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CHAPTER 1. BACKGROUND 

1.1. Habitat and water quality concerns  

North Carolina contains the largest estuarine system of any single Atlantic coast state, with numerous 
estuarine rivers, creeks, sounds, inlets, and ocean bays creating a diverse system of over 2.3 million acres 
in size. Located at the convergence of the mid-Atlantic and south Atlantic biogeographical provinces, 
North Carolina supports a mix of northern and southern fish species. This combination of species 
richness, extensive estuarine and marine waters, and the diversity and abundance of habitats makes 
bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŦƛǎƘŜǊƛŜǎ ŀƳƻƴƎ ǘƘŜ Ƴƻǎǘ ǇǊƻŘǳŎǘƛǾŜ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ 

Lƴ ǘƘŜ ƭŀǘŜ мфулΩǎΣ ǇǊŜǎǎǳǊŜǎ ŦǊƻƳ ŘŜǾŜƭƻǇƳŜƴǘΣ ƭƻǎǎ ƻŦ ƘŀōƛǘŀǘΣ ŀƴŘ ǿŀǘŜr quality degradation took a toll 
ƻƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŜǎǘǳŀǊƛŜǎΦ {ŜǾŜǊŀƭ ƳŀƧƻǊ ŦƛǎƘ ƪƛƭƭǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƭƻǿ ƻȄȅƎŜƴ ŜǾŜƴǘǎ ŀƴŘ ŘƛǎŜŀǎŜǎΣ 
such as Pfeisteria, occurred. Oysters (Crassostrea virginica) were dying from diseases (Dermo and MSX). 
Sea turtle and marine mammal disease mortalities were increasing, as were fishing gear interactions. 
Several commercially and recreationally important fisheries were classified as overfished, including 
summer flounder (Paralichthys dentalus), weakfish (Cynoscion regalis), striped bass (Morone saxatilis) and 
river herring (Alosa pseudoharengus and A. aestivalis). In response to these concerns, the public and 
fishermen expressed the desire for actions to improve fish habitat. 

As a result, the State of North Carolina, through the Executive and Legislative branches, convened several 
panels to examine coastal environmental and fishery management issues. Each made policy 
recommendations concerning improvements to management of fish habitat and water quality.  

¶ The Governor's Blue Ribbon Panel on Environmental Indicators published a report and recommendations in 
December 1990. This report, compiled by the Department of Environment, Health, and Natural Resources 
(later changed to Department of Environment and Natural Resources, or DENR, now Department of 
Environmental Quality, or DEQ0F

1) provided guidelines for developing a set of indicators to evaluate the 
status and trends of environmental quality within North Carolina.  

¶ The Albemarle-Pamlico Estuarine Study (1987ς1994) (Waite et al. 1994) recommended water quality, 
fishery management, and land use reforms in its Comprehensive Conservation and Management Plan, 
including: to retain, restore, and enhance water quality; conserve, protect vital fish and wildlife habitats; 
and restore or maintain fisheries (Waite et al. 1994).  

¶ The North Carolina Coastal Futures Committee was established to reevaluate coastal issues since the 
enactment of the Coastal Area Management Act (CAMA) in 1974. Recommendations of the report included 
restoration and protection of important fisheries habitats and impaired waters, addressing nonpoint source 
pollution, and protection of freshwater wetlands similar to existing protection of coastal wetlands (North 
Carolina Coastal Futures Committee 1994a). 

¶ The Blue Ribbon Advisory Council on Oysters recommended major increases in oyster cultch planting to 
help restore oyster resources and changes in management of oyster culture practices (Frankenberg 1995). 

¶ In 1994, Fisheries Moratorium Act established a steering committee to oversee study of fishery resources.  

The majority of the above panel recommendations were not implemented. However, most of the 
recommendations of the Fisheries Moratorium Act Steering Committee were included in the Fisheries 
Reform Act in 1997. 

                                                           
1 Session Law 2015-241, passed in September and retroactively effective on July 1 2015, changed the name of the 
Department of Environment and Natural Resources to the Department of Environmental Quality. Due to the timing 
of this change, some references to DENR may still occur in the document. 
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1.2. The Fisheries Reform Act and Coastal Habitat Protection Plans  

On August 14, 1997, Governor James B. Hunt, Jr., signed the Fisheries Reform Act (FRA) into law, bringing 
to a close a three-year process of intense meetings, discussions, and debates over the future of fisheries 
ƳŀƴŀƎŜƳŜƴǘ ƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΦ ¢ƘŜ ƭŜƎƛǎƭŀǘƛƻƴΩǎ ŦƻǊŜƳƻǎǘ Ǝƻŀƭ ǿŀǎ ǘƻ ŜƴǎǳǊŜ ƘŜŀƭǘƘȅ ŦƛǎƘ ǎǘƻŎƪǎΣ ǘƘŜ 
recovery of depleted stocks, and the wise use of fisheries resources. The FRA (G.S. 143B-279.8) requires 
preparation of Fishery Management Plans (FMPs) by the Division of Marine Fisheries (DMF) and Coastal 
Habitat Protection Plans (CHPPs) by DENR, now DEQ. The goal of all FMPs is to ensure the long-term 
viability of the sǘŀǘŜΩǎ ŎƻƳƳŜǊŎƛŀƭƭȅ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭƭȅ ǎƛƎƴƛŦƛŎŀƴǘ ǎǇŜŎƛŜǎ ŀƴŘ ŦƛǎƘŜǊƛŜǎΦ ¢ƘŜ Cw! ƳŀƴŘŀǘŜǎ 
that each plan include pertinent fishery information as well as habitat and water quality considerations 
consistent with the CHPP. This section of the FRA resembles the federal Magnuson-Stevens Fishery 
Conservation and Management Act reauthorization of 1996 (also known as the Sustainable Fisheries Act). 
The SFA requires regional fishery management councils and the National Marine Fisheries Service (NMFS) 
to ŀƳŜƴŘ ŦŜŘŜǊŀƭ ŦƛǎƘŜǊȅ ƳŀƴŀƎŜƳŜƴǘ Ǉƭŀƴǎ ǘƻ ƛƴŎƭǳŘŜ ǇǊƻǾƛǎƛƻƴǎ ŦƻǊ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ƻŦ ά9ǎǎŜƴǘƛŀƭ CƛǎƘ 
Iŀōƛǘŀǘέ ό9CIύ1F

2 from federally funded activities.  

The legislative goal of the CHPP is άΧǘƘŜ ƭƻƴƎ-term enhancement of coastal fisheries associated with coastal 
habitats.έ The law specifies that the CHPP identify threats and recommend management actions to 
ǇǊƻǘŜŎǘ ŀƴŘ ǊŜǎǘƻǊŜ Ƙŀōƛǘŀǘǎ ŎǊƛǘƛŎŀƭ ǘƻ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŦƛǎƘŜǊȅ ǊŜǎƻǳǊŎŜǎΦ ¢ƘŜ Ǉƭŀƴǎ Ƴǳǎǘ ōŜ 
adopted by the Coastal Resources (CRC), the Environmental Management (EMC), and the Marine 
Fisheries (MFC) commissions, to ensure consistency among commissions, as well as their supporting DEQ 
agencies. The FRA clearly required that recommendations of the management plans be implemented. 
Passage of the FRA and the initiation of the CHPP implementation process demonstrated the public desire 
ŀƴŘ ǇƻƭƛǘƛŎŀƭ ǿƛƭƭ ǘƻ ōŜǘǘŜǊ ƳŀƴŀƎŜ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŦƛǎƘŜǊȅ ƘŀōƛǘŀǘǎΦ .ŜŎŀǳǎŜ ǘƘŜ /Itt ǳƴƛǉǳŜƭȅ 
brings together three major regulatory commissions, the public has an expectation that positive actions 
will result from this effort.  

1.3. Authority for management and protection of public trust resources    

The Public Trust Doctrine provides the authority for the state to manage public trust resources. The 
doctrine stŀǘŜǎ ǘƘŀǘ άǇǳōƭƛŎ ǘǊǳǎǘ ƭŀƴŘǎΣ ǿŀǘŜǊǎΣ ŀƴŘ ƭƛǾƛƴƎ ǊŜǎƻǳǊŎŜǎ ƛƴ ŀ ǎǘŀǘŜ ŀǊŜ ƘŜƭŘ ōȅ ǘƘŜ ǎǘŀǘŜ ƛƴ 
trust for the benefit of all the people, and establishes the right of the public to fully enjoy public trust 
lands, waters, and living resources for a wide variŜǘȅ ƻŦ ǊŜŎƻƎƴƛȊŜŘ ǇǳōƭƛŎ ǳǎŜǎΦέ ¢ƘŜ ŘƻŎǘǊƛƴŜ ŀƭǎƻ ǎŜǘǎ 
limitations on the states, the public, and private owners, as well as establishing the responsibilities of the 
states when managing these public trust assets (Coastal States Organization 1997). The Constitution of 
bƻǊǘƘ /ŀǊƻƭƛƴŀ ƛƳǇƭŜƳŜƴǘǎ ǘƘŜ tǳōƭƛŎ ¢Ǌǳǎǘ 5ƻŎǘǊƛƴŜ ƛƴ !ǊǘƛŎƭŜ ·L±Σ {ŜŎǘƛƻƴ рΣ ǿƘƛŎƘ ǎǘŀǘŜǎΥ άLǘ ǎƘŀƭƭ ōŜ ǘƘŜ 
policy of this state to conserve and protect its lands and waters for the benefit of all its citizenry, and to 
this end it shall be a proper function of the State of North Carolina and its political subdivisions to . . . 
preserve as a part of the common heritage of this state its forests, wetlands, estuaries, beaches, historical 
ǎƛǘŜǎΣ ƻǇŜƴ ƭŀƴŘǎΣ ŀƴŘ ǇƭŀŎŜǎ ƻŦ ōŜŀǳǘȅΦέ 

Public trust resources include the waters to the upstream extent of navigation, including navigation by 
small recreational boats, such as canoes or kayaks [North Carolina Supreme Court (Gwathmey v. State of 
North Carolina, 342 N.C. 287, 464 S. E. 2d. 674, 1995); submerged lands beneath the waters up to the 
normal high tide line (or normal water level in areas not subject to lunar tides); and the fisheries 
resources within those waters. Common public trust uses include navigation and commerce, fishing, 
bathing (swimming), and hunting. Under certain circumstances, private entities may own submerged 
lands, but public trust rights in the waters over those lands are not affected by such ownership [North 

                                                           
2 Essential Fish Habitat (EFH), defined by Congress in the 1996 amendments to the Magnuson-Stevens Fishery Conservation and Management 

Act, or Magnuson-Stevens Act, as "those waters and substrate necessary to fish for spawning, breeding, feeding or growth to maturity." 

http://en.wikipedia.org/wiki/Magnuson-Stevens_Fishery_Conservation_and_Management_Act
http://en.wikipedia.org/wiki/Magnuson-Stevens_Fishery_Conservation_and_Management_Act
http://en.wikipedia.org/wiki/Substrate_(marine_biology)
http://en.wikipedia.org/wiki/Fish
http://en.wikipedia.org/wiki/Spawning
http://en.wikipedia.org/wiki/Animal_husbandry
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Carolina Supreme Court (Gwathmey v. State of North Carolina, 342 N.C. 287, 464 S. E. 2d. 674, 1995)]. 

State authority generally applies within the boundaries of North Carolina, extending from internal creeks, 
rivers, and lakes downstream through coastal sounds, into the Atlantic Ocean for three nautical (nm) or 
оΦпр ǎǘŀǘǳǘŜ ƳƛƭŜǎ ŦǊƻƳ ǘƘŜ ǎǘŀǘŜΩǎ !ǘƭŀƴǘƛŎ hŎŜŀƴ ǎƘƻǊŜƭƛƴŜΦ CŜŘŜǊŀƭ ƧǳǊƛǎŘƛŎǘƛƻƴ ŀǇǇƭƛŜǎ ƻǳǘ ǘƻ нлл ƴƳ 
(230.16 statute miles) from shore, an area called the Exclusive Economic Zone (EEZ). 

While the MFC manages fishing practices in coastal waters through rules implemented by the DMF, 
several agencies manage activities affecting coastal fisheries and fish habitats. The EMC has authority over 
activities affecting water quality, such as point and nonpoint discharges, wastewater, alteration of 
ǿŜǘƭŀƴŘǎΣ ŀƴŘ ǎǘƻǊƳǿŀǘŜǊΦ ¢ƘŜ 9a/Ωǎ ǊǳƭŜǎ ŀǊŜ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ŘƛŦŦŜǊŜƴǘ 59Q agencies, including the 
Division of Water Resources (DWR), the Division of Air Quality (DAQ), and the Division of Energy, Mineral, 
and Land Resources (DEMLR). The DEMLR administers rules adopted by multiple regulatory commissions, 
including the EMC, Sedimentation Control Commission (SCC), and the Mining and Energy Commission. 
The CRC enacts rules to manage development within and adjacent to public trust and estuarine waters, 
coastal marshes, and the ocean hazard area. The Division of Coastal Management (DCM) implements 
rules adopted by the CRC. The Wildlife Resources Commission (WRC), while not a principle participant in 
the CHPP process, has a direct role in the management of fisheries and habitat through the designation of 
Primary Nursery Areas (PNAs) and Anadromous Fish Spawning Areas (AFSAs) in Inland Waters, the review 
of development permits, monitoring and management of habitat, and the regulation of fishing in inland 
waters. There are myriad other state, federal, and interstate programs that directly or indirectly influence 
coastal fisheries habitat in North Carolina. 

1.4. CHPP process 

The CHPP Development Team developed and drafted the first Coastal Habitat Protection Plan in 2004 
(Street et al. 2005). The original CHPP team included scientists and planners from DMF, DCM, DWQ (now 
DWR), WRC, and the Shellfish Sanitation Program in the Division of Environmental Health. An 
Intercommission Review Committee (IRC), consisting of two members from each of the three 
commissions, provided policy oversight, reviewed the plan, and developed the management 
recommendations. After the IRC and DENR reviewed the draft plan, the commissions separately approved 
the plan and recommendations. Following that, each division and the department compiled bi-annual 
implementation plans to accomplish recommendations within their authority. The IRC was reorganized to 
reflect their new charge ς meeting quarterly to discuss implementation progress, cross-cutting issues and 
facilitating CHPP implementation actions, as well as reviewing future CHPP updates. The group was 
renamed the CHPP Steering Committee (CSC) and the WRC was asked to join in 2009. In addition, DENR 
staff from other Divisions were invited to participate in CSC meetings. 

1.5. Purpose and organization of document 

1.5.1. Fish habitat  

Fish habitat is defined as freshwater, estuarine, and marine areas that support juvenile and adult 
populations of economically important fish species (commercial and recreational), as well as forage 
species important in the food chain. Also included are land areas adjacent to, and periodically flooded by, 
riverine and coastal waters. Fish occupy specific areas where conditions are suitable for growth, 
ǇǊƻǘŜŎǘƛƻƴΣ ŀƴŘκƻǊ ǊŜǇǊƻŘǳŎǘƛƻƴΦ ! ǎǇŜŎƛŜǎΩ ǳǎŜ ƻŦ ǎǇŜŎƛŦƛŎ ŀǊŜŀǎ Ŏŀƴ ŘŜǇŜƴŘ ƻƴ ǾŀǊƛƻus factors, including 
life stage, time of day, and tidal stage. Together, these habitat areas form a functional and connected 
system that supports ǘƘŜ ŦƛǎƘ ŦǊƻƳ ǎǇŀǿƴƛƴƎ ǳƴǘƛƭ ŘŜŀǘƘΦ ²ƛǘƘƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŜŎƻǎȅǎǘŜƳΣ ǎƛȄ 
habitat types were distinguished based on similar physical properties, ecological functions, and habitat 
requirements for living components: water column, shell bottom, submerged aquatic vegetation (SAV), 
wetlands, soft bottom, and hard bottom.  
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bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŦƛǎƘŜǊȅ ǊŜǎƻǳǊŎŜǎ όǘƘŜ άŦƛǎƘέύ ŜȄƛǎǘ ǿƛǘƘƛƴ ŀ ǎȅǎǘŜƳ ƻŦ ƛƴǘŜǊŘŜǇŜƴŘŜƴǘ Ƙŀōƛǘŀǘǎ 
that provide the basis for long-ǘŜǊƳ ŦƛǎƘ ǇǊƻŘǳŎǘƛƻƴ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǳǎŜ ōȅ ǇŜƻǇƭŜ όǘƘŜ άŦƛǎƘŜǊƛŜǎέύΦ aƻǎǘ ŦƛǎƘ 
rely on different habitats throughout their life cycle (Figure 1.1). The integrity of the entire system 
depends upon the health of areas and individual habitat types within the system. 

 

Figure 1.1. Life cycle of estuarine dependent southern flounder (Paralichthys lethostigma). 1 - Adults spawn in ocean 
waters in winter; 2 - Larvae drift inshore on currents, pass through inlets; 3 - Juveniles settle in upper, low-salinity 

estuaries containing wetlands and shallow soft bottom habitat;  4 ς Subadult fish move to deeper channels and the 
lower estuary as they grow.  

1.5.2. Purpose and Organization  

The purpose of the CHPP is to assimilate information on the environmental requirements, spatial 
distribution, ecological value, overall condition, and threats to coastal fish habitats and ecosystems, so 
that management needs can be identified to protect, enhance, and restore associated fisheries.  

The 2015 CHPP includes four overarching goals for protection of coastal fish habitat. These are the same 
as previous years, although there was minor wording change to Goal 2. Recommendations under these 
goals were reviewed and modified by the CHPP Steering Committee.  

1) Improve effectiveness of existing rules and programs protecting coastal fish habitats 
2) Identify and delineate strategic coastal habitats 
3) Enhance habitat and protect it from physical impacts 
4) Enhance and protect water quality  

The CHPP is organized into three parts:   

Part 1 (Habitats) provides background on the habitats: water column, shell bottom, submerged aquatic 
vegetation (SAV), wetlands, soft bottom, and hard bottom. Within each chapteǊΣ ǘƘŜǊŜ ƛǎ ǘƘŜ ƘŀōƛǘŀǘΩǎ 
ŘŜǎŎǊƛǇǘƛƻƴΣ ŘƛǎǘǊƛōǳǘƛƻƴΣ ŜŎƻƭƻƎƛŎŀƭ ǊƻƭŜΣ ŀƴŘ ŦǳƴŎǘƛƻƴǎ ŦƻǊ ŦƛƴŦƛǎƘ ŀƴŘ ǎƘŜƭƭŦƛǎƘ ǎǇŜŎƛŜǎΣ ŀƴŘ ǘƘŜ ƘŀōƛǘŀǘΩǎ 
status and trends. Several important fisheries in North Carolina, such as wahoo, tunas, sharks, and 
dolphin, are not discussed in detail in the CHPP because they occur primarily outside of state waters.  

Part 2 ( Threats) discusses existing and potential threats to habitats, focusing on priority issues. Threats 
are categorized by the mechanism of alteration ς physical disturbance, hydrological alteration, water 
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quality degradation, or other stressor. Priority issues are selected by the CSC based on concerns of their 
commissions and public input.   

Part 3 (Management) discusses the concept of ecosystem management, including ongoing strategic 
habitat area assessments. This section summarizes existing habitat protection, restoration and 
enhancement efforts, and concludes with recommendations developed collaboratively with the CSC and 
CHPP team.  

In 2015, the NC General Assembly passed multiple pieces of legislation that could directly or indirectly 
affect habitat and water quality conditions in coastal North Carolina. Among the habitat management 
topics included in the legislation are stormwater rules, wetland mitigation requirements, riparian buffers, 
oil and gas exploration, ocean erosion control structures, environmental monitoring, shellfish leasing, and 
oyster restoration. Due to time limitations between the passage of the legislation and finalization of the 
draft, these changes are not reflected in the text, but are provided in Appendix C.  

1.5.3. Public Input 

Prior to initiating the CHPP update, a survey was sent to the public and interested parties through online 
ǎƻǳǊŎŜǎΦ ¢ƘŜ ǇǳǊǇƻǎŜ ǿŀǎ ǘƻ ƎŀǳƎŜ ǘƘŜ ǇǳōƭƛŎΩǎ ǎǇŜŎƛŦƛŎ ŎƻƴŎerns so the plan could be appropriately 
focused. Public meetings were held for the purpose of getting input on potential recommendations. 
There were also opportunities to provide comments during public comment periods at MFC, CRC, and 
EMC meetings, as well as at CSC meetings. 

The habitat survey results included responses from 817 respondents from 55 counties. The survey results 
indicate that the public feels there is more work needed to protect and restore fish habitat. Below are 
highlights. 

¶ 84% agreed that aquatic habitat loss/degradation has negatively affected fish populations.  

¶ 82% agreed that land based activities have negatively impacted aquatic habitat.    

¶ 70% agreed that water based activities have negatively impacted aquatic habitat. 

¶ Habitats with most degradation/loss - shell bottom, wetlands, water column. 

¶ Activities having most negative influence on habitat - ditched/drained land, trawling/mechanical shellfish 
harvest, stream obstructions. 

¶ Activities having the most negative impact on water quality - runoff from development, agriculture and forestry, 
wastewater treatment plant discharges and/or spills.  

¶ Most problematic pollutant for fish - nutrients and toxins tied, and sediment. 

¶ Highest priority issues for CHPP to address - non-compliance with existing rules protecting habitat and water 
quality, algal blooms/fish kills, mobile bottom disturbing fishing gear, and sedimentation. 

1.6. Accomplishments 

Each of the commissions and the department use information provided in the CHPP and the final 
recommendations to develop and update coordinated coastal habitat implementation plans. These 
implementation plans are the specific actions that a division commits to in order to address a CHPP 
recommendation partially or completely.  

Since 2005, the CHPP has been a significant part of the decision making process of DEQΩǎ ŘƛǾƛǎƛƻƴǎ ŀƴŘ 
commissions. All three commissions and their DEQ agencies use the CHPP and its recommendations as 
guidance. The CHPP has been successful in implementing a number of recommendations, with the 
majority being non-regulatory. Accomplishments include: 

¶ Increased outreach and education 

¶ Improved communication between agencies 

¶ New mapping and research 
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¶ Oyster and fish passage restoration 

¶ Compliance with existing regulations 

A common thread to these accomplishments has been support from the department and the General 
Assembly to implement actions. Positions and funding to undertake CHPP recommendations were 
obtained through appropriations and grants. The most notable accomplishment of the CHPP process has 
been the improved interagency and intercommission communication and coordination, improving 
effectiveness and efficiency of processes within DEQ. 

In the first fiscal year (2005-2006), most of the implementation measures were setting the stage to 
facilitate future actions. A CHPP coordinator position was created within DENR, the IRC was reorganized 
into the CSC, and quarterly CHPP permit coordination meetings were established. Three DWR, four DCM, 
three DEH-SS, and three NCFS positions were funded by the General Assembly for compliance 
monitoring. Additionally, an agreement was established for Marine Patrol to regularly fly DCM 
compliance staff and to train officers to report possible environmental violations. These actions were 
directed at improving the effectiveness of existing rules and programs protecting coastal fish habitat 
(Goal 1). Goal 2 called for identification, designation, and protection of strategic coastal habitats (referred 
to as Strategic Habitat Areas (SHAs) prior to this plan update). Before this could be done, mapping of 
CHPP habitats was needed. Three positions were appropriated to DMF to accelerate completion of shell 
bottom mapping. Elizabeth City State University, under a NOAA grant, began mapping SAV in Currituck 
Sound. The CHPP staff, along with a Strategic Habitat Area Advisory Committee, began developing the 
process to identify areas. To enhance habitat and protect it from physical impacts (Goal 3), DMF 
enhanced three existing oyster sanctuaries with rock, and the MFC closed additional areas to mechanical 
shellfish harvesting. The DCM began to formulate sediment compatibility rules through the CRC, and NC 
Sea Grant formed a multi-slip docking facility advisory committee. To enhance and protect water quality 
(Goal 4), DWR conducted a study of engineered stormwater structures and surveyed stormwater outfalls 
draining into SA and ocean waters. After hearing concerns of the CSC and MFC Habitat and Water Quality 
Committee, DWR began discussing new coastal stormwater rules.  

In the second fiscal year (2006-2007), coordination meetings continued, and the appropriated positions 
were filled. To further improve effectiveness of existing rules (Goal 1), the CRC increased civil penalties to 
discourage violations. The National Estuarine Research Reserve hosted workshops and outreach events 
on habitat and water quality protection topics. Toward identifying SHAs, (Goal 2), an interagency SAV 
mapping workgroup was formed, with APNEP serving as lead. Progress continued on shell bottom 
mapping and the SHA methodology process was completed and approved. For Goal 3, sediment 
compatibility rules were approved, funding for the Beach and Inlet Management Plan (BIMP) was 
received, and the CRC Estuarine Shoreline Stabilization scientific work group completed a report with 
recommendations regarding the placement and suitability of hardened shoreline structures, and the 
subcommittee reviewed for possible rule implications. The DCM received funding to map the shoreline 
and structures. Toward protection and enhancement of water quality (Goal 4), Phase II stormwater rules 
became effective, and DWR draft coastal stormwater rules went through the public hearing process. 

In the third fiscal year (2007-2008), coordination and educational outreach continued (Goal 1). Under 
Goal 2, the Interagency SAV Mapping Partnership pooled funding to acquire aerial imagery of SAV. The 
ŀƴŀƭȅǎƛǎ ƻŦ {I! wŜƎƛƻƴ м ǿŀǎ ǳƴŘŜǊǿŀȅΦ ¢ƘŜ ōŜƴŜŦƛǘǎ ƻŦ ŀŘŘƛǘƛƻƴŀƭ ǊŜǎƻǳǊŎŜǎ ŦƻǊ 5aCΩǎ wŜǎƻǳǊŎŜ 
Enhancement Section were being seen (Goal 3), with mapping of shell bottom, collection of recycled 
oyster shell, and monitoring and research of oyster sanctuaries. The MFC and the WRC designated 
Anadromous Fish Spawning Areas. The DMF began spawning and stream obstruction surveys, critical for 
prioritizing habitat restoration. The DCM began drafting the BIMP and received a Cooperative Institute for 
Coastal and Estuarine Environmental Technology (CICEET) multi-agency grant to study shoreline 
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stabilization and marsh sills. The most visible accomplishment was the adoption of coastal stormwater 
rules (effective October 2008) (Goal 4). The only program to address stormwater retrofitting from existing 
development was formed - the Community Conservation Assistance Program with the Soil and Water 
Conservation Districts. Other efforts included expansion of areas that qualify for CREP funding, 
completion of three additional lagoon conversion projects, continuation of the swine lagoon buyout 
program, and additional equipment purchases by NCFS to enhance forestry BMPs.  

In 2008-2009, budget shortfalls constrained implementation. Funding for two DCM positions (compliance 
education coordinator and Clean Marina Program) was rescinded, and CHPP quarterly interagency 
meetings were cancelled due to travel restrictions. Funding approved by legislature in the previous year 
for oyster reef restoration was partially rescinded. Shell bottom and SAV mapping were slower than 
expected due to vacancies and the inability to fill positions, however, progress was made.  

The DMF received approval for two grant funded positions dedicated to DCM permit review (Goal 1), and 
the MFC approved a revised definition of SAV habitat to improve effectiveness in identifying and 
protecting this habitat. Agencies worked to ensure consistency with this definition. The DWR held 
workshops regarding new stormwater rules and hosted a Water Quality Monitoring Forum aimed at 
coordinating monitoring efforts. Analysis for SHAs in Region 1 was completed (Goal 2), areas were 
approved by the MFC, and were incorporated into DEQΩǎ /ƻƴǎŜǊǾŀǘƛƻƴ tƭŀƴƴƛƴƎ ¢ƻƻƭΦ ¢ƘŜ 5aC 
completed spawning and obstruction surveys on the majority of the Chowan River system. Regarding 
Goal 3, DWR worked with DOT on an SAV and oyster habitat restoration and mitigation project in 
Currituck Sound. The DWR established a compensatory mitigation database. The DMF incorporated 
results of DMS and university research on compensatory mitigation to develop an MFC policy on 
compensatory mitigation to encourage methods to restore coastal watershed functions. The DCM made 
progress on drafting the BIMP and delineating the coastal estuarine shoreline. The CRC approved rules to 
better protect marshes from mowing, and to reduce impacts from docks and piers. 

The DWR began review of several rules, such as ocean stormwater discharges and marinas, for water 
quality protection (Goal 4). They conducted a smart sponge pilot study to examine ways to clean 
stormwater, constructed four Low Impact Development (LID) projects, and began developing a mitigation 
policy for intermittent stream impacts. Additional resources were appropriated to the Soil and Water 
Conservation District for the Lagoon Conversion Program.  

From 2010 to 2015, success has been a little slower and a bit more difficult as the economy has affected 
North Carolina. Even with these challenges, there have been significant accomplishments. Strategic 
coastal habitats were identified in two more regions and were adopted by the MFC. Mapping of SAV 
continued, and the habitat was photographed in the northeastern part of the state. The DCM completed 
estuarine shoreline mapping, resulting in a digital representation by type and modifications, culminating 
in an inventory of water based structures. Low Impact Development has been promoted as 
environmentally sound, and a new computer model, Storm EZ, has been introduced to help design and 
secure permits for such projects. This was done as a partnership with the Coastal Federation, DENR 
agencies, and private industry.  

The DCM drafted a Living Shoreline Strategy, with input from other DENR division representatives, which 
identifies six short-term and four long-term actions for department consideration. The document 
summarizes stabilization research in the state, identifies information gaps, highlights the need for 
continued staff engagement and public awareness, and investigates potential grant programs or cost 
reductions. The document recognizes the need to promote living shoreline strategies, to develop training 
programs/certification for marine contractors, and to partner with groups such as the military to increase 
demonstration sites. This will continue to be an ongoing educational effort in years to come. 



 2016 Coastal Habitat Protecton Plan Source Document  

Background Page 8 
 

Lƴ ǎǳƳƳŀǊȅΣ ǊŜƭŀǘƛǾŜ ǘƻ Ǉŀǎǘ ŜŦŦƻǊǘǎ ǘƻ ǇǊƻǘŜŎǘ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŜƴǾƛǊƻƴƳŜƴǘΣ ǘƘŜ /Itt Ƙŀǎ ōŜŜƴ 
successful in implementing recommendations, with the greatest accomplishments being non-regulatory.  

 

1.7. Area description 

bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘ ƛǎ ŦǊŀƳŜŘ ōȅ ŀ ŎƘŀƛƴ ƻŦ ƭƻǿ-lying barrier islands extending from Virginia to the Cape 
Fear. The barrier islands create large and productive sounds and estuaries. Southwest of the Cape Fear 
River, channel dredging of the Atlantic Intracoastal Waterway (AIWW) in the 1930s created an artificial 
extension of these barrier islands (Map 1.1a-b). The northern part of the natural barrier islands, the Outer 
Banks, separates the Albemarle-Pamlico sounds complex from the coastal ocean. The topography of the 
three major capes (Hatteras, Lookout, and Fear) has a major influence on ocean circulation. 

Weather conditions, especially temperature, precipitation, wind, and storms, exert major influences on 
ǘƘŜ Ŏƻŀǎǘŀƭ ŀǊŜŀ ŀƴŘ ŦƛǎƘŜǊȅ ǊŜǎƻǳǊŎŜǎ ƻŦΦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ƻŎŜŀƴ ƭƛŜǎ ŀǘ ǘƘŜ ŎƻƴǾŜǊƎŜƴŎŜ ƻŦ ǘƘŜ 
warm, north-flowing Gulf Stream and the cool, south-flowing Virginia Labrador Current. The Gulf Stream 
moves within 10 ς 12 mi (16.1 ς 19.3 km) of the coast at Cape Hatteras before turning northeast, bringing 
southern species such as brown (Farfantepenaeus aztecus), white (Litopenaeus setiferus), and pink (F. 
duorarum) shrimp; king (Scomberomorus cavalla) and Spanish (S. maculatus) mackerel; snappers and 
groupers; and calico scallops (Argopecten gibbusύ ǘƻ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǿŀǘŜǊǎΦ ¢ƘŜ [ŀōǊŀŘƻǊ /ǳǊǊŜƴǘ ŜƴŘǎ 
at the Gulf Stream, supplying northern oceanic species [such as Atlantic mackerel (Scomber scombrus), 
Atlantic herring (Clupea harengus), and Atlantic cod (Gadus morhua)] to North Carolina. 

Eastern North Carolina's land area is divided between the Coastal Plain and Piedmont physiographic 
regions, with the majority of land in the Coastal Plain. These two regions are separated by the Fall Line 
(Map 1.2), where streams are characterized by falls and rapids. The Chowan, Roanoke, Tar-Pamlico, and 
Neuse rivers flow into the Albemarle-Pamlico estuarine system, the second largest estuary on the U.S. 
Atlantic coast. The Cape Fear River flows directly into the Atlantic Ocean.  

¢ƘŜ /Itt ŀǊŜŀ ƛƴŎƭǳŘŜǎ ŀƭƭ ǊƛǾŜǊ ōŀǎƛƴǎ ŦƭƻǿƛƴƎ ƛƴǘƻ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎ ŀƴŘ ǘƘŜ ǿŀǘŜǊǎƘŜŘǎ 
they drain. The Fall Line marks the upper extent of the CHPP area. The seaward extent of the CHPP area is 
the boundary of state territorial waters (Maps 1.1a and 1.1b). Table 1.1 indicates the CHPP area is 
approximately 20% water (2,813,620 acres). For the purposes of this plan, the coastal area is divided into 
four management regions (Map 1.2). The regions are generally referred to as: Albemarle (Region 1), 
Pamlico (Region 2), Core-Bogue (Region 3), and Cape Fear (Region 4). Oregon and Ocracoke inlets are 
shown separately since their flow influences more than one CHPP region. These four regions are used for 
analyses that assess regional habitat conditions to identify a network of high quality strategic coastal 
habitats. Boundaries of the four regional systems were based primarily on USGS 14-digit hydrologic units 
comprising hydrologically connected receiving waters and watersheds. The regions represent a 
continuum of aquatic habitats extending from coastal plain rivers through estuarine waters and passing 
into coastal ocean waters through dynamic inlet systems. A watershed approach is necessary due to the 
migratory nature of most estuarine species and the resulting need for corridors of healthy habitats. 
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Table 1.1. Water area within CHPP regions (USGS hydrologic unit boundaries and 1:24,000 shorelines). 

CHPP regions (#)* Major water bodies included 
Total area 

(acres) 
Water area 

(acres) 
% water 

area 

Albemarle (1) Albemarle, Currituck, and  Roanoke sounds 3,719,898 751,018 20 
Oregon Inlet (1/2) Oregon Inlet 54,777 46,689 85 
Pamlico (2) Pamlico Sound; Neuse, Tar-Pamlico rivers  5,850,996 1,360,480 23 
Ocracoke Inlet (2/3) Ocracoke Inlet 37,166 35,329 95 

Core-Bogue (3) 
Core, Bogue, Stump sounds; New and 
White Oak rivers 

1,138,271 398,325 35 

Cape Fear (4) 
Cape Fear River, tidal creeks and sounds in 
Pender, New Hanover, Brunswick counties 

3,495,688 221,780 6 

Total   14,296,794 2,813,620 20 
 

1.7.1. Land use and human population 

Population size, density, and change by county from 1990 to 2015 are shown in Table 1.2 and Map 1.3. In 
the twenty coastal counties, New Hanover County, followed by Onslow County, continue to have the 
largest populations and densities in 2015. Pasquotank County has a modest population but is third in 
density. Tyrrell and Hyde counties have consistently had the lowest populations and densities in eastern 
North Carolina (about 10 persons/mi2). This is about 100 times less dense than in New Hanover County 
and about 20 times less than Onslow and Pasquotank counties. While population density is increasing 
along the coast, growth has been increasing at similar or greater rates in interior counties (Map 1.3).  

The coastal counties that have undergone the greatest population change in the past 15 years are 
Brunswick, Pender, Camden, New Hanover, and Currituck counties (Table 1.2). Growth during this time 
has increased from 76-139% in those counties, primarily the result of urban sprawl, as all are within 
commuting distance of municipalities such as Wilmington, Jacksonville, and Norfolk, VA.  

Since about 2005, there has been a shift to new residential development in non-oceanfront rather than 
ƻŎŜŀƴŦǊƻƴǘ ŀǊŜŀǎ ƻŦ Ŏƻŀǎǘŀƭ ŎƻǳƴǘƛŜǎΣ ƳŀǊƪŜǘŜŘ ŀǎ ǘƘŜ άLƴƴŜǊ .ŀƴƪǎΦέ Lƴ нллуΣ ǎƘŀǊǇƭȅ ŦŀƭƭƛƴƎ ǊŜŀƭ ŜǎǘŀǘŜ 
prices and the recession lead to a major slowdown in new development. In 2014, signs of an improving 
economy were evident in some areas. Despite the low rate, population continues to increase in the 
coastal area, and in some areas has approximately doubled in size since 1990.  
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Table 1.2. Human population size, density (persons/mi2), and growth in the 20 coastal counties, 1990ς2015, by 
population change (Source: NC Office of State Budget and Management, unpublished data). 

1.7.2. Fisheries and protected species 

¢ƘǊƻǳƎƘƻǳǘ ǘƘƛǎ ǇƭŀƴΣ ǘƘŜ ǘŜǊƳ άŦƛǎƘέ ǿƛƭƭ ƛƴŎƭǳŘŜ ŀƭƭ ŦƛƴŦƛǎƘΣ ǎƘŜƭƭŦƛǎƘΣ ŀƴŘ ŎǊǳǎǘŀŎŜŀƴǎ ώDΦ{Φ ммо-129 (7)]. 
Coastal fish species are grouped into three overlapping classes based on management considerations:  

1) fishery species, 2) forage species, and 3) protected species.  

¶ CƛǎƘŜǊȅ ǎǇŜŎƛŜǎ ŀǊŜ ǘƘƻǎŜ ŦƛƴŦƛǎƘΣ ŎǊǳǎǘŀŎŜŀƴǎΣ ŀƴŘ Ƴƻƭƭǳǎƪǎ ǘƘŀǘ Ƴŀȅ ōŜ ƘŀǊǾŜǎǘŜŘ ƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ /oastal 
and Inland Fishing Waters (DMF 2003a) by commercial and recreational fishermen. Habitats supporting fishery 
species are the primary focus of the CHPP. 

¶ Forage species make up a significant portion of the diet of fishery species (e.g., killifish, grass shrimp, 
menhaden, mullet, etc.). 

¶ Protected species are listed according to state law (G. S. 113-331) or the federal Endangered Species Act by 
the relevant state or federal agency or are protected under the federal Marine Mammal Protection Act. 
Protected species are important in the CHPP process because they can be indicators of ecological stress 
(Ricklefs 1993). Additionally, their habitat provides support for designating strategic habitat in locations where 
the distribution of fishery and protected species overlap, and in upstream areas important for maintaining 
estuarine water quality. 

1.7.2.1. Fisheries  

Authority to protect and conserve marine, estuarine, and public trust resources resides in the Secretary of 
DEQ (GS 143B-10) who has delegated to the DMF director. The North Carolina MFC enacts rules to 
govern all fishing in coastal waters (GS 143B-279-уύΦ /ƻŀǎǘŀƭ ŦƛǎƘŜǊƛŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŀǎΣ ά!ƴy and every 
aspect of cultivating, taking, possessing, transporting, processing, selling, utilizing, and disposing of fish 
ǘŀƪŜƴ ƛƴ Ŏƻŀǎǘŀƭ ŦƛǎƘƛƴƎ ǿŀǘŜǊǎΣ ǿƘŀǘŜǾŜǊ ǘƘŜ ƳŀƴƴŜǊ Χέ ώDΦ{Φммо-129 (2)].  

1990-2015

County Size Density Size Density Size Density Size Density

Population  

change (%)

Brunswick 50,985 82 73,143 118 108,064 128 121,744 144 139

Pender 28,855 33 41,082 47 52,384 60 57,689 66 100

New Hanover 120,284 603 160,307 803 203,299 1,061 221,590 1,157 84

Currituck 13,736 53 18,190 70 23,647 90 25,171 96 83

Camden 5,904 25 6,885 29 9,983 41 10,380 43 76

Dare 22,746 59 29,967 78 34,006 89 36,059 94 59

Carteret 52,407 101 59,383 115 66,711 132 70,911 140 35

Perquimans 10,447 42 11,368 46 13,482 55 14,013 57 34

Onslow 149,838 195 150,355 196 186,869 245 200,922 263 34

Craven 81,812 115 91,436 129 104,138 147 104,521 147 28

Pasquotank 31,298 138 34,897 154 40,644 179 38,919 172 24

Gates 9,305 27 10,516 31 12,168 36 11,470 34 23

Pamlico 11,368 33 12,934 38 13,095 39 13,067 39 15

Beaufort 42,283 51 44,958 54 47,764 58 47,782 58 13

Chowan 13,506 78 14,526 84 14,757 86 14,884 86 10

Hertford 22,317 63 22,601 64 24,733 70 24,560 70 10

Hyde 5,411 9 5,826 9 5,788 9 5,895 10 9

Tyrrell 3,856 10 4,149 11 4,397 11 4,084 10 6

Bertie 20,388 29 19,773 28 21,200 30 20,611 29 1

Washington 13,997 40 13,723 40 13,173 38 12,691 36 -9

Total 710,743 826,019 1,000,302 1,056,963 48.7

1990 2000 2010 2015 (projected)
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bƻǊǘƘ /ŀǊƻƭƛƴŀ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ ƭŜŀŘƛƴƎ Ŏƻŀǎǘŀƭ Ŧƛǎhing states, with landings by commercial and 
recreational fishermen ranking among the top Atlantic coast states every year (Tables 1.3 and 1.4). More 
ǘƘŀƴ фл҈ ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŎƻƳƳŜǊŎƛŀƭ ŦƛǎƘŜǊƛŜǎ ƭŀƴŘƛƴƎǎ ŀƴŘ ƻǾŜǊ сл҈ ƻŦ ǘƘŜ ǊŜŎǊŜŀǘƛƻƴŀƭ ƘŀǊǾŜǎǘ όōȅ 
weight) are comprised of estuarine-dependent species (http://portal.ncdenr.org/web/mf/marine-
fisheries-catch), that depend on our coastal sounds and rivers to complete their life cycles. ¢ƘŜ ǎǘŀǘŜΩǎ 
history of productive fisheries is due not only to its large and diverse ecosystem, but also to flexible and 
responsive management of coastal fisheries with extensive data collection and public participation, as 
well as a strong heritage of commercial and sport fishing throughout eastern North Carolina.  

In 2013, the top five commercial species were blue crab (Callinectes sapidus), white shrimp (Litopenaeus 
setiferus), brown shrimp (Farfantepenaeus aztecus), southern flounder (Paralichthys lethostigma), and 
eastern oyster (Crassostrea virginica). The top five recreational species (inshore/nearshore waters) were 
flounders (Paralichthys spp.), bluefish (Pomatomus saltatrix), red drum (Sciaenops ocellatus), spotted 
seatrout (Cynoscion nebulosus), and kingfishes (Menticirrhus spp.)(NCDMF 2014a). Among the CHPP 
regions, the primary fisheries vary according to the range of salinity. Typical fishery species in low salinity 
estuaries (Albemarle system) include striped bass (Morone saxatillis), white perch (Morone americanus), 
American shad (A. sapidissima) blue crab, southern flounder, and catfishes (Ictalurus spp.). In moderate 
salinities (Pamlico system), typical species are diverse and variable, including, blue crab, striped mullet 
(Mugil cephalus), southern flounder, spotted seatrout, oysters, shrimp, and spot (Leiostomus xanthurus). 
In higher salinity estuaries (e.g., Core/Bogue sounds) and the near shore ocean, typical fisheries include 
flounders, hard clams (Mercenaria mercenaria), shrimp, sharks, kingfishes, and Atlantic croaker 
(Micropogias undulatusύΦ 5ŜǘŀƛƭŜŘ ǎǘŀǘƛǎǘƛŎǎ ŀǊŜ ǎǳƳƳŀǊƛȊŜŘ ƛƴ 5aCΩǎ [ƛŎŜƴǎŜ ŀƴŘ {ǘŀǘƛǎǘƛŎǎ !ƴƴǳŀƭ 
Report, which is available on the DMF website. 

In 2014, there were 8212 such licenses issued with selling privileges, 3071 individual commercial 
fishermen, and 761 licensed fish dealers in the coastal area; approximately 42% of were used. Despite 
reduced levels of landings and participation compared to some previous years, the 2013 economic impact 
from commercial fishing is estimated at $305 million.  

The majority of licensed commercial fishermen in North Carolina participate in several fisheries annually 
to have sufficient income (Johnson and Orbach 1996). Most own a variety of fishing gears, and many own 
several vessels rigged for different fisheries. The nature of the target species (growth, seasonal 
migrations, etc.), along with weather variations, rule changes, restrictions, and other variables require 
that commercial fishermen exhibit great adaptability. There are multiple fishermen that rely on 
commercial fishing as their sole income, but many also hold non-fishing jobs as part of their annual work 
cycle. Some have also transitioned away from selling their catch, but fish with Recreational Commercial 
Gear Licenses (RCGL) for personal pleasure. In FY 2014, there were 3,972 RCGL licenses sold. 

  

http://portal.ncdenr.org/web/mf/marine-fisheries-catch
http://portal.ncdenr.org/web/mf/marine-fisheries-catch
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Table 1.3. Annual Atlantic coast commercial fisheries landings by state, 2004-2013 (thousands of pounds, sorted 
by percent of total east coast harvest).*  

 
 
Table 1.4. Annual Atlantic coast marine recreational fisheries harvest by state, 2004-2013 (thousands of pounds, 
sorted by percent of total east coast harvest).* 

Recreational fishing is important economically and culturally in coastal North Carolina. There are records 
of surf fishing from the early colonial period; surf fishing along the Outer Banks for red drum and bluefish 
was the subject of articles in sporting magazines in the 1930s (Godwin et al. 1971). While commercial 
ŦƛǎƘƛƴƎ Ƙŀǎ ŘŜŎƭƛƴŜŘ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ ǊŜŎǊŜŀǘƛƻƴŀƭ ŦƛǎƘƛƴƎ Ƙŀǎ ƛƴŎǊŜŀǎŜŘ ŀǎ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ǊŜǎƛŘŜƴǘ 
and visitor population has grown. Tens of thousands of recreational boaters fish the coastal waters, while 
thousands more fish with hired captains, as well as from the shore, piers, and other structures. In 2013, it 
was estimated that about 1.4 million anglers went fishing in coastal North Carolina (DMF 2008a). This 
included trips taken by resident and non-resident anglers from land, private boats, charter boats, and 
headboats. In January, 2007, GS 113-174 required establishment of a coastal recreational fishing license 
(CRFL) to better estimate the fishing effort. In 2013, approximately 480,000 CRFLs were issued, of which 
approximately one third were out-of-state visitors. Wake, Onslow, New Hanover, Carteret, and Brunswick 
counties, in descending order, accounted for the greatest number of licenses. The total estimated 
ŜŎƻƴƻƳƛŎ ƛƳǇŀŎǘ ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǊŜŎǊŜŀǘƛƻƴŀƭ ŦƛǎƘƛƴƎ ƛƴŘǳǎǘǊȅ ƛƴ нлмо was $1.7 billion (NCDMF 
2014a). 

State 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Average %

Virginia 481,555 441,493 426,217 481,738 415,719 417,449 495,075 493,353 461,932 381,714 802,842 31

Massachusetts 336,948 337,214 383,466 303,006 326,064 356,021 282,601 255,799 297,561 264,585 479,869 18

Maine 208,405 214,820 234,275 176,006 174,478 183,366 198,183 269,960 262,581 265,067 373,510 14

New Jersey 185,615 156,961 175,759 153,965 162,463 161,593 161,832 175,516 180,502 120,014 284,843 11

North Carolina 136,444 79,154 68,641 62,900 71,331 68,804 72,019 67,512 56,676 50,186 188,891 7

Rhode Island 97,412 97,147 112,605 75,635 71,707 84,497 77,469 77,236 83,290 90,012 170,432 7

Maryland 49,507 67,460 51,216 50,102 61,372 55,884 97,672 78,197 73,284 43,932 104,011 4

New York 33,712 38,123 32,819 36,275 33,865 34,069 27,535 27,104 30,030 32,954 65,631 3

Florida (east) 41,824 23,113 26,342 24,483 26,103 27,302 29,258 30,865 28,703 20,578 51,648 2

New Hampshire 21,958 21,281 10,295 8,395 10,951 13,885 11,814 12,320 12,138 8,264 25,001 1

Connecticut 21,150 13,628 11,746 10,263 7,073 7,832 6,015 7,078 8,673 7,957 22,739 1

South Carolina 12,439 10,459 11,112 9,985 9,948 9,438 10,478 13,559 12,452 10,130 22,069 1

Georgia 6,341 9,697 7,747 7,180 8,639 7,363 7,351 12,646 10,182 10,620 16,496 1

Delaware 4,286 4,854 4,380 5,089 4,598 4,370 4,718 4,921 5,239 4,048 9,650 0

Total 1,637,596 1,515,404 1,556,620 1,405,022 1,384,311 1,431,873 1,482,020 1,526,066 1,523,243 1,310,061 2,617,631

*Source: National Marine Fisheries Service.  Fisheries of the United States, annual reports.  

State 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Average %

Florida (east) 22,379 20,925 25,381 21,678 22,688 21,644 12,790 19,536 15,512 18,580 20,111 16

North Carolina 25,352 23,933 24,878 23,349 15,896 13,567 13,589 13,236 12,060 11,969 17,783 15

New Jersey 17,879 19,033 20,596 16,654 18,524 13,401 15,942 13,382 13,695 16,382 16,549 14

Virginia 12,325 13,155 14,097 17,665 17,748 13,683 17,241 16,127 13,923 15,596 15,156 12

New York 14,995 14,351 15,728 13,428 16,580 11,530 15,950 11,924 13,153 12,189 13,983 11

Massachusetts 14,800 15,737 17,131 15,529 11,035 10,227 7,502 7,254 7,544 6,793 11,355 9

Maryland 5,293 8,608 8,306 9,302 6,098 8,473 6,919 5,282 4,004 6,026 6,831 6

Rhode Island 4,339 4,837 5,629 6,139 6,845 3,774 5,859 4,028 5,789 9,480 5,672 5

South Carolina 4,409 4,072 3,721 4,596 3,956 2,249 3,252 3,194 3,073 7,254 3,978 3

Connecticut 4,402 3,120 4,132 4,234 4,377 3,987 4,479 2,731 3,950 2,284 3,770 3

Delaware 1,931 1,641 1,747 2,096 3,082 1,794 1,874 1,863 1,393 1,215 1,864 2

Georgia 869 1,726 1,714 1,512 1,837 2,610 1,420 3,084 1,524 1,735 1,803 1

Maine 1,801 2,213 2,569 1,823 1,664 1,708 1,079 987 1,050 1,110 1,600 1

New Hampshire 1,274 1,377 1,077 1,653 1,702 2,064 1,190 1,719 970 1,461 1,449 1

Total 132,048 134,728 146,706 139,658 132,032 110,711 109,086 104,347 97,640 112,074 121,903

*Source: National Marine Fisheries Service.  Fisheries of the United States, annual reports. Data includes type A+B1s
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1.7.2.2. Protected species 

North Carolina state law (G.S. 113-331) protects endangered, threatened, and special concern species of 
mammals, birds, reptiles, amphibians, freshwater fishes, freshwater and terrestrial mollusks, and 
freshwater and terrestrial crustaceans under the jurisdiction of the North Carolina Wildlife Resources 
Commission. The shortnose sturgeon (Acipenser brevirostrum) is listed as endangered at both state and 
federal levels. The Atlantic sturgeon (Acipenser oxyrinchus) is listed as special concern at the state level 
and is a candidate at the federal level. Title 15A NCAC 03M .0508, prohibits possession of any sturgeon in 
North Carolina's coastal waters. Shortnose and Atlantic sturgeon occur in riverine, estuarine, and marine 
systems within the CHPP management area. American eel (Anguilla rostrata) is under consideration for 
listing under the Endangered Species Act.  

High biodiversity increases resiliency of aquatic systems by maintaining trophic levels, species 
interactions, and ecosystem services. To minimize interactions between fishing gear and listed species, 
the division has an observer program to document interactions and modify restrictions as necessary.  

1.7.3. Status of fisheries 

¢ƘŜ ǎǘŀǘǳǎ ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ŦƛǎƘŜǊȅ ǎǘƻŎƪǎ ŀǊŜ ŜǾŀƭǳŀǘŜŘ ŀƴƴǳŀƭƭȅ ōȅ 5aCΦ ! ǎǘƻŎƪ ƛǎ ŘŜŦƛƴŜŘ ŀǎ 
a group of genetically similar fish that behave as a unit. Determining stock status requires long-term 
collection and analysis of data such as length, weight, age, catch, fishing effort, spawning stock biomass, 
juvenile abundance indices, fishing mortality, and natural mortality. All data are not available for all 
species, and there is no single measure or simple index that, by itself, describes the status of a given 
stock. Information from a single year does not indicate stock status; stock status assigned for each coastal 
fishery stock is based on the available time-series of data.  

Stock status terms were modified by DMF in 2007 to better address the assignment of status to stocks 
that have unapproved or no assessment, or whose assessments are too unreliable to determine a status. 
¢ƘŜ ǘŜǊƳ άhǾŜǊŦƛǎƘŜŘέ ǿŀǎ ŎƘŀƴƎŜŘ ǘƻ ά5ŜǇƭŜǘŜŘέ ǘƻ ŀŘŘǊŜǎǎ ǘƘƻǎŜ ǎǘƻŎƪǎ ǘƘŀǘ Ƴŀȅ ƘŀǾŜ ƻǘƘŜǊ ŦŀŎǘƻǊǎ 
besides fishing contributing to low population abundances. Categories now include: 

¶ Viable - Viable stocks exhibit stable or increasing trends in average length and weight, catch per unit effort, 
spawning stock biomass, juvenile abundance indexes based on historical averages, stable age structure that 
includes representatives of the older age classes, and stable or declining trends in fishing mortality. Stocks 
deemed recovered by a DMF, Atlantic States Marine Fisheries Commission (ASMFC), or regional Council fishery 
ƳŀƴŀƎŜƳŜƴǘ Ǉƭŀƴ όCatύ ǿƻǳƭŘ ōŜ ŎƻƴǎƛŘŜǊŜŘ άǾƛŀōƭŜέΦ ! ǎǘƻŎƪ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άǊŜŎƻǾŜǊŜŘέ ǿƘŜƴ ƛǘ Ƙŀǎ ǊŜŀŎƘŜŘ ǘƘŜ 
target(s) for sustainable harvest, spawning stock biomass, spawning potential ratio, fishing mortality, size/age 
structure, or any other biological target required in an approved DMF, ASMFC and/or regional Council FMP. (No 

Overfishing; Not Overfished)2F

3 

¶ Recovering - Recovering stocks are those stocks that show marked and consistent improvement in the criteria 
ƭƛǎǘŜŘ ŦƻǊ ŀ άǾƛŀōƭŜέ ǎǘƻŎƪΦ ! άǊŜŎƻǾŜǊƛƴƎέ ǎǇŜŎƛŜǎ Ƴŀȅ ǎǘƛƭƭ ōŜ ŘŜǇƭŜǘŜŘ ōǳǘ ǿƻǳƭŘ ōŜ ŘŜŦƛƴŜŘ ŀǎ ƻƴŜ ǘƘŀǘΣ ǳƴŘŜǊ ŀ 
current plan, shows measurable and consistent improvement but has not yet reached the target(s) of a specific 
FMP. (No Overfishing; Overfished)* 

¶ Concern - Stocks designatŜŘ ŀǎ άŎƻƴŎŜǊƴέ ŀǊŜ ǘƘƻǎŜ ǎǘƻŎƪǎ ǘƘŀǘ ŜȄƘƛōƛǘ ƛƴŎǊŜŀǎŜŘ ŜŦŦƻǊǘΣ ŘŜŎƭƛƴƛƴƎ ƭŀƴŘƛƴƎǎΣ 
truncated age distribution, or are negatively impacted by biotic and/or abiotic factors that cannot be controlled 
(example: water quality, habitat loss, disease, life history, predation, etc). Stocks with or without an approved 
ǎǘƻŎƪ ŀǎǎŜǎǎƳŜƴǘ ƻǊ Cat ōǳǘ ŀǊŜ ŜȄƘƛōƛǘƛƴƎ ŘŜŎƭƛƴƛƴƎ ǘǊŜƴŘǎ Ƴŀȅ ōŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άŎƻƴŎŜǊƴέΦ όhǾŜǊŦƛǎƘƛƴƎΤ bƻǘ 

                                                           

3 Overfishing/overfished designations result from completed stock assessments. 
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Overfished)* Stocks whose assessments have unreliable benchmarks may also be classified as άŎƻƴŎŜǊƴέ 
(Example: Overfishing cannot be determined) 

¶ Depleted ς Depleted stocks are those stocks where the spawning stock abundance is below a predetermined 
threshold or where low stock abundance precludes an active fishery. Factors that can contribute tƻ άŘŜǇƭŜǘŜŘέ 
status include but are not limited to fishing, predation, competition, water quality, habitat loss, recruitment 
variability, disease, or a combination of these factors. Determination is based on approved DMF, ASMFC, and/or 
regional Council FMPǎ ŀƴŘκƻǊ ǎǘƻŎƪ ŀǎǎŜǎǎƳŜƴǘǎΦ {ǇŜŎƛŜǎ ŘŜǎƛƎƴŀǘŜŘ ŀǎ άŘŜǇƭŜǘŜŘέ ǿƻǳƭŘ ōŜ ǇǊƛƻǊƛǘȅ ŎŀƴŘƛŘŀǘŜǎ 
for FMP development.  

¶ Unknown - Stocks for which insufficient data are available to determine trends in effort, landings, age distribution, 
recruitment, etc. are clasǎƛŦƛŜŘ ŀǎ άǳƴƪƴƻǿƴέΦ aŀƴȅ ǎǘƻŎƪǎ ǘƘŀǘ ƘŀǾŜ ōŜŜƴ ŘŜǎƛƎƴŀǘŜŘ ŀǎ άǳƴƪƴƻǿƴέ ƘŀǾŜ ōŜŜƴ 
picked up in DMF sampling programs that may result in sufficient data to designate a status in the future. 

In 2015, of the 25 fish stocks listed in Table 1.5, nine were listed as Viable (36%), two were classified as 
Recovering (8%), eleven were Concern (44%), and three were Depleted (12%) in the DMF Stock Status 
Report (DMF 2014). Depleted stocks include river herring (Albemarle stock), weakfish and American eel. 
Five stocks showed improvement from the 2014 ς menhaden, black drum, gag, southern flounder, and 
spotted seatrout. The classification of black sea bass north of Hatteras moved from recovering to concern 
due to the lack of an approved stock assessment and low landings.  Compared to 2010, the percent of 
species in 2015 classified as Viable increased while the percent classified as Depleted went down ς 
positive trends. However the percent of species classified as Concern increased, although many of those 
are due to lack of sufficient information. 

Habitat loss and degradation can make stocks susceptible to overfishing, as indicated by the lack of 
recovery after pressure is reduced. River herring stocks have not recovered despite reduced fishing effort 
and moratoria. While the role of environmental factors in the decline is uncertain, river herring 
abundance, particularly where formerly most concentrated (Chowan and Roanoke rivers) has suffered 
ǎƛƴŎŜ ǘƘŜ тлΩǎ ŦǊƻƳ ǿŀǘŜǊ ǉǳŀƭƛǘȅ ǇǊƻōƭŜƳǎΣ ŀƴŘ ƛǎ ŀŦŦŜŎǘŜŘ ōȅ ǎǘǊŜŀƳ ƻōǎǘǊǳŎǘƛƻƴǎ ŀƴŘ Ŧƭƻǿ ŀƭǘŜǊŀǘƛƻƴǎΦ  

1.8. Economic value of habitat protection  

Given ǘƘŜ ŘƻƭƭŀǊ ǾŀƭǳŜ ƻŦ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǊŜŎǊŜŀǘƛƻƴŀƭ ŦƛǎƘŜǊƛŜǎ ŘŜǎŎǊƛōŜŘ ŀōƻǾŜΣ ǘƘŜǊŜ 
are clear economic benefits to protecting and restoring habitat on which those species rely. For example, 
Peterson et al. (2003a) calculated that for every 10 m2 of restored oyster reef in the southeast United 
States, an estimated 2.6 kg/yr of additional fish and invertebrate production would be generated for the 
functional lifetime of the reef. Similarly, studies have shown that the presence of SAV compared to 
unvegetated bottom results in significantly greater growth and survival rates of fish and supporting a 
higher abundance and diversity of fish. In turn, these enhanced fish populations have direct economic 
benefits to the commercial and recreational fishing industries, valued at over $2 billion in 2013.  

In addition to enhancing fish production, coastal habitats provide many other ecosystem services that 
have economic value. Services such as waste treatment (pollutant removal), nutrient cycling, shoreline 
stabilization, and removal of carbon dioxide from the atmosphere have economic value at a local, state, 
national, and global level (Costanza et al. 1997). As an example, coastal wetlands were estimated to 
provide as much as $23.2 billion/year ($25.63 billion/year in 2014 dollars) in storm protection services 
(Costanza et al. 2008b). Oyster reefs in North Carolina were estimated to provide average annual 
ecosystem service values of $5,500 to $99,400/ha/yr ($2,200 to $40,200/ac/yr) for restored or protected 
reefs (Grabowski et al. 2012).  

A healthy ecosystem directly benefits tourism and outdoor recreation businesses, and improves property 
values. The latter was documented by a study comparing waterfront properties adjacent to polluted and 
unpolluted waters (i.e., open shellfish harvest areas). The study found that fecal coliform levels had a 
significant effect on property values and that improving water quality through bacteria reductions 



 2016 Coastal Habitat Protecton Plan Source Document  

Background Page 15 
 

resulted in a gain in property values of at least two percent (Leggett and Bockstael 2000).  

Habitat restoration can bring revenue into coastal counties, particularly in rural communities with less 
business opportunities. A socio-economic analysis of coastal restoration projects in North Carolina 
concluded that for every $1 million spent on restoration, $1.73 million in revenue to coastal county 
businesses was generated, 15 jobs were created, and an additional $512,500 in coastal household 
earnings was produced (Lawrence et al. 2015). More details on the economic value of coastal habitats are 
provided throughout the following habitat chapters.  

Table 1.5. Stock status of important fishery species and stocks over the past ten years (2005ς2015). 

Species/stocks 2
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2
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2
0

1
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2
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American shad                       

Atlantic croaker                       

American eel ? ? ? ? ? ? ?         

Atlantic menhaden                       

Bay scallops                       

Black drum n/a ? ? ? ?   

Black sea bass (N. of Hatteras)                       

Black sea bass (S. of Hatteras)                       
Blue crab                       

Bluefish                       
Gag                       

Oysters                       

Red drum                        

Reef fish                       

River herring (Albemarle)                       

Shrimp                       

Southern flounder                       

Spot                       

Spotted seatrout                       

Striped bass (Albemarle)                       

Striped bass (Central/southern)                       

Striped bass (Ocean)                       

Striped mullet                       

Summer flounder                       

Weakfish                        

            

* Stock status category:   concern    recovering ? unknown 

   depleted    viable     
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Map 1.1a. Hydrographic features in northern coastal North Carolina. (Data from 1:100,000 scale USGS topographic maps). 
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Map 1.1b. Hydrographic features in southern coastal North Carolina. (Data from 1:100,000 scale USGS topographic maps). 
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Map 1.2. The CHPP region and subregion boundaries (based on USGS hydrologic units), along with the fall line separating Coastal Plains and Piedmont 
physiographic regions.
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Map 1.3. Rate of population growth from 2010 to 2013 by county (Source: NC Office of State Budget and Management, unpublished data). 
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CHAPTER 2. WATER COLUMN 

The water column habitat is dŜŦƛƴŜŘ ŀǎ άǿŀǘŜǊ ŎƻǾŜǊƛƴƎ ŀ ǎǳōƳŜǊƎŜŘ ǎǳǊŦŀŎŜ ŀƴŘ ƛǘǎ ǇƘȅǎƛŎŀƭΣ ŎƘŜƳƛŎŀƭΣ 
ŀƴŘ ōƛƻƭƻƎƛŎŀƭ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎΦέ ¢ƘŜ ŎƘŜƳƛŎŀƭ ŀƴŘ ǇƘȅǎƛŎŀƭ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ǘƘŜ ǿŀǘŜǊ ŀŦŦŜŎǘ ǘƘŜ ōƛƻƭƻƎƛŎŀƭ 
components of the water column - including fish distribution (Street et al. 2005). The water column is the 
medium through which all aquatic habitats are connected.  

The North Carolina coastal fishery is affected by a range of water column factors linking fish, habitat, and 
people, such as temperature, salinity, dissolved oxygen (DO), total suspended solids (TSS), nutrients 
(nitrogen, phosphorus), chlorophyll a, pollutants, pH, velocity, depth, movement, and clarity. To 
ŘŜǘŜǊƳƛƴŜ ǘƘŜ ōŜǎǘ ŎƻǳǊǎŜ ŦƻǊ ŜƴƘŀƴŎƛƴƎ ǘƘŜ ǿŀǘŜǊ ŎƻƭǳƳƴΣ ŘŜǘŀƛƭŜŘ ƪƴƻǿƭŜŘƎŜ ƻŦ ŦƛǎƘŜǊȅ ǎǇŜŎƛŜǎΩ ƴŜŜŘǎ 
throughout their life cycles, and the status, trends, and threats is required.  

 

2.1. Description and distribution 

The water column extends from the surface to the substrate, including physical, chemical, and biological 
characteristics. Deepwater habitats are permanently flooded, waterward of the wetland boundary, in 
which water is the principal life-sustaining medium. The coastal aquatic ecosystem includes the river 
basins draining into the estuarine and marine systems. Within a river basin, attributes change from the 
headwaters to the ocean. The results determine spatial and temporal differences in fish assemblage.  

2.1.1. Riverine System 

Five majƻǊ ǊƛǾŜǊƛƴŜ ǎȅǎǘŜƳǎ Ŧƭƻǿ ƛƴǘƻ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ ǿŀǘŜǊǎΥ /ƘƻǿŀƴΣ wƻŀƴƻƪŜΣ ¢ŀǊ-Pamlico, 
Neuse, and Cape Fear (Map 1.1a and b). The input from these systems define the estuarine systems. 

River basin characteristics depend on climate, geology, topography, land cover, and land uses. They 
exhibit seasonal variations in flow, suspended particle concentration, and temperature. Average monthly 
discharge in coastal river basins peaks in March, declines through summer and fall, and increases starting 
around November. This pattern corresponds to changes in salinity, sediment load, and turbidity. Water 
temperatures are generally highest from June to September (25-27º C) and lowest during December - 
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January (5-9º C). 

2.1.2. Lacustrine and Palustrine Systems 

The Lacustrine and Palustrine Systems include isolated shallow water where wetlands extend to -сΦсΩ 
Mean Low Water (MLW), and open waters greater than -сΦсΩ a[²Φ ²ŀǘŜǊǎ Ƴŀȅ ōŜ ǘƛŘŀƭ ƻǊ ƴƻƴ-tidal, with 
salinity less than 0.5 ppt., and include lakes, reservoirs, and ponds. The Palustrine System includes non-
tidal wetlands and tidal wetlands where salinity is below 0.5 ppt, with some intermittent channels.  
¢ƘŜǊŜ ŀǊŜ мс ƴŀǘǳǊŀƭ ƭŀƪŜǎ ƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ Ŏƻŀǎǘŀƭ Ǉƭŀƛƴ (Menhinick 1991), with only Alligator, Great, 
Ellis, and Pungo lakes having unobstructed passage to coastal waters (Map 1.1). Lake Phelps has a 
sporadic connection via canals, as does the largest natural lake, Lake Mattamuskeet (41,084 acres). 

2.1.3. Estuarine System 

Mixing salt and freshwater, lunar and wind tides, estuaries have partly obstructed access to the ocean. 
Including salt marshes and tidal flats, upstream limits occur where salt drops to 0.5 ppt during periods of 
average annual low flow (Cowardin et al. 1979). A NOAA classification is below (Map 2.1a-b, Figure 2.1): 

1. 0.5-5 (low-salinity) 
2. 5-15 (moderate-salinity) 
3. 15-25 (high-salinity)  
4. 25-30 (inlet-salinity) 

Salinity zones change due to flow, weather, and tide. Coarse sediments, saline water, and migrating 
organisms come with flood tides to the mixing zone; fine sediments, freshwater, nutrients, and organic 
matter come by ebb tides (SAFMC 1998b). Freshwater is affected by the barrier island inlets. Salinity is 
generally lowest from December to spring, highest from late spring to early fall (Orlando et al. 1994). 

Strong winds are a major component of water movement in irregularly flooded estuaries. In the 
Albemarle-Pamlico Sound, lunar tides are measured in inches, whereas wind tides are much greater 
(Reed et al. 2008). Wind tides, flooding the windward shore, expose substrate along the leeward shore, 
resulting in colder, nutrient-rich, or hypoxic bottom water (Borsuk et al. 2001; Luettich et al. 1999).  

Salinities and circulation are reflected in the variable flushing rates of the estuarine systems. The 
Albemarle-Pamlico system has a flushing period of about 272 days (Table 2.1). Since the trunk estuaries 

Figure 2.1. Estuarine sŀƭƛƴƛǘȅ ȊƻƴŜǎ ǿƛǘƘƛƴ /Itt ǎǳōǊŜƎƛƻƴǎ ώ{ƻǳǊŎŜΥ bh!!Ωǎ мΥмллΣллл ǎŎŀƭŜ ǎŀƭƛƴƛǘȅ ƳŀǇǇƛƴƎ 
(Coastal Ocean Resource Assessment Program).] 
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flowing into Pamlico Sound flush more rapidly than the sound, the sound acts as a settling basin for 
sediments and nutrients (Giese et al. 1979). In Bogue and Back Sounds, lunar tides are the dominant 
influence (Orlando et al. 1994), thus flushing rates are faster. In the Pamlico-Pungo, Neuse, and New 
Rivers, freshwater inflow is the dominant influence (Orlando et al. 1994). The shortest flushing rate of 14 
days is the Cape Fear estuary, with ocean discharge and a low cross-sectional area.  

Table 2.1. Hydrologics/hydrodynamics of major NC estuaries: (Basta et al. 1990; Burkholder et al. 2004) 

Estuary 

Drainage 
area 

Surface 
area 

Avg. 
depth 

Volume Avg. daily freshwater 
input 

Flushing 
period (mi2) (mi2) (ft) (billion ft3) (100 cfs) (days) 

Albemarle-Pamlico and Core 
Sounds 

29,600 2,949 13 597 318 214 
Pamlico-Pungo River 4,300 166 9 44 46 111 
Neuse River 5,600 173 12 55 62 103 
Bogue-Core sounds and White 
Oak River 

700 102 5 13 13 116 
New River 500 32 6 5 8 72 
Cape Fear River 9,100 38 11 12 101 14 

2.1.4. Marine System 

Marine habitats overly the continental shelf, are exposed to waves and ocean currents, and the water 
regimes are determined primarily by the ebb and flow of oceanic tides. Salinity, temperature, and 
circulation patterns are affected by freshwater input, proximity to inlets, prevailing winds, currents, and 
shoals. Temperatures and salinities are largely vertically uniform on the inner shelf during fall and winter 
(Menzel 1993), and often stratified during summer.  

The effects of freshwater are most apparent near inlets and river mouths. Low-salinity waters enter the 
ocean through inlets and from the southerly Chesapeake Bay flow. The Cape Fear River is a major source 
of direct ocean flow. Salinities and temperatures are lowest during periods of maximum freshwater 
runoff in March. Mixing is amplified by twice-Řŀƛƭȅ ǘƛŘŜǎΦ ¢ƛŘŀƭ ŀƳǇƭƛǘǳŘŜ ŀƭƻƴƎ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ƻŎŜŀƴ 
shoreline is greatest in the south, where the continental shelf is widest. The average tidal flux near Cape 
Hatteras is 2 ft (0.6 m) and near the Cape Fear River is 4.3 ft (1.3 m). 

The warm, north-flowing Gulf Stream and cool, south-flowing Labrador Current meet near Cape Hatteras, 
delineating mid and south Atlantic waters. Gulf Stream waters elevate salinities and temperatures, 
transporting larvae into North Carolina nearshore waters (Menzel 1993). The Labrador Current runs along 
the northern shore of the Outer Banks, lowering temperatures and salinities (Pietrafesa 1989). These 
currents interact with near-ǇŜǊǇŜƴŘƛŎǳƭŀǊ ǎƘƻŀƭǎ ƴŜŀǊ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŎŀǇŜǎ ŀƴŘ ƛƴƭŜǘǎΣ ŎǊŜŀǘƛƴƎ 
upwellings of nutrient-rich bottom water.  

2.1.5. Fish assemblages by system 

Salinity and proximity to inlets are key factors in estuarine fish distribution (Noble and Monroe 1991a; 
Ross and Epperly 1985; Szedlmayer and Able 1996). Some species tolerate large variations in salinity (blue 
crab), while others cannot (black sea bass). Inlet proximity affects delivery of organisms from offshore 
spawning areas to estuarine nursery areas (Table 2.2). In low-salinity areas, the community is dominated 
by freshwater and anadromous species (Table 2.2). In late winter, river herring (blueback herring and 
alewife), striped bass, Atlantic sturgeon, American shad, and others, migrate from the ocean and lower 
estuary to spawn upstream in freshwater. The adults then migrate back to the lower estuary or ocean, 
while the juveniles begin their seaward migration in late fall (Fischer et al. 1979; Hawkins 1980; Marshall 
1976; Sholar 1975; Sholar 1977). Residents of the low-salinity zone include bay anchovy, and freshwater 
species such as white perch, yellow perch, catfishes, sunfishes, minnows (Copeland et al. 1983; Epperly 
1984; Keefe and Harriss 1981; Keefe and Jr. 1981), and the catadromous American eel. During spring and 
summer, juvenile and adult estuarine species that were spawned in high-salinity estuarine waters (e.g., 
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blue crab, red drum, weakfish), or the nearshore ocean (e.g., Atlantic menhaden, Atlantic croaker, spot, 
southern flounder), occupy the low-salinity zone (Table 2.2). 

The moderate-to-high salinity zone has few and generally small residents (e.g., gobies, anchovies, 
pipefish, grass shrimp, hogchokers)(Epperly and Ross 1986), with exceptions such as sheepshead. Eastern 
oysters, bay scallops, and hard clams are the only fishery species residing year-round in this zone. During 
the growing season, these areas are dominated by young estuarine and marine spawning fishery species, 
e.g., Atlantic menhaden, spot, Atlantic croaker, southern flounder, striped mullet, blue crabs, red drum, 
and seatrout. Catadromous American eels migrate through the lower estuary in late summer to fall to 
spawn in the Sargasso Sea. Anadromous fish migrate through these areas during their fall-to-early-winter 
trek back to the ocean. Higher salinity regions of the estuary are used by marine species including black 
sea bass, bluefish, juvenile gag grouper, gulf flounder, summer flounder, pinfish, sheepshead, kingfish, 
and Spanish mackerel (Table 2.2). Common inhabitants of the nearshore zone during the growing season 
include bottom fish such as kingfishes, Florida pompano, and dogfish sharks, along with pelagic species 
like silversides, striped mullet, king mackerel, cobia, and silversides. During late fall and winter, the 
nearshore marine zone is flooded with post-juveniles of species reared in the estuary (southern flounder, 
Atlantic croaker, spot, shrimp, striped mullet, Atlantic menhaden, red drum, and seatrout) (Francesconi 
1994; Hackney et al. 1996b).  

2.1.6. Fish habitat requirements 

Within salinity zones, the physical and chemical parameters creating suitable habitat include: flow and 
movement, pH, temperature, dissolved oxygen, clarity, and others. 

2.1.6.1. Water flow and movement 

Topographic features, tide, and wind create large-scale spatial and temporal variation in water flow 
(Inoue and Wiseman 2000; Xie and Eggleston 1999). Smaller scale topographic changes and bottom 
structures (e.g., SAV, reefs, pilings, stumps) alter velocity (Komatsu and Murakami 1994; Lenihan 1998). 
Aquatic organisms rely on flow and movement to: (1) distribute sediment and affect structural habitat, 
such as shell, soft bottom, and SAV (DMF 2003b); (2) cue spawning activity; and (3) transport and 
distribute eggs, larvae, and juveniles to nursery areas. Larvae and juveniles prefer low velocities; as such, 
juvenile, estuarine-dependent fish are highly abundant in shallow, side-channel habitats (Noble and 
Monroe 1991a; Ross and Epperly 1985). Powers and Kittinger (2002) found that blue crab predation on 
juvenile hard clams and bay scallops decreased with increased velocity, as did whelk predation on bay 
scallops. Palmer (1988) showed that high current velocities eroding the sediment surface released small 
animals (meiofauna), resulting in increased predation by spot (a more non-visual feeder). 

2.1.6.2. pH 

The pH of the water affects egg development, reproduction, and the ability of fish to absorb DO (Wilbur 
and Pentony 1999). Changes in pH can be caused by atmospheric deposition, among other things. As pH 
varies, many aquatic organisms have adapted. Most fish require pH >5.0 (Wilbur and Pentony 1999), 
above or below which diversity and reproduction can be reduced. Low pH can release toxic elements, 
making them available for uptake by aquatic plants and animals.  

The pH of seawater is the most stable among systems and varies between 7.5 and 8.5 (Nybakken 1993). 
Estuarine pH depends on the mix of seawater and freshwater, freshwater having the most variable pH, 
depending on organic matter content and buffering capacity. The pH standard for surface freshwaters in 
North Carolina is 6.0 to 9.0, depending on classification. In areas of dense vegetation, pH and DO can 
fluctuate dramatically between day and night. Atmospheric carbon dioxide can impact shell formation by 
lowering pH, altering the saturation point of calcium carbonate and aragonite. 
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The optimum pH for egg development and larval growth of oysters is between 8.25 and 8.5 (Calabrese 
1972; Calabrese and Davis 1966). The optimum pH for spawning is 7.8 and for successful recruitment is 
>6.75. Likewise, hard clam eggs and larvae require pH levels of 7.0-8.75 and 7.5-8.5, respectively. 
Anadromous fish can generally tolerate water with lower pH levels; alewife eggs and larvae require pH 
between 5.0-8.5, and blueback herring eggs and larvae between 5.7-8.5 (Funderburk et al. 1991). 

2.1.6.3. Temperature 

Temperature patterns in coastal waters affect fish distribution and functions. Being located at the 
southern end of the cool Mid-Atlantic Bight and the northern end of the warm South Atlantic Bight, Cape 
Hatteras marks the transition. Predominantly northern fish include summer flounder, weakfish, spiny 
dogfish, and migratory striped bass, whereas primarily southern species include snappers, groupers, 
southern shrimps, and southern flounder.   

In riverine systems, temperature increases from headwaters to estuaries determined by elevation, air 
temperature, shading, and velocity, and is one of the primary cues for anadromous fish spawning. The 
ƎǊŜŀǘŜǎǘ ǘŜƳǇŜǊŀǘǳǊŜ ǾŀǊƛŀǘƛƻƴ ǿƛǘƘƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŜǎǘǳŀǊƛŜǎ ƻŎŎǳǊǎ ǎŜŀǎƻƴŀƭƭȅ ŘǳŜ ǘƻ ǎǇring flows 
(Figure 2.1). The average monthly temperature ranges from 41ºF (5ºC) in January to 81ºF (27ºC) in July 
and August in the Pamlico River (Copeland and Riggs 1984). Estuarine water temperature also responds 
to tides (Peterson and Peterson 1979). In winter, water temperatures near ocean inlets rise with the 
incoming tide, whereas during summer, the incoming tide is cooler (Peterson and Peterson 1979). 

Estuarine organisms can tolerate a wide range of temperatures if given adequate time to acclimate 
(Nybakken 1993). Early life stages of many species (e.g., clams, oysters, spot, croaker, flounder, 
menhaden) have lower tolerances than adults (Kennedy et al. 1974). If water temperature falls too low or 
too rapidly, sensitive species like red drum and seatrout may die. Cold shock is a key factor in spotted 
seatrout decline (http://www.ncdmf.net/stocks/spottedseatrout.htm). 

Temperature varies least in the marine system (Peterson and Peterson 1979) and marine species tend to 
be less tolerant of temperature extremes. Tropical species occur off the North Carolina coast where 
bottom water temperatures range from 52-81ºF (11ς27ºC) (SAFMC 1998b). Estuarine-dependent species 
in the nearshore ocean, such as black sea bass and southern flounder, have a broader temperature 
tolerance (Reagan and Wingo 1985; Steimle et al. 1999). 

2.1.6.4. Dissolved oxygen (DO) 

Fish and invertebrates require DO to survive, grow, and reproduce. Oxygen level necessity varies by 
organism. Fish are generally morŜ ǎŜƴǎƛǘƛǾŜ ǘƻ ƘȅǇƻȄƛŀ ǘƘŀƴ ƻǘƘŜǊ ŀǉǳŀǘƛŎ ƻǊƎŀƴƛǎƳǎΣ ƴŜŜŘƛƴƎ җ н ƳƎκƭΣ 
and to the associated sulfide production. However, being highly mobile, most can avoid areas of low DO. 
Growth of actively swimming fish is reduced at DO concentrations <6 mg/l, and metabolism is reduced at 
4.5 mg/l (Gray et al. 2002). The majority of species requiring high DO are pelagic species, although some 
prominent forage species can tolerate hypoxic conditions. 

Benthic invertebrates can be tolerant of low oxygen (Diaz and Rosenberg 1995), but if stationary, are 
defenseless. Among invertebrates, mortality often follows exposure to 0.5-1.0 mg/l for five days (90% 
mortality of blue crabs after three days)(Sagasti et al. 2001). Sulfide production can be associated with 
low DO, and combined, the two can be lethal to benthic organisms (Tenore 1972). 

 

http://www.ncdmf.net/stocks/spottedseatrout.htm
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Table 2.2. Spawning location/strategy and vertical orientation of some prominent coastal fishery species. 

Species Vertical orientation1 Fishery 3 Stock Status 4 

  Demersal2 Pelagic   2014  

ANADROMOUS FISH 
River herring (alewife and blueback 
herring) 

E A, J,  L X D-Albemarle Sound, U-
central/southern 

American shad E A, J, L X Concern 

Sturgeon (Atlantic and shortnose) A, J, E  X5 Depleted 

Hickory shad E A, J, L X Unknown 

Striped bass A, J  E, L X C-Albem/Roanoke, V-Atl. migr. 

CATADROMOUS FISH 
American eel A, J E, L X Depleted 
ESTUARINE AND INLET SPAWNING AND NURSERY 
Bay anchovy  A, J, E, L   

Bay scallop A, J, E L  Concern 

Grass shrimps A, J, E L   

Hard clam A J E, L X Unknown 

Mummichog A, J, E L   

Oyster A, J E, L X Concern 

Silversides  E A, J, L   

Black drum A, J E, L X Unknown 

Blue crab A, J, E  L X Concern 

Cobia  A, J, E, L X  

Red drum A, J E, L X Recovering 

Spotted seatrout A, J E, L X Depleted 

Weakfish A, J E, L X Depleted 

MARINE SPAWNING, LOW-HIGH SALINITY NURSERY  
Atlantic croaker A, J E, L X Concern 

Atlantic menhaden  A, J, E, L X Concern6 

Shrimp A, J, E L X Viable 

Southern flounder A, J E, L X Depleted 

Spot A, J E, L X Concern 

Striped mullet A J, E, L X Viable 

MARINE SPAWNING, HIGH SALINITY NURSERY 

Black sea bass A, J E, L X V-south of Hatteras, R-north of 
Hatteras 

Bluefish  A, J, E, L X Viable 

Florida pompano A, J E, L X  

Gag grouper A, J E, L X Concern 

Gulf flounder A, J E, L X  

King mackerel  A, J, E, L X Unknown 

Kingfish ("sea mullet") A, J E, L X Unknown 

Pinfish A, J  E, L X  

Sheepshead A, J E, L X Unknown 

Spanish mackerel  A, J, E, L X Viable 

Summer flounder A, J E, L X Viable 
1Epperly and Ross (1986), Funderburk et al. (1991), Pattilo et al. (1997), SAFMC (1998b), NOAA (National Oceanic and 
Atmospheric Administration) (2001), USFWS, DMF. 

2 Demersal species live primarily in, on, or near bottom; pelagic species live primarily in the water column. A=adult, J=juvenile, 
L=larvae, and E=egg. 

3 Existing commercial or recreational fishery. Fishery and non-fishery species are also important as prey. 
4 V=viable, R=recovering, C=concern, D=depleted, O=overfished, U=unknown (DMF 2014) 
5 Former fishery, but fishing moratorium since 1991. 
6 Although the 2014 ASFMC stock status is of Concern, this will likely be updated to Viable in the 2015 assessment.   
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Low DO during the growing season can be fueled by nutrients and oxygen-consuming wastes. Abundant 
algal production creates biomass that is consumed by microbial decomposition, increasing the 
biochemical oxygen demand (BOD). Chlorophyll a concentrations and BOD have been strongly correlated 
in coastal creeks, estuaries, lakes and rivers (Mallin et al. 2006). Warm water, calm winds, and reduced 
freshwater in summer limit mixing and aeration of the water column, stratifying the bottom layer, and 
depleting it of oxygen. Shallow water estuaries with less flushing often develop persistent stratification 
and bottom-water hypoxia (Tenore 1972). 

2.1.6.5. Light and clarity 

Clarity and light are important for aquatic plant growth, and are determined by levels of dissolved and 
suspended particles. While algae have low light requirements, submerged aquatic vegetation (SAV) has a 
greater need. Extreme turbidity reduces light availability and visibility of food for pelagic organisms 
(Bruton 1985), reducing reactive distance for visual feeders (Barrett et al. 1992; Gregory and Northcote 
1993), volume of water searched, and feeding efficiency (Benfield and Minello 1996; Lindquist and 
Manning 2001). However, moderate turbidity can be beneficial to small fish by affording protection from 
predators, and to photophobic species by increasing overall survival rates (Bruton 1985). 

2.2. Ecological role and functions 

As the medium through which all aquatic habitats are connected, the water column provides basic 
ecological roles and functions for organisms within, both by itself and by virtue of benthic-pelagic 
coupling. Benthic-pelagic coupling refers to the influence of the water column on the benthic community 
and sediments, and vice versa, through integrated events and processes such as resuspension, 
settlement, and absorption (Warwick 1993). 

2.2.1. Productivity 

Primary productivity in the water column comes from phytoplankton, floating plants, macroalgae, benthic 
microalgae, and detritus. The potential productivity of a habitat can indicate its relative value in 
supporting fish populations. The net productivity in a given system depends on water column conditions 
affecting the relative proportion of wetlands, shallow soft bottom, SAV, shell bottom, and deep water. 

Studies of phytoplankton production in several North and South Carolina estuaries have reported 
relatively high productivity (Peterson and Peterson 1979; Thayer 1971; Williams and Murdoch 1966). 
Mallin et al. (2000a) found the highest phytoplankton production in riverine estuaries where flushing was 
limited by extensive barrier islands, whereas areas that are well flushed (Cape Fear River) support lower 
phytoplankton biomass and productivity. 

Phytoplankton productivity is generally considered secondary to detritus production in salt marshes 
(Dame et al. 2000; Peterson and Peterson 1979). Compared to open water areas, narrow tidal creeks and 
associated marshes contribute more detritus than phytoplankton. However, research suggests that much 
of the detrital production remains in the marsh, making juvenile fish production the major export. 

Phytoplankton production in shallow estuaries can be secondary to phytobenthic production. Based on 
relative rates of primary production and nutrient cycling, Webster et al. (2002) found phytobenthos to be 
the dominant primary producer in a shallow estuary where light was not limiting. Both turbid and non-
turbid estuaries were found to have high primary productivity from benthic, epiphytic, and edaphic algae 
(Cloern 1987; MacIntyre et al. 1996a; Mallin et al. 1992). 

Sampling tributaries of the Lower Mississippi River basin between 2006 and 2009, Ochs et al. (2013) 
found phytoplankton production to be significantly greater in the summer months, and light limited. 
While there was significant gross primary production in the main channel in summer, the net primary 
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production was negative, posing the hypothesis that the main flow of the channels are subsidized by 
hydrologically connected tributaries and slackwater areas where the light regime is greater; hence, the 
importance of protecting primary nursery areas for phytoplankton production.  

In nearshore ocean waters, Menzel (1993) reported significant primary production rate decreases from 
the inner to the outer shelf of the South Atlantic Bight. Cahoon et al. (1990) found that on the inner shelf 
in Onslow Bay, 80% of chlorophyll a was associated with sediment. Benthic microalgal biomass always 
exceeded phytoplankton biomass (Cahoon and Cooke 1992). Mallin et al. (1992) estimated microalgal 
production to be at least 66% of the total annual primary production in coastal areas, mostly contributed 
by benthic microalgae. Hackney et al. (1996b) reported that, because of circulation patterns, inorganic 
nutrients could be resuspended and retained sufficiently to allow localized phytoplankton blooms in the 
surf zone. Production levels in nearshore waters may increase by a factor of three to ten with the warm 
core intrusions from the Gulf Stream (Signorini and McClain 2007). 

2.2.2. Fish utilization 

U.S. commercial and recreational saltwater fishing generated more than $199 billion in sales in 2012, 
according to the Fisheries Economics of the United States 2012. In North Carolina, the recreational and 
commercial fishery generated $1.87 billion in 2011, 
http://www.st.nmfs.noaa.gov/Assets/economics/documents/feus/2011/REC_2011_revise.pdf. This 
section will focus primarily on species associated with the open water habitat.  

Pelagic species are most commonly found near the surface, examples being alewife, American and 
hickory shad, blueback herring, bay anchovy, silversides, Atlantic menhaden, striped mullet, bluefish, 
cobia, king and Spanish mackerel. The eggs and larvae of most fish depend on water for transport and 
food. Demersal species (living on or near the ocean bottom) utilize the water column on limited bases 
depending on life stage (e.g., egg laying or larval), and for opportunistic behaviors. Such fish include, but 
are not limited to, grouper, black sea bass, trigger, and sheepshead (G. Bodnar, DMF, pers. com. 2014). 

2.2.2.1. Corridor and connectivity 

The corridor is important to all fish, but particularly to species whose life spans more than one system 
(anadromous, catadromous, and marine-spawning, estuarine-dependent)(Table 2.2). Meroplankton 
(spend part of their life as plankton) rely on the corridor for transport from spawning areas to nursery 
areas. The spatial and temporal interplay of factors triggering migration, and the water conditions needed 
for successful migration, determine the degree of corridor function. The major conduits used by 
meroplankton and migrating fish are ocean inlets and channels from riverine headwaters to estuaries. 

2.2.2.2. Spawning 

During late winter and early spring, increasing light, flow, and temperature in freshwater systems provide 
spawning habitat for resident freshwater and anadromous fish (Orth and White 1993) (Table 2.3). The 
reverse is true for marine-spawning, estuarine-dependent species as declining light, flow, and 
temperature in low salinity nurseries trigger spawning in the ocean during late fall and early winter. 
Species completing their life cycles in the inlet estuary (e.g., red drum, seatrout, blue crab, eastern oyster) 
spawn during summer and fall. As conditions are met for spawning, many fish species broadcast 
planktonic or semi-demersal eggs. Survival of planktonic larvae (meroplankton) to free-swimming 
juveniles is determined by water quality, flow, and circulation patterns, in route to nursery areas.   

Anadromous fish spawning 

Anadromous fish species such as alewife, blueback herring, striped bass, and hickory and American shad, 
use the riverine water column during spring to broadcast eggs which develop as they float downstream. 

http://www.st.nmfs.noaa.gov/Assets/economics/documents/feus/2011/REC_2011_revise.pdf
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Current velocity, and increasing light and temperature are important cues for spawning (Klauda et al. 
1991; Orth and White 1993)(Table 2.4). Sufficient rainfall from mid-February to mid-June is needed to 
provide suitable velocities for spawning. Strong currents are required by striped bass and blueback 
herring, whereas slower velocities are needed for American shad and alewife (Funderburk et al. 1991). 
Successful spawning of striped bass coincides with water velocities between 3.3 and 6.6 ft/s (100-200 
cm/s), while adult American shad prefer slower waters (Fay et al. 1983c; Hill et al. 1989; MacKenzie et al. 
1985). Alewife spawn in lakes, slow-moving oxbows and small streams where it co-occurs with blueback 
herring. Blueback herring prefer deeper waters than alewife, and will use lentic (standing) water or lotic 
(moving) water, while alewife will only use lentic (Walsh et al. 2005). Lake Mattamuskeet is a lentic 
system that has historically supported significant alewife spawning runs (Epperly 1985; Winslow et al. 
1983). Species differ in whether they prefer main stem rivers or tributary creeks for spawning. Main stem 
spawners include American shad and striped bass (Funderburk et al. 1991). Blueback herring and alewife 
spawn in tributary creeks. For hickory shad, there is evidence of spawning in flooded tributaries 
(Funderburk et al. 1991; Pate 1972). During their spawning migration, anadromous fish actively avoid 
waters with low DO and extremely high turbidity (Steel 1991). 

Estuarine spawning 

Estuarine spawners are mostly resident forage finfish, spawning in shallow water during the warmer 
months (Table 2.3). This group includes important shellfish species (oysters, hard clams, bay scallops, blue 
crabs) and sport fish (red drum, weakfish, spotted seatrout, cobia) that spawn in deeper, flowing waters 
(Luczkovich et al. 1999; Powers and Gaskill 2004). Red Drum will spawn in high salinity nearshore waters 
in late summer (Johnson and Funicelli 1991; Murphy and Taylor 1990; Nicholson and Jordan 1994), 
allowing eggs and larvae transport to nursery grounds (Johnson 1978; Ross and Stevens 1992). 
Spawning season for blue crabs, oysters, clams, and scallops is triggered primarily by increasing spring 
water temperatures and/or decreasing fall water temperatures (Burrell 1986; DMF 2004; Eversole 1987; 
Fay et al. 1983b). Winds and currents carry larvae to nursery habitats in the estuary and nearshore ocean. 
Understanding water movement is essential to understanding larval transport. Successful movement of 
larvae through inlets is very important to North Carolina fisheries. Spawning and egg requirements are 
shown in Table 2.5.  

Marine spawning 

Marine spawners generally spawn where prevailing currents will carry their eggs and larvae to nurseries 
within estuaries and nearshore ocean waters. There are two groups of marine spawners: 1) low-high 
salinity, and 2) high salinity (Table 2.3). The first group spawns offshore from fall to late winter, and 
includes spot, Atlantic croaker, southern flounder, Atlantic menhaden, shrimp, and striped mullet 
(Anderson 1958; Epperly and Ross 1986), among others. Larvae are transported into estuaries where they 
settle in nursery areas of low to high salinity. The second group includes pinfish, black sea bass, gag 
grouper, and kingfish, and reproduces at various times in limited to higher salinity areas. Evidence 
suggests that gag grouper will spawn offshore and larvae will spend time in high salinity inlets before 
moving into estuaries (Keener et al. 1988). The DMF initiated a program in 2009 to study the ingress of 
gag grouper larvae to estuaries near Masonboro Inlet (C. Collier, DMF, pers. com. 2014). Between March 
12 and June 20, 2012, 15 estuarine sites were sampled to monitor ingress of juveniles of winter spawning 
commercially and recreationally important fish species, in particular, gag grouper. The sites extend from 
Swansboro, NC to Brunswick, GA. During this time period (2012), gag grouper dropped to 34th most 
abundant taxa, from 10th and 15th in 2010 and 2009, respectively (Rester et al. 2013). The results are 
being used as part of a coastwide study to calculate a juvenile abundance index for gag grouper in the 
South Atlantic (C. Collier, DMF, pers. com. 2014). Contracts are in place to maintain sampling sites 
through 2016; however no additional sites are currently funded. 
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Table 2.3. Spawning seasons for coastal fish and invertebrates in NC that broadcast semidemersal or planktonic 
eggs.  
Black squares indicate peak spawning. Cross-hatched squares indicate spawning period.Sources: USFWS (lit. cited: 
reference titles beginning Species Life Histories and Environmental Requirements), DMF FMPs, Funderburk et al. 
(1991) Pattilo et al. (1997), Luczkovich et al. (1999), NOAA (2001), DMF (2003a).  

 
Winter Spring Summer Fall 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

ANADROMOUS FISH 

Alewife                         

American shad                         

Blueback herring                         

Striped bass                         

ESTUARINE  AND INLET SPAWNING AND NURSERY    

Atlantic silversides                      

Bay anchovy                   

Bay scallop                        

Blue crab                         

Black drum                         

Cobia                      

Hard clam                    

Inland silversides                   

Oyster                    

Red drum                        

Spotted seatrout                      

Weakfish                       

MARINE SPAWNING, LOW-HIGH SALINITY NURSERY  

Atlantic croaker                     

Atlantic menhaden                         

Brown shrimp                         

Southern flounder                        

Spot                         

Striped mullet                         

White shrimp                         

MARINE SPAWNING, HIGH SALINITY NURSERY 

Black sea bass                         

Bluefish                 

Gag grouper                         

Gulf flounder                        

King mackerel                      

Pinfish                       

Pink shrimp                      

Sheepshead                       

Spanish mackerel                     

Southern kingfish                    

Summer flounder                        
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Table 2.4. Spawning and egg requirements for resident freshwater and anadromous fishes inhabiting coastal NC. 
[Sources: Funderburk et al. (1991), Pattilo et al. (1997), SAFMC (1998b), USFWS (lit. cited: reference titles beginning 
Species Life Histories and Environmental Requirements), Wannamaker and Rice (2000), NOAA (2001)] 

Species 

Salinity (ppt) Temperature (C) 
Dissolved 

oxygen (mg/l) Flow (cm/s) 
Other 

parameters 

Adult 
Spawn/ 

Egg Adult Spawn/ Egg Adult 
Spawn
/Egg Spawning Spawn/ Egg 

Alewife [S] 0-5 
[S] 0-5 
[O] 0-2  

  
[S] 11-28 
[O] 17-21 

[S] >4 [S] >4 
[O] slow 
current 

SS  
<1000 mg/l 

American 
shad 

[S] 0-18 [S] 0-18 [S] 10-30 
[S] 13.0-
26.0 

[S] >5   [S] 30-90   

Blueback 
herring 

[S] 0-5 
[S] 0-22 
[O] 0-2 

  
[S] 14-26 
[O] 20-24 

[S] >5   
[O] strong 
current 

SS <1000 
mg/l 

Striped 
bass 

[S] 0-5 [S] 0.5-10 [S] 20-22 
[S] 12-24, 
[O] ~18-22 

[S] >5   
 [S] 30.5-500, 
[O] 100-200 

 

Yellow 
perch 

[S] 0-13 [S] 0-2  [S] 6-30  [S] >5   
SS <1000 
mg/l 

White 
perch 

[S] 5-18 [S] 0-2  [S] 10-30 [S] 12-20 [S] >5   
SS <100 
mg/l 

Sturgeon, 
Atlantic 

[S] 0 to 
>30 

[S] 0-5 
[S] 0 to 
>30 

[S] 11-20     

Sturgeon, 
Shortnose 

[S] 0 to 
>30 

[S] 0-5 
[S] 0 to 
>30 

[S] 5-15     

   [S] = suitable, [O] = optimum   

Research projects conducted under the South Atlantic Bight Recruitment Experiment (SABRE) studied 
transport of winter-spawned fish larvae into estuaries. They found larvae concentrated on the shelf in a 
ƴŀǊǊƻǿ άǿƛǘƘŘǊŀǿŀƭ ȊƻƴŜΣέ ǳǇǿƛƴŘ ƻŦ ŀƴ ƛƴƭŜǘ ǿƛǘƘƛƴ ǘƘŜ но-foot (7m) depth contour. When the ocean 
currents were appropriate, larvae passed through the inlets, but with the best wind and tide conditions 
only about 10% were successfully drawn into the inlet (Blanton et al. 1999). Larvae passing downwind and 
outside the withdrawal zone pass seaward of the inlet shoals, and given the right conditions, will be 
transported into the next downstream inlet. Churchill et al. (1999) noted that transport dynamics in the 
immediate vicinity of inlets are complex, and larvae may move in and out repeatedly before immigrating. 
Since the along-shore flow component of the coast is four to five times greater than the cross-shelf 
component, larvae are highly dependent on being transported along the shore in a narrow zone and 
injected through the inlet (Hare et al. 1999). The larvae of estuarine inlet spawners, e.g., red drum, 
seatrout and blue crab, are also affected by hydrodynamic conditions of inlets. 

Beaufort, Ocracoke, and Oregon inlets support significant larval fish passage. Oregon Inlet is especially 
important, providing the only opening into Pamlico Sound north of Cape Hatteras for Mid-Atlantic Bight 
spawned larvae. Diversity of larval fish passing through inlets is very high, as 61 larval species have been 
found in Oregon Inlet, with Atlantic croaker and summer flounder particularly abundant (Hettler and 
Barker 1993). Larval species also found in Oregon Inlet include bluefish, black sea bass, gray snapper, 
flounders, pigfish, pinfish, spotted seatrout, weakfish, spot, kingfish, red drum, mullet, and butterfish. 
Utilization and transport through Beaufort Inlet were documented by Peters et al. (1995), and Peters and 
Settle (1994). Table 2.7 depicts the time periods during which various larval species immigrated through 
the inlet. Over 52 taxa, (29 species) were identified, although menhaden, spot, Atlantic croaker, and 
pinfish dominated. Successful transport of larvae from fish spawning on the continental shelf through the 
inlet occurred within a narrow zone parallel to the shoreline and was highly dependent on along-shore 
transport processes (Blanton et al. 1999; Churchill et al. 1999; Hare et al. 1999).  

Table 2.5. Requirements for spawning in the estuarine waters of coastal NC.  
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[Source: USFWS species profiles (see literature cited: reference titles beginning with Species Life Histories and 
Environmental Requirements), Funderburk et al. (1991), Pattilo et al. (1997), SAFMC (1998b), Wannamaker and Rice 
(2000), NOAA (2001)] 

Species 

Salinity (ppt) Temperature (C) DO (mg/l) 
Suspended sediment 

(mg/l) 

Adult Spawn/Egg Adult Spawn/ Egg Adult 
Spawn/ 

Egg Adult Spawn/Egg 

Atlantic 
silversides 

 [O] ~30 
 [S] 14.5-
30 

[S] 15-30 [S] 1-3    

Bay 
anchovy 

[S] 0->30 [S] 0.5- >30 [S] 11-30  [S] 13-30 [S] >3    

Bay scallop [S] >14 [S] 18-30 [S] 15-30 [O] 15-20      
 [S] SS 
<500  

Black drum [S] 5->30 
[S] 8.8-34, 
[O] 23-34 

[S] 16-25 [S] 16-20     

Blue crab [S] 0-30 
 [S] 10-32, 
[O] 23-28 

[S] 5-39 [S] 19-29 [S] >3    

Cobia [S] 18->30 [S] >30 
[S] 21- 
>30 

[S] 21 ->30     

Hard clam 
[S] 10- >30, 
[O] 24-28 

[S] 18- >30 [S] 16-30  [S] 16-30 [S] >5 
 [S] 
>0.2 

[S] SS 
<44  

[S] SS <750  

Inland 
silversides 

   [S] 0-31.5 [S] 15-30 
[S] 13-34, 
[O] 20-25 

 [S]>1.7    

Oyster 
[S] 2 - >30, 
[O] 14-30 

[S] 7.5-34, 
[O] 10-22 

[S] 21-30 [S] 19-32 [S] >1   [S] SS <250  

Red drum 
[S] 0 - >30, 
[O] 20-30 

[S] 10-40, 
[O] 29-32 

[S] 21-30  [S] 21-30  [S] >5    

Spotted 
seatrout 

[S] 2 - >30, 
[O] 20-25 

[S] 15-28, 
[O] ~28.1 

[S] 16-30 
[S] 16 - >30, 
[O] ~28  

    

Weakfish [S] 1 ->30 [S] 12- >30 [S] 10-30 [S] 18-24     

Larval fish are an important component of zooplankton in the ocean water column, Powell and Robbins 
(1998) having documented 110 families in Onslow Bay. During late fall and winter, estuarine-dependent 
species (e.g., Atlantic menhaden, spot, Atlantic croaker) are present. Spring and early summer, estuarine 
spawning species (e.g., pigfish, silver perch, weakfish) are found, with reef fish larvae most abundant in 
spring, summer, and early fall. The frequent occurrence of larvae from deepwater oceanic species is 
indicative of Gulf Stream transport, being the transport mechanism for many larval fish species, nutrients, 
ŀƴŘ ǇƘȅǘƻǇƭŀƴƪǘƻƴ ƛƴǘƻ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ǎƘŜƭŦ ǿŀǘŜǊǎ (Govoni and Spach 1999). 

2.2.2.3. Nurseries 

Open water provides nursery habitat for most planktivorous larvae and many juvenile pelagic species 
(e.g., bluefish, river herring, menhaden, Spanish mackerel). The interactions between spawning locations, 
physical processes, salinity, temperature, chemical cues, and habitat preferences are critical in 
determining larval settlement in estuaries (Brown 2002; Luckenbach 1985; Peterson et al. 2000c). 

The MFC designated PNAs initially in 1977 (the WRC in 1990) as settlement areas for post-larvae of 
offshore winter spawners. The designations were a result of DMF trawling and seine surveys and rigorous 
sampling showing areas continually supportive of juvenile shrimp, crab, and finfish populations. Primary 
Nursery Areas are defined in MFC rule T15A NCAC 03I .0101(4)(f). Once designated, a PNA has special 
protections under the rules of the MFC, CRC, and EMC (MFC rule T15A NCAC 03N .0104, CRC rules T15A 
NCAC 07H .0208, and EMC rules T15A NCAC 02B .0301). 
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Primary Nursery Areas total 76, 927 acres of coastal water column and tidal wetlands, or ±4% of the 
estuarine fishing waters in North Carolina. Designated Secondary or Special Secondary Nursery Area total 
82,000 acres. Data from DMF Estuarine Trawl Surveys (NCDMF 2009a) indicate that the number of 
juvenile species in PNAs is greater in waters north of Cape Lookout than to the south. From 1990 to 2002, 
an average of 68 species was collected from core sampling stations north of Cape Lookout during the 
months of May and June, while an average of 55 species was collected south of Cape Lookout. 

Anadromous fish nurseries 

Nursery habitat for anadromous fishes is generally downstream from spawning locations, but within the 
freshwater to low salinity system. The water quality requirements for anadromous fish larvae and 
juveniles inhabiting pelagic waters are listed in Table 2.8. 

Juvenile alewife and blueback herring in the Potomac River exhibited upstream movement over four 
months before emigration to nursery areas (Fay et al. 1983a). Both species were most abundant in 
surface waters through September, though blueback herring remained in the upper portion of the water 
column during their stay, while alewife were more abundant at a depth of 15 feet (4.6 m) and on the 
bottom for the two months prior to emigration (Warinner et al. 1969). Juvenile alewife were collected in 
upper areas of the Tar River later in maturity than blueback (Jones 2009). The results for blueback suggest 
greater benefit from early arrival to higher salinity zones. Jones (2009) documented higher CPUE of larval 
ǊƛǾŜǊ ƘŜǊǊƛƴƎ ƛƴ άōŀŎƪǿŀǘŜǊέ ǘǊƛōǳǘŀǊƛŜǎ ƻŦ ǘƘŜ ¢ŀǊ wƛǾŜǊ ǘƘŀƴ ƛƴ ǘƘŜ Ƴŀƛƴ ǎǘŜƳΦ tŜŀƪ ŀōǳƴŘŀƴŎŜǎ ŦƻǊ ōƻǘƘ 
species in meroplankton occurred in April - May. Recruitment of larval river herring in tributaries of the 
Chowan River is related to flow conditions (O'Rear 1983). Walsh et al. (2005) observed an increase in the 
number of alewife larvae in 1997 when a large amount of wetlands was flooded. Juvenile river herring 
migrate offshore from fresh and estuarine nursery areas by November of their first year (O'Neill 1980; 
Richkus 1975). Sharp declines in water temperature, and heavy rainfall and water flow are shown to 
influence migration from nursery areas (Cooper 1961; Kissil 1974; Richkus 1975).  

Larval striped bass drift downstream from spawning locations in the upper river during late spring and 
early summer (Funderburk et al. 1991). Larval transformation into juveniles occurs in the downstream 
portions of rivers or in the sounds (Funderburk et al. 1991). During late fall and winter, young striped bass 
begin to move seaward (Fay et al. 1983c; Hill et al. 1989). Adequate flow conditions are essential for the 
egg, larvae, and juvenile life stages of striped bass (Hassler et al. 1981; Rulifson and Manooch 1990). In 
the Roanoke River, juvenile abundance indices (JAI) were highest when water flow was low to moderate 
(5,000-11,000 ft3/sec).  

Juvenile American shad use similar nursery areas to river herring, but young shad prefer deeper pools 
further from shore, occasionally moving into shallow riffles (Funderburk et al. 1991). In summer, juvenile 
shad and blueback herring migrate to the surface at night (Loesch and Kriete 1984). As temperatures 
decrease during fall with river flow slightly increasing, downstream movement of American shad seems to 
be triggered (Funderburk et al. 1991). Nursery area surveys conducted by DMF noted decreases in 
juvenile shad in October on the Cape Fear and Neuse rivers, and Albemarle Sound (Winslow 1990). 
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Table 2.6. Fish spawning requirements for marine waters of coastal NC. 
[USFWS (lit. cited: reference titles beginning Species Life Histories and Environmental Requirements), Funderburk et 
al. (1991), Pattilo et al. (1997), SAFMC (1998b), Wannamaker and Rice (2000), Blanchet et al. (2001), NOAA (2001), 
ASMFC species profiles] 

Species 

Salinity  Temperature (C) Dissolved oxygen (mg/l) 

Adult Spawn/Egg  Adult Spawn/egg Adult Spawn/egg  

MARINE SPAWNING, LOW-HIGH SALINITY NURSERY  
Atlantic croaker [S] 0 to >30  [S] 18 to >30 [S] 5 to >30 [S] 16-25 [S] >5  
Atlantic menhaden [S] 0 to >30 [S] 24 to >30  [S] 5-30 [S] 12-20 [S] 

>1.1 
 

Shrimp, brown [S] 0.8-45, [O] 
24-38.9 

[S] >24 [S] 4-36, [O] 
14.9-31 

[S] 24 to >30 [S] 3-4  
Southern flounder [S] 0 to >30  [S] 18 to >30 [S] 5 to >30   [S] 11-25 [S] >3  
Spot [S] 0 to >30 [S] >30 [S] 0-25  [S] 16-25 [S] >2  
Striped mullet [S] 0 to >30 [S] 18 to >30, [O] >30 [S] 5.9 to >30 [S] 10 to >30, [O] 

21-24 
[S] 1-3 [S] 3-4 

MARINE SPAWNING, HIGH SALINITY NURSERY 
Black sea bass [S] high salinity [S] high, stable salinity [S] >7    
Bluefish [S] 7 to >30 [S] 26.6-34.9, [O] >30 [S] 12-29 [S] 16-30   
Gag grouper [S] high salinity  [S] >10.6    
Gulf flounder [S] 6 to >30, 

[O] >20 
[S] >22 [S] 8.3 to >30 [S] 16-25   

Pinfish [S] 0 to >30 [S] 18 to >30 [S] 3.4 to >30 [S] 16-30 [S] >1   
Sheepshead [S] 0.5 to >30 [S] >30 [S] 5-30, [O] 

25 
[S] 21-30   

Southern kingfish [S] 0.5 to >30 [S] >30 [S] 11 to >30 [S] 16-25   
Spanish mackerel [S] 18 to >30 [S] >30 [S] 20 to >30  [S] 20 to >30   
Summer flounder [S] 5 to >30 [S] >30 [S] 0 to >30 [S] 14-17   

 
 
Table 2.7. Peak larval abundance of seven important fish species near Beaufort Inlet (Peters et al. 1995)  

Species 

Month 

Sep Oct Nov Dec  Jan Feb  Mar 

Atlantic menhaden               

Summer flounder               
Southern flounder               
Spot               
Pinfish               
Gulf flounder               
Atlantic croaker               

 
 
Table 2.8. Larval and juvenile water quality requirements for anadromous fish species inhabiting coastal NC.  
[USFWS (lit. cited: reference titles beginning Species Life Histories and Environmental Requirements), Funderburk et 
al. (1991), Pattilo et al. (1997), SAFMC (1998b), Wannamaker and Rice (2000), NOAA (2001)] 

Species  
Salinity (ppt) Temperature (C) Dissolved oxygen (mg/l) 

Larvae Juvenile Larvae Juveniles Larvae Juvenile 

Alewife [S] 0-3 [S] 0-5 [S] 8-31 [S] 10-28 [S] >5.0  [S] >3.6 
American shad [S] 0-18 [S] 0-30 [S] 15.5-26.1 [S] 15.6-23.9   
Blueback herring [S] 0 to 18 [S] 0-2 [S] 14-28 [S] 10-30 [S] >5.0  [S] >3.6  
Striped bass [S] 1.0-10.5 [S] 0-16 [S] 12-23 [S] 10-27    
Sturgeon, 
shortnose 

[S] 0-5 [S] 0-5 [S] 5-15 [S] 0 to >30   

Sturgeon, 
Atlantic 

[S] 0-5 [S] 0 to >30 [S] 11-30 [S] 0 to >30   

Yellow perch [S] 0-2 [S] 0-5 [S] 10-30 [S] 10-30  [S] >5 
White perch [S] 0-2 [S] 0-3   [S] 12-20 [S] 10-30  [S] >5 

[S] = suitable, [O] = optimum   
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Low and high salinity nurseries 

The larval nursery habitat for offshore spawners extends from the inlet water column, across primarily 
inshore-flowing channels, to the upper reaches of estuaries. Survival depends on the nursery areas 
providing the biological, physical, and chemical characteristics needed for growth (Table 2.9). In Pamlico 
Sound, salinity and circulation are the key physical conditions affecting species composition in juvenile 
nursery habitat (Epperly and Ross 1986; Noble and Monroe 1991a). Low salinity nurseries include the 
upper Pamlico Estuary, Pungo River, upper Neuse Estuary, eastern Albemarle Sound (including Croatan 
and Roanoke sounds), and upper Cape Fear estuary. During spring through fall, pelagic species 
dominating shallow areas within these systems include juvenile Atlantic menhaden, striped mullet 
(Epperly and Ross 1986), silversides, and anchovies (Nelson et al. 1991), the latter two generally being 
year round residents. Post-larval striped mullet enter low salinity nurseries primarily in winter (Nelson et 
al. 1991); menhaden post-larvae arrive February to June (Purvis 1976). By late fall, many nonresident 
estuarine fish migrate to the ocean or deeper regions of the estuary (Epperly and Ross 1986). 

Moderate salinity areas include the waters of Pamlico Sound. In addition to juveniles present in lower 
salinity areas, spotted seatrout, weakfish, silver perch, and red drum are abundant in moderate salinity 
estuaries (Noble and Monroe 1991a). Young weakfish and silver perch occupy deeper waters of moderate 
and high salinity zones; young blue crabs and other demersals prefer shallow areas (Epperly and Ross 
1986). Nursery habitats for juvenile weakfish are deeper portions of coastal rivers, sounds, bays, and 
estuaries (Mercer 1989, DMF unpublished data). Growing, juvenile weakfish are often found in shallow 
bays or channels of moderate depths, higher salinities, and sandy substrates (ASMFC 1996). 

High salinity nurseries 

High salinity nurseries (>18 ppt) include the eastern side of Pamlico Sound, Core and Bogue sounds, the 
mouth of the Cape Fear River, and the southern coastal estuaries, with the dominant juvenile species 
being mostly demersal. The juveniles of pelagic species (e.g., Spanish mackerel, bluefish, cobia) prefer 
deeper, open waters (NOAA 2014). The water quality requirements of these species are listed in Table 
2.10. The timing of juvenile arrival in high salinity nurseries depends on the preceding spawning 
conditions. Bluefish begin spawning in March and their young become abundant in Bogue Sound (high-
salinity) around mid-May (Nelson et al. 1991). Juvenile Spanish mackerel appear (although rarely) in 
Bogue Sound in mid-May (Barber et al. 1991).  

Some pelagic species (e.g., anchovies, king mackerel), rely on nearshore ocean water masses as nursery 
habitats (SAFMC 1998a). Other species include butterfish, striped anchovy, striped mullet, and Atlantic 
thread herring (SEAMAP-SA 2000). Juveniles of Spanish mackerel, bluefish, and black sea bass use the surf 
zone and nearshore waters seasonally, while migrating between estuarine and ocean waters (DMF 2000; 
Godcharles and Murphy 1986; Hackney et al. 1996a). Juvenile bluefish tend to stay in one area and use 
the surf zone for an extended time (>25 days during the summer)(Ross and Lancaster 1996). The major 
recruitment period for juvenile fish to surf zone nurseries is late spring and early summer. 
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Table 2.9. Water quality requirements for selected larval and juvenile estuarine fish species inhabiting estuarine 
nurseries in coastal NC. 
[USFWS (Lit. cited: ref.titles Species Life Histories and Environmental Requirements), Funderburk et al. (1991), 
Pattilo et al. (1997), SAFMC (1998b), Wannamaker and Rice (2000), NOAA (2001)] 

Species 
Salinity (ppt) Temperature (C) Dissolved oxygen (mg/l) 

Larvae Juvenile Larvae Juveniles Larvae Juvenile 

ESTUARINE AND INLET SPAWNING  AND NURSERY 
Bay anchovy [S] 0-15 [S] 9-30 [S] 15-30 [S] 10-30   

Bay scallop 
[S] 22-35       
[O] 25  

[S] 16-30 [S] 16-30 
[S] 11 to 
>30 

  

Black drum [S] 0-36 
[S] 0-80       
[O] 9-26 

[S] 11-16 
[S] 0 to 
>30 

  

Blue crab [S] >20 [S] 2-21 [S] 16-30 [S] 16-30   

Cobia 
[S] 18 to 
>30 

[S] 18 to >30 
[S] 21 to 
>30 

[S] 16 to 
>30 

  

Grass shrimp  
[S] 15-46       
[O] 20-25 

[S] 0-55       
[O] 2-36 

 
[S] 16 to 
>30 

  

Hard clam 
[S] 20-33       
[O] 27-28 

[S] 12-33     
[O] 22-28 

[S] 11 to 
>30 

[S] 0 to 
>30 

  

Inland 
silversides 

[S] 0-30         
[O] 2-8 

[S] 0-34.5 [S] 21-30 
[S] 5-33      
[O] 22-
26.5 

 [S] >1.7 

Mummichog [S] 0 to >30 [S] 0 to >30 [S] 11-30 [S] 5-30  [S] >1 

Oyster [S] 12-27 [S] 12-27 [S] 19-32 
[S] 0 to 
>30 

  

Red drum 
[S] 8-36.4      
[O] 20-40 

[S] 0-45       
[O] >20 

[S] 16 to 
>30 

[S] 0 to 
>30 

[S] >1.8 [S] 5.2-8.4 

Spotted 
seatrout 

[S] 8-40         
[O] 20-35 

[S] 0-48     [O] 
8-25 

5 to >30 
[S] 5 to 
>30 [O] 
>28 

[S] >4  

Weakfish [S] 5 to >30 [O] 2-11 [S] 11-30 
[S] 5 to 
>30 

  

MARINE SPAWNING AND LOW-HIGH SALINITY NURSERY 
Atlantic 
croaker 

[S] 1-21 
[S] 0-36.7    
[O] 10-20 

[S] 11 to 25 [S] 0.6-38  [S] >3-4 

Atlantic 
menhaden 

[S] 1/2 to 
>30 

[S] 0 to >30 [S] 0 to >30 
[S] 0 to 
>30 

  

Brown shrimp [S] 24-36 
[S] 0-45       
[O] 10-20 

[S] 21 to 
>30 

[S] 0 to 
>30 

  

Southern 
flounder 

[S] 10-30 
[S] 2-60       
[O] 2-37 

[S] 0-30 
[S] 0 to 
>30 

 [S] >3.7 

Spot 
[S] 6-35         
[O] 30-35 

[S] 0-36.2    
[O] >10 

[S] 5-25 
[S] 0 to 
>30 

  

Striped mullet 
[S] 16-36.5   
[O] 26-33 

[S] 0-75     [O] 
20-28 

[S] 16-30 
[S] 5 to 
>30 

[S] ~4 [S] <4 

White shrimp [S] 0.4-37.4 
[S] 0.3-41    
[O] <10 

[S] 11-30 
[S] 5 to 
>30 

  

S] = suitable, [O] = optimum  
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Table 2.10. Water quality requirements of selected larval and juvenile coastal estuarine fish species 
inhabiting high salinity nurseries in coastal NC. 
[USFWS (see lit. cited: reference Species Life Histories and Environmental Requirements), Funderburk et al. 
(1991), Pattilo et al. (1997),  SAFMC (1998b), Wannamaker and Rice (2000), NOAA (2001)] 

Species  

Salinity (ppt) Temperature (C) Dissolved oxygen (mg/l) 

Larvae Juvenile Larvae Juveniles Larvae Juvenile 

Black sea bass [S] 30-35 
[S] 8-38       
[O] >18 

  [S] 5.6-30.4     

Bluefish 
[S] 26.7-38    
[O] ~33 

[S] 8-36.2 [S] 16-30 [S] 16-30   [S] >3-4 

Florida 
pompano 

[S] 31.2-
37.7 

[S] 9.3-
36.7, [O] 
>20 

  
[S] 11 to 
>30 

    

Gulf flounder [S] >21 
[S] 6-35       
[O] >20 

[S] 16-25 [S] 5 to >30     

Pinfish [S] 0-43.8 
[S] 0-43.8  
[O] >4 

[S] 16-30 [S] 5 to >30     

Pink shrimp [S] 12-43 
[S] <1-47      
[O] >20 

[S] 21-30 [S] 0 to >30     

Sheepshead [S] 5-24.9 [S] 0.3-43.8 [S] 21-30 [S] 21-30     

Spanish 
mackerel 

[S] 28-37.4 
[S] 0.2-37  
[O] >10 

[S] 16-30 
[S] 11 to 
>30 

    

Summer 
flounder 

[S] 1/2 to 
>30 

[S] 0 to >30 [S] 0 to >30 [S] 0 to >30     

Southern 
kingfish 

[S] 5 to >30 
[S] 1/2 to 
>30 

[S] 11 to 
>30 

[S] 11 to 
>30 

    

   [S] = suitable, [O] = optimum 

 

2.2.2.4. Foraging 

The primary food sources in open waters are zooplankton, phytoplankton, and detritus, consumed by 
most fish at some point in their life cycles. Of over 30 species listed in Table 2.2, nearly all larval stages eat 
plankton. Resuspended benthic microalgae are an important food source. The diet of adult, pelagic filter-
feeders (e.g., river herring, shads, Atlantic menhaden, striped mullet) includes largely zooplankton, and 
then detritus and phytoplankton. Filter-feeding pelagics may also consume benthic copepods, mysids, 
and amphipods as they rise through the water column at night (P. Peterson, UNC-IMS, pers. com. 2003). 
Other species are almost strictly piscivorous. Young-of-year (YOY) bluefish feed predominately on fish 
throughout the water column. In 1992 and 1993, Buckel and Conover (1997) found clupeids, moronids, 
and bay anchovy (Anchoa mitchilli) in a majority of YOY stomachs. Studies by Buckel et al. (2009) 
concluded very little overlap in the diet of juvenile bluefish and striped bass despite similar feeding ability. 
The non-overlap suggests they use different habitats within the water column.   

In freshwater streams, larval and juvenile American shad and blueback herring feed on zooplankton 
(Crecco and Blake 1983; Jenkins and Burkhead 1993). In years with a shortage of prey items, the diets of 
larval American shad and river herrings overlap (Jenkins and Burkhead 1993). Zooplankton abundance for 
river herring in the Chowan River and tributaries was studied under a Fisheries Resource Grant (S. Ensign, 
UNC-IMS, pers. com. 2010). The study revealed similar species composition to that observed in the early 
мфулΩǎΦ aƻƴƛǘƻǊƛƴƎ ǊŜǎǳƭǘǎ ŦǊƻƳ !ǇǊƛƭ нллу ǘƘǊƻǳƎƘ aŀȅ нллф ǎƘƻǿŜŘ ǘƘŀǘ ŎǊǳǎǘŀŎŜŀƴ ȊƻƻǇƭŀƴƪǘƻƴΣ ōŜƛƴƎ 
the choice of juvenile and adult river herring, had overall densities of 2-140 times greater than in the 
early 198лΩǎ (Leech et al. 2008). Temperature and chlorophyll a were positively correlated with 
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crustacean abundance, while discharge was positively correlated only in the main stem of the river, and 
otherwise negatively correlated. Rotifers were abundant for larval and juvenile river herring, while 
potentially of lower nutritional value. Leach et al. (2010) found that small-bodied rotifers dominated all 
stations, followed by copepods and cladocerans. This research and subsequent modeling that while 
blueback herring and alewife were the dominant planktivores in the past, they may now be surpassed by 
hickory, gizzard, and American shad, affecting the zooplankton community. 

Adult striped bass in Albemarle Sound, Roanoke and Cape Fear rivers, feed primarily on clupeids 
(herrings, Atlantic menhaden, and shads) and engraulids during the summer and fall (Manooch 1973; 
Patrick and Moser 2001; Trent and Hassler 1968). In the winter and spring months, adult striped bass will 
feed predominately on invertebrates (e.g., amphipods and blue crabs)(Manooch 1973). 

In estuaries, menhaden, anchovy, silversides, striped mullet, and other pelagics use suspended organic 
matter exported from adjacent marshes, SAV, and oyster reefs, without occupying these habitats (SAFMC 
1998b). The relative contributions of detritus and phytoplankton between the estuarine and nearshore 
ocean ecosystem are seen in the foraging behavior of Atlantic menhaden. Lewis and Peters (1994) found 
the dominant food sources for menhaden were detritus in estuarine systems and phytoplankton in 
coastal waters. Adult striped mullet in North Carolina are opportunistiŎ άƛƴǘŜǊŦŀŎŜ ŦŜŜŘŜǊǎΣέ ŦŜŜŘƛƴƎ ŀǘ ǘƘŜ 
water surface, water bottom, or the surface of objects. While feeding at these interfaces striped mullets 
will consume epiphytic microalgae and dissolved organic matter (DMF2006). 

A large number of adult fish inhabit the marine water column. The September, 2013 results of the DMF 
Pamlico Sound Survey culminated in 70 species of finfish and invertebrates, while the June survey had 67 
species. In 2012, 85 species of finfish and invertebrates were caught in September with 84 in June, 
compared to 73 and 57 in 2011, respectively (NCDMF 2012). 

Coastal pelagic species, highly migratory species, and anadromous fishes depend on the water column for 
foraging. The boundaries of water masses (coastal fronts) in the nearshore ocean are favorite foraging 
areas for mackerel and dolphin (SAFMC 1998b). King and Spanish mackerels feed on baitfish seasonally 
congregating on shoals and reefs. The National Marine Fisheries Service (NMFS) has designated the cape 
shoals of North Carolina as Habitat Areas of Particular Concern (HAPCs) for both mackerels. Anadromous 
species such as shad, river herring, and striped bass utilize the cape shoals as staging areas for migration 
along the coast. Large aggregations of striped bass have been documented in the northern nearshore 
coastal area during winter months, feeding and resting prior to spawning migration (Holland and 
Yelverton 1973; Laney et al. 1999). This wintering ground is shared by the Chesapeake, Hudson, and 
Roanoke/Albemarle striped bass stocks, being important to the entire Atlantic coast population (Benton 
1992). During winter, the waters off of the Outer Banks support anchovies and menhaden, weakfish and 
other sciaenids, on which striped bass feed. Laney et al. (1999) considered the existence of areas with 
such abundant food sources critical for building energy reserves for successful migration and 
reproduction of striped bass. Both striped bass and bluefish use the water column off the Outer Banks 
during winter, suggesting possible competition for resources. 

2.2.2.5. Refuge 

The refuge function of the water column varies according to the area of open water, depth, water quality, 
and floating plants. Expanses of open water can provide protection for forage species by reducing 
encounters with predators; juveniles use shallow areas for refuge. Turbidity and DO can provide refuge 
for pelagic forage species. Silversides create dense schools reducing DO concentrations so low as to repel 
predators (Fay et al. 1983a). Copepods and zooplankton tolerate low DO, impacting the food web for 
small invertebrate refuge (Breitburg et al. 1997; Keister et al. 2000). Turbidity can provide refuge for prey 
species from visual predation (Blaber and Blaber 1980; Boehlert and Morgan 1985; Miller et al. 1985). 
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The value of floating plants in marine systems can be seen in Sargassum, supporting a diverse assemblage 
ƻŦ ƻǊƎŀƴƛǎƳǎΣ ƛƴŎƭǳŘƛƴƎ җмпр ƛƴǾŜǊǘŜōǊŀǘŜǎΣ җмлл ŦƛǎƘŜǎΣ ŦƻǳǊ ƳŀǊƛƴŜ ǘǳǊǘƭŜǎΣ ŀƴŘ ƴǳƳŜǊƻǳǎ ƳŀǊƛƴŜ ōƛǊŘǎ 
(SAFMC 1998b). The greatest concentrations of Sargassum patches are in the Sargasso Sea and the outer 
continental shelf of the South Atlantic. Large pelagic adults (e.g., dolphin and sailfish), predate around 
Sargassum, driving sport fishermen to Sargassum patches. Casazza and Ross (2008) reported a higher 
diversity of species around Sargassum than in unvegetated waters of the Gulf Stream off North Carolina. 
In fact, 18,799 fishes, representing 80 species from 28 families, were collected in 162 Sargassum patches, 
while 2706 fishes, representing 60 species from 23 families were collected from 80 open water samples 
without Sargassum. 

2.3. Status and trends 

The condition of waters is described in physical and chemical context (nutrients, suspended sediment, 
toxins), pollution indicators (chlorophyll a, fecal coliform, fish kills), and status of pelagic fisheries 
(bluefish, Atlantic menhaden). Fish species and assemblages exhibit threshold tolerances. Conditions of 
the water column that are outside the threshold tolerance are considered impaired, polluted, or 
otherwise not supporting fishery species. 

Basic parameters of water impairment as they relate to fish include: flow, movement, pH, temperature, 
DO, and clarity. The parameters synthesize, affecting water quality. Added chemicals can interact with 
biological processes, causing unintended consequences. Excessive sediment from land-based activities 
can exacerbate eutrophication and toxic contamination. Water flow and movement play a vital role in 
distributing the drivers of eutrophication and chemical pollution. 

2.3.1. Physical and chemical environment 

¢ƘŜ ōƛŜƴƴƛŀƭ LƴǘŜƎǊŀǘŜŘ wŜǇƻǊǘ όLwύ ǘƻ /ƻƴƎǊŜǎǎ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǉǳŀƭƛǘȅ ƻŦ ƻǳǊ ƴŀǘƛƻƴΩǎ ǿŀǘŜǊǎ ƛǎ ŀ 
compilation of reports of Sections 303d, 305b, and 314 of the Clean Water Act for the 50 states, 5 
inhabited territories, and the District of Columbia. Together, these reports assess the conditions of the 
waterbodies within state and territorial jurisdictions. In 2012, the report showed results as follows: 

Rivers and Streams ς 29.5% assessed, 7% threatened, 53.7% impaired 
Lakes, Reservoirs, and Ponds ς 43.1% assessed, 8% threatened, 68% impaired 
Bays and Estuaries ς 38% assessed, 0% threatened, 78.1% impaired 
Ocean and Near Coastal ς 3.1% assessed, 0% threatened, 63.2% impaired 

The 2014, North Carolina 303(d) list included: 101,997 freshwater acres, 2,936 freshwater miles, and 
622,338 saltwater acres, which represents 1,113 assessment units. Surface waters of the state are 
assigned a classification reflecting the best-intended use of that waterbody (e.g., drinking water, shellfish 
harvest, primary recreation, aquatic life). To determine how well waterbodies are meeting their best-
intended uses, chemical, physical, and biological parameters are regularly assessed by DWR. These data 
are used to develop use support ratings every two years and reported to the EPA; impaired waters are 
reported on the 303(d) list (DWQ 2012), and do not meet one or more standard(s) or criterion. The 
waterbody is not rated if data are inconclusive or unavailable. A map of the 2012 impaired waters is 
available from the DWR website at  2012 impaired waters map. 

Stations monitoring water quality are concentrated in riverine and upper estuarine waters (Map 2.2). 
Only shellfish sanitation surveys and university research programs provide significant monitoring 
coverage in lower estuarine and nearshore ocean waters. Water monitoring in offshore waters is 
conducted by various federal authorities and organizations. Data collected from monitoring stations 
within the CHPP area include those from approximately 1,020 shellfish growing area stations and 240 
recreational water quality stations (S. Jenkins, DMF, pers. com. 2014); DWR monitoring stations within 

http://ncdenr.maps.arcgis.com/apps/webappviewer/index.html?id=b17139e0934a4ca1a2d5a895d21350c4
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the overall CHPP management unit include ±256 ambient stations, 76 fish community sample sites, and 
245 benthic macroinvertebrate sample sites.  

Water quality data (e.g., chlorophyll a, nutrients, pH, DO, and turbidity) from a representative 18 DWR 
ambient stations throughout the CHPP region are summarized graphically by year in Figures 2.4a-f. Map 
2.3 shows the locations of these ambient stations. The graphs are not statistical trends or meant to show 
standard exceedance, but are generated to show general trends over approximately 15 years. 

The five selected stations in region 1 include: 
N8550000- Roanoke River near Williamston 
D8950000- Chowan River near Colerain 
D999500C- Albemarle Sound near Edenton 
M390000C- Albemarle Sound near Frog Island 
M2750000- Pasquotank River near Elizabeth City 

The graphs show that TP levels are higher in the rivers versus Albemarle Sound, while TN is increasing in 
all the stations, the Pasquotank River showed higher concentrations during the wetter years. Turbidity 
data shows peaks during wetter years and higher concentrations in the Roanoke River. High and low DO 
levels may indicate the growth and crash of algal production within these waterbodies. Median pH levels 
fluctuate at each station with the levels not indicating any extended periods of standard exceedance. 

The four selected stations in region 2 include: 
O787000C- Pamlico River mid-channel near  
O982500C- Pamlico River mid-channel between mouths of Pungo River and Goose Creek 
J8902500- Neuse River near Thurman 
J9810000- Neuse River near Oriental 

Data from the two upper and lower estuary stations show similar patterns over the years. The graphs 
clearly show higher nutrient levels in the upper estuary, whereas dilution and utilization occurs and lower 
concentrations of TP and TN are present at the lower estuary stations. 

The five selected stations in region 3 include: 
P8975000- North River near Bettie 
P7300000- Newport River near Newport 
P6400000- White Oak River near Stella 
P1200000- New River near Jacksonville 
P4600000- New River upstream of French Creek 

Nutrient data was only collected at the New River stations; this data shows much higher concentrations 
near Jacksonville than downstream in the New River estuary. Turbidity data shows much higher 
concentrations in North River than in other coastal rivers, while DO and pH levels are much lower at the 
Newport River station than other coastal stations. 

The four selected stations in region 4 include: 
B8350000- Cape Fear River near Kelly 
B9820000- Cape Fear River near Wilmington 
I9440000- Lockwood Folly near Varnum 
I9820000- Shallotte River near Shallotte 

Nutrient data was only collected at the Cape Fear River stations with the higher concentration data 
indicated in the upstream station. The upstream Cape Fear River B8350000 station also shows larger 
range of turbidity concentrations and lower pH conditions that may be attributed to swamp influence. 

Because of changes in methodologies and EPA requirements, current use support ratings do not directly 
compare to previous assessments, therefore trends cannot be readily identified. Assessments give 
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snapshots of recent water quality conditions and help determine further studies or management 
strategies. Table 2.11 provides a summary of impairments for 16 coastal subbasins (8-HUC). 

Toxic chemical contamination is not evaluated by DWR in estuarine and nearshore ocean waters. The 
current standards do not completely eliminate risk from toxins because: (1) values are not established for 
many toxic chemicals; (2) mixtures and breakdown products are not considered; (3) effects of seasonal 
exposure to high concentrations have not been evaluated; and (4) some potential effects, such as 
endocrine disruption and unique responses of sensitive species, have not yet been assessed.  

Other water quality mƻƴƛǘƻǊƛƴƎ ƛƴ ǘƘŜ /Itt ǊŜƎƛƻƴ ƛƴŎƭǳŘŜǎΥ нн !tb9t /ƛǘƛȊŜƴΩǎ aƻƴƛǘƻǊƛƴƎ {ǘŀǘƛƻƴǎΣ 
USGS special study investigations, and DMF fish sampling programs. The DMF modified fisheries-
independent monitoring programs in 2009 to collect depth, water level, temperature, salinity, DO, 
sediment size, bottom composition, alteration state, and allowed fishing activities. Additional information 
includes Secchi depth, shoreline type and structure, land use, percent development, and SAV 
identification and density. The DMF has deployed nine continuous monitoring devices in the Pasquotank, 
Roanoke, Perquimans, Scuppernong, Chowan, and Alligator Rivers for river herring research (S. Winslow, 
DMF, pers. com. 2014). Data collected every two hours include temperature, DO, salinity, pH, and 
conductivity. The DMF samples 54 random stations in the Pamlico Sound every September and June for 
environmental factors, and fish abundance and distribution (NCDMF 2012), collecting temperature (°C), 
salinity (ppt), DO, Secchi depth, wind speed, wind direction, bottom composition, and water depth. A 
report is generated summarizing species composition, abundance, and size distributions.  

Currently there are no water quality standards for nutrients, except 10mg/L nitrate for drinking water; 
nutrient enrichment is presently measured by chlorophyll a response in the water column, in which 
samples are only taken in large lakes and estuaries. Four basins carry the supplemental classification of 
nutrient sensitive water (NSW), including all waterbodies in the Tar-Pamlico, Neuse, and Chowan River 
basins, and the New River in the White Oak Basin (i.e., Onslow Bay Basin). Nutrient Sensitive Waters are 
subject to wastewater discharge limitations (T15A NCAC 2B .0223), and different nutrient management 
strategies are in place to help reduce the nutrient loads in these waterbodies. 
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Table 2.11. Impairment totals based on 2008, 2010, 2012, 2014 Integrated Reports (IR) for coastal subbasins 2. 
Impaired Parameter 2008 IR* 2010 IR* 2012 IR* 2014 IR* Impairment 

Type # of 
AUs 

Miles/ 
Acres 

# of 
AUs 

Miles/ 
Acres 

# of 
AUs 

Miles/ 
Acres 

# of 
AUs 

Miles/ 
Acres 

Arsenic 3 1,776.9a 3 9,341.2a 3 9,341.2a 3 9341.2a Aquatic Life 

Cadmium 1 24.4m 1 24.4m 1 24.4m 1 24.4m Aquatic Life 

Chloride 1 3.4m 2 4.4m 2 4.4m 2 4.4m Aquatic Life 

Copper 1 
34 

9.5m 
404,245a 

1 
37 

9.5m 
446,957a 

1 
31 

9.5m 
446,975a 

1 
35m 

9.5m 
446,188a 

Aquatic Life 

Chlorophyll a 2 
29 

6.1m 
78,560.2a 

2 
33 

10m 
130,949a 

2 
32 

10m 
132,978a 

2 
24 

12.5m 
30,273a 

Aquatic Life 

Low Dissolved 

Oxygen 

3 
11 

26.1m 
6,566.9a 

3 
10 

33.6m 
6,496.5a 

3 
5 

31.4m 
6,737.4a 

4 
8 

27.0m 
5,002a Aquatic Life 

Low pH  
7 

 
6,342.1a 

4 
6 

62.1m 
5,598.4a 

3 
1 

16.3m 
5,616.7a 

5 
6 

25.6m 
11,488a 

Aquatic Life 

High pH  5 24,667.8m 6 25,242.2a 3 14,359.2a - - Aquatic Life 

High Water 

Temperature 

 
- 

 
- 

 
3 

 
280.1a 

 
1 

 
139.9a 

 
- 

 
- 

Aquatic Life 

Nickel 1 
11 

6.2m 
15,312a 

 
4 

 
9,421.2a 

 
4 

 
9,421.2a 

 
4 

 
9,421.2a 

Aquatic Life 

Turbidity 2 
15 

21.8m 
50,520.3a 

1 
10 

8.4m 
11,776.6a 

1 
5 

8.4m 
10,001a 

 
4 

 
6,290a 

Aquatic Life 

Biological Integrity  

Macroinvertebrate 

30 
2 

280.7m 
64.3a 

24 
2 

210.4m 
64.3a 

22 
1 

199.6m 
15.8a 

25 
1 

227m 
15.8a Aquatic Life 

Water Column 

Mercury1 

- - 9 69.4m 9 69.4m - - 
Aquatic Life 

Dioxin 
4 
3 

45.9m 
70,851.1a 

3 38.1m 3 38.1m 3 38.1m Fish 

Consumption 

Shellfish Growing 

Area closure 

 
654 

 
77,030a 

 
632 

 
70,022.7a 

 
638 

 
67,818.4a 

 
644 

 
70,805a 

Shellfish 

Harvesting 

Fecal Coliform 
 

- 
 

- 
 

16 
 

2,921.1a 
 

17 
 

2,956.4a 
 

32 
 

4,940.7a 
Shellfish 

Harvesting 

Fecal Coliform 1 
3 

14.1m 
399.7a 

 
3 

 
399.7a 

 
1 

 
140.2a 

 
- 

 
- 

Recreation 

Enterrococcus 9 
25 

11.2m 
2,611.7a 

4 
17 

5.9m 
6,155.5a 

 
2 

 
4,720.6a 

 
14 

 
71,547.6a 

Recreation 

Recreation Advisory 6 
8 

6.9m 
340.2a 

 
7 

 
213.4a 

 
10 

 
813.5a 

 
11 

 
70,114.7a 

 
Recreation 

a= acres, m= miles 
*Note:  There is not a direct comparison between the IR assessment periods. There could be methodology assessment changes 
όōŀǎŜŘ ƻƴ 9t! ƎǳƛŘŀƴŎŜύΣ ǎǇƭƛǘǎ ƛƴ ŀƴ ŀǎǎŜǎǎƳŜƴǘ ǳƴƛǘǎ ό!¦Ωǎύ ŘǳŜ ǘƻ ŎƘŀƴƎŜǎ ƛƴ ǿŀǘŜǊǎƘŜŘ ƻǊ ŜȄǘŜƴǘ ƻŦ ƛŘŜƴǘƛŦƛŜŘ ǇǊƻōƭŜƳ ƻǊ 
corrections made.  
1 All 13,123 and unnamed tributaries of the state are Impaired for Fish Consumption because of Statewide Mercury Advice: 
http://portal.ncdenr.org/web/wq/ps/mtu/tmdl/tmdls/mercury.  
2Subbasins included: Lower Roanoke  03010107,  Chowan 03010203, Meherrin 03010204, Albemarle 03010205, Lower Tar 
03020103, Pamlico  03020104, Pamlico Sound  03020105, Middle Neuse 03020202, Lower Neuse 03020204 White Oak River 
03020301, New River  03020302, Lower Cape Fear 03030005, Black 03030006, Northeast Cape Fear 03030007, Waccamaw 
03040206, Coastal Carolina 03040208. 

 

  

http://portal.ncdenr.org/web/wq/ps/mtu/tmdl/tmdls/mercury
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Chowan NSW Strategy 

Algal blooms and subsequent fish kills in the Chowan River led to its NSW classification in 1979, with a 
nutrient control plan in 1982 calling for basinwide reduction of 35% TP and 20% TN. Implementation to 
reduce nutrient loads by point sources included limits of 1mg/l TP and 3mg/l TN and the conversion of 
many municipal point source discharges to land application non-discharge systems resulted in improved 
water quality. The basin was a priority for implementation of agriculture BMPs, reducing nutrient runoff. 
Data through 2012 does not indicate chlorophyll a levels exceeding standards in the Chowan River. 

New River NSW Strategy 

The New River was classified NSW in 1991. The strategy to reduce point source nutrients to the upper 
estuary include: TP and TN limits on existing discharges, and monitoring for TN and TP for facilities 
without limits. It is recommended that no new discharges be permitted and expansions of existing 
facilities only be allowed if there is no increase in loading of oxygen-consuming waste. Data through 2012 
indicate nutrient enrichment is still a problem in the upper estuary, and waters remain Impaired.  

Tar-Pamlico NSW Strategy 

The Tar-Pamlico Basin was classified as NSW in 1989. The basin has a Total Maximum Daily Load (TMDL) 
goal to help meet chlorophyll a standards in the Pamlico estuary. Water quality data is assessed at 
Grimesland (AMS O65600000) along the Tar River to determine whether nutrient reductions in the Tar-
Pam Basin are meeting their reductions of 30% TN, and not increasing TP from the 1991 baseline data. 
Trend analysis of the nutrient parameters data from 1991-2013 at Grimesland indicate an increase in 
total Kjeldahl nitrogen (TKN) and TN concentrations and a decrease in ammonia (NH3-N) and nitrate-
nitrite (NOx-N) concentrations, while there is no trend in TP concentrations.  

Neuse NSW Strategy  

The Neuse River Basin was classified as NSW in 1988. Data for the Neuse River TMDL requiring a 30% 
decrease in TN load from the 1991-1995 baseline is assessed at Ft. Barnwell. Data from 1991-2011 
ƛƴŘƛŎŀǘŜ ŘŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘǎ ƛƴ ¢bΣ ¢tΣ bIї ŀƴŘ bhȄ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΣ ŀƴŘ ŀƴ ƛƴŎǊŜŀǎŜ ƛƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƻŦ 
TKN. Portions of the Neuse Estuary remain impaired due to nutrient enrichment. 

Nutrient loading is flow dependent, with levels falling below baseline only during extreme low flows. Both 
basins indicate a rise in TKN, specifically organic nitrogen. The USGS LOAD ESTimator (LOADEST) tool was 
used to estimate TN and TP annual load time series at the compliance point in the Tar-Pamlico basin and 
for TN at the Neuse River compliance point. Load assessments are impacted by precipitation as seen in 
1996 (Hurricane Fran), 1999 (Hurricane Floyd) and 2003 (unusually wet year). The annual load time series 
at Grimesland/Tar-Pamlico shows that the load fell below the targeted TMDL goal of 3,000,491 lbs/yr 
(green line) in 2007, 2008, 2011 (Figure 2.2a below). The LOADEST TP annual load time series at the same 
station fell below the targeted TP load of not-to-exceed 396,832 lbs/yr (green line) in 2007, 2008, 2010 
and 2011 (Figure 2.2b below). These were drought years as seen by the low flow at the USGS gage station 
(black line). The annual load time series for Fort Barnwell/ Neuse River indicates that only during the low 
flow years of 2001, 2002, 2005, 2007, 2008, 2011 and 2012 does the TN load at the compliance point fall 
below the TMDL target of <6,750,000 lbs/yr of TN (green line; Figure 2.2c below). 
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Figure 2.2a. Tar-Pamlico Basin USGS LOADEST nutrient time series TN annual load estimations (green line represents 

the TMDL loading goal). 
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Figure 2.2b. Tar-Pamlico River USGS LOADEST nutrient time series TP annual load estimations (green line represents 

the TMDL loading goal). 
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Figure 2.2c. Neuse River Basin USGS LOADEST nutrient time series TN annual load estimations (green line represents 

the TMDL loading goal). 

2.3.2. Fish kills  

Lƴ bh!!Ωǎ нлмо нnd National Habitat Assessment Workshop, it was stated that habitat compression due to 
low DO may be associated with a 10-50% worldwide decline of pelagic predator diversity (Rester et al. 
2013). In North Carolina in 2008, low DO was the reported cause of 28 of 61 fish kills statewide, resulting 
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in mortality of 6,951,349 individuals, while toxic algal/phytoplankton blooms accounted for 6 kill events 
(DWR 2008b). Other reported causes included by-catch mortality, toxic spills, or other/unknown causes3F

4 
(DWR 2008b), for a total in 2008 of 7,380,580 individuals. Species most frequently reported included 
Atlantic menhaden, spot, flounder, and croaker. The sharp increase in mortality is attributed to the 2007 
drought, meteorological factors, and extended calm weather conditions (DWR 2008b).  

In 2012, NOAA determined that ulcerative mycosis caused by water mold, Aphanomyces invadans, was 
the cause of an extensive menhaden kill in the Neuse River. There were 16 fish kill events statewide in 
2012, totaling 306,250 dead fish, considered to be an underestimate. Water mold and/or low DO were 
suspected of contributing to most of the deaths. Most North Carolina fish kill events have been in the 
Neuse, Cape fear, and Tar-Pamlico rivers (http://portal.ncdenr.org/web/wq/ess/fishkillsmain). 

According to the DWR Annual Report of Fish Kill Events, there were 13 events in 2013, with a mortality of 
20,608,452, the majority occurring within the Neuse and Tar-Pamlico estuaries beginning in late 
September. The lower Neuse and Pamlico estuaries have historically experienced adverse environmental 
conditions for fish populations, such as low DO, high water temperatures, and fluctuating salinities 
(http://portal.ncdenr.org/web/wq/ess/fishkillsmain). 

According to 2014 DWR reports, statewide fish mortality was in excess of 2,659,000, with a majority of 
kills in estuarine and coastal inlet waters. Estuarine events involved >650,000 fish, with a single inlet 
event involving >2,000,000 fish. Atlantic menhaden were the principle species of kill events in 2014, and 
are the principal species involved in coastal North Carolina fish kills, being particularly sensitive to 
environmental stress. Coastal events in 2014 followed a familiar September-early-October pattern of 
relatively large Atlantic menhaden kills from the Neuse and Tar-Pamlico estuaries and tributaries. These 
events were responsible for all reported estuarine fish mortality during the year and exhibited familiar 
symptoms of stress, lesions, and water mold (Aphanomyces invadans). The fall season marks the 
ōŜƎƛƴƴƛƴƎ ƻŦ ȅƻǳƴƎ ƳŜƴƘŀŘŜƴǎΩ ƳƛƎǊŀǘƛƻƴ ǘƻ ǘƘŜ ǎŜŀΦ CƛǎƘ ǘƘŀǘ ƘŀǾŜ ƴƻǘ ƳƛƎǊŀǘŜŘ ōȅ ƭŀǘŜ {ŜǇǘŜƳōer and 
October may be less hardy and more susceptible to changes in water temperature and oxygen levels, 
invasive pathogens and other stress factors. 

The largest fish kill of 2014 occurred in an inlet on December 21. A kill of Atlantic menhaden (2,000,000+) 
was reported on in Mason Inlet, New Hanover Co., involving schools of ocean fish. The kill was attributed 
to DO depletion after menhaden entered the inlet and became trapped in a falling tide. 

2.3.3. Fisheries associated with pelagic habitat 

The water column habitat is used by all species falling under DMF management for some portion of the 
life cycle (Table 2.2). Larvae are transported from spawning grounds to nursery areas; adults use the 
water column for spawning, feeding and migration. Anadromous species spawn in fresh water and move 
offshore, returning as adults to spawn. American eel spawn in saltwater and migrate through coastal 
habitats, making their way to spawning grounds in the Sargasso Sea. Many commercially important 
species spawn in the ocean or nearshore areas, with the larvae and early juvenile stages transported by 
currents back into bays and estuaries. Table 2.2 also includes species that, although not directly managed 
by DMF, are important components of the ecosystem, particularly as forage species. Water quality or 
other habitat issues affecting the water column would also presumably affect those species. 

                                                           
4 Conditions such as bacterial, viral, parasitic, and fungal infections, ammonia toxicity, and sudden changes in temperature or 

salinity are also possible causes of fish kills.  

 

http://portal.ncdenr.org/web/wq/ess/fishkillsmain
http://portal.ncdenr.org/web/wq/ess/fishkillsmain


 2016 Coastal Habitat Protection Plan Source Document 

Chapter 2. Water Column Page 45 
 

 
Figure 2.3a. Annual fish kill events (DWR 2004-2014). 

 
Figure 2.3b. Annual fish mortality (DWR 2004-2014). 
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Estimated fishing mortality and juvenile abundance indices are used by DMF to determine the status of 
fishery stocks. In 2014, DMF evaluated the stock status of 36 species or complexes (Table 2.2)(DMF 
2014). Stock status is based on data collected on a species and is designed to provide a snapshot of the 
health of a fisheries resource. Stocks are assessed and given one of five possible categories (Viable, 
Recovering, Concern, Depleted and Unknown). A stock assessment is a complex process that involves 
gathering all data collected on a population, including age structure, size structure, fishing mortality, and 
other measures to evaluate population size and the amount of harvest that should be allowed. This is a 
long process completed every few years, but is used to help evaluate stock status. 

Viable stocks are neither overfished nor undergoing overfishing and include bluefish, scup (north of Cape 
Hatteras), spiny dogfish, striped bass (Atlantic migratory stock), striped mullet, summer flounder, dolphin, 
Spanish mackerel, shrimp, and black sea bass (south of Cape Hatteras). Recovering stocks are those which 
have shown marked improvement and include red drum, monkfish, and black sea bass (N. of Cape 
Hatteras). For some species (hickory shad, river herring other than Albemarle Sound stocks, sheepshead, 
kingfishes, black drum, and hard clam) there is no directed sampling effort or insufficient information to 
determine the stock status, so the status is listed as Unknown. Species and stocks of Concern are those 
which exhibit negative trends in several measures or where it is not possible to determine if overfishing is 
occurring. These species and stocks include American shad, the Albemarle/Roanoke stock of striped bass, 
the Central/Southern stock of striped bass, Atlantic menhaden, Atlantic croaker, spot, sharks, blue crab, 
eastern oyster, six species of reef fishes, and king mackerel. A coastwide stock assessment of American 
shad determined that stocks were stable, but well below historical levels (ASMFC 2007b). The 
Albemarle/Roanoke striped bass stock is not overfished, but landings have declined steadily since 2004. 
This stock also experienced lower recruitment from 2002-2013 when compared with previous time 
periods (NCDMF 2013a). The Central/Southern stock of striped bass is of Concern due to lack of adequate 
data, but also because of population attributes indicative of problems in the fishery (truncated age 
distribution, low overall abundance, fewer older fish on spawning grounds). Although the 2014 stock 
status for menhaden is of Concern, this will likely be updated to Viable in 2015 based on the new 
assessment. The status of Atlantic croaker is listed as Concern because the estimate of spawning stock 
biomass is uncertain, but other measures indicate the stock is likely not in trouble. Landings for spot had 
generally been decreasing until 2013; adaptive management measures have been adopted. The status of 
sharks is listed as Concern because several species within that complex are overfished (sandbar, dusky, 
blacknose and porbeagle). Blue crabs are listed as Concern largely because of reduced landings in recent 
years. Eastern oysters face a long-term decline from excessive harvest and habitat disturbances. The reef 
fish complex has 60 species in it, several of which are currently overfished, including red porgy, red 
snapper and red grouper (SEDAR 2009). The SEDAR (2014) stock assessment states that king mackerel are 
not overfished, nor is overfishing occurring, but low recruitment over the previous five years, despite 
declining fishing mortality, is a Concern. 

Depleted stocks exhibit low abundance and include American eel, weakfish, river herring (Albemarle 
Sound), southern flounder, Atlantic sturgeon, and spotted seatrout (DMF 2014). American eel were 
determined to be Depleted based on a 2012 assessment, but the stock status is not well understood, due 
to variations in sampling protocols across its range (ASMFC 2012a). A coastwide stock assessment in 2012 
declared river herring to be Depleted to historically low levels (ASMFC 2012b). Stocks are still considered 
overfished, although fishing is no longer occurring in North Carolina due to a coastwide moratorium 
(NCDMF 2014c). Weakfish are considered Depleted because total mortality continues to increase, despite 
a lack of evidence for overfishing. A 2009 stock assessment for spotted seatrout indicated that overfishing 
was occurring and the species had been overfished for the previous 18 years (NCDMF 2009b). Atlantic 
sturgeon was placed on the Endangered Species list in 2012 (NOAA 2015a). Southern flounder are 
overfished and overfishing is occurring (NCDMF 2013b). For information on species abundance, consult 
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the Fisheries Management Plan (http://www.ncdmf.net/fmps/index.html). 

2.4. Water column summary 

The global annual oceanic primary production can be estimated to be 55 gigatonnes (Carr et al. 2006), 
thus the global carbon storage service is equal to at least $0.66 to $13.475 trillion per year (Walser et al. 
2008). 

The water column connects all fish habitats, emphasizing the need for ecosystem management in aquatic 
systems. Environmental conditions of the water column, including salinity, temperature, flow, pH, 
nutrients, and DO, are the primary factors determining the distribution and abundance of coastal fish 
species and communities. Seasonal and annual variations in these factors are affected by both climatic 
cycles and anthropogenic stressors. 

The status and trends of the water column are described in terms of physical and chemical conditions, 
indicators of pollution, and status of pelagic fisheries. These parameters can change quickly at a given 
location, making monitoring of status and trends very challenging. The status and trends in water column 
condition are evaluated by government and university programs. Monitoring for microbial contamination 
of shellfish harvesting waters remains the most abundant measure of estuarine water quality, but is 
limited in parameters monitored. 

The depleted status of river herring continues to provide a target for restoration and enhancement 
efforts. The DMF has expanded sampling to evaluate, protect, and enhance potential spawning and 
nursery areas, and assess blockages of historical spawning habitat throughout the Albemarle Sound and 
its tributaries. Spawning area surveys were conducted in the Chowan River during the 2008-2013 
spawning seasons, as well as the Yeopim River (2007), Meherrin River (2008), Scuppernong River (2009), 
aŀŎƪŜȅΩǎ /ǊŜŜƪ όнллфύΣ terquimans River (2010), Little River (2010), Alligator River (2011), the Roanoke 
River (2012) and the Pasquotank River (2013).  

 

http://www.ncdmf.net/fmps/index.html
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Figure 2.4a. Median values of Chlorophyll a mg/l from 18 representative DWR ambient stations throughout the 
CHPP management area.  
See Map 2.3 for station locations. These graphs are not statistical trends or meant to show standard exceedance, 
but are generated to show general trends over the last ~15 years. 
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Figure 2.4b. Median values of Total Phosphorus mg/l from 18 representative DWR ambient stations throughout the CHPP management area.   
See Map 2.3 for station locations. These graphs are not statistical trends or meant to show standard exceedance, but are generated to show general trends over 
the last ~15 years. 
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Figure 2.4c. Median values of Total Nitrogen mg/l from 18 representative DWR ambient stations throughout the CHPP management area.   
See Map 2.3 for station locations. These graphs are not statistical trends or meant to show standard exceedance, but are generated to show general trends over 
the last ~15 years. 
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Figure 2.4d. Median pH values from 18 representative DWR ambient stations throughout the CHPP management area.   
See Map 2.3 for station locations. These graphs are not statistical trends or meant to show standard exceedance, but are generated to show general trends over 
the last ~15 years. 
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Figure 2.4e. Median values of Dissolved Oxygen mg/l from 18 representative DWR ambient stations throughout the CHPP management area.   
See Map 2.3 for station location. These graphs are not statistical trends or meant to show standard exceedance, but are generated to show general trends over 
the last ~15 years. 
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Figure 2.4f. Median values of Turbidity NTUs from 18 representative DWR ambient stations throughout the CHPP management area.   
See Map 2.3 for station location. These graphs are not statistical trends or meant to show standard exceedance, but are generated to show general trends over 
the last ~15 years. 
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Map 2.1a. Winter and spring salinity zones in eastern North Carolina, derived from (Orlando et al. 1994). 



 2016 Coastal Habitat Protection Plan Source Document 

Chapter 2. Water Column Page 55 
 

 
Map 2.1b. Summer and fall salinity zones in eastern North Carolina, derived from (Orlando et al. 1994).  
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Map 2.2. Current water quality monitoring stations. 
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Map 2.3. Location of selected DWR ambient water quality monitoring stations included in Figure 2.4a-f.
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CHAPTER 3. SHELL BOTTOM 

3.1. Description and distribution 

3.1.1. Definition 

Shell bottom is defined by Street et al. (2005) ŀǎ άŜǎǘǳŀǊƛƴŜ ƛƴǘŜǊǘƛŘŀƭ ƻǊ ǎǳōǘƛŘŀƭ ōƻǘǘƻƳ ŎƻƳǇƻǎŜŘ ƻŦ 
surface shell concentrations of living or dead oysters (Crassostrea virginica), hard clams (Merceneria 
merceneriaύΣ ŀƴŘ ƻǘƘŜǊ ǎƘŜƭƭŦƛǎƘΦέ ¢ƘŜ ŘŜŦƛƴƛǘƛƻƴ ƛƴ ǘƘƛǎ Ǉƭŀƴ ƛǎ ƭƛƳƛǘŜŘ ǘƻ ŜǎǘǳŀǊƛƴŜ ǿŀǘŜǊǎΦ !ƭǘƘƻǳƎƘ 
molluscan shellfish are present in freshwater and the nearshore ocean, they occur primarily within the 
substrate, rather than on the sediment surface, and therefore do not serve as fish habitat.  
 

Shell bottom is especially important for providing hard 
structure for shellfish attachment, fish refuge and 
nursery areas, as well as enhancing water quality and 
protecting nearby shorelines and seagrass from erosion. 

 

 
{ƘŜƭƭ ōƻǘǘƻƳ Ƙŀōƛǘŀǘǎ ŀǊŜ ŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άƻȅǎǘŜǊ ōŜŘǎΣ ǊƻŎƪǎΣ ǊŜŜŦǎΣ ōŀǊǎΣ ŀƴŘ ǎƘŜƭƭ ƘŀǎƘΦέ ²ƘƛƭŜ 
most of these terms describe concentrations of living and dead oysters, shell hash refers to an 
accumulation of unconsolidated shell (oyster, clam, bay scallop and/or other shellfish). Shell bottom is 
both intertidal and subtidal, and can consist of fringing or patch oyster reefs, surface aggregations of 
living shellfish, and shell accumulations (ASMFC 2007; Coen et al. 1999). The vertical relief of shell bottom 
varies significantly between intertidal and subtidal habitats. In North Carolina, intertidal oyster reefs in 
the central and southern estuarine systems may be a few oysters thick, while subtidal oyster mounds in 
Pamlico Sound may be several meters tall (Lenihan and Peterson 1998). The horizontal extent of shell 
bottom habitat ranges from a few square meters of scattered shell to acres of living and dead oysters. 
The habitat can consist of many square miles of shell hash more than a meter deep.  

Cultch is the term used for hard material, such as shell hash, oyster rocks, marl, or other materials, that 
provides oysters and other shellfish with important substratum for settlement, attachment, refuge, and 
accumulation. Although cultch exists naturally, the Division of Marine Fisheries (DMF) Shellfish 
Rehabilitation Program uses cultch planting to enhance and restore shell bottom for the purpose of 
increasing oyster spat and hard clam settlement and survival. Shellfish also use exposed roots at the 
margin of salt marsh, pilings, seawalls, and rip-rap as attachment sites (DMF 2008a). 

Although molluscan shellfish contribute surface shell material to the estuarine environment, oysters 
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ŘƻƳƛƴŀǘŜ ǎƘŜƭƭ ōƻǘǘƻƳ Ƙŀōƛǘŀǘ ƛƴ bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ŜǎǘǳŀǊƛŜǎΦ hȅǎǘŜǊ ōŜŘǎ ŀƴŘ ǊƻŎƪǎ ŀǊŜ ŎǊƛǘƛŎŀƭ Ƙŀōƛǘŀǘ ŦƻǊ 
oyster populations, as they provide the most abundant and preferred substrate for larval settlement 
(DMF 2008a; Kennedy 1996; Marshall 1995). While oysters colonize a widely within the estuary, their 
distribution and abundance is generally limited by ambient physicochemical conditions. Optimal growth 

conditions for adult oysters and spat exist at temperatures between 10 and 30C̄ (Burrell 1986), salinities 
ranging from 14 to 28 ppt (Quast et al. 1988; Shumway 1996) and DO levels above 1-2 mg O2/l 
(Funderburk et al. 1991). Studies have found that the combination of low salinities and high temperatures 
increase oyster mortality (Funderburk et al. 1991; Loosanoff 1953), while predation rates are highest in 
near seawater conditions (Bahr and Lanier 1981; Gunter 1955). The combination of these two factors 
effectively concentrates subtidal oysters in moderate salinity areas. Intertidal oyster growth and 
distribution is less influenced by predation and more by exposure, tidal flows and food availability.  

Concentration of DO is critical for oyster survival, influencing viable reef distribution. While oysters can 
survive for up to five days in waters with < 1 mg O2/l (Sparks et al. 1958), hypoxic (<2mg/l) and anoxic 
conditions result in sublethal stress and mass mortality (Lenihan and Peterson 1998; Seliger et al. 1985).  

Turbidity and circulation patterns affect oyster survival, viability and species abundance (Thomsen et al. 
2007a). Oyster eggs experience significant mortality at suspended sediment concentration levels of 
approximately 188 mg/l, while significant larvae mortality starts at 750 mg/l (Davis and Hidu 1969). Good 
water circulation is critical for larval dispersal and successful spat settlement (Burrell 1986). Adult oysters 
require adequate circulation to deliver food and oxygen and remove wastes and sediment. For subtidal 
oyster reefs, the vertical height of the rock maximizes circulation by elevating oysters off the bottom, 
avoiding anoxic water (Lenihan and Peterson 1998) and sedimentation (Coen et al. 1999). 

3.1.2. Distribution 

The primary shell-building organism in North Carolina estuaries, the eastern oyster, ranges from the Gulf 
of St. Lawrence in Canada, through the Gulf of Mexico, to the Bay of Campeche, Mexico and the West 
Indies (Bahr and Lanier 1981; Carlton and Mann 1996; Jenkins et al. 1997). To the degree commercial 
fishery landings indicate abundance, the highest documented oyster abundance along the Atlantic coast 
is in the Chesapeake Bay (DMF 2001c)Φ IƛǎǘƻǊƛŎŀƭƭȅΣ aŀǊȅƭŀƴŘΩǎ ƭŀƴŘƛƴƎǎ ƻŦ мр Ƴƛƭƭƛƻƴ ōǳǎƘŜƭǎ ŘǿŀǊŦǎ 
bƻǊǘƘ /ŀǊƻƭƛƴŀΩǎ ƘƛƎƘŜǎǘ ƭŀƴŘƛƴƎ ƻŦ мΦу Ƴƛƭƭƛƻƴ ōǳǎƘŜƭǎ ƛƴ мфлн (DMF 2001c). 

Oysters are found throughout the North Carolina coast, from southeast Albemarle Sound to South 
Carolina (DMF 2001c). Reefs occur at varying distances upstream depending on salinity, substrate, and 
flow regimes. In wind-driven Pamlico Sound, north of Cape Lookout, oyster reefs consist largely of 
subtidal beds. South of the cape, subtidal rocks occur in the New, Newport, and White Oak Rivers 
(DMF2001c). Extensive intertidal beds occur in the southern estuaries, with ample lunar tides. Plentiful 
shell hash exists in New River, eastern Bogue Sound, and stream and channel edges. In the Albemarle-
Pamlico estuary, oysters are concentrated in the lower portion of Pamlico Sound tributaries, along the 
western shore of Pamlico Sound, and behind the Outer Banks  (Epperly and Ross 1986)(Map 3.1). 

The DMF Shellfish Habitat and Abundance Mapping Program began collecting data for the creation of 
detailed bottom type maps of the estuarine system in 1988. Standardized survey methods are used to 
compile maps from the South Carolina border through Core Sound, along the perimeter of Pamlico 
Sound, Lower Neuse River, Lower Pamlico River, Pungo River, and Croatan/Roanoke Sounds, in up to 12 ft 
of water (Map 3.2). Military restricted areas, lease areas, and major navigation channels are excluded. 
The program delineates all bottom habitats with surveys, and samples the density of oysters, clams, and 
bay scallops. The program has differentiated 24 bottom types based on combinations of depth, bottom 
firmness, vegetation density, and density of shells (surface or subsurface). Shell present strata is defined 
as significant cover (>30%) of living or dead, on the surface or in the substrate. Other habitats mapped by 
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the program include salt marsh (fringe shellfish habitat) SAV, and soft bottom. A stratified random 
sampling design is used to provide statistically valid shellfish density estimates by area and habitat. 

In 2005, DENR, seeking to implement the CHPP recommendation to accelerate and complete shellfish 
mapping, was able to secure four new shellfish mapping technician positions and a GIS analyst. Budget 
cuts since 2011 have reduced mapping staff and resources. The program continues to map habitat, 
although not at the rate it did from 2005-2011. The DMF plans mapping of Pamlico Sound subtidal beds 
with depths >12 feet, using acoustic sonar technology, when funding and manpower become available. 

As of July 2014, 94% (590,730.15 acres of the 619, 641.85 acres within the area intended for mapping) 
were completed. A total of 8,154 acres remain to be mapped in Hyde County around West Bluff Bay and 
Wysocking Bay. In Brunswick County, from Dutchman Creek into the Cape Fear, and New Hanover 
County, 12, 680 acres remain to be mapped. It is currently estimated that approximately 1,433 acres 
within the Cape Fear will not be mapped due to depth and other restrictions within the main channel. 

Of the area mapped, approximately 21,221 acres (3.6%) of benthic habitat was classified as shell bottom 
(Table 3.1 and Maps 3.3a-c). The Cape Fear subregion had the greatest relative area of shell bottom (9.9% 
- mostly intertidal) and subtidal shell bottom (6.8%) among the areas mapped to date. The largest 
acreage of subtidal shell bottom was in Core/Bogue (9,230 ac), followed by the Pamlico systems (3,877 
ac), and Cape Fear (2,428 ac). The majority of intertidal shell bottom was mapped in the Cape Fear (3,539 
ac) and Core/Bogue (1,455 ac) subregions. Estimated densities of living shellfish on shell bottom are 
shown on Maps 3.3a-c. The shellfish densities sampled in shell present strata/area combinations were 
applied to the entire strata within an area.  
 
Table 3.1. Shell bottom habitat (DMF Shellfish Habitat and Abundance Mapping Program, CHPP subregions 10/14). 

CHPP 
Subregions** 

Acres Intended 
for Mapping  

Acres 
Mapped*    

  
Mapped Shell 

Bottom (subtidal) 
Mapped Shell 

Bottom (intertidal) 

Total 
Shell 

Bottom  

% 
Mapped Acres 

% of 
Mapped Acres 

% of 
Mapped  Acres 

Albemarle (1) 63,111 63,110 100% 571 0.90% 44 0.07% 615 
Pamlico (2) 290,404 281,945 97% 3,877 1.38% 77 0.03% 3,955 
Core/Bogue (3) 217,478 209,869 97% 9,230 4.40% 1,455 0.69% 10,685 
Cape Fear (4) 48,648 35,807 74% 2,428 6.78% 3,539 9.88% 5,967 
Total 619,642 590,730 95% 16,106 2.73% 5,115 0.87% 21,221 

*Excludes areas that cannot be mapped due to military prohibitions, leases, bridge restrictions, depths, hazards. 
** Oregon Inlet acres included in Albemarle Region; Ocracoke Inlet acres included in Core/Bogue Region.  

3.2. Ecological role and functions 

3.2.1. Productivity 

Primary production (plants that produce their own food source) on shell bottom comes from macroalgae, 
microphytobenthos, and organic biofilms, providing food for resident secondary consumers. The low 
primary productivity on oyster reefs reflects the importance of exogenous sources of primary production, 
like phytoplankton. Analyses of estuarine habitat productivity ratios indicate secondary production 
(organisms that consume primary producers) on oyster reefs is an order of magnitude greater than in 
Spartina marshes, soft bottom, SAV, and mangrove forests (English 2009), attributable to the high 
biomass of oysters and other macroinvertebrates inhabiting the reefs. Also, tertiary production of 
nektonic organisms is found to be > twice higher on oyster reefs than in Spartina marshes, soft bottom, 
and SAV, indicating the importance of this habitat for higher order consumers.      
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3.2.2. Fish utilization 

Shell bottom is widely recognized as essential fish habitat (EFH) for oysters and other reef-forming 
mollusks (ASMFC 2007; Coen et al. 1999). The functional value for oysters includes aggregation of 
spawning stock, chemical cues for successful spat settlement, and refuge from predators (Coen et al. 
1999). In addition to its role as EFH for oysters, shell bottom provides critical fisheries habitat for 
ecologically and economically important finfish, mollusks, and crustaceans. The net dollar benefit to 
recreational fishing derived from oyster reef restoration in the Chesapeake Bay in 2004 was valued at 
$640,000/year by (Hicks et al. 2004). In North Carolina, over 40 species of fish and decapod crustaceans 
have been documented using natural and restored oyster reefs, including American eel, Atlantic croaker, 
Atlantic menhaden, black sea bass, sheepshead, spotted seatrout, red drum, and southern flounder 
(ASMFC 2007; Coen et al. 1999; Grabowski et al. 2005; Lenihan et al. 2001; Peterson et al. 2003b). The list 
includes 12 ASMFC-managed and seven SAFMC-managed species, suggesting the importance of this 
habitat for recreational and commercial fisheries. The most abundant species on oyster reefs are 
generally small forage fishes and crustaceans, such as pinfish, gobies, grass shrimp, and mud crabs 
(ASMFC 2007; Minello 1999; Plunket and La Peyre 2005; Posey et al. 1999), which are important prey for 
larger recreationally and commercially important fishes. Studies have shown that shell bottom supports a 
greater abundance and/or diversity of finfish and crustaceans than unstructured soft bottom (Grabowski 
and Peterson 2007; Nevins et al. 2013). 

Fish that utilize shell bottom can be classified into three categories: resident, facultative resident, and 
transient (ASMFC 2007; Coen et al. 1999; Lowery and Paynter 2002). Resident species use shell bottom as 
their primary habitat for breeding, feeding, and refuge. Facultative resident species are generally 
associated with structured habitats such as shell bottom, and depend on it for food. Transient species are 
wide-ranging, using shell bottom for refuge and foraging, but do not depend upon the habitat. While reef 
residents often dominate in abundance, transients are frequently the most diverse. Peterson (2003a) 
estimated fish production that shell bottom and adjacent soft bottom provide. Using results from many 
studies, they compared density of fish at different life stages on oyster reefs and adjacent soft bottom. 
The results grouped species by category: recruitment enhanced, growth enhanced, and not enhanced 
(relative to soft bottom). The results are discussed in the nursery and foraging sections. Table 3.2 

provides a partial list of finfish and macroinvertebrates documented from shell bottom collections. 
Species using shell bottom as spawning, nursery, foraging, or refuge are identified. 

3.2.3. Ecosystem enhancement 

Oysters are considered an ecosystem engineer, building shell bottom habitat that provides multiple 
ecological services. Grabowski et al. (2012) estimated the economic value of these ecosystem services, 
excluding the value of oyster harvest, to range from $5,500 to $99,400/ha/yr ($2,200 to $40,200/ac/yr). 

3.2.3.1. Water quality enhancement  

Shell bottom provides direct and indirect ecosystem services through water filtration, benthic-pelagic 
coupling, and sediment stabilization (ASMFC 2007; Coen et al. 2007; Coen et al. 1999; Newell 2004). The 
filtering activities of oysters and other suspension feeding bivalves remove particulate matter, 
phytoplankton, and microbes from the water column (Coen et al. 2007; Coen et al. 1999; Nelson et al. 
2004; Wall et al. 2008; Wetz et al. 2002). Organisms attached to shell bottom, such as tunicates, sponges, 
and barnacles, are often suspension feeders, contributing to the water filtration capacity (ASMFC 2007). A 
North Carolina study documented that small-scale additions of oysters to tidal creeks can reduce total 
suspended solids (TSS) and chlorophyll a concentrations downstream of transplanted reefs (Nelson et al. 
2004). Laboratory research supports this, finding that in mesocosms, environmentally realistic densities of 
oysters, hard clams, and blue mussels (Mytilus edulis) increase light penetration and lower chlorophyll a 



 2016 Coastal Habitat Protection Plan Source Document 

Chapter 3. Shell Bottom Page 60 
 

concentrations, facilitating the growth of SAV (Wall et al. 2008). 

Modeling the effects of oyster filtration on water quality in the Chesapeake Bay suggest that oysters play 
an important role in determining clarity, phytoplankton biomass, and DO dynamics (Cerco and Noel 2007; 
Newell and Koch 2004). These studies determined that a tenfold increase in oyster biomass would result 
in a system-wide reduction of chlorophyll a concentration by 1 mg/m3, an increase in deepwater DO by 
25 g/m3, and a 20% increase in summer SAV biomass. Newell and Koch (2004) concluded similarly that 
modestly increasing oyster biomass in Chesapeake Bay would reduce suspended sediment by an order of 
magnitude, and increase the predicted depth for SAV growth. They found that the influence of hard clams 
on reducing turbidity was much less, due to a lower weight-specific filtration rate. The water quality 
models and in situ measurements of filtration capacities has led some researchers to conclude that 
oysters exert top-down grazer control of phytoplankton blooms (Cerco and Noel 2007; Coen et al. 2007; 
Newell and Koch 2004), while others question the validity of this conclusion (Fulford et al. 2007; Pomeroy 
et al. 2006). Still, filtration by oysters is demonstrated to improve water quality and clarity in both 
laboratory and field settings (Coen et al. 1999; Newell 2004; Wall et al. 2008; Wetz et al. 2002). 

Shell bottom enhances water quality through the process of benthic/pelagic coupling (ASMFC 2007; DMF 
2008a; Newell et al. 2005; Piehler and Smyth 2011; Porter et al. 2004). Suspension feeding bivalves 
consume particles excreted as biodeposits, and later suspended in the water column (Newell 2004; 
Newell et al. 2005; Porter et al. 2004). Nitrogen (N) and phosphorous (P) in biodeposits can become 
buried or lost via bacterially mediated nitrification-denitrification (Newell et al. 2002; Newell et al. 2005; 
Porter et al. 2004). The net ecosystem loss of N and P results in bottom-up control of phytoplankton 
production through alterations in nutrient regeneration processes (Newell 2004; Newell et al. 2005). 
Bivalve biodeposits can be released into the water by erosion, sediment reworking, or resuspension with 
possible uptake by SAV and phytoplankton (Newell 2004; Peterson and Peterson 1979). 

Removal of nitrogen from the water column is a key ecosystem service provided by shellfish (Kellogg 
2013; Piehler and Smyth 2011)Φ hƴ ±ƛǊƎƛƴƛŀΩǎ 9ŀǎǘŜǊƴ {ƘƻǊŜ Kellogg (2013) found that oysters could 
denitrify 543 pounds of N/yr, converting it to harmless gas. This was the highest rate ever found in a 
natural system, and one of the highest in any marine environment. This research was unique in not being 
limiting to the sediment and oyster wastes therein, but being inclusive of the entire reef community. The 
conclusion was that the reef system processed 30 to 40 times more in terms of nutrients than the 
sediments alone. In North Carolina, Piehler and Smyth (2011) compared the ability of estuarine habitats 
to denitrify the water column. Their results showed that nitrogen removal was greatest in structured 
habitats, such as oyster reefs. Rates of denitrification by oyster reefs were similar to that of SAV and 
marsh, and highest in the summer and fall when oyster filtration is greatest. The dollar benefit of the 
nitrogen removal service provided by oyster reefs was estimated to be $2,969/ac/yr (2011 dollars, with a 
conversion factor to 2014 dollars of $3,167/ac/yr).  

3.2.3.2. Habitat Enhancement 

The structural relief of shell bottom is important to the estuarine system. As a reef matures, a complex 
habitat with more height and interstitial space for recruitment is created. Numerous authors describe 
oysters as ecosystem engineers, recognizing the importance of the biogenic reef to estuarine biodiversity, 
fish production, water quality, and hydrodynamic processes (Brumbaugh et al. 2006; Dame 2005; 
Gutierrez et al. 2003; Lenihan and Peterson 1998). High relief shell structures alter current and water 
flows, and physically trap and stabilize large quantities of suspended solids, reducing turbidity (Coen et al. 
1999; Dame et al. 1989; Grabowski et al. 2000; Lenihan 1999). Intertidal shell bottom, protects shoreline 
from waves and currents, aiding in creek bank stabilization and reduction of marsh erosion (ASMFC 2007; 
Breitburg et al. 2000; Dame and Patten 1981; Henderson and O'Neal 2003; Marshall 1995; Piazza et al. 
2005), often promoting marsh accretion (ASMFC 2007; Meyer and Townsend 2000; Piazza et al. 2005). In 
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North Carolina, Meyer et al. (1997) found that placement of oyster cultch along the lower intertidal fringe 
of Spartina marshes resulted in net sediment accretion, while shorelines without cultch eroded. Other 
studies in the Gulf of Mexico and along the Atlantic coast have suggested the value of shell bottom for 
shoreline protection and erosion control (ASMFC 2007; Piazza et al. 2005). Grabowski et al. (2012) valued 
the erosion control/soil retention of oyster reefs at $87,800/ha/yr. 

3.2.4. Specific biological functions 

3.2.4.1. Refuge 

The complex three-dimensional structure of shell bottom provides valuable refuge for larval, juvenile, and 
adult finfish and macroinvertebrates (Arve 1960; Breitburg 1998; Coen et al. 1999; Grabowski and Kimbro 
2005; Posey et al. 2004), often being the only structural refuge in submerged estuaries (Grabowski et al. 
2000). Oyster reefs represent the dominant structural habitat in the mid-intertidal to shallow subtidal 
zone of estuarine waters where SAV is absent (Eggleston et al. 1998; Posey et al. 1999). The interstitial 
spaces between and within the shell matrix are critical to the survival of recruiting oysters and small, 
slow-moving macrofauna, such as polychaete worms, crabs, hard clams, and amphipods (Bartol and 
Mann 1999; Grabowski and Kimbro 2005; Hughes and Grabowski 2006; SAFMC 1998b; Soniat et al. 2004; 
Zimmerman et al. 1989). Mud crabs, a dominant component of the oyster reef macrofaunal assemblage, 
take refuge from oyster toadfish, blue crabs, and wading birds (Grabowski and Kimbro 2005; Meyer 
1994), and are important intermediate predators foraging on juvenile hard clams within reefs (Grabowski 
and Powers 2004; Posey et al. 2004). Predation pressure by oyster toadfish has been documented to 
reduce mud crab foraging on juvenile hard clams, thus increasing the refuge value of the reefs for juvenile 
hard clams and highlighting the complexity of interactions and the significance of shell bottom as refuge 
(Grabowski and Kimbro 2005). Previous research has documented the importance of shell bottom for 
predation protection of adult and juvenile hard clams, citing increased survival in shell bottom habitats 
compared to open soft bottom (Peterson et al. 1995).  

Taking advantage of the hard clam-oyster shell relationship, DMF manages intertidal cultch planting sites 
in the southern area for harvesting both. Once oysters are harvested, the areas are opened for clam 
harvest by hand gears. Fishermen dig under and around the edge of the cultch material for hard clams 
that have recruited under the planted shell. In some areas, additional cultch planting creates adjacent 
habitat areas, and the two-year cycle begins again (DMF 2008a; Marshall et al. 1999). 

3.2.4.2. Spawning 

Shell bottom resident species, such as oyster toadfish, gobies, grass shrimp, and hard clams, have been 
documented using oyster reefs for reproduction (Coen et al. 1999; Hardy 1978a; Hardy 1978b; NOAA 
2001; Tolley and Volety 2005). Many of these residents use the interstitial spaces as nesting sites and 
attach their eggs to the shell surface (Coen et al. 1999). Recent research suggests that estuary-spawning 
transient species use shell bottom for spawning. In the Neuse River estuary, spawning aggregations of red 
drum and spotted seatrout were found frequently over subtidal oyster beds, while a distinct preference 
for the habitat over soft bottom was not found (Barrios-Beckwith et al. 2006; Barrios 2004). 

3.2.4.3. Nursery 

Shell bottom serves as valuable nursery habitat for numerous juvenile finfish and macroinvertebrates 
(ASMFC 2007; Daniel III 1988; Grabowski et al. 2000; Minello 1999). SpeŎƛŜǎ ŎƻƴǎƛŘŜǊŜŘ άǊŜŎǊǳƛǘƳŜƴǘ-
ŜƴƘŀƴŎŜŘέ ōȅ ǎƘŜƭƭ ōƻǘǘƻƳ ƛƴŎƭǳŘŜ ǎǘƻƴŜ ŎǊŀōǎΣ ǎƘŜŜǇǎƘŜŀŘΣ ōƭŜƴƴƛŜǎΣ ƎƻōƛŜǎΣ ǎƪƛƭƭŜǘŦƛǎƘΣ ƎǊŀȅ ǎƴŀǇǇŜǊΣ 
gag, toadfish, and tautog (Peterson et al. 2003b); both juvenile oysters and hard clams settle on shell 
bottom (DMF 2008a; MacKenzie 1977; DMF 2008; Nestlerode et al. 2007; Peterson 1982; Wells 1957). 
Survival of juvenile oysters post-settlement is often higher on oyster shell than other shell substrates due 
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to the structural complexity oyster shell affords (Nestlerode et al. 2007). Juvenile stone crabs occur 
almost exclusively on shell bottom in areas where other sources of hard substrate are rare to absent 
(Lowery and Paynter 2002; Minello 1999). Pre-settlement stone crabs key in on the chemical signals and 
associated biofilms of the oysters as cues for settlement (Krimsky and Epifanio 2008). The nursery 
function of shell bottom for resident finfish was demonstrated by Lehnert and Allen (2002) who found 
abundances of juvenile naked goby (Gobiosoma bosc), oyster toadfish (Opsanus tau), and crested blenny 
(Hypleurochilus geminatus) to be higher on shell bottom than on adjacent mud and sand bottom. 

Commercially and recreationally important finfish, such as black sea bass, sheepshead, gag, and snappers, 
also use shell bottom as nurseries. The ASMFC and SAFMC consider shell bottom important nursery 
habitat for these juveniles (Grabowski et al. 2000; Lehnert and Allen 2002; Peterson et al. 2003b; SAFMC 
2007). Grabowski et al. (2005) found that juvenile gag and grey snapper were among the most abundant 
species on intertidal oyster reefs in Middle Marsh, NC, and that abundances of these species were higher 
than on the adjacent mud flats. Lehnert and Allen (2002) reported that black sea bass and groupers were 
nearly 500 times more abundant on shell bottom than on adjacent soft bottom habitats, leading them to 
suggest that oyster reefs function as EFH for those species. 

3.2.4.4. Foraging 

Numerous aquatic organisms use shell bottom for foraging during their life stages (ASMFC 2007; 
Eggleston 1990; Grabowski et al. 2000; Loosanoff 1965; Mann and Harding 1997). Species considered 
άƎǊƻǿǘƘ-ŜƴƘŀƴŎŜŘέ ōȅ ǎƘŜƭƭ ōƻǘǘƻƳΣ ǊŜƭŀǘƛǾŜ ǘƻ ǎƻŦǘ ōƻǘǘƻƳΣ ƛƴŎƭǳŘŜ ōŀȅ ŀƴŎƘƻǾȅΣ ōƭŀŎƪ ǎŜŀ ōŀǎǎΣ 
sheepshead minnow, spottail pinfish, silversides, white perch, pigfish, and southern flounder (Peterson et 
al. 2003b). The structure shell bottom provides concentrates prey organisms and attracts predators. Both 
mud and blue crabs forage heavily on oyster reefs, functioning as important predators of oyster spat and 
juvenile hard clams (Coen et al. 1999; Eggleston 1990; Krantz and Chamberlin 1978; Menzel and Hopkins 
1955; Posey et al. 2004). In the Gulf of Mexico, oysters and other reef associated bivalves were 
documented to comprise over one third of the diet of juvenile and adult black drum (Brown et al. 2008). 
Stomach content analysis of fishes collected in association with oyster reefs in the Neuse River and 
Middle Marsh, NC, indicated preferential foraging on reef-associated fish, crustaceans, and mollusks 
(Grabowski et al. 2000; Lenihan et al. 2001). Studies in Louisiana and Chesapeake Bay found that dietary 
breadth of spotted seatrout, bluefish, and Atlantic croaker was greater over oyster reefs than adjacent 
soft bottom (Harding and Mann 2001b; Simonsen 2008). Recently, the ASMFC has recognized the 
importance of shell bottom as foraging grounds for economically and ecologically important species, 
noting that 17 of the 22 ASMFC-managed species use shell bottom for this purpose (ASMFC2007). 

3.2.4.5. Corridor and Connectivity 

Shell bottom has been shown to serve as a corridor to other habitats, such as salt marsh and SAV, for 
finfish and macroinvertebrates (Coen et al. 1999; Grabowski et al. 2000; Micheli and Peterson 1999). 
Several authors have found that the proximity and connectivity of intertidal oyster reefs to other habitats, 
specifically SAV, affect fish and blue crab utilization patterns and the functional value of those reefs 
(Grabowski et al. 2000; Micheli and Peterson 1999). 

In 2005, McCormick-Ray (2005) looked at the connections associated with historical oyster reefs in the 
Chesapeake Bay. In his research, he found that fishes display varying degrees of fidelity to oyster reefs, 
broadly categorized as residents, facultative residents, and transients (Coen et al. 1999). Resident oyster 
toadfish attach eggs to oyster shells and may show fidelity to a particular bed. Facultative residents, on 
the other hand, appear to remain on beds for several months. Highly motile transients, adults, and 
juveniles of a variety of species, move among beds with uncertain fidelity, as in the case of striped bass 
and bluefish (Harding and Mann 2001a). The naked goby is an example of a resident species. The spot is 
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an example of a transient species that forages on the reef (McCormick-Ray 2005). 

Oyster beds of diverse shape and size, positioned in the path of tidal ƅƻǿǎΣ attract biological activity that 
couple primary production from other organisms into food webs. From their studies, Lenihan et al. 
(2001) have suggested an oyster bed-based food web for ŬǎƘŜǎ and invertebrates, where oysters, 
mussels, crabs and shrimp are at the base. Oysters ŬƭǘŜǊ small diatoms, bacteria, and detritus from the 
water column, as do associated ŬƭǘŜǊ feeders, e.g., barnacles, tunicates, hydroides, bryozoans, and 
sponges, transferring pelagic production to the benthos. Species of decapods and ŬǎƘ occur more 
abundantly over oyster beds than adjacent ǎŀƴŘƅŀǘǎ (Posey et al. 1999). 

The abundance of xanthid crabs (mud crabs) (Panopeus herbstii and Eurypanopeus depressus) that 
inhabit the intertidal North Carolina oyster reefs seek refuge in oyster shells, the former exploiting 
the sub-surface stratum and the latter exploiting the surface shell clusters (Meyer 1994). In the Gulf of 
Mexico, decapod assemblages associated with oyster beds form distinct populations from those in 
seagrass and marsh edge habitat (Glancy et al. 2003). Thus, oyster beds couple seasonal primary 
production and primary consumers to numerous estuarine feeders including various Ŭshes, potentially 
ƛƴƅǳŜƴŎƛƴƎ energy transfer ŜŶŎƛŜƴŎƛŜǎ and community metabolism (McCormick-Ray 2005). 

Learning about the role played by the matrix of oyster beds can help in restoration planning of reef size, 
shape and arrangement, and number of corridors, to optimize recruitment, retention, and dispersion of 
larvae, as well as adult oyster survival and growth. Understanding how reef characteristics influence 
detrital delivery, water clarity, anoxia, and fish use can aid in managing the overall habitat, as well as 
enhancing adjacent habitats. Given the importance of the information and the role played by reef habitat, 
there is a paucity of information documenting the corridor function of shell bottom habitat.  

3.3. Status and trends 

3.3.1. Status of shell bottom habitat 

Status and trends of shell bottom can be assessed by examining changes in abundance and distribution 
over time. Other indicators could include changes in associated fishery landings, extent of shell bottom in 
protective designations, extent of disease, change in recruitment indices (spatfall), and water quality 
trends where shell bottom occurs.  

During the colonial period in the Mid-Atlantic, oyster reefs occurred so extensively that they were a 
hazard to navigation (Newell 1988). Street et al. (2005) and DMF (2008a; 2001c) have summarized the 
historical losses of oyster reefs in North Carolina, primarily in the Pamlico Sound region. Winslow (1889) 
documented the historical distribution of oyster beds in North Carolina in 1886-1887. Although the 
Winslow methods differ today, those early estimates indicated a greater distribution and abundance of 
oyster reefs in Croatan, Roanoke, Pamlico, and Core Sounds. In this area, Winslow (1889) estimated 
roughly 8,328 acres of public and private oyster beds (0.6% of the bottom) and 20,554 acres of potential 
άǇǳōƭƛŎ ƻȅǎǘŜǊ ƎǊƻǳƴŘǎΦέ  ²ƘƛƭŜ ²ƛƴǎƭƻǿ ŜǎǘƛƳŀǘŜŘ рро ŀŎǊŜǎ ƻŦ ƻȅǎǘŜǊ ōŜŘǎ ƛƴ ǘƘŜ bƻǊǘƘ wƛǾŜǊΣ ǘƘŜ 5aC 
Shellfish Mapping Program delineated 443 acres of shell habitat in the intertidal and subtidal zones of 
North River areas in the early 2000s (B. Conrad, DMF, pers. com. 2014). 

In Pamlico Sound, changes in the abundance of oyster rocks since the 1880s were documented by 
Ballance (2004). Using new technologies to locate subtidal reefs reported by Winslow (1889), Ballance 
found many once-productive high profile reefs consisted of low profile shell rubble, low density reefs, or 
buried reefs. Ballance (2004) also found that the larger solid reefs had less live oysters, attributed to the 
ease of locating by fishermen. Division work and anecdotal information have noted that sediment has 
buried oysters in some locations that were once abundant, including the northeast side of the Neuse 
River, and Newport and North rivers (N. Lindquist, UNC- IMS, pers. com. 2014).  
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Table 3.2. Partial listing of finfish and shellfish species observed in collections from shell bottom in North Carolina, 
and ecological functions provided by the habitat. 

Species 

Shell bottom functions 1 

Fishery 2 

Stock Status 
2014  3                         Refuge Spawning Nursery Foraging Corridor 

ANADROMOUS & CATADROMOUS FISH 
American eel* X  X X X X D 
Striped bass*     X X  X C ς Albemarle/Roanoke,  

V ς Atlantic Migratory 
ESTUARINE AND INLET SPAWNING AND NURSERY 

Anchovies (striped, bay)*   X X X     
Blennies* X X X X      
Black drum*     X  X U 
Blue crab* X X X X X X C 
Oyster* X X X X  X C 
Gobies* X X X X      
Grass shrimp* X X X X      
Hard clam* X X X X  X U 
Mummichog X X     X    
Oyster toadfish* X X X X   X  
Red drum* X  X X X X R 
Sheepshead minnow*  X  X     
Silversides*    X     
Skilletfish* X   X X      
Spotted seatrout*    X  X D 
Stone crab* X  X X   X  
Weakfish X  X X X X D 
 
MARINE SPAWNING, LOW-HIGH SALINITY NURSERY 
Atlantic croaker     X  X C 
Brown shrimp* X  X X X X V 
Southern flounder*    X  X D 
Spot X  X X X X C 
Striped mullet     X  X V 
 
MARINE SPAWNING, HIGH SALINITY NURSERY 
Atlantic spadefish      X   C 4 
Black sea bass* X   X X X X R - north of Hatteras,  

V - south of Hatteras 
Gag* X   X X X X C 
Gulf flounder      X  
Pigfish*     X  X  
Pinfish* X  X X X X  
Pink shrimp* X   X X X X V 
Sheepshead* X  X X X X U 
Spanish mackerel      X V 
Summer flounder X     X X X V 

 

* Species whose relative abundances have been reported in literature as being generally higher in shell bottom than in other habitats. 
Note that lack of bolding does not imply non-selective use of the habitat, just lack of information. Scientific names listed in Appendix D.  
1 Sources: (Pattilo et al. 1997); (SAFMC 1998b); (Lenihan and Grabowski 1998); (Coen et al. 1999); (Grabowski et al. 2000); (Peterson et al. 
2003a); (Barrios 2004); (ASMFC 2007a); A. Barrios, unpublished data. 
2 Existing commercial or recreational fishery. Fishery and non-fishery species are also important as prey. 
3 V=viable, R=recovering, C=Concern, D=Depleted, U=unknown (DMF 2014).   
4 Status of reef fish complex as a whole. Sheepshead and Atlantic spadefish have not been evaluated in NC. 
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Fishery-dependent harvest data has been an indicator of overall change in oyster abundance. Based on 
this, North Carolina oyster stocks were in a state of decline for most of the 20th century (DMF 2001c). 
High landings around 1890 associated with introduction of the oyster dredge were followed by sharp 
declines around 1918 due to restrictions in mechanical harvest (oyster dredging) and size limits. Data on 
landings by gear type indicate that between 1887 and 1960, most harvest was done by dredge rather 
than hand (Chestnut 1955b; DMF 2001c). Poor harvesting practices are believed to be the primary cause 
of initial degradation and loss of shell bottom habitat in the Pamlico Sound area (DMF 2001c; Jackson et 
al. 2001). 

After 1991, oyster stocks and harvests from Pamlico Sound began to collapse from disease mortalities 
and low spawning stock biomass (DMF 2001c). However, harvest of oysters began to rise again around 
2002, and the trend has continued (Figure 3.1). Oyster dredges are still used in some central areas, but 
are not permitted in the southern portion of the state.  

Between 1994 and 2013, oyster dredge landings accounted for 1% to 70% of the annual catch. Landings 
data indicate that since 1997, oyster harvest has fluctuated from approximately 50 to 70 pounds of meat 
per dredging trip on average (Figure 3.1). While generally increasing, the number of trips taken annually 
Ƙŀǎ ŦƭǳŎǘǳŀǘŜŘ ōŜǘǿŜŜƴ м ŀƴŘ млΣссо όǘƘŜǊŜ ǿŜǊŜ ƴƻ ƭŀƴŘƛƴƎǎ ōȅ ƳŜŎƘŀƴƛŎŀƭ ƘŀǊǾŜǎǘ ƎŜŀǊ ŦƻǊ ǘƘŜ Ωфр-Ψфс 
ƻǊ Ωфс-Ωфт ǎŜŀǎƻƴǎ ŘǳŜ ǘƻ ŘŜǊƳƻ ŀƴŘ ƳŀƧƻǊ ƘǳǊǊƛŎŀƴŜǎ (DMF 2008a). Between 2000 and 2013, oyster 
dredging trips have risen substantially with increasing harvest, as has the number of hand harvest trips. 
Statistics cannot infer that oyster populations are increasing from harvest data alone.   
 

 
Figure 3.1. Commerical oyster landings (in pounds of meat) by fishing gear type from 1930 to 2012, DMF. 

 

During the 1990s, average oyster spat per shell (spatfall) in Pamlico Sound declined considerably, 
representing less than half the number of spat per shell recorded during the 80s (NCDMF et al. 
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2008)(Figure 3.2). Since 1999, spatfall has shown a pronounced increase, surpassing 1980s spat densities 
(Figure 3.2). Annual spatfall from the Newport River southward was relatively stable from 1987ς2000, 
and has increased similar to the northern area since. There has been no reported decline in spatfall in the 
southern coastal region, but more information is needed to determine trends in this area over time (R. 
Carpenter, DMF, pers. com. 2014). The trend of stable or increasing spatfall coastwide is indicative of 
increasing larval availability, connectivity, and recruitment potential to restored and existing reefs. 

Research suggests that continued overall oyster population decline may be explained in part by high 
incidence of stress from infectious diseases or parasitic organisms, among other contributors (Choi et al. 
1994; Dittman 1993; Ringwood et al. 2004). Dermo (Perkinsus marinus) and MSX (Haplosporidium 
nelsoni) infection may be responsible for some degree of oyster mortality, typically among the larger, 
more fecund individuals. High disease incidence and subsequent oyster mortality occurred in Pamlico 
Sound during the early 1990s, dropping considerably in the following years (NCDMF et al. 2008). These 
diseases are most prevalent in warm, high salinity waters; some evidence suggests oysters in smaller 
estuaries have a higher tolerance to infection. 

Recent consideration has been given to the marine boring sponge, Cliona spp., in response to increased 
abundance in Pamlico Sound (J. Peters and M. Jordan, DMF, pers. com. 2015; N. Lindquist, UNC-CH, pers. 
com. 2015). Erosion of oyster shells from boring sponge parasitism does not cause mortality, though it 
may induce high levels of stress, which decreases gamete viability and increases susceptibility to disease 
(Ringwood et al. 2004). Furthermore, bioerosion may compromise structural integrity on individual and 
reef scales, while also utilizing shell surface area and limiting suitable settlement substrate for recruiting 
oysters (Barnes et al. 2010; Ruetzler 1975). 

The Shellfish Rehabilitation Program, which began in 1947, has contributed to the restoration of depleted 
oyster grounds through the planting of cultch material and seed oysters (Chestnut 1955b; Munden 1975; 
Munden 1981). State-sponsored cultch plantings began in 1915. From 1915-1994, about 15 million 
bushels of oysters were planted in North Carolina waters (Street et al. 2005). The primary purpose of the 
DMF cultch planting program has been oyster fishery enhancement, which provides temporary habitat 
value as well as fishery benefits. Recent research showing the important ecological and economic value of 
oyster reefs prompted DMF to broaden their focus to ecosystem enhancement4F

5 in the late 1990s.  

As of January 2015, there were 13 artificial reef sanctuaries in North Carolina, with 2 more proposed. Ten 
of these are spread through Pamlico Sound in locations near Hatteras Island, Roanoke Island, Croatan 
Sound, Pea Island, Swan Quarter, Engelhard, Pamlico Point, Ocracoke, and Point of Marsh. The other 
three are in Deep Bay near Swan Quarter, Neuse River near Turnagain Bay, and West Bay near Cedar 
Island. Oyster rocks, as discussed in the Oyster FMP, are protected from mechanical methods of clam 
harvesting and from the use of bull rakes by MFC Rules T15A NCAC 03K .0304 and 03K .0102. 

Since inception of the oyster sanctuary network, one major study has been conducted comparing 
population demographics among the sanctuaries. At the time of publication, eight of the existing ten 
sanctuaries expressed nearly 400% increase in population density (Puckett and Eggleston 2012). Density 
at each sanctuary is variable, ranging from 418.7 ± 82.1 to 6,585.3 ± 204.8 oysters/ m², though mean 
density among sanctuaries was 3,781.7 oyster/m² (Puckett and Eggleston 2012). Growth and survival at 
sanctuaries follows a gradient consistent with, and likely driven by, a persistent salinity gradient present 
in Pamlico Sound waters (Kennedy et al. 1996b; Lin et al. 2007; Puckett and Eggleston 2012; Wells 1961). 
Lower salinity (10-18 psu) western Pamlico Sound sanctuaries exhibit higher survival though slower 

                                                           
5Peterson et al. (2003) estimated fish production that shell bottom adds to soft bottom habitat. Using results from numerous 
studies, they compared the density of fish adjacent to and on oyster reefs. Analysis revealed an additional yield of 2.6 kg of 
fish/year for every 10m2 of constructed oyster reef in the SE US over the lifetime of the reef. 
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growth rates, whereas eastern Pamlico Sound sanctuaries experience higher salinity (18-26 psu) and 
subsequently maintain faster growth rates and lower survival rates (Puckett and Eggleston 2012) (Peters 
et al. in review). In further analysis of North Carolina sanctuary efficacy, larval connectivity among 
sanctuaries has been validated, however modeled intrinsic growth rate is unsustainable, suggesting 
sanctuary network sustainability is dependent on subsidies from non-protected reefs (D. Eggleston and B. 
Puckett, NCSU-CMAST, pers. com. 2015) (Haase et al. 2012; Peters 2014; Puckett and Eggleston 2012). 

Relative to non-protected oyster reefs, North Carolina oyster sanctuaries have demonstrated the capacity 
to maintain higher population density and greater abundance of large, fecund oysters. There is a striking 
decrease in densities ranging from no-take to unprotected oyster reefs, with mean oyster density ~72 and 
8 times higher in reserves than in natural and cultch-planted reefs, respectively (Peters 2014; Puckett and 
Eggleston 2012)(Peters et al. in review). Unprotected reefs, in general, exhibit truncated size structure 
and few oysters of legally harvestable size (75 mm, 3 inches). In combination of size structure, population 
density, and per-capita fecundity at length, the average reproductive potential per square meter of oyster 
sanctuaries is up to 30 times greater than unprotected reefs (Peters 2014) (Peters et al. in review). For 
perspective, an estimated 5,929 ha of unprotected oyster reef exists in Pamlico Sound and at the time of 
study, 57.18 ha of sanctuary area existed (Peters 2014). Integrating total reef area and reproductive 
potential per square meter, oyster sanctuaries potentially provide 26.2% of all larvae to the system while 
accounting for 1% of reef area (Mroch et al. 2012; Peters 2014; Puckett and Eggleston 2012)(Peters et al. 
in review).  

Oyster recruitment (spatfall) on newly deployed shell can be an indicator of potential larval availability 
and recruitment potential. Average oyster spatfall in the Pamlico Sound area for the 1989ς1999 period 
was less than half the value of the 1979ς1988 period (DMF 2008a) (Figure 3.2); data since 1999 show an 
increase (Figure 3.2). The DMF spatfall data (NCDMF 2014b) for cultch planting sites over the past 31 
years indicate a decline in maximum spatfall relative to similar surveys reported by Chestnut (1955b). 
Some researchers suspect that oysters are becoming spawner-limited, while others attribute the decline 
to stress and mortality from infectious diseases affecting primarily larger, more fecund adults (Choi et al. 
1994; DMF 2008a; Lenihan 1999), or to physical damage from oyster dredging (Marshall et al. 1999).  

3.3.2. Status of associated fishery stocks 

With the link between fishery species and shell bottom established in Section 3.2, limited inferences can 
be made using the status and trends of fishery species that are highly dependent on shell bottom habitat 
(Table 3.2). Unfortunately, the majority of shell bottom loss is thought to have occurred before detailed 
harvest statistics were collected (prior to 1972). The DMF juvenile finfish surveys use seines and bottom 
trawls, which are ineffective for sampling in oyster beds. University researchers have conducted some 
research targeting fish use of shell bottom, although there is no monitoring on a regular basis. 

In 2014, 36 fishery species and complexes were evaluated for status (DMF 2014). Of the species with a 
preference for shell bottom habitat and whose status were known, six were designated Depleted, 16 
were Concern, three were Recovering, nine were Viable. Specifically, American eel, southern flounder, 
river herring (Albemarle Sound Area), spotted seatrout, Atlantic sturgeon, and weakfish are listed as 
Depleted. Recovering species were monkfish, red drum, and black sea bass (North of Hatteras). Listed as 
species of Concern were Atlantic croaker, blue crab, eastern oyster, several sharks, spot, striped bass 
(Albemarle/Roanoke stock), gag, reef fishes (six species) bay scallop, Atlantic menhaden, and American 
shad. Viable species were bluefish, scup (north of Hatteras), spiny dogfish, striped bass (Atlantic 
migratory), striped mullet, summer flounder, dolphin, Spanish mackerel, black sea bass (south of 
Hatteras) and shrimp. Status of the other 6 species, black drum, hickory shad, sheepshead, kingfishes, 
king mackerel, and hard clam, was Unknown. 
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Figure 3.2. Average number of attached juvenile oysters (spatfall) per unit cultch (shell), in northern and southern 

coastal waters (southern district includes from Newport River to South Carolina), 1981-2012. 

3.4. Shell bottom summary 

Shell bottom habitat is unique as it is the only coastal fish habitat that is also a fishery species. Its 
ecological value has only recently been recognized to be as or more significant than the fishery itself, 
providing numerous habitat and water quality functions vital for fishery and non-fishery species. Oysters 
also provide buffering benefits helping establish habitats such as wetlands and SAV. 

The protection and restoration of living oyster beds is critical to the restoration of numerous fishery 
species, as well as to the proper functioning and protection of surrounding coastal fish habitats. 
Efforts to restore oysters began in 1947. Through CHPP implementation, additional funds were allocated 
to enhance sanctuary development and monitoring. Historically, restoration was managed for oyster 
fishery enhancement. Current efforts mix fishery and ecosystem enhancement with sanctuary 
development.  
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Map 3.1. General distribution of eastern oysters, hard clams, and bay scallops in the Albemarle-Pamlico 
estuarine system (Epperly and Ross 1986).  
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Map 3.2. !ǊŜŀǎ ŦƻǊ ǿƘƛŎƘ ǘƘŜ ōƻǘǘƻƳ ǘȅǇŜ Ƙŀǎ ōŜŜƴ ƳŀǇǇŜŘ ƻǊ ƛǎ ǇƭŀƴƴŜŘ ŦƻǊ ƳŀǇǇƛƴƎ ōȅ ǘƘŜ 5aCΩǎ ōƻǘǘƻƳ ƳŀǇǇƛƴƎ ǇǊƻƎǊŀƳ 
(2014). 
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Map 3.3a - Estimated density of living oysters, clams, scallops in completed portions of the bottom mapping area from Roanoke Island to northern Core Sound 
(2014).  Note: Absence of mapped shell bottom is not evidence of shell absence. 
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Map 3.3b - Estimated density of living oysters, clams, scallops in completed portions of the bottom mapping area from Roanoke Island to northern Core Sound 
(2014).   Note: Absence of mapped shell bottom is not evidence of shell absence. 
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Map 3.3c - Estimated density of living oysters, clams, scallops in completed portions of the bottom mapping area from Roanoke Island to northern Core Sound 
(2014).  Note: Absence of mapped shell bottom is not evidence of shell absence. 
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Map 3.3d - Estimated density of oysters in completed portions of the bottom mapping area from Roanoke Island to northern Core Sound (2014).  
Note: Absence of mapped shell bottom is not evidence of shell absence. 
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Map 3.3e. Estimated density of oysters in completed portions of the bottom mapping area from southern Core Sound to Surf City (August 2009).  
Note: Absence of mapped shell bottom is not evidence of absence. 

 



 2016 Coastal Habitat Protection Plan Source Document 

Chapter 3. Shell Bottom Page 76 
 

 
Map 3.3f. Estimated density of oysters in completed portions of the bottom mapping area from Surf City to Shallotte River (August 2009).  
Note: Absence of mapped shell bottom is not evidence of absence. 
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Map 3.4a. Location of cultch planting sites (1998-2012), shellfish management areas and research sanctuaries (2008), and oyster sanctuaries (2014), from 
Roanoke Island to northern Core Sound. 
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Map 3.4b. Location of cultch planting sites (2012), shellfish management areas and research sanctuaries (2008), and oyster sanctuaries (2014) from southern 
Core Sound to Surf City. 
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Map 3.4c. Location of cultch planting sites (2012), shellfish management areas and research sanctuaries (2008), and oyster sanctuaries (2014) from Surf City to 
Shallotte River. 
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Map 3.5a. Areas prohibited to mechanical shellfish harvest and/or trawling from Roanoke Island to northern Core Sound (as of 2008). 

 
 
 






































































































































































































































































































































































































































































































































































































































































































































































































