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INTRODUCTION 
Purpose of the Dedicated Account for Shellfish Habitat Mitigation and 
Memorandum of Understanding 
 
In 1994, New Jersey’s Coastal Zone Management (CZM) Rules were amended to allow the 
construction of recreational docks in shellfish habitat provided the applicant paid into a shellfish 
mitigation fund (currently termed the “dedicated account for shellfish habitat mitigation”) 
collected by the Division of Land Use Regulation to offset the loss of harvestable habitat in 
productive shellfish beds.  Prior to the rule amendment, recreational dock construction was 
prohibited in shellfish habitat since shellfish growing waters classification under a dock and boat 
mooring area are automatically condemned to the shellfish harvest, as per N.J.A.C. 7:12-2.1. 
With amendments to the CZM Rules in 2015, new infill marinas and expansions of certain 
existing marinas are also permitted in shellfish habitat provided a series of conditions are met 
and the permittee provides a contribution to the dedicated account for shellfish habitat 
mitigation. The purpose of the dedicated account for shellfish habitat mitigation fund was, and 
continues to be, to provide funding to enhance and restore shellfish habitat or provide other 
shellfish harvest opportunities in other shellfish growing waters in New Jersey.    
 
In 2016, the Assistant Commissioner of Land Use Management and the Assistant Commissioner 
of Natural and Historic Resources signed a Memorandum of Understanding (MOU) that 
formalized a process for the use of the monies in this dedicated account.  
 
 
 
BACKGROUND 
State Role in Shellfisheries Management 
 
The N.J. Department of Environmental 
Protection’s (Department) Division of Fish and 
Wildlife (Division) is the natural resource 
management agency charged with directing the 
state’s shellfish programs, projects and restorative 
efforts on both the Atlantic Coast and Delaware 
Bay.  Division personnel within the Bureau of 
Shellfisheries (Bureau) work with their 
counterparts in the Bureau of Marine Fisheries 
(together known as the Marine Fisheries Administration (MFA)), the Marine Enforcement Unit 
and other State agencies to form and implement plans for the protection and wise use of marine 
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habitat and the State’s valuable shellfish resources.  New Jersey Statute Annotated Title 50, 
Chapter 1, Section 5 provides that the Commissioner of the Department “shall have full control 
and direction of the shellfish industry and resource and of the protection of shellfish throughout 
the entire State”.  Among the Division’s goals and responsibilities is the “maintenance of fish 
and wildlife species at stable, healthy levels and the protection and enhancement of the habitats 
on which they depend”.  The Division currently maintains two regional offices (Delaware Bay 
and Atlantic Coastal offices) that house five full-time fisheries biologists who are uniquely 
experienced and qualified to oversee this program.  They are currently responsible for a number 
of fisheries management programs, including the coordination of ongoing shellfish management, 
restoration and enhancement projects. 
 
The Bureau directs all shellfish harvest and production programs as well as all shellfish 
enhancement activities on the Atlantic Coast and in Delaware Bay. Staff members work 
primarily with the bureaus of Law Enforcement, Marine Water Monitoring, the departments of 
Agriculture and Health, as well as other state and federal agencies, academia and industry 
members to formulate and implement plans to conserve marine habitat and manage the state’s 
shellfish resources. Staff members also work closely with the New Jersey Shellfisheries Council, 
an advisory board to the Commissioner of the Department of Environmental Protection, on 
issues related to the protection, enhancement and management of shellfish. Staff members are 
actively engaged in working to foster aquaculture development and review coastal development 
activities to protect critical habitat. The Bureau also manages the surf clam resource and fishery 
within State waters in the Atlantic Ocean as well as the oyster resource within State waters in 
Delaware Bay.  The Bureau examines the impacts of offshore sand mining as well as waterfront 
development projects within our near coastal and estuarine waters.  In addition, the Bureau is 
responsible for administering a licensing program for recreational and commercial 
shellfishermen as well as the shellfish aquaculture program for the State. 
 
Importance of Shellfish Habitat 
 
Bivalve shellfish have historically been a prominent component of benthic, or bottom dwelling, 
communities of temperate and subtropical estuaries and coastal bays.  Bivalves also have been 
and continue to be an important food source for people throughout the world, serving as both a 
delicacy and a staple.  In coastal communities throughout the U.S., shellfish are cultural icons, 
reflecting traditions and a way of life dating back generations (Brumbaugh et al 2006).  Along 
the Atlantic coast of the continental United States, shellfish habitats occur in estuaries, near-
shore coastal waters, and offshore on the continental shelf (Shumway and Kraeuter 2004), and 
provide numerous ecological services to these systems.  Both bivalve and gastropod molluscs 
form these types of shellfish habitats. Two hinged ‘valves’ or ‘shells’ characterize bivalve 
shellfish (e.g., clams, mussels, and oysters). The shell structure, which functions as an 
exoskeleton, is composed of a matrix of calcium carbonate and organic materials, and is secreted 



- 4 -  

by the underlying soft mantle tissue. Many shellfish species are consumed by finfish or other 
vertebrate and invertebrate predators (e.g., mammals, birds, finfish, other molluscs). Some 
shellfish support major commercial and recreational fisheries, and a subset create important 
habitats, particularly when they occur at high densities. The habitats created by molluscs can be 
classified into three major types: (1) reefs (veneer of living and dead animals), (2) aggregations 
(living and dead), and (3) shell (dead) accumulations (often called ‘shell hash’). Some habitats 
can be grouped into either category 2 or 3, depending on the relative abundance of dead shell 
versus live organisms (Cohen and Grizzle 2007). 
 
The eastern oyster (Crassostrea virginica) is New Jersey’s most prominent reef building bivalve.  
Prior to mechanized harvesting techniques being developed such as power dredging, oyster reefs 
in many Atlantic Coast estuaries (e.g., Chesapeake Bay) probably extended several meters above 
the bottom, forming complex three dimensional structures that provided habitat for finfish and 
invertebrates (Galtsoff 1964; Dame et al. 1984a, 1984b; DeAlteris 1988; Kennedy and Sanford 
1999; CBP 2001; Dame and Libes 1993; Smith et al. 2003).  Because of the impact of repeated 
power dredging, oyster reefs in Delaware Bay are very compressed and flattened adding very 
little vertical relief.  However, these reefs or beds still have the potential to provide important 
ecosystem services and to increase structural marine habitat complexity, particularly when 
compared to adjacent, barren mud-bottom.  While hard clams (Mercenaria spp.) do not create 
vertical “reefs,” they often occur in aggregations of adequate density to provide habitat for other 
species (Langton and Robinson 1990; Stokesbury 2002).  Hard clam shell accumulations can 
also persist long after the inhabiting organism has perished and in sufficient quantities to provide 
significant structure and habitat for a variety of organisms (Dumbauld et al. 1993; Auster et al. 
1995; Palacios et al. 2000; Steimle and Zetlin 2000; Stoner and Titgen 2003).  Furthermore, the 
shells themselves become mixed into the bottom sediments and provide significant refuge for 
juvenile shellfish and other infauna from predators. 
 

Shellfish species provide important water filtration 
services such as reducing turbidity, stimulating bacterial 
denitrification and reducing anoxia.  Shellfish provide 
significant habitat for a diverse assemblage of 
commercially and recreationally important fish and 
invertebrates.  Healthy shellfish beds, particularly oyster 
reefs, create refuge for juveniles of important marine 
species such as black sea bass, scup, cunner, tautog and 

blue crabs, and they also serve as a feeding attractant for larger fish like striped bass and 
weakfish.   Shellfish culture methods on subtidal and intertidal shellfish grounds - such as shell 
planting and oyster and hard clam seed replanting – may also enhance marine habitat quality in 
some areas (i.e., barren bottom).   
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ONGOING AND PLANNED ACTIVITIES 
Under the terms of the MOU, MFA may use monies from the dedicated account for shellfish 
mitigation for any of five categories. Past and ongoing activities are described below, as are 
activities planned for the 2017-2022 period.  
 
Shellfish Enhancement Partnerships & Activities; Contracts and Procurement  
 
Shellfish restoration projects are underway in many areas along the U.S. Atlantic coast. They 
range from multi-million dollar collaborative efforts in the Chesapeake Bay region involving 
state agencies, federal agencies, and nongovernmental organizations to smaller community-based 
projects in many areas (Cohen and Grizzle 2007).   The State of New Jersey’s Marine Fisheries 
Administration (MFA) has a long history of oversight of shellfish management and enhancement 
projects.  The MFA has conducted numerous large scale, multi-million dollar revitalization 
projects in Delaware Bay as well as several smaller collaborative projects within New Jersey’s 
Atlantic coastal bays.  Over the past 15 years, the Bureau has focused its efforts primarily on 
oyster shell planting programs and more recently on hard clam seeding initiatives.  The programs 
are all designed to help maintain or enhance shellfish habitat while supporting New Jersey’s 
historical shellfish harvesting programs by increasing opportunities.  
 
In many of these waters, shellfish populations have waned relative to long term population 
levels.  For instance, along the Atlantic Coast in Barnegat Bay, hard clam populations have 
severely declined and the once vibrant traditional fishery has virtually collapsed for various 
reasons, including environmental change, habitat degradation and overfishing.  For example, the 
stock of hard clams in Barnegat and Little Egg Harbor bays declined over 23% between 1986 
and 2012 (Dacanay, 2014) and 57 % between 1987 and 2011 (Celestino, 2012), respectively.  
Consequently, the number of commercial hard clam harvesters drastically declined in these 
regions over that same period.  The MFA has attempted to work towards improving shellfish 
habitat through the direct planting of juvenile hard clams within a number of areas along the 
coast.   
 
In Delaware Bay, natural mortality (i.e., deaths (or debits)) and recruitment (i.e., new oysters 
(credits)) control the oyster population size far more any other influences.  In 1957, heavy 
mortality was discovered in oysters and was caused by a protozoan parasite given the acronym 
“MSX”, standing for “multinucleated sphere unknown” (later classified Haplosporidium 
(formerly Minchinia) nelsoni) (Ford 1997).  By the end of 1959, 90-95% of the oysters on the 
planted grounds and about half of those on the seed beds had died (Haskin et al. 1966, Ford 
1997).  The resource rebounded slowly and the fishery benefited from a series of very successful 
recruitment events. Today, MSX infections are insignificant due to the population’s development 
of natural resistance. Unfortunately, in 1990, a new oyster disease known as Dermo (Perkinsus 
marinus) arrived in the Bay.  By 1991, it had spread over much of the Bay and caused heavy 
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losses of planted and seed oysters (Ford 1997).  This disease, unlike MSX, was more tolerant of 
lower salinities and impacted the oyster stock across more of the Bay.  Today, careful 
management of the resource shifted the harvest program from a ‘seed fishery’ controlled by 
limiting the time the beds were open to a specific quota-based allocation fishery (beginning in 
1996).  Unfortunately, managers cannot control the level of natural mortality caused each year by 
Dermo.  However, managers can influence recruitment (i.e., new oysters added to the 
population) through the timely planting of clean shell in appropriate areas of the oyster seed 
beds.  As such, the MFA conducts a series of large scale shell plantings each year to enhance 
overall recruitment success on the State’s natural seed beds.  The MFA has a strong track record 
of successfully influencing the status of the oyster stock through these efforts.     
 
Primary Enhancement Partnerships 
 
The MFA often works to accomplish the program’s enhancement goals through a series of 
developed partnerships with state and federal agencies, academia, industry and non-
governmental organizations.   
 
Barnegat Bay Shellfish Restoration Program 
One such partnership is the Barnegat Bay Shellfish Restoration Program (BBSRP).  The BBSRP 
is a partnership of Rutgers Cooperative Extension (RCE) of Ocean County, MFA’s Bureau of 
Shellfisheries, The County of Ocean and the Barnegat Bay Partnership. The BBSRP has trained 
over 200 Certified Shellfish Gardeners who, along with ReClam the Bay 
(http://reclamthebay.org/) volunteers have planted approximately 14 million clams and 4.2 
million individual oysters as well as millions of additional oysters as “spat on shell” in Barnegat 
Bay since the program started in 2005.  The work is more than just endeavoring to enhance a 
shellfish population. The program is primarily aimed at educating the public and empowering 
and energizing them to make changes to their lifestyle and change their behaviors where they 
live.  To initiate environmental stewardship at a young age, a curriculum that uses the growing of 
shellfish in the classroom to link science, math and other educational skills together was 
developed by Rutgers University’s Cooperative Extension Program.  “Shellfish in the 
Classroom” is a program that was developed to enable teachers to engage students in the science 
necessary to improve and protect Barnegat Bay.  Since students take their lessons home, students 
can initiate changes to family behavior that will help improve the Bay.  The ReClam the Bay 
program’s education volunteers have visited numerous schools to instill an environmental 
awareness in the region’s children. 
 
The education program reaches families at weekly demonstrations at 10 different shellfish 
nurseries during the summer, at fairs and festivals, museums and parks and through partnering 
with local groups to share the message of how to protect Barnegat Bay and its watersheds.  Using 
clams, oysters, bay scallops and ribbed mussels, the program fosters a buy-in from the public to 

http://reclamthebay.org/
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protect the Bay.  The Clam Trail, which is a mix of public art and science education, features 
giant “clam statues” in various parts of Ocean County. Each clam, painted by a local artist, has a 
fact plaque that explains an integral part of how shellfish are part of the ecology and how 
protecting them protects the Bay.  The program and the volunteers work with local, state and 
federal officials to enlist their aid in encouraging and supporting citizen involvement.  Donations 
and grants also keep the program going (Flimlin, pers. comm., 2017).   
 
As described above, a core element of BBSRP is the experiential learning process by which 
volunteers raise small clam and oyster seed in nursery systems for up to one year, as shellfish 
become less susceptible to predation, prior to planting in approved locations within Barnegat 
Bay.  Clam seed resulting from this process have been planted in areas throughout the Bay and 
particularly within the Sedge Island Marine Conservation Zone while oyster seed has been 
planted on shelled bottom within parcels off of Good Luck Point at the mouth of Toms River in 
Barnegat Bay.    
 
As a key member, the MFA provides in-kind and direct financial support to the BBSRP and 
RCTB as well as providing consultative guidance on enhancement efforts.  This funding is used 
primarily for the purchase of oyster larvae and shellfish seed.  The MFA also provides training, 
consultation and professional assistance in all project phases.  The BBSRP program offers a 
multi-dimensional approach to fostering environmental education, outreach, and stewardship 
based on shellfish enhancement activities along Barnegat Bay.  The MFA will continue to build 
relationships with BBSRP organizations to link the culture, heritage and the environment to 
instill pride and stewardship through understanding and ownership. 
 
Oyster Industry Revitalization Working Group 
On the Delaware Bay side of the State, the MFA worked to develop a group known as the Oyster 
Industry Revitalization Working Group (OIRWG), consisting of several strong partnerships 
within the State as well as across state borders.  Beginning in 2001, a group made up of state, 
federal and private organizations began meeting to develop strategies to acquire funding for 
oyster enhancement activities in Delaware Bay and to revitalize the commercial oyster industries 
of both states.  The group consists of representatives from the following organizations: New 
Jersey Department of Environmental Protection, Delaware Department of Natural Resources 
and Environmental Control, Rutgers University, Delaware River Bay Authority, Delaware 
Estuary Program, The Partnership for the Delaware Estuary, Delaware River Basin 
Commission, U.S. Army Corps of Engineers and respective oyster industries and Shell Fisheries 
Councils from both states.   
 
While harvest levels in New Jersey had been relatively steady throughout the 2000s, the stocks 
of oysters in ‘reserve’ (i.e., populations available to supplement future harvest quotas when 
necessary) were down.   The decline was primarily due to the lingering effects of heavy losses 
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from diseases, successive years of poor recruitment and losses from hurricanes and tropical 
storms.  The OIRWG has been a collaborative effort at the local, state and federal levels and 
resulted in federal commitments of over $5 million through the Water Resources Reform 
Development Act.  The spending cap under the Act has since been raised to $10 million and the 
group continues to explore future large scale funding options and a new “project start.” 
 
The OIRWG began meeting in 2001, but was formalized in 2005.  Shortly thereafter, the 
Delaware Bay shell-planting program was funded and designed specifically to address the issue 
of inadequate oyster recruitment across the natural oyster beds and to improve habitat 
sustainability.  Shell is the basic material required for oyster recruitment and the formation of 
beds and reefs.  New Jersey’s oyster beds were losing shell at a rate of hundreds of thousands of 
bushels annually.  Without increased recruitment, this loss would result in the deterioration of 
oyster habitat and accelerate declines in oyster abundance.  As oyster abundance and oyster shell 
decline, so will oyster reef associated fauna and the ecosystem services provided by the oysters 
and the habitat they create.  Using federal funding obtained for activities each year from 2005 - 
2008 by the OIRWG and the State’s Congressional delegations, the objectives of the program 
were achieved.  Shell planting had a positive influence on habitat sustainability.  In 2007, the 
shell budget of the New Jersey oyster beds was in relative balance for the first time in nearly a 
decade.  Furthermore, oyster abundance had risen significantly on several major oyster 
producing beds.  For example, on the Shell Rock seed bed in New Jersey (a bed that accounts for 
approximately 25 percent of the annual industry harvest) oyster abundance had increased by a 
factor of 1.75, with a significant increase in the number of juvenile oysters (0.75–2.5”) on this 
critical bed (Babb, et al., 2008).  While federal funding was discontinued in 2009, the MFA has 
continued to coordinate a smaller scale annual shell planting to maintain production on the prime 
commercially fished oyster beds.  The success of this project resulted directly from multi-agency 
and multi-state partnerships working collaboratively with the industry in a uniform effort to 
restore a valuable natural resource.    
 
Future Contracts and Procurement 
Under the MOU, MFA may enter contracts with vendors, consultants or persons or entities 
obtained through normal Department contracting procedures to conduct activities which meet the 
MFA’s goals of increasing shellfish stocks, reducing natural shellfish mortality, and encouraging 
environmentally sound aquaculture. Potential vendors, consultants or persons may include 
academic institutions and /or non-governmental organizations that are involved in shellfish 
enhancement, restoration, or aquaculture activities. The MFA anticipates partnerships and 
activities like those described above will continue through the five-year period, supported by 
funds from the dedicated account for shellfish habitat mitigation. 
 
 
MFA Coordinated Enhancement Work 
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This category of activities that may be funded by monies from the dedicated account for shellfish 
habitat mitigation addresses the enhancement and restoration of shellfish resources in waters of 
the State. Potential action items include project planning, permits acquisition, securing materials, 
and construction of the enhancement or restoration project. Activities under this category may 
include, but are not limited to, hard clam and oyster seeding and shell planting.  
 
State and Federal Compliance and Permit Status  
Federal and state permits are available upon request.  Since 2007, permit coordination has been 
extensive and has assured consistent legal and environmental compliance.  All applicable permits 
are validly held.  The Bureau is currently (2017) in the process of obtaining a new 10-year state-
wide permit from the US Army Corps of Engineers. 
 
Oyster Enhancement Activities 
Oyster recruitment enhancement activities are conducted by the State and are important for four 
primary reasons: 
  

1) In most oyster production areas, recruitment enhancement is needed to enhance stock 
abundance impacted by disease, recruitment failures, habitat loss/siltation, and in some 
instances, overfishing;  

2) In some areas of the State, recruitment enhancement is needed to permit continuation 
of the State’s oyster industry;  

3) Recruitment enhancement abates the natural loss of cultch in areas of the State’s 
natural oyster beds where “cultch loss” exceeds the addition of shell through natural 
mortality; and  

4) Recruitment enhancement is needed to minimize the control of oyster stock size by 
oyster disease and to stabilize stock abundance at levels that will permit the oyster to 
fulfill its keystone ecological role as critical marine habitat and from its high filtration 
capacity. 

 
Harvest Opportunities and Economic Considerations 
The eastern oyster, Crassostrea virginica, has a long history as a commercially and ecologically 
important species in the Delaware Bay.  Dating as far back as the early 1800s, the Delaware Bay 
oyster has been known for its unique flavor and high quality meat (Babb and Powell 2005).  
With the coming of the European settlers, oystering increased dramatically and commercial 
harvesting towns and markets grew (U.S. Army Corps of Engineers 2005).  In 1880, oyster 
harvesting reached its pinnacle at 2.4 million bushels (although much of this harvest was 
augmented by out-of-state imports).  Before the turn of the century, over 500 vessels and over 
4,000 people worked in the commercial oystering industry in Cumberland County, New Jersey 
alone. By 1950, following a ban on out-of-state seed imports, the harvest had leveled out at 
roughly 1 million bushels annually.  An oyster disease MSX (multinucleated sphere unknown), a 
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protozoan parasite (Haplosporidium nelsoni), began 
to impact oyster populations by the late 1950s. 
Oyster harvests from planted beds dropped 90 to 95 
percent while oysters on the natural seed beds 
suffered a 50 percent mortality. Oyster harvests fell 
from 711,000 bushels in 1956 to 49,000 bushels in 
1960. (Oyster Industry Revitalization Task Force 
Report, 1999) 

 
The oyster industry recovered during the 1970s and 
through the mid-1980s, to provide steady 
employment along the Delaware bayshores.  In 
1990, a second oyster disease struck.  Dermo 
(Perkinsus marinus), a protozoan parasite like 
MSX, invaded an oyster population that had developed a resistance to MSX, decimating the 
stocks. As a result, the oyster industry nearly disappeared (U.S. Army Corps of Engineers 2005).  
Dermo disease was originally detected in the Delaware Bay during the mid-1950s and was 
associated with imports of the seed oysters from Southern states.  The disease was essentially 
undetectable shortly after the cessation of this practice.  It is believed that the above average 
water temperatures of the late 1980s led to the reemergence of the parasite in Delaware Bay.  It 
is important for the reader to note that oysters that are infected with this parasite pose no health 
concern to human consumers, thereby not affecting its use as a food product. 
 
Oyster Spawning 
To understand the methodologies of the oyster enhancement program, it is important to 
understand some of the basic biology, habitat requirements and behavior of this animal. The 
eastern oyster is a filter feeding estuarine animal with a tolerance for a wide salinity range. The 
oyster typically exists in salinities as low as four or five parts per thousand (ppt) and as high as 
28 ppt. (sea water is normally 35 ppt.).  However, the optimal salinity range is believed to be 
about 14-28 ppt.  In the New Jersey portion of the Delaware Bay, oysters are established in areas 
of suitable habitat extending along the axis of the estuary from Cape May Point to the Salem 
nuclear generating station, and in the brackish or lower portions of many tributaries leading into 
the Bay (Babb 2005).  The most productive beds in the Delaware Bay (i.e., currently providing 
the best recruitment and survival) range from the Cohansey River south to Nantuxent Cove.  
Along the State’s Atlantic Coast, oysters are naturally found primarily in the Mullica River, 
Great Egg Harbor and in some small pockets of Barnegat and Little Egg Harbor Bay.  Oysters 
were also historically found in the Navesink and Shrewsbury rivers as well as the upper Raritan 
Bay. 
 

Figure 1.  Free-swimming oyster larvae.  Image 
courtesy of Walter Canzonier. 
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Oysters will grow on almost any type of stable bottom available (e.g., hard mud, sandy mud, 
clay, gravel, and preferably, other oysters) (Babb 2005).  Oysters do not survive well on sandy 
bottoms that are inclined to be unstable.  Oysters grow from the intertidal zone to a depth of 30 
or more feet.  Oysters develop mature gametes and spawn in response to temperature.  The first 
spawning typically occurs in when water temperatures reach 77°F (25°C).  Subsequent spawns 
commonly occur throughout the summer until early-September.  The availability of clean 
substrate or cultch, preferably oyster shell, is critical for the successful setting of juvenile 
oysters, at which point they become sessile and are referred to as “spat”. 
 
There is a two-week period for the free-swimming larvae (Figure 1).  During most of this period 
the larvae are passively transported by tidal and wind driven currents.  In their last few days of 
larval life they exhibit a tendency to descend from the water column on slack water, remain on 
the bottom during ebb, and return to the water column on flood.  In this manner, late stage larvae 
experience a net transport toward the headwaters of the estuary.  When they are ready to set, the 
larva seeks a hard, clean surface upon which to attach.  Many oyster experts speculate that 
approximately 95 percent of larvae are lost to predation and other causes of mortality prior to 
final settlement and attachment (setting).  Once a larval oyster finds a clean, hard substrate upon 
which to attach - preferentially on calcium carbonate materials such as shell - it cements itself to 
that surface.  It will remain there for life unless removed by some external force. 
 
Predation 
Following final settlement and attachment, the newly set oyster has other hazards to face.  Once 
an oyster finds a suitable substrate, it becomes vulnerable to a number of new predators.  
Gastropods (or drills), mud crabs, a small flatworm called Stylochus, blue crabs, black drum, 
starfish, skates and rays all take a toll on oysters.  The principal predator in Delaware Bay are the 

oyster drills, Urosalpinx cinerea and Eupleura 
caudata.  The abundance of the drills on the 
downbay market beds can have a significant effect 
on whether juvenile oysters survive to 
reproductive maturity.  Drills are normally present 
on the lower beds below Ben Davis Point and 
often have a major impact on the productivity of 
those beds, particularly during periods of drought.  
Drills have migrated to the upper seed beds of the 
Bay during prolonged periods of higher than 
normal salinity.  At the peak of the droughts 
during the 1960s, oyster drills were quite common 

on the Cohansey and Ship John seed beds, which are typically free of these predators due 
primarily to lower salinities during the egg laying season for drills. 
 

Figure2.   One-year old oysters from an enhancement 
site in Delaware Bay. 
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Ecosystem Services 
Many marine organisms – bryozoans, hydroids, sponges, barnacles, ascidians, tube-building 
worms and other bivalves – attach to oysters and the associated structure of their reefs.  These 
fouling organisms, in turn, attract various crustaceans and small fish.  This furnishes, as many 
fishermen know, a concentrated food source for many recreationally sought fish such as the 
weakfish, striped bass, croaker and black drum.  Numerous animals seek out food and shelter in 
the interstices of the oyster reef and utilize the oyster community for foraging and spawning 
habitat.  Oysters and oyster beds play a significant ecological role in the Bay and it is the basis of 
a vast community of organisms.  Management efforts by coastal states to bolster the oyster 
resource not only provide major economic benefits for harvesters and local communities, but add 
to the overall ecology of estuaries by increasing habitat and faunal diversity, while in some cases 
potentially improving water quality by reducing particulates and shifting nutrient dynamics. 
 
Overall, the primary goal of the State’s oyster enhancement program has been to increase 
recruitment by augmenting natural seed supply through the planting of shell (cultch) to provide 
habitat for recruitment of juvenile oysters (spat).  This will increase oyster habitat, expand oyster 
abundance, and revitalize the natural resource with concomitant improvements in marine habitat 
quality from increased habitat complexity brought about by shell planting as well as increased 
water clarity brought about by the increased filtration by an abundant shellfish resource.  In 
many areas of the State, the condition of the oyster resource has deteriorated – in some cases, 
despite careful management and a limited controlled fishery.  This has increased the urgency for 
augmenting recruitment and providing habitat for oyster spat through shell planting programs.   
 
In essence, the oyster enhancement program serves multiple benefits that extend beyond the 
oysters. Not only do oysters play a major role in improving water quality through filtration, but 
their biogenic habitats provide refugia, nesting or nursery sites and foraging grounds for a variety 
of resident and transient marine species. Numerous studies have revealed greater biodiversity 
associated with oyster reefs than with adjacent sedimentary habitats. Species richness and 
abundance of organisms in oyster reef habitats are generally comparable to those found in 
seagrass meadows. Oyster reefs in estuaries provide hard substrate that supports unique 
assemblages of organisms, and there is further evidence that oyster reefs contribute to enhanced 
production, not merely a concentration, of finfish and decapod crustaceans (U.S. Army Corps of 
Engineers 2005) 
 
Statewide Shell Sources – Beneficial Use 
Local clam companies generate large quantities of ocean quahog and surf clam shells and these 
shells provide an adequate substitute for oyster shell.  Hence, the program recycles a waste 
product into a useful commodity, thereby alleviating present storage and disposal issues.  A 
number of clam companies have participated in the program over the past decade.  These 
companies - from New Jersey, Rhode Island, Maryland and Delaware - have all benefited from 
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the program by being able to divest themselves of a costly waste product while allowing the 
program to increase its scale in a cost effective manner. 
 
Various Oyster Enhancement Methodologies 
Shell planting is the cornerstone enhancement tool for resource managers to maintain oyster 
abundances at sustainable levels.  However, in order for any program to be successful, shell 
plantings must occur consistently, year in and year out without significant interruptions or time 
gaps.  Sites are selected based on bottom surveys that are carried out during the late spring of 
each year.  Criteria includes condition of the bottom to support exposed shell without significant 
sediment accumulation, probability of spat settlement, and ease of recovery of spatted shell for 
potential subsequent transplanting.  The varying approaches taken differ somewhat to maximize 
use of local conditions throughout the State.   

 
Oyster shell, surf clam and ocean quahog shell will be the material primarily used for plantings.  
The proportion of the shell types in a given year will be based primarily on availability.  Other 
aggregates may be used where appropriate (e.g., limestone, other fossilized shell, whelk shell, 
etc.).   Cultch suitability studies conducted by MFA staff have demonstrated that oyster and surf 
clam performs similarly and is the preferred cultch.  Local clam companies generate large 
quantities of ocean quahog and surf clam shells and these shells provide an adequate substitute 
for oyster shell. In recent years, the availability of ocean quahog shell has far exceeded the 
available quantity of surf clam shell.  This type of shell has been shown to have no significant 
difference when compared to surf clam shell (but significantly different than oyster shell) and 
has performed well in field plantings.  It should not be understated that this program recycles a 
significant waste product into a useful commodity, thereby alleviating present storage and 
disposal issues for the clam processors. 

 
For cultch planting to be successful, shell must be planted at the appropriate time (i.e., in unison 
with the oyster's prime spawning period).  The latter is often determined by plankton sampling, 
which commences approximately in mid-June of each year.  During site selection, Department 
staff records site coordinates using a Trimble Differential Global Positioning System (NJ State 
Plane Coordinates - NAD83).  Coordinates are then mapped using the ArcView Geographic 
Information System, from which acreages are easily calculated. 
 
The State uses a three-prong approach for shell planting and the following types of plantings 
often occur each year: 

 
1. Direct Shell Planting on State Natural Oyster Beds – Mullica River & Delaware Bay 

Areas of the States natural oyster beds will typically be planted directly via barge or vessel 
(Figures 3 and 4).  Planted areas on the seed beds are typically five to 25 acres in size, although 
local bottom conditions will dictate actual size of each planted area.  In Delaware Bay, larger 25 
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acre grids are used to facilitate navigation and it is also equivalent to the size of the sampling unit 
used in the New Jersey stock survey, thereby facilitating evaluation of project success in 
comparison to bay-wide oyster production.  In the Mullica River, direct shell planting is typically 
conducted only when an intermediate transplant program is conducted, rather than on an annual 
basis.  This is due to the fact that the Mullica River seed beds are comparatively small 
geographically and can only support a small scale oyster transplant program when bed conditions 
(ratio of live oysters to shell) are high.  The cost to plant shell in this system is very high due to 
the remoteness of the Mullica River seed beds in relation to where the shell is stockpiled.  As a 
result, shell planting is typically very limited to just replacing shell that was lost to the bed from 
the seed transplanting program. 
   
Shell plantings typically plant shell at a density of 2,000 bu/acre overall.  When evenly 
distributed, this planting density deposits shell at a rate of approximately 0.7 inches deep per 
square foot.  Each direct planting aims at evenly distributing the shell across the site in order to 
maximize or retain as much surficial shell as possible, thereby keeping this shell available to 
setting larvae.  Because predation rates are lessened on the natural seed beds, seed recovery and 
transplant is typically unnecessary.  Therefore, seed oysters setting on shell planted directly onto 
will remain in-situ, rather than being harvested and relocated.  Areas are planted with shell 
directly via barge or shallow draft vessel.   

 
2. Lower Bay High Recruitment Zone Plantings – Delaware Bay  

Certain areas of the State exhibit higher annual recruitment rates than others.  An example of this 
type of planting would be the Department’s 2003 pilot scale project.  The recruitment rates of 
that project were in excess of 80 times greater than the baywide average rates observed during 
that year.  The Cape Shore of Delaware Bay (Figure 5) has been utilized for the collection of 
native spat for over 60 years and leaseholders routinely plant shell south and east of Egg Island 
Point.  Cape Shore plantings dating back to the 1920s have demonstrated spat counts that often 
exceeded 7,500 spat per bushel.  Set failures (less than 500 surviving spat per bushel) are rare 
occurrences, seldom exceeding once every 15 years.  For context, since 1953, the bay-wide mean 
number of spat per bushel was 177.  Since 1988, the bay-wide mean number of spat per bushel 
was only 79, slightly less than half the long-term mean (Stock Assessment Review Committee 
Report, 2007).  This comparison clearly shows the significant increase in recruitment potential in 
the lower bay high recruitment zone.    
 
Planted areas in the high recruitment zones vary in size from 5 to 50 acres depending on bottom 
conditions observed during site delineation.  A size of five acres allows for minimal facilitation 
of navigation of planting vessel.  The high recruitment shell planting program is based on the 
premise that planted shell density will range from 1,000 to 5,000 bushels per acre overall.  At 
even this higher range, evenly distributed shell would be deposited at a rate no greater than 1.7 
inches deep per square foot.  High recruitment zone plantings typically aim at evenly distributing 
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the shell across the site in order to maximize or retain as much surficial shell as possible, thereby 
keeping this shell available to setting larvae.   
 

3. Replanting 
While recruitment rates in some areas often exceed those rates observed on the State’s natural 
beds, predation and disease rates will often quickly decimate seed, if left there.  Therefore, in 
some cases, newly recruited seed oysters will be quickly harvested and relocated (known as 
“replanting”) after settlement.  This program moves the “baby oysters” to nursery areas where 
survivorship rates are higher.  As such, Department personnel monitor spat set following 
plantings to identify the best time for shell recovery and transplant.  Seed can also be moved to 
other areas of the State to enhance populations there.  All aspects of this method are coordinated 
and overseen by Department staff. 
 
Success of oyster enhancement methodologies are all measured by population numbers and sizes 
of naturally recruited and transplanted oysters. 
 
Transplant of Seed from Leased Grounds 
In some years, New Jersey leaseholders plant shell on privately held shellfish leased grounds for 
the purpose of obtaining spat for growth to market size.  These leased areas are often 
characterized as having high settlement rates; however, survival to market size is often low in 
these leased areas due to high infection intensities of Dermo and high predation rates. As a 
consequence, in some years, leaseholders have sold seed to out-of-state growers.  This seed 
represents a significant resource for the State’s recruitment enhancement program for it is a 
known quantity of live seed with 
local genetics.  In addition, the 
leaseholder has already undertaken 
the cost and risk of shell planting, 
and only successful plants need be 
targeted for this program.  While this 
method has yet to be employed by 
the Department, it is a viable option 
that should be retained.   
 
Should this method be attempted, 
MFA will evaluate the size and 
survivorship of transplanted oysters to determine success. 
 
 
 
 

Figure 3. Ocean quahog shell being washed off a barge onto a delineated 
enhancement reef.  DEP Image 2005. 
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Intermediate Transplant Program 
This program entails the transplanting of brood stock from marginal growth areas to other areas 
on the natural oyster beds that typically exhibit 
higher growth rates.  Oysters occurring on the 
lower salinity beds are often stunted in size due 
to marginal environmental conditions and 
rarely achieve maximum reproductive capacity.  
Transplant of these oysters to grow-out or 
market beds can enhance broodstock abundance 
in those areas where growth rates and 
reproductive capacity are increased, thus 
enhancing broodstock abundance and 
ultimately larval availability for recruitment.  This enhancement method has been utilized 
annually since 1997 in Delaware Bay and for many years within the Mullica River.  All aspects 
of this method are coordinated and overseen by Department staff.  Success for this program is 
evaluated based on the size and reproduction of transplanted oysters compared to non-
transplanted oysters. 
 
Hard Clam Enhancement Activities 
 
Objectives 
Hard clam enhancement activities are important for three primary reasons: 
  

1) To increase hard clam populations in New Jersey’s Atlantic coastal bays that have 
documented stock declines, particularly Barnegat and Little Egg Harbor bays.   

 
2) To provide increased hard clam harvest opportunities to both commercial and 

recreational shellfish harvesters. 
 
3) To provide public outreach and stewardship opportunities in the importance of the 

ecology of New Jersey’s estuaries through shellfish enhancement and restoration 
 

State and Federal Compliance and Permit Status  
Since 2007, permit coordination has been extensive and has assured consistent legal and 
environmental compliance.  All applicable permits are validly held.  The Bureau is currently 
(2017) in the process of obtaining a new 10-year state-wide permit from the US Army Corps of 
Engineers. 
 
 
 

Figure 4. Ocean quahog shell being washed off a barge onto a 
delineated enhancement reef.  DEP Image 2005. 
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Harvest Opportunities and Economic Considerations 
In several Atlantic Coast estuaries, particularly Barnegat and Little Egg Harbor bays, hard clam 
populations have severely declined and their habitat has degraded over the last several decades. 
For example, in Little Egg Harbor Bay, the southern extension of Barnegat Bay, the standing 
stock of hard clams declined over 57% between 1987 and 2011 (Celestino, 2013). At one time, 
Barnegat Bay employed 250 commercial “clammers” which at present time dwindle to just a 
handful.   With abundant stocks in Raritan and Sandy Hook bays estimated at over one billion 
clams (Dacanay, 2016), much of the wild harvest has been taken from there when the depuration 
plants went online in 1983 and an annual relay harvest capitalized on underutilized hard clam 
stocks that could not be directly harvested due to shellfish growing waters status of Special 
Restricted.   A major contributor to Barnegat Bay’s hard clam landings were from hard clams 
relayed from Monmouth County to relay leases located in Barnegat and Little Egg Harbor bays.   
 
The hard clam seeding program was originally a key component of the State’s strategy to 
enhance depleted hard clam habitat using funding from dedicated account for shellfish habitat 
mitigation, as directed by then-Governor Codey’s 2005 Coastal Initiatives.  The program was 
designed based on the use of hatchery clam seed (>15mm in shell length) being planted at low 
density, to provide for a partial refuge from heavy fishing and natural predation, while still 
allowing for effective reproduction as the seed reaches maturity.  Seeding areas are selected 
within hard clam habitat with “Approved” shellfish growing waters in Ocean, Atlantic and Cape 
May counties.  Starting in 2006, the NJ Division of Fish and Wildlife has been implementing 
pilot scale hard clam seeding within shallow water habitat accessible to the public for 
recreational harvest at the Sedge Island Marine Conservation Zone in Barnegat Bay (MCZ).  To 
date, approximately 3.5 million clam seed was planted in the MCZ as well as over 2.6 million 
clams in Barnegat Bay, Great Bay and Navesink River. As a result, recreational clamming has 
improved as a result of these efforts in the MCZ.  Sales of recreational shellfish licenses had 
increased by 62.4 % from 2006 to 2015.   
 
Direct Hard Clam Seeding 
Planting of hatchery-produced hard clams (Mercenaria mercenaria) in State waters is a key 
enhancement action to improve hard clam stock status at the local level.  Planting of both small 
(< 20 mm) and large hard clam seed (20 mm - 25 mm) has been employed in the past to increase 
hard clam populations in New Jersey’s waters.  The State prefers to purchase hard clam seed 
from local commercial hatcheries.  However, inadequate hatchery capacity in New Jersey has 
resulted in limited availability of reliable source of local seed.  Local seed is preferred to reduce 
disease transfer from other out-of-state waters and to protect local population genetics.  
However, seed from other mid-Atlantic states have similar characteristics since they are within 
the same geographic region and provide another option when New Jersey shellfish hatcheries are 
unable to provide seed.    
 



- 18 -  

Additional monitoring is needed to review the efficiency and cost effectiveness of using small 
and large hard clam seed, in addition to the initial study at Sedge Island described in the next 
paragraph.    Further work is also needed to determine if anti-predator activities such as shelling 
are needed to improve survivability of planted seed.  A thorough assessment is required to 
determine the scientifically based number of seed needed for release and the costs associated 
with different sizes of hard clam seed.  A monitoring partnership with a local college or 
university could be pursued to attempt to answer these questions.  Given proper management and 
monitoring of planted areas, hard clam populations would be expected to increase as a result of 
the seed planting program.  This program would likely have positive impacts to both commercial 
and recreational shellfish harvesters of the State.  
 
Prior to 2006 and in contrast to extensive experience with hard clam enhancement in other states, 
virtually no experience existed in New Jersey and very few large scale hard clam enhancement 
activities had ever been conducted in NJ.  Therefore, beginning in 2006-2007, the MFA 
implemented a hard clam seeding effort in the Sedge Island Marine Conservation Zone (MCZ) in 
Barnegat Bay – taking advantage of the restriction of commercial shellfishing within the zone.  
The MFA’s goals for the MCZ clam plantings aimed to enhance local clam populations within 
the zone and to monitor the efficacy of varying planting methods and seed sizes.   The MFA 
produced a report (Calvo, 2009) looking at the first three years of the planting efforts, various 
enhancement methods and the cost-benefit of varying seed sizes.  The primary conclusion of this 
study was that larger clam seed planted at low densities over large areas performed at higher 
levels than other enhancement methods employed during the study.  These findings have 
influenced all larger scale shellfish plantings since that time.  To date, approximately 3.5 million 
hard clams have been planted within the MCZ, with additional plantings from ReClam the Bay. 
The MFA plans to continue this work with monies from the dedicated account for shellfish 
habitat mitigation, measuring success by the number of clams planted and survivorship rates.  
 
Other Hard Clam Enhancement Options 
A number of other hard clam enhancement options exist as alternatives or complements to the 
methods listed above.  Other states have implemented hard clam transplanting programs where 
seed is harvested from closed waters and moved to areas that are harvestable.  States have also 
used monies to purchase hard clams of various sizes directly from harvesters in dockside 
purchasing programs.  These two programs, while possible, are likely not feasible due to the high 
cost associated with those efforts.  One other potential activity involves the planting of shell in 
hard clam enhancement areas.  Shell will migrate into the bottom sediments and studies have 
found that predation rates will drop when predators are forced to “pick through” shell and other 
shell-like aggregates to get to live shellfish.  This approach requires additional research and is 
viewed as being quite costly. The MFA may use funds from the dedicated account to conduct or 
contract with universities to conduct a study to evaluate this method if funding and staffing 
allows.  
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Monitoring, Site Assessment and Delineation 
The MFA may use monies from the account to establish monitoring standards and to monitor 
shellfish enhancement and/or restoration sites to assess project success. The standards developed 
will be shared with the Division of Land Use Regulation and may inform future rulemaking.  
Activities under this category are intended to provide up-to-date assessments of shellfish 
resources throughout the State that can aid MFA in identifying locations for future shellfish 
enhancement, restoration or aquaculture activities that provide the best potential for success. 
Potential activities under this category could include, for example, shellfish surveys and the 
associated costs with carrying out such work.  This work is primarily accomplished by the State 
assuming full coordination; however, there are many instances where partnership or 
collaboration with a local college or university for monitoring work would be appropriate and 
helpful to meeting program objectives. 
 
New Jersey Shellfish Inventory Program 
The harvest of shellfish contributes significantly to New Jersey’s coastal economy. Three main 
shellfish species are harvested in New Jersey’s waters: hard clams, Mercenaria mercenaria, 
oysters, Crassostrea virginica and surf clams, Spisula solidissima.  Other shellfish species that 
are periodically harvested in state waters include bay scallops, Aequipecten irradians, soft clams, 
Mya arenaria and blue mussels, Mytilus edulis.  To effectively manage a fishery and the habitats 
they depend on, it is necessary to assess both past and more recent information regarding habitat 
and population structures. Population inventories are an important tool in fisheries management 
as they not only assess current populations, but can also be used to document trends over time.  
Because shellfish are sedentary organisms, inventories can be used to clearly define productive 
habitat. Inventories are not only important to conserve shellfish stocks for harvest, but are also 
necessary to protect economically and ecologically important shellfish habitat from coastal 
development. 
 
Shellfish inventories have been and remain a necessary tool to provide baseline information on 
shellfish habitat. Beginning in 2011, the Bureau reinstated annual system wide shellfish 
inventories. These surveys also collect information on submerged aquatic vegetation (SAV) 
distribution and abundance.  The Bureau has made it a priority to continue its shellfish inventory 
efforts. The Bureau will continue to conduct inventories as necessary to inform enhancement 
programs by assessing and delineating potential plant areas.  Data from these assessments will 
also assist with shellfish aquaculture lease siting activities and to conduct new dredge efficiency 
studies to calibrate research vessels and equipment.   
 
Shellfish Aquaculture Development - Shellfish Aquaculture Grant Program  
 
Monies from the account may be used to fund activities that increase shellfish aquaculture 
productivity by exploring new lease areas and providing funding to growers for upgrading or 
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improving existing operations and productivity and support MFA’s goals.  The Department may 
also choose to develop a grant application aimed at expanding aquaculture operations in the 
Delaware Bayshore region of the State or other areas that are identified as priorities in a given 
year.  The goals of the grant program may be achieved by providing grants for one or more of the 
following actions:  
 

1. Relocation of Northern Segment operations to the Southern Segment;  
2. Purchase of new equipment to support the expansion of a Delaware Bayshore 

aquaculture operation;  
3. Purchase, planting and maintenance of a specified number of oyster seed in New 

Jersey waters to expand a Delaware Bayshore aquaculture operation; 
4. Purchase, planting and maintenance of a specified number of hard clam seed in New 

Jersey waters to expand an Atlantic Coast aquaculture operation; and/or 
5. Additional shellfish aquaculture funding program(s) that are developed jointly and 

with the approval of the Division of Land Use Regulation. 
 
Request for Proposal and Grant Program Description 
The Division oversees the State’s shellfish aquaculture leasing system that also includes 
Aquaculture Development Zones (ADZs).  ADZs are lease areas in which all necessary Federal, 
state and local permits have been received by the State and which are now made available for 
private aquaculture operations. These areas have been designed following significant industry 
stakeholder input. Currently, three ADZs are established in Delaware Bay with all necessary 
permits secured by the Division.  Through this type of program (i.e., calling for grant 
applications), the Department would utilize the Department’s dedicated account for Shellfish 
Habitat Mitigation to incentivize industry growth within New Jersey by providing grant funds to 
purchase equipment and oyster seed for any permitted structural aquaculture activity.  The 
Department may also seek to incentivize relocation from the Northern Segment of the Delaware 
Bayshore to the Southern Segment to reduce the potential for conflicts between expanding 
aquaculture operations and use of the shore by horseshoe crabs and migrating shorebirds. 
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APPENDIX 
 
 
 

 
Figure 5.  Natural oyster seed beds and industry-leased oyster culture grounds in Delaware Bay, 
NJ. 
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Figure 6.  Natural oyster recruitment potential on the New Jersey side of Delaware Bay.  
Numbers represent the percent of years in which natural oyster set of 20 spat per shell or 
more can be expected on clean shell (1954 – 1983).  Data from Ford, S. E. 1997. History 
and present status of molluscan shellfisheries from Barnegat Bay to Delaware Bay. In: C. 
L. MacKenzie Jr., V. G. Burrell Jr., A. Rosenfield & W. L. Hobart, editors.  The history, 
present condition, and future of the molluscan fisheries of North and Central America and 
Europe. Vol. 1. North America: U.S. Department of Commerce. 
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