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EXECUTIVE SUMMARY 

Background  

In 2000, the Estuary Restoration Act (ERA) was passed to provide federal assistance 
for estuarine habitat restoration, while objectively encouraging partnerships among 
public agencies and non-governmental organizations, supporting innovation, and 
monitoring the success of funded projects (ERA, Title I; Public Law 106-457).  In 
recognition of the need for estuarine habitat restoration in North Carolina, the United 
States Army Corps of Engineers (USACE) is providing grant funding and oversight to 
implement the proposed estuarine restoration project in partnership with the North 
Carolina Department of Environment and Natural Resources, Division of Marine 
Fisheries (NCDMF).  This Environmental Assessment (EA) was written to address the 
expansion and development of the NCDMF oyster sanctuary network.   

Ecosystem Restoration  

Recommendations for estuarine habitat restoration contained in this EA focus on 
Crassostrea virginica (henceforth “oyster”) restoration.  Recognized as an ecosystem 
engineer and termed a “keystone species,” oysters provide valuable support to healthy 
estuarine ecosystems; however, global, national, and local trends in oyster populations 
have exhibited substantial decline in the last century (Ault et al. 1994, Beck et al. 2011, 
Rothschild et al. 1994, zu Ermgassen et al. 2012).  In order to improve estuarine 
ecosystem function, oyster restoration is essential.  Among other restoration measures 
in North Carolina, oyster sanctuaries have been proven to host high density broodstock 
oyster populations, which subsidize oyster larval production and subsequently enhance 
ecosystem function (Peters 2014, Peters in review, Puckett and Eggleston 2012).  The 
proposed Little Creek Oyster Sanctuary site, to have a total footprint of 20 acres and 
contain 10 acres of oyster reef habitat funded by USACE grant, has been identified as 
exhibiting various degrees of ecosystem degradation and has been acknowledged as a 
restoration priority by both the NCDMF and academic partners, as well as by the public 
and interest groups. 

National Environmental Policy Act (NEPA)   

This EA is written pursuant to, and complies with ER 200-2-2 (33 CFR Part 230): 
Environmental Quality - Procedures for Implementing the National Environmental Policy 
Act (NEPA), and 40 CFR Parts 1500 to 1508 the Council on Environmental Quality 
(CEQ) Regulations for Implementing the National Environmental Policy Act (NEPA).  
The National Environmental Policy Act of 1969 (NEPA), as amended, requires that 
environmental consequences of federal actions be evaluated.  Further, NEPA stipulates 
that the details of proposed actions and the potential environmental consequences must 
be presented to the public and the public must be given the opportunity to provide input 
before decisions are made and actions taken. NEPA requires consideration of the 
environmental impacts from a range of reasonable project alternatives, and the 
consideration of those impacts, in the process of formulating the Selected Plan.  
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The probable consequences (impacts and effects) of the No Action Alternative and the 
components of the Little Creek Oyster Sanctuary (proposed action) on significant 
environmental resources in the lower Neuse River Basin were evaluated and are 
documented in this EA.  The proposed action is not expected to significantly affect the 
quality of the human environment; therefore, an Environmental Impact Statement (EIS) 
likely will not be prepared.  If this determination remains unchanged following public and 
agency review of the EA, a Finding of No Significant Impact (FONSI) will be signed and 
circulated prior to the initiation of the proposed action.  

Public Involvement 

Throughout the planning process, which included site selection, grant application, and 
permitting, stakeholders were actively involved.  Input was requested and received 
through a review of Coastal Area Management Act (CAMA) Major Permit #140-09 
modification issued to NCDMF November 23, 2011 (Appendix A-1), at a public hearing 
held by the NCDMF on April 24, 2012, and through additional modification of CAMA 
Major Permit #140-09 issued on May 5, 2015 (Appendix A-2) .  The CAMA Permit 
review requested comments from State and federal agencies, to identify concerns 
related to ecosystem restoration through expansion of the North Carolina Oyster 
Sanctuary network.  Additionally, a USACE General Permit #19800291 accounting for 
actions associated with the proposed project was issued on January 1, 2011 (Appendix 
A-3) and modified on May 15, 2015 (Appendix A-4). Comments were considered and 
addressed in the development of the proposed action and project management plan 
(Appendix E) as well.  This EA will be circulated for public and agency review for a 30-
day comment period. 

1.00  PURPOSE AND NEED 

A combination of historical overfishing, habitat destruction, disease, and pollution has 
led to massive population decline of oysters worldwide (Cooper et al. 2004, Lenihan and 
Peterson 1998, Pinckney et al. 1998).  Globally, an estimated 85 percent of historic 
oyster reefs have been lost (Beck et al. 2011).  Similarly in the United States, present 
oyster populations have 64% less spatial extent and 88% less total biomass, relative to 
historical surveys (zu Ermgassen et al. 2012).  More locally, population decline has 
been observed, especially on sub-tidal reefs along the US East Coast (Ault et al. 1994, 
Hargis and Haven 1988, NCDMF 2001, Rothschild et al. 1994).  In 2007, a National 
Oceanic and Atmospheric Administration biological review team found that current east 
coast oyster harvest is 2 percent of peak historical volume and suggested that oyster 
restoration and enhancement efforts are “necessary to sustain populations” (EOBRT 
2007). 

Oyster harvest in North Carolina has shown a similar trend of decline (Street et al. 2005, 
Deaton et al. 2010).  In the Neuse River Estuary, oyster habitat loss is particularly 
apparent where viable oyster beds have been “displaced downstream roughly 10-15 
miles” since the late 1940s (Jones and Sholar 1981, Steel 1991).  Natural expansion of 
healthy oyster reefs is not expected here because adjacent bottom lacks attachment 
substrate, and any shell that is sloughed from an existing reef might be subject to deep 
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water hypoxia and sediment burial, where reef establishment is unlikely (Lenihan 1999, 
Lenihan and Peterson 1998).  

To combat trending population loss in North Carolina, NCDMF constructs and maintains 
oyster sanctuaries, as one method of habitat restoration.  The objective of this program 
is to establish a self-sustaining network of protected oyster broodstock sanctuaries.  
These sanctuaries are intended to provide larval subsidies to other reefs throughout 
Pamlico Sound, including the Neuse River, through larval transport and connectivity.   

Healthy oyster reefs are vital to the estuarine ecosystem (NCDMF 2001).  A fully 
developed coastal oyster sanctuary can support high population density, mature size 
structure, and subsequently high reproductive output relative to non-protected areas 
(Peters 2014, Peters et al. in review, Puckett and Eggleston 2012).  Larval transport 
through current flow distributes oyster larvae from sanctuaries to historical oyster fishing 
areas for future harvest (Haase et al. 2012, Puckett et al. 2014).  In addition to larval 
supply, oyster reefs deliver a variety of ecosystem services, such as improving water 
quality through water filtration, bottom consolidation, benthic-pelagic coupling, shoreline 
stabilization, and essential fish habitat (Coen et al. 2007, Mackenzie 2007, Mann 2001, 
Peterson et al. 2003, Pierson and Eggleston 2014, Posey et al. 1999, Soniat et al. 
2004).   

North Carolina oyster sanctuaries not only serve the ecosystem service and larval 
subsidy functions described above, but will also benefit recreationally and commercially 
important finfish species.  The oyster is considered an ecosystem engineer because it is 
one of the only faunal organisms in an estuary that serves as habitat for other species.  
The complex nature of oyster reefs serves as nursery habitat for numerous marine and 
estuarine species during key phases of their life cycles (Pierson and Eggleston 2014, 
Ross and Epperly 1985).  Restored nursery habitat will result in healthier fisheries since 
many of the state’s fishery species are estuarine dependent at some point in their life 
cycles.  Further, adult finfish species utilize reef habitats for refuge and feeding, 
therefore oyster reefs are popular recreational fishing destinations (NCDMF, 
unpublished data). 

As a measure to mitigate oyster population loss in the Pamlico Sound and Neuse River 
estuaries, the NCDMF Oyster Sanctuary Program, through the USACE, Wilmington 
District, intends to restore unproductive soft bottom to a protected oyster reef site (Little 
Creek Oyster Sanctuary).  Utilizing conceptual objectives described above, the 
proposed Little Creek Oyster Sanctuary will provide a source of oyster larvae to support 
estuary-wide oyster population growth, offer a myriad of ecosystem services, employ 
innovative reef design techniques, and offer a recreational fishing opportunity for public 
use.  

2.00  ALTERNATIVES CONSIDERED 

Alternatives considered included: (1) Restoring existing low output reefs by addition of 
new cultch; (2) Designating existing high output reefs as sanctuaries; (3) Building new 
sanctuary reefs; (4) No action.  
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2.01  Alternative 1 

Alternative 1 would consist of adding cultch material to existing reefs.  This restoration 
measure requires initial destruction of existing oyster habitat, which is inconsistent with 
the South Atlantic Marine Fisheries Commission’s (SAMFC) management of Essential 
Fish Habitat (EFH) and Habitat Areas of Particular Concern, with NCDMF’s 
management of shell bottom/oyster reef critical fish habitat, and published North 
Carolina Coastal Resources Commission (NCCRC) rules (15A NCAC 07H .0203 and 
15A NCAC 07H .0208). Additionally, oyster restoration activities are designed to create 
additional habitat to offset historic losses. It would be counterproductive to add new 
material on top of existing shellfish material which would cause mortality of existing 
beneficial resources. Further, low productivity is likely a function of environmental 
conditions or harvest pressure; therefore additional cultch may not improve local oyster 
population.  Finally, cultch material required for this type of restoration is not suited to 
provide high vertical relief, a reef characteristic necessary for reef viability in the Neuse 
River Estuary.  This alternative is not an ecologically or socioeconomically acceptable 
method of restoration.  

2.02  Alternative 2 

Alternative 2 would include designating high output oyster reefs as sanctuaries to 
preclude impacts associated with harvest.  Existing state regulation (15A NCAC 03O 
.0201) only allows “Oyster Sanctuary” designation at previously low value bottoms 
where new reefs have been constructed.  Under this alternative, no new habitat is 
created; therefore it is not a restoration measure, rather a means of preservation.  This 
alternative can be eliminated as it is not a strong mode of restoration and moreover, is 
inconsistent with state regulations.  In addition, designating existing reefs as sanctuaries 
will have a negative impact on commercial and recreational harvest interests, as 
existing harvestable reef area would be reduced. 

2.03  Alternative 3 

Alternative 3, building new sanctuary reefs, was determined to be the only restoration 
measure that is technically feasible and environmentally acceptable and meets NCDMF 
Oyster Sanctuary Program goals.    

The proposed Little Creek Oyster Sanctuary would directly restore 10 acres of 
unproductive soft bottom, by conversion to oyster reef habitat, within a 20-acre 
permitted footprint.  Oyster reefs would be constructed of two limestone mounds, 1,000 
Ultra BallsTM, and 98 Reef Pyramids. All construction materials would be free from loose 
dirt and pollutants. These structures would be produced at or delivered to the NCDMF 
stockpile site in South River, NC along the Neuse River. The stockpile site is 
approximately 10 nautical miles from the proposed Little Creek Oyster Sanctuary Site 
(Figure 1). The remaining 10 acres within the 20-acre footprint would be buffer zones 
and void areas (Figure 2). 

Reef Pyramids (Figure 2 and Appendix E) have a 10-foot triangular base, are 8 feet tall, 
and weigh approximately 6,000 pounds each. They would be delivered to the stockpile 
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site by truck, ready for deployment.  The NCDMF technicians would receive and stage 
the Reef Pyramids. Duties would include the off-loading and storage of the Reef 
Pyramids by the barge loading dock. 

Ultra BallsTM (Figure 2 and Appendix E) have a base diameter of 5.5 feet and stand 5 
feet tall. Each unit weighs approximately 3,500 pounds. Ultra BallsTM are the least 
expensive structure when comparing surface area to cost (Appendix E). Using local 
concrete vendors and molds, Ultra BallsTM can be easily produced at the NCDMF 
stockpile site. NCDMF technicians would assist contractors in setting up the molds and 
pouring concrete and would be responsible for lifting and moving the Ultra BallsTM from 
their molds to the barge loading dock. 

No fill material would be placed in waters outside of the proposed sanctuary area. 

2.04  No Action Alternative 

The “No Action” alternative is used as a basis for comparison to the proposed plan 
(Alternative 3).  The No Action plan represents what would occur on the project site if no 
new sanctuary reefs were built.  Under No Action, there would be no re-establishment of 
oyster reefs in the project area.  This would result in no considerable long-term benefits 
to the environment, perpetuating the status quo of oyster population decline within the 
estuary.  

3.00  PROPOSED ACTION  

3.01  Project Location  

The proposed project location is in the lower Neuse River in Pamlico Sound, NC, 
approximately 10 miles east of the town of Oriental and 1.8 miles northwest of Little 
Creek (35° 02.616’ N 76° 30.889’ W; Figure 1).  Oyster habitat suitability is lower in 
upstream reaches of the Neuse River Estuary Oyster Growing Area (OGA) and higher 
in downstream reaches, with the highest suitability found near the mouth of the estuary 
(USACE 2008).  However, known reefs are found in both high and low oyster habitat 
suitability.  Within this estuary, more than 50 natural deep water (3 - 6.5 m, ~10.0 - 22.5 
ft.) oyster reefs exist, ranging in size from 0.2 - 2.0 ha (~ 0.5 - 5.0 ac; Lenihan 1999).  
Later surveys done by the USACE in 2008 identified 131 reefs ranging in size from less 
than 0.25 ha (0.6 ac) to about 6.5 ha (16 ac), and totaling about 99 ha (244 ac; USACE 
2008).  Further, high-profile oyster reefs are a persistent feature in the Neuse River 
Estuary, having been recorded on bathymetric charts by the U.S. Coast Guard and 
Geodetic Survey as far back as 1868 (Lenihan and Peterson 1998).  The Little Creek 
Oyster Sanctuary is centrally located in the OGA which will provide a substantial benefit 
to the oyster population within the OGA and other parts of the Pamlico Sound Estuary. 

The proposed Little Creek Oyster Sanctuary boundaries will designate 20 acres of 
currently unproductive, unconsolidated estuarine soft bottom on public land as 
sanctuary area for development, and will feature 10 acres of oyster reef to be 
constructed using grant funding. The remaining 10 acres will be buffer zones and void 
areas (Figure 2). The 20-acre sanctuary will be designed in a square shape with the 
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corners located at 35° 2.694’ N, 76° 30.984’ W (northwest corner); 35° 2.694’ N, 76° 
30.794’ W (northeast corner); 35° 2.538’ N, 76° 30.984’ W (southwest corner); and 35° 
2.538’ N, 76° 30.794’ W (southeast corner, Figure 2). 

3.02  Site Selection  

The site selection process for Little Creek Oyster Sanctuary included the following 
considerations:  

Biological and Environmental Suitability  

Little Creek Oyster Sanctuary meets the necessary water quality and recruitment base 
(larval supply) requirements for long-term sustainable subtidal reef growth.  NCDMF 
and partners have recorded water quality conditions including salinity, temperature, and 
dissolved oxygen from nearby stations.  Analysis of these data suggests fluctuating 
conditions on a monthly basis.  Mean monthly dissolved oxygen ranges from ~4.9 mg/L 
in July to ~10.0 mg/L in February (NCDMF Program 611 unpublished data, Figure 3).  
This is well within the tolerable range of oxygen concentration for oyster survival 
(Shumway 1996).  Salinity in the mouth of the Neuse River peaks at ~24 psu in June, 
and is lowest in February (estimated), near 10 psu (NCDMF Program 611 unpublished 
data, Figure 4).  Optimal growth conditions for adult oysters and oyster spat exist at 
salinities ranging from 14 to 28 psu (Shumway 1996, Quast et al. 1988).  In July, water 
temperatures rise to ~28.5 °C and in February (estimated), temperatures fall to ~6.0 °C 
(NCDMF Program 611 unpublished data, Figure 5).  Population density at the nearby 
Neuse River Oyster Sanctuary has increased by ~400% between 2007 and 2012, 
suggesting successful recruitment and high survival (NCDMF Program 611 unpublished 
data, Figure 6).  Further, the mouth of Neuse River has been identified as a 
recommended sanctuary site based on modeled larval connectivity in Pamlico Sound 
(Haase et al. 2012, Puckett et al. 2014).   

Historic Oyster Habitat and Substrate Suitability 

The selected location is in an area that has lost its historic function as oyster habitat, 
perceivably due to pollution and overharvest (Cooper et al. 2004, Lenihan and Peterson 
1998, Pinckney et al. 1998).  However, the site is in close proximity to viable subtidal 
oyster populations.  In this area, sonar images (USACE 2006) and ground-truthing 
using bottom samples have revealed a soft upper layer of mud and silt, 4-6 inches thick, 
above oyster shell hash.  The presence of shell hash indicates that the selected site has 
historically been productive oyster bottom.  Furthermore, from an architectural 
perspective, this bottom type has proven to be successful in supporting material at 13 
other oyster sanctuaries created by NCDMF.   

Non-Governmental Organization Recommendations  

Placement of an oyster sanctuary within the mouth of the Neuse River fulfills 
recommendations of the North Carolina Coastal Federation’s Oyster Restoration and 
Protection Plan for North Carolina: A Blueprint for Action (NCCF 2008).  The proposed 
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location of the Little Creek Oyster Sanctuary is included in the working group’s 
restoration target list as a high priority area. 

3.03  Proposed Action  

The proposed Little Creek Oyster Sanctuary will have a 20-acre footprint and contain 10 
acres of constructed oyster reef. The sanctuary will be identified by wooden three-pile 
dolphins on all four corners, each displaying sanctuary designation signage. The 
remaining 10 acres will be buffer zones and void areas (Figure 2). This sanctuary will 
provide a net increase in the number of oyster larvae for settlement and re-colonization 
of oyster reefs within the Neuse River Basin.  As a sanctuary, this site will be managed 
by the NCDMF to preclude oyster harvest, but will allow recreational fin-fishing.  
Construction of this reef expands on successful existing practices already employed in 
the Neuse River Estuary and the Pamlico Sound. The proposed materials have been 
proven through extensive field application.  The proposed reef architecture has been 
designed to closely match the form of nearby reference reefs and includes alternate 
materials in addition to conventional stone design.   

Implementation of the proposed project will have four components:  

(1) Completion of the NEPA process and receipt of applicable permits and approvals 
for construction of the Little Creek Oyster Sanctuary. 

(2) Construction, purchase, and stockpiling of reef structures. 
(3) Construction of the Little Creek Oyster Sanctuary. 
(4) Monitoring and evaluation of the Little Creek Oyster Sanctuary.  

Task 1:  Secure NC Coastal Area Management Act (CAMA) Major Development Permit 
for the construction of Little Creek Oyster Sanctuary.  Prepare and circulate an 
Environmental Assessment (EA) for public review. Complete the NEPA process by 
issuance of a Finding of No Significant Impact (FONSI) or Environmental Impact 
Statement (EIS).   

The NCDMF has secured Coastal Area Management Act (CAMA) Major Permit #140-09 
through the established permitting process developed with the NC Division of Coastal 
Management, US Army Corps of Engineers, NOAA, and the NC Division of Water 
Quality during permitting for other oyster sanctuaries (Appendix A-1, A-2).  This permit 
is for 20 acres at Little Creek, although only 10 acres will be developed through this 
proposed project.  The remaining 10 acres will be buffer zones and void areas (Figure 
2). 

The NCDMF held a public hearing on April 24, 2012 as required by the permitting 
process.  Information was sought from the public on potential conflicts with other users 
of the site (fishing, navigation, etc.), environmental benefits, and recreational uses.  This 
EA will be circulated for public review for 30 days public review and all comments will be 
considered in developing either a FONSI or EIS.  

Task 2: Site Marking and Procurement / Staging of Reef Materials 
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In accordance with U.S. Coast Guard Private Aids to Navigation (PATON) rules and 
regulations, the sanctuary will be marked with three-pile dolphins and appropriate 
signage.  Reef materials will be produced at or delivered to the existing NCDMF 
stockpile site in South River, NC (Figure 1) for deployment staging.  The stockpile site is 
approximately 10 nautical miles from the proposed Little Creek Sanctuary site. 

Task 3:  Construction of Little Creek Oyster Sanctuary 

Little Creek Oyster Sanctuary will be constructed to encompass 20 acres of currently 
unconsolidated soft bottom in the lower Neuse River, NC.  As a material buffer, bottom 
area within 100 ft. inside of sanctuary boundaries will remain undeveloped.  The 
developed area will consist of 100 construction grids, each 75 ft. x 75 ft.  The layout will 
consist of 18 grids with 15 Ultra Balls™ per grid, 18 grids with 150 tons of 4 in. -12 in. 
processed recycled concrete per grid, 16 grids with five Reef Pyramids per grid, 16 
grids with 75 tons of recycled concrete pipe per grid, two grids with 150 tons of basalt 
rip rap per grid, two grids with 150 tons of granite riprap per grid, two grids with 150 tons 
of limestone riprap per grid, and two grids with 150 tons of concrete blocks per grid.  
Twenty-four (24) grids will be left undeveloped to serve as anchor zones for recreational 
fishing (Figure 2 and Appendix E).   

From the South River, NC stockpile site, NCDMF technicians will load reef materials 
onto NCDMF’s deployment barge (M/V West Bay, 135 ft. landing craft utility) using 
dump trucks, a 7.5 ton crane, a telehandler forklift and front-end loaders. Deployment 
methodology for the limestone, processed recycled concrete, precast concrete pipe, 
precast concrete blocks, Ultra Balls™ and Reef Pyramids will follow similar procedures 
to accomplish a checkerboard style deployment design (Figure 2).  The precast 
concrete pipe (75 tons), Ultra Balls™ (15 per grid) and the Reef Pyramids (5 per grid) 
will be deployed in patch reefs 75 ft. from center to center.  Basalt riprap, limestone 
riprap, granite riprap, 4 in.-12 in. processed recycled concrete, and concrete block 
mounds will be deployed approximately 75 ft. center to center after the locations have 
been marked by GPS.  After deployment, the NCDMF technicians will record the 
location, depth of the water column, height of material and environmental parameters 
(e.g., wind speed, wind direction, air temperature, water temperature, salinity, and 
dissolved oxygen).  

Task 4:  Monitoring and Evaluation of the Constructed Reefs 

In accordance with condition # 4 of CAMA Permit #140-09, NCDMF will monitor the 
proposed Little Creek Oyster Sanctuary four times a year for the first two years following 
project completion and then annually thereafter (Appendix A-1, A-2).  The purpose of 
the monitoring efforts will be to compare any movement of the limestone marl mounds 
and the concrete block mounds.  In the event that concrete blocks are shown to have 
moved outside the standard of the limestone marl mounds, NCDMF staff will remove all 
concrete blocks from the bottom.   

In addition to the monitoring required by the CAMA Permit, NCDMF’s monitoring 
program evaluates data collected from all NC oyster sanctuaries on an annual basis.  
Physical data such as location, size, material type, deployment configuration, and 
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structure dimensions will be measured and recorded, as well as biological data 
including oyster recruitment, size, and density.  Two separate analyses will be 
conducted to provide guidance for future reef building and habitat restoration.  The first 
analysis will determine the most cost-effective material in terms of cost per unit surface 
area.  This study will highlight specific materials which offer high surface area for oyster 
settlement at low cost.  The second analysis will provide biological perspective on 
optimal material types.  Material types will be rated based on recruitment, survival, and 
oyster density per unit area.  These two analyses will be integrated to help managers 
make informed cost-benefit decisions on future projects.  These data will be maintained 
in a standardized format in the NCDMF Biological Database.  Copies of monitoring 
reports will be provided to the North Carolina Division of Coastal Management and the 
United States Army Corps of Engineers. 

4.00 ENVIRONMENTAL IMPACTS  

4.01 Terrestrial Resources and Land Use 

The Neuse River Basin is the third-largest river basin in North Carolina.  The basin 
contains a total area of 6,234 square miles and is one of only four watersheds located 
entirely within the state.  Elevations in the basin range from 905 feet in the western part 
to sea level where the Neuse River Estuary joins Pamlico Sound.  The proposed project 
area is located in the lower basin, which is in the outer Coastal Plain region, including 
most of Jones County, part of Craven, Lenoir, and Pamlico counties, and minor parts of 
Carteret, Duplin, and Onslow counties. This portion of the basin consists of 6.2 percent 
developed land; 0.1 percent bare earth; rock, sand, or clay, 28.8 percent forested land; 
11.3 percent shrub or grassland; 18.5 percent agricultural land; and 35.1 percent 
wetlands.  The open waters of the Neuse River Estuary are used intensively to support 
recreational and commercial interests (NCDENR 2009).   

This proposed project will be submerged within the river, and therefore, will not affect 
upland areas.  Staging area and material stockpiles will be within the existing NCDMF 
facility currently being used for that purpose.  The proposed action is consistent with 
and will have no adverse impact on current local land use. 

The no action alternative would have no impact on terrestrial resources and is also 
consistent with local land use. 

4.02 Local Climate  

The following information regarding climate and growing season information for the 
Neuse River Basin was predominantly obtained from the National Climatic Data Center, 
NOAA, U.S. Department of Commerce in Asheville, North Carolina.  

The basin has a temperate climate with moderate winters and warm, humid summers.  
Extreme hot and cold temperatures rarely occur.  During the summer the average high 
temperature (Fahrenheit) is in the high to low-90s.  In the winter, high temperatures are 
in the mid-40s.  The average annual precipitation over the basin is about 48 in., but 
there is considerable variation in the mean annual precipitation in different areas of the 
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basin.  Monthly rainfall is fairly consistent throughout the year, but it is greatest near the 
coast and decreases moving toward the northwest direction.  The maximum monthly 
rainfall averages 6.0 in. and occurs during July; the driest month is November, with an 
average rainfall of 2.9 in.  A study of the rainfall records from the National Climate 
Center, Asheville, North Carolina, indicates the wettest year of record to be 1975.  Early 
anecdotal evidence suggests, severe flooding might have occurred in the basin during 
1865, 1877, and 1901.  Droughts occasionally damage crops throughout the basin and 
cause water shortages.  The most recent drought was from 2006 to 2008. 

Storm occurrences in the basin are usually of three general types – thundershowers, 
northeasters, and hurricanes.  The most severe floods of record across the basin have 
been associated with hurricanes.  Hurricanes are storms of tropical origin and are most 
severe near the Atlantic Ocean coastline of the Neuse River Basin.  Hurricane season 
begins June 1 and extends through November 30, potentially generating high winds and 
prolonged heavy precipitation.  

No adverse impact to the existing local climate is anticipated as a result of no action or 
the proposed action. Likewise, neither the no action alternative nor the proposed action 
will be impacted by local climate or weather.  

4.03 Soil 

At the proposed Little Creek site, bottom sediment has been characterized through 
sonar images and diver ground-truthing (NCDMF unpublished data, USACE 2006).  
Bottom sediment at this location is composed of a soft upper layer of mud and silt 4-6 
inches thick, with a firm layer below.  The upper layer sediment composition was 
primarily mud (~76 percent, mineral particles < 0.062 mm to include silts/clays) and 
sand (~13 percent, mineral particles 0.062 to 2.0 mm).  Beneath the soft upper layer is a 
firmer base of oyster shell hash.  This bottom type has proven to be successful in the 
creation of 13 other oyster sanctuaries constructed by NCDMF.  None of these 13 
sanctuaries on similar bottom type have caused significant impacts to soils or 
bathymetry.  The area within proposed Little Creek Sanctuary boundaries is 20 acres, of 
which, upon initial completion, 2.4 acres of soft bottom will be affected (pending CAMA 
permit modification) and permanently covered with hard reef structures.   

No adverse impacts to soil resources are expected from the proposed action or no 
action.  Any changes in topography will be within the natural range of reef heights found 
in the lower Neuse estuary and would improve conditions for oyster attachment. 

The no action alternative would have no impact on soils or topography. 

4.04 Estuarine Hydrology  

Pamlico Sound is a shallow, bar-built, lagoon estuary, separated from the Atlantic 
Ocean by the Outer Banks barrier islands.  Pamlico Sound is the largest water body in 
North Carolina, covering an area of approximately 1,318,400 acres (Giese et al. 1979).  
Located, within Pamlico Sound, Neuse River Estuary extends from Fort Barnwell, NC to 
Maw Point in Pamlico County, NC.  This smaller estuary covers approximately 369,977 
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acres and ranges in depth from 3 ft. to 17 ft.  The 20-acre Little Creek Oyster Sanctuary 
will cause localized changes in hydrology on and adjacent to the reef, such as 
increased current flow over structures and small scale current eddies.  These small 
scale changed in current dynamics may be considered ecologically beneficial by 
offering refuge to finfish and settlement cues to planktonic larvae such as oyster 
pediveligers (Johansen et al. 2008, Fuchs et al. 2012).  No significant adverse impacts 
to the estuarine hydrology are expected. 

The No Action alternative would have no impact on estuarine hydrology. 

4.05  Water Quality 

Oyster habitat offers a variety of direct and indirect ecosystem services related to water 
quality.  Because non-degraded oyster reefs contain high densities of filter-feeding 
bivalves, they can modify water quality in shallow waters by their intense filtration. Adult 
oysters have been reported to filter as much as high as 10 L h-1g-1 dry tissue weight 
(Jordan 1987 as cited in Newell and Langdon 1996).  Water-filtering oysters reduce 
phytoplankton and microbial biomass, as well as suspended solids in the water column, 
effectively improving water clarity (Cressman et al. 2003, Grizzle et al. 2006, Nelson et 
al. 2004, Porter et al. 2004, Prins et al. 1997).  Oysters concentrate these materials as 
pseudofeces in the sediments, which stimulates sediment denitrification and produces 
microphytobenthos (Dame et al. 1989).  The decimation of many oyster populations in 
the eastern U.S. has coincided with increased external nutrient loading in many coastal 
systems (Paerl et al. 1998).  Loss of oyster reefs and subsequent population filtering 
capacity is exemplified by the case of the Chesapeake Bay.  There, in the late 1800’s, 
oysters were abundant enough to filter the entire Bay every 3.3 days.  With present day 
oyster populations, filtering the Bay would take 325 days (Newell 1988).  Consequential 
to reduced filtration, bottom-water hypoxia has increased and food webs are now 
dominated by phytoplankton, microbes, and pelagic consumers.  Dominant pelagic 
consumers in particular include many nuisance species rather than benthic 
communities, which support species of commercial and recreational value (Breitburg 
1992, Jackson et al. 2001, Lenihan and Peterson 1998, Paerl et al. 1998, Ulanowicz 
and Tuttle 1992).  

In the Neuse River Estuary, deep water hypoxia events frequently affect benthic 
resources.  Hypoxic or anoxic conditions are defined as low oxygen conditions.  Those 
conditions are the combined effect of stratification from a lack of wind mixing and 
excess nutrients.  Hypoxia can occur under natural conditions, but is thought to occur 
more often in the Neuse River Basin because of increased nutrient loading to the 
estuary from the larger watershed.  High-relief, shell bottom habitat provides an 
elevated refuge from hypoxia events for estuarine species.  

The placement of stone and precast concrete structures for the proposed Little Creek 
Oyster Sanctuary project will result in temporary, minor turbidity increases during the 
construction. However, this will remain localized and will not persist.  In accordance with 
condition #12 of the CAMA Permit #140-09 (Appendix A-1, A-2), a level of 50 NTU or 
less is not considered significant.  The proposed action will not contribute to point or 
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non-point sources of pollutants, and will not have any long-term adverse impacts on 
water quality in the in the Neuse River Estuary.  Establishment of oysters on these 
constructed reefs will have positive benefits to water quality.  The proposed project 
received General 401 WQ Certification #3642 and was assigned project #11-0952. 

The no action alternative would have no impact on water quality in the proposed project 
area; however, water quality benefits and other ecosystem services offered by the 
proposed project would be forfeited.   

4.06  Wind and Wave Conditions within the Neuse River Estuary 

Winds in the Neuse River Basin are primarily from the southwest during spring and 
summer and from the north-northeast during fall and winter (Giese et al. 1979).  Wave 
conditions are usually driven by prevailing winds in the Neuse River Estuary because 
the Outer Banks barrier islands (Bodie Island, Hatteras Island, Ocracoke Island, and 
Portsmouth Island) block, to a large extent, any waves generated in the Atlantic Ocean.  
Wave energy and duration are dependent on the fetch of water that generates the 
waves. 

The proposed reef structures are expected to withstand the prevailing wave climate at 
the project site.  No adverse impact on existing wind and wave conditions is anticipated 
from the proposed action or no action alternative. 

4.07  Tide Levels and Tidal Currents within the Neuse River Estuary  

The Neuse River Estuary is a shallow system with a poor connection to the open ocean.  
Bodie Island, Hatteras Island, Ocracoke Island, and Portsmouth Island are barrier 
islands that, to a large extent, block lunar tides from the estuarine portion of the basin.  
The lunar tidal range in Pamlico Sound near the barrier island inlets is about a meter.  
However, in the remainder of the estuary, including the Neuse River, tides are driven by 
prevailing winds and a seiche effect.  In this case, northerly winds can cause a high tide 
and southerly winds can cause a low tide (Giese et al. 1979).  Subsequently, relaxed 
winds or change in wind direction directs major current velocities within the system. 

Reef construction would create a hard substrate space with moderate vertical relief 
within the water column, which may alter currents in immediate vicinity.  The 
combination of increased vertical relief and increased current flow over the reef is 
expected to have a positive effect on oyster and finfish populations (Bartol et al. 1999, 
Coen et al. 2007, Lenihan 1999, Lenihan et al. 1996).  No significant adverse impacts 
on tidal levels and tidal currents are expected in the reef vicinity.  The proposed action 
will not impede the flow of waters to or from wetland areas nor the sound or ocean 
waters. 

The no action alternative would have no impact on tide levels and tidal currents within 
the Neuse River Estuary. 

4.08  Estuarine Soft Bottom and Shell Bottom Benthic Resources  
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This section summarizes these resources according to the Coastal Habitat Protection 
Plan (CHPP; Deaton et al. 2010, Street et al. 2005) and describes potential impacts 
resulting from the proposed project.  Benthic microalgae are a key part of the food chain 
in estuarine soft-bottom and shell-bottom habitats.  Furthermore, these habitats support 
a high diversity of benthic invertebrates.  Soft bottoms support clams and polychaete 
worms with larger, mobile invertebrates living on the surface of soft bottoms.  Fiddler 
crabs use intertidal flats and submerged flats, and shallow bottoms support blue crab 
and other crustaceans and shellfish.  Other mobile invertebrates inhabiting soft bottoms 
include horseshoe crabs, whelks, tulip snails, moon snails, shrimp, and hermit crabs.  
The site plan will preserve large spans of soft bottom between structures or groupings 
of structures thereby maintaining the soft bottom communities.  Most of the soft bottom 
species listed above also inhabit shell bottoms; however, shell bottom support additional 
benthic macroinvertebrates, including mud crabs, pea crab, barnacles, soft-shelled 
clams, mussels, anemones, hydroids, bryozoans, flatworms, and sponges.  

The eastern oyster is considered a keystone estuarine species because it plays an 
important ecological role, delivering a variety of ecosystem services, such as improving 
water quality through water filtration, bottom consolidation, benthic-pelagic coupling, 
shoreline stabilization, and essential fish habitat (Coen et al. 2007, Mackenzie 2007, 
Mann 2001, Peterson et al. 2003, Pierson and Eggleston 2014, Posey et al. 1999, 
Soniat et al. 2004).  Further, a fully developed coastal oyster reef can support high 
oyster population density, mature size structure, and subsequently high reproductive 
output (Peters 2014, Puckett and Eggleston 2012).   

Construction of this oyster sanctuary is not expected to cause any considerable adverse 
impacts to any species.  The flora/fauna communities are a function of the frequently 
disturbed regime and consist of a variety of microscopic plants and soft bottom 
epifauna/infauna species.  Given the nature of environmental and human-induced 
stressors on these communities, the dominant organisms are opportunistic in nature 
and thus are adapted to a relatively rapid colonization and recovery.  The site plan will 
preserve large spans of soft bottom habitat between the proposed structures or 
groupings of structures thereby maintaining the soft bottom communities.  The proposed 
action would increase the oyster population and subsequent shell bottom habitat, 
therefore helping to improve the overall ecological health of the estuary.  
Implementation of this proposed project is not expected to cause any significant 
adverse impacts to any species, but rather facilitate the recovery of Pamlico Sound 
benthic resources and its beneficiaries.   

The no action alternative would have no impact on estuarine soft bottom and shell 
bottom benthic resources in the proposed project area; however, shell bottom habitat 
increases the will result from the proposed project would be forfeited.   

4.09  Recreational and Commercial Fisheries 

Recreational fishing and commercial fishing are important economic activities in the 
Neuse River Estuary.  Important fisheries include flounder, striped bass, red drum, 
spotted sea trout, blue crabs, and oysters (Deaton et al. 2010, Street et al. 2005).  
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Harvest of these species is conducted with a variety of gear types, including long-haul 
seines, shrimp trawls, crab trawls, crab pots, oyster dredges, drift gill nets, baitfish 
pound nets, eel pots, and hook and line.  According to the NCDMF’s 2014 Stock Status 
Report: “Saltwater fish populations in North Carolina are stable and, in many cases, 
improving but with some species showing declines.  Oysters, while remaining listed as 
Concern, have shown signs of improvement with increased landings in the last 10 years 
and harvest levels have stayed relatively constant in recent years” (NCDMF 2014).  In 
support of recreational and commercial fisheries, no-take oyster sanctuaries have the 
potential to supply ~65-times more larvae per square meter than non-protected reefs, 
which contribute to harvested reef persistence (Peters 2014, Peters et al. in review).  
Furthermore, the creation of long-term sustainable oyster reefs is anticipated to 
increase and support the abundance of commercially valuable finfish available for 
harvest.  For example, the estimated commercial fish value supported by a hectare of 
oyster reef is $4,123 annually (Grabowski et al. 2012).  A 20-acre sanctuary site in the 
Neuse River Estuary (Little Creek Oyster Sanctuary), which will include 10 acres of 
protected oyster reef, could provide an annual commercial fish value of $33,370 and 
have a larval oyster supply functionally equivalent to 1,300 acres of non-protected 
oyster reef (adapted from Grabowski et al. 2012, Peters 2014, Peters et al. in review). 

Oyster sanctuaries are designated and delineated under North Carolina Marine 
Fisheries Rule 15A NCAC 03R .0117 and are protected from damaging harvest 
practices under rule 15A NCAC 03K .0209.  Under this rule it is unlawful to use a trawl 
net, long haul seine, swipe net or mechanical methods for oyster or clam harvest, or to 
take oysters or clams from designated Oyster Sanctuaries.  Since the proposed project 
area does not contain established shellfish presence (defined as 10 bushels per acre), 
the preclusion of commercial harvest is not expected to negatively affect commercial 
harvest activities in Pamlico Sound. This project will create a 10-acre oyster sanctuary 
intended to support fish and oyster production for the estuary.  This obligatory reduction 
of fishing grounds associated with the proposed action will be minimal compared to the 
available area in Pamlico Sound and is anticipated to have no significant impact on the 
local fisheries.  In addition, oyster sanctuaries provide recreational fishing opportunities 
to the general public.  For these reasons, no significant adverse impact to recreational 
and commercial fisheries is anticipated with the creation of Little Creek Oyster 
Sanctuary.  

The no action alternative would have no impact on recreational and commercial 
fisheries; however, enhanced fishing opportunities offered by the proposed project 
would be forfeited. 

4.10  Estuarine Fish, Essential Fish Habitat, and Habitat Areas of Particular 
Concern 

Oyster reefs provide valuable habitat, supporting a large variety of marine and estuarine 
fish species by providing refuge and foraging opportunities, among other reasons (Coen 
et al. 1999, Grabowski et al. 2005, Lenihan et al. 2001, Peterson et al. 2003).  Neuse 
River estuarine fish can be grouped into three categories: estuary-dependent species, 
permanent resident species, and seasonal migrant species (Deaton et al. 2010, Street 
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et al. 2005).  The most abundant are the estuary-dependent species, which inhabit the 
estuary as larvae and the ocean as juveniles or adults.  This group includes species that 
spawn offshore, such as the Atlantic croaker (Micropogon undulatus), Spot (Leiostomus 
xanthurus), Atlantic menhaden (Brevoortia tyrannus), Star drum (Stellifer lanceolatus), 
Southern kingfish (Menticirrhus americanus), flounders (Paralichthys spp.), mullets 
(Mugil spp.), anchovies (Anchoa spp.), Blue crab (Callinectes sapidus), and Penaeid 
shrimp (Farfantepenaeus spp., Litpenaeus setiferus), as well as species that spawn in 
the estuary, such as Red drum (Sciaenops ocellatus) and Weakfish (Cynoscion regalis).  
Resident species of soft bottoms include flounders (Paralichthys spp.), Sting ray, 
(Dasyatis americana), clearnose skate (Raja eglantaria), Naked goby (Gobisoma bosc), 
Striped blenny (Chasmodes bosquianus), Feather blenny (Hypsoblennius hentzi), 
Freckled blenny (Hypsoblennius ionthas), Skilletfish (Gobiesox strumosus), and Oyster 
toadfish (Opsanus tau) (Coen et al. 1999, Lowery and Paynter 2002).  Common migrant 
species include the Bluefish (Pomatomus saltatrix), Spanish mackerel (Scomberomorus 
maculatus), King mackerel (Scomberomorus cavalla), Cobia (Rachycentron canadum), 
Florida pompano (Trachinotus carolinus), and Spiny dogfish (Squalus acanthias). 

Increased habitat diversity and habitat complexity provided by a new oyster sanctuary 
will benefit finfish communities within the estuary by providing forage and refuge 
opportunities.  No adverse impacts to essential fish habitat or habitat areas of particular 
concern are anticipated in association with the proposed action. 

The no action alternative would have no impact on estuarine fish, essential fish habitat, 
or habitat areas of particular concern; however, habitat diversity and habitat complexity 
provided by the proposed project would be forfeited.   

4.11  Plankton  

Plankton include drifting organisms (animals, plants, archaea, or bacteria) that inhabit 
the pelagic zone of oceans, seas, or bodies of freshwater.  In the Neuse River Estuary, 
both phytoplanktonic and zooplanktonic organisms exist.  Phytoplanktons are 
photosynthetic, and include diatoms, desmids, and dinoflagellates.  Zooplankton are 
primary consumers, and consist mainly of small crustaceans, eggs, and larvae of larger 
animals, such as fish, crustaceans, and annelids (Deaton et al. 2010, Street et al. 
2005).  Many marine organisms spend a portion of their lives as zooplankton, before 
maturing and ultimately recruiting to particular habitat.  Oyster reefs provide optimal 
habitat for recruiting mollusks, finfish, aquatic plants, and other biota.  

This proposed project would improve available settlement substrate for planktonic 
larvae, facilitating future community development and subsequent larval productivity, 
and would have no adverse impact on plankton.  The no action alternative would have 
no impact on plankton. 

4.12 Primary Nursery Areas  

NCDMF defines Primary Nursery Areas (PNAs) as those areas of the estuarine system 
where initial post-larval development takes place.  Such areas are within the uppermost 
sections of the estuarine system where populations are uniformly very early juveniles 
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(Street et al. 2005, Deaton et al. 2010).  The estuarine system includes tidal saltwater 
marsh (including adjacent, shallow, open water areas) that provide essential habitat for 
the early development of commercially important fish and shellfish, such as ocean 
spawning estuarine dependent spot, Atlantic croaker, Brown shrimp, and Southern 
flounder and estuarine spawning, Red drum, Spotted Sea trout and Blue crab.  The 
NCDMF has identified a total of 80,144 acres of PNAs statewide.  Approximately 2,835 
acres of primary nursery area are in the Neuse River Estuary.  Protection of juvenile fish 
is provided in the areas by prohibiting many commercial fishing activities, including the 
use of trawls, seines, dredges, or any mechanical methods of harvesting clams or 
oysters (NCDMF 2008).  Additionally, certain development activities are prohibited 
under the Coastal Area Management Act within PNAs. 

The proposed Little Creek Oyster Sanctuary is not located within designated PNAs; 
therefore no adverse impact is expected.  The no action alternative would have no 
impact on PNAs. 

4.13 Threatened and Endangered Species 

Endangered and threatened species that may be found temporarily in or around the 
proposed project area include:  Atlantic sturgeon (Acipenser oxyrhynchus), Shortnose 
sturgeon (Acipenser brevirostrum), the West Indian manatee (Trichechus manatus), 
Smalltooth Sawfish (Pristis pectinata), Loggerhead sea turtle (Caretta caretta), Green 
sea turtle (Chelonia mydas), Leatherback sea turtle (Dermochelys coriacea), Hawksbill 
sea turtle (Eretmochelys imbricate), and Kemp’s Ridley sea turtle (Lepidochelys kempi) 
and Smalltooth sawfish (Pristis pectinata). 

According to “Endangered Species Act Section 7 Effects Determination Guidance” 
(National Marine Fisheries Service, 2014; Appendix B), federal actions must make a 
preliminary effect determination with respect to threatened and endangered species or 
designated critical habitat in the proposed project area. Pursuant to paragraph 1.a.iii of 
this guidance, a no effect determination is warranted should a proposed action require a 
series of exceedingly rare events to occur in a particular sequence, in order to impact 
individuals of a listed species. A single action could also merit a no effect determination 
if the route of effect is so unrealistic its occurrence would be implausible. The placement 
by crane or track hoe of previously described oyster reef construction materials at the 
proposed project area, and all associated construction activity, would have no effect on 
threatened and endangered species or designated critical habitat when performed in 
compliance with conditions described in “Guidelines for Avoiding Impacts to the West 
Indian Manatee” (USFWS 2003, Appendix C) and “Sea Turtle and Smalltooth Sawfish 
Construction Conditions” (NMFS 2006, Appendix D). 

Shortnose sturgeon (Acipenser brevirostrum)  

Status:  Endangered 

Shortnose sturgeon ranges exist along the Atlantic seaboard from southern Canada to 
northeastern Florida (USFWS 1999b.).  They feed on invertebrates and stems and 
leaves of macrophytes. From historical accounts, it appears that this species was once 
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fairly abundant throughout North Carolina waters; however, many of these early records 
are unreliable because of confusion between this species and the Atlantic sturgeon 
(Acipenser oxyrhynchus).  The proposed action area is in the historic range of the 
shortnose sturgeon.  Currently, reported shortnose sturgeon populations in North 
Carolina are likely restricted to the Cape Fear River and the western part of Albemarle 
Sound.  Anecdotal information from fishermen suggest that the species may still occur 
within the Neuse River, Pamlico Sound, and Albemarle Sound (Moser et al. 1998), but 
despite survey efforts no specimens have been documented in these locations since 
1998.  The National Marine Fisheries Service has stated in a Biological Opinion issued 
to the USFWS (Consultation Number F/SER/2010/05390) that based on the low 
probability of shortnose sturgeon presence in the area of the proposed project, the risk 
to this species is considered discountable (NMFS 2011). The proposed action and no 
action alternatives would have no effect on Shortnose sturgeon. 

Atlantic sturgeon (Acipenser oxyrhyncus) 

Status:  Endangered 

Although specifics vary latitudinally, the general life history pattern of Atlantic sturgeon 
is that of a long lived, late maturing, estuarine-dependent, anadromous species.  The 
species historic range included major estuarine and riverine systems that spanned from 
Hamilton Inlet on the coast of Labrador to the Saint Johns River in Florida (Murawski 
and Pacheco 1977, Smith and Clungston 1997).  Atlantic sturgeons are found in the 
lower Neuse River Estuary (Oakley 2003), but are predominantly found in the Albemarle 
Sound and Cape Fear River systems.  

Population stressors evaluated throughout existing literature indicate that by-catch 
mortality, water quality, lack of adequate state or federal regulatory mechanisms, and 
dredging activities were the most significant threat to the viability of Atlantic sturgeon 
populations.  Additionally, some populations were affected by unique stressors, such as 
habitat impediments (e.g., dams on the Cape Fear and Santee-Cooper rivers) and 
apparent ship strikes (e.g., Delaware and James rivers).  Dams on the Neuse River and 
its tributaries might also have adversely affected Atlantic sturgeon populations in the 
Neuse River Basin.  

Atlantic sturgeon are occasionally observed within the proposed project area throughout 
the year; however, there have never been any documented incidents of negative finfish 
interactions during deployment operations of the NC Oyster Sanctuary and Artificial 
Reef programs.  If present, sturgeons may be indirectly affected on a temporary basis 
by construction of the sanctuary.  Given the mobility of the sturgeons and the extensive 
areas of soft bottom surrounding the area of disturbance, the proposed action and no 
action alternatives would have no effect on Atlantic sturgeon. 
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West Indian manatee (Trichechus manatus)  

Status:  Endangered 

The West Indian manatee is an occasional summer resident off the North Carolina 
coast and has been seen in the Neuse River Basin.  The species can be found in 
shallow (5 ft. to usually <20 ft.), slow-moving rivers, estuaries, saltwater bays, canals, 
and coastal areas (USFWS 1991).  The West Indian manatee is herbivorous and eats 
aquatic plants such as hydrilla, eelgrass, and water lettuce (USFWS 1999a.).  During 
winter months, the U.S. manatee population confines itself to the coastal waters of the 
southern half of peninsular Florida and to springs and warm water outfalls as far north 
as southeast Georgia.  They are sighted infrequently in southeastern North Carolina, 
with most records occurring in July, August, and September as they migrate up and 
down the coast (Clark 1993).  The peak warm season (June through October) 
population of manatees in North Carolina is not thought to exceed a dozen or so 
individuals.  The University of North Carolina at Wilmington have identified 53 known 
sightings of manatees in North Carolina from 1994-2010, with two sightings occurring 
within the Neuse River (Cummings et al. 2011).   

Due to the shallow water, clear visibility and alert crew, it is highly unlikely that a 
manatee interaction will occur.  There have never been documented incidents of 
manatee sightings or interactions during deployment operations of the NC Oyster 
Sanctuary and Artificial Reef programs.  Construction activity has a limited area of effect 
restricted to the immediate area surrounding the deployment vessel to the substrate.  
The audible sound produced by the activity should discourage interactions with 
manatees.  The U.S. Fish and Wildlife Service’s “Guidelines for Avoiding Impacts to the 
West Indian Manatee” (USFWS 2003, Appendix C) will be followed for all sanctuary 
construction operations to minimize the risk of adverse impacts to the species. If a 
manatee is seen within 100 yards of construction activity, all appropriate precautions will 
be implemented to ensure protection of the species. These precautions will include the 
immediate shutdown of moving equipment if a manatee comes within 50 feet of the 
operational area of construction equipment. Activity will not resume until the manatee 
has departed the project area on its own volition. Support vessels utilized during 
construction operations will notify construction personnel in the event a manatee is seen 
within 50 feet of the equipment and will suspend all operations until the manatee has left 
the immediate area of concern. The proposed action and no action alternatives would 
have no effect on the West Indian manatee. 

Smalltooth sawfish (Pristis pectinata) 

Status:  Endangered 

The range of the Federally-listed, endangered Smalltooth sawfish includes all coastal 
North Carolina waters, including those in the proposed project area. All appropriate 
precautions will be implemented to ensure protection of this species during project 
construction to ensure protection of the species. Precautions will include cessation of 
operation of any moving equipment closer than 50 feet of a Smalltooth sawfish. 
Operation of any mechanical equipment will cease immediately if a sea turtle or 
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smalltooth sawfish is seen within a 50-ft radius of the equipment. Activities may not 
resume until the protected species has departed the proposed project area of its own 
volition (NMFS 2006, Appendix D). The proposed action and no action alternatives 
would have no effect on Smalltooth sawfish. 

Sea turtles 

Federally-listed threatened and endangered sea turtles are found within the waters of 
the Neuse River Estuary.  These sea turtles are not known to nest in the area but are 
found feeding and resting in the adjacent waters of the Neuse River Estuary and 
Pamlico Sound.  

Listed species occasionally observed within the proposed project area are the 
Loggerhead sea turtle (Caretta caretta), Green sea turtle (Chelonia mydas), 
Leatherback sea turtle (Dermochelys coriacea), Hawksbill sea turtle (Eretmochelys 
imbricate), and Kemp’s Ridley sea turtle (Lepidochelys kempi).  In 1988, researchers 
with the NMFS Laboratory in Beaufort, NC began monitoring the distribution of sea 
turtles in North Carolina estuarine and near-shore waters, employing three 
complementary methods to assess turtle distributions: aerial surveys, public sightings, 
and mark-recapture studies (Epperly et al. 1995).  This research identified a distinct 
seasonal pattern of sea turtle distribution in the sounds and near-shore waters of North 
Carolina.  In April, as coastal waters begin to warm, sea turtles enter the NC coastal 
sounds.  During summer months, sea turtles may be found from the Albemarle Sound to 
the Cape Fear River and as far west as the lower reaches of the Neuse River Estuary 
including the proposed site for Little Creek Oyster Sanctuary.  Once the water 
temperatures start to cool in August, the females move on in search of food and a place 
to reside until next nesting season.  The proposed project area could serve as feeding 
and resting grounds for all species of sea turtles.   

Leatherback sea turtles tend to be found in pelagic, deep water habitats, and are very 
rare in the action area, as Pamlico Sound and its tributaries are shallow, inshore water 
bodies. Leatherbacks are not expected to occur within the area of construction 
activities.  Hawksbill sea turtles have been recorded within Pamlico Sound; however, 
these are very rare occurrences, with only one or two strandings/sightings in a decade.  
Pamlico Sound is further north than hawksbills are typically found, and does not provide 
reef and sponge habitats used by Hawksbills for feeding.  The National Marine Fisheries 
Service has stated in a Biological Opinion issued to the USFWS (Consultation Number 
F/SER/2010/05390) that Leatherback and Hawksbill sea turtles are very rare in the 
action area and the chances of these species being affected are discountable (NMFS 
2011).   

Green, Kemp’s Ridley, and Loggerhead sea turtles may be indirectly affected by 
construction of the sanctuary.  Incidental take of these species during deployment 
operations would be extremely rare.  There have never been documented incidents of 
negative sea turtle interactions during deployment operations of the NC Oyster 
Sanctuary or Artificial Reef programs.  Construction activity has a limited area of effect 
that is restricted to the immediate vicinity of the deployment vessel.  The audible sound 
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produced by the activity should discourage interactions with sea turtles.  The National 
Oceanic and Atmospheric Administration’s “Sea Turtle and Smalltooth Sawfish 
Construction Conditions” (NMFS 2006, Appendix D) will be followed for all sanctuary 
construction operations to minimize the risk of adverse impacts to the species.  Support 
vessels utilized during construction operations will notify construction personnel in the 
event a sea turtle is seen within 50 feet of the equipment and will suspend all operations 
until the turtle has left the immediate area of concern. 

The proposed project would have no effect on any sea turtle species. “Sea Turtle and 
Smalltooth Sawfish Construction Conditions” (NMFS 2006, Appendix D) will be followed 
for all sanctuary construction operations. Similarly, the no action alternative would have 
no effect on threatened or endangered species in the proposed project area. 

4.14 Cultural Resources 

The National Historic Preservation Act (NHPA) was passed in 1966 to protect, enhance, 
and preserve any property that possesses significant architectural, archaeological, 
historical, or cultural characteristics.  Section 106 of this act requires the head of any 
federal agency with jurisdiction over a federally financed action, prior to the expenditure, 
to take into account the effect of the action on any district, site, building, structure, or 
object that is included in or eligible for inclusion in the National Register of Historic 
Places.  Pursuant to Section 106 and the Advisory Council on Historic Preservation’s 
Regulations for Compliance with Section 106 codified at 36 CFR Part 800, the North 
Carolina State Historic Preservation Office (SHPO) conducted a review of the proposed 
project and is not aware of any historic resources which would be affected by the 
proposed project (ER 11-2086); therefore, the proposed project will not adversely 
impact any cultural resources. 

The no action alternative would have no impact on cultural resources. 

4.15 Hazardous and Toxic Waste 

The proposed project area is located within open waters of the lower Neuse Estuary 
where Hazardous and Toxic Waste Sites would not be expected to occur.  EPA’s 
Envirofacts Data Warehouse website and was queried to identify the presence of EPA 
regulated facilities within 5 miles of the proposed project site.  The Envirofacts 
databases contain information on facilities collected from regulatory programs such as 
RCRA, EPCRA, Superfund, Clean Water Act, and Clean Air Act and information on 
environmental activities that may affect air, water, and land in the proposed project 
area.  The query returned that no sites were reported in the proposed project area.  
Further, the EPA, North Carolina Division of Air Quality, and North Carolina Division of 
Water Resources are actively involved with the CAMA review process and have 
approved CAMA permit #140-09, finding no adverse impacts of the proposed Little 
Creek Oyster Sanctuary related to hazardous and toxic waste (Appendix A-1, A-2).  

The proposed alternative and no action alternative would have no impact on hazardous 
and toxic waste in the proposed project area and neither alternative would produce any 
hazardous or toxic waste. 



21 
 

4.16  Air Quality  

Transportation, staging, and deployment of the reef material will require the use of 
heavy equipment, trucks and barges.  The use of motorized machinery will result in a 
temporary introduction of dust and exhaust into the air during construction and 
maintenance; however, these changes in air quality would be minimal, localized, and 
short in duration.  The impact is considered negligible.  The proposed project is in 
compliance with National Ambient Air Quality Standards parameters.  A State 
Implementation Plan conformity determination (42 United States Code 7506 (c)) would 
not be required because the proposed project area is in attainment for all criteria 
pollutants.  North Carolina Division of Air Quality has provided approval for CAMA 
permit number 140-09.  No significant adverse impacts on air quality are expected with 
the Little Creek Oyster Sanctuary. 

The no action alternative would have no impact on air quality. 

4.17  Noise  

Noise levels vary in the lower regions of the Neuse River and are typically dependent on 
the level of recreational and commercial waterway activities as well as aircraft 
movement.  The highest noise in close vicinity to the proposed project area is generated 
from aircraft activity in and around the prohibited area 334.420 (BT11 target range).  
Construction activities associated with the proposed action are expected to be 
completed by summer 2016; however, due to the possibility of vessel and resource 
reallocation due to hurricanes and other severe storm events in the project area, a firm 
completion date is not available. Construction equipment is not expected to cause 
excessive noise and will be in operation only during daylight hours.  Concerning marine 
mammals, noise levels are expected to be comparable to regular boat traffic in the area, 
although with higher incidence during construction, and are not expected to exceed 
hazardous acoustic threshold levels (NOAA 2013). No machinery is expected to be in 
operation below the water’s surface.  No significant noise-related adverse impacts are 
expected. 

The no action alternative would have no impact on noise in the proposed project area. 

4.18  Wetlands 

The proposed oyster sanctuary development area is in open waters of the Neuse River 
Estuary and staging will occur on high ground at an NCDMF site that is currently used 
for that purpose.  The proposed action will have no impact on wetlands. 

The no action alternative would also have no impact on wetlands. 

4.19  Navigation 

The Neuse River upstream of Pamlico Sound is considered Navigable Waters under 
Section 10 of the Rivers and Harbor Act.  The lower Neuse River Estuary, where the 
proposed project will be sited, is wide and deep, with most navigable waters assuming 
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20-26 ft. depth.  Water depths along the shoreline are shallower, ranging from 10-15 ft. 
deep.  The lower Neuse River Estuary is a popular, predominately recreational, sailing 
and boating area, containing both the Neuse River Navigation Channel and the Atlantic 
Intracoastal Waterway.  The proposed Little Creek Oyster Sanctuary will not impede 
navigation in any established channel or commercial waterway.  The proposed project 
will also conform to minimum vertical clearance requirements, as established by the 
United States Coast Guard (USCG) and documented in condition #3 of CAMA permit 
#140-09 (Appendix A-1, A-2).  At the proposed project site the water depth is 19 - 22 ft.  
The constructed reef site will have a minimum navigable clearance of 11 ft.  To warn 
boaters of potential navigational hazards, each sanctuary corner will be marked with a 
USCG regulation three-pile-dolphin.  Each corner dolphin will have two (3 x 3 ft.) signs 
mounted so that they are facing outside the sanctuary.  The signs will serve as both a 
sanctuary sign and a hazard warning.  Each sign will contain the words “Oyster 
Sanctuary” and possess an orange hazard diamond with the word “Rock” positioned 
inside the hazard diamond.  Collectively, the four corners will make up the sanctuary 
boundaries.  

The project may result in minor impacts to  navigation due to decreased depths and 
installation of marker dolphins in the proposed project area. Regarding depth, 
navigational hazards will be limited to vessels with a hull draft greater than 11 ft.  
Navigational hazards will be minimized by site marking in accordance with USCG 
regulations. 

The no action alternative would have no impact on navigation. 

4.20  Recreation, Aesthetic and Socioeconomic Resources  

The proposed project may have a positive impact to recreational boating and fishing 
opportunities in the Neuse River Estuary.  The Little Creek Oyster Sanctuary will 
provide a location where anglers and divers can utilize aggregated populations of 
estuarine species, either in a take (fishing) or no-take (viewing) fashion.  Improved 
recreational opportunities will result in increased economic activity (e.g., expenditures, 
incomes, jobs) associated with these interests.  Each of these purposes may also 
generate non-market recreational benefits (such as existence values), particularly to 
non-users of reefs.  Such benefits reflect how individuals who may not directly utilize 
oyster reefs nonetheless value reef existence as being beneficial to the biological 
habitat of the region. Aesthetic resources will be largely unaffected by the proposed 
project as the majority of the sanctuary site will be submerged; however, each 
sanctuary corner will be clearly marked with a USCG regulation three-pile-dolphin 
having two (3 x 3 ft.) signs, easily visible to boaters in the area. 

The proposed Little Creek Oyster Sanctuary will have minor impacts on aesthetic 
resources in the project area due to marker dolphins and signage; however the 
proposed project may serve to improve recreational resources and socioeconomics in 
and near the proposed project area. 

The no action alternative would have no impact on recreation, aesthetic and 
socioeconomic resources. 
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4.21  Executive Orders 
Sections 4.21.1 through 4.21.6 demonstrate the proposed project’s compliance with 
applicable executive orders.  

4.21.1  Executive Order 11988 (Flood Plain Management) 

Executive Order 11988 requires federal agencies to avoid to the extent possible the 
long and short-term adverse impacts associated with the occupancy and modification of 
flood plains and to avoid direct and indirect support of floodplain development wherever 
there is a practicable alternative. 

The proposed Little Creek Oyster Sanctuary oyster restoration project will be 
constructed in the Neuse River Estuary and will have no impact on the flood plain. 
Additionally, materials storage and staging areas are in previously disturbed areas. 
Therefore, the proposed project will be in compliance with Executive Order 11988. 

4.21.2  Executive Order 11990 (Protection of Wetlands)  
The purpose of Executive Order 11990 is to "minimize the destruction, loss or 
degradation of wetlands and to preserve and enhance the natural and beneficial values 
of wetlands". To meet these objectives, the order requires federal agencies, in planning 
their actions, to consider alternatives to wetland sites and limit potential damage if an 
activity affecting a wetland cannot be avoided. 

The proposed Little Creek Oyster Sanctuary oyster restoration project will be 
constructed in the Neuse River Estuary and will have no impact on wetlands. 
Additionally, materials storage and staging areas are in previously disturbed areas. 
Therefore, the proposed project will be in compliance with Executive Order 11990. 

4.21.3  Executive Order 12898 (Federal Actions to Address Environmental Justice 
in Minority Populations and Low Income Communities and Low Income 
Populations) 
Executive Order 12898 states that the federal government would review the effects of 
its proposed actions on low income communities.  Federal agencies are “to the greatest 
extent practicable and permitted by law” identify and address “as appropriate, 
disproportionately high and adverse human health and environmental effects of its 
programs, policies and activities on minority populations and low-income populations in 
the United States.”  

The proposed action would impact soft bottom in the Neuse River Estuary by 
conversion to productive oyster reef habitat, and would prohibit navigation for vessels 
drawing over 11 feet of draft. Material storage and staging will take place in areas 
previously used for these purposes.  The USACE evaluated potential project impacts of 
Little Creek Oyster Sanctuary and the information demonstrates that the proposed 
action would not cause disproportionately high and adverse impacts on minority 
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populations or low-income populations.  No impacts to either minority/low-income 
populations or low-income communities are anticipated as a result of the proposed 
action; therefore the action would comply with Executive Order 12898. 

4.21.4  Executive Order 11593 (Protection and Enhancement of the Cultural 
Environment) 
Executive Order 11593 directs the Federal Government to provide leadership in 
preserving, restoring and maintaining the historic and cultural environment of the 
Nation. Federal agencies shall administer the cultural properties under their control in a 
spirit of stewardship and trusteeship for future generations, initiate measures necessary 
to direct their policies, plans and programs in such a way that federally owned sites, 
structures, and objects of historical, architectural or archaeological significance are 
preserved, restored, and maintained for the inspiration and benefit of the people, and, in 
consultation with the Advisory Council on Historic Preservation (16 U.S.C. 470i), 
institute procedures to assure that Federal plans and programs contribute to the 
preservation and enhancement of non-federally owned sites, structures and objects of 
historical, architectural or archaeological significance. 

Care will be taken during construction to identify potential archaeological concerns, and 
work would be stopped to evaluate and preserve these areas, as appropriate.  
However, no short- or long-term adverse effects on the cultural environment from the 
proposed Little Creek Oyster Sanctuary oyster restoration project, or materials staging, 
are anticipated; therefore the action would comply with Executive Order 11593. 

4.21.5  Executive Order 13045 (Protection of Children from Environmental Health 
Risks) 
Executive Order 13045 states that Federal agencies shall make it a high priority to 
identify and assess environmental health risks and safety risks that may 
disproportionately affect children and shall ensure that its policies, programs, activities, 
and standards address disproportionate risks to children that result from environmental 
health risks or safety risks. 

There are no schools, playgrounds, parks, or public access areas near or adjacent to 
the proposed project area or stockpile site; therefore the action would comply with 
Executive Order 13045. 

4.21.6  Executive Order 13186 (Protection of Migratory Birds) 
Executive Order 13186 directs Federal agencies taking actions that have, or are 
likely to have, a measurable negative effect on migratory bird populations to 
develop and implement Memorandums of Understanding (MOU) with the 
USFWS that shall promote the conservation of migratory bird populations. 
 
There are no anticipated long-term adverse effects on migratory birds from the 
proposed Little Creek Oyster Sanctuary oyster restoration project; therefore the action 
would comply with Executive Order 13186. 
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5.00  CUMULATIVE IMPACTS 

The Federal Executive Branch’s Council on Environmental Quality defines cumulative 
impact as “the impact on the environment [that] results from the incremental impact of 
an action when added to other past, present, and reasonably foreseeable future actions 
regardless of what agency (Federal or non-Federal) or person undertakes such other 
actions” (40 CFR 1508.7, NEPA 1969).  

Due to a combination of inland development, changing environmental conditions, and 
historic harvest pressure, NC oyster numbers have declined over the past century. In a 
proven successful effort to restore oyster populations and enhance both shellfish and 
finfish fisheries, the NCDMF has been constructing artificial reefs in Pamlico Sound as 
part of their Oyster Sanctuary Program for the past 15 years. Thirteen protected sites 
have been constructed to date, all located in Pamlico Sound (Figure 1), and are of 
varying sizes and material compositions. Future sites are expected to be constructed as 
funding and resources permit. 

Similar to other NCDMF oyster sanctuary sites, the proposed Little Creek Oyster 
Sanctuary will be monitored four times a year for the first two years following project 
completion and then annually thereafter. Physical data such as location, size, material 
type, deployment configuration, and structure dimensions will be measured and 
recorded, as well as biological data including oyster recruitment, size, and density. 
Based on monitoring data, construction methodologies have been constantly evolving in 
order to best ensure success and health of the Oyster Sanctuary Program as a whole. 
Most current methodologies will be employed for construction of the proposed project. 

The proposed oyster sanctuary is found to have no adverse impact on environmental 
resources of the lower Neuse River Basin and in some instances, will provide 
environmental benefits.  This proposed action will be managed as part of the NCDMF 
Oyster Sanctuary Program.  The cumulative impact of adding a sanctuary to Neuse 
River/Pamlico Sound is a contribution to an existing network of sanctuaries.  
Sanctuaries added to this network will provide support for larval connectivity between 
existing sites and improve self-sustainability of the network as a protected broodstock 
reserve.  

6.00  FINDING OF NO SIGNIFICANT IMPACT 

The proposed action is not expected to significantly affect the quality of the human 
environment; therefore an Environmental Impact Statement likely will not be prepared.  
If this determination remains unchanged following public and agency review of the EA, a 
Finding of No Significant Impact (FONSI) will be signed and circulated prior to the 
initiation of the proposed action.  

7.00  COORDINATION 

The Little Creek Oyster Sanctuary (proposed action) has received a Major CAMA 
Permit through the NC Division of Coastal Management (permit number 140-09) for;  
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• Major development in an area of environmental concern pursuant to NCGS 
113A-118 

• Excavation and/or filling pursuant to NCGS 113A-229   

Pursuant to Section 401 of the Clean Water Act, the NC Division of Water Resources 
has determined that the project is in compliance with North Carolina’s Water Quality 
Certification Program and issued WQ Certification #3642 on 11/14/2011 and assigned 
the project #11-0952. 

A project scoping meeting was held on September 7, 2011.  The following state and 
federal agencies were present and provided input:   

• N.C. Division of Water Quality  

• N.C. Division of Marine Fisheries  

• N.C. Division of Coastal Management   

• N.C. Wildlife Resources Commission  

• U.S. Army Corps of Engineers  

• National Oceanic and Atmospheric Administration (NOAA) 

A public hearing was held on April 24, 2012 by the N.C. Division of Marine Fisheries at 
the Central District Office in Morehead City, NC.  Attendance was low, and only positive 
comments concerning the proposed project were received. 

8.00  PREPARERS 

This Environmental Assessment was prepared by the NCDMF for the U.S. Army Corps 
of Engineers, Wilmington District, Wilmington, North Carolina.  Preparers included Craig 
Hardy (now retired), Pelle Holmlund, Michael Jordan, Jason Peters, Kelly Price, Curt 
Weychert, and Garry Wright, of the N.C. Division of Marine Fisheries, and Justin 
Bashaw and Chuck Wilson (now retired) of the U.S. Army Corps of Engineers. 

9.00  POINT OF CONTACT 

Written comments regarding this EA should be sent to Mr. Justin Bashaw, CESAW-ECP-
PE, U.S. Army Corps of Engineers, Wilmington District, 69 Darlington Avenue, 
Wilmington, North Carolina 28403 or submitted by email to 
justin.p.bashaw@usace.army.mil.   
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11.00 FIGURES 

 
Figure 1.  Proposed Little Creek Oyster Sanctuary Reference Map.  All existing 
sanctuaries are denoted by black circles.  Proposed Little Creek Sanctuary is denoted 
by a red circle. South River staging area is denoted by an orange diamond.  Little Creek 
Sanctuary will be located north-northwest of the existing Neuse River Sanctuary in the 
Lower Neuse River Estuary, North Carolina, USA. 
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Figure 2.  Proposed Little Creek Site Map.  Material types and distribution depicted by 
symbology.  Reference map is inset, with the proposed Little Creek Sanctuary location 
highlighted in red. 
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Figure 3.  Dissolved Oxygen Concentration at Neuse River Oyster Sanctuary.  
Values are reported as mean monthly dissolved oxygen (mg/L) for the sampling years 
2007-2012 and gleaned from NCDMF program 611 biological documentation 
(unpublished data).  Trend lines are drawn representing polynomial best fit for surface 
dissolved oxygen (DO, dotted line), bottom DO (dashed line), and cumulative DO (solid 
line).  Cumulative DO was calculated by averaging all surface and bottom values for a 
given month.  Data for February and October were unavailable. 

Figure 4.  Salinity at Neuse River Oyster Sanctuary.  Values are reported as mean 
monthly salinity (psu) for the sampling years 2007-2012 and gleaned from NCDMF 
program 611 biological documentation (unpublished data).  Trend lines are drawn 
representing polynomial best fit for surface salinity (dotted line), bottom salinity (dashed 
line), and cumulative salinity (solid line).  Cumulative salinity was calculated by 
averaging all surface and bottom values for a given month.  Data for February and 
October were unavailable. 
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Figure 5.  Temperature at Neuse River Oyster Sanctuary.  Values are reported as 
mean monthly temperature (Celsius) for the sampling years 2007-2012 and gleaned 
from NCDMF program 611 biological documentation (unpublished data).  Trend lines 
are drawn representing polynomial best fit for surface temperature (dotted line), bottom 
temperature (dashed line), and cumulative temperature (solid line).  Cumulative salinity 
was calculated by averaging all surface and bottom values for a given month.  Data for 
February and October were unavailable.  
 

 
Figure 6. Annual Oyster Density at Neuse River Oyster Sanctuary.  Values are 
reported from NCDMF Program 611 biological documentation (unpublished data) for the 
sampling years 2007-2012.  Trend in total population density at this sanctuary indicates 
a 400% increase over six years.  
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