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Subtidal Region Long Range Oyster Conservation Plan ï 2008 to 2018 

What would we like to accomplish in the next three to five years? 

In the next decade? 

 
Introduction  

 

Over the winter of 2006-2007, a subcommittee of the Northern Oyster Work Group 

began drafting a long-range conservation plan for native oysters in North Carolinaôs 

subtidal waters. Members of the group included Jan DeBlieu (NCCF), Jeff DeBlieu 

(TNC), Craig Hardy (DMF), Sara Mirabilio (NC Sea Grant), Aaron McCall (TNC), and 

Chuck Wilson (USACE). Preliminary elements of the plan were presented to a meeting 

of the full oyster work group on May 4, 2007. 

 

Subcommittee members subsequently incorporated the group membersô comments into 

the plan, expanded it, and presented it at the August 28 Encore for Oysters Summit in 

Pine Knoll Shores. Additional comments and critiques have been incorporated into this 

final report. 

 

The subtidal region is by far the largest of the three regions evaluated in this coastwide 

process. It is comprised of Croatan Sound, Roanoke Sound, Pamlico Sound, all the bays 

just off the sounds, and the brackish reaches of the Long Shoal, Pungo, Pamlico, and 

Neuse rivers. The region includes NC Shellfish Growing Areas F1 through F8, G1 

through G11, and H1 through H6. Historically many of the beds were concentrated in 

shallow waters; however, deep water reefs did exist. 

 

The large areas of open water in the subtidal region present an unusual challenge, in that 

little is known about currents or dispersal and recruitment of spat. The recommendations 

for land- and water-based restoration projects contained in this report are founded on our 

knowledge of where oysters grew in the past, based on the Winslow surveys of 1885 to 

1886, and where recruitment continues today. We also include recommendations for 

future research that could provide information about dispersal and help sharpen the 

process of selecting future restoration sites. 

 

Our group was fortunate, in that our work coincided with the writing of a Conservation 

Action Plan (CAP) for the Outer Banks and Sounds, spearheaded by The Nature 

Conservancy. The two efforts complemented each other, and the recommendations for 

future actions in this report were heavily influenced by the findings of the CAP. Partly 

because of the CAP, we were able to set goals for the amount of land- and water-based 

projects that we believe should be carried out both in the short term and over the next 

decade. Our recommendations for expanding education about oysters and oyster 

conservation in the region are also long-term.  

 

The report is divided into seven sections: a summary of general stresses to the ecosystem, 

distilled from the CAP; a summary of ongoing research and restoration projects; a 

summary of current education initiatives; a list of potential future restoration projects; 

recommendations for future projects and initiatives, including land- and water-based 
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restoration, environmental education, and research; a summary of needed resources to 

achieve the goals set forth in this report; and an appendix with a description of the current 

status of individual Shellfish Growing Areas in the subtidal region. Readers should pay 

particular attention to Part Five: Future Projects and Initiatives. This is the section of the 

report that includes our recommendations for what we believe must be done to restore 

Crassostrea virginica to a viable population in the stateôs subtidal waters. 

 

For the foreseeable future most restoration efforts will be concentrated in our high-

priority areas. We would like to make a note about the size of these areas. Initially the 

Oyster Steering Committee designated a much smaller portion of the subtidal region as 

high priority for oyster conservation. However, in a later review work group members 

concluded there was little difference between the waters outside the high-priority 

designation and those within it, especially along the shore of Hyde County. In addition, 

important areas like the Long Shoal River and portions of Croatan Sound had been left 

out. Group members agreed that the high-priority designations should be expanded to the 

size reflected in this report. They also agreed that if possibilities open for good 

restoration projects in waters designated as middle or low priorities, they should be 

pursued. 

 

In addition to members of the subcommittee, listed above, the full Northern Oyster Work 

Group includes Ocracoke fisherman Gene Ballance, NC State University Professor 

Cynthia Cudaback, Mitch Hall of the US Army Corps of Engineers, Jimmy Johnson of 

the Albemarle Pamlico National Estuary Program, Professor Charles Peterson from the 

UNC Institute of Marine Studies, and Alan Saunders of NC Shellfish Sanitation.  

 

Following is a report of our findings and recommendations. 
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Part OneðThreats to Subtidal Oysters 

 

Based on a comprehensive planning effort carried out by The Nature Conservancy over 

the past two years, the oyster populations of Pamlico Sound and other subtidal areas of 

the state were determined to be in fair condition.  Subtidal oyster populations face many 

significant threats, ranging from changing estuarine conditions because of sea-level rise 

to declining water quality to incompatible fishing practices.  Concerted management 

action will be required to improve their condition. 

 

The Conservation Action Plan was developed by The Nature Conservancy in 

collaboration with NCCF, Environmental Defense, the North Carolina Division of 

Marine Fisheries, the U.S. Fish and Wildlife Service, and other partners. The plan is 

based on a multi-step process that entails identifying the key ecological attributes that 

influence the ability of a species or natural community to persist over time and then 

analyzing the stresses in the environment that affect those attributes and increase or 

diminish the long-term viability of the species or community. 

 

Six key ecological attributes were identified for subtidal oyster reef habitat in the Pamlico 

Sound region. These were:  

 

 Size of the oyster population, i.e., acres of reef and shell bottom. 

 Distribution of oyster reef and shell-bottom habitat across the estuary, i.e., the 

scope and pattern in which oyster reefs are configured. 

 Water quality, including appropriate dissolved oxygen levels, temperature, 

turbidity and sediment loads. 

 Water salinity ranges appropriate for recruitment, growth and survival.  

 Community structure and composition, i.e., a full range of age classes in the 

oyster population and the viable presence of all the other species commonly 

associated with reef and shell bottom habitat. 

 Community architecture, i.e., the presence of intact oyster beds and high-relief 

reefs. 

 

With the exception of salinity (rated good), the key attributes of subtidal oyster reefs and 

shell-bottom habitat were determined to be in only fair condition.  And as noted earlier, 

the overall condition of oysters and oyster habitat in subtidal areas was rated marginally 

fair.  This signifies that under current conditions subtidal oysters are not viable and will 

need extensive management and/or threat abatement to return to a viable status. 

 

The major threats affecting oysters in the Pamlico region included a wide range of forces 

that directly or indirectly cause the key attributes to decline.  Based on severity, scope 

and our potential ability to reverse it, each threat was ranked based on the following 

classifications:   

 

 Very High ï likely to eliminate oysters and oyster reefs over some portion of 

the area or be pervasive in scope and affect oysters throughout the area. 
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 High ï likely to seriously degrade oysters over some portion of the area or be 

widespread and affect oysters at many of their locations. 

 Medium ï likely to moderately degrade oysters or be localized in scope. 

 Low ï likely to only slightly impair oysters or likely to be very localized in 

scope. 

 

Threats ranked as Very High for subtidal oysters and oyster habitat were: 

 

 Sea-level rise, which will cause many changes in North Carolina estuaries and 

result in shifting and altering habitat. 

 Increased hurricane activity and intensity. Storm surges and heavy rainfall 

from tropical storms can destroy reef habitat, introduce huge fluxes of 

freshwater, release new pollutants into the estuary and increase sedimentation. 

 Ditching and draining and the operation of drainage management systems. 

 Incompatible fishing practices and overfishing. 

 Ocean acidification. 

 Diseases. 

 

Threats ranked as High were: 

 

 Housing and urban development, including activities that development brings: 

increased stormwater runoff, sedimentation from land disturbance and 

construction, pollution from wastewater treatment, etc. 

 Construction of roads, culverts, bridges, shoreline infrastructure, associated 

dredging and stormwater runoff. 

 Agriculture, including concentrated animal operations and nutrient loads from 

these activities. 

 Shoreline hardening and other similar ecosystem modifications. 

 Invasive species. 

 

Threats ranked as Medium were: 

 

 Forestry activities, including land management practices that result in 

hydrologic alteration. 

 Boating activities with associated piers, docks and marinas. 

 Atmospheric pollution. 

 Increasing populations of algae, sea squirts and other problematic native 

species. 

 

Based on these findings, the CAP recommended some conservation strategies and action 

steps. These are reflected in the recommendations contained within this report. 
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Part TwoðOngoing Research and Initiatives 

 

Gene Ballance, a member of the Ocracoke Working Waterman's Association and Hyde 

County Commissioner, is mapping the location and shape of historic oyster rocks to 

guide location of future oyster restoration activities along the Outer Banks.  He is 

currently working on two projects, both funded by NC Sea Grant.  One project, entitled 

ñWinslow in 3D: Tracing Heights of Historic Oyster habitat in NC,ò used oyster 

references on historic USCS hydrographic surveys to extend the information collected 

and mapped by Francis Winslow in the nineteenth century. By using USGS hydrographic 

(depth) surveys, he has been able to give the Winslow data a height dimension, as well as 

calculating the degree of degradation since the time of the surveys.  This project extends 

from the New River north to Roanoke Island, and the majority of the work is done in the 

subtidal waters of the Neuse and Pamlico Rivers. The work is complete. 

Geneôs second project entails gathering side-scan sonar images and using them on 

a Pocket PC with GPS and color sounder to document the height and position of 

constructed sanctuary mounds. This work covers subtidal NC oyster sanctuaries around 

the Pamlico Sound and the report was approved in August 2007. The project was 

extended to do the same work in 2008 to check on possible mound settlement. It is being 

done in cooperation with Dr. David Eggleston of NC State University, who is studying 

six NC oyster sanctuaries. 

 

Dr. Cynthia Cudaback of NC State University, a physical oceanographer, is studying 

larval dispersal potential through an investigation of current patterns in Pamlico Sound. 

Preliminary transport studies indicate that drifting oyster larvae can potentially travel 

significant distances in their first few days of dispersal, and suggest that a series of oyster 

sanctuaries along the west shore of Pamlico Sound could significantly enhance oyster 

restoration efforts. 

Oyster larval dispersal is predicted by two distinct methods. First, a current meter 

(an ADCP) is deployed at a single location to measure currents at all depths every five 

minutes for up to 6 months in summer. The near-surface velocity measurements can be 

integrated over time to predict the final locations of larvae released near the current 

meter. As currents are different in different locations, these predictions are only good for 

an area close to the ADCP, or about a day's travel for a drifting larva. 

Data collected in summer 2006 indicate that larvae released near Crab Hole can 

potentially reach most of northern Pamlico Sound in their first day of drifting. Larvae 

released near West Bluff experience much slower currents, and their potential dispersal 

envelope is about 1/4 the size of the envelope at Crab Hole.  A current meter deployed 

near Gibbs Shoal in 2004 completes the picture; this predicted dispersal envelope 

overlaps with the Crab Hole and West Bluff envelopes. Thus, larvae from Crab Hole can 

easily reach Gibbs Shoal, and larvae from Gibbs Shoal can easily reach West Bluff. 

The second way to predict larval dispersal is to deploy buoys that float on the 

surface and record their positions via GPS and cellular phone.  The drifting buoys 

respond to all changes in currents and allow us to test the reliability of the ADCP 

predictions. Buoy deployments in 2006 lasted 4-24 hours, so all locations visited by the 

buoys are contained within the predicted 1-day dispersal envelopes. Longer buoy were 

conducted in 2007. 



5 

Graduate student Brandon Puckett is conducting a related study of spat settlement 

at piers around Pamlico Sound. He found that spat settlement was loosely correlated with 

wind directions, with a three-week lag.  Three weeks after a period of southwesterly 

winds, significant spat settlement was observed in the northeastern part of Pamlico 

Sound, and three weeks after a period of northeasterly winds, settlement was observed in 

the southwestern part of the Sound. This result suggests that oyster larvae may travel 

significant distances during the first week of their lives and maintain position for two 

weeks before settling. Thus, dispersal predictions based on 1-week drifter deployments 

may be more accurate than we had anticipated. 

 The studies have been conducted during the summers of 2006 and 2007 and are 

funded by NC Sea Grant through January 2008.  Dr. Cudaback is collaborating with 

NCSU graduate student Amy Haase, Dr. David Eggleston (PIðecology), the Coast 

Guard Auxiliary Fleet, the Hatteras Flotilla, and DMF crews from Wanchese and 

Morehead City, NC.   

 

Linda DôAnna, graduate student at UNC at Chapel Hill, is examining differences 

between estuarine vegetation and reefs in providing habitat for oysters. Reefs and other 

three-dimensional emergent landscape features, like seagrass beds and intertidal salt 

marshes, provide important complexity and heterogeneity, two features that are limited in 

the otherwise sedimentary estuarine bottom. In addition to altering local physical 

conditions, these structures are utilized as habitat by a diversity of organisms for feeding, 

foraging, nesting, spawning, attaching, and refuge. She hypothesizes that there is low 

overlap between the species assemblages inhabiting seagrass beds and oyster reefs, 

suggesting that oyster reefs make a unique and important contribution to overall species 

diversity in the Pamlico estuary. She anticipates that the study results will support recent 

efforts to incorporate measures aimed at restoring oysters as habitat for other species into 

efforts to restore the oyster fishery. Such restoration efforts occur not only in 

geographical places, but also in places of consciousness and memory, in culturally 

constructed places. Local perspectives and attitudes can have a measurable effect on the 

outcome of restoration efforts as they are expressed through practice. Social and political 

recruitment of local citizens to support restoration efforts over the long-term are vital to 

project success. This project will demonstrate that documentation of local perspectives, 

attitudes, and knowledge through ethnographic and oral methods, including cultural 

models and cultural consensus analysis, is a critical component of restoration work, 

because those factors affect the physical and biological parameters of restoration success. 

 

Dr. Ed Noga of NC State University College of Veterinary Medicine, professor of 

aquatic medicine, began working with Dell Newman of Newman Seafood, Swan Quarter, 

in May of 2006 to develop an improved method to assess the health of oysters.  This 

builds on Dr. Nogaôs discovery that American oysters have an antibiotic in their tissues 

that can kill many pathogens.  This allows for development of a simple test (ELISA) to 

measure this antibiotic in oyster blood (hemolymph).  An antibiotic test for assessing 

oyster health would be useful to end-users who wish to improve the efficiency of their 

oyster broodstock selection program by choosing oysters with the highest potential for 

disease resistance, and thus overall survival. They hope to use this test to identify 
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regional strains with high antibiotic levels for optimizing local restoration and 

enhancement efforts 

 

The Nature Conservancy (TNC)ôs project was entitled ñcommunity based restoration of 

subtidal oyster reef habitat in Pamlico Sound.ò  They collaborated with DMF to build 

high-relief limestone marl reefs in designated sanctuary areas in Pamlico Sound.  TNCôs 

goal in this project was to develop pilot projects in several types of oyster reef 

restoration, including sanctuary-based management, oyster shell recycling, construction 

of shallow water reef habitat, remote setting of oysters on shell and limestone marl, and 

the development of monitoring approaches for subtidal reefs. 

 The first reefs constructed through the project were at a 30-acre site near Clam 

Shoal in southeastern Pamlico Sound, just north of Frisco.  Monitoring of these reefs 

since 2003 has indicated that high-relief reefs have tremendous potential as a design for 

restoration.  Each year the Clam Shoal reefs had abundant recruitment and high rates of 

adult survival, and by 2006 there were several age classes of adult oysters present on the 

reefs.  Since then, TNC staff  has made no effort to continue monitoring the reefs because 

oysters were so abundant it was impossible to count them accurately. 

This project, which was funded by a series of grants from the TNC-NOAA 

Community-based Restoration Program supplemented by DMF with state funds, began in 

2003 and was completed in 2006. Collaborators included TNC, NCDMF, local 

businesses, and community members. 

 

Staff at Jockeyôs Ridge State Park are constructing shallow reefs made of bagged, 

recycled shell as part of the parkôs environmental education programming.  These reefs 

are adjacent to the park in Roanoke Sound in an area designated by the state as a 

Research Sanctuary for one year. The project began in June 2006 and has been operating 

under the parkôs annual budget.  Aaron McCall of The Nature Conservancy has 

collaborated on this project and has donated material as part of TNCôs NOAA 

Community-based Restoration grant. In addition to the three constructed reefs, cultch has 

been placed in the intertidal Spartina alternaflora.  The staff plans to continue monitoring 

the reefs for species diversity, oyster survival and recruitment, and to expand the oyster 

reef sanctuary area to buffer salt and brackish marsh and submerged aquatic vegetation 

beds. 

 

North Carolina Sea Grant submits two-year institutional proposals to its parent agency 

ï National Oceanic & Atmospheric Administration (NOAA) ï through which several 

oyster projects have been conducted.  It is very important to note that Sea Grant-

sponsored research has a specific use and is justified in terms of the ultimate value and 

utility of results.  North Carolinaôs Fishery Resource Grant (FRG) Program is funded by 

the General Assembly and administered by Sea Grant.  Grants allow fishers and 

researchers to team up on innovative projects designed to understand the stateôs aquatic 

resources, but more importantly, to foster management decisions grounded in scientific, 

as well as local expertise.  The organization decides where to allocate funding and 

monitors the communications for the projects that it funds, including the Encore for 

Oysters conferences and projects led by Gene Balance, Dave Eggleston, and Cynthia 

Cudaback.  Sea Grantôs Sara Mirabilio is participating in the Northern Oyster Working 
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Group to ensure that funding corresponds with the Oyster Blueprint for Action. She has 

also advised the Northern Work Group subcommittee on educational initiatives within 

the region.   

 

The North Carolina Division of Marine Fisheries (DMF) has nine subtidal oyster 

sanctuaries in the Pamlico Sound, under the direction of fisheries biologist Craig Hardy.  

Each sanctuary contains several high profile mounds and class B rip rap (limestone marl). 

A map of the sanctuaries is shown below. The state of North Carolina allocates $150,000 

annually to this project and other organizations, including The Nature Conservancy, 

Clean Water Management Trust Fund, and NCDOT, have provided funding in recent 

years. DMF has also received funding for this project from a National Marine Fisheries 

Service (NOAA) Hurricane Grant.  Other people and institutions involved include: 

 NC Stateôs Dr. David Eggleston and his students, Brandon Puckett and Ray 
McRoch, who are studying larval recruitment and oyster fecundity in the 

sanctuaries, 

 UNC-Wôs Dr. Ami Wilbur, who is studying genetics with regional differences 

and differences between wild stock and reared stock, and 

 NC Stateôs Cynthia Cudaback and Amy Hasse, who are modeling larval transport 
and larvae dispersal from sanctuaries.   

 

DMF Constructed Marl Reefs 

Summer 2007 


