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t!lwe¢ L I . L¢!C{
CHAPTER 1. BACKGRIDUN

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 obegs creating a diverse system of over 2.3 million acres

in size. Located at the convergence of the-Atldntic 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
b2NIK /FTNREfEAYlFQa O2Faidltf FAAKSNASAE IyYz2y3a (GKS Y2

Ly GKS tF3GS mohynQasx LINBaadzNBa rgublB degBdatidrStoor aMS y G =
2y b2NIK /IFNRBEfAYlIQa Saddzz NASad { SOSNIf YI 22N FA
such ag>feisteria occurred. Oysterfassostrea virginiravere dying from diseases (Dermo and MSX).

Sea turtle andnarine mammal disease mortalities were increasing, as were fishing gear interactions.
Several commercially and recreationally important fisheries were classified as overfished, including
summer flounderFaralichthys dentallisweakfish Cynoscion rega)isstriped bass\orone saxatilisand

river herring Alosa pseudoharengasdA. 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, tlylothe 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.

1 The Governor's BduRibbon 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 t®epartment of Environment and Natural Resource®EXNRnow Department of
Environmental Quality, or DEX@rovided guidelines for developing a set of indicators to evaluate the
status and trends of environmental quality within North Carolina.

1 The Albemarldamlico Estuarine Study (1€8894)(Waite et al. 1994ecommended water quality,
fishery management, and land useams 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 fisheri¢g/aiteet al. 1994)

1 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 importarisheries habitats and impaired waters, addressing nonpoint source
pollution, and protection of freshwater wetlands similar to existing protection of coastal wetidords
Carolina Coastal Futures Committee 1994a)

1 The Blue Ribbon Advisory Council on Oysters recommended major increases in oyster cultch planting to
help restore oyster resourcesé@ohanges in management of oyster culture practiEeznkenberg 1995)

1 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 Stege@ommittee were included in the Fisheries
Reform Act in 1997.

1 Session Law 201541, 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 chage, 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 thregear process of intense meetings, discussions, and debates over the future of fisheries
YEYF3ASYSyd Ay b2NIK /IINREAYlFI® ¢KS fS3aratlridirzyQa ¥
recovery of depleted stocks, and the wise use of fisheries resourice FRA (G.S. 1438.8) requires

preparation of Fishery Management Plans (FMPs) by the Division of Marine Fisheries (DMF) and Coastal
Habitat Protection Plans (CHPPs) by DEOIR DEQThe goal of all FMPs is to ensure the -mngn

viability ofthed I 1 SQa O2YYSNODALIft& FyR NBONBFGA2ylfte aixday
that each plan include pertinent fishery information as well as habitat and water quality considerations
consistent with the CHPP. This section of the FRA resetmbliesieral Magnusoi$Stevens Fishery

Conservation and Management Act reauthorization of 188® known as the Sustainable Fisheriey Act

The SFA requires regional fishery management councils and the National Marine Fisheries Service (NMFS)
tol YSYR FSRSNIf FAAKSNER YIylF3aSYSyd LIXlya G2 AyOf dzR
| I 6 A G I Afrém féderaly finded activities.

The legislative goal of the CHP® X i K Sterrh énlfaBcement of coastal fisheries associated witktab

habitatsé The law specifies that the CHPP identify threats and recommend management actions to
LINEPGSOG YR NB&aG2NBE KFoAdGlFda ONARGAOIE (2 b2NIK /|
adopted by the Coastal Resources (CRC), the BEmeinted Management (EMC), and the Marine

Fisheries (MFC) commissions, to ensure consistency among commissions, as well as their sufiporting DE
agencies. The FRA clearly required that recommendations of the management plans be implemented.
Passage of the FRAd the initiation of the CHPP implementation process demonstrated the public desire

FYR LREAGAOIE gAft (G2 o0SGUSNI YIYIlI3IS b2NIK /FNRBEfAY
brings together three major regulatory commissions, the pub8aheexpectation 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

doctrinest 1Sa (KI G aLztAO GNHzaG flyRax ¢FGSNEX yR fA
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 forawidéSvare 2 F NB O23y Al SR Lzt A O dza Sac
limitations on the states, the public, and private owners, as well as establishing the responsibilities of the
states when managing these public trust as@8tsmastal States Organization 199He Constitution of

b2NIK /FNREAYlF AYLX SYSyida GKS tdzoftAO ¢NHz(G 5200NR
policy of this state to consenand 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 ®reatlands, estuaries, beaches, historical
arisSazr 2Ly frhyRaz yR LXEFOSa 2F oSt dzie o¢

Public trust resources include the waters to the upstream extent of navigation, including navigation by

small recreational boats, such as canoes or kayaks [North C&wftireme CourtGwathmey v. State of

North Carolina342 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 withithose 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 affegtedch ownership [North

2 Essential Fish Habitat (ERt€¥ined by Congress in the 1996 amendments taMlagnusorStevens Fishery Conservation and Management
Act, or MagnusosStevens Act, as "those waters audbstratenecessary tdishfor spawningbreeding feeding or growth to maturity."
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Carolina Supreme Cou@\yathmey v. State of North Carol|iB42 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 dawtream through coastal sounds, into the Atlantic Ocean for three nautical (nm) or

odnp &bk idz2iS YAfSa FNRY GKS adlrdasSqQa 'GftlrydAad hoOSt
(230.16 statute miles) from shore, an area called the Exclusiverficatione (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 qualitguch as point and nonpoint discharges, wastewater, alteration of
gSGtlFYyRaAZ YR al2NXgl G§SN®P ¢ KS 9@dgehdes NdkidiSgthel NB A Y LJ
Division of Water Resources (DWR), the Division of Air Quality (DAQ), and the DEasogyoMineral,

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 developmithin 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

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 managarnof 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 Teamadeped and drafted the first Coastal Habitat Protection Plan in 2004

(Street et al. 2005)The original CHPP team included scierdistisplanners 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 overgjglviewed 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 cormygitetl bl
implementation plans to accomplish recommendations within their authority. The IRC was reorganized to
reflect their new charge meeting quarterly to discuss implementation progress, ecaging issues and
facilitating CHPP implementation actions, as wekhdswing 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 habitats 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 chaifilso included are land areas adjacent to, and periodically flooded by,

riverine and coastal waterBish occupy specific arealere conditions are suitable for growth,
LINEPGSOGA2YZ | YRK2NI NBLINRRdAzOGA2Yy & | usHdciihchidig dza S 2
life stage, time of day, and tidal stage. Together, these habitat areas form a functional and connected
system that supportd KS FA &K FNRBY alLl gyAy3d dzydAf RSIFGKDP 2 A{K?
habitat types were distingshed 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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b2NIK /I NREAYlI D&ZNOSA A GKSTARKESKBONBBEA&AGD S6AGKAY |
that provide the basis forloAg SNY FA &K LINRRdAzOGA2Y | @F At o6t S F2N dza
rely on different habitats throughout their life cycle (Figure 1.1). Therityef the entire system

depends upon the health of areas and individual habitat types within the system.

SOUTHERN FLOUNDER USES ALL COASTAL
HABITATS DURING ITS LIFE CYCLE.

ESTUARY

Figure 1.1Life cycle of estuarine dependent southern flounder (Paralichthys lethostignjults spawn in ocean
waters in winter; 2 Larvaddrift inshore on currents, pass through inlets;J8iveniles settle in upper, lesalinity
estuaries containing wetlands and shallow soft bottom habitatSdbadult fish move to deeper channels and the
lower estuary as they grow.

1.5.2. Purpose andr@anization

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 identiftedorotect, enhance, and restore associated fisheries.

The 205 CHPhcludesfour overarching goals for protection of coastal fish habithese are the same
as previous yearsajthough there waminorwordingchange to Goal. Recommendationsinder these
goals wereaeviewed and modifietly the CHPP Steering Committee.

1) Improve effectiveness of existing rules and programs protecting coastal fish habitats
2) Identifyand delineate tsategiccoastahabitats

3) Enhance habitat and protect it from physical impact

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 ¢h@iptei KSNBE A& (G KS KI
RSAONALIGAZ2Y S RAAGNROdziA2Yy:X SO2ft23A0Ft NRBfSZ [yR ¥
status and trends. Several important fisheries in North Carolina, such as wahoo, tunas, sharks, and

dolphin, are not dicussed in detail in the CHPP because they occur primarily outside of state waters.

Part 2( Threatsgiscusses existing and potential threats to habitats, focusing on priority iShuests
are categorized by the mechanism of alteratigghysical digtrbance, hydrological alteration, water
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quality degradation, or other stress@riority issues are selected by the CSC based on concerns of their
commissions and public input.

Part 3(Management) discusses the concept of ecosystem manageimeatingongoing frategic
habitatareaassessments. 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 Assengagsed multiple pieces of legislation thatilddirectly orindirectly

affect habitat and water quality conditions in coastaith Carolina Among the habitat management

topics included in the legislation are stormwater ruestlandmitigation requirenents, riparian buffers,

oil and gas exploration, ocean erosion control structures, environmental monitoring, shellfish leasing, and
oyster restorationDue to timeimitations between the passage of the legislation and finalization of the
draft, these chages are not reflected in the text, but are provided in Appe@dix

1.5.3. Public Input

Prior to initiating the CHPP update, a survey was sent to the public and interested parties through online
a2dz2NDOSad ¢KS LIzZN1I2 &S 4| a emnsgso thAd pigHcBuldib&apprdpliely A OQa& & LJ
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 wal 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 thataquatic 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 nost degradation/lossshell bottom, wetlands, water column.

Activities having most negative influence on habititched/drained land, trawlingAiechanical shellfish
harvest stream obstructions.

1 Activities having the most negative impact on water quatiinoff from development, agriculture and forestry,
wastewater treatment plant discharges and/or spills.

Most problematic pollutant for fishnutrients and toxins tied, and sediment.

Highest priority issues for CHPP to addressr+compliance with @sting rules protecting habitat and water
quality, algal blooms/fish kills, mobile bottom disturbing fishing gear, and sedimentation.

=A =4 -8 -4 A

= =

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 hasrbassignificant part of the decision making process XDE RA @A &dA 2y a |
commissions. All three commissions and thef@ Bencies use the CHPP and its recommendations as

guidance. The CHPP has been successful in implementing a number of recommemndititres,

majority being nofsregulatory. Accomplishments include:

1 Increased outreach and education
1 Improved communication between agencies
1 New mapping and research
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9 Oyster and fish passage restoration
1 Compliance with existing regulations

A common thread tthese 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 IGEE3R pas
been the improved interagency and intercommission communication and coordination, improving
effectiveness and efficiency of processes withiQ.DE

In the first fiscal year (20a806), 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 DERSS, and threBCF®ositions were fundeldly 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 improvig the effectiveness of existing rules and programs protecting coastal fish habitat

(Goal 1. Goal Zcalled for identification, designation, and protectiorswategic coastal habitats (referred

to as Strategic Habitat Areg&HAsprior to this plan upda). 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 PP staff, along with &r&egicHabitat Area Advisory Committee, began developing the

process to identifiareas To enhance habitat and protect it from physical impd&&tal 3, DMF

enhanced three existing oyster sanctuaries with rock, and the MF@ elddigional areas to mechanical
shellfish harvesting. The DCM began to formulate sediment compatibility rules through the CRC, and NC
Sea Grant formed a mu#lip docking facility advisory committee. To enhance and protect water quality
(Goal 4, DWR coducted 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 thesecond fiscal year (20&07), coordination meetings continued, and the appropriated positions
were filled. To further improve effectiveness of existing r@eal 3, the CRC increased civil penalties to
discourage violations. The National EstuarireeReh Reserve hosted workshops and outreach events
on habitat and water quality protection topics. Toward identifying SiBAaal 2, an interagency SAV
mapping workgroup was formed, with APNEP serving as lead. Progress continued on shell bottom
mapping ad the SHA methodology process was completed and approve@o&b8 sediment
compatibility rules were approved, funding for the Beach and Inlet Management Plan (BIMP) was
received, and the CRC Estuarine Shoreline Stabilization scientific work grolgtezbenpeport 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 ardhancement of water qualitspal 4, Phase Il stormwater rules
became effective, and DWR draft coastal stormwater rules went through the public hearing process.

In the third fiscal year (20€2008), coordination and educational outreach continu@dal 3. Under

Goal 2 the Interagency SAV Mapping Partnership pooled funding to acquire aerial imagery of SAV. The
Fyrteaira 2F {1I! wS3IA2Yy M ¢l a& dzyRSNBlI&d ¢KS o0SYySTA
Enhancement Section were being seBodl 3, withmapping 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
prioritizinghabitat restoration. The DCM began drafting the BIMP and received a Cooperative Institute for
Coastal and Estuarine Environmental Technology (CICEE-Bgenty grant to study shoreline
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stabilization and marsh sills. The most visible accomplishmenihevadoption of coastal stormwater

rules (effective October 20083@al 4. The only program to address stormwater retrofitting from existing
development was formedthe Community Conservation Assistance Program with the Soil and Water
Conservation Distris. 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 purchaseNGF$o enhance forestry BMPs.

In 20082009, 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. Funalipgoved 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 apgpval for two grant funded positions dedicated to DCM permit rev@oalk 3, 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 thistioefi 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 com@e&t@)areas were

approved by the MFC, and were incorporaitgd DE)Q & / 2y aSNWF GA2Yy t &l yyAy3a ¢2
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 Soundlhe DWR established a compensatory mitigation database. The DMF incorporated

results olDMSand university research on compensatory mitigation to develop an MFC policy on
compensatory mitigation to encourage methods to restore coastal watershed fung@ti@i3CM 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 oceamstimmaischarges 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 intermitent 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 Cardina. Even with these challenges, there have been significant accomplishftetegic

coastal habitatsvere identified in two more regions and were adopted by the MFC. Mapping of SAV
continued, and the habitat was photographed in the northeastern gaheostate. 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 n@@mputer model, Storm EZ, has been introduced to help design and
secure permitgor 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 ingnt éther DENR division representatives, which
identifies six shorterm and four longerm actions for department consideration. The document
summarizes stabilization research in the state, identifies information gaps, highlights the need for
continued stff 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 partnehvgitoups such as the military to increase
demonstration sites. This will continue to be an ongoing educational effort in years to come.
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successful in iplementing recommendations, with the greatest accomplishments beingeguhatory.

1.7. Area description

b2NIK /FNBfAYlFQa O2I dyiag barder iflaNds ¥x@mlingfdm Virgitlkid theyCap2 ¥ 2
Fear. The barrier islands create laagel productive sounds and estuaries. Southwest of the Cape Fear
River,channeldredging of the Atlantic Intracoastal Waterway (AIWW) in the 1930s created an artificial
extension of these barrier islands (Map i)aThe northern part of the natural barrislands, the Outer

Banks, separates the AlbemaRamlico 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 temperatupegcipitation, wind, and storms, exert major influences on

GKS O2Fadalrf FNBIF YR FAAKSNER NBa2dzNDOSa 2Fd b2NIK
warm, northflowing Gulf Stream and the cool, sofiitwing Virginia Labrador Current. T&elf Stream

moves within 1@ 12 mi (16.1c 19.3 km) of the coast at Cape Hatteras before turning northeast, bringing
southern species such as broviAafantepenaeus aztegusvhite Litopenaeus setiferjysand pink .

duorarum) shrimp; king$comberomomicavallj and Spanists( maculatysmackerel; snappers and

groupers; and calico scallogggopectengibbuis 2 b2NIK [/ FNRfAYlFI Q& 41 G§SNAO®
at the Gulf Stream, supplying northern oceanic species [such as Atlantic m&d@rddéscombru}

Atlantic herring Clupea harengiisand Atlantic cod3adus morhug 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 Pldies& two regions are separated by the Fall Line
(Map 1.2), where streams are characterized by falls and rapids. The Chowan, Roaittkma]idarand
Neuse rivers flow into the Albemaffamlico estuarine system, the second largest estuary on the U.S.
Atlantic coast. The Cape Fear River flows directly into the Atlantic Ocean.

¢CKS /1tt FNBF AyOfdzRSa Ittt NAGSNIolraAiAya Ftz2gAiay3a A
they drain. The Fall Line marks the upper extent of the CHPP area. The sxtevdrdf 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 regian(Map 1.2). The regions are generally referred to as: Albemarle (Region 1),
Pamlico (Region 2), CeBegue (Region 3), and Cape Fear (Region 4). Oregon and Ocracoke inlets are
shown separately since their flow influences more than one CHPP region.olingegibns are used for
analyses that assess regional habitat conditions to identify a network of high spalégic coastal

habitats Boundaries of the four regional systems were based primarily on USiig8 hygdrologic units
comprising hydrologadly 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 approacissary due to the
migratory nature of most estuarine species and the resulting need for corridors of healthy habitats.
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Tablel.1l. Water area within CHPP regions (USGS hydrologic unit boundaries and 1:24,000 shorelines).
Total area Water area % water

CHPP regions (#)* Major water lodies included (acres) (acres) area
Albemarle (1) Albemarle, Currituck, and Roanoke soun 3,719,898 751,018 20
Oregon Inlet (1/2)  Oregon Inlet 54,777 46,689 85
Pamlico (2) Pamlico Sound; Neuse, FRamlico rivers  5,850,96 1,360,480 23
Ocracoke Inlet (2/3) Ocracoke Inlet 37,166 35,329 95

Core, Bogue, Stump sounds; New and
White Oak rivers

Cape Fear River, tidal creeks and sounds
Cape Fear (4) Pender, New Hanover, Brunswick coustie 3,495,688 221,780 6
Total 14,296,794 2,813,620 20

CoreBogue (3) 1,138,271 398,325 35

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, folldwe@nslow 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 Cardina (about 10 persons/Mi 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 gnedés 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 fromi6-139% 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-oteariront rather than
20SIFYFTNRYG FNBFa 2F O2Faitalt O2dzydASasz YIFN]SGSR
prices and the recession lead to a major slowdown in new development. In 2014, signs of an improving
economy were evident in someeas. 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 12. Human population size, density (persons/mi2), and growth in the 20 coastal countieg 1%ty
population change (Source: NC Office of State Budget and Management, unpublished data).

1990 2000 2010 2015 (projected)  1990-2015

Population
Gounty Sze Density Sze Density Sze Density Sze Density  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
Qurrituck 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
Qaven 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 5411 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

1.7.2. Fisheries and protected species

¢ KNRdAK2dzi GKAa LI FYy>SX GKS GSNY aFAakKé 4217 Ay Of dzR

Coastal fish gies are grouped into three overlapping classes based on management considerations:

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

f CA&AKSNER aLSOASa INB (K2asS FTAYFAAKI ONHzall Oéstaya > | yR
and Inland Fishing Watef®@MF 2003apy commercial and recreational fishermen. Habitats supporting fishery
species are the primary focus of the CHPP.

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

9 Protected species are listed according to state law (G. K3M)3r the federal Endangered Species Act by

the relevant state or fgeral 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 1993Additionally, their habitat prades 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 mag, estuarine, and public trust resources resides in the Secretary of

DE) (GS 143H0) who has delegated to the DMF director. The North Carolina MFC enacts rules to

govern all fishing in coastal waters (GS 12ZB8By 0 @ / 21 adl f FAaKSahdegsdy | NS RST/
aspect of cultivating, taking, possessing, transporting, processing, selling, utilizing, and disposing of fish
GF1Sy Ay O2lraidlt FTAAKAYA gLANQNBE S oK G§SHSNI G§KS YIy
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b2NIK /FNRBEfAYlF A& 2y S WKy staiek, Yithyahdingsdycomimercid an@ A y 3 O2 |
recreational fishermen ranking among the top Atlantic coast states every year (Tables 1.3 and 1.4). More
GKFY ¢om?: 2F b2NIK /FNRBEAYlFQa O2YYSNODALFE FAAKSNRSA
weight) are comprised of estuariftependent speciesftp://portal.ncdenr.org/web/mf/marine

fisheriescatch, that depend on our coastal sounds and rivers to complete their life gydie§ a0 G4 SQa
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 camarcial and sport fishing throughout eastern North Carolina.

In 2013, the top five commercial species were blue dtaliifectes sapidyswvhite shrimpl{itopenaeus
setiferug, brown shrimpRarfantepenaeus aztedusouthern flounderRaralichthys lethgtigma), and

eastern oyster@rassostrea virginig.alhe top five recreational species (inshore/nearshore waters) were
flounders Paralichthyspp.), bluefishRomatomus saltatrjxred drum $ciaenops ocellatyspotted

seatrout Cynoscion nebulogysird kingfishesMenticirrhusspp. JNCDMF 2014apmong the CHPP

regions, the primary fisheries vary according to the range of salinity. Typical fishery species in low salinity
estuaries (Albemarle system) include stdpassNlorone saxatillis white perch Morone americanys
American shad¥. sapidissimjablue crab, southern flounder, and catfishiesa{urusspp.) In moderate

salinities (Pamlico system), typical species are diverse and variable, includingblsteiped mullet

(Mugil cephalul southern flounder, spotteseatrout oysters, shrimp, and spadtgiostomus xanthurjs

In higher salinity estuaries (e.g., Core/Bogue sounds) and the near shore ocean, typical fisheries include
flounders, hard clam$/ercenaria mercenarjashrimp, sharks, kingfishes, and Atlantic croaker

(Micropogias undulatis® 5 SGF Af SR adl GdAadGAOa | NB &adzyYF NAT SR Ay
Report, which is available on the DMF website.

In 2014, there were 8212 such licen@ssied 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 etopaatic
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 incom@lohnson and Orbach 1996)Jost own a variety of fishing gears, and many own
several vessels rigged for different fisheries. The nature aathet 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 aheir sole income, but many also hold Aishing 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, the3®©W2RCGL licenses sold.
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Table 1.3Annual Atlantic coast commercial fisheries landings by state; 2B} (thousands of pounds, sorted
by percent of total east coast harvest).*

Sate 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  Average %
Virginia 481555 441,493 426,217 481,738 415,719 417,449 495075 493353 461,932 381,714 802842 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 Frsey 185615 156,961 175,759 153,965 162,463 161,593 161,832 175516 180,502 120,014 284,843 11
North Carolina 136,444 79,154 68,641 62900 71331 68804 72019 67512 56,676 50,186 188,891 7
Rhode Island 97412 97,147 112,605 75635 71,707 84,497 77,469 77236 83290 90,012 170432 7
Maryland 49507 67460 51,216 50,102 61,372 55884 97,672 78197 73284 43932 104011 4
New York 33,712 38123 32819 36275 33865 34069 27535 27,104 30,030 32954 65631 3
Horida (east) 41,824 23113 26,342 24483 26,103 27,302 29258 30,865 28,703 20,578 51,648 2
New Hampshire 21,958 21,281 10,295 8395 10,951 13,885 11,814 12320 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 7957 22,739 1
South Carolina 12439 10,459 11,112 9,985 9,948 9,438 10,478 13559 12,452 10,130 22,069 1
Georgia 6,341 9,697 7,747 7,180 8,639 7,363 7,351 12646 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

«Jurce: National Marine Fisheries Service. Fisheries of the United Sates, annual reports.

Table1.4.AnnualAtlantic coast marine recreational fisheriesvest by state, 2002013(thousands of pounds,
sorted by percent of total east coast harvest).*

Sate 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Average %
Horida (east) 22,379 20925 25,381 21,678 22,688 21644 12,790 19,536 15512 18,580 20,111 16
North Carolina 25,352 23933 24,878 23,349 15,896 13567 13,589 13,236 12,060 11,969 17,783 15
New Jrsey 17,879 19,033 20,596 16,654 18,524 13,401 15942 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 15596 15,156 12
New York 14,995 14,351 15,728 13428 16,580 11,530 15,950 11,924 13,153 12,189 13,983 11
Massachusetts 14,800 15,737 17,131 155529 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 6831 6
Rhode Island 4,339 4,837 5,629 6,139 6,845 3,774 5,859 4,028 5,789 9,480 5672 5
South Carolina 4,409 4,072 3,721 4,596 3,956 2,249 3,252 3,194 3,073 7,254 3978 3
CGonnecticut 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 Fsheries Service. Fsheries of the United Sates, annual reports. Data includes type A+Bls

Recreational fishing is important economically and culturally in coastal North Carolina. There are records

of surf fishing from the early colonial period; disthing along the Outer Banks for red drum and bluefish

was the subject of articles in sporting magazines in the 1@tidwin et al. 1971)Vhile commercial
FAAKAY3 KFra RSOftAYSR Ay NBOSyid &@SINERX NBONBFGAZ2YI
and visitor population has grown. Tens of thousands of recreationalrbdite 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 C8bMRa2008a)This

included trips taken by resident and n@sident anglers from land, prieaboats, charter boats, and

headboats. In January, 2007, GS-118 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 ong¢hird were outof-state visitors. Wake, Onslow, New Hanover, Carteret, and Brunswick
counties, in descending order, accounted for the greatest number of licenses. The total estimated
SO2y2YAO AYLI OG 2F b2NIUK /I NE fwayHl.REIlotNSOMES | G A 2 y I §
2014a)
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1.7.2.2. Protected species

North Carolina state law (G.S. 133l)protects endangered, threatened, and special concern species of
mammals, birds, reptiles, amphibians, freshwatéess freshwater and terrestrial mollusks, and

freshwater and terrestrial crustaceans under the jurisdiction of the North Carolina Wildlife Resources
Commission. The shortnose sturgeAnipenser brevirostrunis listed as endangered at both state and

federal levels. The Atlantic sturgeokci{penser oxyrinchuis 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 Atlantic sturgeon occur in riverine, estuarine, and marine
systems within the CHPP management area. AmericaAragli{la rostratiis under consideration for

listing under the Endangered Species Act.

High biodiversity increases resiliency of aquastesns 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

¢KS aidliddzAa 2F b2NIK /IFNRfAYylIQa O2Faidlf FTAAKSNER &
a group of genetically similar fish that behave as a unit. Determining stock status requitestong

collection and analysif 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 thasebiy diescribes 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 tgsees of data.

Stock status terms were modified by DMF in 2@00etter address the assignment of status to stocks

that have unapproved or no assessment, or whose assessments are too unreliable to determine a status.

¢tKS GSNY ahg@SNFAAKSRE gl a OKIFIy3ISR G2 a5SLIX SGSRé

besides fishing contributing to low population abundances. Categories now include:

1 Viable- Viable stocks exhibit stable or increasing trends in average length and weight, catch per unit effort,
spawning stock biomass, juvenile abundance indexes basastonichl 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 regioffish€guncil
YEylF3SYSyid LXIy 6Catv ¢g2dzf R 6S O2yaARSNBR GOAlof Séad !
target(s) for sustainable harvest, spawning stock biomass, spawning potential ratio, fishing mortality, size/age
structure, or any othebiological target required in an approved DMF, ASMFC and/or regional Council FMP. (No
Overfishing; Not Overfished)

1 RecoveringRecovering stocks are those stocks that show marked and consistent improvement in the criteria
fAaGSR T2N) o NEORIGSING g IZE (1 AQISDAISE YI e adAiatt 0SS RSLI SGSR
current plan, shows measurable and consistent improvement but has not yet reached the target(s) of a specific
FMP. (No Overfishing; Overfished)*

 Concern Stocks design&tR | & a 02y OSNYyé¢ I NB (K2a$S ai2014a (GKIG SEKAOG.
truncated age distribution, or are negatively impacted by biotic and/or abiotic factors that cannot be controlled
(example: water quality, habitat loss, disease, life hisfredation, etc). Stocks with or without an approved
aG201 FraasSaavySyid 2N Cat odzi INB SEKAOAGAYI RSOtAYAYyI |

3 Overfishing/overfished designations result from completed stock assessments.
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Overfished)*Stocks whose assessments have unreliable benchmarks may also be clagsifiedl §sO S NJ/ ¢
(Example: Overfishing cannot be determined)
1 Depleted; Depleted stocks are those stocks where the spawning stock abundance is below a predetermined

A 4 oA X

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 FMP | YRk 2NJ aG 201 lFaaSaavySydao {LJSOASa RSaAxaylds
for FMP development.

1 Unknown- Stockgor which insufficient data are available to determine trends in effort, landings, age distribution,
recruitment, etc. arecladasA FASR | a adzyly26yéd alye adtz201a GKFG KIF @S «
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 weréd isMable(36%), two were classified as
Recovering8%), eleven wer€oncerr{44%).and three weredDepleted12%) in the DMF Stock Status
Report(DMF 2014)Depletedstocks include river herring (Albemarle stock), weakfish and American eel.
Five stocks showed improvement from the 2@Idenhaden, black drum, gag, southdouhder, and
spottedseatrout 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 Viatdeeased while the percent classified as Depleted went down

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 stoakseptible 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, riviexgherr

abundance, particularly where formerly most concentrated (Chowan and Roanoke rivers) has suffered
aAyO0S GKS 1tnQa FNRBY 6F0GSN) ljdzr t Ade LINRPofSYas FyR A

1.8. Economic value of habitat protection

Giveni KS R2ffFNJ @l tdzS 2F b2NIK /FNRtAYylFIQa O2YYSNDAL
are clear economic benefits to protecting and restoring habitat on which those species rely. For example,
Peterson et al. (2003aplculated that for every 10%of restored oyster reef in the southadsnited

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 significgngreater growth and survival rates of festd supporting a

higher abundance and diversity of figturn,these enhanced fishopulations have direct economic

benefitsto the commercial and recreational fishing industriedued at over $2 billion #013

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 dioxidem the atmosphere have economic value at a local, state,
national, and global lev@Costanza et al. 199 As an example, coastal wetlands were estimated to
provide as much as $23.2 billion/ye$2%.63 billion/year in 2014 dollars) in storm protection services
(Costanza et al. 2008lg)yster reefs in North Carolina were estimated to provide average annual
ecosystem service values &,500to $99,H0/ ha/yr ($2,200to $40,D0/ad 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 ad@apetitited 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
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resulted in a gain in property valuafsat least two percenfLeggett and Bockstael 2000)

Habitat restoration can bring revenue into coastal counties, particularly in rural commwithiésss
business opportunitie® socieeconomic analysis of coastal restoration projectsarttiNCarolina

concluded that for every $hillion spent on restoratior1.73 million in revenue to coastal county
businesses was generated, 15 jobs were created, aadditional $512,500 in coastal household
earnings was producdtiawrence et al. 2018Ylore details on the economic value of coastal habitats are
provided throughout the following habitat chapters.

Table 1.5Stockstatus of important fishery species and stocks over the past ten (2815,2015).

Species/stocks
American shad
Atlantic croaker
American eel

Atlantic menhaden

Bay scallops
Black drum

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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Population Growth, A2010-J2013
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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. WATERUWOL

The water column habitatisS)F A Y SR | & ¢l 6§ SNJ O2@3SNAyYy 3 | &dzmYSN
YR 0A2f23A0Ff OKINIOGSNRAGAOADE ¢KS OKSYAO! f
components of the water columiincluding fish distributio{Street et al. 2005)The water column is the
medium through which all aquatic habitats are connected.

~

The North Carolina coastal fishery is affedtg@ range of water column factors linking fish, habitat, and

people, such as temperature, salinity, dissolved oxygen (DO), total suspended solids (TSS), nutrients
(nitrogen, phosphorus), chlorophgll pollutants, pH, velocity, depth, movement, and ttailio

RSGSNX¥AYS (GKS 06Sad O2dzNBS F2NJ SyKIyOAy3a GKS g GSN
throughout their life cycles, and the status, trends, and threats is required.

2.1. Description and distribution

The water column extends frotine surface to the substrate, including physical, chemical, and biological
characteristics. Deepwater habitatse permanently flooded, waterward of the wetland boundary,

which water is the principal Ifgustaining medium. The coastal aquatic ecosystetades 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

Fivema2 NJ NA OSNAYS aeadasSvya Ft2¢ Ayd2 b2 NI-Ramlico, NBf Ayl Q&
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, topograpid 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 Noember. This pattern corresponds to changes in salinity, sediment load, and turbidity. Water
temperatures are generally highest from June to Septembe272%) and lowest during December
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January (%° C).
2.1.2. Lacustrine and Palustrine Systems

The Lagstrine and Palustrine Systems include isolated shallow water where wetlands extersd ¢coQ

Mean Low Water (MLW), and open waters greatertiia®c Q a[ 2 ® 2 I ( SNEtidawith 6S G A
salinity less than 0.5 ppt., and include lakes, reservodsp@mds. The Palustrine System includes non

tidal wetlands and tidal wetlands where salinity is below 0.5 ppt, with some intermittent channels.

¢KSNB FNB mc Yyl GdzNI € | {(8enhinick 1991 RvithIorily AlligatbkPGreaty | Q& O2
Ellis, and Pungo lakes having unobstructed passage to coastal WiatedsX). 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 lovdw (Cowardin et al. 19797 NOAA classification is below (Map -b1Bigure 2.1):

1. 0.55 (lowsalinity)

2. 5-15 (moderatesalinity)
3. 1525 (highsalinity)

4. 2530 (inletsalinity)

Salinity zones change due to flow, weather, and tide. Coarse sedimenésywsdéin and migrating
organisms come with flood tides to the mixing zone; fine sediments, freshwater, nutrients, and organic
matter come by ebb tidelSAFMC 1998blrreshwater is affected by the barrier island inlets. Salinity is
generally lowest from December to spring, highest from late spring to ea(yrfatido et al. 1994

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

Salinities and circulation are reflected in the variable flushing rates of the estuarine systems. The
AlbemarlePamlico system has a flushing period of about 272 dagke(Z4). Since the trunk estuaries
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flowing into Pamlico Sound flush more rapidly than the sound, the sound acts as a settling basin for
sediments and nutrient&Giese et al. 1979)n Bogue and Back Sounds, lunar tides are the dominant
influence(Orlando et al. 1994jhus flushing rates are faster. In the Pamkemgo, Neuse, and New
Rivers, freshwater inflow is the dominant influef©elando et al. 1994)'he shortest flushing rate of 14
days is the Cape Fear estuary, with ocean discharge and a lowsegtieeal area.

Table2.1. Hydrologickydrodynamics of major NC estuariéBasta et al. 1990; Burkholder et al. 2004)
Drainage Surface Avg. Volume Avg. daily freshwate Flushing

Estuary (m#P) (mP) (ft)  (billion f&) (100 cfs) (days)
AlbemarlePamlico and Core 29,600 2,949 13 597 318 214
PamlicePungo River 4,300 166 9 44 46 111
Neuse River 5,600 173 12 55 62 103
BogueCore sounds and White 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 theontinental 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, piayaiinds, 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 ofreshwater are most apparent near inlets and river mouths-dalinity 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 loweshgyeriods of maximum freshwater

runoff in March. Mixing is amplified by twilel: A f @ (A RS&d ¢ARFf | YLIX AGdzRS | ¢
shoreline is greatest in the south, where the continental shelf is widest. The average tidal flux near Cape
Hatterasis 2 ft (0.6 m) and near the Cape Fear River is 4.3 ft (1.3 m).

The warm, nortHlowing Gulf Stream and cool, sodtbwing Labrador Current meet near Cape Hatteras,
delineating mid and south Atlantic waters. Gulf Stream waters elevate salinities andaiemgse

transporting larvae into North Carolina nearshore wagtsnzel 1993)The Labrador Current runs along

the northern shore of the Outer Banks, lowering temperatures and salifftietsafesa 1989)hese

currents interact with neatJS NLISY RA Odzf  NJ aK2Ffa ySFENI b2NIK /| NBf A
upwellingsof nutrientrich bottom water.

2.1.5. Fish assemblages by system

Salinity and proximity to inlets are key factors in estuarine fish distriddasie and Monroe 1991a;

Ross and Epperly 1985; Szedimayer and A8ig)1Some 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).salimity areas, the commity 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 flegsater. The adults then migrate back to the lower estuary or ocean,
while the juveniles begin their seaward migration in lat€Fakher et al. 1979; Hawkins 1980; Marshall
1976; Sholar 1975; Sholar 19.7Resiénts of the lowsalinity zone include bay anchovy, and freshwater
species such as white perch, yellow perch, catfishes, sunfishes, m{@upetand et al. 1983; Epperly
1984; Keefe and Harriss 1981; Keefe and®8i1)land the catadromous American eel. During spring and
summer, juvenile and adult estuarine species that were spawned ksdlighty estuarine waters (e.qg.,
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blue crab, red drum, weakfish), or the nearshore ocean (e.g., Atlantic menhaden, Atlakec,spot,
southern flounder), occupy the lesalinity zone (Table 2.2).

The moderateo-high salinity zone has few and generally small residents (e.g., gobies, anchovies,
pipefish, grass shrimp, hogchokéEpperly and Ross 198@)ith exceptias such as sheepshead. Eastern
oysters, bay scallops, and hard clams are the only fishery species residimyigean this zone. During

the growing season, these areas are dominated by young estuarine and marine spawning fishery species,
e.g., Atlantienenhaden, 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 throughatkeseduring their fatb-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 Panish 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, calvid,silversides. During late fall and winter, the

nearshore marine zone is flooded with pfisteniles of species reared in the estuary (southern flounder,
Atlantic croaker, spot, shrimp, striped mullet, Atlantic menhaden, red drum, and seéftram}esconi

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 oxygdarity, and others.

2.1.6.1. Water flow and movement

Topographic features, tide, and wind create lsgsgele spatial and temporal variation in water flow
(Inoue and Wiseman 2000; Xie and Eggleston 198llescale topographic changes and bottom
structures (e.g., SAV, reefs, pilings, stumps) alter ve{Baigatsu and Murakami 1994; Lenihan 1998)
Aquatic organisms rely on flow and movement to: (1) distribute sediamehaffect structural habitat,

such as shell, soft bottom, and SEWIF 2003h)(2) cue spawning activity; and (3) transport and
distribute eggs, larvae, and juveniles to nursery areas. Larvae and juvenilebwetdocities; as such,
juvenile, estuaringlependent fish are highly abundant in shallow, sidannel habitat§Noble and

Monroe 1991a; Ross and Epperly 1988wers and Kitting€2002)found that blue cralpredation on
juvenile hard clams and bay scallops decreased with increased velocity, as did whelk predation on bay
scallops. Palm€i988)showed that high current velocities eroding the sediment surface released small
animals (meiofauna), resulting in increased predaliy spot (a more newisual feeder).

2.1.6.2. pH

The pH of the water affects egg development, reproduction, and the ability of fish to abshIiRO
and Pentony 1999 hanges in pH can baused by atmospheric deposition, among other thiAgH
varies, many aquatic organisms have adapted. Most fish require pAVR0Or and Pentony 1999)
above or below whicHiversity and rproduction 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(Biythakgen 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 foedueighwaters 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 saturan 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 gdl8Bese

1972; Calabrese and Davis 1968)e optimum pH for spawning is @&l for successful recruitment is
>6.75. Likewise, hard clam eggs and larvae require pH levels8o7Y &nd 7.8.5, respectively.
Anadromous fish can generally tolerate water with lower pH levels; alewife eggs and larvae require pH
between 5.08.5, andblueback herring eggs and larvae between®B5{Funderburk et al. 198).

2.1.6.3. Temperature

Temperature patterns in coastal waters affect fish distribution and functions. Being located at the
southern end of the cool Midtlantic Bight and the northern end of the warm South Atlantic Bight, Cape
Hatteras marks the trangin. 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 ineses from headwaters to estuaries determined by elevation, air
temperature, shading, and velocity, and is one of the primary cues for anadromous fish spawning. The
INBFGSad GSYLISNI GdzZNB S NRAFGA2Y AGKAYringfNG K / | N f
(Figure 2.1). The average monthly temperature ranges from 41°F (5°C) in January to 81°F (27°C) in July

and August in the Pamlico Riy€opeland an®Riggs 1984 Estuarine water temperature also responds

to tides(Peterson and Peterson 1979) winter, water temperatures near ocean inlets rise with the

incoming tide, whereas during summer, the incontichg is coolefPeterson and Peterson 1979)

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

Temperature varies least in the marine sys{®eterson and Peterson 1978)d marine species tend to
be less tolerant of temperature extremes. Tropical species occur off the North Carolina coast where
bottom water temperatures range from 81°F (1£27°C)(SAFMC 1998blstuarinedependent 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 Sor 8 Sy a A G A @S (2 KeLREAI (GKIy 20KSNJ ||
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, aatobirszh is reduced at

4.5 mg/l(Gray et al. 2002)rhe majority of species requiring high DO are pelagic species, although some
prominent forage species camlerate hypoxic conditions.

Benthic invertebrates can be tolerant of low oxy@eiaz and Rosenberg 199Biit if stationary, are
defenseless. Among invertebrates, mortality often follows exposure tb.@mg/Ifor five days (90%
mortality of blue crabs after three dagSagasti et al. 20013 ulfide production can be associated with
low DO, ad combined, the two can be lethal to benthic organiéhenore 1972)
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Table 2.2. @awning location/strategy and vertical orientation of some prominent coastal fishery species.
Species Vertical orientatioh Fishery Stock Statu$
Demersd Pelagic 2014

ANADROMOUS FISH

River herring (alewife drblueback E AJ L X D-Albemarle Sound,-U

herring) central/southern

American shad E A J L X Concern

Sturgeon (Atlantic and shortnose) A J E x Depleted

Hickory shad E A J L X Unknown

Striped bass A J E, L X G-Albem/Roanoke, ¥tl. migr.

CATADROMOUS FISH

American eel Al E, L X Depleted

ESTUARINE AND INEEAWNING AND NURSERY

Bay anchovy A J E L

Bay scallop A J E L Concern

Grass shrimps A J E L

Hard clam Al E, L X Unknown

Mummichog A J E L

Oyster A J E, L X Concen

Silversides E A J L

Black drum Al E, L X Unknown

Blue crab A JE L X Concern

Cobia A JE L X

Red drum Al E, L X Recovering

Spotted seatrout Al E, L X Depleted

Weakfish Al E, L X Depleted

MARINE SPAWNING, L8WH SALINITY REERY

Atlantic croaker Al E, L X Concern

Atlantic menhaden A J E L X Concerfi

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, HIEGALINITY NURSERY

Black sea bass Al E, L X V-south of Hatteras, Rorth of
Hatteras

Bluefish A JE L X Viable

Florida pompano Al E, L X

Gag grouper AJ E, L X Concern

Gulf flounder Al E, L X

King mackerel A JE L X Unknown

Kingfish ("sea mullet") AJd E, L X Unknown

Pinfish Al E, L X

Sheepshead Al E, L X Unknown

Spanish mackerel A J E L X Viable

Summer flounder Al E, L X Viable

1Epperly and Ross (198Bunderburk et al. (199, Pattilo et al. (1997 B5AFMC (1998H)YOAA (National Oceanic and
Atmospheric Administratiorf2001) USFWS, DMF.

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

3 Existing commercial or recreational fishery. Fishery andisloery species amlso important as prey.

4V=viable, R=recovering, C=concern, D=depleted, O=overfished, U=u(RiMivA014)

5 Former fishery, but fishing moratorium since 1991.

6 Although the 2014 ASFMC stock status Bawfcernthis will likely be updated tgiablein the 2015 assessment.
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Low DO during the growing season can be fugjedutrients and oxygeoonsuming wastes. Abundant
algal production creates biomass that is consumed by microbial decomposition, increasing the
biochemical oxygen demand (BOD). Chloroplgdhcentrations and BOD have been strongly correlated
in coastal reeks, estuaries, lakes and rivéviallin 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 Veitis flushing often develop persistent stratification
and bottomwater hypoxigTenore 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 aqgatation (SAV) has a
greater need. Extreme turbidity reduces light availability and visibility of food for pelagic organisms
(Bruton 1985)reducing reactive distance for visual feed@&arrett et al. 1992; Gregory and Northcote
1993) volume of water searched, and feeding efficigi@gnfieldand 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 surviva{Battsn 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 itsélbgrvirtue of benthipelagic

coupling. Benthipelagic 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 absorptiofWarwick 1993)

2.2.1. Productivity

Primary poductivity 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 productivityaigiven 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 productivityPeterson 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 islandghereas 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 ¢al. 2000; Peterson and Peterson 19T)mpared 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, makingjule 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 €@02)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 an®268%t al. (2013)
found phytoplankton production to be significantly greatethie 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 annected 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, MengE993)reported significant primary production rate decreases from

the inner to the outer shelf of the South Atlantic Bight. Cahoon €&380)found that on the inner shelf

in Onslow Bay, 80% of chloroplaias associated with sident. Benthic microalgal biomass always
exceeded phytoplankton bioma@3ahoon and Cooke 1998)allin et al(1992)estimated miroalgal
production to be at least 66% of the total annual primary production in coastal areas, mostly contributed
by benthic microalgae. Hackney et(4B96b)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 wilmthe

core intrusions from the Gulf Streg®ignorini and McClain 2007)

2.2.2. Fish utilization

U.S. commercial and recreational saltwater fishing generated more than $199 billios in 28l&2,

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 revisehjudf

section will focus primarily on species associated with the open water habitat.

Pelagic species are most commonly found near the surface, examplealbwiifig, 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 (liginn 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 sheepshdaddi@&r, DMRyers. 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 marsmawning, estuarindependent)(Table 2.2). Mertgmkton

(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, determitiee 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 temperaténeshwater systems provide
spawning habitat for resident freshwater and anadromoudq@sth and White 1993)rable 2.3). The

reverse is true for maringpawning, estuarindependentspecies as declining light, flow, and

temperature in low salinity nurseries trigggpawning 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 spemesst

planktonic or semilemersal eggs. Survival of planktonic larvae (meroplankton) tsvireeming

juveniles is determined by water quality, flow, and circulation patterns, in route to nursery areas.

Anadromous fish speciesich 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.
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Current velocity, and increasing light and temperature are importantfouepawningKlauda et al.

1991, Orth and White 199@)able 2.4). Sufficient rainfall from nitdbruary to mielune is needed to

provide suitable velocities for spawning. Strong currents are required by stagedidblueback

herring, whereas slower velocities are needed for American shad and dewwitkerburk et al. 1991)
Successful spawning of striped bass coincides with water velocities between 3.3 and 6.6-2@€ (100
cm/s), while adult American shad prefer slower waiEey et al1983c; Hill et al. 1989; MacKenzie et al.
1985) Alewife spawn in lakes, slamoving oxbows and small streams where ibcours 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 lerfii¢alsh et al. 2005). akeMattamuskeet is a lentic

system that hs historically supported significant alewife spawning (Epperly 1985; Winslow et al.

1983) Species differ in whether they prefer main stem rivers or tributary creeks for spawning. Main stem
spawners includemerican shad and striped ba&sinderburk et al. 1991Blueback hemig and alewife
spawn in tributary creeks. For hickory shad, there is evidence of spawning in flooded tributaries
(Funderburk et al. 1991; Pate 197Ruring their spawning migration, anadromous fish actively avoid
waters with low DO and extremely high turbidByeel 1991)

Estuarine spawners are mostly resident forage finfish, spawning in shallow water during the warmer
months (Table 2.3). This group inclugheportant 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 @&804) Red Drum will spawn in high salinity nearshore waters

in late summe(Johnson and Funicelli 1991; Murphy and Taylor 1990; Nicholson and Jordan 1994)
allowing eggs and larvae transport to nursery groédsnson 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 temperatBagrell 1986; DMF 2004; Eversole 1987;

Fay et al. 1983bWinds and currents carry larvae to nursery habitats in the estuary and nearshore ocean.
Understanding water movement is essential to understanding larval tranSumtessful movement of
larvae through inlets is very important to North Carolina fisheries. Spawning and egg requirements are
shown inTable2.5.

Marine spawners generally spawn where prevailing currents will carry their eggs antblawaeries

within estuaries and nearshore ocean waters. There are two groups of marine spawnergidh low
salinity, and 2) high salinity (Table 2.3). The first group spawns offshore from fall to late winter, and
includes spot, Atlantic croaker, southdlounder, Atlantic menhaden, shrimp, and striped mullet
(Anderson 1958; Epperly and Ross 1988)ong others. Larvae are transported into estuaries where they
settle in nursery areas of low to high salinity. 3&eond 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 estuarie@Keener et al. 1988The DMF initiated a program in 2009 to study the ingress of
gag gouper larvae to estuaries near Masonboro Inlet (C. Collier, padvdz,com2014). 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 spediegarticular, gag grouper. The sites extend from
Swansboro, NC to Brunswick, GA. During this time period (2012), gag grouper dropfetdst34
abundant taxa, from ¥0and 19" in 2010 and 2009, respectivgRester et al. 2013Yhe 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, DMbEfrs. com2014). Contracts are itgge 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. €matched squares indicate spawning period.Soutd8&WS (lit. cited:

reference titles beginning Species Life Histories and Environmental Requirements), DMF FMPs, Funderburk et al.

(1991)Pattilo et al(1997) Luczkovich et ]1999) NOAA2001) DMH2003a)

Winter Spring Summer

Fall

Jan| Feb‘ Mar | Apr ’ May’ Jun | Jul ‘ Aug‘ Sep

Oct ‘ Nov‘ Dec

ANADRMOUS FISH

Alewife
American shad
Blueback herring

[ [ ]
Striped bass

ESTUARINE AND INLET SPAWNING AND NURSERY

Atlantic silversides
Bayanchovy

Bay scallop

Blue crab

Black drum

Cobia

Hard clam

Inland silversides
Oyster

Red drum

Spotted seatrout
Weakfish

MARINE SPAWNING, L-BW&H SALINITY NURSERY

Atlantic croaker

Atlantic menhadenili |
Brown shrimp | B
Southern flounder || I

Spot [
Stripedmullet [
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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Species Life Histories and Environmental Requirements), Wannamaker a206G0§&OAA2001])
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Dissolved Other
Salinity (ppt) Temperature (C) oxygen (mg/l)  Flow (cm/s) parameters
Spawn/ Spawn
Species  Adult Egg Adult Spawn/ Egg Adult /Eq Spawning  Spawn/ Egg
: [S] 65 [S] 1128 [O] slow SS

Alewife [S]105 165 [O]1721 I B> rent <1000 mg/l
American [S] 13.0
shad [S]618 [S]018  [S] 1630 6.0 [S] >5 [S] 3090
Blueback [S] 622 [S] 1426 [O] strong SS <1000
herring [S]05 [O] 02 [O] 2024 [S1>5 current mg/|
Striped [S] 1224, [S] 30.5500,
bass [S] 65 [S] 0.510 [S] 2622 [O] ~1822 [S] >5 [0] 106200
Yellow SS <1000
perch [S]013 [S]02 [S] 630 [S] >5 mg/|
White SS <100
perch [S]518 [S]02 [S]D-30 [S] 1220 [S] >5 mg/|
Sturgeon, [S]O0to [S]0to
Atlantic >30 [S]65 >30 [S] 1320
Sturgeon, [S]O0to [S]0to
Shortnose >30 [S]65 >30 [S1515

[S] = suitable, [O] = optimum

Research projects conducted under the Soutanit Bight Recruitment Experiment (SABRE) studied
transport of winterspawned fish larvae into estuaries. They found larvae concentrated on the shelf in a
I 2 y S foot (Zm)édapyh RontduF. Wheyi thé ofdars (i
currents were appropriate, larvae passed through the inlets, but with the best wind and tide conditions
only about 10% were successfully drawn into the {id&inton et al. 1999} arvae passing downwind and
outside the withdrawal zone pass seaward of the inlet shoals, and given the right conditions, will be

VI NNE ¢

GoAGKRNI gt f

transported into the next downstream inlet. Churchill e{E99)noted that transport dynamics in the

immediate vicinity of inlets are complex, and larvae may move in andpmétedly before immigrating.

Since the alonghore flow component of the coast is four to five times greater than the-sheds

component, larvae are highly dependent on being transported along the shore in a narrow zone and

injected through the inlefHare 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.

gAlK

Beaufort, Ocracoke, and Oregon inlets support significant larval fish passage. Oregon Inlet is especially
important, providing the only opening into Pamlico Sound north pé Eatteras for Mightlantic 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 abufhtisttier 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 Befart Inlet were documented by Peters et(@995) 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) avietentified, 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 dependaonhgshore
transport processe@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 (saratiure cited: reference titles beginning with Species Life Histories and
Environmental Requirements), Funderburk e(i891) Pattilo et al(1997) SAFME1998b) Wannamaker and Rice

(2000) NOAA2001)

Suspended sediment

Salinity (ppt) Temperature (C) DO (mg/l) (mg/l)
Spawn/
Species Adult Spawn/Eg Adult Spawn/Egg  Adult Egg Adult  Spawn/Egg
Atlantic N [S]114.5
silversides [C]~30 30 [S]1530 [S]23
Bay
anchovy [S]0->30 [S]0.5>30 [S]1130 [S]1330 [S] >3
Bayscallop [S]>14  [S]1830  [S]1530 [O] 1520 5‘%5‘3
[S] 8.834,
Black drum [S] 5>30 (0] 2334 [S] 1625 [S] 1620
[S] 1032,

Blue crab [S] 630 [0] 2328 [S]1539 [S] 1929 [S]>3
Cobia  [5]18530 [s]>30 2 [s]21>30

[S] 16 >30, [S] [S] SS
Hard clam (0] 2428 [S]18>30 [S]1630 [S] 1630 [81>5 o) a4 [S] SS <75(
Inland [S] 1334,
silversides [S]031.5 [S] 1530 [0] 2025 [S]>1.7

[S] 2->30, [S]7.534,
Oyster [0] 1430 [0] 1022 [S] 2230 [S] 1932 [S]1>1 [S] SS <25(

[S] 0->30, [S] 1040,
Red drum [0]2030  [O] 2032 [S] 2330 [S] 2130 [S] >5
Spotted [S] 2->30, [S]1528, [S] 1630 [S] 16->30,
seatrout [O] 2025 [O] ~28.1 [O] ~28
Weakfish [S]1>30 [S]12>30 [S]1030 [S]1824

Larval fish are an important component of zooplankiotine ocean water column, Powell and Robbins
(1998)having documented 110 families in Onslow Bay. During late fall and winter, estepamsent
species (e.g., Atlantic menhaden, spot, Atlantic croaker) are present. Spring and early summer, estuarine
spawning species (e.g., s, silver perch, weakfish) are found, with reef fish larvae most abundant in
spring, summer, and early fall. The frequecturrence of larvae from deeter oceanic species is
indicative of Gulf Stream transport, being the transport mechanism for mevay fish species, nutrients,
FYR LIKe@G2LX I y1d2y Ay XGovohiNidlpath19eR)f Ay Qa aKSt ¥

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, Splamhackerel). The interactions between spawning locations,
physical processes, salinity, temperature, chemical cues, and habitat preferences are critical in
determining larval settlement in estuari@own 2002; Lekenbach 1985; Peterson et al. 2000c)

The MFC designated PNAs initially in 1977 (the WRC in 1990) as settlement areataiwapast
offshore winter spawners. The designations were a result of DMF trawling and seine surveys and rigorous

samplingshowing areas continually supportive of juvenile shrimp, crab, and finfish populations. Primary

Nursery Areas are defined in MFC rdlBA'NCAC 031 .0101(4)®nce designated, a PNA has special
protections under the rules of the MFC, CRC, and EMC (MFCSAI®NTAC 03N .01@2RC 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 SecondagaalSecondary Nursery Area total
82,000 acres. Data from DMF Estuarine Trawl SUNEBMF 2009adicate that the number of

juvenile species in PNAs is greater in waters north of Cape Lookoud thansbuth. 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

Nursey 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@able2.8.

Jwenile alewife and blueback herring in the Potomac River exhibited upstream movement over four
months before emigration to nursery arg&ay et al. 1983aBoth 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 ddfib teet (4.6 m) and on the

bottom for the two months prior to emigratigiWarinner et al. 1969)Juvenile alewife were collected in
upper areas of the Tar River later in maturityntisduebackJones 2009)The results for blueback suggest
greater benefit fom early arrival to higher salinity zones. Jd@889)documentechigher CPUE of larval
NADBSNI KSNNAY3I Ay aol O16lFGSNE OGNROdziF NASa 2F (KS
species in meroplankton occurred in Aphilay. Recruitment of larval river herring in tributaries of the
Chowan River is retd to flow conditiongO'Rear 1983Walsh 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 firéOygaill 1980;

Richkus 19756harp declines in water temperature, and heavy rainfall and water flow are shown to
influence migration from nursery are@Sooper 1961; Kissil 1974; Richkus 1975)

Larva striped bass drift downstream from spawning locations in the upper river during late spring and
early summefFunderburk et al. 1991) arval transformation into juveniles occurs in the downstream
portions of rivers or in the soun@@underburk et al. 1991Puring late fall and winter, young striped bass
begin to move savard (Fay et al. 1983c; Hit al. 1989) Adequate flow conditions are essential for the
egg, larvae, and juvenile life stages of striped {dassler et al. 1981; Rulifson and Manooch 1980)

the Roanoke River, juvenile abundance indid&$ were highest when water flow was low to moderate
(5,00011,000 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 rifflesderburk et al. 1991)n summer, juvenile
shad and blueback herring migratethe surface at nighLoesch and Kriete 1984)s temperatures
decrease during fall with river flow slightly increasing, downstreanememnt of American shad seems to
be triggeredFunderburk et al. 1991)ursery area surveys conducted by DMF noted decreases in
juvenile shad in October on the Cape Fear and Neuse rivers, and Albemarl@/8ostwv 199Q)
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Table 2.6Fish spawning requirements foanme waters of coastal NC

[USFWS (lit. cited: reference titles beginning Species Life Histories and Environmental Requirements), Funderburk et
al. (1991) Pattilo et al(1997) SAFME1998b) Wannamaker and Ri¢2000) Banchet et al(2001) NOAA2001)

ASMFC species profiles]

Salinity Temperature (C) Dissolved oxygen (mg/I
Species Adult Spawn/Egg Adult Spawn/egg Adult Spawn/egg
MARINE SPAWNING, L-8W8H SALINITY NURSERY
Atlantic croaker [S]0to >30 [S] 18 to >30 [S]5 to >30 [S] 1625 [S]>5
Atlantic menhaden [S] 0 to >30 [S] 24 to >30 [S]1530 [S]1220 [S]
Shrimp, brown [S]10.845,[0] [S]>24 [S] 436, [O] [S] 24 to >30 [S] 34
Southern flounder [S] 0 to >30 [S] 18 to >30 [S]5 to >30 [S]1125 [S]1>3
Spot [S] 0to >30 [S]1>30 [S] 625 [S] 1625 [S]>2
Striped mullet [S] 0to >30 [S] 18 to >30, [0] >30 [S] 5.9t0 >30 [S]10to>30,[0] [S]*3 [S]34
MARINE SPAWNING, HIGH SALINITY NURSERY
Black sea bass [S] high salinity [S] high, stable &aity [S] >7
Bluefish [S] 7 to >30 [S] 26.634.9, [0] >30 [S] 1229 [S] 1630
Gag grouper [S] high salinity [S]>10.6
Gulf flounder [S] 6 to >30, [S] >22 [S]8.3t0>30 [S] 1625
Pinfish [S]0to >30 [S]18 to >30 [S]3.4t0>30 [S]16-30 [S]>1
Sheepshead [S]0.5t0>30 [S]>30 [S] 530, [O] [S] 2230
Southern kingfish  [S]0.5t0 >30 [S] >30 [S]11t0>30 [S] 1625
Spanish mackerel [S]18to>30 [S]>30 [S]20t0 >30 [S] 20 to >30
Summer flounder [S] 5 to >30 [S] >30 [S] 0 to >30 [S] 1417

Table 2.7Peak larval abundance of seven important fish species near BeaufofP &ttt et al. 1995)

Month

Species Sep Oct Nov Dec Jan Feb Mar

Atlantic menhaden % | /
Summer flounder %/////////////%//////////////%
Southern flouder %////////////W//////////////%
Spot -
Pinfish .
Gulf flounder e |

Atlantic croaker

Table 2.8Larvaland juvenile water quality requirements for anadromous fish species inhabiting coastal NC.
[USFWS (lit. citedeference titles beginning Species Life Histories and Environmental Requirements), Funderburk et
al.(1991) Pattilo et al(1997) SAFM€1998b) Wannamakr and Ric€2000) NOAA2001]

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

Species - - -
Larvae Juvenile Larvae Juveniles Larvae Juvenig

Alewife [S] 63 [S]05 [S] 831 [S] 1628 [S]>5.0 [S]>3.6

American shad [S] 018 [S]1G630 [S]15.526.1 [S] 15.623.9

Blueback herring [S]0to 18 [S] 02 [S] 1428 [S] 1630 [S]>5.0 [S]>3.6

Striped bass [S] 1.010.5 [S]016 [S] 1223 [S]10-27

Sturgeon,

Shor?nose [S] 05 [S] 05 [S] 515 [S] O to >30

igggt?é’”’ [S] 05 [S]0t0>30 [S]1%30  [S] O to>30

Yellow perch [S] 62 [S] 65 [S] 1630 [S] 1630 [S] >5

White perch [S] 62 [S]03 [S] 1220 [S] 1630 [S] >5

[9 = suitable, [O] = optimum
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The larval nursery habitat for offshore spawners extends from the inlet water column, across primarily
inshoreflowing channels, to the upper reaches of estuaries. Survival depends on the aneses

providing the biological, physical, and chemical characteristics needed for granf?(9). In Pamlico
Sound, salinity and circulation are the key physical conditions affecting species composition in juvenile
nursery habita{Epperly and Ross 1986; Noble and Monroe 199bay) salinity nurseries include the

upper Pamlico Estuary, Pungo River, upper Neuse Estuary, eastern Albemarle Sound (including Croatan
and Roanoke sounds), and upper Cape Fear esaring spring through fall, pelagic species

dominating shallow areas within these systems include juvenile Atlantic menhaden, striped mullet
(Epperly and Ross 1986)lversides, and anchovi@éelson et al. 1991}he latter two generally being

year round residents. Poktrval striped muligt enter low salinity nurseries primarily in win(Bielson et

al. 1991) menhaden poslarvae arrive February to Ju(feurvis 1976)By late fall, many nonresident
estuarine fish migrate to the ocean or deeper regions of the es(Epperly and Ross 1986)

Moderate salinity areas include the waters of Pamlico Sound. In addition to juverskest imdower

salinity areas, spotted seatrout, weakfish, silver perch, and red drum are abundant in moderate salinity
estuariegNoble and Monroe 1991aYoung weakfish and silver perch occupy deeper waters of moderate
and high salinity zones; young blue crabs and other demersals prefer shallo@EppEal/ and Ross

1986) Nursry habitats for juvenile weakfish are deeper portions of coastal rsmredsbays, and
estuariegMercer 1989, DMF unpublished dat&rowing, juvenile weakfish are often found in shallow
bays or channels of moderate depths, higher salinities, and sandy subGuadsC 1996)

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 juvenitdgpelagic species (e.g., Spanish mackerel, bluefish, cobia) prefer
deeper, open water@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 theil young become abundant in Bogue Sound ¢high
salinity) around midMay (Nelson et al. 1991)uvenile Spanish mackerel appear (althoughydain

Bogue Sound in millay (Barber et al. 1991)

Some pelagic species (e.g., anchovies, king mackerel), rely on nearshore ocean water masses as nursery
habitats(SAFMC 1998apther species include butterfish, striped anchovy, striped mullet, and Atlantic
thread herring SEAMAISA 2000)Juveniles of Spanish mackerel, bluefish, and black sea bass use the surf
zone and nearshore waters seasonally, while migraghgeen estuarine and ocean wat€¢BBMF 2000;
Godcharles and Murphy 1986; Hackney et al. 1996agnile bluefish tend to stay in one area and use

the surf zone for an extended time (>25 days during the suniR@s3$ and Lancaster 1996he major
recruitment period for juvenile fish to surf zone nurseries is late spring and early summer.
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Table 2.9Water quality requirements for selected larval and juvenile estuarine fish species inhahitnmes
nurseries in coastal NC.

[USFWS (Lit. cited: ritles Species Life Histories and Environmental Requirements), Funderbut@2H).
Pattilo et al(1997) SAFM€1998b) Wannamaker and Ri€2000) NOAA2001])

. Salinity (ppt) Temperature (C) Dissolved oxygen (mg/l)
Species - . .
Larvae Juenile Larvae Juveniles Larvae Juvenile
ESTUARINE AND INLET SPAWNING AND NURSERY
Bay anchovy [S] G615 [S] 930 [S] 1530 [S] 1630
[S] 2235 [S] 11 to
Bay scallop [0] 25 [S] 1630 [S] 1630 >30
[S] 680 ) [S]0to
Black drum [S] 636 [0] 926 [S]11-16 >30
Blue crab [S] >20 [S] 221 [S] 1630 [S] 1630
. [S] 18 to [S]21to [S] 16 to
Cobia 30 [S] 18 to >30 >30 >30
. [S] 1546 [S] 055 [S] 16 to
Grass shimp 5196005 [0] 236 >30
[S] 2633 [S] 1233 [S]11to  [S]Oto
Hardclam 519708 [0] 2228 >30 >30
[S]533
Inland [S] 630
silversides 0] 28 [S] 034.5 [S] 2130 [2%] 522 [S] >1.7
Mummichog [S]0to>30 [S]0to>30 [S]1330  [S]530 [S] >1
Oyster [S]1227  [S] 1227 [S] 1932 [>S3]00 0
[S] 836.4  [S] 045 [S]16t0  [S]Oto
Red drum [0] 2040 [0] >20 >30 >30 [S]>1.8 [S] 5.28.4
[S]5to
Spotted [S] 840 [S] 048 [O]
seatrout [0]2035 825 5t10>30  >30[0]  [S]>4
>28
Weakfish ~ [S]51t0>30 [0] 211 SEECU
MARINE SPAWNING AND #{@H SALINITY NURSERY
Atlantic [S]10636.7
croaker [S] 221 [0] 1020 [S] 11to 25 [S]0.638 [S] >34
Atlantic [S]11/2t0 [S]0to
menhaden >30 [S] 0 to >30 [S] 0to >30 >30
. [S] 045 [S]21to  [S]Oto
Brown shrimp [S] 2436 [0] 1020 >30 >30
Southern [S] 260 [S]Oto
flounder [S11630 141237 [S1030 S35 [S]>3.7
[S] 635 [S] 636.2 [S]0to
Spot [0]3035  [0] >10 [S1525 34
. [S]1636.5 [S]0675 [O] [S]5to _
Striped mullet [0] 2633 20-28 [S] 1630 >30 [S]~4 [S]<4
. . [S] 0.341 [S]5to
White shrimp  [S] 0.437.4 (0] <10 [S] 1230 >30

S] = suitable, [O] = optimum
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Table 2.10Water quality requirements of selected larval and juvenile coastalrestuesh species
inhabiting high salinity nurseries in coastal NC.

[USFWS (see lit. cited: reference Species Life Histories and Environmental Requirements), Funderbt
(1991) Pattilo et al(1997) SAFM(C1998b) Wannamaker and Ri¢2000) NOAA2001)

Salinity (ppt) TemperaturgC) Dissolved oxygen (mg/l)

Species Larvae Juvenile Larvae Juveniles Larvae  Juvenile
Black sea bass [S] 3035 %g]] iiz [S] 5.630.4
Bluefish {(S)]] 23)’;3 8 [S] 836.2 [S] 1630 [S] 1630 [S] >34
Florida [S] 31.2 ggiﬂ [S] 11 to

ompano 37.7 o >30
pomp >20
Gulf flounder  [S] >21 %g]] 2350 [S]1625  [S]5 to >30
Pinfish [S] 643.8 {g]] 213'8 [S] 1630 [S] 5 to >30
Pink shrimp  [S] 1243 {g]] 3‘;}7 [S]2130  [S] 0 to>30
Shepshead [S]524.9  [S]0.343.8 [S] 2130 [S] 2130
Spanish [S] 0.237 [S] 11 to
mackerel [S]2837.4 [O] >10 [S]1630 >30
Summer [S]1/2 to
founder 530 [S]0to>30 [S]0to>30 [S]Oto>30
Southern [S]1/2 to [S]11to [S]11to
kingfish [S]1510>30 5, >30 >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 speciesilistable 2.2, nearly all larval stages eat
plankton. Resuspended benthic microalgae are an important food source. The diet of adult, pelagic filter
feeders (e.qg., river herring, shads, Atlantic menhaden, striped mullet) includes largely zooplankton, and
then detritus and phytoplankton. Filteeeding pelagics may also consume benthic copepods, mysids,

and amphipods as they rise through the water column at night (P. Petersohi3N@&rs. com2003).

Other species are almost strictly piscivorous. Yadygar (YOY) bluefish feed predominately on fish
throughout the water column. In 1992 and 1993, Buckel and Co(it8@T)found clupeids, moronids,

and bay anchovyAfichoa mitcHii) in a majority of YOY stomachs. Studies by Bucke(20@9)

concluded very little overlap in the diet of juvenile bluefish and striped bass despite similar feeding ability.
The nonroverlap suggests they use different habitats within the watemuolu

In freshwater streams, larval and juvenile American shad and blueback herring feed on zooplankton

(Crecco and Blake 1983; Jenkins and Burkhead.189&4ars with a shortage of prey items, the diets of

larval American shad and river herringerlap(Jenkins and Burkhead 1992poplankton abundance for

river herring in the Chowan River and tributaries was studied under a Fisheries Resource Grant (S. Ensign,
UNGCIMS,pers. com2010). The study revealed similar speciespmsition to that observed in the early

MPpYy QAP a2yAlG2NRAYy3I NBadzZ Ga& FNRY ! LINAtE wnny KNP dz3
the choice of juvenile and adult river herring, had overall densitied 40 2imes greater than in the

early 198 (flzeech et al. 2008Temperature and chlorophyere positively correlated with
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crustacean abundance, while discharge was positively correlated only in the main stem of thediver
otherwise negatively correlated. Rotifers were abundant for larval and juvenile river herring, while
potentially of lower nutritional valué.each et al. (201®und that smatbodied 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 Amaitshad, 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 @vidriatbch 1973;
Patrick and Moser 2001; Trent and Hassler 1968he winter and spring months, adult striped bass will
feed predominately on invertebrates (e.g., amphipods and blue ¢kédrspoch 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 (BARME

1998b) The relative contributions of detritus and phytoplankton between the estuarine and nearshore

ocean ecosystem are seen in the foradgiabavior of Atlantic menhaden. Lewis and PgtE#94)found

the dominant food sources for menhaden were detritus in estuarine systems and phytoplankton in

coastal waters. Adult striped mullet in North Carolina are opportGnistit A y § SNF I 0S FSSRSNAZ
water surface, water bottom, or the surface of objects. While feeding at these interfaces striped mullets

will consume epiphytic microalgae and dissolved organic n{&tF2006)

A large number of adult fish inhabit the maringavaolumn. 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, respectifBZDMF 2012)

Coastal pelagic species, highly migratory species, and anadromous fishes depend on the water column for
foraging. The boundaries of water mas@gemstal fronts) in the nearshore ocean are favorite foraging

areas for mackerel and dolpHIBAFMC 1998bKing and Spanish mackeffelsd 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 shater 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 spgwmigration(Holland and

Yelverton 1973; Laney et al. 199Bhis wintering ground is shared by the Chesapeake, Hudson, and
Roanoke/Albemarle striped bass stocks, being important to the entire Atlantic coasttipog@enton

1992) During winter, the waters off of tr@uter Banks support anchovies and menhaden, weakfish and
other sciaenids, on which striped bass feed. Laney @i%8l9)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 basd 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 plats. 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 reduciogdefitrations so low as to repel
predators(Fay et al. 1983afopepods and zooplankton tolerate low Dipacting the food web for

small invertebrate refug@Breitburg et al. 1997; Keister et al. 2Q00)rbidity can provide refuge for prey
species from visual predatigBlaberand Blaber 1980; Boehlert and Morgan 1985; Miller et al. 1985)
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The value of floating plants in marine systems can be s&argassunsupporting a diverse assemblage

2F 2NBlFYyAaYaz AyOftdRAY3A xmnp AYDBSNISONI G§Sasz xmnn
(SAFMC 1998bThe greatest concentrations 8argassumpatches are in the Sargasso Sea and the outer
continental shelf of the South Atlantic. Large pelagic adults (e.g., dolphin and sailfish), predate around
Sargassundriving sport fishermen t8argassm patches. Casazza and R@&08)reported a higher

diversity of species arour&argassunthan in unvegetated waters of the Gulf Stream off North Carolina.

In fact, 18,799 fishes, representing 80 species from 28 families, were colledt@dSardassurpatches,

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, sulspetideent,

toxins), pollution indicators (chlorophgllfecal 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 outsidbe 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, tafipgvater quality. Added chemicals can interact with
biological processes, causing unintended consequences. Excessive sediment flzasddrattivities

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

¢tKS 0ASYYAlIf LyGdSaINFX¥GSR wSLER2NI oLwo G2 /2y3INBaa
compilation of reports of Sections 303d, 305b, amhd 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 Streant29.5% assessed, 7% threatened, 53.7% impaired
Lakes, Reservoirs, and Podk3.1% assessed, 8% threatened, 68% impaired
Bays and Estuaries38% assessed, 0% threatened, 78.1% impaired

Ocean and Near Coastad.1% assessed, 0% thteaed, 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 reflecfithe bestintended 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 regularbpddseBDWR. 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) ligDWQ 2012)and do not meet one or more standard(s) or criterion. The
waterbody is not rated if data are inconclusive or unavail@bieap of the 2012 impaired waters is
available from the DWR website 2012 impaired waters map

Sations monitoring water quality are concentrated in riverine and upper estuaritgs\®ap 22).

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 andanizations. 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. #nkins, DMRers. com2014); DWR monitoring stations within
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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., chlorophg]inutrients, pH, DO, and turbidity) from a representative 18 DWR
ambientstations throughout the CHPP region are summarized graphically by year in Figufdgl2pta

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 getrerads over approximately 15 years.

The five selected stations in region 1 include:
N8550000 Roanoke River near Williamston
D8950000 Chowan River near Colerain
D999500€AlIbemarle Sound near Edenton
M390000CG 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 paks 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 arigreded periods of standard exceedance.

The four selected stations in region 2 include:

0787000€Pamlico River midhannel near

0982500€Pamlico River midhannel between mouths of Pungo River and Goose Creek
J8902500Neuse River near Thurman

J9810000Neuse 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 TPha TN are present at the lower estuary stations.

The five selected stations in region 3 include:
P8975000North River near Bettie
P7300000Newport River near Newport
P6400000White Oak River near Stella
P1200000New River near Jacksonville
P4600000New 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 Rivthan 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:
B8350000Cape Fear River near Kelly
B9820000Cape Fear River near Wilmington
19440000 Lockwood Folly near Varnum
19820000 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 B8350@0attishows 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 assessmertkerefore trends cannot be readily identified. Assessments give
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shapshots of recent water quality conditions and help determine further studies or management
strategies. Table 2.11 provides a summary of impairments for 16 coastal subbbii) (8

Toxicchemical 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 produetaot considered; (3) effects of seasonal
exposure to high concentrations have not been evaluated; and (4) some patéietitd, such as

endocrine disruption and unique responses of sensitive species, have not yet been assessed.

Otherwaterqualty @y A G2 NRyYy 3 Ay GKS /1 tt NBIA2Yy AyOfdzRSay
USGS special study investigations, and DMF fish sampling programs. The DMF modified fisheries
independent monitoring programs in 2009 to collect depth, water level, temperatineity, 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 hapldyed nine continuous monitoring devices in the Pasquotank,
Roanoke, Perquimans, Scuppernong, Chowan, and Alligator Rivers for river herring research (S. Winslow,
DMF,pers. com2014). Data collected every two hours include temperature, DO, salinjtgngH

conductivity. The DMF samples 54 random stations in the Pamlico Sound every September and June for
environmental factors, and fish abundance and distribu@DMF 2012kollecting 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 nutrieaxgept 10mg/L nitrate for drinking water;

nutrient enrichment is presently measured by chlorophaydisponse in the water column, in which

samples are only taken in large lakes and estuaries. Four basins carry the supplemental classification of
nutrient ensitive water (NSW), including all waterbodies in theP&amlico, 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 NCAO22B), and different nutrient management
strategies are in place to help reduce the nutrient loads in these waterbodies.

Chapter 2. Water Column Page 39



2016 Coastal Habitat Protection Plan Source Document

Table 2.11 npairmenttotals based on 2008, 2010, 2012, 2014 Integrated Reports (IR) for coastal subbasins

Impaired Parameter 2008 IR* 2010 IR* 2012 IR* 2014 IR* Impairment
# of Miles/ # of Miles/ # of Miles/ # of Miles/ Type
AUs Acres AUs Acres AUs Acres AUs 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 Lfie
Chloride 1 3.4m 2 4.4m 2 4.4m 2 4.4m | Aquatic Life
Copper 1 9.5m 1 9.5m 1 9.5m 1 9.5m | Aquatic Life
34 404,245a| 37 446,957a 31 446,975a| 35m | 446,188a
Chlorophyla 2 ot 4 10m Z A0m i 12.5m Aquatic Life
29 78,560.2a| 33 130,949a 32 132,978a 24 30,273a
Low Dissolved 3 26.1m 3 33.6m 3 31.4m 4 27.0m A i Lif
Oxygen 11| 6566.9a] 10| 6,496.5a 5| 6,737.4 8 5,002a | Aduatic Lite
Low pH 4 62.1m 3 16.3m 5 25.6m | Aquatic Life
7 6,342.1a 6 5,598.4a 1 5,616.7a 6 11,488a
High pH 5| 24,667.8m 6 25,242 .2a 3 14,359.2a - - | Aquatt Life
High Water Aguatic Life
Temperature = = 3 280.1a 1 139.9a - -
Nickel 1 6.2m Aguatic Life
11 15,312a 4 9,421.2a 4 9,421.2a 4 9,421.2a
- 2 21.8m 1 8.4m 1 8.4m C
Turbidit Aquatic Life
Y 15| 50520.3a] 10| 11,7766a] 5| 1000la| 4| 6,290a]
Biolodcal Integrity 30 280.7m| 24 210.4m 22 199.6m 25 227m A i Lif
Macroinvertebrate 2 64.3a 2 64.3a 1 15.8a 1 15.8a qUaUC e
Water Column - - 9 69.4m 9 69.4m - - -
Aquatic Life
Mercury
Dioxin 4 45.9m 3 38.1m 3 38.1m 3 38.1m | Fish
3| 7085l.1a Consumption
ShellfishGrowing Shellfish
Area closure 654 77,030a| 632 70,022.7a| 638 | 67,818.4a| 644 70,805a| Harvesting
Fecal Colif Shellfish
ecal Lofiform - -| 16| 29211a| 17| 2956.4a| 32| 4,940.7a| Harvesting
Fecal Coliform 1 14.1m Recreaion
3 399.7a 3 399.7a 1 140.2a - -
Enterrococcus 9 11.2m 4 5.9m Recreation
25 2,611.7a| 17 6,155.5a 2 4,720.6a 14 | 71,547.6a
Recreation Advisor) & £-o .
1 8 340.2a 7 213.4a 10 813.5a 11 | 70,114.7a| Recreation
a= acres, m= miles
*Note: There is not a direct comparison betweenlfRessessment periods. There could be methodology assessment chal
606lasSR 2y 9t! 3AdzZARIyOS0s aLXAda Ay Ly aasaayvySyid dzyai
corrections made.
1All 13,123 and unnamed tributaries oethtate are Impaired for Fish Consumption because of Statewide Mercury Advice:
http://portal.ncdenr.org/web/wgq/ps/mtu/tmdl/tmdis/mercury
2Subbasins includetdower Roanoke 0301010Thowan 03010203, Meherrin 03010204, Albemarle 03010205, Lower Tar
03020103, Pamlico 03020104, Pamlico Sound 03020105, Middle Neuse 03020202, Lower Neuse 03020204 White Oal
03020301, New River 03020302, Lower Cape Fear 03030005, Black 03N8@eést Cape Fear 03030007, Waccamaw
03040206, Coastal Carolina 03040208.
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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 basinwidduction of 35% TP and 20% TN. Implementation to
reduce nutrient loads by point sources included limits of 1mg/I TP and 3mg/l TN and the conversion of
many municipal point source discharges to land applicatiordismarge 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 chlorophyévels exceeding standards in the Chowan River.

The New River was classifie8W 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 expsiodiexisting

facilities only be allowed if there is no increase in loading of oxg@euming waste. Data through 2012
indicate nutrient enrichment is still a problem in the upper estuary, and waters remain Impaired.

The TaPanlico Basin was classified as NSW in 1989. The basin has a Total Maaityluoad (TMDL)

goal to help meet chlorophyistandards in the Pamlico estuary. Water quality data is assessed at
Grimesland (AMS 065600000) along the Tar River to determine whethient 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 12913 at Grimesland indicate an increase in

total Kjeldahl nitroge (TKN) and TN concentrations and a decrease in ammoni&ljMHd nitrate

nitrite (NOxN) concentrations, while there is no trend in TP concentrations.

The Neuse River Basin was classified as NSW in 1988. Data for the Neuse Rixexguiivtig a 30%

decrease in TN load from the 199995 baseline is assessed at Ft. Barnwell. Data from2d91

AYRAOIFIGS RSONBlIaAy3a GNBYyRa Ay ¢bX ¢t bli YR bheE
TKN. Portions of the Neuse Estuarya@nimpaired 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
use to estimate TN and TP annual load time series at the compliance point in-BPenilano 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 @@fusually wet year). The annual load time series

at Grimesland/TaPamlico shows that the load fell below the targeted TMDL goal of 3,000,491 Ibs/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 #iotexceed 396,832 Ibs/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 seriesHont 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 Ibs/yr of TN (green line; Figure 2.2c below).
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Tar River at Grimsland
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Figure 2.2aTarPamlico Basin USGS LOADEST nutrient time series TN annual load estimations (green line represents
the TMDL loading goal).
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Figure 2.2b. TdPamlico River USGS L@AD nutrient time series TP annual load estimations (green line represents
the TMDL loading goal).

Neuse River at Fort Barnwell
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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
Ly bh! ! UNational kabitattAssessment Workshop, it was stated that habitat compression due to

low DO may be associated with a3 worldwide decline of pelagic predator diverdRgster et al.
2013) In North Carolina in 2008, I&D 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/phytoplanktoarb$ accounted for 6 kill events
(DWR 2008b)0ther reported causes included-bgtch mortality, toxic spills, or other/unknown causes
(DWR 2008hY¥or a totalin 2008 ¢ 7,380,580 individual$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 conditiovidR 2008b)

In 2012, NOAA determined that ulcerative mycosis caused by waterApblhomyces invadansas

the cause of an extensive menhaden Kill in the Neuse River. There were 16 fish kill events statewide in
2012, totalhg 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 FRamlico rivershitp://portal.ncdenr.org/web/wg/ess/fishkillsmajn

According to the DWR Annual Report of Fish Kill Events, there were 13 events in 2013, with a mortality of
20,608,452, e majority occurring within the Neuse ahdrPamlico 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/wag/ess/fishkillsmajn

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 watersugshe 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 parteunlsitlye to
environmental stress. Coastal events in 2014 followed a familiar Septearbhe®ctober pattern of

relatively large Atlantic menhaden Kkills from the Neuse andPamnlico estuaries and tributaries. These
events were responsible for all repedtestuarine fish mortality during the year and exhibited familiar
symptoms of stress, lesions, and water mélph@nomyces invadanglhe fall season marks the
0SAAYYAYy3I 2F @2dzy3d YSYKIRSYyaQ YAIANI GA2yYy efiadd (G KS
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 clumn 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. Anadromousespsgawn 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 oceannearshore 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 agefepecies. Water quality or

other habitat issues affecting the water column would also presumably affect those species.

4 Conditions such asabterial, viral, parasitic, and fungal infections, ammonia toxicity, and sudden changes in temperature or
salinity are also possible causes of fish kills

as


http://portal.ncdenr.org/web/wq/ess/fishkillsmain
http://portal.ncdenr.org/web/wq/ess/fishkillsmain
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Figure 2.3a. Annual fish kill events (DWR ZW4).
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Figure 2.3b. Annual fish mortality (DWR 2Q044).
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Estimated fishing morti#&y 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 (TRME 2.2)

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 asessed and given one of five possible categdvieble
RecoveringConcernDepletecand Unknown. A stock assessmeata complex process that involves
gathering all data collected on a population, including age structure, size structure, fishirgymaniz

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.

Viablestocks are neither overfished nor undergoing oveirigtand 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 H&erasggringtocks are those vith

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 n@i@idesampling effort or insufficient information to
determine the stock status, so the status is listedm@snown Species and stocks©@bncerrare those

which exhibit negative trends in several measures or where it is not possible to determinesifiiogeidi
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 raehés, and king mackerel. A coastwide stock assessment of American
shad determined that stocks were stable, but well below historical i&8MFC 2007bJhe
Albemarle/Roanoke striped bass stock is not overfished, but landings have declined steadily since 2004.
This stock also experienced lower recruitment from when compared with previous time
periods(NCDMF 2013aYhe Central/Southern stock of striped bass Savfcerrdue to lack of adequate

data, but also because of population attributes indieatif’problems in the fishery (truncated age
distribution, low overall abundance, fewer older fish on spawning grounds). Although the 2014 stock
status for menhaden is @oncernthis will likely be updated tiablein 2015 based on the new

assessment. Ehstatus of Atlantic croaker is listed@sncerrbecause 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 managemeasunes have been adopted. The status of
sharks is listed &Soncerrbecause several species within that complex are overfished (sandbar, dusky,
blacknose and porbeagle). Blue crabs are listétbaserrargely because of reduced landings in recent
years.Eastern oysters face a loteym 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 groupéBEDAR 20091heSEDAR (2014jock assessment states that king mackerel are
not overfished, nor is overfishing occurring, but low recruitment over the previous five years, despite
declining fishing mortality, isGoncern

Depletedstocks exhibit lowlaundance and include American eel, weakfish, river herring (Albemarle
Sound), southern flounder, Atlantic sturgeon, and spotted seatfvf 2014)American eel were
determined to beDepletedbased on a 2012 assessment, but the stock status is not well understood, due
to variations in sampling protocols across its rgf@@MFC 2012al coastwide stock assessment in 2012
declared river herring to bBepletedo historically low levelASMFC 2012bjtocks are still considered
overfished, although fishing is no longecurring in North Carolina due to a coastwide moratorium
(NCDMF 2014cWeakfish are considerd&kpletedbecause total mortality contires 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 1§NE€&IF 2009bAtlantic

sturgeon was placed on the Endangered Species list iRM&KA 2015a5outhern flounder are

overfished and overfishing is occurr(’CDMF 2013b)ror information on species abundance, consult
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the Fisheries Management Pldmt://www.ncdmf.net/fmps/index.htm.

2.4. Water column summary

The global annual oceanic primary produtiian be estimated to be 55 gtgnnes (Carr et al. 2006)
thus the global carbon storage service is equal to at least $0.66 to $13.475 trillion p&vgiser et al.
2008)

The water column connects all fish habitats, emphasizing the need for ecosystem management in aguatic
systems. Environmental conditions of the water column, including salinity, temperature, flow, pH,
nutrients, and DO, are th@imary 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 coluame 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 tneatk icolumn
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 degeted 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 Habitatitout the Albemarle Sound and

its tributaries. Spawning area surveys were conducted in the Chowan River during t262808

spawning seasons, as well as the Yeopim River (2007), Meherrin River (2008), Scuppernong River (2009),
al O1 Se@Qa / WBuSnans Riven(2040), Eittlet River (2010), Alligator River (2011), the Roanoke
River (2012) and the Pasquotank River (2013).
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Figure 2.4aMedian values of Chlorophyll a mg/l from 18 representative DWR ambient stations throughout the

CHPP manageent area.
SeeMap 23 for station locationsThese graphs are not statistical trends or meant to show standard exceedance,

but are generated to shogeneraltrends over the last ~15 years.
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Figure 2.4bMedian valuesfoTotal Phosphorus mg/l from 18 representative DWR ambient stations throughout the CHPP management area.
SeeMap 23for station locationsThese graphs are not statistical trends or meant to show standard exceedance, but are generated to showegelsevaktr

the last ~15 years.
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Figure 2.4cMedian values of Total Nitrogen mg/l from 18 representative DWR ambient stations throughout the CHPP management area.
SeeMap 23 for station locationsThese graphs are netatistical trends or meant to show standard exceedance, but are generated t@gsheraltrends over

the last ~15 years.
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Figure 2.4d. Median pH values from 18 representative DWR ambient stations throughout the Gatititnerat area.
SeeMap 23 for station locationsThese graphs are not statistical trends or meant to show standard exceedance, but are generatedjemshadtrends over

the last ~15 years.
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Figure 2.4eMedianvalues of Dissolved Oxygen mg/l from 18 representative DWR ambient stations throughout the CHPP management area.
SeeMap 23for station locationThese graphs are not statistical trends or meant to show standard exceedance, but are generatedjémshbirends over

the last ~15 years.
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Figure 2.4fMedianvalues of Turbidity NTUs from 18 representative DWR ambient stations throughout the CHPP management area.
SeeMap 23 for station locationThese graphs are not sifgtical trends or meant to show standard exceedance, but are generated to show general trends over

the last ~15 years
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Map 2.3. Location of selected DWR ambient water quality monitoring stations included in Figéire 2.4a
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CHAPTER 3. SHELLTE®DT
3.1. Description and distribution
3.1.1. Definition

Shell bottom is defined by Street et@005)F & G S&aGdzZt NAYS AYGSNIARFE 2NJ &adzo
surface shell concentrations of ligior dead oystersJfassostrea virginigshard clams\erceneria

merceneria = | YR 20KSNJ AKStfFTAaAKDPE ¢KS RSTFAYAGAZ2Y Ay (F
molluscan shellfish are present in freshwater and the nearshore ocean, they ocarilysrnithin the

substrate, rather than on the sediment surface, and therefore do not serve as fish habitat.

Shell bottom is especially important for providing hail
structure for shellfish attachment, fish refuge and
nursery areas, as well as enhancirgewr quality and
protecting nearby shorelines and seagrass from ero

{KStf o02002Y KFoAGlFrGa NB O2YY2yfté NBFSNNBR (2 | a
most of these terms describe concentrations of living and dead oystedshash 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, anghell accumulationfASMFC 2007; Coen et al. 1999%)e vertical relief of shell bottom

varies significantly between intertidal and subtidal habitats. In North Carolina, intertidal oyster reefs in

the central andouthern estuarine systems may be a few oysters thick, while subtidal oyster mounds in
Pamlico Sound may be several meterqtahihan andPeterson 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 &l 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 ahbl&isheries (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, Ipigs, seawalls, and fipp as attachment sitd®MF 2008a)

Although molluscan shellfish contribute surface shell material to the estuarine environment, oysters
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R2ZYAYIFGS akKSftt o6020G2Y KFoAlGld Ay b2NIK /FNBfAYlFQa
oysterpopulations, as they provide the most abundant and preferred substrate for larval settlement
(DMF 2008a; Kennedy 1996; Marshall 199#)ile oysters colonize a widely within the estuary, their
distribution and abudance is generally limited by ambient physicochemical conditions. Optimal growth
conditions for adult oysters and spat exist at temperatures between 10 atGdB@rrell 1986)salinities
ranging from 14 to 28 pgQuast e@al. 1988; Shumway 199&hd DO levels aboveZlmg Q/I

(Funderburk eal. 1991) Studies have found that the combination of low salinities and high temperatures
increase oyster mortalitfFunderburk et al. 1991; Loosanoff 1958)ile predation rates are highest in

near seawateranditions(Bahr and Lanier 1981; Gunt&5b) 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.

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

Turbidityand circulation patterns affect oyster survival, viability and species abun@dmasen et al.
2007a) Oyster eggs experience significant mortality at suspended sediment concentration levels of
approximately 188ng/l, while significant larvae mortality starts at 750 ri9advis and Hidu 1969%00d
water circulation is critical for larval dispersal and successful spat settléBoerdll 1986)Adult oysters
require adequateirculation 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 watdtenihan and Peterson 1998)d sedimentatiofCoen et al. 1999)

3.1.2. Distribution

The primary shelbuilding organism in North Carolina estuaries, the eastern oyatejes 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. T6afi¢ degree commeial

fishery landings indicate abundance, the highest documented oyster abundance along the Atlantic coast

is in the Chesapeake BE®YMF 2001¢) | A2 i 2NAR Ol ff &> alNBfFYRQA flyRAY3
b2NIK /FNREAYlIQa KAIKSald (DMFRAlyI 2F mdy YAtEA2Yy 0o

Oysters are found throughout the North Carolina coast, from southeast Albemarle Souathto So
Caroling DMF 2001c)Reefs occur at varying distancestbeam depending on salinity, substrate, and

flow regimes. In windriven 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 estuariesamile 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 Pamlic®ound, and behind the Outer Banl&pperly and Ross 198@gp 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 mwetleyds 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 restrietl 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 combinatepshobottom

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 satharsh (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 accelé@enatete 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 fro20052011. 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 intemagxbifagy)

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 ctiyreatimated 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
(Table3.1 and Maps 3.36). 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 (®82B0ollowed 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 3.3&. The shellfish densities sampled in shell present strata/area combinations were
applied to the entire strata within an area.

Table 3.1Shellbottom habitat(DMF Shellfish Habitat and Abundance Mapping Prodt&RP subregioif/14).

Mapped Shell Mapped Shell ;%t;‘lll
Bottom (subtidal) Bottom (intertidal) Bottom
CHPP Acres Intended  Acres % % of % of
Subregions** for Mapping Mapped* Mapped Acres Mapped Acres 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 productiorfplants that produce their own food soura®) shell bottom comes from macroalgae,
microphytobenthos, and organic biofilms, providing food for resident secondary consumers. The low
primary productivity on oyster reefsftects the importance of exogenous sources of primary production,
like phytoplankton. Analyses of estuarine habitat productivity ratios indicate secondary production
(organisms that consume primary producens)oyster reefs is an order of magnitude gezdahan in
Spartinamarshes, soft bottom, SAV, and mangrove for@stglish 2009attributable to the high

biomass of oysters and other macroinvertebrates inhabiting the reefs. Also, tertiducipoa of

nektonic organisms is found to be > twice higher on oyster reefs tlfgpaminamarshes, 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 recognizad essential fish habitat (EFH) for oysters and otheiffoeming
molluskdASMFC 2007; Coen et al. 199%)e functional value for oysters includes aggregation of

spawning stock, chemical cues for successfilsgtement, and refuge from predatof€oen 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 crustaddemset ddar benefit to

recreational fishing derived from oyster reef restoration in the Chesapeake Bay in 2004 was valued at
$640,000/year byHicks et al. 2004in North Carolina, over 40 species of fish and decapod crustacea
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 200Toen et al. 1999; Grabowski et al. 2005; Lenihan et al. 2001; Peterson et al. 299 3b)
includes 12 ASMHA@anaged and seven SARM@naged species, suggesting the importance of this

habitat for recreational and commercial fisheries. The most antrapecies 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 alwhi29%ae 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 [§Gitabowski

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; LowenPaytter 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. Transientaspecies
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. P¢2fi@8a)
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 specieg 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 botiéentions

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 serviceG&rabowsket al.(2012)estimated the economic value of these ecosystem services,
excluding the value of oyster harvest, to range f&500to $99,400/halyr ($2,200 to $40,200/aclyr).

3.2.3.1. Water quality enhancement

Shell bottom provides direct and indireciosystem services through water filtration, benibétagic
coupling, and sediment stabilizatihSMFC 2007; Coen et al. 2007; Coen et al. 1999; Newell PH84)
filtering activities of oysters and other suspendieeding bivalves remove particulate matter,
phytoplankton, and microbes from the water colu(@oen et al. 2007; Coen et al. 1999; Nelson et al.
2004; Wall et al. 2008; Wetz et al. 2002)ganisms attached thall bottom, such as tunicates, sponges,
and barnacles, are often suspension feeders, contributing to the water filtration cgpe&ity-C 20077
North Carolina study documented that srsalale additions of oysters to tidal creeks can reduce total
suspended solids (TS&pahlorophyla concentrations downstream of transplanted re@fielson et al.
2004) Laboratory research supports this, finding that in mesocosms, environmesséifljic densities of
oysters, hard clams, and blue mussBlgt{lus edulisincrease light penetration and lower chlorophyll
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concentrations, facilitating the growth of S@Vall 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 dyn@eic® and Noel 2007,
Newell and Koch 2004)hese studies determined that a tenfold increase in oyster biomass would result
in a systenwide reduction of chlorophydl concentration by 1 mg/fy an increase in deepwater @

25 g/n¥, and a 20% increase in summer SAV biomass. Newell an@8@¢jconcluded similarly that
modestly increasing oyster biomass in Chesapeake Bay would reduce suspended sediment by an order of
magnitude, and increase the predicted depath$AV growth. They found that the influence of hard clams
on reducing turbidity was much less, due to a lower weightific filtration rate. The water quality

models andn situmeasurements of filtration capacities has led some researchers to cotitatde

oysters exert togdlown grazer control of phytoplankton blooi@&erco and Noel 2007; Coen et al. 2007,
Newell and Koch 2004¥hile others question the validity of this conclugienlford et al. 2007; Pomeroy

et al. 2006) Still, filtration by oysters is demonstrated to improve water quality and clarity in both
laboratory and field setting€oen et al. 1999; Newell 2004; Walaket2008; Wetz et al. 20Q2)

Shell bottom enhances water quality through the process of benthic/pelagic caidin-C 2007; DMF
2008a; Newell et al. 2005; Piehler and Smyth 2011; Porter et al. Zd@pensiofeeding bivalves

consume particles excreted as biodeposits, and later suspended in the water (Wil 2004;

Newell et al. 2005; Porter et al. 200Kjtrogen (N) and phosphorous (P) in biodeposits can become

buried or lost via bacterially mediated nitrificatidenitrification(Newell et al. 2002; Newell et al. 2005;
Porter et al. 2004)The net ecosystem loss of N and P results in betfeiwontrol of phytoplankton

production through alterations in nutrient regeneration procegdmvell 2004; Newell et al. 2005)

Bivalve biodeposits can be released into the water by erosion, sediment reworking, or resuspension with
possible ptake by SAV and phytoplankt@ewell 2004; Peterson and Peterson 1979)

Removal of nitrogen from the water column is a key ecosystem service provided by $Kellbgly

2013; Piehler and Smyth 2081) h 'y + A NH A Y AKelgy (201FEuind $hstibystpr cdiNdS
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 beingisnat 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 Carolifaehler and Smyth (201ddmpared 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 déigdtion 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 (20Xl dithea
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 regneént 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 proce¢Besmbaugh et al. 2006; Dame 2005;

Gutierrez et al. 2003; Lenihan and Peterson 1998} relief shell structures alter current and water

flows, and physically trap and stabilize large quantities of suspended solids, reducing (rbéditgt al.

1999; Dame et al. 1989; Grabowski et al. 2000; Lenihan.18889}idal shell bottom, protects shoreline

from waves and currents, aiding in creek bank stabilization and reduction of marsh k& C 2007;
Breitburg et al. 2000; Dame and Patten 1981; Henderson and O'Neal 2003; Marshall 1995; Piazza et al.
2005) often promoting marsh accretigpSMFC 2007; Meyer and Townsend 2000; Piazta2€05) In
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North Carolina, Meyer et 4l1997)found that placement of oyster cultch along the lower intertidal fringe
of Spatina 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 contf@dSMFC 2007; Piazza et al. 206%bowski et al. (2012palued

the erosion control/soil retention of oyster reefs at $87,800/halyr.

3.2.4. Specific biological functions

3.2.4.1. Refuge

The complex thre€imensionastructure of shell bottom provides valuable refuge for larval, juvenile, and
adult finfish and macroinvertebratéarve 1960; Breitburg 1998; Coen et al. 1999; Grabowski and Kimbro
2005; Posey et al. 20Q4ftenbeing the only structural refuge in submerged estugBabowski et al.

2000) Oyster reefs represent the dominant structural habitat in theimittidal to shallow subtidal

zone of estuarine waters where SAV is ab@eggleston et al. 1998; Posey et al. 1998 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 chars, and amphipod8artol and

Mann 1999; Grabowski and Kimbro 2005; Hughes and Grabowski 2006; SAFMC 1998b; Soniat et al. 2004;
Zimmerman et al. 1989Mud crabs, a dominant component of the oyster reef macrabassemblage,

take refuge from oyster toadfish, blue crabs, and wading fBdsbowski and Kimbro 2005; Meyer

1994) and are important intermediate predators foraging on juvenile hard clams withinGrafsowski

and Powers 2004; Posey et al. 200%kdation 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
hardclams and highlighting the complexity of interactions and the significance of shell bottom as refuge
(Grabowski and Kimbro 200®revious research has documented thpartance of shell bottom for

predation protection of adult and juvenile hard clams, citing increased survival in shell bottom habitats
compared to open soft bottor{Peterson et al. 1995)

Taking advantage of the hard clayster shell relationshiyMF 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 haverecruited under the planted shell. In some areas, additional cultch planting creates adjacent
habitat areas, and the twgear cycle begins agdidDMF 2008a; Marshall et al. 1999)

3.2.4.2. Spawning

Shell bottom reslent species, such as oyster toadfish, gobies, grass shrimp, and hard clams, have been
documented using oyster reefs for reproduct{@oen et al. 1999; Hardy 1978a; Hardy 1978b; NOAA
2001; Tolley and Volety 2008)Jany of these residents use the interstitial spaces as nesting sites and
attach their eggs to the shell surfa@@oen et al. 1999Recent research suggests that estespgwning
transient species use shell bottom for spawning. In the Neiuse €stuary, 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 foui@arriosBeckwith et & 2006; Barrios 2004)

3.2.4.3. Nursery

Shell bottom serves as valuable nursery habitat for numerous juvenile finfish and macroinvertebrates
(ASMFC 2007; Daniel Ill 1988; Grabowski et al. 2000; Minello 3@k S& O2y aA RS-NBR «a
SYKIFyOSR¢ o6& akKStft o02G02Y AyOfdzRS aitz2yS ONroaxz
gag, toadfish, and tautq@eterson et al. 2003pboth 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 oystepostsettlement is often higher on oyster shell than other shell substrates due

NB Ol
i K
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to the structural complexity oyster shell affo(@iestlerode et al. 2007Juvenile stone crabs occur
almost exclusively on shell bottom in areas where other sources of hard substrate are rare to absent
(Lowery and Paynter 2002; Minell®99) Presettlement stone crabs key in on the chemical signals and
associated biofilms of the oysters as cues for settlerfiaminsky and Epifanio 2008he nursery

function of shell bottom for resident finfish was demonstratedddynkrt and Allerf2002)who found
abundances of juvenile naked golBobiosoma bojcoyster toadfish@psanus tay and crested blenn
(Hypleurochilus geminatus 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 andCS&drgider shell bottom important nursery

habitat for these juvenile&Grabowski et al. 2000; Lehnert and Allen 2002; Peterson et al. 2003b; SAFMC
2007) Grabowski et a{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 wpeeikigher

than on the adjacent mud flats. Lehnert and A{B002)reported that black sea bass and groupers were

nearly 500 timesnore 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 ¢48/d&C 2007;

Eggleston 1990; Grabowski et al. 2000; Loosanoff 1965; Mann and Hardindsp@@i®s considered

G INRSYIKKF Yy OSRE o0& aKStt o02GG2Y NBtIFGAGS (2 a2Fd oz
sheepshead mirow, spottail pinfish, silversides, white perch, pigfish, and southern flo@iRd&rson et

al. 2003b) The structure shell bottom provides concentrates prey organisms and attracts predators. Both
mud and blue crabs forage heavily on oyster reefs, fumioi as important predators of oyster spat and
juvenile hard clamgCoen et al. 1999; Eggleston 1990; Krantz and Chamberlin 1978; Menzel and Hopkins
1955; Posey et al. 2004 the Gulf of Mexico, oysters and etleef associated bivalves were

documented to comprise over one third of the diet of juvenile and adult black (@wown 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-essciated fish, crustaceans, and mollusks
(Grabowski et al. 2000; Lenihan et al. 2081)dies 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 208&cently, the ASMFC has recognized the
importance of shell bottom as foraging grounds for economically and ecologically important species,
noting that 17 of the 22 ASMEmanaged species use shell bottom for this purgd&MFC2007)

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 macroinvertebratd€oen 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 thehalatalue of those reefs
(Grabowski et al. 2000; Micheli and Peterson 1999)

In 2005McCormickRay (2005lpoked 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, facultatesidents, and transien{€oen et al. 1999Resident oyster
toadfish attach eggs to oyster shells and may diaelity 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 casedobasspe

and bluefisiHarding and Mann 2001ajhe 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(keCormickRay 2005)

Oysterbedsof diverse shape and sipasitionedin the path of tidal b 2 gaitract biologicalactivity that
coupleprimary productionfrom other organismsnto food webs. Frontheir studies,Lenihan esl.
(2001)havesuggestecan oyster bed-basedfood webfor U & Kafdinvertebrateswhere oysters,
musselscrabsand shrimpare at the base.Oystersl f $r@aNdiatoms,bacteria,and detritus from the
watercolumn,asdoassociated) f fe&dlBk$, e.g.barnaclestunicates,hydroides bryozoansand
spongestransferringpelagicproduction to the benthos. Speciesf decapodsand U & déccur more
abundantlyover oysterbedsthan adjacentd | Yy R Pdoséy &t al. 1999)

The abundanceof xanthid crabs (mud crab&anopeusherbstiiand Eurypanopeudepressusthat
inhabit the intertidal North Carolinaoyster reefs seekrefuge in oyster shells,the former exploiting
the sub-surfacestratumandthe latter exploitingthe surfaceshell clusters(Meyer 1994) In the Gulf of
Mexico,decapodassemblageassociatedwith oysterbedsform distinct populationsfrom thosein
seagrassind marshedgehabitat(Glancy et al. 2003)hus,oyster beds coupleseasonaprimary
productionandprimaryconsumergo numerousestuarinefeedersincludingvariousUshes,potentially
A Y b dzSenédytyadsferS Y O A S ah@chbrénmiunitymetabolism(McCormickRay 2005)

Learning about the role playeg 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 resfteliatics 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 paucityfanformation 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 initators 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 the Mid-Atlantic, oyster reefs occurred so extensively that they were a

hazard to navigatio(Newell1988) Street et al(2005)and DMK2008a; 2001chave summarized the

historical losses of oyster reefs in North Carolina, primarily in the Pamlico Sound region. {4/889pw

documented the historical distribution of oyster beds in North Carolina in1885. Although the

Winslow methodsgliffer today, those early estimates indicated a greater distribution and abundance of

oyster reefs in Croatan, Roanoke, Pamlico, and Core Sounds. In this area, l/&&mstimated

roughly 8,328 acres of public and private oyster beds (0.6% of the bottom) and 20,554 acrestial pote

GLXzof AO 28&0GSNJ AINRdzyRa d¢ 2 KAfES 2Aayatz2gg SaldAavYl Gd4SR
Shellfish Mapping Program delineated 443 acres of shell habitat in the intertidal and subtidal zones of

North River areas in the early 2000s@Biwrad, DMFpers. com2014).

In Pamlico Sound, changes in the abundance of oyster rocks since the 1880s were documented by
Ballancg2004) Using new technologies to locate subtidal reefs reported by Wi($&8@) Ballance
found many oncgroductive high pfile reefs consisted of low profile shell rubble, low density reefs, or
buriedreefs. Ballanc€004)also found that the larger solid redfadless live oysters, attributed to the
ease of locating by fishermen. Division wortt anecdotal information have noted that sediment has
buried oysters in some locatiotisat were once abundant, including the northeast side of the Neuse
River and Newport and North rivers (N. Lindquist, UNEGS pers. com2014).
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Table 3.2Partiallisting of finfish and shellfish species observed in collections from shell bottom in North Carolina,

and ecological functions provided by the habitat.

Shell bottom function$

Species Refuge Spawning Nursery Foraging Corridor Fishery?

Stock Status
20143

ANADROMOUS & CATADRWUIS FISH
American eel* X
Striped bass*

X
X

ESTUARINE AND INEPAWNING AND NURSERY

Anchovies (striped, bay)
Blennies*

Black drum*

Blue crab*

Oyster*

Gobies*

Grass shrimp*

Hard clam*

Mummichog

Oyster toadfish*

Red drum*

Sheepshead minnow*
Silversides*

Skilletfish* X
Spotted seatrout*

Stone crab* X
Weakfish X

X
X X

XX X X X X X X
X X X X X X X

x

X
X

X X X X X

X X

MARINE SPAWNING, L-8WH SALINITY NURBE

Atlantic croaker

Brown shrimp* X
Southern flounder*

Spot X
Striped mullet

MARINE SPAWNING, HISGALINITY NURSERY
Atlantic spadefish
Black sea bass* X

Gag* X
Gulf flounder

Pigfish

Pinfish* X
Pink shrimp* X
Sheephead* X
Spanish mackerel

Summer flounder X

X

X

X X X

X X

X X X X X XX X X X X X X XX X X X X X X

>

X X X X

X

X

X
X
X

X

X
X

X X X

X X X X X X X X X X

XX X X X X X X

D
Cc Albemarle/Roanoke,
V ¢ Atlantic Migratory

O0OC

o

<O0O<K0O

C4
R- north of Hatteras,
V - south of Hatteras
C

<<K<CL

* Species whose relative abundances have been reported in literature as being generally higher insshetdmoin other habitats.
Note that lack of bolding does not imply reslective use of the habitat, just lack of information. Scientific names listed in Appendi:
1Sources(Pattilo et al. 1997YSAFMC 19980 enihan and Grabowski 1998}oen et al. 1999jGrabowski et al. 200QPeterson et al.

2003a) (Barrios 2004 ASMFC 2007aA. Barrios, unpublished data.
2 Existing commercial or recreational fishery. Fishery andisioery species are also important as prey.
3V=viable, R=recovering, C=Concern, D=Depleted, U=unkn#2014)

4 Status of reef fish complex as a whole. Sheepshead and Atlaut&fish have not been evaluated in NC.
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Fisherydependentharvest 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 thee@fury(DMF 2001c)

High landings around 1890 associated with introduction of the oystdgd were followed by sharp
declines around 1918 due to restrictionsriechanical harvest (oystdredging 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 20018)o0r harvesting practices are belidte be the primary cause

of initial degradation and loss of shell bottom habitat in the Pamlico Soun{Ddviéa2001c; Jackson et

al. 2001)

After 1991, oyster stocks and harvests from Pamlico Sound began psedtiam disease mortalities

and low spawning stock biomg&sviF 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, agsdredge 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 dredglng trlp on average (Flgure 3. 1) While generally mcreﬁ{mngmber of trips taken annually

K I T dzOu dzI G SR oSuassy M YR MnXcco ouKSNEBopCﬂSNJS y
2 NJ -mohorc aSlaz2ya RdzS (2 RIEWIZSa)Bgfvieen2008 2ntl20K3deiseih O v S a
dredging trips have risen substantially with increasing harvest, as has the number of hand harvest trips.
Statistics cannot infer that oyster populations are insirgafrom harvest data alone.

—o—Dredge —e—Tongs, Rakes, By Hand, Misc. Gears

2,500,000

2,000,000 p

1,500,000

1,000,000

Landings (Ib meat)

500,000

0 LI L L L L L L L L L L L L L L L O O

b‘é\,\Q,\’b Mg;

Q ‘l/ <0 b& A P H P H XV

Year

Figure 3.1Commericabyster landings (in pounds of meat)fishinggear type from 1930 to 2012, DMF.

During the 1990s, average oyster spat per shell (spatfall) in Pamlico Sound declined considerably,
representing lesthan half the number of spat per shell recorded during the(R@DMF 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 fray2QD887

and has increased similar tcethorthern 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, DMRers. com2014). The trend of stable or increasing spatfadistwide 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 froinfectious diseases or parasitic organisms, among other contri@bcs et al.
1994; Dittman 1993; Ringwood et al. 20@2¢rmo Perkinsus marinyignd MSXHaplosporidium

nelsonj infection may be responsitiier 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(}M&EVIF et al. 2008)hese
diseases are most prevalent in warm, high sglimaters; some evidence suggests oysters in smaller
estuaries have a higher tolerance to infection.

Recent consideration has been given to the marine boring spGligea spp.in response tincreased
abundance in Pamlico SoundR@ters and MJordanDMF ,pers. com2015; N. Lindquist, UNCH 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 susceptilgigeto dis
(Ringwood et al. 2004frurthermore, bioerosion may compromise structural integrity on individual and
reef scales, while also utilizing shell surface area and limiting suitable settlement substrate fargecruit
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 seeld oyster¢Chestnut 1955b; Munden 1975;
Munden 1981) Statesponsored cultch plantings began in 1915. From 119B8l, about 15 million

bushels of oysters were planted in North Carolina wé&treet et al. 2005)The primary purpose of the

DMF cultch planting program has been oyster fishery enhancement, which provides temporary habitat
valueas well as fishery benefitRecent research showing the important ecological and economic value of
oyster reefs prompted DMF to broaden their focus to ecosystem enhanceiméing late 1990s.

As of January 2015, there were 13 artificial reef sanewiariNorth 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 ae 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 NCAG®Band 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%edase in population densiffPuckett and Eggleston 201Pensity

at each sanctuary igariable, ranging from 418.7 £ 82.1 to 6,585.3 + 204.8 oysters/ mz2, though mean
density among sanctuaries was 3,781.7 oyste(Rotkett and Eggleston 2018rowth and survival at
sanctuaries follows a gradient consistent with, and likely driven by, a persistent salinity gradient present
in Pamlico Sound watefennedy et al. 1996Db; Lin et al. 2007; Puckett and Eggleston 2012; Wells 1961)
Lower salinity (108 psu) western Pamlico Sound sanctuaries exhibit higher survival though slower

5Peterson et al. (2003) estimated fish production that shell bottom adds to soft bottom habiitgft r&mults from numerous
studies, they compared the density of fish adjacent to and on oyster reefs. Analysis revealed an additional yieldfof 2.6 kg o
fish/year for every 10Aof constructed oyster reef in the SE US over the lifetime of the reef.
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growth rates, whereas eastern Pamlico Sound sanctuaries expehigher salinity (336 psu) and
subsequently maintain faster growth rates and lower survival (Bieskett and Eggleston 201Pgters

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 fronpradacted reefs (D. Eggleston and B.
Puckett, NCSGMASTpers. com2015)(Haase et al. 2012; Peters 2014; Puckett and Eggleston 2012)

Relativeto non-protected oyster reefs, North Carolina oyster sanctuaries have demonstrated the capacity
to maintain higher population density and greater abundance of large, fecund oysters.is a striking
decrease in densities ranging fromtage to unproteted oyster reefs, with mean oyster density ~72 and

8 times higher in reserves than in natural and cyteimted reefs, respective(fPeters 2014; Puckett and
Eggleston 201%eters et al. in review). Unprotectezkfs, 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 pecapita fecundity at length, the average reproductive potential per square wiedgster
sanctuaries is up to 30 times greater than unprotected rgtfters 2014{Peters et al. in réew). 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 exiqfedters 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 arélroch et al. 2012; Peters 2014; Puckett and Eggleston (B&t2js et al.

in review).

Oyster recruitment (spatfall) on newly deployed shell can be an indicator of potential larval availability
and recruitment potentialAverage oyster spatfall in the Pamlico Sound area for the;1989 period

was less than half the value of the 187988 period DMF 2008ajFigure 3.2); data since 1999 show an
increase (Figure 3.2). The DMF spatfall @d@DMF 20146pr cultch planting sites over the past 31
years indicate a decline in maximum spatfall relative to similar surveys reported by Cti€s8}

Some researchers suspect that oysters are becoming spdimited, while others attribute the decline

to stress and mortality from infectious diseases affecting primarily larger, more fecund@Haltst al.
1994; DMF 2008a; Lenihan 1998) to physical damage frooysterdredging(Marshall et al. 1999)

3.3.2. Status of associatéshery 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). Unfortunatelyhe 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. Universégna®sers 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 @ais2014)0f the species with a
preference for shell bottom habitat and whose status were known, six were desifregikded 16

were Concernthree wereRecoveringnine wereViable Specifically, American eel, southern flounder,
river herring (Albemarle Sound Area), spotted seatrout, Atlantic sturgeon, and weakfish are listed as
DepletedRecoveringpecies were monkfish, red druand black sea bass (North of Hatteras). Listed as
species ofConcerrwere Atlantic croaker, blue crab, eastern oyster, several sharks, spot, striped bass
(Albemarle/Roanoke stock), gag, reef fishes (six species) bay scallop, Atlantic menhaden, amd America
shad.Viablespecies 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 speciesklaagn, hickory shad, sheepshead, kingfishes,
king mackerel, and hard clam, wasknown
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Figure 3.2Average number of attached juvenile oysters (spatfall) per unit cultch (shell), in northern and southern
coastal waters (southern district includes frid@wport River to South Carolina), 198112.

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 sigtiificatiie fishery itself,
providing numerous habitat and water quality functions vital for fishery andistuery specieysters
also provide buffering benefits helping establish habitats such as wetlands and SAV.

The protection and restoration of ligroyster 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 funakowaied
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 easteroysters, hard clams, and bay scallops in the AlbeiRartdico

estuarine systenfEpperly and Ross 1986)
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Map 3.3a Estimated density of living oysters, élams; scallops in completed portions of the bottom mapping area from Roanokedslasrth tGore Sound

(2014). Note: Absence of mapped shell bottom is not evidenshell absence.
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Map 3.2 - Estimated density of living oysters, clams, scallops in completed portions of the bottom mapping area from Roanokedstath iGore Sound
(2014). Note: Absence of mapped shell bottom is not evidence of shell absence.
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Map 3.3d- Estimaed 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 3.3eEstimated density of oysters in completed porsia the bottom mapping area from southern Core Sound to Surf City (August 2009).
Note: Absence of mapped shell bottom is not evidence of absence.
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Map 3.3f.Estimated density of oysters in completed portions of the bottom mapping area from SurfSZiglltdte River (August 2009).
Note: Absence of mapped shell bottom is not evidence of absence.
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Ranoke Island to northern Core Sound.
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Map 3.4bLocation of cultch planting sites (2012), shellfish management areas and research sanctuaries (2008), and oyster @iictyénoes southern

Core Sound to Surf City.
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Map 3.4cLocation of cultch pi#ing sites (2012), shellfish management areas and research sanctuaries (2008), and oyster sanctuaries (2014) frean Surf City

Shallotte River.
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Map 3.5aAreas prohibited tanechanical shellfish harvestd/or trawling from Roanoke Island to north€are Sound (as of 2008).
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