimilar development" on or adjacent to navigable waterways and streams throughout the State.
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4. Tidelands Management

In New Jersey, "tide-flowed" lands (or tidelands) are publicly owned and held in trust by the
State of New Jersey, except where already conveyed. The State acts as trustee for the public, and
must administer their use in the public interest. The State exercises control over tidelands in two
ways: through its proprietary role as owner and through its regulatory role under the Waterfront
Development Law. The Tidelands Resource Council which is composed of twelve citizens
appointed by the governor, with the advice and consent of the State Senate, has broad discretion
concerning applications for tidelands conveyance. The DEP advises the Council on these
applications relying on the Coastal Management Program as guidance. The DEP Commissioner
has the authority to veto any Council action inconsistent with state policy.

5. Regulation and Planning of Energy Facilities
DEP has broad planning authority over energy-related matters, including the authority to
participate in the decision making of other State agencies concerning the siting of energy
facilities. The fact that energy generating and petroleum refining facilities often seek to locate in
the coastal zone means that DEP energy authority is a significant element in the management
system. DEP recognizes its dual jurisdiction over energy facilities sited in the coastal zone.

6. Shore Protection Act

The Shore Protection Act (N.J.S.A. 1 2:6A-I) governs activities related to beach erosion in New
Jersey. Shoreline change due to natural and man-made causes is a major concern in New Jersey
and DEP is authorized to undertake actions necessary to maintain a static shoreline. In 1977,
New Jersey voters approved a $30 million bond issue to fund state matching grants for shore
protection projects (the Beaches and Harbors Bond Act of 1977, P.L. 77-208). The Act required
DEP to prepare a comprehensive master plan that would serve as a guide to distribute these
grants. This resulted in publication of the N.J. Shore Protection Master Plan, adopted in 1981 to
ensure that shore protection funds were used for projects that served the public interest.

7. Pinelands Protection Act
The Pinelands Protection Act of 1979 (N.J.S.A 13:18-1 et seq.) delineates a Preservation Area
where the Pinelands Commission shall "preserve an extensive and contiguous area of land in its
natural state, thereby insuring the continuation of a pinelands environment..." The Pinelands
Commission adopted a comprehensive management plan in 1980 that implements this mandate.
The portion of the proposed reserve within the Pinelands is located entirely within the
Preservation Area.

8. New Jersey Coastal Management Program

The New Jersey Coastal Management Program provides a sound foundation to protect the
estuarine resources of the proposed JC NERR, and is comprised of three parts: a coastal
boundary; a set of coastal policies; and an implementation plan. In order to receive federal
approval and implementation funding under the Coastal Zone Management Act of 1972, states
and territories had to demonstrate that they had programs with enforceable policies, that were
sufficiently comprehensive and specific to regulate land uses, water uses, and coastal
development, and enabled resolution of conflicts among competing uses. In addition, they had to
have the authority to implement the enforceable policies. New Jersey is one of 29 States and
Territories with such a federally approved program.
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The New Jersey Coastal Management Program was developed in the 1970s by the DEP and
received federal approval from the U.S. Department of Commerce in two phases. The first
approval, given in 1978, was for the Bay and Ocean Shore segment defined by the Coastal Area
Facility Review Act (N.J.S.A 13:19-1 et seq.) (CAFRA). The second phase, for the remaining
areas of the state with tide- flowing coastal waters, was approved in September, 1980. These two
regions encompass the regulated coastal zone of New Jersey.

The New Jersey Coastal Management Program seeks to preserve the major land and water
components that make up the reserve. The land and water characteristics of the JC NERR receive
special attention under the state Coastal Management Program which ensures that the area will
be managed in conformance with the goals of the National Estuarine Research Reserve
legislation. For example, under New Jersey's CZM Program, a coastal permit issued by the DEP
is required for any activity within a salt marsh or water area. In order to receive a permit the
activity must be evaluated in accordance with a strict set of policies and regulations. Policies for
coastal wetlands prohibit any alteration unless the activity is water dependent, no available
alternate non-wetland site exists and produces a minimum disturbance to vegetation and tidal
flow. Regulated activities include major disturbances such as dredging or filling, construction
projects such as docks, piers, pilings and operation of all terrain vehicles. In water areas,
activities are restricted based upon the environmental sensitivity of the water body (Table 5).
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Special Area Rules
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C — Conditionally Acceptable
D — Discouraged
P — Prohibited

Table 5. Regulatory Program State and Federal Laws

In addition, both the federal Coastal Zone Management Act and the New Jersey Coastal
Management Program require consistency of all activities directly affecting the coastal zone.
Table 6 provides an overview of the activities controlled by state coastal laws and the state and
federal activities subject to the Rules on Coastal Zone Management.
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State and Federal Laws
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Coastal Area Facility Review Act X X X X X
Wetlands Act of 1970 X X X X
Waterfront Development Law X X X
Tidelands Management X X X
Shore Protection X X X
Sec 401-CWA X X
Sec 404-CWA X
Sec 319-CWA X
Sewage Infrastructure Improvement X X X
New Jersey State Planning Act X
Barnegat Bay Study Act X X X
Green Acres Bond Funds X X X

Table 6. New Jersey Coastal Program Rules

C. Specific Uses for State Lands in the JC NERR

In general, the uses allowed under the land owner management plans for the core and buffer
areas are limited to recreational activities such as hunting, fishing, and nature study (Table 6).
More specifically, the uses presently allowed within specific managed parcels are:

1. New Jersey Division of Fish, Game & Wildlife

Absecon Wildlife Management Area: The Absecon tract in Atlantic County comprises 3,688
acres. Absecon is almost entirely salt marsh and is primarily managed for waterfowl. The
marshes are heavily utilized by waterfowl during the fall and winter months, and many
shorebirds nest in the area. The area is managed for waterfowl hunting, saltwater fishing and
crabbing and bird watching. In addition, many vacationers enjoy boating and water skiing in the
area. Some launching ramps and boat liveries are available. The intracoastal waterway crosses
this tract.

Great Bay Boulevard Wildlife Management Area: This area is located in Ocean County south of
Tuckerton and includes 4,670 acres of salt marsh. Great Bay Boulevard runs through the middle
of the area with boat launching ramps accessible from this road. Because the area is heavily
utilized by waterfowl and nesting. shorebirds, it is an excellent site for bird watching and
waterfowl hunting, as well as fishing, crabbing and clamming.
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Port Republic Wildlife Management Area: The area contains 755 acres and is located north of
Port Republic and west of the Garden State Parkway in Atlantic County on the south bank of the
Mullica River. Three quarters of this tract consists of salt-marsh with the remaining area an
upland-field habitat. The area is used for upland hunting including wild turkey, deer and
waterfowl. The Mullica River is excellent for fishing and Collins Cove is used during winter for
ice fishing for white perch.

Swan Bay: This tract is located on the north bank of the Mullica River west of the Wading River,
and is comprised of 1,078 acres of upland and salt marsh managed primarily for waterfowl
hunting.

2. New Jersey Division of Parks and Forestry
Bass River State Forest: This area contains 18,284 acres and is located in part of the fringe area
of the proposed reserve in Burlington and Ocean counties. The State Forest is managed for
hunting, fishing, nature study, camping, swimming, hiking, canoeing and boating.

Wharton State Forest: This large tract contains 108,773 acres and is located in part of the fringe
area of the proposed reserve in Burlington and Atlantic counties. The State Forest is managed for
hunting, fishing, nature study, camping, swimming, hiking, canoeing, boating and horseback
riding.

North Brigantine Natural Area-677 acres, Absegami Natural Area-146 acres, Great Bay Natural
Area-395 acres: These areas are managed for environmental conservation and enhancement.
Uses are limited.

D. Federal Regulations

Federal lands within the JC NERR consist of those managed by the U.S. Fish and Wildlife
Service and which comprise the Edwin B. Forsythe National Wildlife Refuge. This large federal
wildlife refuge manages land holdings in Atlantic, Burlington and Ocean counties. Several of the
tracts are managed for different purposes but all of the uses support the conservation or
enhancement of the Mullica River and Great Bay ecosystems. Uses allowed within the refuge
include nature study, hunting, fishing, picnicking, natural areas, boating, hiking and swimming.
Relevant mandates that govern use include the Endangered Species Act, Migratory Waterfowl
Act and Clean Water Act including the provisions related to nonpoint source pollution.

E. Other Relevant Regulations

A number of DEP programs require that new development meet regulations and standards
related to the maintenance and enhancement of air and water quality, regulation of freshwater
wetlands, regulation of soil erosion, and the protection of flood hazard areas, wild and scenic
rivers, and specified park areas. These programs must be consistent with the coastal rules to the
extent permitted by their enabling legislation.
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1. Sewage Infrastructure Improvement Act

The Sewage Infrastructure Improvement Act (SIIA) was adopted on August 3, 1988, and
requires that all municipalities with stormwater systems discharging into the salt waters of
Monmouth, Ocean, Atlantic and Cape May counties adopt a map of their stormwater sewer
system. Maps will identify all interconnections and cross-connections between the stormwater
and sanitary sewer system, and indicate whether the cross-connections have received a permit
from the Department. Upon completion of the map, affected municipalities are required to
monitor water quality periodically at the outfall lines for stormwater sewers discharging into salt
waters. Ultimately, municipalities will be required to abate nonpoint source pollution entering
surface waters.

Due to the amount of work necessary to meet the requirements of the SIIA, implementation is
scheduled to be achieved through three phases. Under Phase I municipalities developed an
inventory and preliminary map of their respective stormwater sewer systems. In Phase II,
municipalities will develop a final map of their stormwater/sanitary sewer system. This includes
identification of all cross-connections and interconnections, and performance of quarterly
monitoring of discharges to salt waters. Using the information collected under Phase I and II,
municipalities will then develop comprehensive stormwater management/nonpoint source
pollution control programs during Phase III. Phase III will be the impetus of establishing
statewide stormwater/nonpoint source control program at the municipal level and will be used as
a starting point for the implementation of Section 6217.

2. The New Jersey State Planning Act of 1986

In response to the growth pressures affecting the entire state, the state legislature enacted the
New Jersey State Planning Act (N.J.S.A. 52:18A-196 et seq.). Although the Act specifically
exempted the CAFRA region from the State Planning Commission's jurisdiction, DEP, the
coastal counties, and municipalities found it in their respective interests to participate in the State
Plan's cross-acceptance process. In particular, coastal county planning departments, DEP, the
Pinelands Commission and the Office of State Planning compared plans and began to coordinate
goals, objectives and policies with the State's regulatory coastal zone management program.
From this process, recommendations were made for coastal counties to adopt growth areas
included in the cross-acceptance reports, with DEP then adopting the State Plan's "Planning
Areas" as part of the CAFRA rules. The State Development and Redevelopment Plan (SDRP)
also serves as an umbrella to continue the coordination of state, county, municipal and special
district activities with respect to the coastal zone. Continuation of the cross-acceptance process
on a three-year cycle, as mandated by law, should facilitate this role for the State Plan.

3. Barnegat Bay Study Act of 1987
With the National Estuary Program (NEP) as a model, the State of New Jersey targeted Barnegat
Bay as an important estuary for a regional planning initiative. Study of the estuary and adjacent
watershed area was called for in the Barnegat Bay Study Act of 1987 resulting in a three part
program. As with the NEP, the first step was characterization of the health and use of the
watershed. A second document identified planning goals and objectives and provided an analysis
of possible management options for the watershed. A third document, the Barnegat Bay
Watershed Management Plan (June 1993), identified actions to be taken by a variety of parties to
promote a healthier bay and quality of life. The Barnegat Bay study process steps outside of
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jurisdictional limitations presented by local political boundaries and focuses on a bioregional
definition of the study area. This program is now a part of the National Estuary Program with
research and management priorities guided by a Comprehensive Conservation and Management
Plan. Reserve staff members participate in all facets of this program thereby ensuring
coordination of conservation and protection strategies.
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XIV. INTEGRATION PLAN

A. National Program

The NERRS has devoted a great deal of time to foster integrated approaches to coastal
management and conservation. Past efforts have permeated activities of workgroups, strategic
planning activities, workshops, training sessions, and annual meetings. Over the past five years,
two national issues have emerged that benefit from cross-sector participation—climate change
and coastal ocean observations.

In 2006, members of the NERRS began to address the role of the Reserves in climate change.
Preliminary objectives were to identify capacity of the NERRS to address climate change issues,
exchange information on current Reserve programs related to climate change, and to produce a
vision for future Reserve investment. In 2007, the theme for the annual NERRS/National
Estuarine Research Reserve Association meeting focused on the NERRS niche in climate
change. A variety of ideas were discussed for a workgroup to develop on behalf of the Reserve
system. Clearly, climate change is a national issue that merits attention and action from the
NERRS.

Since 2003, the NERRS has developed capacity to provide timely environmental information to
support integrated research, education, and stewardship applications in diverse coastal and
estuarine ecosystems as a key component of the Integrated Ocean Observing System.

The coastal component of the Integrated Ocean Observing System (I0OS) was envisioned as a
national network of data acquisition and dissemination sites to provide comprehensive and
timely information about the status, condition, and future of the nation’s estuaries and coastal
ocean waters (Nowlin, 2001; Ocean.US, 2002ab). The emerging federal backbone of the coastal
I0O0S consists of regional observing systems that represent a collaboration of state and federal
agencies, academia, private industry, and non-governmental organizations. Data acquisition and
dissemination activities encompassed by the coastal IOOS and regional observing systems are
focused on three broad thematic areas: (1) efficient coastal marine services and mitigation of
natural hazards; (2) improved coastal ecosystems and protection of public health; and (3)
sustained production of living marine resources (Malone, 2001).

The National Estuarine Research Reserve System (NERRS) has been identified in several pivotal
documents as a contributing partner to the integrated monitoring network (Gibbons, 1997) and as
a key design element of the coastal observing system (CORE, 1999; Frosch, 2000). Most
recently, the preliminary report of the President’s Ocean Policy Commission recommends that
existing water quality monitoring networks be linked to the IOOS and that data from these
networks be translated into timely and useful information products that are easily accessible to
the public and linked to output from the IOOS (Ocean Policy Commission, 2004).

The NERRS possesses existing strengths and capabilities to enhance the emerging network of
regional Ocean observing systems and associations. These include a well-established System-
wide Monitoring Program (SWMP), a Centralized Data Management Office (CDMO) that
ensures SWMP data quality and accessibility, Coastal Training Programs for decision-makers,
and nationally-acclaimed education programs. To date, real-time delivery of SWMP data has
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been achieved, and pilot applications of SWMP data for coastal managers and the education
community have been demonstrated.

B. JC NERR Program

Historically, the JC NERR has used an integrated approach to address key coastal management
issues affecting New Jersey and the nation. A few recent examples include efforts related to
impacts of watercraft on shallow water habitat and nutrient impacts on coastal systems. These
and other efforts required the research, education and CTP/stewardship sectors to design and
deliver programs that capitalized on the diverse expertise of staff, and were grounded in use of
the logic model to help develop expected outcomes and desired deliverables. This approach will
continue to be used for major investment areas and program priorities where appropriate. In the
next five years, key integration issues are:

1. Nutrient inputs into coastal waters

2. Effects of climate change on coastal and estuarine systems
3. Coastal observation systems

4. Remote sensing of land use and habitat change

Clearly, these issues are not mutually exclusive. Nutrient inputs into coastal systems are affected
by climate change and patterns of human alteration of the coast. Coastal observation systems
and remotely-sensed information can be used to detect, monitor and forecast effects of climate
change on coastal habitat and resources, and the impact of human development on coastal habitat
and resources. A framework has been developed to guide JC NERR programs across sectors for
an integrated program comprised of the four integration issues.

C. Framework for Integrated Program

An integration team has been established to oversee program development for the four key
integration issues. Team members represent each of the primary sectors and include the Reserve
Manager, Research Coordinator, Coastal Training Program Coordinator, Stewardship
Coordinator, and the Education Coordinator. The team will be responsible for producing a logic
model for the integrated program, meeting regularly to identify sector responsibilities, share
information, coordinate respective program responsibilities, and to apply an integration “filter”
on all Reserve programs and activities related to the four integration issues. Results and
products, along with performance measurements will be developed as a result of the logic model
process.

D. JC NERR Integrated Ocean Observing System

The Integrated Ocean Observing System (IOOS) is a federal program designed to provide real-
time and near real-time information on ocean processes at a range of scales for diverse user
groups (see http://www.ocean.us/what is 100S).
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Seven broad goals characterize this initiative:

* Improve predictions of climate change and weather and their effects on coastal
communities and the nation

* Improve the safety and efficiency of maritime operations

» Mitigate the effects of natural hazards more effectively

* Improve national and homeland security

* Reduce public health risks

* Protect and restore healthy coastal ecosystems more effectively

* Enable the sustained use of ocean and coastal resources

A regionally-based framework has been developed to address the goals listed that involve data
collection, data communication and management, and data analysis. Collaboration is
encouraged among agencies, academic institutions, and the private sector, and the NERRS has
been a partner in this endeavor for several years. NERRS efforts have been led by the JC NERR
including data collection, management and development of pilot products for the resource
management and education communities.

1. Data Collection, Management and Analysis
Through the System Wide Monitoring Program (SWMP) the JC NERR collects real time data at
five monitoring stations. Data collected includes physical, nutrient and meteorological datasets.
Data is uploaded via a satellite connection to the Central Data Management Office (CDMO) for
more details see the SWMP section under research and monitoring.

JC NERR research staff has collaborated with a state partnership at the New Jersey Department
of Environmental Protection to provide real time remote sensing data on chlorophyll data for the
NIJ coastal region. Data is uploaded to an internet data server and provided daily (6 days a week)
during the spring through fall.

JC NERR staff, in collaboration with the Center for Remote Sensing and Spatial Analysis
(CRSSA) at Rutgers University, has created and maintained several key GIS databases for the NJ
coastal region. These include but are not limited to mapped seagrass habitat data, buildout
analysis for predicted coastal development in NJ DEP delineated watershed management areas
13 and 14 and multiple datasets showing anthropogenic land alteration (land use and land cover
change). This dataset is provided in GIS format on the CRSSA website, www.crssa.rutgers.edu.

An acoustic fish tag sensor array has been designed and deployed within the JC NERR reserve
boundaries by scientists from Rutgers. This program posts near real-time acoustic telemetry data
of the tagged striped bass movements and migrations to a web portal. The StriperTracker
website hosts a suite of associated educational materials and has proven to engage a wide and
diverse audience. Individuals and organizations can “adopt” a particular fish and follow its
movements throughout the estuary. JC NERR staff maintains the data distribution website
(www .stripertracker.org).

Another project correlated upwelling events with coastal bacterial counts and was completed
during the summer of 2007. Data was collected to inform the Monmouth County Department of
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Health on coastal ocean water quality and episodic upwelling events. This project took
advantage of the IMCS Cool Room Codar datasets to monitor upwelling events.

2. Future Planned or Proposed Projects
The JC NERR plans to support the broad goals of IOOS whenever possible by leveraging
existing research programs (i.e. SWMP) and actively searching for new collaborations and
research opportunities that fall within the IOOS purview. Examples listed below have been
formally planned (already funded or proposed).

A real-time remote video/camera system linked to a GPS system is planned for installation on a
NJ DEP airplane. This airplane will then make daily monitoring flights up and down the NJ
coastline. This camera system will be controlled remotely, via cellular internet connection,
allowing remote data collection and downloading. Potential uses for this camera system include
marine floatable detection, forest fire identification, seagrass habitat mapping, brown tide bloom
mapping, and any other event based data needs.

Another project proposes to address the movement of several commercial important fish species
using acoustic tags and associated hydrophones co-located with SWMP data loggers. The
research aims to 1) determine the patterns of timing, extent, and rate of migration for fishes, and
2) determine how these patterns for individual species are influenced by natural and
anthropogenic variables, as measured by environmental variables in estuarine inlets and bays.

JC NERR staff plans to use the geospatial sciences to advance understanding of both natural and
anthropogenic phenomena, provide training and technical expertise to our project partners. To
accomplish these tasks we are actively seeking out partners and proposals to conduct research
and outreach. Some future issues targeted for work include storm water basin mapping, land use
and land cover change, habitat mapping, hazard mitigation, eutrophication, harmful algal
blooms, priority land preservation and seagrass habitat mapping. LiDAR data collection has
been identified as a key data gap for several New Jersey coastal regions including both Atlantic
and Ocean Counties. JC NERR staff has taken the lead to collect LIDAR data for these coastal
areas in partnership with the USGS, NJDEP, USFWS, and Ocean County Planning Department.
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EXECUTIVE SUMMARY

The Jacques Cousteau National Estuarine Research Reserve (JCNERR) is one of
the 27 national estuarine reserves created to promote the responsible use and management
of the nation's estuaries through a program combining scientific research, education, and
stewardship (Figure 1). The JCNERR, which lies on the gently sloping Atlantic Coastal
Plain of New Jersey, is the 22™ program site of the National Estuarine Research Reserve
System (NERRS), having been officially dedicated on October 20, 1997. It consists of
more than 45,000 ha of aesthetic upland, wetland, and open water habitats. The Mullica
River watershed is a concentrated patchwork of federal and state lands managed in
partnership through a variety of agencies. These land areas are remarkably pristine
largely because of the federally protected New Jersey Pinelands, state and federal
managed lands surrounding the coastal bays, and only 553 ha of developed landscape (<
2% of the total area). Most of the land of the JCNERR is in public ownership.

Upland vegetation in the JCNERR consists of pine-oak forests which are replaced
seaward by freshwater-, brackish-, and salt (Spartina) marshes. Marsh habitat covers
more than 13,000 ha (> 28%) of the reserve. JCNERR habitats generally exhibit
excellent environmental quality, although Little Egg Harbor and Barnegat Bay waters
have been identified as highly eutrophic. The JCNERR’s mission is consistent with that
of the NERRS, that is, to preserve areas that retain a healthy ecosystem and provide the
opportunity to serve the needs of long-term research and monitoring programs.

Rich and diverse plant and animal communities inhabit watershed areas of the
JCNERR. For example, 275 species of macroinvertebrates, 91 species of fish, and 350

species of algae have been documented in inland habitats of the Mullica River and its



tributaries. Watershed habitats support many species of shorebirds, wading birds,
waterfowl, raptors, and songbirds. Amphibians, reptiles, and land mammals also utilize
wetlands, riparian buffer, and upland habitats of the JCNERR and the contiguous

pinelands.
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Figure 1. Map showing the location and habitats of the Jacques Cousteau National Estuarine Research
Reserve (highlighted areas/Legend). Lower right: location of the JCNERR with respect to the state of

New Jersey.



A wide range of aquatic habitats exists in the JCNERR, the most extensive of
which consists of open waters covering more than 27,000 ha (Figure 1). Occurring
within the unique New Jersey Pinelands forest ecosystem, the Mullica River-Great Bay
Estuary is of special ecological value. Other open waters of the system include Little Egg
Harbor, lower Barnegat Bay, Little Bay, Reeds Bay, and Absecon Bay to the south.
These estuarine waters support numerous planktonic, nektonic, and benthic organisms. A
number of finfish (e.g., bluefish, Brevoortia tyrannus; weakfish, Cynoscion regalis;
summer flounder, Paralichthys dentatus; and winter flounder, Pseudopleuronectes
americanus) and shellfish (e.g., blue crabs, Callinectes sapidus and hard clams,
Mercenaria mercenaria) species are of recreational and commercial importance.

Submerged aquatic
vegetation (SAV) forms critically
important habitat in the coastal bays
of the JCNERR. SAV, notably
eelgrass (Zostera marina) and

widgeon grass (Ruppia maritima),

are found in lower Barnegat Bay
and Little Egg Harbor. Seagrasses provide vital ecosystem servicsj in the coastal bays,
generating considerable primary production, supporting numerous benthic invertebrate
populations, and comprising important spawning, nursery, and feeding grounds for an
array of finfish species. Some fish (e.g., Acanthuridae and Scaridae), turtles, waterfowl

(e.g., American brant, canvasbacks, and green-winged teal) and sea urchins consume

SAV. In addition, these vascular plants baffle waves and currents and mitigate substrate



erosion, thereby stabilizing bottom sediments. Eelgrass and widgeon grass are confined
to the Barnegat Bay-Little Egg Harbor Estuary. In Great Bay and coastal bays to
Absecon Bay, benthic macroalgae (e.g., Ulva lactuca and Enteromorpha spp.) proliferate,
but seagrass is essentially absent due to elevated turbidity.

Eutrophication is an escalating problem in the coastal bays of New Jersey
(Kennish and Townsend, 2007). The Barnegat Bay-Little Egg Harbor Estuary has been
classified as a highly eutrophic system (Kennish et al, 2007a). Both phytoplankton and
benthic algal blooms are becoming more frequent, as evidenced by repeated
phytoplankton blooms in the summer months consisting of dinoflagellates,
microflagellates, ultraplankton, and pelagophytes, as well as serious macroalgal blooms
consisting of sea lettuce and other nuisance forms (Kennish et al., 2008). Picoplankton
blooms commonly occur in the estuary, being dominated by Nannochloris atomus and
Aureococcus anophagefferens. During bloom events, the phytoplankton cell counts often
exceed 10° cells/ml. Brown tides composed of A. anophagefferens have been most

intense and widespread in Little Egg Harbor, but they have also been documented in

A~ ¥; =

Barnegat Bay and Great Bay (Olsen
and Mahoney, 2001). These
phytoplankton blooms are
problematic because they cause a
brownish water discoloration and
shading effects that can be

detrimental to SAV.
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Nutrient enrichment fuels rapid phytoplankton growth in the summer months.
Phytoplankton productivity in JCNERR coastal bays rivals or exceeds that of many other
coastal bays in the U.S. and abroad (Seitzinger et al., 2001; Kennish et al., 2007a).
Phytoplankton directly supports zooplankton and benthic invertebrate populations in the
bays. Calanoid and harpacticoid copepods are major components of the zooplankton
community in JCNERR estuaries. Meroplankton and ichthyoplankton are also important
constituents and provide forage for benthic invertebrate and finfish populations.

The benthic invertebrate community is well represented in estuarine waters of the
JCNERR. More than 150 benthic invertebrate species have been recorded in Great Bay,
and more than 200 benthic invertebrate species, in the Barnegat Bay-Little Egg Harbor
Estuary. The composition of bottom sediments, particularly the grain size, strongly
influences the distribution and abundance of the benthic organisms. The amount of silt
and clay is significant in this regard.

Finfish assemblages are abundant in estuarine wates of the system, especially
during the warmer seasons of the year. These assemblages can be divided into several
major finfish groups, specifically resident species, warm-water migrants, cool-water
migrants, and stray species. Forage species, such as the bay anchovy (Anchoa mitchilli)
and Atlantic silverside (Menidia menidia), typically dominate in numerical abundance.
The occurrence and abundance of finfish populations in the JCNERR estuaries are highly
variable due to seasonal migrations and the reproductive flux by seasonal and year-round
residents. Annual variations in abundance of finfish populations commonly range from
50-100%. Many species found in the estuaries exhibit a clear preference for specific

habitats (e.g., tidal creeks, eelgrass beds, and deep channels). Surveys conducted in these
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systems by various investigators have revealed the significance of myriad habitats to the
success of fishery resources in the JCNERR.

A comprehensive list of threatened and endangered species has been compiled for
the Mullica River watershed and surrounding areas. This list includes a diversity of
plants, amphibians, reptiles, mammals, birds, fish, and insects. These designations
underscore the need to protect the environment of the JCNERR from habitat loss and
alteration, over-exploitation, disturbance, contamination, and other anthropogenic
impacts.

Waters of the Barnegat Bay-Little Egg Harbor Estuary are the most problematic
within the JCNERR. This estuary is an impaired system both in respect to aquatic life
support and human use. The principal cause of these problems is nitrogen over-
enrichment mediated primarily by surface runoff from the Barnegat Bay watershed and
atmospheric deposition from the overlying airshed.

Nutrient enrichment of the Barnegat Bay-Little Egg Harbor Estuary is closely
linked to a series of cascading environmental problems, such as increased growth of
phytoplankton and benthic macroalgae (including both harmful and nuisance forms), loss
of SAV, and declining shellfish resources (Kennish et al., 2007a). These problems have
also led to deterioration of sediment and water quality, loss of biodiversity, and
disruption of ecosystem health and function. Human uses of estuarine resources have
also been impaired.

Because of serious eutrophication problems in this system, it is important to
continue to investigate the dynamics of seagrasses, macroalgae, and phytoplankton in the

estuary. In addition, a detailed study of the structure and function of the benthic faunal
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community is needed, as well as surveys of shellfish and finfish populations. This
information is needed to determine if eutrophic conditions are impacting higher-trophic-

level organisms in the estuary.

INTRODUCTION

The Coastal Zone Management Act of 1972 established the National Estuarine
Research Reserve System (NERRS). The JCNERR and 26 other reserve sites now exist
in the United States (Figure 2). Each site is a partnership between NOAA and a coastal
state. These 27 reserves form a network of protected areas that have been established to
augment the Coastal Zone Management program by providing data needed for effective
resource management. Aside from addressing estuarine resource protection issues, the
NERRS program generates and disseminates comprehensive environmental databases via
system-wide water quality monitoring, instruction within the Coastal Training Program,
and graduate research fellowships. Through these elements, the NERRS program serves
as a vehicle to improve the health of the nation’s estuaries and coastal habitats.

The 27 NERRS sites occur in 22 states and one territory (Puerto Rico). They span
19 biogeographical sub-regions along the coasts of the Atlantic Ocean, Gulf of Mexico,
Caribbean Sea, Pacific Ocean, and Great Lakes, and they encompass more than 500,000
ha of coastal habitats. These sites are essentially demonstration sites where monitoring
and research data are used to assess coastal issues of local, regional, and national interest
for the purpose of sustaining estuarine systems (NERRS, 2006a, 2007). Considerable
variation exists among the reserves, with site estuaries ranging from relatively pristine to

highly impacted by anthropogenic activity. A major goal of the NERRS is to ensure a
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stable environment for research at the reserve sites through long-term protection of

resources.

National Estuarine Research Reserves — 1 nerwork of 27 protected areas

1. Wells, Maine
2. Great Bay, New Hampshire
3. Waquoit Bay, Massachusetts
4. Narragansett Bay, Rhode Island
5. Connecticut *
6. Hudson River, New York
7. Jacques Cousteau, New Jersey
8. Delaware
9. Chesapeake Bay, Maryland
10. Chesapeake Bay, Virginia
11. North Carolina
12. North Inlet-Winyah Bay, South Carolina
13. ACE Basin, South Carolina
14. Sapelo Island, Georgia
15. Guana Tolomato Matanzas, Florida
* Proposed Reserve

16.
17.
18.
19.
20.
21.
22.

24.
25.
26.
27.
28.
29.
30.

QZQ

Rookery Bay, Florida
Apalachicola, Florida

Weeks Bay, Alabama

Grand Bay, Mississippi
Mission-Aransas, Texas
Tijuana River, California
Elkhorn Slough, California
San Francisco Bay, California
South Slough, Oregon
Padilla Bay, Washington
Wisconsin *

Old Woman Creek, Ohio

St. Lawrence River, New York *
Jobos Bay, Puerto Rico
Kachemak Bay, Alaska

Figure 2. Location of designated and proposed reserve sites within the National Estuarine Research Reserve

System. From the Estuarine Reserves Division, National Oceanic and Atmospheric Administration, Silver

Spring, Maryland.
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The NERRS also promotes increased public awareness of the importance of
estuarine systems. To this end, the program focuses on four priority coastal management
issues: (1) land use and population growth; (2) habitat loss and alteration; (3) water
quality degradation; and (4) changes in biological communities (NERRS, 2006b). The
NERRS 2005-2010 Strategic Plan outlines the strengths of the reserve system, and how it
addresses the major challenges of coastal management on local, regional, and national
scales. The following goals of the NERRS are outlined in the plan.

1. Strengthen the protection and management of representative estuarine ecosystems
to advance estuarine conservation, research, and education.

2. Increase the use of reserve science and sites to address priority coastal
management issues.

3. Enhance peoples’ ability and willingness to make informed decisions and take

responsible actions that affect coastal communities and ecosystems.

SYSTEM-WIDE MONITORING PROGRAM

The NERRS established the System-wide Monitoring Program (SWMP) in 1994
to track physical, chemical, and biological conditions and ecological processes of
estuarine ecosystems using system-wide, quality assurance protocols (Wenner et al.,
2001; Sanger et al., 2002). Since their inception, the long-term monitoring and iterative
habitat assessments conducted within the NERRS program have resulted in
comprehensive databases for multiple purposes. Monitoring data serve as a basis for

research to enhance fundamental understandings of the temporal and spatial dynamics of
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estuarine processes. In addition, the data provide management-relevant information to
evaluate changes in the ecosystem in response to natural perturbations and anthropogenic
disturbance. Moreover, continued operation of the long-term monitoring effort will yield
valuable data to inform user groups of assessments and models of the cumulative effects
of environmental stressors in estuarine ecosystems (NERRS, 2007).

As noted above, a major focus of the SWMP is to improve the understanding of
estuarine variability associated with both natural processes and anthropogenic activities
through measurements of short-term variability and long-term changes in water quality,
biotic community structure, aquatic habitat characteristics, and watershed land use and
land cover (NERRS, 2007). In this regard, the SWMP initiatives have included efforts to
obtain extensive and useful environmental databases. According to the NERRS (2002),
some problems that could be targeted by the collection of these comprehensive databases
include:

1. Changes in water quality associated with land use change, nutrient loading, or
altered freshwater flow;

2. Comparison of natural, altered, and restored habitats; and

3. Correlation of water quality over broad spatial scales with occurrence, density,
and distribution of biological resources.

Research and monitoring at the NERRS sites have yielded data on the processes
that govern stability and change in estuarine ecosystems. The SWMP anchors research
and monitoring efforts at the NERRS sites and ensures the standardization of sampling
protocols, which allows reliable comparisons to be made of data collected at the reserve

sites. The SWMP consists of three major elements: (1) abiotic monitoring; (2) biotic
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monitoring; and (3) land use and habitat change characterizations (NERRS, 2007). Each
of these elements contributes long-term data that are valuable for tracking changes in
ecosystem features and for assessing relationships between these features to better

understand the drivers of the observed changes.

Abiotic Monitoring

Abiotic monitoring focuses on data '

acquisition of three major SWMP :
components: (1) water quality; (2)
physical conditions; and (3) weather.
Baseline data acquisition for these three
components provides important contextual
information on the physico-chemical
dynamics of an estuary. They also help track changes over time and across space that
may be induced by human activities. For example, nutrient enrichment has increased
dramatically in estuaries around the country and has become recognized as a significant
stressor in many estuarine systems (Kennish and Townsend, 2007). The abiotic
monitoring conducted through the SWMP provides important data on nutrient
concentrations, on how nutrient concentrations are influenced by physical processes (e.g.,
precipitation, freshwater inflow, and tidal cycles), and on how they may affect other
ecosystem conditions (e.g., chlorophyll a and dissolved oxygen). As this example shows,

the tracking of abiotic features in the NERRS facilitates greater understanding of
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estuarine processes and the factors that influence these processes. It also provides
baseline data that guides improved management of estuarine ecosystems.

The SWMP fills an important void for an integrated national program that
evaluates the status of marine environmental resources and the trends in estuarine water
quality over protracted periods. Therefore, it differs from most existing nationwide
monitoring programs which generally monitor estuarine conditions over shorter periods
each year. Water quality parameters—temperature, conductivity, pH, dissolved oxygen,
turbidity, and water depth—have been monitored within all NERR sites since 1995. Data
are gathered using 6-series data sondes from Yellow Springs Instrument Company
(YSI™), Yellow Springs, Ohio (YSI 6600 or YSI 6600 EDS models); they are deployed
at four primary, long-term stations in each reserve. Each water quality parameter is
measured at 15 minute intervals, and data from at least one data sonde per reserve (e.g.,
Buoy 126 in the JCNERR) are telemetered hourly via satellite to a central receiving
station for near real-time use (NERRS, 2007). All data and metadata are archived and
made web-available via the Centralized Data Management Office (CDMO) currently

located at the North Inlet-Winyah Bay NERR in South Carolina

(http://cdmo.baruch.sc.edu). The measured parameters track changes in key physico-
chemical conditions and are indicative of habitat quality for numerous species. They also
document environmental criteria that relate to human health and influence human use of
estuarine areas.

Nutrients have been monitored at the data-sonde sites since January 2002.
Replicate grab samples are collected monthly; in addition, monthly diel samples are taken

at 2.5 h or shorter intervals over a lunar day (24 h: 48 min) at one site using an ISCO
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sampler (Teledyne Isco, Inc., Lincoln, Nebraska, USA). All of the NERRS reserve sites
gather data on ammonium, nitrate, nitrite, orthophosphate, and chlorophyll a. Additional
nutrient parameters are measured by some of the reserves (e.g., silica, particulate nitrogen
and phosphorus, dissolved total nitrogen and phosphorus, particulate and dissolved
carbon, and total suspended solids) (NERRS, 2007). As coastal development and
associated eutrophication problems have increased, nutrient monitoring is important for
investigating patterns and drivers of change in nutrient concentrations and for devising
effective mitigation and remediation strategies (Kennish, 2003; Kennish and Townsend,

2007).

Meteorological Monitoring

Meteorological data are collected year-round through the
NERRS SWMP. Monitoring stations are sited at locations typical of
natural conditions of each reserve and are installed according to
National Weather Service guidelines. The JCNERR collects
meteorological data at the Richard Stockton College Marine Field
Station at Nacote Creek. The parameters (i.e., air temperature, wind

speed and direction, barometric pressure, relative humidity,

precipitation, and phytosynthetically-available radiation) are s.w.goss:

measured every five seconds, with an average or total value output every 15 minutes.
Data are telemetered hourly via satellite to a central receiving station for near real-time
use (NERRS, 2007). The meteorological monitoring provides valuable contextual data
for interpreting water quality implications of short-term weather events and for

investigating estuarine responses to longer-term climatic variability. In addition,
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understanding links between atmospheric deposition and nutrient loading to estuaries

requires accurate meteorological records (Paerl, 1997; Paerl et al., 2002; Gao et al., 2007).

Biotic Monitoring

The SWMP biomonitoring initiatives have yielded data on the species abundance,
distribution, and diversity of biotic communities in the NERRS estuarine systems. These
initiatives have also been used to track temporal changes in characteristics of the biotic
communities. Biomonitoring projects also address specific research questions or
management issues, such as the effect of water quality on species distributions or the
influence of habitat degradation on the communities. More information on key
biomonitoring components of the SWMP can be found in the focus areas of the NERRS
Research and Monitoring Plan.

The implementation of the SWMP biomonitoring efforts commenced in 2004,
with initial efforts focused on the monitoring of submerged aquatic vegetation (SAV) and
emergent vegetation (Moore and Bultuis, 2003). Since that time, baseline data have been
collected at most reserve sites to document the occurrence, growth, and spatial
distribution of emergent and submerged vegetation. The monitoring of SAV and
emergent vegetation is conducted using two approaches. One approach (referred to as
Tier I) documents the areal extent and spatial distribution of SAV and emergent
vegetation within reserve boundaries at annual or multi-annual time scales. Mapping is
conducted using remote sensing, in-situ field surveys, or a combination of these methods
as defined in NOAA’s Coastal Change Analysis Program and the Chesapeake Bay

Program (Dobson et al., 1995; NERRS, 2001). The second approach (referred to as Tier
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IT) examines the community and vegetative characteristics at permanent sampling stations
located along transects within selected stands of SAV and emergent vegetation. It
employs the protocols used in other successful monitoring programs (Neckles and
Dionne, 2001; Roman et al., 2001; Neckles et al., 2002; Short et al., 2002) and targeted
studies (e.g., Haag et al., 2008; Kennish et al., 2008; Moore and Jarvis, 2008). Tier II
characterization of local plant communities can yield critically important data on
vegetative growth and compositional changes over short- or long-term temporal scales.
As the biomonitoring program is expanded, it will track a suite of ecosystem
components to elucidate basic ecological processes in estuaries and to better understand
the implications of abiotic and biotic changes at the ecosystem level. Other components
to be incorporated into the biomonitoring program include plankton, nekton, benthos,
invasive species, and marsh birds (Kennish, 2003; NERRS, 2007). These biotic groups
serve ecological roles ranging from primary producers to top-level consumers in the food
web. They may also be indicators of disturbance (e.g., nutrient enrichment, habitat
alteration, and climate change) and thus are of great interest and concern to coastal
managers. As part of the SWMP, consistent protocols will be developed and tested for
monitoring these biotic groups across the NERRS. Some of the NERRS sites already

conduct site-specific monitoring and research of key indicator organisms.

Land Use and Habitat Change Characterizations
Human settlement and population growth in the coastal zone have significantly
altered the landscape of estuarine watersheds via habitat destruction and fragmentation.

Secondary effects of landscape change have degraded water quality due to increased
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surface water runoff, accelerated loading of nutrients and sediments, and freshwater
diversions (Kennish, 2002). The land use and habitat characterization component of the
SWMP tracks the magnitude and extent of habitat change and how these changes are
linked to watershed land use practices.

To track land use and habitat change, a set of two standard monitoring procedures
are applied at relevant scales in each reserve and its surrounding watershed. Through a
partnership with NOAA’s Coastal Services Center, the NERRS characterizes land cover
in each reserve’s watershed at moderate resolution (30-m) using data and protocols
associated with the Coastal Change Analysis Program (C-CAP) (NERRS, 2001). These
products are developed using remotely sensed imagery from which coastal intertidal
areas, wetlands, and adjacent uplands are inventoried. = Current inventories are
maintained, and change analyses are conducted by updating the land cover maps at five-
year intervals.

Fine-scale, high resolution habitat mapping and change analyses are conducted
within each reserve’s boundaries using a standardized classification scheme that
incorporates habitat types as well as land use types (Kutcher et al., 2005). This
classification structure organizes habitats by their salinity zone, flooding regime,
substrate type, and vegetation cover to provide very detailed inventories of resources
within each reserve. In most reserves, data for this characterization are derived from
aerial photographs or other high-resolution, remotely-sensed images. Extensive ground-
truthing ensures high levels of classification accuracy to support sensitive change
analyses and trend assessments over time. A habitat classification map for the JCNERR

is shown in Figure 1 above.
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This component of the SWMP enables investigators to compare the local,
regional, and national differences in watershed land use patterns, to understand how these
differences influence estuarine habitat quality, and to assess the sensitivity of specific
habitat types given land use change patterns. At local levels, these products provide
important information needed for effective coastal land use planning and decision-
making. They also provide critical data needed to assess specific issues, such as the risk

posed to coastal habitats by sea level rise.

JACQUES COUSTEAU NATIONAL ESTUARINE RESEARCH RESERVE

The National Oceanic and Atmospheric Administration (NOAA) officially
designated the Jacques Cousteau National Estuarine Research Reserve (JCNERR) as the
22nd National Estuarine Research Reserve System (NERRS) program site on October 20,
1997 in honor of the famous ocean explorer Jacques-Yes Cousteau. The principal
mission of the JCNERR program is to conduct long-term scientific research and
monitoring to characterize the natural and anthropogenic processes governing change and
stability in the reserve, and to provide the data necessary to effectively address coastal
management problems. The reserve program also focuses on improving the protection of
estuarine resources for designated uses such as public health, recreation, fish and shellfish
populations, and support of the estuarine ecosystem. It attempts to enhance public
awareness and understanding of estuarine and watershed areas through public education

and interpretation.
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The Institute of Marine and Coastal Sciences at Rutgers University oversees day-
to-day operations of the JCNERR program. Rutgers University has been conducting
research within the Mullica River-Great Bay estuarine system since the 1950s. With the
acquisition of its marine field station on Great Bay in 1972, the University began
collecting extensive data sets on the system. Other agencies and partners of the reserve
have also conducted studies on the Mullica River-Great Bay Estuary and surrounding
watershed areas. These include the Richard Stockton College of New Jersey, New Jersey
Department of Environmental Protection (Division of Fish, Game and Wildlife at Nacote
Creek), U.S. Fish and Wildlife Service, the Pinelands Commission, and Tuckerton
Seaport.

The JCNERR is unique for several reasons. The Mullica River-Great Bay
Estuary exhibits exceptional environmental quality and is generally considered one of the
most pristine and least (anthropogenically) impacted systems in the densely populated
urban corridor of the northeastern United States. This is largely attributed to the
extensive undeveloped lands of the
Pinelands National Reserve, state
wildlife management areas, and
federal reserves surrounding these
waters (Figure 1). The Pinelands
National Reserve, totaling nearly
450,000 ha, encompasses much of the

forested land in the area that is not

state-owned land. It restricts future
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development (Psuty et al., 1993). Domestic and industrial development in the watershed,
therefore, is limited. Encompassing more than 45,000 ha, the JCNERR consists of a wide
array of terrestrial, wetland, and aquatic habitats ranging from upland pine-oak forests
and hardwood swamps in the alluviated stream valleys of the Pinelands to tidal marshes,
barrier islands, and open estuarine and coastal ocean waters. The land habitats are
entirely in public ownership, which affords a significant level of resource protection.

Water is the predominant habitat in the JCNERR, covering 27,599 ha (~60% of
the area). Marsh blankets an additional 13,034 ha (>28% of the area). Forest cover is the
next largest category; it amounts to 4,616 ha (~10% of the area). Developed landscape,
which is relatively sparse, provides the least cover (553 ha or slightly over 1% of the
area). Domestic development is concentrated in two small communities, Mystic Island
and Tuckerton, whose boundaries extend to within 3 km of Great Bay (Psuty et al.,
1993).

Fringing wetlands (e.g.,
freshwater wetlands along the
Mullica River, small palustrine
(nontidal) wetlands, and Spartina
salt marshes) and submerged
aquatic vegetation (e.g., Zostera

marina and Ruppia maritima) !

support numerous organisms, including a number of endangered and threatened species.
The marshes also serve as nursery and reproductive habitats, filters of nutrients and

contaminants, and agents of flood and erosion control. The most extensive salt marshes
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(~33.8 km?) occur along the perimeter of Great Bay. The marginal areas of the lower
Mullica River are dominated by the smooth cordgrass (Spartina alterniflora) in the lower
marsh and salt-meadow cordgrass (S. patens) in the upper marsh. Freshwater tidal
marshes predominate along the tributary streams and headwaters of the Mullica River. A
Holocene barrier island complex, which trends northeast-southwest, forms the seaward
boundary of much of the reserve. This complex consists of one totally undeveloped
barrier island fronting Great Bay, and the undeveloped parts of two other barrier islands
(Psuty et al., 1993). Coastal habitats in the system serve as major migratory stopovers
and wintering areas for many species of waterfowl, shorebirds, wading birds, raptors, and
songbirds.

The boundaries for the JCNERR are designed to constitute a natural ecological
unit. They encompass a core area of contiguous wetlands, riparian habitats, open waters
in Great Bay, and nearshore ocean areas off Little Egg Inlet. The buffer zone includes
upland forested areas adjacent to the core wetland habitats. These boundaries form a
highly productive system that supports a rich diversity and high abundance of finfish,
shellfish, and wildlife.

Great Bay harbors large concentrations of planktonic, benthic, and nektonic
organisms. Biotic resources in the bay are similar to those of the Barnegat Bay-Little
Egg Harbor Estuary to the north and the Brigantine Bay and marsh complex to the south.
In addition, the Mullica River and its tributaries, notably the Batsto and Wading Rivers,
support hundreds of plant and animal species (e.g., 350 species of algae, 62 species of
aquatic macrophytes, 275 species of macroinvertebrates, and 91 species of fish) (U.S.

Fish and Wildlife Service, 1996).

26



Scientific investigations in
the JCNERR have concentrated
on coastal upwelling effects, life
history and habitat ecology of
fishes, habitat characterization
and mapping, shellfish resources,

submerged aquatic vegetation,

and potential impacts of human
disturbance. Water quality monitoring is another important component of the program.
The JCNERR is a vital area of estuarine research, as well as a natural field laboratory,
that provides valuable educational opportunities for teachers, students, and other
individuals interested in this unique and relatively undisturbed coastal ecosystem. It is
ideally suited as a reference site for assessing the modification and recovery of other

estuarine systems.

Field and Laboratory Facilities
The Rutgers  University
Marine Field Station (RUMFS) in
Little Egg Harbor Township
provides field and laboratory

facilities for the JCNERR and

visiting scientists who conduct research and monitoring within reserve waters. It is

situated at the end of a peninsula adjacent to Little Egg Inlet and is the site of a former
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U.S. Coast Guard Lifesaving Station. RUMFS provides access to the New Jersey
continental shelf and the Mullica River-Great Bay Estuary. RUMEFS resources include
the R/V CALETA, a 28 ft. aluminum hull research vessel, equipped with an A-frame and
winches and a 48 ft. research vessel, the R’V ARABELLA, equipped with an A-frame,
GPS navigation system, lab facilities, and mast-mounted wind sensors. JCNERR’s boat,
a 23’ Carolina Skiff (R/V THE MULLICA EXPLORER) is docked at RUMFS. Several
other small boats, docking facilities for larger vessels, analytical laboratories, a running
seawater lab, dark room, dive locker, and a 20-bed dormitory and a classroom are also
available. This field station serves as the shore base for the Rutgers’ Long-term
Ecosystem Observatory at 15 meters on the continental shelf (LEO-15), a component of
the JCNERR. Research activities focus on fishery-related investigations including
recruitment of marine organisms, early life history studies, and studies of sediment
transport on the continental shelf. From 1957 to 1986, measurements of nutrient
concentrations, productivity and basic physical parameters were made in the watershed
and continue in partnership with the JCNERR.

A rail system connecting the
dock to a service bay exists at
RUMEFS for servicing research
vessels and oceanographic
equipment. There is also additional
dormitory/office/storage complex a

short distance from the main

laboratory. Recently, funds were
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awarded from NOAA/NERRS to renovate and expand laboratory space at RUMFS for
use by JCNERR investigators. This renovation added much needed capacity to handle
and analyze field samples, and improve space required to support the SWMP. The
JCNERR Education Center also has dormitory facilities for visiting scientists and

students who conduct research within the reserve boundaries.

JCNERR Outreach and Education Programs
Coastal Training Program
The JCNERR Coastal Training Program (CTP) offers a variety of training
programs, resources and outreach materials for New Jersey’s coastal management
community. The JCNERR has enhanced informed decision-making on coastal issues by
transferring technical information to audiences that influence management of coastal
resources. In 2006, the JCNERR CTP updated its strategic planning. Prior to 2003, the

JCNERR hosted a variety of coastal decision maker workshops as noted below.

Small Motorized Watercraft Workshop 2000

The JCNERR hosted science and
management  workshops to  provide

scientific research on the impacts of small

motorized watercraft to habitats, living & =
resources, chemistry, and water quality. On November 7 and 8, 2000, at the Impacts of
Motorized Boats on Shallow Water Systems workshop, speakers throughout the country

presented research results and management strategies on small motorized watercraft. A
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second workshop convened on December 12 and 13, 2000 delivered successful

management approaches from state, county, and local governments.

Stormwater Management Roundtables

Chaired by the JCNERR CTP, the Barnegat Bay Phase II Steering Committee has
been conducting Phase II Stormwater outreach and offering technical assistance for the
past five years. These efforts have been concentrated in the Barnegat Bay watershed
which consists of 34 municipalities in Ocean County and 4 municipalities in Monmouth
County. During this time, 10 workshops/technical assistance opportunities have been
offered to municipal staff, and elected and appointed officials within the watershed.

Evaluation results showed an increased understanding of stormwater management
topics that have enabled municipalities within the Barnegat Bay watershed to take the
necessary steps to ensure compliance with their permits. A full evaluation of the
stormwater outreach was conducted in spring 2007. These results can be found online at:

www.JCNERR.org/coastal training.

Coastal Hazards Mitigation Outreach
The JCNERR, in partnership with the New Jersey State Police, Office of
Emergency Management Services, Federal Emergency Management Agency (FEMA),
and the New Jersey Department of Environmental Protection, offered a CTP workshop
on developing hazard mitigation plans for coastal municipalities. In light of hurricane
Katrina and other recent coastal disasters, this workshop was created to meet the growing

concerns of coastal municipalities regarding impacts of coastal storms.
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As a follow-on program, the CTP offered a technical assistance seminar in the
computer classroom at the JCNERR Coastal Center. A FEMA official demonstrated the
use of an electronic hazard mitigation toolkit. Participants working in county-specific
groups from Ocean, Monmouth and Essex counties gained hands-on experience with the
toolkit and discussed preparation of mitigation plans. An outcome resulting from these
outreach sessions included an agreement between all 34 municipalities in Ocean County

to work cooperatively on a multi-jurisdictional hazard mitigation plan.

Project Power

The JCNERR offered a workshop on “Protecting Our Wetlands through
Education and Regulations” (PROJECT POWER) in partnership with the staff of the
New York Aquarium and the NJDEP Division of Land Use Regulations and the Coastal
and Estuarine Land Use Compliance. A grant from the EPA enabled the New York
Aquarium to partner with various educational associations throughout the coastal zone to
deliver these workshops. A local workshop was delivered to local realtors and past
wetland regulation violators. Presentations focused on the ecological and functional
importance of wetlands, the NJDEP freshwater and coastal wetland regulations, and

compliance and enforcement issues.

Adopt-A-Storm Drain Municipal Assistance
The JCNERR CTP, in partnership with the Barnegat Bay National Estuary
Program, implemented an Adopt-a-Storm-Drain program in three towns within the

watershed in 2007. A flyer was developed to promote the program to all residents.
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Towns adopting the program received GPS units and training on how to mark and map
their storm drain inlets, individualized database programs for maintenance of storm drain

adoption records, and personalized storm drain labels.

Online Outreach Training Courses
In order to maintain their licenses, local construction code officials are required to
continue education through the New Jersey Department of Community Affairs (DCA).
In August 2006, needs assessment construction code officials identified land use
regulations as a highly desired topic for additional technical training. The online course

was offered through the JCNERR CTP website (www.JCNERR.org/coastal_training).

The five-week course was divided into five modules which included information
pertaining to waterfront development, CAFRA, coastal and freshwater wetlands, stream
encroachment and tidelands, and map and data miner webquest. As a result of the
success of this course, four additional sessions have been offered.

Based on the success of the Land Use Regulations Online Course and the results
of the 2006 needs assessment, a second online course was developed and offered in
March 2007. This course covered the floodplain regulations and construction standards.
In addition to construction code officials, this course was offered to state floodplain
managers. The modules included an overview, and information pertaining to forces of
floods on buildings, floodplain mapping, design and construction standards, and
administration of a local floodplain program.

The JCNERR, in partnership with the NJDEP, also developed a day-long

workshop to provide the most current and relevant scientific data regarding submerged
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aquatic vegetation (SAV) to staff of the NJDEP’s Land Use Regulations and
Enforcement Department. Hosted at Island Beach State Park, the workshop highlighted
the importance of SAV as a habitat, its biology and the major impacts affecting SAV. An
update was given on the current state of knowledge on the restoration of SAV.
Overviews of GIS products available for mapping SAV were provided by the Center for
Remote Sensing Spatial Analysis (CRSSA) of Rutgers University. An explanation of a
scientific model to predict SAV habitat and the techniques on evaluating SAV habitat in
the winter were also presented. Participants went on a field trip to SAV habitats in Island

Beach State Park.

K-12 Education

The education program of the JCNERR uses state-of-the-art science and
technological assets to develop innovative education programs and products that meet the
educational needs of K-12 educators and their students. Elements of these programs are
extended to the general public or watershed community, most notably individuals likely
to visit partner institutions such as the Cape May Nature Center, Tuckerton Seaport, and
Forsythe Refuge. Education programs offered as part of outreach initiatives at the
Tuckerton Seaport and other partner institutions provide vital information on water

quality conditions, habitats, and biotic resources in the JCNERR.
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Marine Activities, Resources and Education (MARE)

In 1994, Rutgers’ Institute of Marine and Coastals Sciences adopted an
interdisciplinary K-8 marine science curriculum called the Marine Activities Resources
and Education (MARE) program which now serves as a valuable source of information
and inspiration for creative, hands-on teaching. This interdisciplinary, whole-school
program engages teachers, students, parents, administrators and the community in the
transformation of elementary and middle schools into dynamic laboratories for the study
of the ocean. The program, created in 1991 by the Lawrence Hall of Science at the
University of California at Berkeley, has been successfully implemented in hundreds of
inland and coastal schools nationally. MARE is especially designed to improve science
instruction for all students while promoting equity, language acquisition, environmental
awareness, and academic excellence.

The MARE program
has achieved the following
results since its inception in
New Jersey in 1994: (1)
approximately 3,650
educators have been directly

trained as Leadership Teams

through the annual six-day

MARE Summer Institute; (2) approximately 12,000 K-6 educators have received training

or have become involved in the program through turn-key training opportunities
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conducted by Summer Institute participants or MARE Master Trainers; (3) approximately
150 Ocean Week Celebrations have been conducted in elementary schools throughout the
state; (4) dozens of student field trips associated with the MARE program have been
supported; and (5) more than 20 pedagogical workshops and collaborative projects,
including “Bay Grasses for Classes” and the Tidal Marsh Assessment Protocol (TMAP)

project have been conducted.

COOL Classroom

The JCNERR education staff, with support from the National Ocean Partnership
Program (NOPP) and the help of a group of scientists, technicians, school administrators,
and educators, developed a series of instructional modules for use on the Internet known
as the Coastal Ocean  Observation Laboratory @ (COOL)  Classroom
(www.coolclassroom.org). These modules are designed to capitalize on the technology
and data associated with the New Jersey Shelf Observing System to develop critical
thinking and analytical skills among middle and high school students. Using the
modules, students participate in the same predictive process used by scientists through
the comprehension of basic scientific principles as applied to marine science, accessing
real-time oceanographic data, analyzing data patterns and trends, and predicting ocean
conditions.

The COOL Classroom site began as a series of professional development
workshops in 1998 and 1999, where educators learned about the data and technologies
associated with the research of the NJSOS. Participants helped to develop several online
lesson plans over the two-year period, and a basic web site was developed to host the

lessons. Evaluation results from the workshops in 1998-99 indicated that participants
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were more comfortable with integrating technology into their lesson plans following the
training, but were less comfortable with using real-time scientific data with their students.

In 1999, additional support was secured from NOPP and an advanced web site
was developed through a collaboration of educators, scientists and the JCNERR
education staff. The COOL Classroom site was formally launched in an advanced draft
state in the spring of 2002, and has since been piloted twice with classroom educators.
The latest pilot, involving 20 educators from around the country, was completed during
April — June 2003. The COOL Classroom site continues to be improved and updated.
The launch of a newly improved COOL Classroom website is scheduled for summer

2008.

Shore Bowl

Since 2000, the JCNERR has engaged high school students in the study of coastal
and ocean sciences through the Shore Bowl, a high school academic competition focused
on ocean-related topics. These topics include the biology, chemistry, physics, and
geology of the oceans, as well as navigation, geography, and related history and
literature. The Shore Bowl is one of 23 regional competitions that comprise the National
Ocean Sciences Bowl, sponsored by the Consortium for Oceanographic Research and
Education (CORE). Each year, the Shore Bowl provides the opportunity for up to 16
teams to compete for a variety of prizes and awards, including the right to compete in the

national competition.
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National Estuaries Day

On behalf of National Estuaries Day, the JCNERR has conducted programs to
engage the local citizenry in a better understanding of their estuarine resources, as well as
the mission and programs of the reserve. National Estuaries Day is an interagency
campaign to celebrate the importance of estuaries and the need to protect them. Local
communities across the country celebrate their estuaries with a variety of special events,
many of which are hosted by reserves within the NERRS.

The JCNERR has gone beyond a local celebration of National Estuaries Day by
participating in EstuaryLive, a series of live Internet video broadcasts from several
reserves and National Estuary Program sites around the country. The live field trips are
available to educators, students, and the public via any computer with an Internet
connection, and participants can interact with on-camera personalities in real time via e-
mail. The JCNERR participated in the live broadcasts of the event each fall from 2001 to

2005 involving scientists, educators, and students.

Graduate Research Fellowship Program

The JCNERR Graduate Research Fellowship (GRF) program provides graduate
students with an opportunity to conduct research of local and national significance that
focuses on enhancing coastal zone management. Fellows conduct their research at a
NERRS site and gain hands-on experience by participating in their host reserve's research
and monitoring programs. GRF projects are based on a reserve’s local needs, the NERRS

national priorities, and the student’s interest.

37



Since 1999, the JCNERR has
supported the research and education
activities of 11 GRFs (Appendix 1). The
research projects of the GRFs have
involved studies in the coastal watersheds
of the reserve (Mullica River and
Barnegat Bay watersheds) as well as the

estuarine waterbodies themselves

(notably the Mullica River-Great Bay Estuary and Barnegat Bay-Little Egg Harbor
Estuary). The projects have included the application of land use change models, nutrient
biogeochemistry, the investigation of fish species dynamics and habitat use, fish larval
occurrence and abundance, decapod crustacean abundance and diversity, and seagrass

epiphytic biomass.

JCNERR CHARACTERISTICS

The JCNERR is located in southeastern New Jersey (~39°N, 74°W)
approximately 15 km north of Atlantic City. It lies astride the Pinelands forest ecosystem
on the Atlantic Coastal Plain and the Pleistocene and Holocene barrier island complexes
of the coastal margin. The geographic scope includes a part of the Mullica River
drainage basin (Figure 3). It also encompasses lower Barnegat Bay, Little Egg Harbor,
Great Bay, and inland back-bays (e.g., Little Bay, Reeds Bay, and Absecon Bay) as far
south as Absecon. The downstream boundary extends about 9 km onto the adjacent inner

continental shelf to the area of the Long-Term Ecosystem Observatory (LEO-15), a 2.8
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km? offshore research site of Rutgers University. LEO-15 is located at a shallow (~15 m
deep) sand ridge (Beach Haven Ridge at 39°8”18”N, 74°15’10”W) measuring about 4.5

km long and 1 km wide on the inner continental shelf off Little Egg Inlet.

Physical-Chemical Characteristics
Estuary/Watershed
The Great Bay-Little Egg Harbor estuarine complex, which occurs in the central

portion of the Mid-Atlantic Bight, consists of shallow, polyhaline embayments bordered

by more than 280 km of
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(Chizmadia et al., 1984; Durand, 1984). Because of their shallow depths, both systems
respond relatively rapidly to air temperature changes; thus, they are characterized by a
broad annual temperature range (~2 to 30°C). Salinity in the embayments ranges from
~10->32%o (Szedlmayer and Able, 1996).

Most land areas surrounding the Mullica River, Great Bay, Little Egg Harbor, and
lower Barnegat Bay systems are managed by state and federal government agencies
which minimizes adverse anthropogenic impacts. Among the state-owned lands are the
following:  Absecon Wildlife Management Area, Great Bay Boulevard Wildlife
Management Area, Port Republic Wildlife Management Area, Swan Bay Wildlife
Management Area, Clarks Landing State Natural Lands Trust, Kinslow Preserve, Mystic
Island State Natural Lands Trust, Bass River State Forest, Wharton State Forest, North
Brigantine State Natural Area, Absegami State Natural Area, and Great Bay State Natural
Area. Federal-owned and managed lands include the Brigantine National Wildlife
Refuge and the Barnegat National Wildlife Refuge. The upper part of the Mullica River-
Great Bay drainage basin also lies in the pristine Pinelands National Reserve which
affords a considerable degree of protection from anthropogenic environmental alteration
(Good and Good, 1984; Able et al.,, 1996). The Pinelands Management Area
encompasses ~75% of the Mullica River watershed, and most of the watershed remains in
public ownership. Underwater lands of the Mullica River-Great Bay Estuary are all state

owned.
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Climate

A number of weather stations collect meteorological data in the region. The
National Weather Service at Pomona (~16 km west of Atlantic City; elevation 19.5 m)
monitors weather conditions 24 hours a day and has a comprehensive meteorological
database dating back to 1943. Other official National Weather Service observation sites
maintained in the Pine Barrens include Belleplain State Forest (9.1 m elevation),
Chatsworth (30.5 m), Hammonton (25.9 m), Indian Mills (30.5 m), Lakehurst Naval Air
Station (39.0 m), Mays Landing (6.1 m), McGuire Air Force Base (43.6 m), Pemberton
(24.4 m), and Toms River (3.0 m) (Havens, 1998). More locally, the Oyster Creek
Nuclear Generation Station, located in the Barnegat Bay watershed at Forked River, has
collected meteorological data since 1966. The U.S. Coast Guard Station on Long Beach
Island at Barnegat Light also collects meteorological data, as does the Rutgers University
Marine Field Station at the terminus of the Great Bay Boulevard Wildlife Management
Area. Finally, a Campbell Scientific Weather Station operated by the Richard Stockton
College in partnership with the JCNERR records meteorological data near Nacote Creek
as part of the NERRS System-wide Monitoring Program.

Havens (1998) has reviewed the climate in the region. The JCNERR is
characterized by temperate conditions typical of the Mid-Atlantic region. The seasons
are well defined; however, seasonal air temperatures vary considerably from year to year
as in other temperate systems. The coldest temperatures occur during January, and the
warmest temperatures, during July. While the average winter temperature ranges from 0-
2.2°C, the average summer temperature ranges from 22-24°C. The Atlantic Ocean

moderates seasonal air temperature extremes in the lower drainage basin and open

41



estuarine areas. Farther inland away from the influence of the ocean, temperature
extremes can be great. For example, winter temperatures less than -20°C have been
recorded in the Pine Barrens region, with summer temperatures occasionally exceeding
38°C.

Winds predominate from the northwest and southwest during the year (Figure 4).
The prevailing winds from the December through March period are from the northwest.
Southerly onshore winds dominate in the late spring and summer. Wind velocities are
generally less than 15 km/hr. Warm tropical air masses from the south and southwest
bring hot, humid weather conditions during summer. Afternoon sea breezes reduce

summer temperatures within 10-15 km of the shoreline.

Wind Direction Frequency of Occurrence
1987 through 1996
Oyster Creek Nuclear Generation Station
Wind Direction "From' Each Compass Sector

WA T WA
1O, 20

Values in Percent of Hourly Occurrence

Figure 4. Wind direction frequency of occurrence recorded at the Oyster Creek Nuclear Generating Station
during the 1987 to 1996 period. From Kennish, M. J. (ed.). 2001a. Characterization Report of the Barnegat
Bay-Little Egg Harbor Estuary and Watershed. Technical Report Submitted to the Barnegat Bay Estuary

Program, Toms River, New Jersey. 1,100 p.
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Northwesterly winds in winter develop from high pressure areas with very cold
air masses over central Canada and the northern Great Plains of the United States.
Periodic surges of cold air masses flow southeastward across the eastern United States,
and they affect the study area. The frequency of these cold air surges diminishes through
the spring, as the jet stream retreats northward, ultimately being replaced in summer by
warm and humid southerly breezes originating from a large, subtropical high pressure
area (a semi-permanent feature) centered near Bermuda in the Atlantic Ocean (i.e.,
Bermuda high). More quiescent weather conditions typically arise in the fall in
association with stationary or slow-moving, high pressure areas which originate as cold,
shallow highs over Canada and stagnate over the eastern United States as warm highs
(Havens, 1998).

Precipitation, mainly in the form of rain, averages between 100-122 cm/yr in the
region. It is relatively evenly distributed year-round. Northeasters commonly deliver
large amounts of precipitation in the winter, with thunderstorms caused by localized
convection frequently observed during the summer and early fall. The thunderstorms are
generally of high intensity and short duration. Northeasters typically develop in waters
off the southeast coast of the United States and move north and northeast producing
strong winds, heavy surf, and occasional tidal flooding. Extratropical storms and
hurricanes arise during late summer and early fall, although they often pass east of the
reserve. These storms can also generate destructive winds and considerable precipitation
(e.g., 10 cm or more) that occasionally cause serious flooding problems, soil erosion, and

structural damage.
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The Gulf Stream plays a vital role in the development of northeasters. This
northward flowing, warm-water current parallels the eastern seaboard, heating the
overlying air and creating a front along the coast. Subsequently, surface low pressure
systems can form as jet stream disturbances move over this newly formed temperature
gradient. Heavy rains and strong winds often ensue because of the large amount of
moisture from the ocean and the aforementioned temperature gradient of the coastal
front. Strong winds from the east and northeast associated with these storms may cause
barrier beach erosion, overwashes, and back-bay flooding. In severe storms, wind gusts
have exceeded 90 km/hr, and sustained winds, 80 km/hr. During any given calendar
year, three-to-five coastal storms typically occur in the region, with the most severe

storms observed in the fall.

Geology

The Mullica River watershed lies within the
Atlantic Coastal Plain, which formed during the last
170-200 million years by depositional and erosional

processes (Figure 5). In New Jersey, the coastal plain

covers ~10,500 km? and is underlain by a thick wedge (400-1,830 m) of unconsolidated
clays, silts, sands, green sands, and marls deposited during the past 135 million years in
response to multiple sea level changes and associated transgressive and regressive
sequences. These sediments comprise at least 15 geologic formations predominantly of
Cretaceous and Tertiary Age. The Raritan Formation (lower Cretaceous Age) lies at the

bottom of the wedge, and the Kirkwood and Cohansey Formations of Tertiary (Miocene)
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Age (overlain by a thin veneer of Quaternary deposits) occur at the top (Table 1). The
wedge of sediments thickens eastward (seaward), exceeding 1,900 m in southern Cape
May County (Zapecza, 1989). The alternating layers of clay, silt, sand, and gravel
characterizing coastal plain sediments trend northeast-southwest and dip gently eastward
at ~2 m/km (New Jersey Geological Survey, 1996). Most sedimentary strata underlying
the Atlantic Coastal Plain have formed by deposition in deltaic and shallow marine

environments.
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Figure 5. Map illustrating the regional location of the Mullica River Basin. From Zampella, R. A., J. F.
Bunnell, K. J. Laidig, and C. L. Dow. 2001. The Mullica River Basin. Technical Report, New Jersey

Pinelands Commission, New Lisbon, New Jersey.
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Table 1. Upper strata of the New Jersey coastal plain.

Time and age Lithology Thickness (m)
Quaternary Clay, silt, sand, bog iron, and peat 0-3
Holocene
(0.01)
Clay, silt, sand, and gravel 0-37
Pleistocene
(1.8)
Tertiary Gravel, sand, and silt; some sand beds 0-6
Pliocene (?)
%) are hardened with iron oxide 0-21
and
Miocene (?) Sand and Gravel 0-6, usually <3
Sand with gravel, silt, and clay 8-61
Miocene
(22.5) Clay, silt, sand and gravel 15-137

From Rhodehamel, E. C. 1998a. Geology of the Pine Barrens in New Jersey. In: R. T. T. Forman (ed.),
Pine Barrens: Ecosystems and Landscape. Rutgers University Press, New Brunswick, New Jersey, pp. 39-
60.

Geological characteristics of the Pinelands, specifically low relief, sandy,
droughty soils underlain by water-bearing sandy layers and confining clay layers, provide
a unique surface and ground water system (Markley, 1998; Zampella and Bunnell, 2000;
Zampella et al.,, 2001). The Kirkwood and Cohansey Formations are the principal
aquifers in the region, with ground water seepage from the Cohansey aquifer providing
inflow (base flow) to the regional stream system. They contain an estimated 65 trillion
liters of freshwater. Overlying Quaternary deposits, such as the Cape May Formation,
serve an important hydrologic function by transmitting water to these underlying

aquifers. The underlying Potomac-Raritan-Magothy aquifer system is the most
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productive and heavily used confined aquifer in the coastal plain, with withdrawal rates
from individual wells ranging up to 7,700 I/min.

Four other aquifers occur in the watershed area. These include (from shallowest
to deepest): (1) the Atlantic City 800-Foot Sand; (2) the Wenonah-Mount Laural aquifer;
(3) the Englishtown aquifer system; and (4) the Potomac-Raritan-Magothy aquifer
system. These productive formations consist principally of sand and gravel, with
confining units in the sedimentary wedge comprised of silts and clays. The only

unconfined aquifer in the region is the Kirkwood-Cohansey system.

Soils
In general, the surface of the coastal
plain is a gently rolling terrain, with sandy,
droughty soils and few outcrops. The lower
component of the region's Kirkwood outcrop

consists of very fine, dark, micaceous sand

with a pebbly glauconitic basal layer. The
upper component is made up of silt and clay. The 8,930 km® Cohansey formation ranges
from the surface to depths of 6 m to more than 60 m. The Cohansey consists of fine to
coarse grained quartzose sand with foot-thick lenses of gravel. Generally, clay content is
less than 20%. The Cohansey and the Kirkwood are the principal aquifers in the region
and may contain as much as 65 trillion liters of water. The tremendous water reserves are

a result of the sandy soil, flat terrain, and evenly distributed precipitation.
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The Mullica River watershed contains sandy, siliceous, droughty soils with low
nutrient concentrations. They derive largely from the Cohansey Sand, which in the
Wharton Tract consists of 93% sand beds, 3.5% silt beds, and 3.5% clay beds. The
lithology of the Cohansey Sand varies within the Pine Barrens region, being composed
principally of yellow limnetic quartz sand with minor amounts of pebbly sand, fine to
coarse sand, silty and clayey sand, and interbedded clay (Rhodehamel, 1998a). The
quartz dominated Cohansey Sand yields soils with little or no clay and minimal textural
change upon weathering. In addition, the soils are highly acidic with small amounts of
organic matter, low cation exchange capacity, and poor capacity to attenuate nutrients.

Markley (1998) identified 16 soil series in the Pine Barrens ranging from
excessively drained to very poorly drained types. These include the following series: (1)
Lakewood; (2) Evesboro; (3) Woodmansie; (4) Downer; (5) Sassafras; (6) Aura; (7)
Lakehurst; (8) Klej; (9) Hammonton; (10) Atsion; (11) Berryland; (12) Pocomoke; (13)
Muck; (14) Woodstown; (15) Fallsington; and (16) Fort Mott. The distribution of these
soils forms a conspicuous mosaic pattern in the Pine Barrens region (Table 2).

Several soil types predominate in the Mullica River watershed, notably the
Lakewood, Evesboro, Woodmansie, Downer, Lakehurst, Klej, Atsion, and Muck series.
Lakewood soil, a podsol, consists of highly leached sands with a thickly bleached surface
horizon (> 18 cm). The Evesboro is comprised of loose, excessively drained soils devoid
of a thickly bleached surface horizon. Both the Woodmansie and Downer series are
well-drained soils with a sandy loam subsoil. Lakehurst soils have relatively poorly
drained sands with a bleached gray sandy surface 18 cm or more thick. Rather poorly

drained sands or loamy sands characterize the Klej series. Atsion soils also exhibit
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poorly drained sands, and in addition, have a gray or thin black surface soil and a dark
brown subsoil. In contrast to the aforementioned sandy series, Muck soils consist of
poorly drained, organic-rich soils overlying a sandy substratum. They form in narrow

submerged valleys (Markley, 1998).

Table 2. General distribution and extent of soils in the New Jersey Pine Barrens.

Area in Pine

Soil Former Distc;lietiletriZL in szzﬁns falili(ile Position in Most Common Trees
Series  Classification Pine Barrens Barrens Landscape (In Order of Abundance)
(Hectares)
Pitch and shortleaf pines,
. o and
L?)l:)zw Lakewood Rare in :ftuthem 36,000 (12%) High few chestnut oaks; dwarf
p form where
fires have been severe
Pitch and shortleaf pines
0,
Evresbo Sassafras Entire region 40,000 (9%) High and few
chestnut oaks
1 0,
qud Lakewood Burlington apd 20,000 (4%) High Dwarf pitch pine
mansie Ocean counties
Black, white, and chestnut
. o oaks,
I\Ijl(z)rttt Sassafras sol\lft(})lset:r}: H; " 45,000 (<1%) High hickories, and few pitch
P and short
leaf pines
Black, white, scarlet, red,
o and
Doxryvne Sassafras Entire region 80,000 (17%) High chestnut oaks, hickories,
and few
pitch and shortleaf pines
Sassafr Mostly in 12,000 (3%) . Black, red, white, and
as Sassafras southern part High scarlet oaks,
p hickories, and few beeches
Black, white, red, and
. o scarlet oaks,
Aura Sassafras sol\lft(})lsetir}ll 1r; ot 24,000 (5%) High hickories, and few pitch
p and
shortleaf pines
Lakehu Mostly in 52,000 (11%) . Pitch pine and few black,
st Lakewood northern part Intermediate white and

chestnut oaks
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Klej

Hamm
onton

Woodst
own

Atsion

Fallsin
gton

Berryla
nd

Pocom
oke

Muck

Sassafras

Woodstown

Woodstown

Leon”

Portsmouth

St Johns®

Portsmouth

Swamp

Entire region

Entire region

Mostly in
southern part

Entire area

except Cape May

County

Southern part

Entire area

Entire area

Entire area

16,000 (3%)

20,000 (4%)

2,000 (<0.5%)

58,000 (12%)

2,000 (<0.5%)

20,000 (4%)

8,000 (2%)

48,000 (10%)

Intermediate

Intermediate

Intermediate

Low

Low

Low

Low

Low

Black and white oaks,
blackgum; and
few red maples,
sweetgums, pitch
and shortleaf pines
Black, white, red, southern
red, and
scarlet oaks and few pitch
and
shortleaf pines

Red, white, black,
southern red oaks,
hickories, and few beeches

Pitch pine, red maple, and
blackgum

Swamp white oak, red
maple,
blackgum, sweetgum,
sweet birch,
beech, and few pitch pines

Pitch pine, red maple,
blackgum, and
few Atlantic white cedars

Swamp white oak, red
maple;
blackgum, sweetgum,
willow oak,
and few pitch pines

Atlantic white cedar and
bay magnolia

From Rhodehamel, E. C. 1998a. Geology of the Pine Barrens in New Jersey. In: R. T. T. Forman (ed.),

Pine Barrens: Ecosystems and Landscape. Rutgers University Press, New Brunswick, New Jersey, pp. 39-

60.

Most soils in the New Jersey Coastal Plain range from sandy clay loam to sand.

Organic-rich soils exist along estuarine shorelines and in surrounding wetlands habitat.

They also occur near the mouth of coastal plain streams and in broad flooded reaches of

the streams. These soils have greater nutrient holding capacity.
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Overall, most soils of the Mullica River watershed consist of fine to coarse sands
that form a dry, infertile, acid-rich environment. They typically are well leached with
low nutrient holding capacity. As a result, the soils are depleted in nutrients, which tend

to be concentrated within the vegetative media of the coastal plain.

Topography

The coastal plain at the

site of the Mullica River
watershed is characterized by
low and relatively flat terrain.
To the west in the Pine Barrens,
the coastal plain undulates
gently eastward, but relief is

low throughout this region

(Tedrow, 1998). Although the
coastal plain in New Jersey consists of a series of marine terraces, there are no steep
slopes or mountain peaks in the watershed area. Small hills (maximum height = 62 m)
sporadically interrupt the low topographic relief of the Pinelands landscape, which

mainly lies between 15-46 m above sea level.

Historical and Cultural History

People have been living in the Mullica River-Great Bay region for more than

8000 years. Evidence of these pre-historic cultures has been found in over 1000 sites in
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the Pine Barrens, including over 100 sites along the Mullica River and its tributaries. The
people living in the Mullica River-Great Bay area at the time of contact with early settlers
were part of a large group known as the Lenni Lenape. These Native Americans became
known as the Delawares to the settlers. The Delawares occupied the areas which are now
the state of Delaware, southeastern Pennsylvania, and all of southern New Jersey. In
1758, the remnant of the Delaware Indians living in New Jersey was placed on a
reservation of over 1200 ha (3000 ac), known as Edgepillock or "Brotherton." The
reservation was located at the headwaters of the Mullica River at what is now known as
Indian Mills, Burlington County. The Delawares were relocated to New York State in
1801 and again later to Oklahoma. The Native Americans which originally resided in the
Mullica River-Great Bay region were known to be skilled gamehunters and fishers of
finfish and shellfish.

The first settlement of the Mullica!

River-Great Bay region occurred in 1697, |
when the Finnish settler Eric Palsson Mullica |
obtained a piece of land from other settlers in
the nearby Swedish settlements along the
Delaware River. Most of the early settlers in the region were from Sweden. In the late
1690's, several parcels of land were sold within the area that is now Tuckerton. Mullica
obtained one of these pieces of land in what is now Lower Bank on the Mullica River.
Before the outbreak of the Revolutionary War, there were more than 30 homesteads
reaching from Tuckerton up the Mullica and Wading Rivers. By 1735, the area consisted

of 35 to 40 dwellings. By the mid-18th century, there were sawmills on each of the
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Mullica River's four stream branches. A dam was built on the Basto River in 1765 and a
grist mill, and several more sawmills were built in the early 1700's. The first ship to be
built in the area was constructed in 1724, marking the beginning of a long shipbuilding
history.

Pirating and privateering trade also began, with ships built in the area being used
to raid British ships and for contraband activities. On September 30, 1778, British forces,
400 strong in nine ships, destroyed the fort at Chestnut Neck, but their flagship Zebra
with Captain Henry Collins in command, ran aground and had to be abandoned by the
British troops. Their plan to continue up the Mullica River and destroy Batsto was
abandoned. However, the British Captain and his crew did destroy the small village of
Chestnut Neck, killing several men and destroying their storehouse, as well as taking
prisoners. The Chestnut Neck Battle Site is on the National Registry of Historic Places.

The industrial and commercial
ventures along the Mullica River and Great
Bay region drew on the natural resources of

both the land and water. The river was used

to transport goods to the bay where they were [
then shipped to New York, Philadelphia, and even th West Indies. In addition, iron
furnaces were crafted in Batsto and Atsion, which provided the bulk of musket and
cannon balls for American troops in the American Revolution and the War of 1812.
Beginning in 1814, a glass industry was established in the Pine Barrens. Bottle glass and
window glass were both produced in these factories. Two cotton mills were established

on the upper reaches of the river system located in Pleasant Mills in Atsion. One was
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later converted into a paper mill. Paper mills in the area used native salt hay. Sawmills

produced lumber for both housing and shipbuilding throughout the industrial period.

Early horticulture was practiced by the Native Americans when the early settlers
arrived. Most of the houses built during the 18th and 19th century were farmsteads. Work
was seasonal, with most farming done at the subsistence level. The cranberry industry
started in 1835 and is still flourishing today. Cranberry bogs were dug out along the
freshwater reaches of the streams that flow into the Mullica River. Blueberries were first
cultivated in the Pine Barrens early this century. Fruit and vegetables grown in the area

were sent to markets by truck beginning in the mid 1800's.

Mullica River Watershed

The Mullica River Basin is the largest watershed in the Pinelands, covering an
area of 1,474 km” and draining parts of 23 municipalities (Figures 6 and 7). The Mullica
River drainage basin delivers most of the freshwater that enters Great Bay, with an
annual mean discharge of 29 m’/s (MacDonald, 1983). The Mullica River watershed is
divided into the Upper Mullica-, Lower Mullica-, Batsto River-, Bass River-, Oswego
River-, Mullica Wading-, and Great Bay subwatersheds (Figure 7). Undeveloped
forested habitat predominates, with only about 15% of the basin being developed or
farmed (Figures 8-10). The Upper and Lower Mullica River subwatersheds have the
greatest potential for increase in development, whereas the Great Bay and Bass River
subwatersheds have the least available land for development. Eighty-two percent of the

watershed lies within Pinelands Management Areas.
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Figure 6. Location of 23 municipalities in the Mullica River Basin (Atlantic, Burlington, Camden, and
Ocean Counties). From Zampella, R. A., J. F. Bunnell, K. J. Laidig, and C. L. Dow. 2001. The Mullica

River Basin. Technical Report, New Jersey Pinelands Commission, New Lisbon, New Jersey.

Figure 7. Major tributaries draining into the Mullica River-Great Bay Estuary. From Zampella, R. A., J. F.
Bunnell, K. J. Laidig, and C. L. Dow. 2001. The Mullica River Basin. Technical Report, New Jersey

Pinelands Commission, New Lisbon, New Jersey.
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Il Developed Land
Upland Agriculture
I Wetland Agriculture

Figure 8. Distribution of developed land, upland agriculture, and wetland agriculture in the Mullica River
Basin. From Zampella, R. A., J. F. Bunnell, K. J. Laidig, and C. L. Dow. 2001. The Mullica River Basin.

Technical Report, New Jersey Pinelands Commission, New Lisbon, New Jersey.
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Figure 9. Land use profiles within the Mullica River Basin. From Zampella, R. A., J. F. Bunnell, K. J.

Laidig, and C. L. Dow. 2001. The Mullica River Basin. Technical Report, New Jersey Pinelands

Commission, New Lisbon, New Jersey.
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Zampella et al. (2001) investigated landscape changes in the Mullica River Basin
during the 1979 and 1991 periods. Land cover types identified in the basin by Zampella
et al. (2001) included salt marsh, herbaceous vegetation, scrub/shrub, forest, cranberry
bogs, blueberry fields, orchards, crop land, barren land, managed grassland, developed
land, and water (Table 3). Changes in land cover and land use through time are important
in the basin because investigators have shown that the unique acid-water plant and animal
communities inhabiting the Pinelands are vulnerable to water quality degradation, fires,
and other human activities (Forman and Boerner, 1981). Most important are the changes
in water quality coupled to developed and agricultural landscapes (Zampella and Laidig,
1997; Zampella and Bunnell, 1998, 2000; Bunnell and Zampella, 1999; Zampella et al.,
2001). Forests covered ~75% of the basin in 1991, with all other land cover types
totaling less than 5% each at this time. Zampella et al. (2001) estimated that 5.3% of the
total basin area had a change in land cover type between the 1979 and 1991 periods,
including several major basinwide transitions. According to Zampella et al. (2001, p.

19), these changes were as follows:

B Orchard land was converted to crop land and blueberry fields.
B Barren land cover was also converted to blueberry fields.
B Crop land was converted to orchards and managed grassland, and some crop land

succeeded to scrub/shrub cover.

J Herbaceous cover succeeded to scrub/shrub cover and forest cover.

J Scrub/shrub cover was converted to forest cover.

59



Table 3. Commission land-cover types and related Landsat and NJDEP classes found
within 72 photoplots in the Mullica River Basin. Commission and Landsat classifications
were modified from the NOAA Coastal Change Analysis Program. For Commission
forest, scrub/shrub, herbaceous, barren-land, and water cover types, disturbances included
development, agricultural activities, resource extraction, timber harvests, and fire.
NJDEP land-use classes are referred to using the revised Pinelands terminology.

1979 and 1991 Commission
Land-cover Types

1991 Landsat Thermatic Mapper
Land-cover Types

1995 NJDEP
Land-use Classes

e Developed Land
* Residential development,
including
houses/driveways,
outbuildings, and
swimming pools
* Nonresidential
development, including
buildings/asphalt, paved
roads, railroads,
campgrounds vehicles,
and junkyard/storage
areas

e Developed land (%
impervious and barren land)
*Light: wooded (25-50%)
*Light: unwooded (25-50%)
*Moderate (50-75%)
*High (>75%)

Developed land, excluding

recreational lands and athletic fields

* Rural density residential
development
» Low density residential
development
* Medium density residential
development
* High density residential
development
* Nonresidential development,
including commercial/services,
industrial,

transportation/communications/utilit

es, and other urban uses

e Crop land, including crop
land, turf
fields, and gardens
e Orchards
*Tree farms
e Blueberry fields
e Cranberry bogs, including
bogs and
reservoirs

e Agricultural land
e Vines/Bushes

Upland agriculture, excluding

orchards/vineyards/nurseries/horticul

tural areas

Orchards/vineyards/nurseries/horticu

Itural areas
e Wetland agriculture

e Managed grassland
*Residential grass (lawns)
*Nonresidential grass,

including
pastures/corrals,
recreation land, athletic
fields, commercial lawns,
and roadside vegetation
e Herbaceous, including
several
unmanaged disturbance-related
herbaceous covers

e QGrassland, including
managed and unmanaged
herbaceous areas

Recreation lands, athletic fields, and

managed wetlands
e Herbaceous wetlands

Old fields (<25% brush covered)

e Forest, including
undeveloped vegetated
land and several
disturbance-related tree
covers
e Scrub/shrub, including

e Forest, including seven forest
types
e Scrub/shrub, including two
scrub/shrub types

Upland forest and wetlands,

excluding scrub/shrub subclasses and

tidal, herbaceous, disturbed, and

managed wetlands
Upland forest and wetlands

composed of scrub/shrub subclasses
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several disturbance-related and excluding tidal, herbaceous,
scrub/shrub covers disturbed, and managed wetlands

e Barren land
*Residential barren land

*Nonresidential barren . . e Barren land, including extractive
. . e Barren land, including barren . ..
land, including several . N mining, altered lands, transitional
. land and areas with <25% . )
disturbance-related vesetated cover areas, undifferentiated barren lands,
barren-land covers & and disturbed wetlands

*Sand roads
*Fire breaks

e Salt marsh, including
e Salt marsh unconsolidated shore and
emergent wetlands

¢ Tidal wetlands, including saline
marshes

e Water, including tidal
water, retention basins,
impoundments, irrigation
ponds, ditches/canals, and
other disturbance-related
water cover

e Water, including
unconsolidated shore and e Water and tidal waters
emergent wetlands

From Zampella, R. A., J. F. Bunnell, K. J. Laidig, and C. L. Dow. 2001. The Mullica River Basin.

Technical Report, New Jersey Pinelands Commission, New Lisbon, New Jersey.

A net decrease in forested land cover occurred between 1979 and 1991 largely due to its
conversion to barren land, managed grassland, and developed land. The conversion of

one agricultural type to another was also evident during this time period.

Watershed Build-Out
A build-out analysis has been completed for both the Mullica River watershed
(Appendix 2) and Barnegat Bay watershed (Appendix 3). The objective of this work is to
map the expected location of future development in the watershed and to provide
estimates of the number of new dwelling units when all land available in the watershed
for development has been developed to the highest intensities possible. Although the
build-out analysis of the watersheds does not project when build-out will actually occur,

it yields valuable information for long-term planning efforts as a way to understand
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potential future growth. This is accomplished by assessing three indicators - the number
of dwelling units, population, and percent impervious cover - as ways to quantify the
amount of development possible at build-out.

There is currently little development in the Mullica River watershed, whereas
considerable development exists in the Barnegat Bay watershed, particularly in the
northern portion. As a result, land areas in the Mullica River watershed, as well as in the
southern part of the Barnegat Bay watershed may be the target of future development. To
determine the amount of developable land in these watersheds, it is necessary to exclude
land already developed, wetlands, preserved open space, parcels with severed
developmental rights, and buffer zones around water bodies and wetlands. A Geographic
Information System (GIS) has been applied to map land use and future developmental
pressures in the watersheds.

The Mullica River watershed
remains one of the most pristine
watersheds in New Jersey. A total of 88%
of the watershed was in a natural or
unaltered state in 1986. Between 1986 and

2000, little degradation occurred here, with

only 0.7% of the forest and wetlands cover lost. Urban land cover in the watershed
increased from 5.8% in 1986 to 6.6% in 1995 and 6.9% in 2000; most development
occurred in areas designated for growth along the southwest perimeter. There was a real
loss of only ~1% of the watershed to development between 1986 and 2000. Impervious

surfaces (e.g., roads, driveways, sidewalks, roofs, and other impenetrable surfaces)

62



covered an estimated 1.34% of the Mullica River watershed in 1986 and 1.53% in 1995.
The build-out analysis predicts a range of impervious surface in the watershed between
2.50% and 2.83%. By comparison, the impervious surface is projected to increase to
12% in the Barnegat Bay watershed. The low percentage of impervious surface projected
for the Mullica River watershed reflects a non-impacted condition, well below the 10%
threshold level for impacted areas defined by Arnold and Gibbons (1996). The amount
of impervious surface in a watershed is an indicator of the intensity of human land use
and also correlates with water quality degradation and altered runoff patterns (Arnold and
Gibbons, 1996; Charbeneau and Barrett, 1998).

The population in the Mullica River watershed increased by 9% from 1990 (n =
76,383) to 2000 (n = 83,501). The build-out population is projected to range from
110,363, to 124,334 people (Appendix 2). This population is far less than the 812,556 to

842,777 people projected at build-out for the Barnegat Bay watershed (Appendix 3).

Hydrography
Rivers and Streams
The Mullica River flows eastward across southern New Jersey and the Pine
Barrens covering a distance of ~65 km, and it discharges into Great Bay (Figure 10).
The river terminates at a line drawn between Graveling Point and Oysterbed Point on the
northwestern side of Great Bay. The Batsto River, a major tributary, enters the Mullica
River ~40 km upstream from its mouth. The Wading River, in turn, discharges into the

Mullica River ~13 km from its mouth (Durand, 1988, 1998).

63



Most of the freshwater flowing into estuaries of the reserve enters as discharge
from streams draining the Pine Barrens, a 550,000-ha area of pristine habitat covering a
large portion of the New Jersey Coastal Plain (Figure 10). These low-gradient,
southeasterly flowing streams originate as ground water inflow from the Kirkwood-
Cohansey aquifer. According to Nicholson and Watt (1997), the aquifer system is
generally in good hydraulic connection with surface water bodies, and streams typically
gain flow from the aquifer year-round. The unique surface and ground water system in
the Mullica River watershed derives from the sandy, droughty soils of the Pine Barrens
which are underlain by water-bearing sand layers and confining clay layers as noted
above. The low relief of the region also influences surface runoff.

The depth to the water table in upland forests of the watershed ranges from ~1 to

25 m. However, water o

occurs near the land
surface in lowland forests
at least part of the year.
Water table levels vary by
as much as 3 m from
spring to fall in a given
year (Rhodehamel,

1998b).
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Figure 10. Location of the New Jersey Pine Barrens (within bold boundary line) showing the Mullica
River and other major rivers and streams in the region. From Patrick, R., B. Matson, and L. Anderson.
1998. Streams and lakes in the Pine Barrens. In: R. T. T. Forman (ed.), Pine Barrens: Ecosystems and

Landscape. Rutgers University Press, New Brunswick, New Jersey, pp. 169-193.
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As precipitation falls on the Mullica
River drainage basin and the Barnegat Bay
watershed, it rapidly percolates through
porous and droughty, sandy soils to the
shallow water table, which then feeds the

area streams as ground water seepage.

Surface water discharge, therefore, is
limited (U.S. Fish and Wildlife Service, 1996). For example, because of the large
infiltration of precipitation into the porous soils and surface strata, only ~5% of the total
precipitation falling on the Mullica River basin discharges as surface flow into the head
of Great Bay (Psuty et al., 1993). In general, ground water seepage accounts for ~80% of
the total discharge of South Jersey streams. Streams in the watershed gradually receive
ground water as they flow seaward. Much of the precipitation in the watershed, therefore,
discharges through shallow aquifers to the surface water system, supporting the base flow
of streams.

Only a small amount of the total precipitation in the area falls directly on the
stream surfaces. Approximately 45% of the total precipitation entering the drainage
basin infiltrates into the ground water system with a considerable amount lost via
evapotranspiration. Most of the ground water in the unconfined aquifer system follows
short flow paths and discharges locally to surface water bodies or follows longer, deeper
flow paths and discharges to distant streams at lower elevations, or directly to the
estuaries. A minor fraction leaks into deeper aquifers. Ground water relative to surface

water in the Pine Barrens has: (1) higher concentrations of carbon dioxide, iron, and
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aluminum; (2) lower concentrations of sulfate and phosphate; and (3) less variable pH,
sodium chloride, silica, temperature, and color (Rhodehamel, 1998b).

The Bass, Wading, Oswego, and
Batsto rivers, as well as several smaller
tributaries (e.g., Bull Creek, Landing
Creek, Nacote Creek, Nescochague Creek,
and Hammonton Creek) occur in the

Mullica River drainage basin (Figure 7).

The Pinelands streams have a high
concentration of humic acids from decaying vegetation, as well as a high iron content,
which causes brown coloration of the water. Several major subwatersheds join at the
head of tide near the town of Batsto to form the mainstem of the Mullica River; they
include the Batsto River, Atsion (upper Mullica) River, Sleeper Branch
(Mechesactauxin), Nescochague Creek, and Hammonton Creek. The headwater areas of
the Mullica River, Sleeper Branch, Nescochague Creek, Hammonton Creek, and Landing
Creek drainage basins contain the
most developed land and upland | _
agriculture in the Mullica River
Basin.

Upper headwaters of the
Mullica River are bordered by an

array of unique habitats, such as

cranberry bogs, Sphagnum bogs,
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and white cedar swamps. The tidally-influenced mainstem from Batsto to the mouth at
Great Bay (Deep Point) is ~34 km long. Tributaries that enter the Mullica River from the
south include the Landing Creek and Nacote Creek. Those entering the Mullica River
from the north are the Bull Creek, Wading River, and Bass River. Tidal marsh
communities fringe all of these tributaties.

The Mullica River, with a surface drainage area of 119.4 km?, has a mean annual
runoff of 83.8 cm. By comparision, the Batsto River has a surface drainage area of 182
km? and a mean annual runoff of 61.2 cm, and the Oswego River, a drainage area of 102
km? and a mean annual runoff of 46.4 cm (Rhodehamel, 1998b). Seasonal stream flow
fluctuates considerably in response to variations in meteorologic and hydrologic
conditions. However, cyclic seasonal stream flow patterns are evident in the drainage
basin, with highest stream discharges recorded during winter and early spring when
evapotranspiration is slight, and lowest stream discharges registered during late summer
and fall after a protracted period of elevated evapotranspiration. Rhodehamel (1998b)
noted that the Pine Barrens receives more than 40 cm of precipitation during the
December through April period, when direct runoff from riparian areas peaks at ~175.4
m’/day/km’ or 1.02 x 10° m*/day for the 5,828 km? contiguous Pine Barrens region. The
annual ground water contribution to runoff equals more than 50 cm or ~89% of the total
annual discharge. Thus, ground water flow for the 5,828 km” contiguous Pine Barrens
region amounts to ~1,388 m*/day/km” or 8.1 x 10° m*/day.

Several small streams in the Pine Barrens also discharge limited volumes of
freshwater from the Barnegat Bay watershed into Little Egg Harbor. Included here are

Cedar Run, Westecunk Creek, and Tuckerton Creek. In addition, a number of other
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creeks (i.e., Thompson Creek, Ezras Creek, Dinner Point Creek, and Parker Run)
terminate near the upland-salt marsh boundary in the area. Absecon Creek drains into the
shallow backbay region ~15 km south of Great Bay. Relative to the Mullica River, all of
these small influent systems discharge substantially smaller volumes of freshwater to the
coastal bays of the reserve.

Table 4 provides an annual hydrological budget for the New Jersey Pine Barrens
region based on the work of Rhodehamel (1998b). This budget relates water input
(precipitation) to water yield (stream runoff) plus water loss (evapotranspiration) for the
system. It is defined by the following equation: precipitation (114.3 cm) = interception
(15 cm) + evapotranspiration from undrained depressions (2.3 ¢cm) + evapotranspiration
from soil and ground water (39.9 cm) + direct runoff (6.3 cm) + ground water
contribution to runoff (50.8 cm). Nearly 40% of the total precipitation, therefore, is lost
via evapotranspiration, with the remainder entering the ground water reservoir. The
annual runoff of Pine Barrens streams equals 57.1 cm and ranges from 36 cm to 84 cm of
water. This runoff is important when considering salinity levels in the lower reaches of
Pine Barrens streams and contiguous estuarine waters.

Seawater enters Great Bay
and Little Egg Harbor through
Little Egg Inlet. Great Bay and the
backbays to the south (e.g., Little
Bay, Reeds Bay, and Absecon Bay)
experience semidiurnal tides, and

tidal influence extends a
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considerable distance up Pine Barrens streams. For example, tidal effects are observed
over the lower ~40 km of the Mullica River, although the upper limit of saltwater
penetration is ~20 km (Durand and Nadeau, 1972). Lower Bank, located ~25 km
upstream from the head of Great Bay, marks the upper end of the estuary (Durand, 1988).
Above this location, salinities are generally <1%o. The saltwater-freshwater interface in
Pine Barrens streams usually lies 8-16 km upstream from the head of the bay, but reduced
stream flow can cause upstream extension of the saline water and upstream displacement
of salinity gradients. Salinity in these low gradient streams varies from upriver to
downriver and seasonally in response to semidiurnal tides, frequency and intensity of
precipitation, and evapotranspiration (Durand, 1988). Seasonal variations can be
significant; for example, in the lower 8 km of the Mullica River, seasonal salinity levels
vary by as much as 10-20%o (Durand, 1988). Great Bay, Little Egg Harbor, and backbay
waters to the south are generally well mixed, with mean salinity values typically ranging
from ~25-30%o. From the head of the Mullica River to the nearshore ocean at LEO-15,

salinity ranges from ~0->34%e.

Table 4. Annual hydrological budget for the New Jersey Pine Barrens region, 1931-1964. '

Centimeters of Water Water
Water (m3/day/km2) (m3/day/km2)
Water input Precipitation 114.3 3127 18,224,000
Water loss Interception 15.0 409 2,384,000
Evapotranspiration
from 2.3 58.5 341,000
undrained depressions

Evapotranspiration 39.9 1096 6,387,000
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from soil

and ground water

Water yield Total water loss 57.2

Direct runoff 6.4

Ground water

contribution to 50.8
runoff
Total water yield 57.2

*Water input — water loss = water yield, or Precipitation = evapotranspiration + runoff.

"Pine Barrens region is approximately 5,828 km’.

From Rhodehamel, E. C. 1998b. Hydrology of the New Jersey Pine Barrens. In: R. T. T. Forman (ed.),
Pine Barrens: Ecosystems and Landscape. Rutgers University Press, New Brunswick, New Jersey, pp.

147-167.

Estuarine Circulation

The extreme enclosure and shallowness of estuaries in the reserve strongly
influence circulation patterns. Winds, tides, and salinity gradients are also of paramount
importance. Northeasters, hurricanes, storm surges and other meteorological events can
significantly alter the circulation patterns in these systems, although their effects are
ephemeral. The strongest currents occur in the vicinity of Little Egg Inlet, where they are
dominated by semidurnal tidal motion. However, the shallow depths and complex
morphologies of these backbays result in the distortion of the semidiurnal tidal motion
via overtides and strong residual motion. Relatively rapid tidal currents (> 2 m/s) are

observed at Little Egg Inlet, and they flow westward into Great Bay and northward into

1563.5

175.5

1388

1563.5

9,112,000

1.023,000

8,089,000

9,112,000

Little Egg Harbor. The tidal range at the inlet exceeds 1 m (Chant et al., 2000).
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Great Bay
Great Bay is a roughly circular
embayment ~7 km in diameter, with an
average depth of ~3 m at mean high water.
Shallow sand bars occur near Little Egg
Inlet at the mouth of the bay. Sandy

sediments, which derive from marine

sources, predominate in the eastern bay.
Silt and clay increase in the western bay and likely originate from riverine inputs and
fringing salt marshes (Figure 11) (Durand and Nadeau, 1972). The predominant
circulation pattern in the bay is counterclockwise, with currents entering at Little Egg
Inlet flowing mainly along the northern perimeter. Sediments entering the bay through
Little Egg Inlet and the Mullica River have built extensive intertidal sandflats and
mudflats covering 1,358 ha, which constitute ~22% of the total area of the estuary (U.S.
Fish and Wildlife Service, 1996). Salt marsh islands (e.g., Seven Islands) exist along the
northeastern margin near the Great Bay Boulevard Wildlife Management Area. The
principal outflow is along the southeastern perimeter, which incorporates discharge from
the Mullica River and Motts Creek. This circulation pattern creates a counterclockwise
gyre in the central portion of the bay (Durand, 1988) (Figure 12), which helps to retain
biotic and abiotic components in the estuary . For instance, nutrient inputs from the
Mullica River may concentrate for longer periods of time in the bay, thereby stimulating

primary production when light conditions are favorable. Eggs and larvae of organisms
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also tend to be retained in the bay by this type of circulation. Because Great Bay is a
spawning and nursery area for many organisms, the cyclonic circulation pattern appears

to play a significant role in the overall production of the system.

Figure 11. Map of Great Bay displaying the percent sand in bottom sediment contours. Modified from
Durand, J. B. and R. J. Nadeau. 1972. Water Resources Development in the Mullica River Basin. Part I.
Biological Evaluation of the Mullica River-Great Bay Estuary. Technical Report, New Jersey Water

Resources Research Institute, Rutgers University, New Brunswick, New Jersey. 138 p.

Turbidity values are higher along the southern part of the bay because more turbid
water flows from the Mullica River along this perimeter. Incoming seawater has less
turbidity, and hence water clarity along the northern part of the bay is greater (Durand,
1988). Although the principal circulation in the bay follows a cyclonic pattern, much of
the water exits the bay during periods of high flow from the Mullica River (Durand and
Nadeau, 1972). In addition, a component of seaward-flowing water along the

southeastern part of the bay flows southward into Little Bay.
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Great Bay is affected by periodic upwelling of cold, higher density seawater from
deeper waters on the continental shelf. For example, during 2000, 12 episodes of coastal
upwelling were recorded at the LEO-15 site. The effects of upwelling on circulation,
nutrient inputs, productivity, and other factors in the estuary have not been extensively

investigated.

N
-

LI -

17

¥ Great Bay

Figure 12. Major water circulation patterns in Great Bay. Modified from Durand, J. B. and R. J. Nadeau.
1972. Water Resources Development in the Mullica River Basin. Part I. Biological Evaluation of the
Mullica River-Great Bay Estuary. Technical Report, New Jersey Water Resources Research Institute,

Rutgers University, New Brunswick, New Jersey. 138 p.

Little Egg Harbor
Little Egg Harbor is a shallow (1-7 m), irregular tidal basin located immediately
north of Great Bay. It is enclosed by Long Beach Island (a barrier island) on the east and
the New Jersey mainland on the west. Seawater enters the estuary via Little Egg Inlet, a
relatively wide (~2.5 km) breach in the barrier island complex. Coastal pumping driven

by sea level motion, together with the inlet-bay configuration, strongly influences water
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exchange within the backbay system (Chant, 2001). Water circulation in lower Little
Egg Harbor is greatly affected by tidal currents through Little Egg Inlet, deep channels (>
10 m) landward of the inlet, and a cluster of sand bars and marsh islands (i.e., Story
Island, Hither Island, Middle Island, Drag Sedge, Good Luck Sedge, and Johnny Sedge)
in the southern perimeter. Tidal currents, which flow northward during flood tide,
diverge into northwestward and northeastward components (Carriker, 1961; Figure 13a).
Strongest flood currents are observed on the western side of the lower embayment, where
they pass through narrow channels between marsh islands on their northward path.
Complex circulation patterns develop in the central basin of lower Little Egg Harbor in
response to the diverging northward-flowing tidal currents. As the currents flow
northward, they dissipate from maximum velocities of ~0.5 m/s in the southern reach to
<0.05 m/s in upper Little Egg Harbor. During flood tide, lateral variability in currents
and salinities is enhanced. Currents are reversed during ebb tide, being stronger on the
eastern side of the embayment (Figure 13b). Hydrodynamic surveys conducted by Chant
et al. (2000) in the spring of 1996 and 1997 show the magnitude of tidal currents in lower
Little Egg Harbor (Figure 14).

Little Egg Harbor exhibits weak vertical salinity and thermal stratification. In
summer, wind action (including strong sea breezes), high evaporation rates, small inputs
of freshwater runoff, and the aforementioned advective processes create more
homogeneous conditions in the water column and relatively uniform (high) salinities.
These conditions are indicative of extensive mixing of the water column. However, as
stated by Chant et al. (2000, p. 539), “Maximum salinity occurs at the end of flood,

which corresponds to the mid-tidal stage on the falling tide, while minimum salinity

75



occurs at mid-stage during the rising tide.” Figure 15 shows salinity differ ences at flood

and ebb in Little Egg Harbor.

Figure 13. Direction and magnitude of tidal currents in lower Little Egg Harbor during the mid to late
flood tide stage (a) and mid ebb tide stage (b). From Carriker, M. R. 1961. Interrelation of functional
morphology, behavior, and autecology in early stages of the bivalve Mercenaria mercenaria. Journal of the

Elisha Mitchell Science Society 77:168-241.
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Figure 14. Synoptic current field during flood (a) and ebb (b) in lower Little Egg Harbor on May 7, 1996.
Sea level data are plotted in the graph in the lower right corner of each panel with the time of the current
vector estimates. The sand bar (light grey) is more exposed during low water. From Chant, R. J., M. C.
Curran, K. W. Able, and S. M. Glenn. 2000. Delivery of winter flounder (Pseudopleuronecttes americanus)

larvae to settlement habitats in coves near tidal inlets. Estuarine, Coastal and Shelf Science 51:529-541.

Coastal pumping, remotely forced by coastal sea level, drives more than 70% of
the subtidal motion in the estuary (Chant, 2001). It is the major forcing factor
responsible for the movement of seawater from Little Egg Harbor into Barnegat Bay,
with local winds accounting for another 20% of the variance in the subtidal transport in
the estuary. However, strong winds can completely alter the circulation patterns in this

shallow, enclosed estuary over short periods of time.
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Figure 15. Current field and salinity during ebb (a) and flood (b) in lower Little Egg Harbor on April 29,
1997. Salinity record is contoured at 0.25 intervals. Sea level data are plotted in the lower right corner of
each panel with the time of the current vector field estimate denoted by the dot. From Chant, R. J., M. C.
Curran, K. W. Able, and S. M. Glenn. 2000. Delivery of winter flounder (Pseudopleuronecttes americanus)

larvae to settlement habitats in coves near tidal inlets. Estuarine, Coastal and Shelf Science 51:529-541.

Water Quality

Extensive investigations of water quality conditions in the Mullica River-Great
Bay Estuary have been conducted since the mid-1950s (Able et al., 1992, 1999). During
the period from 1957-1986, Durand (1988) collected detailed physical-chemical data
(temperature, salinity, dissolved oxygen, nitrogen, phosphorus, carbon, and chlorophyll)
throughout the estuary and into the nearby waters of the Atlantic Ocean, while also
focusing on primary production (Appendix 4). Since 1985, many water quality
measurements have been made in the system as a component of targeted ecological

studies (Able et al., 1999).
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The most comprehensive database on water quality has been collected since 1996
as part of the System-wide Monitoring Program (SWMP) established by the National
Estuarine Research Reserve System (NERRS). The goal of NERRS SWMP is to identify
and track short-term variability and long-term changes in the integrity and biodiversity of
representative estuarine ecosystems and coastal watersheds for the purpose of
contributing to effective national, regional, and site specific coastal zone management.
Data derived from NERRS SWMP can be used for the following purposes: (1) to address
circulation problems in the estuarine systems; (2) to support site-specific, nonpoint source
pollution control programs by implementing a network of continuous water quality
monitoring stations; and (3) to develop a nationwide database on baseline environmental
conditions in NERRS estuarine systems. A major initiative of SWMP is to collect long-
term water quality and ecological data that will be of value for coastal resource

management.

JCNERR Research and Monitoring Program

Since 1996, the NERRS has
concentrated on (SWMP)
monitoring  of  physical and
chemical water quality parameters
and local and regional weather
conditions and impacts. Future

efforts will also focus on

monitoring environmental stressors,
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mapping habitat change, assessing watershed land use, and investigating biodiversity
(Greene and Trueblood, 1999; Kennish, 2003). One of the primary objectives of SWMP
is to provide the baseline data necessary to systematically evaluate anthropogenic effects
on estuarine ecosystems and to restore the functionality of these estuaries to their
undisturbed conditions (Wenner et al., 2001).

During the past 13 years, SWMP has collected data semi-continously year-round
on a series of physical-chemical parameters (i.e., temperature, salinity, dissolved oxygen,
pH, turbidity, and depth) using automated data loggers (Yellow Springs Instrument
Company, 6-series data loggers; YSI 6000® or YSI 6600®). These instruments operate
at shallow depths, relaying water quality measurements to internal memory. They run
unattended for protracted periods (i.e., weeks at a time). Some effort has been made to
analyze NERRS data system-wide. Wenner et al. (2001), for example, have analyzed
SWMP water quality data (temperature, salinity, dissolved oxygen (mg/l), dissolved
oxygen (% saturation), pH, and depth) from NERRS reserves for the 1996-1998 period.

The purpose of this analysis was to accomplish the following:

B Provide a characterization of water quality for each NERR site.

B Determine the degree to which SWMP is producing important scientific
information on the water quality of the nation’s estuaries.

B Ascertain if SWMP could be modified to make it more effective or efficient or to

obtain more ecologically relevant water quality information.
More recently, Sanger et al. (2002) analyzed water quality data collected by the NERRS

program over the 1995-2000 (Phase 1) period.
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Analysis of the SWMP database is ongoing. It is hoped that this effort will yield
important information for comparing estuarine water quality conditions both regionally
and nationally. It is also hoped that analysis of the data will be vital for planning the next
phases of the SWMP monitoring program.

The focus of the research and
monitoring program of the JCNERR is to
identify and track short-term variability and
long-term changes in the physical-chemical
characteristics, biotic resources, and

integrity of estuarine and coastal marine

waters of the reserve site, as well as nearby

coastal watersheds, for the purpose of contributing to effective coastal zone management.
Important components of the program are water quality monitoring, biomonitoring,
ecosystem research, and the assessment of land use and land cover elements within the
reserve boundaries. Monitoring data collected as part of the System-wide Monitoring
Program (SWMP) of the NERRS help to define baseline conditions and establish data
trends for waterbodies and aquatic resources of the reserve. JCNERR SWMP provides a
critical delineation and coordination of water quality conditions within the reserve’s
estuarine waters, and it provides the platform for making systematic, long-term
observations of vital ecosystem parameters. Research and monitoring activities of the
JCNERR fall within three distinct areas: (1) water quality monitoring (abiotic factors);
(2) habitat and biotic community characterization; and (3) watershed land use and land

cover analysis. These activities foster greater understanding of the relationship between
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disturbance/change and physical, chemical, and biological processes required to sustain
biotic communities and resources in the reserve.

The JCNERR research and monitoring program currently operates five SWMP
monitoring stations: four semi-continuous, water quality monitoring (data logger) stations
(Lower Bank and Chestnut Neck in the Mullica River and Buoy 126 and Buoy 139 in
Great Bay) and one weather station at the Richard Stockton College Marine Field Station
at Nacote Creek. A suite of environmental parameters is monitored every 15 minutes at
these stations (i.e., temperature, salinity, DO concentration, DO percent saturation, depth,
pH, and turbidity at the water monitoring stations; temperature, humidity, atmospheric
pressure, wind speed and direction, solar radiation, and precipitation at the weather
monitoring station). Nutrient chemistry is also monitored at each of the four SWMP
water quality monitoring stations on a monthly basis. Two of these stations (Chestnut
Neck and Buoy 126) have been equipped with telemetry equipment that broadcasts water
quality data to a GOES satellite, which is then posted to the World Wide Web.

SWMP is part of a comprehensive national effort of NERRS to monitor the health
and functionality of U.S. estuaries. It currently involves activities at the 27 reserve sites
nationwide, encompassing estuarine waters, wetlands, and uplands in five major
estuarine/coastal regions (i.e., Northeast and Great Lakes, Mid-Atlantic Coast, Southeast
Coast, Caribbean, Gulf Coast, and West Coast) representing nearly every recognized
climatic zone (Figure 2). Initiated in 1995, SWMP is comprised of three integrated
components: (1) water quality; (2) biological communities and habitats (biomonitoring);
and (3) watershed land use changes. These components are being implemented in phases

at all reserve sites. Phase 1 (abiotic parameters) of the reserve program focuses on
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monitoring key physical and chemical parameters that help to define the health of the
estuarine system. These parameters include basin water quality indicators (e.g., pH,
dissolved oxygen, and turbidity), meteorological conditions, and specific processes (e.g.,
tidal action). Phase 2 (biodiversity) of the NERRS program addresses two fundamental
features of the system: (1) basic community structure in major estuarine habitats (e.g.,
uplands, lowlands, wetlands, and open water); and (2) population trends of important
“target species” or indicator organisms (e.g., SAV, salt marsh plants, and endangered
species). Phase 3 (land use patterns) of the reserve examines patterns of change in human
use of surrounding watersheds. Data are compiled on major patterns of habitat
classification and use in the watersheds, which will be periodically resurveyed to detect
and track changes in land use as reflected by land cover change and other alteration.
Remote sensing techniques are being applied in these studies, and the resultant
information will be used in local and regional planning and management efforts.

An array of priority research projects is ongoing in the JCNERR that accompanies
water quality monitoring. These include an assessment of nutrient loading and estuarine
eutrophication of the Barnegat Bay-Little Egg Harbor system, demographic analysis of
submerged aquatic vegetation, examination of phytoplankon and zooplankton dynamics,
characterization of benthic habitat and communities, studies of shellfish and finfish
populations, and mapping of watersheds. Work products generated in support of
estuarine research activities consist of grant-writing documents, written technical reports
and journal publications, seminar presentations, staff field and laboratory investigations,

undergraduate and graduate student research projects, and partner surveys.
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Benthic Research

Benthic habitat characterization of estuarine environments in the JCNERR has
been conducted since 2003, with the most extensive work being reported for the Barnegat
Bay-Little Egg Harbor Estuary. This work consisted of collecting SAV (as part of a
biomonitoring program) samples and sediment cores, utilizing quadrats, deploying
sediment profile imaging camera systems, and using underwater videography to assess
habitat condition. Several hundred benthic cores were taken in seagrass habitats to assess
seagrass aboveground and belowground biomass, density, blade length, and areal cover in
the system. Habitats were investigated to establish long-term databases.

Benthic habitat quality in the estuary was investigated employing a sediment
profile imaging (SPI) camera to collect samples during summer
2006. This instrument was used to assess the condition of bottom
habitats, analyzing degradation caused by hypoxia and other
stressors. The long-term goal is to generate benthic habitat quality
(BHQ) indices for different areas of the estuary for making
comparisons over time. Benthic grab sampling using a Young-

modified Van Veen Grab has been conducted in JCNERR waters

and is also scheduled for future benthic community

characterization work.

Bottom Sediments
Sediments have been collected and analyzed at numerous sampling sites in Great

Bay and the Barnegat Bay-Little Egg Harbor Estuary as part of a larger effort to assess
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and characterize benthic environments in the JCNERR. Sediment size and percent
organic matter are being collected throughout the reserve system to determine if and how
sediments influence biotic communities. Grab samplers and corers are being used to

collect sediment samples in SAV beds, algal flats, and unvegetated bay bottom areas.

Zooplankton
A number of field study sites have been established to monitor biofouling in the
estuary. This work has also provided data useful for examining the dynamics of
meroplankton, larval settlement, and epibenthic community structure. The goal is to

develop a more complete database on zooplankton dynamics in JCNERR waters.

Submerged Aquatic Vegetation

Nitrogen over-enrichment can

significantly impact seagrass habitat _ e, S
(Kennish et al., 2007a). The JCNERR § e \.\ .

&

research and monitoring group completed
a three year (2004-2006) submerged

aquatic vegetation study in the Barnegat

Bay-Little Egg Harbor Estuary, which

characterized the abundance and distribution of seagrass beds in the system (Kennish et
al., 2007b, 2008). This study, which included estuarine waters of the JCNERR, is the
most comprehensive in situ work ever conducted on seagrass habitat in New Jersey. It

generated a large database on the demographic characteristics and habitat change of
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seagrass in estuarine waters of the JCNERR. It also yielded valuable information on the
effects of nitrogen enrichment on the species composition, frequency of occurrence, and
potential impacts of benthic macroalgae on the eelgrass beds in the estuary. The results
can be found in a report submitted to ERD in January, and a recent publication in the

scientific literature (Kennish et al., 2007b; Kennish et al., 2008).

Nitrogen Enrichment

Detailed research is  being
conducted on the eutrophication of the
coastal bays in New Jersey. Nitrogen
loading and its impact on submerged
aquatic vegetation and fishery resources

(e.g., shellfish populations) have been

documented. Eutrophication is the most serious threat to the ecosystems of the New
Jersey coastal bays (Kennish et al., 2007a). Nutrient data have been collected extensively
in the Barnegat Bay-Little Egg Harbor Estuary since 2004 as part of benthic habitat
characterization studies conducted by Rutgers University (Kennish et al., 2007b, 2008).
Seagrass blades collected in the estuary in 2008 are being used to establish a nitrogen

loading index for the Barnegat Bay-Little Egg Harbor Estuary.

Fisheries

Comprehensive studies are being conducted at the Rutgers University Marine

Field Station to determine the habitat needs of resource species such as summer flounder,
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striped bass, and bluefish. Acoustic tracking of these species is playing an important role
in documenting their habitat requirements. The occurrence of bay scallops (Argopecten
irradians) and other shellfish species has been investigated in JCNERR estuarine waters
using underwater videographic imaging technology that has not been applied at other
NERRS sites.

Finfish research has focused

on acoustic tracking of recreational

and commercial species, such as

summer flounder (Paralichthys
dentatus) and striped bass (Morone saxatilis). Research on the dynamics of other finfish
species in the Great Bay and contiguous waters is ongoing. These studies have revealed

detailed behavioral patterns of key finfish species in JCNERR waters.

Agquatic Habitat Assessment
Studies are ongoing to determine habitat requirements of shellfish species

(Mercenaria mercenaria and Argopecten irradians) under increasingly eutrophic

conditions of the Barnegat Bay-
Little Egg Harbor  Estuary.
Research is also ongoing to
determine  the  dynamics of
biofouling populations in the
JCNERR. In addition,

investigations are ongoing with
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respect to assessing the environmental conditions necessary for the long-term success of
seagrass populations in estuarine waters of the JCNERR, determining 