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Chapter 6 – Living Resources Goals, Objectives and Actions 

 

Themes  

 The Barnegat Bay ecosystem is comprised of a wide diversity of habitats, from 

submerged aquatic vegetation to low-lying coastal and freshwater wetlands, to uplands of 

pine and oak forests.  

 The protection and/or restoration of priority habitats serves as a means of improving 

water quality, protecting water supplies, and ensuring the necessary spaces for fish and 

wildlife.  

6.1 Goal 

To protect, restore, and enhance characteristic bay and watershed habitats as well as ensuring 

healthy and sustainable natural communities of plants and animals both now and in the future. 

 

Living Resources Objectives: 

1. Develop and implement Habitat Protection and Restoration Plans for the watershed’s 

characteristic habitats, including ecologically sensitive areas;  

2. Restore and maintain sustainable populations of fish and wildlife; 

3. Monitor and assess status and trends of living resources throughout the watershed;  

4. Conduct studies to improve scientific understanding of living resources and ecologically 

sensitive habitats; and 

5. Increase education and public outreach related to habitats and living resources.  

 

6.2 Introduction 

Natural ecological systems are composed of both physical habitats and the organisms that dwell 

within them.  Estuarine habitats and the living resources they shelter—at the intersection of 

freshwater and marine waters—prove the most dynamic and complex ecosystems to study, 

maintain, and manage. This is due to the daily, monthly, and seasonal fluctuations in physical 

conditions such as tide, salinity, and dissolved oxygen, as well as the complex life histories of 

the resident and migratory populations of fishes, shellfishes, and wildlife that shelter, breed, and 

feed within the estuary. 

 

The Barnegat Bay watershed is composed of eleven rivers and streams that empty into the 

Barnegat Bay-Manahawkin Bay-Little Egg Harbor estuary including a continuum of overlapping 

and interdependent habitats extending from upland forests through freshwater streams and lakes, 

through tidal wetlands and salt marshes, to small tidal embayments and the bay proper.  The 

estuarine habitats of Barnegat Bay include barrier beaches and dunes, submerged aquatic 
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vegetation beds, intertidal sand and mudflats, salt marsh islands, fringing tidal salt marshes, 

freshwater tidal marsh, and palustrine wetlands.  These habitats also support a multitude of 

environmentally sensitive living resources including shellfish beds, waterfowl nesting grounds, 

and finfish nurseries.   

Sustaining the ecological integrity of the estuary  

Healthy estuaries ensure the survival of many species of fishes, birds, mammals and reptiles 

(USEPA, 1993).  They provide vital nesting and feeding habitats as well as maintaining a healthy 

environment by filtering out sediments and pollutants from rivers and streams. Some organisms 

like hard clams, oysters, terrapins and blue crabs live year-round in the estuaries, whereas, others 

like horseshoe crabs and striped bass use them to complete a small part of their life cycle (Figure 

6.1). Estuaries also provide stopovers for migratory bird species such as snow geese and mallard 

ducks. In addition to providing shelter and food for living resources, estuaries deliver important 

ecosystem services.  

 

Ecosystem services 

are fundamental life-

support processes 

upon which all 

organisms depend 

(Daily et al. , 1997). 

One of the common 

ecosystem services 

supplied by estuaries 

include water 

filtration. For 

example, salt 

marshes trap and 

remove pollutants 

from the water such 

as herbicides, 

pesticides, and heavy 

metals as well as 

excessive sediments and nutrients. A recent salt marsh soil study  in Barnegat Bay  showed that a 

significant amount of nitrogen (79 %) and phosphorus (54 %) runoff from upland sources (e.g., 

fertilizer, stormwater) were trapped in the marsh sediments (Velinsky, D.J.; B. Paudel, T. Quirk; 

M. Piehler; and A. Smith, 2017). Removing these excess nutrients reduces eutrophication (i.e., 

harmful algal blooms, anoxia, and fish kills) in the surrounding bay waters.  Not only do salt 

marshes act as buffers to stabilize shorelines and protect sensitive natural habitats (e.g., bird 

 
Figure 6.1: Diamond-back terrapin laying eggs.  

Photo courtesy of New Leaf Photography. 
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nesting and fish breeding areas), but they also protect human communities from floods and storm 

surges. 

 

Characteristic habitats 

 

Coastal and Freshwater Wetlands   

Salt marshes are among the most 

productive habitats in the world and 

perform a wide variety of vital ecosystem 

services. They buffer inland areas from 

tidal and storm damage, store water to 

protect against flooding, serve as important 

spawning and nursery habitats for valuable 

fishery species and other wildlife, including 

waterfowl, trap pollutants and help sustain 

water quality, support recreation, and 

provide aesthetic value. Salt marshes are 

clearly critical to the overall ecology of 

Barnegat Bay. A 2012 study valued the 

ecosystem services of saltwater wetlands in 

Barnegat Bay at $155 million per year 

(Kauffman & Cruz-Ortiz, 2012). Salt 

marshes within the Barnegat Bay estuary 

are dominated by salt marsh grasses such as 

salt marsh cordgrass (Spartina alterniflora), 

salt hay (Spartina patens), and salt marsh 

spike grass (Distichlis spicata).  Marshes 

fringe a majority of the bay, consisting of 

back barrier marshes, as well as expansive 

tracts of marshes adjacent to the landward 

side on the western edge of the bay (Figure 

6.2). However, salt marshes are being lost 

at an accelerating rate. Possible reasons for 

the losses include erosion from boat traffic, 

wind-generated wave energy, sea level rise, 

or human alteration of the landscape that 

was originally delineated as wetlands.  

 

 

 

Figure 6.2.  Approximately 88,018 acres of wetlands (more 

than 25% of the watershed’s total land area of 348, 015 

acres) remained in the Barnegat Bay watershed in 2012.  

From 2007-2012, the latest years for which data are 

available, approximately 235 acres of tidal wetlands were 

lost (mostly due to SLR) and 284 acres were lost (mostly due 

to development).  See the BBP’s 2016 State of the Bay Report 

for additional information. 
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The Barnegat Bay watershed has 

approximately 67,000 acres of 

freshwater wetlands, comprised 

of emergent, scrub-shrub, and 

forested types. Generally found 

at low points in the landscape, 

these wetlands can be fed from 

ground water sources, or are 

located adjacent to rivers, 

streams, and creeks. Freshwater 

wetlands act as “natural 

sponges”, holding excess flood 

water and filtering nutrients that 

might otherwise end up in our 

waterways and the bay.  They are 

also home to a wide variety of 

wildlife, including some of our 

more well-known threatened and 

endangered species, such as the Pine Barrens tree frog (Hyla andersonii) and swamp pink 

(Helonias bullata) (Figure 6.3).  Freshwater wetland loss within the watershed is typically 

associated with human development of the land, either for agricultural or residential purposes.  

Reductions in groundwater flow is also of concern for wetlands in developed areas of estuary.  

The societal benefits of wetlands (freshwater, salt marsh or forested) have been well 

documented.  In addition to the cultural and recreational benefits their contribution to performing 

ecological services can no longer be discounted.  Recently, a study calculated the economic 

benefit of the presence of wetlands towards reducing storm impacts on built infrastructure 

(Kauffman & Cruz-Ortiz, 2012). It is estimated that the Barnegat Bay watershed has lost in 

excess of 28% of its tidal wetlands to development (2017).  Increasing sea level rise, edge 

erosion, human induced impacts (ditching, Open Marsh Water Management for mosquito 

control), subsidence due to ground-water withdrawal and diminished recharge and the loss of 

sediment supply through the removal of channel dredged materials  continue to stress wetland 

resources, threaten their integrity, the ecosystem services they provide and the adjacent built 

environment.  Efforts to restore lost wetlands can be costly in New Jersey (e.g., $1 million per 

acre) for many reasons, and sometimes cannot replace or replicate specific ecosystem functions; 

thus, protection of existing wetlands remains increasingly vital. 

 

 

Figure 6.3 –Ocean County is home to the largest population of 

swamp pink, a federally listed (threatened) species.  

Photograph by G. Wilders. 
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While New Jersey has had strong environmental regulations1 specific to both coastal and 

freshwater wetlands the state has and continues to experience a loss of these important features. 

It is estimated that the Barnegat Bay watershed lost as much as 6% or 4,633 acres of freshwater 

wetlands between 1972 and 1995; 28% of the Barnegat Bay salt marshes were eliminated or 

impacted by mosquito control ditching and 

development prior to 1970; and 71% of the 

Barnegat Bay shoreline was developed or 

altered with 40% due to bulkhead 

stabilization of the shoreline.  A 2017 

Scientific Reports article reported that 

during Hurricane Sandy marshes prevented 

$425 million in direct flood damages to 

property in New Jersey alone (Coastal 

Resilience and Flood Damage Reduction, 

August 2017).  It was further reported that 

in Barnegat Bay, marshes annually reduce 

flood losses by 16 percent compared to 

areas where marshes have been destroyed 

or developed. In the highest risk areas, that 

is, those less than five feet above sea level, 

marshes reduce risks to property by as 

much as 70 percent. 

 

Wetlands have long been appreciated for 

their habitat and aesthetic value and are 

now also recognized for the economic value 

of the ecosystem services they provide for 

carbon sequestration and as previously cited 

for their value in reducing flood losses to 

development. The Barnegat Bay watershed 

still retains expanses of protected wetlands 

but also has lagoon communities 

interspersed in the wetland expanses and development along remaining shorelines.  The 

sustainability of wetlands and the ecosystem services they provide present a key challenge to 

land use and natural resource managers alike.  Resource managers are concerned with sustaining 

the health and integrity of the wetlands for their natural resource values; land managers are 

concerned with the same factors but for the ecosystem services that sustain existing 

                                                           
1 Freshwater Wetlands Protection Act: N.J.S.A. 13:9B, first enacted July 1987, implementing rules at N.J.A.C. 7:7A; 

Wetlands Act of 1970: N.J.S.A. 13:9A, first enacted 1970 (obvs) CZM Rules at N.J.A.C. 7:7 

Status and Trends – Wetlands Area 

 

 
 

Wetlands provide essential ecosystem services to 

communities throughout Ocean County and 

especially to those along the Barnegat Bay; they 

provide flood protection, water quality 

improvements, biogeochemical cycling, and carbon 

sequestration.   

 

There were approximately 22,795 acres of tidal 

wetlands and 67,034 acres of freshwater wetlands 

within the Barnegat Bay watershed in 2012. This 

represents a loss of 238 acres of tidal wetland area 

and 284 acres of freshwater wetland area since 

2007. The rate of tidal wetland loss has been 

increasing over the past 20 years, while that of 

freshwater wetland loss has been decreasing.   

http://nature.com/articles/doi:10.1038/s41598-017-09269-z
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development.  These concerns are not mutually exclusive, nor are the strategies to achieve 

sustainability different; the challenge will be in balancing the goals of achieving sustainability 

and managing expectations. 

 

Empirical data from Barnegat Bay supports these concerns.  Marshes must be replenished 

naturally with sediments transported onto the surface by tides or else succumb to erosion or 

subsidence. A recent salt marsh study in Barnegat Bay (Velinsky, D.J.; B. Paudel, T. Quirk; M. 

Piehler; and A. Smith, 2017) showed that sedimentation rates were barely keeping up with the 

measured rate of sea-level rise recorded by nearby tide gauges. This relatively low rate of 

accretion renders the marshes in Barnegat Bay vulnerable to inundation and erosion should the 

rate of sea-level rise accelerate in the future. In addition, a recent study of water-quality data 

from the 1970s through 2013, to determine if significant changes and trends occurred over 

decadal spans, showed increasing trends for temperature and salinity (Goodrow, 2017). This may 

be due to increasingly warmer summers (i.e., climate change) and sea level rise (i.e., saltwater 

intrusion).  
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Submerged Aquatic Vegetation  

Seagrasses serve as habitat and food for many 

recreationally and commercially important 

estuarine and marine species (e.g., bay scallop 

[Argopecten irradians], blue mussel [Mytilus 

edulis], blue crab [Callinectes sapidus], and 

weakfish [Cynoscion nebulosus]). Seagrass 

beds also play a significant role in nutrient 

cycling, carbon sequestration, filtering of 

essential elements, and wave dampening. In 

addition, seagrasses are excellent indicators of 

water and sediment quality as they indicate 

changes in water quality and benthic attributes. 

Seagrasses also play an important role in 

sediment stabilization, which is of particular 

importance in the southern portions of 

Barnegat Bay where there is higher turbidity as 

seagrass populations have declined. Seagrasses 

are impacted by water nutrient levels, elevated 

water temperatures, ice scouring,  damage 

from boat props and anchors, disease and light 

intensity fluctuations caused by dredged or 

storm-tossed sediments, and algal blooms or 

overgrowth. By assessing the condition of 

seagrass beds over time, it is possible to 

establish accurate trends in estuarine condition. 

Within Barnegat Bay, eelgrass (Zostera marina) dominates the seagrass beds south of Toms 

River, while mixed eelgrass and widgeon grass (Ruppia maritima) beds are found in the central 

and northern portions of the bay. The difference reflects different and changing conditions in 

parts of the bay.  Although the ecological roles of both of these 

 

Figure 6.4: Submerged aquatic  

vegetation distribution 

in Barnegat Bay in 2009 

 (from Lathrop and Haag 2011). 
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 species are not entirely recognized and may differ somewhat; both are considered desirable.   

 

In addition, SAV, like the grass in a meadow, serve as the base of the food web supplying food 

to grazers and energy to the entire ecosystem. Approximately 75% (6000 ha) of the seagrass beds 

in New Jersey occur in the Barnegat Bay Estuary (Fertig, 2014) (Figure 6.4). Unfortunately, 

major declines in biomass and percent SAV cover have been reported in some sectors of the 

estuary since the 1970s (Bologna, Wilbur, & Able, 2001). A more recent study revealed an 

ongoing decline in biomass and 

percent cover of bay bottom 

(Kennish, Haag, & Sakowicz, 

Assessment of Eutrophication in 

the Barnegat Bay-Little Egg 

Harbor System: Use of SAV Biotic 

Indicators of Estuarine Condition. 

Final Report to the Barnegat Bay 

National Estuary Program, 2009) 

attributed to increasing 

eutrophication due to shading of 

the shallow SAV beds by algal 

blooms and attached microalgae on 

the stems. Additionally, the species 

composition of seagrass beds in 

the bay appear to be changing 

(from eelgrass to widgeon), which 

can affect the ecosystem services 

provided.  

 

Shellfish Beds/Reefs  

As detailed in Bricelj et al. (2012) 

the Barnegat Bay ecosystem has 

experienced a major decline in the 

landing of hard clams since the 

middle of the last century, with the 

steepest drop apparently occurring 

during the 1980s and 1990s.  

Concurrent with the decline in landings was a 65% reduction in the number of recreational 

clamming licenses and a 56% decrease in commercial licenses statewide, with a majority of 

those losses occurring in the Barnegat Bay system.  The drop in landings is reflected in an 

apparent decrease in the clam population based on surveys conducted in the southern part of the 

Status and Trends – Submerged Aquatic Vegetation (SAV) 

 

 
 

Seagrasses serve as habitat and food for many recreationally 

and commercially important estuarine and marine species 

(e.g., bay scallop, blue crab, and weakfish). Seagrass beds 

also play a significant role in nutrient cycling, carbon 

sequestration, and wave dampening.  In addition, seagrasses 

are excellent indicators of water and sediment quality as 

they indicate changes in water quality and benthic 

attributes.  Seagrasses are negatively impacted by water 

nutrient levels, elevated water temperatures, ice scouring, 

damage from boat props and anchors, disease and light 

intensity fluctuations caused by dredged or storm-tossed 

sediments and algal blooms or overgrowth.   

 

A comprehensive evaluation and delineation of SAV beds has 

not been performed since 2009, when they covered 

approximately 14% of the estuarine bottom. From a bay-

wide perspective, eelgrass biomass reached its lowest level 

in 2009, and though the 2015 levels were encouraging, they 

do not represent a statistically significant improvement from 

the lows of the late 2000s. 
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bay by the New Jersey Department of Environmental Protection in 1985/1986 (Joseph 1986, 

1987), 2001 (Celestino 2003), and 2011 (Celestino 2013).  The 2011 survey estimated the hard 

clam resource in Little Egg Harbor at 85.7 million clams, an increase of 32% from the 2001 

survey, but a 57% decline from the 1986/87 survey. The 2012 survey of Barnegat Bay north of 

Manahawkin Bridge (Dacanay 2015) estimated a population of 138.2 million clams, a decrease 

of around 23% from the 1985/86 survey.  The 2013 post-Sandy truncated investigation of hard 

clams throughout the entire system was not designed to repeat a full survey and produce a stock 

estimate, but rather determine if hard clams suffered marked mortality or changes in local 

abundance due to the storm.  No statistically significant difference was found in either hard clam 

abundance or mortality after the storm. 

 

Historically, the oyster beds of Barnegat Bay extended from the southern end of the bay to the 

mouth of Forked River (Ford, 1997).  These beds were abundant in the late 1880’s and were used 

as a source of seed oysters for planting in other areas of New Jersey and New York.  In 1880, it 

was estimated that 675 vessels harvested a total of 330,000 bushels of oysters in the Atlantic 

coast of southern Jersey (Ingersoll, 1881). Overfishing pressure on the oyster resource in the late 

1800’s and early 1900’s, coupled with a change in salinity in the bay resulting from a 1919 storm 

began to take its toll on the oysters in the bay (Ford, 1997). The resource suffered a prolonged 

period of spat settlement failures and by the 1950’s was only producing a few thousand bushels 

of oyster per year (Ford, 1997), and today has essentially lost commercially viable wild beds. 

Currently, almost all of the historic oyster habitat (exposed shell) has been degraded due to 

siltation. Very few leases remain in Barnegat Bay and northern Little Egg Harbor Bay. A new, 

experimental 2-acre reef near Tuckerton has been constructed over the past few years by 

Stockton University with funding from the BBP, and suggests that oyster reef restoration is 

viable within the bay.  

 

Upland and Wetland Forests  

Nearly 40% of the land area of the Barnegat Bay watershed is classified as upland forest, 

including the western portion of the watershed that lies within the Pinelands Area containing the 

Pine Barrens ecosystem and hard wood and cedar swamps (BBP, State of the Bay Report, 2016).  

The Pine Barrens include nearly contiguous stands of pure pitch pine (Pinus rigida), mixed pine 

species stands, pine-oak stands, and finally mixed oak stands. While not entirely undeveloped, 

the Pine Barrens are one of the few comparatively “natural” landscapes remaining on the eastern 

seaboard.  The pitch pine dominated forests are fire-dependent; they have developed adaptations 

that allow them to recover quickly from fire events and outcompete hardwood species for space 

and light. The changes in fire regime associated with human development and fire control are 

thought to be contributing to the transition from pine to oak-dominated forests in the region.  

Forest area within the watershed is typically lost due to conversion to agricultural or suburban 

land use.  The southern pine beetle (Dendroctonus frontalis), a destructive beetle common in the 
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southeastern US, was found within the Pine Barrens in 2010, and poses a significant threat to 

pine trees.  

 

Palustrine (freshwater wetland) forests of 

Atlantic white cedar (Chamaecyparis 

thyoides) stands can be found in the riparian 

zones immediately adjacent to freshwater 

streams and swamps, primarily in the portion 

of the of the watershed within the Pinelands 

Area (Figure 6.5).  They contribute to the 

productivity of wetland communities, 

provide habitat for wildlife and plant life, 

including threatened and endangered species, 

and add to the diversity within the watershed.  

Once common throughout the region, white 

cedar are in decline due to development and 

related disturbance, wildfire, deer browsing, 

salt water inundation, and illegal harvesting. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Status and Trends - Hard Clam Abundance 

 

 

 

Estuarine shellfishes have limited mobility, are 

sensitive to environmental changes, and are a 

commercially and recreationally important 

species, making them key indicators for assessing 

ecological conditions of estuarine systems 

nationwide.  Historical records note the presence 

of hard clams (Mercenaria mercenaria), eastern 

oysters (Crassostrea virginica), and bay scallops 

(Argopecten irradians) in Barnegat Bay, but 

abundance data are only available for hard clams.   

 

Bay-wide surveys for hard clams conducted in 

2011 (Little Egg Harbor) and 2012 (Barnegat Bay) 

estimated a standing stock of approximately 224 

million clams. Overall, the abundance of hard 

clams in Barnegat Bay in 2012 was down 

approximately 23% from the last survey 

completed in 1985/1986. For Little Egg Harbor, 

the overall abundance in 2011 was down 

approximately 57% compared with the 1985/1986 

survey. However, the abundance of hard clams in 

Little Egg Harbor increased 32% between 2001 

and 2011. 

 

Photo withheld pending permission. 
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6.3 Objectives  

Until a few decades ago, many estuarine wetland areas were drained and converted into uplands 

for development whereas bay bottoms were filled or dredged to facilitate human uses thereby 

decreasing the productivity of these important habitats. Since then environmental laws and 

regulations have come into existence, which slowed this destructive process. However, there is 

still a need to sustain both terrestrial and subaqueous estuarine habitats, such as forests, wetlands, 

and submerged aquatic vegetation. In addition, there is a need to assess habitat vulnerabilities 

from threats such as development, pollution, invasive species, sea level rise, storm surge, and 

drought. 

 

Living Resource Objective 1: Develop and implement Habitat Protection and Restoration 

Plans for ecologically sensitive habitats. 

The Barnegat Bay ecosystem is comprised of a wide diversity of habitats, from submerged 

aquatic vegetation to low-lying coastal and freshwater wetlands, to uplands of pine and oak 

forests. The protection and/or restoration of priority habitats serves as a means of improving 

water quality, protecting water supplies, and ensuring the necessary spaces for fish and wildlife.  

 

The watershed has experienced rapid development over past decades, especially in the northern 

reaches of the bay. Over the past several decades, the population in Ocean County has increased 

over 175% from 1970 to 2010 (U.S. Census Bureau, 2010). Land-use changes between 1986 and 

2010 (NJDEP Bureau of Geographic Information System, 2016) reveals an increase in urban 

land of 12.4% and 14.1% in the Toms River and Metedeconk River watersheds, respectively. 

Percentage increases in urban land among the other freshwater watersheds evaluated range from 

0.3% to 9.4%. This urbanization has largely occurred in upland forest and wetlands, converting 

them into developed landscapes. This rapid human development of the shoreline and the 

watershed is associated with environmental consequences, including increased nutrient loading 

and a higher percentage of impervious surface, which in turn increases surface runoff and the 

transport of pollutants to the estuary. Bulkheading severely limits the bay’s connection to the 

uplands and eliminates areas that could become marsh as sea level rises. The effects of these land 

use changes on the functioning of the ecosystem can be severe.  

 

Actions 

To maximize the efficient use of scarce resources in protecting and restoring these valuable 

habitats, it is necessary to develop Habitat Protection and Restoration plans. The first step in the 

creation of these Plans would include the compilation of existing data and maps; without 

knowing where the habitats are, and what their status is, it would be difficult to properly manage 

them. There will undoubtedly be information about these ecologically sensitive habitats that is 

missing, thus the acquisition of necessary data would be the second step. As the currently 
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available and newly collected data is brought together, it will be entered into a web-accessible 

database that can be updated as new plans are formulated and habitat protection and restoration 

activities occur. Ideally, working together partners will develop a plan for protecting and 

managing habitats on a sub-watershed basis through coordination and collaboration across 

municipal boundaries.  This includes the promotion of novel management strategies for 

ecologically sensitive areas.   

 

Such strategies might include nature-based shorelines, hybrid shorelines, wetlands enhancement 

(e.g. thin layer sediment placement) or Blue Acres acquisitions.  Over the course of the next 2 

years, a comprehensive Habitat Protection/Restoration Strategy will be developed, taking into 

consideration the future potential risks associated with climate change and sea level rise (i.e., 

inundation, erosion, salinity change, drought, etc.).  Due to sea level rise, our changing climate, 

and the extent of development in coastal New Jersey, conserving, protecting, restoring and 

creating wetlands is likely to require innovative strategies, tools, and funding.  For Post Sandy, 

thin-layer placement of dredged materials has been used to enhance some wetland sites in New 

Jersey.  While longer-term information is needed to determine the success of those efforts, it is 

clear that additional information and more experience using a science-based decision framework 

to inform the decision making regarding site selection, structure type and design of green, gray, 

nature-based and hybrid shoreline structures and wetland thin-layer and other techniques.  Such 

decision making may also require more coordination of other existing efforts (e.g., dredging, 

transport, disposal, and re-use of dredged and other materials). 

 

Living Resource Objective 2. Restore and maintain sustainable populations of fish and 

wildlife  

Estuaries provide habitat for more than 75 percent of the U.S. commercial fish catch, and an 

even greater percentage of the recreational fish catch (National Safety Council's Environmental 

Center, 1998).  Estuaries are also important recreational areas. Millions of people visit estuaries 

each year to boat, swim, watch birds and other wildlife, and fish. In fact, a recent NJDEP study 

on valuing New Jersey’s natural capital, found that wetlands and marine ecosystems supply the 

highest eco-service values; the annual value of the goods provided by New Jersey’s natural 

capital is estimated to be $2.8–$9.7 billion.  Overall the study concluded that commercial-

recreational uses of estuarine resources and wildlife-related tourism are a significant component 

in New Jersey’s economy (NJDEP, Valuing New Jersey’s Natural Capital: An Assessment of the 

Economic Value of the State’s Natural Resources, 2007). 

 

Underpinning this natural capital are the environmentally sensitive habitats that fish, birds and 

wildlife use to sustain their populations. However, many of these habitats are at risk, such as 

seagrass beds. For example, seagrass beds and other types of submerged aquatic vegetation 

(SAV) support many commercially, recreationally, and ecologically important shellfish and 
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finfish species. Larvae and juveniles of many important commercial and sport fish such as 

bluefish (Pomatomus saltatrix), summer flounder (Paralichthys dentatus), spot (Leiostomus 

xanthurus), Atlantic croaker (Micropogonias undulatus), herrings (Clupeidae) and many others 

appear in eelgrass beds in the spring an early summer (Fonseca et al., 1992).  Studies from the 

lower Chesapeake Bay found that SAV beds area are important for the brooding of eggs and for 

fishes with demersal eggs and as habitat for the larvae of spring-summer spawners such as 

anchovies (Anchoa spp.), gobies, (Gobiosoma spp.), weakfish (Cynoscion regalis), silver perch 

(Bairdiella chrysoura) (Bigford, 1997).  Heckman and Thoman (Thoman, 1984) concluded that 

SAV beds are also important nursery habitats for blue crabs (Callinectes sapidus).  According to 

Peterson (Peterson, 1982) and Kenworthy (Kenworthy, 1988) ) shallow dwelling hard clams 

(Mercenaria mercenaria) may be protected from predation by the rhizome layer of seagrass 

beds. 

 

The Barnegat Bay estuary has historically supported high rates of primary production and large 

stocks of the commercially valuable hard clam and oyster, although a marked historical decline 

of stocks has been observed (Bricelj, 2017). Although over-fishing cannot be ruled out as a 

primary factor in this decline, several other possible causes have been suggested, including a 

shift in food availability to lower quality sources associated with increased eutrophication, and 

the reduced ability of young clams and oysters to successfully survive their first year due to poor 

habitat. Human activity may also impact hard clam populations via physical disturbance, caused 

by dock construction, dredging, and boat scarring (Lathrop, 2011).  

 

Additionally, a recent Barnegat Bay study showed that the bay nettle (Chrysaora chesapeakei) 

jellyfish populations have been on the increase for many years and might be expanding their 

range toward the southern end of the bay (Gaynor, 2017). This may be due the increase in hard, 

untreated structures across the bay (e.g., bulkheads, plastics, docks, etc.) that the adult forms 

need for attachment. 

 

The reduction in forested area within the watershed also has adverse effects on terrestrial and 

aquatic wildlife. There is the obvious loss of habitat and food sources for species that depend on 

trees and tree products. But there are also indirect adverse effects, such as the change in stream 

temperatures due to the loss of riparian shading, or increased stream and bay turbidity due to 

increased erosion.  

 

Climate change and sea level rise can have significant impacts on habitats and natural 

populations of fish and wildlife. These changes will stress both the natural and managed 

ecosystems in Barnegat Bay and should be taken into consideration for any reassessments of the 

many wildlife and forest management plans and strategies currently in place.  
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Actions 

While protecting existing habitats and improving degraded ones will aid in the restoration and 

maintenance of populations of fish and wildlife, there are several specific actions that can be 

undertaken that will enhance the sustainability of these populations against future adverse 

impacts and climate change.  

 

These specific actions include the development of a multi-use management plan for bay 

resources, the restoration of fish passage and riparian habitats, implementation and update of the 

New Jersey State Wildlife Action Plan, and the monitoring and management of invasive and 

nuisance species. The development of a multi-use management plan that supports aquaculture, 

commercial and recreational harvest, recreation, and restoration will help minimize user group 

conflicts within the bay. This planning process will also help us to envision what the bay may 

look like in the future. In addition, the restoration of fish passage and riparian habitats, as well as 

the creation of wildlife habitat corridors, will allow aquatic and terrestrial wildlife to move 

between habitats in a changing environment. Suitable passage corridors, be they rivers and 

streams, or forests and fields, ensure that fish and wildlife can access the habitats they need for 

the different stages of their life history. The BBP will also participate in the implementation and 

periodic update of the New Jersey State Wildlife Action Plan, which provides the linkages 

between watershed, statewide, and regional approaches to managing our wild resources. Lastly, 

the monitoring, management, and control of invasive and nuisance species, through ecologically 

appropriate methods, will give our plants and wildlife the space they need to rebuild. 

 

 

Living With (Ob)Noxious Guests 
In the past few years, public concern has steadily grown about two unwelcome visitors to the 

Barnegat Baythe bay nettle, Chrysaora chesapeakei, and the clinging jellyfish, Gonionemus 

vertens. Over the past three years, “jellyfish” have been reported to the BBP as the single biggest 

public concern by people using the bay. Summer blooms of stinging jellyfish have been widely 

reported to render several popular bay beaches (Lavallette, Windward Beach, Shelter Cove), 

other swimming areas (e.g., Tice’s Shoal) and some lagoon waters, unswimmable.  The BBP, 

NJDEP, municipalities, and the research community have been working together to better 

understand these complex organisms, their effects on the ecosystem, and their interactions within 

our communities.  

 

What We Know:  

 

Bay Nettle 

The earliest records of stinging nettles in Barnegat Bay go back to 1928 (New Jersey State 

Agricultural Experiment Station , 1928), when they were identified as sea nettle (Chrysaora 

quinquecirrha), a species that commonly occurs from Cape Cod southward along the U.S. East 
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Coast and into the Gulf of Mexico. Because jellyfish were rarely recorded in scientific surveys of 

the bay during the 1900s and early 2000s we don’t know how common they were during that 

time period. Interviews with long-time bay users suggests an increase in abundance in the late 

1990s and early 2000s to the levels that we see now (Young, 2016). Recent research has 

identified them as having the potential to disrupt the community ecology of the bay in potentially 

troublesome ways (Bologna P. J., 2017).   In 2017, we also learned that the nettles in Barnegat 

Bay were not stinging sea nettle (the species), but a new and different species, Chrysaora 

chesapeakei, the bay nettle, named after the water body where the species has long been a 

scourge (Bayha, Collins, & Gaffney, 2017).   

 

 
 

 

 

Clinging Jellyfish 

Three years ago, at least one new “jelly” invader, the clinging jellyfish, Gonionemus vertens, was 

first reported along the Jersey Shore, including the Barnegat Bay. Originally identified in the 

Pacific Ocean, this species has been reported to be present in Massachusetts since the 1800s; a 

second and far more potent form invaded one or more New England estuaries in the 1990s 

(Govindarajan AF, 2016), and has been hypothesized as the likely source of clinging jellies in 

New Jersey.  The clinging jellyfish is not really a true jellyfish (scyphozoan) like the bay nettle, 

but actually a close relative known as a hydrozoan.  It has a bell no more than one inch in 

diameter and tentacles two-to-three inches in length. The sting is reported to be excruciating and 

may cause muscle cramps, chest tightness, and swollen throats; in more severe cases, liver and 

kidney failure have been reported.  Several people have been hospitalized after being stung in 

New Jersey. 
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These two jellyfish occupy slightly different habitats and appear in the bay at different times. 

The bay nettle prefers salinities between 10-16 ppt and can be found in open bay areas, lagoons 

and shallow waters of intertidal creeks.  The medusa (floating stage) are typically present in the 

bay from June through September. The clinging jellyfish prefers saltier waters, typically those 

with salinities from 18–30 ppt. Clinging jelly medusae can often be found clinging to eelgrass, 

other vegetation, mats of drift algae, and even shell and other debris during the day, and 

swimming in the water column at night. In New Jersey, it has only presented a problem in spring, 

usually disappearing in June as waters warm above its temperature threshold.   

 

 
Figure 6.6 – Clinging jellyfish (Gaynor et al. 2017) 
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What We Don’t Know: 

While scientists have identified several potential 

reasons why bay nettle abundances have increased 

over the past 25 years, their complex life history 

(Figure 6.7) suggests that it is likely a combination of 

several factors, the interactions of which we are still 

trying to understand. Human activities within the bay 

almost certainly play a role. The bottom dwelling 

stage of their life (known as a scyphistoma, or polyp) 

attach to bulkheads, pilings, rock, the undersides of 

floating docks, and other hard surfaces.  A single 

floating dock can hold thousands of scyphistoma, 

which asexually produce millions of jellyfishes.  

Development of the waterfront around the bay, 

especially pilings, floating docks, and bulkheads, 

may have inadvertently contributed to the spread of 

jellyfish. We are just now starting to understand how 

widespread these polyps are in the bay. Furthermore, 

changes in the abundance of plankton–eating fishes, whether through fishing or other impacts, 

may remove potential competitors of jellyfish, as diets of jellyfishes and those zooplanktivorous 

fishes overlap.  

 

Environmental changes are also thought to play a role in bay nettle abundance. Bay nettles have 

a fairly narrow salinity preference, thus factors causing large-scale changes in salinity, including 

weather conditions and certain human activities affecting the water cycle may affect the 

distribution of nettles in the bay. Both the increasing water consumption throughout the 

watershed and sea level rise may further change salinities in the bay and affect the distribution 

and abundance of nettles. Warming waters have been shown to increase asexual reproduction by 

the scyphistoma and lead to more production of jellyfishes.  However, warmer temperatures have 

not always led to more jellyfishes in other parts of the world, so the overall effects are unclear. 

Finally, the bay’s eutrophication may also be creating favorable conditions for nettles. First, the 

nutrient inputs to the bay often lead to high production (i.e., growth) of certain flagellates and 

other small zooplankton, known as microplankton.  Some jellyfishes can feed efficiently on 

micoplankton in the bay’s turbid waters and may outcompete fishes and other visually feeding 

predators.  Lastly, nettles may be less sensitive to low dissolved oxygen, which occurs 

episodically during summer and early fall in certain parts of the bay (i.e. lagoon dead ends). 

 

As clinging jellyfish are a relatively new phenomenon in Barnegat Bay, there is a great deal we 

do not know about them. We still do not know how they arrived in our waters, which would help 

 

 

Figure 6.7 – Jellyfish lifecycle 
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us to understand why they are here.  Were conditions in the bay always conducive to them, and it 

just took a single introduction to establish, or have they been introduced repeatedly, and 

conditions changed to be more favorable for them?  And are they established in the bay, or are 

we seeing new “invasions” each year?  Will warming water temperatures reduce their presence 

in the bay, or will a potentially saltier bay be more favorable?  There is still much to learn. 

 

We also don’t yet know what the most appropriate management actions might be for these 

species.  If bay nettles have long been a part of the bay’s ecosystem, should we be seeking to 

reduce their populations to some threshold level, or do we need to learn to coexist with them as 

is? And what unintended consequences might we face from our actions? New research from the 

Chesapeake Bay shows that when bay nettle populations there are reduced due to changes in 

environmental factors, other commercially important species such as hard clam may be reduced 

in abundance through food web effects (Stone, 2019).    

  

What We Are Doing: 
Because jellyfish can reduce our ability to enjoy the bay, and have been reported to have 

financial impacts on fishing-, aquaculture, and tourism-based economies (Purcell, 2007), the 

BBP and our partners are taking several approaches to better understand and manage jellyfishes 

within our water. 

 

One of the first steps is to identify the scope of the issue. As part of their long-term beach seining 

project, the BBP has been collecting routine data on the presence/absence and abundance of bay 

nettles and other gelatinous zooplankton at sampling sites throughout the bay since 2012. This 

will allow us to better understand changes in jellyfish populations related to environmental 

factors and management actions.  The NJDEP has also funded research on bay nettles (Bologna 

P. J., 2017), (Gaynor, 2017) and is undertaking efforts to track the abundance and distribution of 

clinging jellyfish 

(https://www.arcgis.com/apps/View/index.html?appid=b675e280405540a1b212d63be734345b)  

 

While research on jellyfishes continues, it is also important to try and reduce their impacts on 

bay communities. To that end the BBP, in conjunction with the Township of Brick and the 

Borough of Lavallette, piloted a project that installed low-cost barriers at two popular bay 

bathing beaches to try and reduce bathers’ interactions with bay nettles while minimizing costs 

and ecological effects (Vasslides, 2018). The results of the project were promising in that the 

barriers were able to keep the largest nettles out of the swimming area and reduce the overall 

number of nettles in the swimming area significantly. However, the barriers did not keep all of 

the nettles out of the bathing area. Additional work needs to be done to understand if the reduced 

level of nettles within the barrier is sufficient for public acceptance.     

 

https://www.arcgis.com/apps/View/index.html?appid=b675e280405540a1b212d63be734345b
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The NJDEP has recently funded Berkeley Township Underwater Rescue Unit and its partners to 

investigate removing bay nettle abundances from bulkheads and floating docks Removing 

floating docks from lagoons where jellyfishes are abundant may also be an effective tool.  On the 

other hand, scrubbing docks and bulkheads of all biological life in summer when jellyfish 

medusa are spawning may help grow the jellyfish population by opening up habitat for jellyfish 

larvae to attach and grow into polyps. 

 

The Bottom Line: 

Clearly, many factors are likely affecting the abundance of jellyfishes, especially sea nettle and 

clinging jellyfish, in the bay.  As human effects on coastal environments continue to increase, 

proactive efforts may become increasingly important to living with jellyfishes and still enjoying 

the bay. 

 

 

 

Living Resource Objective 3. Monitor and assess status and trends of living resources 

throughout the watershed  

As required by federal law, the BBP reports the status and trends of an agreed-upon suite of 

indicators every five years.  Without appropriate monitoring, it will be difficult to tell if our 

restoration and protection efforts are working, and if not, what steps should be taken to get back 

on track. To this end, several monitoring actions related to the distribution and function of key 

habitat (e.g., SAV, tidal wetlands, riparian and tidal buffers) and the abundance of wildlife (i.e., 

commercially, recreationally, and ecologically important aquatic species, pollinator and 

migratory species, threatened and endangered species) are proposed.  The assessment of the 

ecological impact(s) associated with the closure of Oyster Creek Nuclear Generating Station is 

also included within this Objective, including a pre and post closure study being conducted by 

NJDEP. (Also see WQ Objective 1.) 

 

In order to determine if we are meeting our ecosystem goal related to SAV, it will be necessary 

to assess their distribution and abundance through coordinated, regular surveys.  These surveys 

would be done via aerial assessment of the SAV bed size and locations, as well as on-the-ground 

demographic assessments of bed condition to evaluate their structure and function. The same is 

true of tidal wetlands, which are currently monitored by the BBP and our partners through the 

Mid Atlantic Coastal Wetlands Assessment program (MACWA). Continuation of this program 

will allow us to evaluate our progress in protecting and restoring this vital habitat.   
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Living Resource Objective 4. Conduct studies to improve scientific understanding related 

to living resources and ecologically sensitive habitats  

 

To develop the appropriate habitat and living resources protection, restoration, and management 

plans described above, it is imperative that the interactions between living resources and their 

habitats is understood, and how they both might respond to any management changes 

undertaken, or their response to climate change. This understanding should be based in and 

supported by scientific studies, such as the identification and documentation of appropriate 

mechanisms and strategies to support restoration of sensitive habitats; the assessment of stream 

connectivity throughout the watershed; and the documentation of the life history and ecology of 

key living resources. 

 

While the means to effectively restore many terrestrial habitats is well known, the restoration of 

subtidal (SAV) and intertidal (tidal wetland) habitats is still relatively new. Different restoration 

techniques and styles will need to be tested and verified to determine the best way to move 

forward with limited restoration funds. We will also need to identify and prioritize those 

waterways that are limiting fish passage, and therefore connectivity, before we begin to design 

and implement restoration actions, so that we target those with the biggest opportunities for 

 

Figure 6.8: Osprey with a fish 
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improvement. Lastly, we need to know how the fish and wildlife species we are targeting for 

protection and restoration may respond to our actions, and the future impacts of climate change, 

to ensure that the activities we undertake will have a positive result.    

 

Living Resource Objective 5. Increase education and public outreach related to habitats 

and living resources.  

Sharing information and 

educating the public will ensure 

that watershed residents and 

visitors understand and support 

the previously mentioned 

Objectives and Actions, as well 

as whether they are met. This will 

be accomplished through a suite 

of outreach activities focusing on 

the following areas: science-

based decision-making; habitat 

and living resource restoration 

activities; the functional role of 

critical bay habitats and the early 

life stages of estuarine species; 

the impacts of climate change on 

the living resources of the bay; 

and regulations and best practices for responsible use of ecologically sensitive areas. 

 

At times there seems to be a disconnection between how science is used in habitat and living 

resource protection and restoration, and how the public perceives how it is used.  It is critical that 

the public (1) understands the important role that science plays in informing decisions related to 

habitat and living resources, and (2) supports the use of the best available information. Similarly, 

an informed public understands how their actions impact the natural environment and can make 

wise choices regarding the protection of living resources held in the public trust.  

 

 

 

 

 

 

 

 

 

 

Figure 6.9 – Herring Monitoring  in Barnegat Bay 
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The actions discussed above, 

when combined with the actions 

in the other priority areas, will 

enable us to begin to attain the 

ecosystem-based targets laid out 

in Chapter 3.2. To fully reach our 

targets, we acknowledge that 

other actions not included in this 

CCMP may be necessary. This 

may be due to changing or 

unanticipated environmental 

conditions, or new research 

findings. However, these actions 

represent the first steps along the 

path to a healthy and resilient bay. 

 

 

 

 

 

6.4 Objectives and Actions for Living Resources in the Barnegat Bay Watershed 

Objective 1 Develop and implement Habitat Protection and Restoration Plans for the 

watershed’s characteristic habitats, including ecologically sensitive areas   

 LU 1-1:Compile existing data and maps; determine and collect missing data for 

ecologically sensitive habitats and associated buffers. 

 LR 1-2: Develop and implement conservation/restoration plans for ecologically sensitive 

terrestrial, coastal and aquatic habitats. 

 LR 1-3: Create a web database of habitat protection and restoration activities. 

 LR 1-4: Encourage the protection and management of habitats on a sub-watershed basis 

through coordination and collaboration across municipal boundaries. 

 LR 1-5: Promote management of ecologically sensitive and other target areas.   

 

Objective 2 Restore and maintain sustainable populations of fish and wildlife 

 LR 2-1: Develop a bay-wide multi-use management plan that supports sustainable 

aquaculture, commercial and recreational harvest, recreation, and restoration. 

 LR 2-2: Restore fish passage and other riparian habitats to improve habitat quality and 

connectivity. 

 
 

Figure 6.10 – ReClam the Bay Volunteers 
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 LR 2-3: Participate in the implementation and periodic update of the New Jersey State 

Wildlife Action Plan. 

 LR 2-4: Create and restore wildlife corridors for habitat quality and connectivity. 

 LR 2-5: Monitor, manage, and control invasive and nuisance species through 

ecologically appropriate methods 

 

Objective 3 Monitor and assess status and trends of living resources throughout the 

watershed 

 LR 3-1: Assess distribution and abundance of SAV through coordinated, regular surveys 

to evaluate their structure and function. 

 LR 3-2: Continue the ongoing Mid Atlantic Coastal Wetlands Assessment program 

(MACWA) to evaluate the condition and function of wetlands. 

 LR 3-3: Update and/or complete mapping of riparian and tidal wetlands and their buffers 

to monitor and assess condition (natural, developed, hardened, etc.) and wetland 

migration potential. 

 LR 3-4: Continue to monitor and assess the status of commercially, recreationally, and 

ecologically important aquatic species. 

 LR 3-5: Monitor and assess target animal and plant species, such as pollinator and 

migratory species, threatened and endangered species, and plant communities of special 

importance (see Habitat Plan) 

 LR 3-7: Monitor and assess the impact of the closure of the Oyster Creek Nuclear 

Generating Station on living resources in the Barnegat Bay. 

 

Objective 4 Conduct studies to improve scientific understanding of living resources and 

ecologically sensitive habitats. 

 LR 4-1: Conduct studies that identify and document appropriate mechanisms and 

strategies to support restoration of ecologically sensitive habitats identified in Obj. 1. 

 LR 4-2: Identify and assess habitat suitability, connectivity, and barriers to fish passage 

(e.g. North Atlantic Aquatic Connectivity Collaborative approach.)  

 LR 4-3: Conduct studies that identify and document the life history and/or ecology of 

pertinent living resources. 

 

Objective 5 Increase education and public outreach related to habitats and living resources 

 LR 5-1: Disseminate information to promote an understanding of science-based decision-

making in the management of habitats and living resources 

 LR 5-2: Develop educational materials, programs, and online resources to promote 

restoration of habitats and living resources (e.g. living shorelines, shellfish)  
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 LR 5-3: Develop materials, programs, and online resources to educate about the 

functional role of critical bay habitats, such as seagrass beds and wetlands, and the early 

life stages of estuarine-dependent species. 

 LR 5-4: Produce educational materials and online resources about the impacts of climate 

change on the living resources of the bay. 

 LR 5-5: Promote an improved understanding of the economic and ecological importance 

of fisheries through fisheries programs and activities. 

 LR 5-6: Promote education and enforcement of regulations and best practices for 

responsible use of ecologically sensitive and target areas (e.g., personal watercraft and 

boating, off-road vehicles) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

BBP Staff and Partners at Living Shoreline Installation at Sedge Island 
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