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The 2021 Coastal Habitat Protection Plan Amendment is dedicated to Michael Wolff Stree2(X443
Mike was a lifelong champion for fish habitat conservation and sustainable fisheries management.

aAl1SQa LI aaa 2y sineeanhilded HinktoypGrsud axaréeyidfSheries. He received an MS
from the University of Georgia, where he studied anadromous fish. After receiving his degree, Mike
began work with the NC Division of Marine Fisheries in January 1970. During his 38 years of service,
manyas the Section Chief for fisheries management or research, he was the instigator of and champion
for crucial Division initiatives, including anadromous fish surveys and the initial juvenile fish sampling
that resulted in the Marine Fisheries Commissionigiested Primary Nursery Areas. Many of the
Division's longerm monitoring and management programs, including fishery management plans,
statistical analysis, fish aging, fish house sampling, and habitat protection began due to his vision,
planning, and teacity. With determination and enthusiasm, Mike not only created the process for the
Division to comment on other agencies habitat permits from a fisheries perspective but also led the
effort in developing the initial Coastal Habitat Protection Plan. Nét wras Mike a hard worker and
professional report writer, but a kind and compassionate person, who valued his colleagues and his
family.
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With over 2.9 million acres of estuarine and coastal waters and 12,000 migstuafiined K2 NSt Ay S> Db/
diverse coastal habitats provide the foundation for a healthy and sustainable seafood industry, a sound
coastal economy, and resilient coastal comntigési The need for coastwide habitat plans originated in

the 1990s due to increasing concerns by resource managers, fishermen, and the public over fish
populations, declining coastal habitatend deteriorating water quality. The development of Coastal

Halitat Protection Plans (CHPR&d subsequent fivgear reviews were required in the Fisheries

Reform Act of 1997 (FRA; G.S. 123B.8). The legislative goal of the CHRR ¥6 (i K Sterin 2 y 3
SYKFyOSYSyid 27F O2Iadlf 7¥AaK ShHNadequiredne DepartmiedtRf ¢ A ( K
Environmental and Natural Resources, how the Department of Environmental Quality (DEQ) to develop

the plan, and for the Environmental Management (EMC), Coastal Resources (CRC), and Marine Fisheries
(MFC) commissions talapt and implement the plan, thus requiring a coordinated management

approach.

There are increasing concerns about declining water quality and the influencig ihlaaving on

structured habitat such as submerged aquatic vegetation (SAV), shell bottom, and wetlands.
Consequently, most of the selected priority issues in the 2021 CHPP Amendment include elements of
improving water quality. The recommended actions areezted to not only improve these habitats but
also strengthercoastalcommunity and ecosystem resilience.

Protection and Restoration of Submerged Aquatic Vegetation (SAV) through Water Quality
Improvements

Sibmerged aquatic vegetatiois critical for heahy fisheriessuch as shrimp, blue crab, red drum, and
flounder and providesaluableecosystenfunctions. While NC has one of the largest SAV habitats on
the east coast, water quality impairmentapled with the expectation of sea leuwite (SLRynd

increasing water temperatureassociated with climate changéll exposeall SAMh NCto multiple
stressors that can limit their growth, reproduction, and distributiégncomparison of low salinity SAV
extent in 20142017 timeperiod to what occurred histocally (19812015), indicated a 33 percent

decline in Albemarle Soundnd Pamlicand Neuse rivers. The high salinity SAV extestt showed
declines between 2068007 and 2013 in all waters, with Bogue Sound, the most developed watershed
examined, havinghe largest decline af0percent. The major cause of SAV loss has been due to water
guality degradation from nutrients and sediments, whieklucelight penetration needed for grass
survival. A series of steps to improve water clarity raguired An optcal modelis under development

to determine the chlorophylh, nutrients, and other parameter targets needed to achieve adequate light
penetration. Once these targets are determined, new standards can be implemented and nutrient
loading by source and lotian determinedto providedirectionon where to focis water quality
improvements. Thenicreasing use of naturbasedbestmanagemenpractices (BMPs) can be a key tool
to improving water quality. Monitoring of SAV and water quality is required to assegeass. The
recommended actions for this issue include these steps and others needed to successfully improve
water quality to levels that sustain SAV.

Protection and Restoration of Wetlands through Natu@ased Solutions

Wetlands are a critical nursenahitat for numerous species that occur throughout the estuarine
system. They also provide valuable ecosystem services, such as water quality fittratenosion and
flood control. Losses to forested wetland£ (ibottomland swamp) continue to occfrom land clearing
and hydrologic alterationBoth forested wetlands and salt marsh are at increasing risk d@&.B®
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saltwater intrusion, and erosiorihost forests and shrinking marsh islands are increasingly evideat.
means of offsetting these loss@hile increasing coastal community resilience is using nahased
solutions, such as living shorelines, natbased stormwateBMPs hydrologic restoration, and wetland
preservation.

Safeguarding wetlands, while allowing for sustainable developnaemendson havingcomprehensive

data on the distribution, characteristics, andndition of the different wetland typesConsequently,

several actions to obtain updated wetland maps using new technology that can be faster and dbeaper
coordinate mappin@nd monitoring among involved groups are included in this isEhe issue paper

also describes different types of natubased solutions which amesuite of strategies that use natural
systems, mimic natural processes, or work in tandem with traditiapproaches to address specific
hazards. Communities across thiate can incorporate naturdased solutions in local planninzpning,
regulations, and builgrojects to help reduce their exposure to flood and erosiopacts.

Recommended actions includéapning and identifying uplands adjacent to marshesdnoserve hat

will allow migration withSLRcollaborating with the Department of Defense to fulfill the Southeast US
One Million Acres Salt Marsh Initiative, and determining if living shoreline psajaa qualify for salt

marsh or nutrient mitigation credits. Recommendations also include increasing use of BMPs to reduce
runoff from roads, development, and agriculture while creating wetlands and restoring hydrology. The
CHPP also supports many of tieeommendations in the NC Risk and Resiliency Plan, and the Action
Plan for Naturebased Stormwater Strategies.

Environmental Rule Compliance and Enforcement to Protect Coastal Habitats

There is strong support from the public to enforce existing rulémprove effectiveness in wetland and
water quality protectionThis issue paper examines current known compliance rates with rules under
the Divisions of Water Resources (DWR) and Energy, Mineral, and Land Resources (DEMLR) related
primarily to 404 wetland and stormwater managemerieriodiccomplianceinspectionsand possible
enforcement actiorhave been shown to be a successitikeepingpotential violators to adhere to the
applicablerulesand laws Recommended actions focus on obtaining a few add#iqositions on the

coast to allow for compliance monitoring and to increase outreach to stakeholders and the public so
they are more aware of authorized activities and therefore able to comply with permits and rules.

WastewaterInfrastructure Solutions for Water Quality Improvement

There are many contributing sources of watgiality degradationSanitary sewer overflows (SSOs) from
wastewater collection systems are one pollutant source that contribtdevater quality degradation

and impacs coastal haliats. Failing and deteriorating wastewater infrastructure, often referred to as
inflow and infiltration (1 & 1), ia primarycause of SSOs. Untreated or incompletely treated sewage
entering estuaries after a SSO can increase bacteria, nutrient, ande¢eris, potentially resulting in
shellfish closures, algal blooms, fish Kills, and contaminated water and sediment thatgain aquatic
life. Given the coastwide distribution of over 5@@stewater treatment plants (WWTRJocumented
prevalence of | & | issues, atite magnitude of SSOs, improvements to wastewater infrastructure are
needed for longterm water quality management he issue paper supports recommendations in the
State Watelnfrastructure Authority Reporandincludes recommendations to prioritize repairs and
maintenance near sensitive estuarine resources, develop strategies tofflood wastewater
infrastructure, and consider additional requirements for deemed permitted collection systems to better
preventSSOs.

Coastal Habitat Mapping and Monitoring to Assess Status and Trends
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changes to the habitats and the causative effects. Cotmgmsive mappingand ménii 2 NAy 3 2 F |
coastal habitatsire necessaryo determinethe success aéxistingmanagement and restoration efforts
and whether more action is needeWith adequate spatial coverage and resolutjterger changes in

the systemcan be detected ah further investigated in the futurelhe first step for coastal resource
managers is to raise awareness of the problems caused by degradation and destruction of the natural
environment and identify contributing factors. This is followed byrbked for regular standardized
monitoring and assessments of these habitats to quantify their extent and condition using habitat and
ecosystem indicatorsviapping and monitoring recommendations were included in the SAV and
wetlands issue papers. Other recommended@usiinclude forming interagency workgroups by habitat
type to establish indicators and monitoring protocol, to initiate necessary samplimdsummariz the
information in an ecosystem status report.

Public Comment

During a oneamonth comment period, DEQ received an unprecedermsuunt of public input through
email and an online survey, as well as at five MFC Advisory Committee meetings. There was
overwhelming support for the recommended actions in the plan thatadtiress improving water

quality and enhancing SAV and wetlands, which will increase coastal resilience throughhzeiede
solutions.All five advisory committees voiced support for the CHPP document verbally and in motions
that passed unanimouslirhe avisory committee members and the public discussed what they saw as
contributing to degraded water quality. Causes ranged from rampant development, to lack of buffers
around farmlands, largscale logging of wetlands, atmospheric deposition of nitrogegiating from
animal waste lagoons. It was noted that clean water is essential for sustaining shellfish mariculture,
fisheries, tourism, and thus the coastal economy. The online survey results, consisting of 93
respondents, indicated strong support for thecommended actions inllahe issue papers.

There was strong support for a public/private partnership at all of the meetings from the AC and the
public. It was noted that adding a public/private partnership would be beneficial due to increased
collaboraton and resources to implement CHPP recommendations, and increased public awareness and
support. The public and private partners would be able advocate for action with the General Assembly
and others and broaden funding opportunities for implementation.

The DEQ received two petitions in strong support of the CHPP amendment and implementation of the
recommended actions. NC Audubon submitted 461 signatures, and NC Conservation Network had 796
signatures, from NC residents.

The Department also received #iters through email on the CHPP amendment. The majority of the
letters were highly supportive of the recommended actions in the plan, while the others supported the
CHPP intent but requested changes, or just focused on changes. The CHPP Steering €(G8ite
reviewed all of the public comment received, and made some wording adjustments to several
recommended actions.

Recommended Actions

The implementation of recommended actions will begin to address concerns raised in these issue papers
as well as theverarching goals of the CHPP. It will take collaboration with other agencies, scientists,
conservation organizations, local government, and stakeholder support to implement these
recommendations to protect and preserve the coastal habitats of NC whkiteirtreasing coastal

ecosystem and community resilience.

Although new priority issues were selected for the 2021 CHPP Amendment, the 2016 issues remain a

f
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continuing priority. The NC Oyster Blueprint, of which DEQ divisions participate, serves asfarguide
shellfish management, both from fishery and habitat perspectives. The plan is a successful example of
how publieprivate partnershipsas recommended by the C$&n result in synergistic benefits.

Recommended Actions

Table ES.1. Actions recommended by the Coastal Habitat Protection Plan (CHPP) 2021 Amendment. SAV

= Protection and Restoration of Submerged Aquatic Vegetation (SAV) through Water Quality
Improvements, WET Brotection and Restoration of Wetlands through Natbigsed Solutions, Comp =
Environmental Rule Compliance and Enforcement to Protect Coastal Habitats,WAatewater
Infrastructure Solutions for Water Quality Improvement, MMCeastal Habitat Mapping and Monitoring
to Assess Status and Trendsd SR Stakeholder Repart

Issue Rec.
paper #

Recommended Action

By 2023, theNC Department of Environmental Quality (DEGQ) pursuerecurringfunding as well agrom
state, federal, and private sourcebat includes the adequate amount of staff to successfully evaluate ¢

<Al S meet thesubmerged aquatic vegetation (SA¢yeage goals and implement all of the SAV recommende
actions that contribute to meeting the goals.
By 2022, DEQ will commit pyotecting and restoring SAV to reach an interim goal ofd®lacres
SAV 4.2 coastwide with specific targets by SAV waterbody regions (Table 4.5; Figuk98)4.1
By 2022, DEQ will form an interagency workgroup with-government organization$NGO$, and local
SAV 43 governments to inform and guide development of watershed restoration plans to protect, restore or

replicate natural habitats (i.e., SAV, water quality, coastal habitats) and hydrology through natural an
nature-based solutions.
By 202, DEQ will form a workgroupitiy NC Division of Water Resources (DY) Division of Energy,
Mineral, and Land Resources (DEMDR)ision of Soil and Water Conservatitocal governments, and
SAV 4.4 other partners to incease best management practices (BMR&ted to water quality ithin the SAV
waterbody regiongo the extent possibleconsistent with current funding levednd request increased
state costshare funding.
By 2023, DEQ will develop and implement agalile assessment programdonduct coastwide SAV
YELWAYI YR Y2YAG2NAY3I G NBIdA F NI AydSNBFfa
By 2023, DWR will evaluate and prioritize the incorporation of shallow water sites (< 1m mean lower
water (MLLW)) that currently or historically contain(ed) $#¥ the statewide ambient monitoring systern
By 2022, the NC Environmental Management Commission (&M@)ceive guidance from the Nutrient
Criteria Development Plan (NCDP) Scientific Advisory Council (SAC) on establishing a water qdatity
SAV 4.7 for light penetration, with a target value of 22 percent to the deep edge (1.7 m) of SAV for all high sal
SAV waterbody regions, and a light penetration target of 13 percent to the deep edge (1.5 m) for all I
SAV waterbody regions (Table 4.[gures 4.14.9).
By 2022, at the request of the EMC, the NCDP SAC will evaluate the chlaepdigt quality standard
and as needed, recommend it be revised by the EMC to ensure protection of SAV in high and low sa
waterbody regions, beginning with the Albemarle Sound and Chowan River, and continuing with othe
waterbodies that support SAVaBle 4.5; Figures 44.9).
By 2024, EMC will adopt scientifically defensible nitrogen and/or phosphorus criteria if recommendec
SAV 4.9 through the NCDP process, to help protect and restore ~12,900 acres of low salinity SAV habitat in tl
Albemarle Soun&AV waterbody region and continuing with other waterbodies that support SAV.
By 2025, DWR will determine with assistance from research academia, the loading and sources of ni
SAV 4.10 and sediments, their quantitative linkages to chloroplaydioncentrations, and their effect on water qualit
and SAV.
By 2022, NC and DEQ), through the Secretary of Emergency Management, will request more accurat
estuarine bathymetry data frorthe National Oceanic anditmosphericAdministration (NOAA)
By 2022, DWR will request the NC Policy Collaboratory to investigate the impacts of agricultural prac
SAV 4.12 and land use change on water quality within SAV waterbody regions, to determine types and locatior
BMPs needed to effectively improveater quality.
By 2022, DEQ Office of Education and Public Affairs will work with local governments and NGOs to ¢
development of public education and stewardship programs with social media campaigns and citizen

SAV 4.5

SAV 4.6

SAV 4.8

SAV 4.11

SAV 4.13
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Recommended Action

science monitoringtoincted S LJdzof AO | g NBySaa 27F {! = Qa&bedehdJ
as well as instill public commitment to SAV conservation.

By 2023, DEQ will obtain state matching funds for the NOddstal Change Analysis PrograrCP}o
YILI b/ Qa /2radlrt tfFAYy G mY NBazftdziazy FyR |
conducted by DWR and other state agencies.

By 2024, DEQ will pursue the use of emerging technologies such as data fusion or deepreaming
networks, that rely on a combination of satellite imagery, drone imagery, and field verification for coa:
wetland mapping and change analyses.

By 2022, DEQ will form an interagency workgroup to develop a coastal wetland mapping anatimgnit
plan, including a minimum set of standardized metrics and a potential centralized location to store rel
reports and information.

By 2026, DEQ will determine the status and trends of coastal wetland acreage, condition, and functic
basal on the additional mapping and monitoring data obtained.

By 2022, DEQ will provide information to NC legislators regarding the need for increased appropriate
funds for the three state conservation trust funds to increase conservation of critétidnd properties
and critical corridors that will allow for future marsh migration.

By 2022, DEQ will actively participate in and support the development of a Southeast Regional Mars|
Conservation Plan, which is a partnership with the Department of Defense along with federal, state, ¢
private groups that have been initiated by the Scedlt Partnership for Planning and Sustainability
(SERPPAS).

By 2026, DEQ will work with researchers, federal and local governments and NGOs to facilitate mars
migration through the conservation of migration corridors, including participatiaghérPew Charitable
Truss-SERPPAS Salt Marsh Initiative.

By 2022, DMF will determine potential mechanisms to prevent harvesting from living shorelines
constructed with oysters.

By 2025, DEQ will determine if living shoreline projectsbeabuilt in a manner that qualifies for salt mars
or nutrient mitigation credits.

By 2025, DEMLR and other divisions should increase education, outreach, and training to consultant
government, and landowners for natutgased stormwateand watershed management strategies.

By 2024, DEQ should partner with other organizations to facilitate coastwide completion or enhancer
of coastal vulnerability assessment tools, such as living shoreline siting, and marsh migraticetland
restoration prioritization.

Determine optimal parameters for thin layer sediment deposition to ensure wetland success.

Assess trends in salt marsh elevation, inundation, and distribution to prioritize areas for wetland
restoration.

Determine the impact of degrading plastics and marine debris on wetlands, sediment, and the benthc

Research the nutrient (nitrogen, phosphorus) reduction benefits provided by living shorelines and use¢
information to provide incentives for living shoreline projects.

Study the effects of silvicultural timber harvesting in palustrine (bhotemd swamp) forests on hydrology,
water quality, and wetland condition; include assessment on the efficacy of forestry BMPs to minimiz
ecological impacts.

. @ HAHHIE 59v aK2dA R &dzlJL2 NI STFTF2NI & (6asiGAG?2 NJ
Inventory.

By 2023, through legislative appropriations or budget reallocations, DEQ will increase staffing in DWI
DEMLR by a minimum of two staff (one per office, per agency) in the Washington and Wilmington reg
offices.

By 2023, DEQ will seek funding through grants or other sources to supplemeragmatepriated
compliance efforts.

By 2022, DWR and DEMLR should work witiN@eDivision of Environmental Assistance and Customer
ServiceDEACRIi 2 S&Gl 6f AaK || LdzoftAO LRNIFf 2y 59vQa
issues, allows the public to submit complaints, and potentially highlights a list of repeat violators.

By 2023, DWR, DEMLR, and DCM should develop and hold outreach workshops féraN@@syner
association§HOAS$, and other interested pblic, on rules related to land disturbing activities that affect

Vii
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Recommended Action

wetlands and water quality, and how to identify viatats to improve the effectiveness of public
complaints.

By 2022, DEMLR will initiate and continue outreach to stormwater permit holders on rules and requirt
maintenance of stormwater control measures and structures.

By 2024, DEQ will request that funding programs under the purview of the SWIA give additional prior
projects with a direct benefit to sensitive estuarine waters, including SA waters, fish nursery areas, ai
impaired waters, particularly those advefg impacting estuarine fish and their habitat.

By 2025, DWR will develop additional incentives to encourage improved maintenance of the collectic
system (e.g.incentivize owners and operators of wastewater lines for both existing systems and poter
new systems to adopt construction designs that minimize the potential for sewer spills over thieeior)g
By 2025, DCM and DWR will work with NC Otifdeecovery and Resiliency (NCORR) and local
governments in the coastal counties to develop strategies regarding-flomofing wastewater
infrastructure; siting new and relocating existing infrastructure away from sensitive estuarine waters ¢
floodplairs; upgrading sewer infrastructure; and develop strategic priorities for public and natural
infrastructure improvements

By 2023, DWR will evaluate modifications of EMC rules to require deemed permitted collection syste
under select criteria (e.g100,000 or more GPD) to have a certified operator as an Operator in Respor
Charge (ORC). DWR shall provide an update on this evaluation effort to the Water Quality Committe:
approximately one year.

By 2023, DWR will investigateodification of EMC rules to require deemed permitted collection system
be cleaned annually on a systematic basis (8.tp 5 years). The DWR shall provide an update on this
evaluation effort to the Water Quality Committee in approximately one year.

Prioritize research on alternative wastewater collection system designs that may be better suited for
coastal conditions (i.e., alternative sewer systems, composting toilets).

Evaluate the feasibility of rdesigning and rengineeringexisting systems that are inadequately protectir
ground and surface water quality.

By 2022, convene interagency workgroups of DEQ agency staff, academics, and subject matter expe
coastal habitat type (i.e., water column, shell bottom, SA&tjamds, hard bottom, and soft bottom) to
define indicator metrics and identify data gaps and monitoring needs for the ability to determing¢dong
status and trends of coastal habitats and the estuarine ecosystem.

By 2026, develop a document @eimined by the workgroups to communicate the ecosystem conditions
NC to the public.

By 2023, DWR will evaluate and prioritize estuarine ambient monitoring system sites to address gap:
spatial, habitat, or parameter coverage.

By 2022DWR will update standardized procedures for algal bloom investigations and evaluate the
potential to crosdrain other DEQ divisions to perform estuarine and marine investigations.

By 2023, DMF will develop a monitoring strategy to determine host teemap natural hard bottom reefs
in NC state waters and monitor the condition of both natural and artificial reefs.

By 2023, DWR will examine the feasibility of expanding the benthic macroinvertebrate sampling to ac
spatial gaps iassessing the estuarine soft bottom benthic community condition.

By 2022, DEQ will support the formation of a public/private partnership that will engage a diverse gro
stakeholders to assist in developing, implementing, and securing decig&ar support and funding for
measures in this 2021 CHPP Amendment that protect and restore water quality.

viii
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This document was produced collaboratively by numerous professitmatsseveral divisiosiwithin

the NCDepartment of Environmental QualifiPEQ) In addition, staff from other state and federal
agencies and universities contributed information for the plan. Tbhastal Habitat Protection Plan
(CHPPSteering Committee, representing member of the Marine Fisheries Commission (MFC),
Environmental Maagement Commission (EMC), and Coastal Resources Commissiopi(@Riey
substantial guidance and review of tkHPP Source Document adr?The MF@\dvisory Committees
also reviewed and provided valuable iripn the draft documents. Thddh would nd have been
possible without the assistance of all involved.

CHPP Steering Committeddartin Posey (MFC and CHPP Steering Committee Chair), Pete Kornegay
(MFC), Yvonne Bailey (EMC), David Anderson (EMC), Larry Baldwin (CRC), Bob Emory (CRC)

Division ofMarine FisheriesDMF)CHPR eaderkip Team Anne Deaton, Casey Knight, Jacob Boyd

AlbemarlePamlicoNational EstuaryPartnership (APNER)HPP Leadership Teadimmy Johnson, Trish
Murphey, Bill Crowell

Division of Division ofEhergy  Division of
Marine Division of Water Mineral & Land Qoastal
Hsheries Resources Resources Management Other
Kacee Zinn Karen Higgins Samir Dupor Curt Weychert  Anjie Ackerman &
Jamie Blackwell
Jimmy Harrison Jim Hawhee Daniel Govoni  (Division of
Mitigation
Kim Harding Amanda Mueller Mike Lopazansk Services)
Alan Coats & Tom
Katy West Chris Pullinger Rebecca Ellin  Gerow (NC Forest
Service)
Anthony Scarbraugl Chris Balllie (East
Carolina University
Tina Martin /Pew Charitable
Truss)

Eric Pare (Division
of Soil & Water
Conservation)

Additionally, we would like to acknowledge others that provided valuable information for the document.
This includes attendees, pmsters, and facilitators of the Submerged Aquatic Vegetati®hy

Workshop, held in March 2020, and the Wetlands Workshop held in August 2021. Liin&sdo

workshop summaries and attendees can be fohede.

Other professionals that provided information or assistance: Jessica Carlton, David May, Francine Durso,
Larry Cahoon, Annette Lucas, Samantha Burdick, MacKenzie Todd, Camerabhy®kjlliams, Zach
Harrison, Tod Miller, Leda Cunningharelly Garvy


https://deq.nc.gov/about/divisions/marine-fisheries/habitat-information/coastal-habitat-protection-plan
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Chapter 1. Introduction

1. INTRODUCTION
1.1 Purposeand Authority

North Carolina contains the largest estuarine system of any single Atlantic coast state, with numerous
estuarine rivers, creeks, sounds, inlets, and ocean bays creativgrge system ofver 2.9million
acresand12,000 miles oéstuarineshoreline(Figures1.1-1.2). Located at the convergence of thed-
Atlantic andSouth Atlantic biogeographical provinces, NC supports a mix of northern and southern fish
species. This combination of species richnestensivecoastal watersdstuarine and marine wateys

and the diversity and abundance adastalhabitats makes N@Qeéoastal fisheries among the most
productive in the US.

SHELL BoTTOM ~20,060 acres

SUBMERGED AQUATIC VEGETATION ~191,155 ACRES HISTORIC EXTENT

HaRrRD BoTTOM ~504,095 ACRES

CoasTaL WATERS ~2.9 MILLION ACRES

SoFT BoTtTOM ~2.9 MILLION ACRES®

WETLANDS ~4.5 MILLION ACRES

Figure 1.1The coastal habitats of North Carolina are the foundation for healthy fisheries. *Soft Bottom
habitat is an over estimation due to overlapping regions of the data used for analysis.
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The need for a coastwide habitat plan(s) originated in the 1990s when fish populations, habitat, and
water quality concerns were becoming increasingly enevident. Addressing habitat and water quality
degradation was recognized by resource managers, fishermen, the public, and the legislature as a critical
component for improving and sustaining fish stocks, as well as the coastal ecosystem. Developing
Coasal Habitat Protection Plans (CHPRere required in the Fisheries Reform AEL99{FRA; G.S.
143B279.8).

The legislative goal of the CHPR iX (i K Sterin 8nyiaicement of coastal fisheries associated with

O21 ail f THellavspedifiGsdhde CHPP identify threats and recommend management actions

to protect and restorecoastalkK 0 A Gl G& ONRGAOIE G2 b/ Qa O2Fadlft TFTAA
adopted by theNCCoastal Resources (CRC),M@&Environmental Management (EMC), and the

Marine Fisheries (MFC) commissions, to ensure consistency among commissions, as well as their

supporting NC Department of Environmental Quality (DEQ) agencies. The FRA clearly required that
recommendations of the nreagement plans be implemented. Thagsag of the FRA and the initiation

of the CHPP implementation process demonstrated the p@ul&sire and political will to better

Y I y I 3 Sisherieraaccoastal habitats.

The Public Trust Doctrine provides the overarching authority for the state to gegpablic trust
NE&a2dNDSad ¢KS R2OGNAYS adldSa GKIFG alLlzot A0 (NHzd
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the state in trust for the benefit of all the people, and establishes the right of the public to fully enjoy
publictrustlands, Wa SNE ~Z | YR fAQGAyYy3a NBaz2dz2NOSa F2NI I 6ARS gt
resources include the waters to the upstream extent of navigation, including navigation by small
recreational lmats, such as canoes or kayakgbmerged lands beneathahwaters up to the normal

high tide line (or normal water level in areas not subject to lunar tides); and the habitat and fisheries
resources within those waters. Public trust rights include navigation, commerce, fishing, swimming, and
hunting. State authity generally applies within the boundaries of NC, extending from internal creeks,
rivers, and lakes downstream through coastal sounds, into the Atlantic Ocean for three nanitiésal

(nm) from the ocean shorelindhe DEQ and the NC Wildlife Resouraasi@ission (WRC) have
stewardship oveb / Qudlic trust resources (G.S. 1131) and G.S. 11832 specifically gives MFC
jurisdiction over the conservation of marine and estuarine resourgethority is providedn G.S. 143B
279.8for DEQ to develogHPRBand requires the associated environmental commissions to implement
recommendationgrom the plans.

While the MFC manages fishing practices in coastal waters through rules implemented\ly the

Division of Marine FisherieBiPF, several agencies manmagctivities affecting coastahbitats and

fisheries resource§he EMC has authority over activities affecting water quality, such as point and
Y2YLRAYG RAAZOKIFINBSaAZ ¢l adSglrGSNE FEGSNXdAz2zy 2F 4S
implemented by dierent DEQ agencies, including tNEDivision of Water Resources (DWR), i@

Division of Air Quality (DAQ), and tNEDivision of Energy, Mineral, and Land Resources (DEMLR). The
DEMLR administers rules adopted by multiple regulatory commissionsglimgithe EMC,

Sedimentation Control Commission (SCC), and the Mining and Energy Commission. The CRC enacts rules
to manage development within and adjacent to public trust and estuarine waters, coastal marshes, and

the ocean hazard area. TNECDivision ofCoastal Management (DCM) implements rules adopted by the

CRC. The WRC, while not a participant in the CHPP process, has a direct role in the management of
migratory coastal fisheries and habisdhrough the designation of Primary Nursery Areas (PNAs) and
AnadromougFish Spawning Areas (AFSAS) in inlaaténs, the review of development permits,

monitoring and management of habitat, and the regulation of fishing in inland waters. There are many
other state, federal, and interstate programs that directhirutirectly influence coastal fisheries

resources and habitats in NC.

1.2 GoastalHabitat Protection Plan Rocess

TheCHPP Steering Committee (CSC), which consists of two members froene@ohmental

commission, recommends priority issues to address, provides policy oversight, reviews draft
recommended actions, and serves as liaisons back to their respective regulatory commissions. They also
meet to discuss croszutting habitat and water quality issgeand solutions and receive updates on

CHPP implementation progress. Increased communication across commissions benefits environmental
managementThe MFC, CRC, and EMC must review and approve theapldadopted the first CHPP in

2004 with revisiongn 2010 and 2016.

The CHPP is a DEQ document that requires all the DEQ divisions with authorityastehabitat and

water quality management to assist with drafting the plans. A CHPP Development Team, consisting of
staff from the associated DEQ divisidmsesponsible for drafting the plans, participatingc8C

meetings, and assisting withe implementtion of recommended actions. The DEQ divisions that must
participate are DMF, DCM, DWR, DEMLR tlaadNCDivision of Mitigation Services (DMS). Additby,

staff in theNCForest Service anthe Division ofSoil and Wate€ConservatioDSWC)yithin the NC
Department of Agriculture and Consumer Services(O3) participate. Because the plans are

developed with guidance from multiple agencies and comsiaiss, recommended actiomsquire broad
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supportto be successful

Similar to previous years, the CHPP includes four overarching gotis foptection of coastal habitats
in NC (ecommendations under these goals were@imved and modified by the CSC):

1. Improve effectiveness of existing rules and programs protecting coastal habitats

2. ldentifyand delineate sategiccoastal labitats.

3. Enhancecoastalhabitat and protect it from physical impacts

4. Enhance and protect viar quality.

For the original CHPP and first update, recommendations were included in a single documént, and
annual implementation planwere developed with specific actions a@complistthe plans
recommendationsThe CSC approved the implementation plans and meitgrly to discuss progress

Forthe 2016 revision, thelBnwasorganized into two documents: theHPP Source Document

(ecosystm data) and the CHPP Summary Document, also referred to &HRé&t. TheSource

Document provides the science and datesupport recommended actions andformation on the

ecological value, needs, and status of eachstalhabitat and anthropogenic threats is summarized.

The Source Document includes issue papers onteelgxiority issues from 2016 includimgstoring

oyster reef habitat, encouraging use of living shorelines, reducing sedimentation impacts in estuarine
creeks, and developing metrics on habitat trends and management effectiveness. The issue papers
include specific recommended actions thaplace the need for aeparate implementation plan. The
CHPPIlet provides succinct informatiora publiefriendly formaton past implementation progress,

priority issues, anthe recommended actions to be taken by the CRC, EMC, MFC, DEQ and its divisions

To further streamlie the CHPP process in 2021, rather than update the entire Source Document, the

CSC decided to create an amendment to the 2016 CHPP Source Document and chose five priority issues
to focus on (2021 CHPP Amendment). The literature in the Source Documeinuesnb serve as

supporting information for proposed coastal habitat protection and restoration efforts. Additional
supportive science is included in each issue paper.

Although progress has been made to implement CHPP recommendations, water qualignbesly
shown a declining trend with concerns about degrading submerged aquatic vegetation (SAV), shell
bottom, and wetlands. Many of the stressors to the structured habitats originate from declining water
guality. Consequently, most of the selected pitipissues in the 2021 CHPP Amendment includes
elements of improving water guality and the recommendations will not only improve the coastal
ecosystem, but strengthen community and ecosystem resilience.

The five priority issue papers in the 202HPPAmMendment include:
1. Submerged Aquatic Vegetation protection and restoration through water quality improvements
2. Wetland proection and restoration throughlature-basedSolutions
3. Environmental rule compliance to protect coastal habitats
4. Wastewater infrastructuresolutions for water quality improvement
5. Coastal habitat mapping and monitoring to assess status and trends

Although new priority issues were selected for the 2021 CHPP Amendment, the 2016 issues remain a
continuing priority. Progress on oyster restoration will continue, and CHPP Team members will continue
to participate on the Oyster Steering Committee (OS@nture actions of the CHPP and NC Oyster
Blueprint are implemented. The NC Coastal Federation (NCCF) serves as the lead organization for the
OSC and NC Oyster Blueprint. The OSC, comprised of multiple state and federal organizations,
nongovernmental orgai@ations (NGOSs), and researchers, work together to develop and implement
recommendations for th&C Oyster Blueprinin five-year intervals. The OSC meets regularly to discuss


http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=28335811&name=DLFE-127604.pdf
http://portal.ncdenr.org/c/document_library/get_file?p_l_id=1169848&folderId=28335811&name=DLFE-127603.pdf
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progress on oyster restoration, which includes oyster enhancement, actionsddtatvater quality,

and living shorelines that can benefit oysters. Progress on living shorelines will continue through
recommended actions i€hapter 5 Wetland Protection and Restoration through Nattvased

Solutions as well as the Living Shorelineetag Committee and NC Oyster BlueprintgEsationof

water qualityoccurred over many years from multiple caus€&kerefore, improving coastal habitats and
water quality conditions will take time. Faced with continuing coastal development, the CHPP

reco YSYRSR FOGA2ya NS YSEyd Fa F adlNIAy3a LRAYI
coastal habitats, and in doing so, increase coastal resiliency.

1.3 Coastal Habitat Status and Trends Summary

To achieve the legislative goal of the CHPK, (i K §-terin 2nhancement of coastal fisheries
associated with coastal habitats the status and trends of the six coastal habitats must be monitored
over time to assess quantifiable lotgrm changes. This information can then be used to educate the
public on the condition of the coastal habitats, to inform protection and restoration decisions, and
evaluate and adapt management actions and strategies. The following are general summaries of the
status and trends of the six coastal habitats based on the best bieadata. For additional information,
seeChapter 8 Coastal Habitat Mapping and Monitoring to Assess Status and Trends

Water Column

The water column is the medium through which all aquatic habitats and the organisms that use them
are connected, making @ne of the most important habitatsWater quality describes the condition of
waters based on selected physical, chemical, and biological characteristics, usually with respect to its
suitability for a particular purpose such as drinking, recreation, ppstting aquatic life. Fish species
and other organisms, such as SAxd oyster that also provide fish habitat, exhibit water quality
threshold tolerances. Conditions of the water column that are outside the threshold tolerance are
considered impaired, gluted, or otherwise not supporting aquatic life. Basic parameters of water
impairment include: pH, temperaturéjssolved oxygerDO), turbidity, bacteria, and chlorophyai.
Additional parameterémpacting water quality includeautrients, such asitrogen and phosphorous.
However currently thereareno nutrientstandards usetb assesfor water qualityimpairment.

Excessive nutrieatich sediment from landbased activities can exacerbate eutrophication, decreasing
DO and water clarity and incrdag toxic contamination. Therefore, flow and movemehtvaterplay a
vital role in distributingpollutants and degraded waters to other habitaisd waterbodies

An assesment of the Southeast Coastaddton (NC to FL) found less thang&scentof the aea in good
condition based on the water quality indéXhe assessment of water quality in M@own as the

T

Integrated Report IRA Y RA OF 1Sa G KS 3ISy SNJI fideflifleg Rateis thatgre dF b/ Qa

meeting water quality standardshere sufficient data exist§The 2018 IR listed 15,889 ac(84

percend and 482 mileg12 percen} of freshwaterand 618,300(20 percenj of saltwater in the CHPP

regions as impairedicross the NC coast, there are general trends of increasing nisteatering the

rivers and sounds. The four basins carrying the supplemental classification of Nutrient Sensitive Waters
(NSW), the Chowan, FRamlico, Neuse, and New rivers saw improvements during the initial
classification implementation, but continuirggnd emerging issues still need to be address$akrall,
decreasing nutrients and other contaminants will improve water quality, and could decrease the amount
of fish kills, algal blooms, recreational swimming advisories, and potentially increase teefopen
shellfish growing waters.

Shell Bottom

The eastern oystgiCrassostrea virginigaccupies a unique position in the estuaries of NC becudusg
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colonizes estuarine bottom creating a productive habitat that has ecosystem benefits, and 2) the animal
itself is harvested as a food item which has economic bené&fitsll bottom in NC has seen dramatic
changes since colonial times when oyster reefs vgerextensive along the coast they were a hazard to
navigation? Due to the combined effects of habitat destruction, overfishing, disease, and deteriorated
water quality, oyster populations have experienced tremendous declines wade, particularly witn
subtidal oyster reefs that occur along tMid-Atlantic coastline of the United Staté$.”8 It has been
estimated that 85 percenof oysters have been lost globafly.

Since the 2016 CHPP, mapping of shell bottom (@2gth) has been completed in af NQQ éoastal

waters. A total o22,060acres of subtidal and intertidal shellfiglere mapped between 1990 and 2019.
azaid 2F b/ Qa akKStft o62G02Y NBaz2da2NOS OFly 6S ¥F2dzyR
basin(CHRP Region ds dominated by subtidal oysters while the Cape Fear River {25iBP Regiorn) 4

is dominated by intertidal oystsr In recent yearanariculture(marineaquaculturg landings from
private/leased bottom have increased substantiagfiyrpassingvild harvest landings for the first time in
2017and continuing through 202MHowever, even with several DMF monitoring programs, there are
insufficient data to conduct a trad@nal stock assessment for tlogstersin NC' Therefore, population

size and ate of removals from the wild oyster population are not known.

To combat the generally declining trends of shellfish, shellfish habitat restoration efforts have been
200dz2NNAY3A GKNRdAzZAK2dzi b/ Qa Sai dFhalivigidBy purpeé o DNEERAR A S a
Cultch Plantingrogram isto enhance theoyster fisheryby planting oyster shell and other materials for
natural recruitmentwhich provides temporary habitat value as well as fishery bendfitsgoal of the

Oyster Sanctuary Program is to create proteadgdterhabitat that providesbroodstock to enhance

larval outputfor wild oyster reefsleading toa naturally sustainable oysteopulation. Both programs
areK2dz2AaSR Ay 5aCQa ledt @E)SecioTheyerffoAsyalko infréaSeYthe-benefits

of the ecosystem services oysters provide, including water filtration and shoreline protection against
waves and stormgAs of 2020, DMF constructed 15 oyster sanctuaries in the Pamlico Sotaiohg

396 permitted acres, and annually deploys several thousand bushels of cultch material strategically
throughout the estuaries of NGince standard record keeping began in 1980, QMF | 9 h§sSOG A 2y
planted over 12 million bushels of cultch material

Submerged Agquatic Vegetation

Currently, NC is steward to one of the most productive and biodiverse SAV resources on the Atlantic
seaboard- >3 145 There are two distinctive groups of SAV ecosystems in NC distributed according
to estuarine salinity. One group, referred to as low salinity SAV or underwater grasses, thrives in fresh
and low salinity riverine waterst{ 0 parts per thousanpppt). The second group, referred to high

salinity SAV or seagrass, occurs in moderate to high (>10 ppt) sefihigrine waters of the bays,

sounds, and tidal creek€ollectively, they are referred to as SAV. When SAV beds are subjected to
anthropogenidmpacts(i.e.,physical damagavater quality degradatio) large-scale lossemayoccur.
Natural stressors, such as storm damage and climate cheag@lso impact SAV, with the latter an
increasing concern for SAV survival due to predicted temperatuiiajtgabnd wave energy changes
Globally, SAV abundance is declining at rates similar to the rainforest and cordfréeéfs.

In NC, various mapping and monitoring projects have been conducted by universities and state and
federal agencies since the 1®8 Each of these mapping events produsbhdpefilesof SAV presenge

that when compiled together, make up the historically known presence and suitable habitat of SAV

I £ 2y 3 b (canénonly geferded to as the SAV mosast)ggesting a historic exteat

approximately 191,155 acres of SAV in the public trust waters of coastal NC. However, the extent of SAV
loss has not been well quantified in NC. Anecdotal reports indicate SAV beds may be reduced by as

A
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much as 50 percent, especially on the mainland sidde coastal sounds’Based on the most recent
hydroacoustic surveys of SAV extent in the Neuse, Pamlico and Albemadesulestuaries, there has
been an estimated 33 percent decline from the higtat exent of low salinity SA% 2! Declines in the

extent of high salinity SAV from Roanoke Island to Bogue Inlet have also been reported with the
southern zone, where there is more development and higher population densities, declining by over 10
percent at a ate of 1.7 percent loss per ye&rFor more information, se€hapter 4 Submerged Aquatic
Vegetation Protection and Restoration Through Water Quality Improvements

Wetlands

For the purposes of this paper, wetlandsthin the CHPP regidncludetwo broad ¢asses: palustrine
and estuarine” Palustrine wetlands include all ndiglal wetlands as well as any tidal wetlands where
oceanderived salinities are #&s than 0.5 pptWetlands with oceawlerived salinities greater than 0.5
ppt are categorized as estuarine wetlands.

Wetland resources in the United States have declined considerably (>50 percent) since the colonial

period®L i A& S&AGAYI (SR y Shistefical ackes df Wetlahds wdrd I@{physisallyoA £ £ A 2 \
A

functional) between precolonial times and the 19808¢ KS f 2 &4 2 Fcontinueligto tiieS G f I y R
21st century Approximately 40 percent of total documented coastal wetland lossesrmed between
1950 and 2000 withILINBR EA Y I G St & dp LISNODSyYyid 2F b/ Qa &FSatly

R
According to the mostreceft F G A2yt hOSFYAO | yR INDKRCOASEKISNA O ! RYA

Change Analysis Program@BP) data, NC has 4.35 millamres of palustrinevetlands, of which 71
percent are forested wetlands, 23 percent are scrub/shrub wetlands, and 6 percent are emergent
wetlands, as well as 235,425 acres of estuarine wetlands, of which 97 percent are emergent wétlands.

While the value of wtlands is well documented, and rules are in place to protect them, permitted and
unpermitted impacts continueThe DWR reported 17,984 acres of wetland impacts were permitted
statewide throughissuingd01 certificationg12,386)% The areasvith the most impacted acres can be
found in some of the coastal counties. TD&/R permit data for the 20 coastal counties indicate that in
the 1990s, most impacts were attributable to water dependent structures (marinas, docks, bulkheads),
followed by dredgingFrom 2000 to 2010, there was a large increase in mining impadtsnce 2010,

most impacts were associated with transportatiéor additional information, se€hapter 5. Wetland
Protection and Restoration through NaturBased Solutionand Chapter 6 Environmental Rule
Compliance to Protect Coastal Habitats.

Hard Bottom

Oceanic hard bottom is the primasgructuredhabitat for offshore marine organisms on the continental
shelf of NG>*° These exposed structures function as foundation for sessileteiwates and algae,

refuge for free moving benthic invertebrates and vertebrates, as well as juvenile, bait, and economically
important fishes®® %2 Hard bottom in NC is limited to specific areas of the continental shelf with 90
percent of existing hard btam occurring south of Cape Hatteras. Although limited information exists

on the distribution of hard bottom off the NC coattere is no regular monitoring in place to evaluate

the status and trendsf hard bottom habitat in state territorial water8.3**3¢|t has also been

reported that live bottom reef comprises a larger area of the South Atlantic Bight.

Anecdotal information from fishermen and residents in coastal NC suggests that many nearshore hard
bottom sites in the midwentieth century are nw covered by sand, reducing the abundance of fish in

these areas. The observed declines in species abundance and richness lead researchers to conclude that
the conflict between beach nourishment and hard bottom productivity is a serious conflict thamnhyill
worsen.?% %

f
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which serve as oyster sanctuaries, and 43 offshore reefs (13 in state wakis aygd¥30 in federal

waters(3-200 nm) with the goal of supportingnd functioning similarly to nearby natural reefs while

providing user access opportunitieslthough the purpose of the artificial reefs is to enhance fishing,

they have been shown to support a similar community as natural reefs on multiple m&tffcthe

artificial reefs also provide habitat for top predators and fishes at the edges of their distribution

rangest 42

Soft Bottom

Marine sediments constitute one of the largest habitat types on earth, covering roughly 80 percent of
the ocean bottom with tilal flats occupying over 31 million acf&$? Environmental characteristics,

such as grain size, salinity, DO, depth, and flow conditions affect the condition of the habitat and the
organisms using it. The characteristic common to all soft bottom is igility of unconsolidated

sediment?® Soft bottom is in a constant state of flux, as other habitats expand or contract. The loss of
more structured habitat, such as SAV, wetlands, and shell bottom, leads to gains in soft bottom habitat.
Gains in new soft koom habitat may not be as beneficial as mature soft bottom habitat. It is estimated
that approximately 16 percent of tidal flats were lost between 1984 and 2016 due to coastal
development, lack of sediment transport, increased erosion,seallevel ris¢SLR*

In NC, soft bottom covers approximately 90 percent of the estuaries and coastal*fierexpected,

the most extensive amounts of soft bottom can be found in CHPP regions 1 and 2, which include the

vast open waters of the Albemarle and Pamlico sound systéfé?*° The deep soft bottom (>6 ft) is

dominant with at least more than twice ¢hamount of shallow soft bottor{c FG 0 A Y. NSJSNE NB
targeted mapping efforts exist for soft bottom and bathymetry data are out dated. Therefore, it is not

possible to quantify how the extent of soft bottom habitat has changed through time.

The comlition and quality of soft bottom habitat can affect species abundance and diversity of the

benthic community and could be considered a more important factor for soft bottom than extent.
Sediments in soft bottom habitat can accumulate both chemical andoii@ contaminants, potentially
impacting benthic organisms drthe community structure. The US Environmeifaltection Agency
(EPANational CoastalCondition Assessment (NCCis)the only regular monitoring source of soft

bottom in NC. In 2010, the Hmgical quality of 77 percent of the waters in the SoutheéamistalRegion

was rated as good based on the benthic index, 65 percent was rated good based on the sediment quality
index, and 81 percent was rated as good based on sediment to¥idihe contaminants that most

often exceed thdowest observed adverse effect levelJAEL) thresholds were selenium, mercury,

arsenic, and (in rare instances}al DichlorodiphenyltrichloroethanefODT3.
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2. IMPLEMENTATION PR(ESS ON PRIORITY HAH1 ISSUES (202620)
2.1 Background

Since the approval of the 201Ebastal Habitat Protection PI§8HPP), implementation has focused on
four identified priority issues:

1. Restoring oyster reef habitat

2. Encouraging use of living shorelines

3. Reducing sedimentation impacts in estuarine creeks

4. Developing metrics on habitatends and management effectiveness

TheNC Department of Envinmentalv dzl £ A { &D@igion @f3Varing Fisheries (DMF), Division of
Coastal Management (DCM), Division of Water Resources (DWR), and Division of Energy, Minerals, and
Land Resources (DEMIare primarily responsible for implementing CHPP recommended actions
Progress on these actions to address priorities are summarized below.

2.2 Oyster Reef Habitat Restoration

The 2018CHPRncludedOyster Reef HabitateRtoration as a priority habitdassue! The participating

DEQ divisionand partneramade substantial progress towards achieving and implementin@ @&
recommended actios. Progess was strengthened by DMF partnering with others on the NC Oyster
Steering Committe€OSC)TheOSQonsists of a diverse group of state and federal agencies, including
DMF, as well as researchers, nongovernmental organizations (NGOs), and shedifigirdagers with

the common goal of restoring and protecting oyster habitat through multiple strategies. The NC Coastal
Federation (NCCF) serves as the lead organization f@®@nd production of the Oyster Restoration

and Protection Plan: A BlueprirdrfAction, that is ugated on fiveyear cycles. The 20220200yster
Blueprint summarizes work being doneN€related to oysters, and builds on progress accomplished
through the 1995 Blue Ribbon Advisory Council for Oysters and the CHPP. Many ofghie tieal
OysterBlueprint closely align to recommendations and implementation actions of the CHPP, including
creating additional acreage of oyster sanctuaries, planting cultch for sustainable harvest, protecting and
improving water quality in priority shidish growing areas, and documenting oyster population status

and trends? Through collaboration with partnerparticularly theOSCand support from the NC General
Assembly, progress on oyster restoration n@sdebeensignificant advancesver the pasfive years.

The 2016 CHPP recommended actions were presented for three categories: Cultch Planting, Oyster
Sanctuaries, and Hatchery and Oyster Seed Production.

2.2.1 Cultch Planting

The 2016 CHPP recommended actions for cultch planting vere:

1. Increase spending limit per bushel of shell to compete with other states

2. Develop a cooperative public/private, ssliistaining shell recycling program by providing
financial incentives in ekange for recycled shell

3.22N)] SAGK GKS akKStftFAakK AyRdza i NBrtthe Eultdhy & G A (0 dzi S
Planting Program.

4. Identify alternative substrates for larval settlement in intertidal and subtyaiterreefs,
including a cosbenefitanalysis.

5. EstablisHongterm monitoring program to support future decisiemaking

6. Ultilize new siting tools and monitoring protocols to maxinogsterreef success

Since 2016, several actions have been taken to advance the succafistoptanting.In early 2019,
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inflation of transportation costdNew state purchasingrocedureswvere implementedn 2021providing

DMF greater flexibilitfor purchasig and transporting oyster shéth account formarket fluctuationsin

2018, due to lack aippropriatedfunding DMF formally terminated th®yster Shell RecyclingProgram

However, the NCCF has continued recycling across the state. Recycled shell used for DMF cultch planting
is either donated or available for purchase under the shell delegation. No progress has been made

toward establishing incentives or funding mechanisuesh as oyster use fees (tax on sale of oysters

with revenue allocated for cultch planting) to acquire shell for the program. As described in the 2016
CHPP, DMF recently reallocated a position to estabiisimew Cultch RntingProgram biologist which
focuseson providing scientific support to the cultch planting decisinaking process including:

identifying alternative substrates for larval settlement in intertidal and subtiolgterreefs establishng
alongterm monitoring programand usingnew siing tools and monitoring protocols to maximize reef
successOf note, the newly redefined Coastal Recreational Fishing License Fund (CRFL) Request for
Proposal (RFP) process has afforded@miéch Planting Program an opportunity to request focused

universty research to inform decisions. Also, DMF recently repurposed another position to create a
dedicated sidescan maping role. This position tasked with mapping hard bottom areas, with

particular attention paid to cultch planting reefs, oyster sanctesyartificial reefs, and natural oyster

reefs. Data will provide spatial context for public consumption, reference tools for other division

programs ie.,leases, CHPP

)
N e

Figure 2.1. Backscattanagery from a higiiesolution survey conducted at a cultch planting site in
Bonner Bay on 6/9/2016. The darker colors indicate hard bottom habitat created ByGmevision of
Marine Fisherie$DMF)cultch planting vessel, RV Shell Point. The lighter colors indicate saftéfmud
bottom.

While not listed under any recommended actions, it is important to note the substantial
accomplishments of DMF in pursuit of the cultch planting objective. Since 2016, staff have built a total of
261 acres of oyster habitat usiig266,815 bushels of material, without assistance from marine
contractors.

2.2.2 Oyster Sanctuaries

The 2016 CHPP recommended action®f@tersanctuaries were:
1. ldentify alternative substrates for larval settlement in intertidal and subtiyaterreefs,
including a cosbenefit analysis
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Identify the size and number ofystersanctuaries needed

Developoysterreefs that are resistant to poaching

Utilize new siting tools to maximiz®y/sterreef success

Exploreactions for insitu sampling protocol to incorporate alternative construction materials
Expand oyster sanctuary network to include intertidgbterreefs in euhaline waters

ogkwnN

Since 2016, substantial progress has been made toward achieving and implementiygttre

sanctuary recoimended action. Between 2016 and 2QT¥MF protected approximately 80.7 acres of
bottom, andwith partners, developed approximately 2lacres of oysdr habitat within that area. Two
independentoystersanctuaries were constructed, Little Creég&nctuary20.7 acres) and Swan Island
Sanctuary (60 acres). The Swan Island project was the most notable accomplishment involving a public
private partnership wth the NCCF and funding from both the NC General Assembly and the National
Oceanic and Atmospheric Administration (NOAA).ifti&al project was completed in 2019 using a
combined total of 80,600 tons of granite and marine limestone nitolvever, addional funding was
received that added,400 tons in 2020 and 6,600 tons in 2021 for a total of 91,600 tons of material
deployed at theSwan Island Sanctuary.

Rigorous sampling of oyster sanctuaries, including Swan Island, resumed in 2019 after a siert hiat
Monitoring will provide size structure and population density information to inform recommendations
for identifyingalternative substrates for larval settlement in intertidal and subtidal reiefsntifyingthe

size and number of sanctuaries neededd new siting tools to maximize reef success. Presently, these
data are undergoing analysis to compare 2019 results to historic data in published litet@hee.

primary objective of this analysis is to evaluate trends in population and size structura towey time
series angotentially develop predictive tools for future management. Preliminary results and analysis
of the 2019 data are presented kFigures 2.2.4.

2019 Oyster Sanctuary Densities (Oysters/m?)

800 -
700 +
600 A O Spat
O Sub-Legal
500 1 M OLegal
5 400 1 O Total
S]
O
& 300 A
4
O 200 -

Croatan Little Middle  Neuse Raccoon Swan WestBay Gibbs Deep Bay
Sound Creek Bay River Island Island (yr Shoal

Oyster Sanctuary * ©")

Figure 2.2Population density data for 1SCDivision of Marine Fisheries (DM#)ger sanctuary sites in
Pamlico Sound. Size class densities (oysters/m2) are presented with error bars for each sanctuary, along
with the total mean density at each. Only habitat material at Swan |Srsier Sanctuarwith 2 years

or morein the water wasampled.
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West Bluff Oyster Sanctuary
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Figure 2.3Length frequency data collected in 2019 at tH€Division of Marine Fisheries (DM~gst
Bluff Oyster Sanctuary in Pamlico Sound. The red line indicates the findings of a cumulative modal

analysis to identify individual cohorts.
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Figure 2.4Comparison of length frequency data thie NCDivision of Marine Fisheries (DMR~pst

Bluff Oyster Sanctuary site in Pamlico Sound and historic data.

2.2.3 Hatchery Oyster Seed Production

The 2016 CHPP recommended actions for hatchery oyster seed production were:
1. Explore options for increasing funds to suppdriversity of North Carolina at Wilmington

(UNGW) oyster hatchery
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2. ldentify regional genetic variability withinQN
3. Improve availability oseed oysters genetically suited to respective regions

Since 2016, UNW has been making progress on the recommended actions for hatchery oyster seed
production. Based on legislative reports provided by WMQGhe university has successfully and
progressiely increased viable spawns and provided broodstock from multiple lines to commercial
hatcheries and community colleges statewide. The Shellfish Research Hatchery Breeding Program was
substantially compromised during Hurricane Florence, which identifieeka for storm resilience

through industry/community/academic partnerships. Funding has been budgeted for genetics and
additional staff to presumably address recommended actiondéatify regional genetic variability

within NCand improve availability afeed oysters genetically suited to respective regions.

2.3 Encourage Use of Living Shorelines

The 2018CHPRIirects agencies to continue fodng efforts on encouraging living shorelines to protect
property, restore shoreline habitat, and improve water quatiStarting in 2018, a Living Shoreline

Steering Committe¢LSSG)as established through a partnership witbemarlePamlico National

Estuary Pdnership APNEPand theNCCFMember partners include DEQ staff from DMF, DWR, DCM

andits NC Coastal Reserve and National Estuarine Research Reserve (NC CoastahResshas)

research scientists from NOABNCW, UNC at Chapel Hill (UXKE), Eastaolina University (ECU),
DukeUniversityand NC Sea Grant. Two NGRS CRnd The Nature ConservancyNG are also

members.The goals and objectives of the LSSC and the CHPP Living Shoreline Priority Issue Paper closely
align.

Through theLSSCthere has been a dramatic increase in communication, collaboration and significant
progress in advancing the recommended actions in the 2016 CHPP Living Shoreline priority habitat issue
paper, including:
1. Continuing to educate the public and waterfrgmoperty owners regarding the benefits of
living shorelines
2. Promoting additional research and monitoring of living shorelines
3. Continuing to simplify the federal and state permitfiprocess for living shorelines.
4. Promoingthe appropriate use of oystehells to faditate habitat enhancement and
incomporation into living shorelines

Much of the progress described in the following sectism@ssociated with members of the LSSC and CHPP
Team.

2.3.1 Permitting

The most notable accomplishment toward CHPP implaatem is the simplification of permit

requirements, specifically the changes to the General Permit (GP) for marsh sills. In 2017, DCM worked
with a stakeholder group that included théSArmy Corps of Engineers (USACE), marine science
community, DMF, DWRICCF, NC Sea Grant, and NOAA to determine how best to move forward with
creating a more streamlined permitting process for marsh sills. For there to be an efficient streamlined
general permit, all federal and state agency concerns must be addressedesitiit gonditions. In early

2017, DCM compiled all the comments and recommendations from the stakeholder group and drafted

an amended general permit 15A NCAC 7H .2700. In 2018, the USACE used the draft amended GP .2700
as guidance in the development of agRmal General Permit (RGP) farshsills that would allow DCM

to issue GPs for marsh sills without a chyecase federal review prior to issuance.

On September 5, 201&e USACE issued a public notice proposing to authorize a RGP for the
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construction maintenance, and repaof marsh sills. ie RGP for the construction and maintenance of
marsh sills included all conditions that were agreed upon at the stakeholder meedngdarch 26,
2019 the USACE issued tR&GPRGP 20181536) that authorizes ttenstruction, maintenanceand
repair of marsh sills for shoreline stabilization.

The CRC adopted amendments to 15A NCAC 7H .2700 that were consistent with the USACE RGP and the
temporaryrule became effective on April 1, 2019 followed by geemanentrule whichbecame

effective on July 1, 2019. This GP does not require any coordination with state and federal afencies

the permit conditions are met; therefore, creating a streamlined GP process that is consistent with other
Coastal Area Management AGAMA) general permits. Since the effective date of this general permit,

there has been an increase in 15A NCAC 7H .2700 applications and to date there have been
approximately 14 GPs issued for the construction of marsh sills.

Another permit related actity underway is exploring the possibility of living shorelines being
constructed for mitigation credits. The NCCF is currently looking into the feasibility of this with
environmental consulting companies. Similar crediting is being used in the Chesapgake/itg
shorelines are one type of shoreline Best Management Practice (BMP) that can be used for Total
Maximum Daily Load or Limit (TMDL) or shoreline management BMP credits to reduce nutrients and
sediment. Virginia offers a residential castare progam (Virginia Conservation Assistance Program), an
agricultural cosshare program, and low interest loans as incentives.

2.3.2 Education

Since 2017, the NC Coastal Reserve has conducted nine living shoreline training events thitouglebét
coast to promote the usef living shorelines as a preferred erosion control method where appropriate.
These training events were conducted in three coastal regions and attendees included real estate
professionals, marine contractors, land use plannensg$cape architects, property owners, and
homeowner association#®dapted from a Florida training, in 2081e to COVIEL9,the NC Coastal
Reserveconduckd a pilot virtual traininghat included dield session. They plan to have future in

person eventsDCM regulatory staff and the NCCF presented at most diitb€oastal Reserve
workshops, providing valuable technical expertise. The workshops have been effective in increasing
understandingpf not only the benefits of living shorelines, but where and howonstruct them. A
contractor that attended training has independently built several living shorelines, a sign that the
workshops are effective.

TheNCCHas played a major role in encouraging property owners to considag shorelines to

stabilize tteir shorelines They provided shoreline consultations to 55 waterfront property owners coast
widein 2019 aloneThe NCCF also engaged with multipdeneowner associationgroviding

presentations and guidance on living shoreline implementatianwell ago town planners and during
town meetings By utilizing community volunteers to construct living shorelines, the value, applicability,
and effectiverss of living shorelines reatdrge numbers of people from a diversity of backgrounds,
including studentsto church members, environmental groups, and private businesses.

2.3.3 Research

There are several research projects that are ongoing and include monitoring of salt marsh surface
elevation tables (SET) and vegetation in natural marshes and nearby livingratonelCarteret County

A study that surveyed coastal property owners after Hurricanes Irene (2011) and Arthur (2014) found
that most homeowners believed that bulkheads were the most effective way to prevent erosion from
hurricanes. However, the study also showed thaiost hurricane damagewere to bulkheads. Cost for
repairs of these bulkheads wedsuble the price and four times the cost of annual maintenance of
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natural or living shorelinesiowever,during the same timeframe, sheline hardening increased by 3.5
percentfrom along the Outer BankRecent work demonstrated the resilience of living shorelines to
hurricanes and thaliving shorelines had better resistance to erosion than bulkheads and natural
marshes’ It was also fond that no repairs were required during the twear study periodPost

Hurricane Florence monitoring of several living shorelines throughout the state showed minimal signs of
damage to both rock and oyster sills. Some marsh shoreline erosion was obbatvaedy an average

loss of 14 percent of marsh vegetation, suggesting that marsh was protected and retained after the
storm. What structural damage was observed was some displacement of oyster bags from the rhain sill.
There are gveral other studies thadre completed orare close to completion that demonstratd) that
bulkheads reduce salt marsh extej,how waveenergy isattenuated by natural marsheseducing

erosion of uplandsand 3) how waves are transformed across living shorelidesew onlire tool was
developed by NOAA anidNCincorporating recent research and the relationship between salt marsh
distribution, shoreline wave energy, and suitability for living shorelfnes.

Several presentations were given at various scientific conferencesf@galC was also the site of

wSa0G2NBE ! YSNAOFKQa 9aidzZa NASEAQ ¢KANR bliAz2ylt [AGBAY
2019. The workshop, locally hosted by NGGIS attended by approximately 250 professionals. Field

trips showcased local livg shorelines projects at Pi@tsland, Carrot Island, Trinity Center, the NC

LljdzF NAdzy G tAyS Yy2ftf {K2NBa IyR I FYyy201a .SIOK

Work on testing alternative construction materials has also been ongéii@5 ft. living shorelinevas

constiucted in Bogue Sound atthe NQj dzF NA dzY 4 t AyS Yy2ftf {K2NBa dzaAy
Oyster CatchéM material. Oyster shell and rock gabions developed by the Tensar International

Corporation and JLS Contracting Services, LLC, are ésiad at Jones Island and at a shoreline along

the Intracoastal Waterway in SwansbofihheNCCHhs working with Green Recycling Solutions to

develop a degradable alternative to the traditional plastic mesh bagscdimgany isn the process of
developinga jute mesh baghat can be used to fill oyster shells. This will be tested for living shoreline
construction. Tie use of their degradable erosion control sock may also be explored.

2.3.4 Living Shorelines with Oyster Habitat

Using oyster shell as substrate teate a living shoreline doubles the habitat benefits by enhancing
wetland and oyster habitat. While oyster shell is limited in supply, other hard substrate can be used that
oysters can recruit onto. Environmental conditions, primarily salinity, limiteeoysbitat on all living
shorelinesTherefore, iving shorelines incorporating oystampresents a subset of all living shorelines.
The2021-20250yster Blueprinincludes a nevgoal toexpand the use of living shorelingsareas that
support oyster hhitat and make thenthe most commonly used stabilization methodthose areas.

Living shorelines located in areas that support oysters will provide benefits to oyster rehabilitation
efforts by potentially providing another source foyster larvae. Thegrovide another opportunity to
supplemen oyster rehabilitation efforteand improve water qualityLiving shorelines are one stratetgy
protect and restore wetlandgind in some cases oysters.

Being d\ature-basedSolution, living shorelines remain aiprity in the 2021 CHPRmendmentfor the
benefits they provide as fish habitat, wetland restoration, oyster restoration, water quality
improvement, and enhancincoastal resilience (Figure 2.Recognition of the benefits of living
shorelines has greatincreased in the past five years. To this point, M@General Assembly in 2019
(Session Law 201%851) allocated $2 million to the NC Department of Transportation (DOT) to construct
living shorelines in areas close to vulnerable infrastructBoe.additonal information, se€hapters.
Wetland Protection and Restoration through Natw®ased Solutions
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Living shorelines use plants or other natural elements—sometimes in combination with
harder shoreline structures—to stabilize estuarine coasts, bays, and tributaries.

“The Natlonal Centers for (oastal 0(ean Science (oastalsaen(e noaa. gov

Some graphics psy of the Integration and Application Network, University of Maryland Center for Env v nmental Science

Figure 2.5The ecosystem benefits of living shorelines for shoreline stabilization.

2.4 Sedimentation in Estuarine Creeks

Tidal creeks are the criticabnnection between the upper and lower estuary, but many have been
overloaded by influx of sediment and pollutaritReducing sedimentation in tidal creekasa priority
issue in the 2016 CHPIBe to concerns thasedimentationwascausing upper creeks fdl in, reducing
habitat availabilityfor juvenile fish smothering oyster reefsand degrading water quality, particularly
shellfish harvest waterfeview of literature concluded that the negative impacts of sedimentation are
fairly wellunderstood andh few studies were done INCto look at sedimentation rates and sources.
However, more assessments of tidal creeks across a continuum of anthropogenic disturlesace w
needed to determine prevalence of high sedimentation, major land use activities lmotig to it, and
the effects of sedimentation on nursery area functidine research and management actions included:

1.

2.

P w

Determine magnitude and change in sedimentation rates and sources over time at sufficiently
representative waterbodies and regions

Determine the effect of sedimentation in the upper estuaries on primary and secondary
productivityand juvenile nursery function

Encourage research for innovative and effective sedimentrol methods in coastal areas
Encourage expanded use of stormwalBsst Management PracticeBMPs)and low impact
development (LID) to reduce sedinmdoading into estuarine creeks

Improve effectiveness of sediment and erosion control programs
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2.4.1 Research Actions

Two studiesompletedsince 2015 examined sedimentation rates and sourcédand both found that
sedimentation rates in tidal creeks were exceeding local sea levgR_is®)One study examined the
relationship of land use, shoreline change, and sedimentation rates ie treeks in Onslow and

Carteret counties! Sediment composition and profiles indicated sediment in the upper creeks

originated from land runoff and an increased flux of organic carbon and nitrogen over time. There was
not a clear relationship between sedemtation, shoreline change, and land use. However, timing of the
measured change in sediment accumulation rates in Oyster and Broad creeks coincided with periods of
development and land use change in the surrounding areas.

Another study examined sedimeritan rates and resulting impacts to fishery production in nursery
areas™ This studyfunded by the CRFL, began in 2@h8l is in the final stages of completidFhe first

part of the study assessed the relationship of land use change and tidal crelakgimfl calculating
sedimentation rates from twelve tidal creeks in Carteret and New Hanover counties. Sedimentation
rates were compared to changes in watershed land use from 1959 to 2010. Sedimentation rates
experienced notable increases through time aseloped land area increased and the sedimentation in
all creeks was greater than the relati$& Rates. The results of the study indicated that launsk

change, particularly increasing development, leads to higher sedimentation rates with the potential t
drive infilling and shallowing of tidal creeks. However, it was noted that hydrological conditions
influence whether sediment loads are deposited in the upper creeks or exported downstream to larger
estuaries.

The second part of the study conducted exsive spring, summer, and fall nekton sampling in the same
12 creeks, from 2017 to 2019. Preliminary results indicated that for 11 of the tidal creeks, there
appeared to be a negative relationship between sedimentation rate (integrated over the lashf) ye
and catch rate of nekton (fish an@dapod crustaceansj The investigators continue to explore

whether the mechanism for this negative relationship include changes in habitat amount (i.e., higher
sedimentation = smaller creeks), changes in wateriguéle., turbidity), and/or changes in benthic
habitat quality (i.e. altered sediment characteristics and/or burial of biogenic habitat).

Another research action in the 2016 CHPP Living Shoreline priority habitat issue paper was the need for
more reseach on innovative and effective sediment control measures in coastal a@hanges to

coastal stormwater rules in 2016 made this even more critieah in the past. With less emphasis on
built-upon limits and stormwater ponds, research on innovative and effective infiltration systems
continued to be a high priority. Significant research has been conducted in the past five years, primarily
through cdlaboration amondNCState UniversityNCSQ DEQ, and DOResearch projects in coastal
counties examined effectiveness of rain gardens, permeable pavement, stormwater wetlands and
drainage improvements.

Through Section 319|lof the Clean Watedct,the United State€nvironmental Protection Agency
(EPAprovides states with funding to reduce nonpoint source pollution. North Carolina typically receives
around $1 million for competitive funding of watershed restoration projects. Section 319
grantprojectsmust be used tdelprestorewaterbodiescurrently impaired by nonpoint source

pollution in areas with approved watershed restoration pla@sce 2015several projecthave

occurred incoastal watershedsThese ranged from drafting and implemigt watershed restoration

plans, to designing and constructing projects that reduce stormwater runoff, and establishing
stormwater wetlands to improve water quality. Project descriptions are available on the DWR wébsite.

A major source ampervious surfaesin coastaNC is DOT roadwaySonsequently, they have several
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programs toresearch and implement innovative techniquegéauce stormwater runoffAlthough not
within DEQ, the magnitude of their potential impact on sedimentation and progress theyakiagto
minimize adverse impacts is worth noting. Through the DOT Research Program, thecagroies

new and innovative technologies that may be suitable for use with the linear nature ofBt
activities.DOTactively funds university research itovestigate and evaluate suitable methods for

treating pollutants associated withOTactivities. Active research programs involving detailed analytical
monitoring have been established to investigate and document the impacts of stormwater runoff from
highways as well as the effectiveness of BMIss has included research on performance of dry swales,
wet swales, permeable pavement, and bioswaRasearch publications sponsored by the progeam
listed on their websité?

2.4.2 Management Actions
DEMLRCoasal Stormwater and Erosion and Sedimentation Control Programs

The Sedimentation Pollution Control Act (SPCA) addresses sedimentation impacts in surface waters. The
law requires an erosion and sedimentation control plan for any-@isturbing activity if mee than one

acre is to be disturbed. The law is primarily implemented by the Sediment Control Commission (SCC) and
two programs in DEMLEStormwaterProgram and Erosion and Sedimentation Control Progia& §.

The SCC and DEQ are charged with enforcenfehe SPCA and educating the regulated community

and general public about erosion and sedimentation control. Agriculture, forestry, mining, and

emergency situations arexemptedfrom the law. Coastal counties that are subjectNational Pollutant
Disclarge Elimination SystefiNPDESPhase || MS4 posbnstruction requirements (15A NCAC 02H

.1016) such as Brunswick, New Hanover, Onslow, Pitt, and Wayne counties, must have their own
stormwater programs. Additionallypme localmunicipalitieshave electedo implement their own

stormwater andE & Srograms.

The Coastal Stormwaté&rogramhas undergone several rule changes from its inceptidhénate

Mpy nQad ¢KS NHzZ Sa 2F ragamhip 20578ubIS legislaliohini2BMB, cdasfal H nny |y
stormwater rules were modified, reducing the percent impervious cover limitiferdensity

development from 24 percent to 12 perceadljacent to Outstanding Resource Waters (ORW), SA

waters, and areas with 0.5 mi and draining to SA wat&his change was based on research that

showed fecal coliform bacteria increased directly with increasing runoff from impervious surface and

shellfish harvest closures were continually increastig.2016, legislation required the coastal

stormwater rdes to be modifiedWhileimpervious surface limitsn SAHQW and S®ORW, and ORW

remained at 12 percenimpervious surface limits iother coasal county watergeturned to 24

percent” A DEQ report on the existing coastal stormwater program stateddHaty & RA NB OG0 RA & OK
A02NXY6FGSNI G2 | O2FadGrkt 6FGSNI Oy O2YLINRYA&S Ada
coliform contamination is incorporation of Stormwater Control Measures (SCMs) in developments to

infiltrate stormwater onsite. Reommended SCMs includes but are not limited to infiltration systems

(basins and aggregafiled trenches designed to soak stormwater into the ground), permeable

pavement, and disconnected impervious surface. (direct rainwater from roofs and pavemetu

vegetated areas with guttejs Where high water tables make infiltration systems ineffective, wet ponds

and stormwater wetlands are considered a more effective technique. Due to the revised rules, greater

use of stormwater BMPs and low impact developi@me encouraged (Action #45.

The latest stormwater rules have created new flexibility in the stormwater approach that reduces costs,
while still protecting water quality. The flexibility and reduction in cost comes from reduction in size of
some of the 5 a Q.a.,wét pond? \egetative shelf reduced from 10 feet to 6 f@eMore flexibility was
given in the design of infiltration systems, disconmegbuilt-upon areause of smaller SCMas well as
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use ofother innovative systems. The new set of rufesors use of infiltration systermover the

GNF RAGAZ2YIE Gaad2NB FyR NBfSIFaSe | dghaNdfortOmsepl G A& A
away from the wet pond approach in stormwater treatmeatarge percentage of developers and
consultantscontinueproposing these systems. The stormwater permitgorgcesss being streamlined

08 AYLIX SYSyidlFrdAazy 27F (KS yySanniaghFall stornwhiter Gids énd LIS NI A (0
switchingto electronic permitting

The financial support for thivcal and state programs to better manage sediment control measures
from all land disturbing activities has stayed at abtig same levelSeveral coastal municipalities and
counties have their own Stormwater & & Sorograms, or both, and are inspectadnually. Examples
includeGoldsboro, Greenville, Pitt Countyags HeadandKill Devil HillsAlthoughGreenvillewasnon-
compliant in 2014015and ninor non-compliances wre noted during annual inspectionthe overall
efficiency of local programs isgh because nogompliances in thedid can be monitoredegularly
(daily/weekly) until corrected.In contrast, the state programs have much higher number of projects per
staff and cannot monitor as frequently.

While agricultural activities are exempt frothe SPCA, farmers must address erosion and sedimentation
control through other means such as reduced tillage, vegetative filter strips/buffers, cover crops and
other conservation practices. Farmer education and BMP implementataxtdiessedy theNC
Department of Agriculture and Consumer Servi{il28&C$Division ofSoil and Water Conservation
(DSWGQG)and local Soil and Water Conservatigistricts.

DOT Post Construction Stormwater ddelst Management PracticBP Retrofit Programs

DOTis required byits NPDESermit to implement a PosConstruction Stormwater Program (PCSRE
primary objective of the PCSP is to manage stormwater runoff D@mprojects by requiring structural
and nonstrudural BMP4go protect water quality.The requirements described in the PCSP appQd
projects which increase builtpon areaDOTimplements structural BM&described in the BMP Toolbox
and/or nonstructural pollution minimization measures described both in the PCSP and the BMP
Tooltox.*®

The NPDES Retrofit Program designs and constructs BMPs retrofitted into é@Tfirgadways and
facilities.While effective SCMs for new construction minimizes water quality impacts, retrofitting is a
means of potentially improving water qualiffhe prgramis required by the NPDES permit to
implement a minimum of 70 retrds over the course of the fivgear NPDES permit terim most cases,
the stormwater discharge cannot be eliminated due to space constrictions, therefore the goal is to
reduce the valme and increase the quality of the stormwater. Criteria for selectitigpfit projects
include water quality improvement and the need for stormwater conveyance maintenance.
Collaboration with another organization, such as when a watershed restoratiorhpkalready been
developed, will increase project priorithnother role of he Retrofit Progranis totestnew BMPs or
design criteria prior to inclusion in the BMP ToolbdfTmaintains a geospatial inventory of its
roadwaysystem and stormwater outfbassets within priority watersheds. The outfall inventory is used
to support the BMP Retrofit Program. There are over 20 different types of BMPs used for stormwate
outfall retrofits (Figure 2.6
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NCDOT Stormwater Retrofit Projects

Bio-Embankment ® Dry Detention Basin ® Permeable Pavement
® Bio-Swale Filtration Basin ® Pet Waste Station
@ Biofiltration Conveyance Floating Wetland Island Sand Filter
® Bioretention Basin ® Grade Control Structure @  Stormwater Wetland
® Buffer ® Hazardous Spill Basin ® Swale
® Check Dam ® |Infiltration Basin @ Wet Detention Basin
® (Cistern @ Infiltration Chamber ® Wet Vault
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Figure 26. The NMepartment of Transportation (DOTpemwater retrofit projects completed from
2018 to 2019°

2.4.3 Outreach

Outreach on sedimentation control occurs in several ways within DESS&fing at the Regional Office
during daily interactiongnspections andmeetings with interested partiess wellas the DEQ website.

A 319(h) grant provides funding for one Sediment Education Specialist, for the education and training
program mandated by the Sedimentation Pollution Control Act. Outreach is used as a tool to encourage
use and proper construction of BI§ in both theStormwater ancE & Srograms

Technical assistance is offered through the Sedimentation and Erosion Control Planning and Design
Manual, the companion Field Manual and the Inspectors Guide, and annual workshops for design
professionals antbcal government progrant.Another objective of the program is to provide

education on erosion and sedimentation control to the general public. Technical expertise has been and
will continue to be provided to education professionals to help implementrsedtation pollution

awareness in public schools and colleges.

In 2019 two Erosion and Sedimentation Control Design Workshops were conducted for design
professionals, with a total of 255 participants. A wide range of experts presented on common erosion
and sedimentation issues and solutions based on innovative design and solid research. Additionally, an
annual training workshop was conducted for local government staff with delegated local erosion and
sediment control programs. Representatives from 45 ef %4 local governments participated in the
workshop with a total of 102 participants. State representatives provided updates on the latest
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regulatory changes, various experts presented on related erosion and sedimentation control topics

including planting/ | G A @S> 0SYSFTFAOAIE FAEEZ FT2NBAOGNE AyaLISOda
Field Lab. The workshop also provides an opportunity for local programs to connect, learn from each

other, and share challenges, strategiasd successes of managing erosion and sediment throughout

the state.

In 2019 the Sediment Education Specialist exhibited at and distributeda¢ional materials at the NC
Association of Soil and Water Conservation Districts annual meeting, two corderemd made

numerous school visits. One tool often brought to these education outreach events is the Enviroscape, a
watershed model that is used to demonstrate point and fpmint source pollution.

In 2020,approximately sevetrainingswere provided on stormwater inspection and maintenance
certification; stormwater design and erosion and sediment control plans; stormwater installation;
Minimum Design Criteria; rain garden and permeable pavement installation and maintenance.

Stormwater aad Erosion Control Programsrlitations

While progress has been made by DEMLR in controlling sedimentatooa,rasources are needed to

run these programs effectively. The current compliance programs are insufficient to atliedamye
percentage of nocompliant sitesand complaints, reducing program efficiency (see Compliance Issue
Paper for more information)There isnterest in theprograms becoimgY 2 NB -& NZ& Sfytkhe & ¢
developingcommunity &S0 GKS AYLI OG 27F a %uidhargsbufcascontinegh 2y (KS
2020, DEMLR going thiougha programevaluationof the E & SPostConstruction Program with the
StormwaterProgram to addrestegislativecomplaints Resuling programchanges that are

implemented willlikely affect both pograms ira negative waysince a goal is to reduce costs of running
these programsTo the contrary, rare resources are needed to improve compliaace monitoring
capabilities of both local and state sediment control programs. Purchasing of new equifiment
enhance the monitoring and appropriate training of program staff can be only achieved by increased
funding.

2.5 Generating Metrics on Management Success and Habitat Trends

The 2018CHPRncluded Generating Metrics on Management Success and Habitat Treadgreority
habitat issu€. The participating DEQ divisions have made substantial progress towards achieving and
implementing the identified proposed management optioBgeChapter 8 Coastal Habitat Mapping

and Monitoring to Assess Status and Trenfis more details on progress madehé20160ptions

included:

1. Develop indicator metrics for monitoring the status and trends of each of the six habitat types
withinNQQa O2F adlt S02aeaidSyYy ogl takiNsodBoftodzyhgrd & KSt f
bottom).

2. Establish thresholds of habitat quality, quantity, or extent, similar to limit reference points
(LRPs)or traffic lights, which would initiate gfetermined management actions

3. Develop indicators for assessing fish witiian of strategic coastal habitats

4. Develop performance criteria for measuring success of management decisions

5. Include specific performance criteria in CHPP management actions where possible

2.5.1 Submerged Aquatic Vegetation

Substantiaprogress has beemade to establish SAV monitoring protocol and collect dateeAPNEP
published a revised coastwide map frohet20062008 SAV mapping cy@ad a new map of the high
salinity zone of the Albemarle Pamlico estuanythe 20122014 mapping cycl& 23 The DMFrevised
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and finalized2015 SAV mapping data for coastal waters south of Bogue*fillae APNEP arMF
conducted a coastwide aerial survey in 2048¢dre-surveyedin 2020 to improve image quality for
interpretation. Funding for the 2019/2020 effonigas supplied by APNEP and DHQwever, longerm
funding to sustain this monitoring is still being soudising past SAV delineations and field sampling
data collected by a partnership of agencies, APNEP produced-adligity SAV extent report and

funded a study on the economic value of SA¥.The APNEP also completedhanitoringplanfor high

and low salinitySAV, with input from APNEREAV Monitoring Tearf{ In 2021, using methodology set
forth by this plan, tier one (aerial survey) and tier 2 (rbaring) data were collected in high salinity
regions from Back sound to Bogue Inlet by APNEP and partners, and from Bogue Inlet to Mason Inlet
buy DMF and UN#/.

TheAPNEP established low salinity SAV sentinel sites for monitoring in Neuse (10) and Paendi¢6),

and Albemarle Sound (10), and work is being done to establish a site in Currituck Sound. The protocol
used to monitor these sites was developed through CRFL grant funding and employs sonar
methodology. These sites have been established anditmi@d over the last five yearslthough lack of
funding prevented monitoring in 202Methods for sentinel site monitoring of the higlalinity zone

SAV are being developed through a pilot project. The results will be used to establisherforiggh
salinity SAV monitoring protocdtor additional information, se€hapters 4. Submerged Aquatic
Vegetation Protection and Restoration through Water Quality Improvemeatsd Chapter 8. Coastal
Habitat Mapping and Monitoring to Assess Status and Trends

2.5.2 ShellBottom

Several CRFL funded research projects are examining the use of remote sensing technology, such as
sonar and drones, to develop repeatable protocols for mapping and monitoring multiple coastal habitats
includingintertidal and subtidal oyster§AVand wetlands.

In 2019 DMF began a pilot study to explore the use of remote sensing technology, such as drones and
sonar, as alternative means of mapping shell bottom. The Esgi@dttom Habitat MappingrBgram is
using drones to map intertidal syers and modifying parameters to establish sentinel sites for more
frequent and rapid mapping and monitoring. These changes will greatly increase the efficacy of the
Estuarine Bottom Haztat Mapping Pogram and allow more timely trend assessments of titertidal

oyster population. To enhance subtidal oyster habitat mapping, a vacant position in the Habitat and
Enhancement section was repurposed to focus on using side scan sonar to map priority subtidal areas
for the Oyster Sanctuary and Clutch Plantingdrams with primary focus in Pamlico SouRdr

additional information, se€hapter 8. Coastal Habitat Mapping and Monitoring to Assess Status and
Trends

2.5.3 Wetlands

Most of the progress in wetlands mapping and monitoring within DEQ has been undertak&iRyliD

2016, DWR participated the EPA's National Wetland Condition Assessment (NWCA). As part of this
national wetland assessment, 21 wetland sites were surveyed (and two sites twice). This DWR
participating in the 2021 NWCA. In 2021, DWRalsttbea Ay al YLIX Ay 3 F2NJ Iy 9t !
1 3a8SaayYSyid 2F /KIy3aS Ay b2NIK /FNREAYLlF [/ 2Fadl ¢t

wetland sites as well as known sites surveyed five, 10, and 30 years ago. In addition, NCSU continued the

long-term monitoring of a few sites previously monitored by DWR from 2014 through 2018/2019. The
DWR is currently awaiting funds from the EPA to initiate a statewide wetland mapping project and a
more accurate, publicly available wetland mapping toolN&

In addition to the wetlands mapping and monitoring conducted by DWR, other agencies and academics

3N
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have alsacontributed to improving wetland statusTheDOT developed a LiDARsed GIS wetland
prediction model to update wetland mapping as part of a pilaject. DOT has been working with
researchers at biversity ofNorth Carolina atCharlotte (UNGC)to automate the modeling process

which has resulted in GIS tools that can rapidly predict wetland locations. Ultimately, DOT will use these
tools to update wdand mapping across the state which will be accessible in the DOT ATLASseeb
applications. In Back and Bogue sounds, and parts of the Newport and Nesy sivae site specific
monitoring has been conducted. Using remotely sensed imagery, ratestmiassh shoreline erosion

and upland transgression with and without the presence of bulkheads gquaatified over a 3¢ear
period?® The 2021 CHPP priority habitat isquaper, Wetland Protection and Enhancemehtough
Nature-Based Solutions, providesore detail on shorelinerosion, wetlands loss, and potential

mitigating techniques. Other studies have used multiple metries élevation, accretion,ediment

supply, SLRo assess the vulnerability of salt marshes to SiNRtibnal Estuarine Resed Reserves
(NERRsacross the country. ING Masonboro Island Reserve near Wilmington was assessed and found
to have very low resilience to SERFor additional information, se€hapter 3. Climate Change and
Coastal Habitat ResiliengndChapter 5. Wdand Protection and Restoration through NatufBased
Solutions

2.5.4 Strategic Habitat Areas

Since the 2016 CHPP, the nomination of Strategic Habitats Areas (SHAs) was completed for all four CHPP
regions, with Region 4 (The Cape Fear River Basin) hominagimgsdpproved by the Marine Fisheries
Commission at the May 28 business meetini ** %2 The same year, a CRFL grant provided funding

to begin the validation of the fish use and habitat condition of the nominated SHAs. The first two years

of the studyfocused on CHPP Region 3 (THeté&/Oak River BasinMultiple sampling gears are used to
collect various fish and habitat metrics to compare fish abundance and diversity and habitat condition
between SHA nominations and areas not nominated as SHAs.i8gnpCHPP Region 3 was completed

in the fall of 2019 with a total of 252 sampling events (126 SHAs and 126Mlas). In the spring of

2020, the study expanded into CHPP Region 4 and analysis of the CHPP Region 3 data is underway. The
expansion of the stdy into the larger waters of CHPP Region 1 (Albemarle Sound) and Region 2 (Pamlico
Sound) is also being examined. The results of this study will be used to validate or modify the existing
SHA nominations and provides a foundation for the ecological etatuaf management areas such as
designated nursery and spawning areas.

The progress made towards establishing baseline habitat conditions through sentinel sites and long
term monitoring of coastal habitats, and the validation and verification of SHA@HPP regions is the
foundation for establishing management thresholds for coastal habitats. The quality, quantity, and
extent of the coastal habitats INCmust be identified before management thresholds can be applied.
This was recognized by tl@SGluring the selection of priority habitat issues for this updater

additional information, se€hapter4. Submerged Aquatic Vegetation Protection and Restoration
through Water Quality ImprovementsChapter 5. Wetland Protection and Restoration through
Nature-Based SolutionsandChapter 8. Coastal Habitat Mapping and Monitoring to Assess Status and
Trends

2.6 Implementation Progress on Other Coastdabitat Protection PlarRecommendations

In addition to the priority habitat issues, progress has occurred atitler recommendations from the
2016 CHPP. One implementation action to aid in compliance with existing rules and permits
OwSO02YYSYRI (A 208s traimdMarine Bdtrd offite?s taita®e note of and report violations of
CRC an#MC rules and permits aoastalwaters to appropriate agenciés The DCM staff conducted
OGN AYAYy3 AY Hnamgp (2 5 HoBiem and CaxfaldSictstartd dwd60 offigeilsl FF Ay
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attended. Background on CAMisdictional areas and rulegas provided They were shown how to
look forunusualactivity such as heavy equipment on the shoreline, projects that stand out like
excessively loger pier than surrounding areasegh dirt piled on vegetatiowithout a silt fencenew
looking boatlifts or docks in very shall@simary nursery areaP(NA$, and bulkheads unusually far
from the shoreline.The officers were receptive to assisting wiaart in the field and provideflights to
assess potential violations periodically.

Considerable work continues to be done by DEQ regarding expanding outreach on fish habitat value,
threats, and explanations of management measures (Recommendation 1.3imPleenentation action
was to provide educational information to school childrerl@ regarding biodiversity and value of
estuaries. Towards this, APNEP has an ongoing Shad in the Classroom program. An education specialist
position with DWR was filled 2017. Through that, staff conduct live workshops and online modules.
The primary programs are Project WET (reached®@D students/ year 2032020); ItQ Our Water
Online Module (reached 8680 students per year from 2017 to 2020), and NC Stream \Wattler

smaller programs and school visits are also done. Project MESeaGrant, NC Water Resources
Research Institute (WRRI), and NC Watershed Stewardship Network partnered to create a new PBS
online program called Watershed Wisdom that includes intevadessons/videos. The Soil and Water
Conservation Districts continue with Envirothon training and competition, Resource Conservation
workshops, school field days, and Poster and essay contests.

One implementation action to restore fish passage for atigny fishes through elimination or
Y2RAFAOIGA2Yy 2F AGNBIY 20a0GNH2OGA2ya 6wSO2YYSYyRIGA
S5AQAAAZ2Y 2F aAldGAdIlrdrazy {SNBAOSA o05a{ 0 'Saffrdm LIdzNE dzS
DWR participate in the NC Aquatic Connectivity Team, a group of experts that manage dam removal

projects within the state American Rivers and Southeast Aquatic Resoura#isdPship (SARP) provide

technical support on barrier identification, inventory, and prioritizations. Several projects were

completed 2018020 in thecoastal draining river basiroy DWR and DM$able 21). Additionally,

Milburnie Dam on the Neuse Riweas removed by a restoration company foitigation bankcredits

The DEQ actively engaged wile USACE encourage transfer of the Lock and Dams on the Cape Fear

River to the Department. The outcome of that effort has not yet been determined.

Table2.1. Barrier removals or modifications completed R¢ZDivisions ofWater ResourceDWR)and
Mitigation Services(DMS)and partners in coastal river basins, 2€2@03*

River Basin Dam Culvert, ditch, or pond
removal modifications

Chowan - 3

Neuse 4 5

Cape Fear - 4

Lumber - 2

Managing stormwatewill not onlyreducesediment loading as discussed earlier in the chapter, but also

nutrient and bacteria loading. The revised stormwater ruégrmwater design manuagandminimum

design criterigd dzLJLJ2 NI wS O2 YY Sy R &trategesi to redbge Fongoiitzollution laide & S
minimize cumulative losses of fish habitat through volun&etions, assistance, and incentives,
includinga)improved methods to reduce pollutidinom construction, agculture, and forestry; and b)

increased orsite infiltration of stormwater; and ¢) encouraging and providing incentives for

AYLE SYSy Gl A2y 2F [ 26 LMdditiahally, hé&recsntlyxrdanofigt iNeuseNI OG A OS
andTast I YEAO2 ydzANASY(d ad2NNglF G§SNI NHzE S& NXBIjdzA NB A Y LX
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Nitrogenand Phosphorus (SNAP) calculator for new development activity subject to thiese The

rules also require annual electronic reporting from local governments, which will include exported SNAP
data from developments within their jurisdictions. Taken together, the rules provide the division data to
maintain effective regulatory stragges for water quality (Recommendation 4:6)he DWR, through the
Nutrient Criteria Developmentl&n (NCDP), is evaluag existing nutrientrelated criteria andwill
considerchanges needed to suppaguatic life in the Albemarle Sound regidfor additional

information, seeChapter 4. Submerged Aquatic Vegetation Protection and Restoration through Water
Quality Improvements
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Chapter 3. Climate Change and Resiliency

3. CLIMATE CHANGE ANESRLIENCY

3.1 Introduction

Impacts from climate change including sea level rise (SLR) will affect all coastal habitats and species
throughout NCOn October 29, 2018 in the wake of Hurricane FloreNe® & D2 OSNY 2NJ w2& /[ 22
signed Executive Order gNQQ & / 2 Y Y A (i Y S Zlimatél GhangeRaRoNBadsiion to a Clean

Energy Economy (EO&fijectingall cabinet agencies to integrate climate adaptation and resiliency

planning into their policies, programs, and operatidmss part ofthis executive order, the Climate

Change Intergency Counc{Councilwas created including members framil ofthe cabinet agencies
TheDepartment of Environmental QualifipEQWwas tasked to serve as the lead agetiwywith the

Secretaryof DEQserving asSouncil chair.

Stafffrom all DEQdivisians were active on the Council and associated working groups. These working
groups, along with staffom the National Oceanic and Atmospheric Administration (NOAA), National
Centers for Environmental Information (NCEIG{ G S | yNCSBrstute foRQlikate Gtudies
(NCICSE dz] S ! YAODSNBRAGE QA bAOK2fla {OK22f 2F (GKS 9y @AN
stakeholdersdeveloped a statespecificNCClimate Science Report (NCC8Bjessed hazards and risks
associated with climate change,dinompiled a Natural Working Lands (NWL) Repditheseefforts

were incaporated into the2020NCRisk Assessment aiResiliencdPlan 2020 Resilience Plwith
strategiesand recommendations to increase carbon sequestration and resiliency of coastal habitats and
communities.The 2016 CHPP provided valuable information during this process and many of the goals
and recommendations from the 2016 CHPP were aligndaki2020 Resilience PlaandNWL Action

Plan® Likewise, aspects of the NCC3B20 Resilience Plaand the NWL Action Plawill be integrated

into this CHPP updatgherever possible

3.2 Background

The foundation for addressing climate change related issues is thERMZlGch is a scientific
assessment of historical climate trends and potential future climate change spedificuoder

increa®d greenhouse ga&HGoncentrations’ For the NCCSRtatements about future changes refer
to projections through the end of this century, and the following definitions apply:

The scientific understanding of the climate system strongly supports the conclusion that large changes in
NQa Of AYIFIGSZT YdzOK f I NHSNJ G &révgry likdiybylthg énd dfthiy S Ay (G KS
century winder both the lower and highgHGconcentration scenarios.

North Carolin& @nnual average temperature has increased by about 1.0°F since 1895, somewhat less
than the global averagéHowever, he most recent 10 years (20@®18)represent the warmest 10

year period on record iNG averaging about 0.6°F warmer than the warmest decade in the 20th
century (19301939). Recentlyeleased data for 201#dicate that it was the warmest year on record

for NC Although regional changes in temperature can vary from global chaitgssgery likelythat NC
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temperatures will also increase substantially in all seasons. It ivatgdikelythat the number of warm

and very warm nights will increase, and summer heat index values will inamtaadeincreases in

absolute humidityJust as the number of hot and very hot days is likely to increase, the number of cold
days will likely decreas@long the northeastern coast of NELR is occurrirgpout twice as fast as

along the southeastern coast, averaging 1.8 inches per decade since 1978 at Duck, NC, and 0.9 inches
per decade since 1935 at Wilmington, NC (Figure B.isyirtually certainthat SLRalong the N@oast

will continue to increaseue to expansion of ocean water from warming and melting of ice on land,

such as the Greenland and Antarctic ice sheets.
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Figure 3.1Historic and future relative sea level rise (SLR) and high tidd @ventsm Wilmington, NC.

In NC, hurricanes have some of the most important impacts on the state, often catastrophic (storm
surge, wind, and flooding damage), but sometireasironmentallybeneficial (rainfall recharging soil
moisture and groundwater aquifers). The intensity of gtiengest hurricanes i&kelyto increase with
warming temperature that could result in stronger hurricanes impacting N€avy precipitation
accompanying hurricanes that pass near or over N€riglikelyto increase, which would in turn
increase the potential for freshwater flooding. These events could have major ramifications on the
hydrology, carbon and nutrient loads, and habitat and wageality in the stateHowever there islow
confidenceconcerning future changes in the number of hurricanes making landfall in NC. Additionally, it
islikelythat the frequency of severe thunderstorms and the annual total precipitation in NC will
increa®. It isvery likelythat extreme precipitation frequency and intensity in NC will increase due to
increases in atmospheric water vapor content. iB virtually certain thaSLRand increasing intensity
of coastal storms, especially hurricanes, wildeo increases in storm surge flooding in coastal NC.
Additionally, banges to salinitywatertemperatures depth, andwave exposurare expected to affdc
habitat andfish distribution.

The repeated impacts and compounding losses from the effects of climate change, such as stronger
hurricanes, more severe stormSlL.LRand associated flooding events can be catastrophic not only to the
coastal communities, but to the coastal habitats and #tosystem services they support. While the risk
and hazards associated with climate change and natural disastaret be eliminatedtheir affectscan
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be lessenedby increasing coastal resilience. Coastal resilience can be broken down into two parts th
are intertwined: 1) community resiliencythe ability of a community to withstand, respond to, and
recover from a disruption, and 2) ecosystem resilieqtlye ability of the natural environment to

withstand, respond to, and recover from a disruptisnch as hurricanes, tropical storms, and flooding.

A resilient ecosystem is able to bounce back from disturbances over time while resistant eocwsyst

may withstand a disturbance or two but over time the ecosystem function is lost and unable to recover

(Figure 3.2).

Disturbance
Disturbance

- an emema

= Resistant

= = =« Resilient

Figure 3.2lllustration of the response of ecosystem function of resistant and resilient ecosystems after
multiple disturbances.

3.3 Discussion

Coastal habitats contribute to the resilience and resistance of coastal communities and ecosystems by
reducing coastal erosion and flooding by stabilizing sediment and attenuating waves (Figufe-818a).

NC, dunes are especially importdat protecting the communities and habitats on the barrier islands,
which are frequently exposed to waves and ocean overwash (Figure 3.3b). Other habitats like salt marsh
and coastal forests also provide significant protection (Figure 3.3c).
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Figure 3.3Shoreline protection by coastal habitatsNiC (a) Sections of thRCshoreline that benefit

from significant protection by coastal habitats. Colors indicate how exposed the shoreline is to coastal
hazards such as flooding and ems (b) Dunes protect the Outer Banks communities of Hatteras and
Avon, in addition tdtNCHighway 12, the only access route for residents and tourists. (¢) Salt marsh and
dunes protect Camp Lejeune and the town of Sneads Ferry. Maps adapted from ancuadalgsis
originally conducted for the 2020C Risk anResilience Plah?®

Impacts from climatettange including SLKiIl affect all coastal habitats andegies throughout NC.
Therefore, ations should be taken to make them more resilient to these disturbaandsnsure

coastal habitats and their valuable ecosystem services continue to p&hi@hges to environmental
variablessuch asncreased watetemperaturesdue towarmer air temperaturesind salinity due to
increased freshwater runoff or breached inlets from hurricanes, will impact the distribution, range, and
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abundance of coastal habitats and the species that use them for nursery, ferzenng,and refuge.
Impacts can be minimized and coastal resilience can be increased by conserving, protecting, and
restoring coastal habitats that provide valuable ecosystem services and using natural and nature based
infrastructure wherever possible.

Wetland loss due t&SLRwill likely outpace the rate of wetland migration inland in many areaspecially

under higher rates of SLR (Figure 32Yrrently NC has about 220,000 acres of salt marsh. Much of this
marsh is projected to be lost through drowningesosion by the end of the century. Sea level rise will

allow some marshes to migrate inland, partially offsetting the loss. In the lowest SLR scenario, there may
be more marsh in 2100 than currently exists. However, the potential for marsh migrationadesrat

higher SLR elevations, resulting in greater net marsh loss.

North Carolina coastal marshes
300,000
250,000
200,000
150,000
100,000

50,000

0
-50,000
-100,000
-150,000
-200,000

-250,000
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® Marsh ® Drowned marsh M Eroded marsh = Migration space marsh

Figure 3.4Projected coastal marsh area under three sea level rise (SLR) scenarios represérigay 2

of SLR by 2100, in comparison to current marsh extent. As SLR elevaas@s;iso does the area of

YIENBK (GKFG A& LINRP2SOGSR (2 -RingRanstal phadzProvides sqadevod b 2 NJi
marsh migration under the lowest SLR scenario, but less space is available for migration under the

higher scenarios. Dafaom anupdatedanalysisoriginallyconducted for theNC2020Risk andResilience

Plan*®

Assessing when certain areas of coastal marshes are likely to be lost due to SLR can help prioritize
conservation and restoration (Figure 3.5). For example, marshes that are very vulnerable to SLR
(projected to drown by 2050) afikely to need extensive intervention, such as thager sediment
deposition, to survive and may be too risky for investing limited resources for restoration. Marshes
projected to persist to the end of the century could be good candidates for consenaatibn
management to ensure they remain as healthy as possible.
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Coastal marsh vulnerability
to sea level rise

Highly vulnerable (lost by 2053)
Il Vulnerable (lost by 2073)
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NAQQA& YIF NBEKSA | NB by an8 i R acieL(908y RE7 H under thecenario
projecting four feet of SLR by 2100.

Loss of wetlands will result in habitat losses that will impact the species that use them and degrade
water quality due to the reduction in buffering capacity of nutrient rich stormwater rurkedf.

additiond information, seeChapter 5Wetland Protection and Restoration through NatwBased
Solutions Extreme precipitatiorevents result in flooding which leads to high loads of organic matter
and organic nitrogen and phosphotudseling phytoplankton produatin and resulting in algal blooms
and associated hypoxia. Runoff from agricultural fields and urban development also add to the
contamination of floodwaters into the watershed. These impacts to water quality could have major
detrimental effects on coastaldbitats in NC.

Coastal marshes not only provide essential habitat and protect shorelines, but also store large amounts

2F OFNb2y Ay GKSANI AaSRAYSyidiad b2NIK /I NRfAYylI Qa Oz
million metric tons C@e, equid £ Sy (i {2 (GHS edissibfdr fve @ontBsiPhasaé marshes

are continuing to lock away approximately 200,000 metric tonse€€ach year. When marshes drown

or erode, not only do we lose their ongoing carbon sequestration function, but disan proportion

of this carbon is also released to the atmosphere, contributinGttGemissions. Marsh loss due to SLR

Y@ {dz2NYy b/ Qa O2Faidlf KFIoAadlda FNRY | OFNb2y aiy]
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North Carolina coastal blue carbon flux, 2010-2124
reflecting habitat changes through end of century
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Figure 3.6Projected net carbon flux frolNCmarshes through 2124, reflecting marsh loss due to sea

level rise (SLR) compared to a baseline scenario (no SLR). Positive values indicate carbon sequestration
by marshes; negative values indicate carbon released from drowned or eroded marshes. The black
diamond shows the net carbon flux (sequestration minus emissions) for the scenario. There is high
uncertainty about how much stored carbon is released when marshes drown or erode. These results
assume 2percentloss; the error bars show the range in netlman flux when that assumption is

varied. Datdrom anupdatedanalysisoriginallyconducted for the2020 Resilience Pldr?

Submerged aquatic vegetatigBAV)also known as seagrass or underwater grass, is a critical coastal
habitatfor many important aquatic species, and is also highly responsive to degradedquatéy

including changes in salinity, water temperature, and water clanitgkingSAV an ideal indicator

species for water quality and climate change impacts. The expected changes to water conditions due to
climate change arbkelyto result in varyig distribution and reduced abundance of SAke

impairment of water quality is one of the most widespread threats to SAV ecosystems, with global losses
estimated at over 29ercentduring the last century* Along the Atlantic seaboard, SAV has already
experienced significant declines directly or indirectly attributed to the stressors associated with
degraded water quality. What distinguishes NC from other coastal seagrass systems on the Atlantic
seaboard is the overlapping distribution of temperate angtoal seagrasses in the higr salinity

waters: eel grasgostera marinaa temperate grass at the southernmost exteifiits range, and shoal
grassHalodule wrightij a tropical grass at the northern most extent of its range. It has been suggested
that under the current emissions scenario, itikelythat eelgrass will be extirpated in NC and the
Chesapeake Bay with the new southern range as far north as Long Island Sound By 2100.

The effects of the climatehangedriven shift in distribution of SAspecies will affect the aquatic

organisms of the coast of NC that use the SAV as nursery areas, refuge from predation, and foraging for
food. It has also been indicated that there ipatential for increased Harmful Algald®dim (HAB)
occurrencedue to ingeased nutrient loading in the water and increasing water temperature attributed

to changing climaté® In addition to causing detrimental impacts to water quality, fish, and habitats,
particularly sibmerged aquatic vegetatiofsAV) and shell bottom, HA&= unsightly, malodorous, and
potentially hazardouso humans and pets if exposed to contaminated waters or congbshellfish that

have taken up the algae toxirSor additional information, se€hapter 4 SubmergedAquatic

Vegetation Protection and Restation through Water Quality Improvements
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Shell bottom, composed of living or dead shellfish serves as both an important commercial and
recreational fishery resource and an essential coastal hal3tatllfish species found in NC include the
Easterroyster(Crassostrea virginigaNorthern quahog or clanMercenaria mercenarjgand bay

scallop Argopecten irradiansIncreased precipitation from hurricanes and storm events coupled with
wetlands loss will increase the amount of nutrient rich and getlustormwater runoff entering the
estuaries. This can lead to hypoxic (low oxygen) conditions, resulting in mass mortality of shellfish and
finfish. Smaller storm events can result in the closure of shellfish growing areas and recreational
swimming advisoes, all of which have economic impacts to the resource and the use of the public trust
waters ofNC As sea level continues to rise, intertidal oysters will become inundatedhastiadapt to

the subtidal environment. Additionally, increased water tengieres could result in more occurrences

of illness frormaturally occurring/ibriospecies fronshellfish consumption, which is a significant public
health issue and can also disrupt shellfish mark&the acidification of ocean waters, a consequence of
excess carbon dioxide in the atmosphere, will also cause oysters and other shellfish to be unable to grow
their shells. The loss of shell bottom habitat will not only affect these important fisheries, but the marine
organisms that rely on them for habitaks shell bottom and other coastal habitats are lost or shift in
distribution and abundance due to climate charayed anthropogenic impacts, they will need to be
mapped and monitored to assess these changes and habitat corglii@nsure they persistor

additional information, se€hapter 8 Coastal Habitat Mapping and Monitoring to Assess Status and
Trends

The predicted impacts of climate changél havedirect impacson the finfishand invertebrate
populations ofNCQQ & O2 | a i @ L y's beéd pré&dictéd thathunbikBdE of finfish &hdl
invertebrate species will be forced to move northward by climate changbe range of valuable
fisheries species ING including black sea bassgntropristis striataand summer floundeRaralichthys
dentatus), have already been seen shifting northward while other species such as white shrimp
(Litopenaeus setiferusire having greater biomass following warm wint&r&ther species, such as spot
(Leiostomus xanthurdigre shifting their migration route to oac further offshore or deeper in the
water column, affecting catchability Environmental changes are affecting how species use certain
estuaries and habitat types, such as bull sha@er¢harhinus leuc@sisingN@Qa Saddzr NB & | yoc
area whernit hashistorically only been used as foraging grounds for adfiBsme species like Cobia
(Rachycentron canadurmay be able tavithstandthe environmental fluctuationslue to climate
changethat occur in coastal habitats and the broad environmental conditions their ipgays can
tolerate.’® Under some future climate change scenarios, spotted seat©uh¢scion nebulosuisave
been shown to increase range due to increased habitat suitabilityvever, under the same scenarios,
their prey species show significant decreases which could result in difoited population®

In addition to shifts in coastal habitat availability and species distribution, economic impacts and
regulatory issues du impacts from climate change will need to be addressed. North Carolina already
exhibits one of the greatest northward shifts in commercial fishing effort, with average vessel landings
occurring 24km further north each ye&rAs finfish move north, the comercial fishermen follow,

resulting inNCfishermen landing more finfish INCports that were caught outside of state waters. This
can cause confounding regulatory issues when trying to determine the new or expanded ranges and
distributions of the finfik species. The management of commercially and recreationally important
finfish and shellfish speciesd the coastal habitat they call honmvital to ensuring the sustainability

of these species.

Since its inception, the CHPP has focuseitlentifyingthreats and recommending management actions
G2 LINRPGSOO YR NBAG2NB KI oA 0l (The 2@16IBHPR iGctuded prigrityb / Q&
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habitat issues focused on oyster restoration, living shorelines, sedimentation, and developing noetrics t
assess habitat trends along with implementation actions such as improving water quality by reducing
stormwater runoff. These issues and actions are not only beneficial to the fishery habitats, but also
increase coastal community and ecosystem resiligaadimate change stressar$he CHPP has and will
continue to highlight the importance a@bnserving protecting, and restoring coastal habitats and the
ecosystem services they providend willintegrate climate adaptation and resilienclapning whereve
possible. Recommendations and implementation actions from CHPP will continue to support and align
with the 2020 Resilience Plamd NWLAction Plarf:* With more interest and urgency sparked by the
storm events of the last several yearsand GgvarNJ / 2 2 LISNRA 9hynI GKS /1 tt
important role in ensuring the future of coastal fishery habitats for the benefit and resiliency of all North
Caroliniansl

Allresidents of the coasteserve to live, workand play in healthy and sa®mmunities andall

members of these coastal communitisisould have a voice in management decisions that affedt the
future. In EasterrNC there are environmental justice issues whenany communities struggle to
safeguard the health of their residents from pollution and obtain help recovering from natural disasters.
For theCHPRo ultimately succeed, thelimate resiliencef these commurties must be directly

addressed. The people living in these communities will have to be directly involved with local
government and state agencies in finding the needed solutions.
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Chapter 4. Submerged Aquatic Vegetation Protection and Restoration Through
Water Quality Improvement

4. SUBMERGED AQUATIGY¥EATION PROTECTAMD RESTORATION
THROUGNVATER QUALITMPROVEMENTS

4.1 Issue

Protection and restoration cdubmerged aquatic vegetatio®AY is critical for healthy fisheries KHC

while providingadditional valuablecosystenfunctions andbenefits that enhance coastal resilienaly
aquatic life ancdcoastal communitiesNationally, water quality, in particulavater clarity, is recognized

as one othe most significant factalimiting SAWistribution, abundancesurviva) and expansion
Regionally, on the Atlantic seaboard of the US, large declines of SAV have been attributed to impaired
water quality in neighboring estuaries both north (Chesapeake Bay) and south (Indian River Lagoon, FL)
of NC Environmental monitoringdataindicate that water quality is also having an adverse impact on
SAV in NC estuarine waters, especially in the lower salinity regions more dirgaigtedby numerous
watersheds and coastal land us&ater quality impairmentcupled with the expectation of sea level

rise (SLRand increasing water temperatures associated with climate chanileexposeall NCSAV to
multiple stressors that can limit their growth, reproduction, and distribution

4.2 Background

Currently, NC is steavd to one of the most productive and biodiverse SAV resources on the Atlantic
seaboard, including the largest polyhaline and mesohaline seagrass meadows in the temperate western
Atlantic>>3%58 SAV habitat is the foundation for ecological sessithat directly benefithe coastal
ecosystem®f NCand neighbaing states”® These services include primagd secondarfisheries
production, habitat for fish, wildlife and waterfowl, sedimeand shorelinestabilizationwave energy
attenuation,water purificaion, and carbon sequestratioRecentlyit has been shown that SAV may
reduce bacterial pathogens that can cause disease in humans and roegamsms® All these services
are important to ecosystem health and provide increased communmityecosystem resiliencé.
Resource valuation studies indicate that the monetary value of the ecosystem services proaded m
SAV habitat protection and restoration a prioritggnservation and management issue. SA¥%tributes

to coastal resilience and ensomic and cultural values from local coastal commiesind residents
statewide, to the millions of annual visitors RC8 1% 12131415

Through work funded bplbemarlePamlico National Estuary PartnersidPNER it has been reported

that estimates of economic loss increase proportionately with declines in SAV in the Alb&aarieo
estuary® Based on economic losses to commercial ewleational fisheries, residential property

values, and carbon sequestration, they conservatively estimated an aggregate loss of $1,290 per acre
over the next decade. It was found that a five percent decadal decline in SAV acreage would generate
total ecanomic loss of $8.6 million in 2019 dollars. If SAV acreage loss were to accelerate to 50 percent,
the estimated total economic loss would be $88.7 million over a dedad#oth cases, most of the loss
comes from declines in carbon sequestration.

Submergediquatic vegetation is important to amyaquatic organismat some point in their life cycle
with fish and invertebratedepending orSAV forefuge, spawning, nursery, foraging, and corridor
needs! Because of theeasonahbundance patterns of SAV, refuge and foraging habitat are provided
almost year roundor estuarinedependent specie’.Fish and invertebratase of SAV differs spatially
and tempoally due to distribution ranges, time oécruitment, and life historie& **>?° Table 4.1
providesa list of species that use SAV in NC.
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Table 4.1Listof fish and invertebratedocumented to us&ibmergedAquaticVegetation (SAVn NC
Names in boldire species with relative abundances reported in literature as higher in SAV than other

habitats. Note: lack of bolding does not imply reglective use of the habitat, but lack of informatibn.
6, 21,22 23 24,25

Submerged Aquatic Vegetation (SAV) Functions
Species Refuge Spawning Nursery Foraging Corridor
River herring X X X X
Striped bass X
Yellow perch X
American eel
Bay scallop
Blue crab
Grass shrimp
Hard clam
Red drum
Spotted seatrout
Weakfish
Atlantic croaker
Atlantic menhaden
Brown shrimp
Southern flounder
Spot
Striped mullet
White shrimp
Black sea bass
Bluefish
Gag
Kingfish spp.
Pinfish
Pink shrimp
Smooth dogfish
Spanish mackerel
Summer flounder
*Includes blueback herring and alewife

XXX XXX XXXXX
X X X X X X

X X X X

XXXXXXXXXXXXXXXXXXXXX
X X X X

X X X X

HXXXXXXXXXXXXXXXXXXXXXXXX
X X X X

X X

The Fisheries Reform Act of 1997 requires the DMF to prepare fishery management plans (FMP) for
adoption by the N@®Aarine FsheriesCommission (MFCpr all commercially and recreationally

significant species or fisheries that comprise stat&rine and estuarine resourceBhe goal of the plans

is to ensure longerm viability of these fisherig Fisheries habitat andiater quality considerations are

one of several requirements of these plans and are to be consistent with the SelgPal state FMPs

list SAV and water qualitpanagement actions because of the importance of SAV and water quality to
the different fishetes that are managed and prosecuted witltte state.The Blue Crab Fishery
Management Plan Amendmenti8 the latest plan with management actions that focus on water
quality.® One action specifically tasks the CHPP Steering Committee to prioritize blue crab water quality
impacts Table 4.2). The Blue Crab FMP is one of several FMPs that have both SAV and water quality
management actions that overlap with the CHPP issue of piiote and restoration of SAV through

water quality improvements (Table 4.2



Chapter 4. Submerged Aquatic Vegetation Protection and Restoration Through
Water Quality Improvement

Table 4.2TheNCState Fishery Management PlaifVIPswith submerged aquatic vegetatio®AY and
water qualitymanagemengctions

NC Fishery
Management Plan Habitat and WateQuality Management Actions
Bay Scallop 1 Remap and monitor SAV coverage in NC to assess distribution and change over time
Amendment 2 1 Restore coastal wetlands to compensate for previous losses and enhance water quality condi
(2015%7 for the bayscallop
1 Improve methods to reduce sediment and nutrient pollution from construction sites, agricultur
and forestry
1 Reduce impervious surfaces and increasesiva infiltration of stormwater through voluntary or
regulatory measures
1  Aggressively reduceopt and nonpoint nutrient and sediment loading in estuarine waters, to
levels that will sustain SAV habitat, using regulatory andnegulatory actions
Blue Crab 1 Create a joint interagency work group
Amendment 3 1 Task the CHPP steering committee to prioritize blue crab water quality impacts
(2020%8 1 Send letters to other state agencies sharing concerns about water gaatitysest Management
Practices
1 Invite other agencies to futurMarine Fisheries CommissiaMEQ meetings to present their
efforts to address water quality
Estuarine Striped §  Work with NCWildlife ResourcesCommission (WRCpivision of Water Resources (DWRand
Bass Amendment others to implement management measures that will enhance water quality in Strategic Habit
1 (201338 Areas (SHAs) used by striped bass
1 Division ofMarine Fsheries (DMFand WRC should work with DWR and other agencies to initia

efforts to determine and establish more stringent water quality standards in waters designates
Anadromous Fish Spawning Areas (AFSAS)

Kingfishes (20089 ¢

Reduce nutrient and sediment loading in the Albemd&amlico system, particularly the Neuse ar
TarPamlico rivers, to levels that will support SAV, using regulatory andetaatory actions

1 Improve methods to reduce sediment and nutrient pollution from construction sites, agricultur
and forestry
1 Increase ossite infiltration of stormwater throuf voluntary or regulatory measures
1 Modify stormwater rules to more effectively reduce the volume and pollutant loading of
stormwater runoff entering coastal waters
River Herring 1 Work with other agencies to identify potential incentives for landowners for protection of ripari
Amendment 2 buffers in the management area
(201550 1 Develop, identify and clarify what critical habitat actions are needed to protect, enhance and

restore habitats and water qlity affecting river herring.

Southern Flounder §
Amendment 1

Coordinate SAV mapping efforts such that statewide monitoring and trend analysis can be
conducted most efficiently

Reduce point and nepoint nutrient and sediment loading in estuarimaters, to levels that will
sustain SAV, using relevant standards and regulatoryhegulatory actions

Acquire updated and coastide data on bathymetry, sediment type, and pollutant concentratior
Increase coverage of waters assessed for aquatic liféremelase coverage of continuous
monitoring stations

Restore hydrology on lands used for silvaculture, agriculture, and urban development using B
Management PracticB8MPs)

(201331 1
1
1
1
Spotted Seatrout
Revision (20143 q
1

Continue mapping of SAV in NC to assessldigion and change over time

Aggressively reduce point and npoint nutrient and sediment loading in estuarine waters, to
levels that will sustain SAV, using regulatory and-regulatory actions

Work withNational Oceanic and Atmospheric Administratiiti©AA and DWRo determine
appropriate levels of total suspended solids (TSS), turbidity, chloraplarid other water clarity
parameters to achieve adequate water quality conditions for SAV growth, and model potential
habitat
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NC Fishery
Management Plan Habitat and WateQuality Management Actions
1 Improve methods to redce sediment and nutrient pollution from construction sites, agriculture,
and forestry
1 Increase ossite infiltration of stormwater through voluntary or regulatory measures
1  Work withDWRandthe NCEnvironmentalManagemeniCommission(EMCYo modify stormwaer
rules to more effectively reduce runoff volume and pollutant loading to coastal waters to levels
that protect and enhance fish habitats vital to spotted seatrout
1 Reduce impervious surfaces associated with new development as much as possible andhedt
maximum amount of impervious surfaces allowed in the absence of engineered stormwater

controls
Striped Mullet 1 Develop and maintain accurate maps and documentation of wetlands, soft bottom, SAVs, anc
Amendment 1 water column
(201533 1 Support research othe causes of hypoxia and anoxia and impacts on striped mullet populatiot

b / Sstuarine waters

There ardwo distinct groupof SAVhabitatsin NCdistributed according to estuarine salinit9ne
group thrivesin fresh andow salinity riverinevaters(<10 ppt),referred to as low salinity SAV. The
second group occurs imoderate tohigh (>10 ppt)salinityestuarine waters of the bays, sounds, and
tidal creeks, referred to as high salinity SAV or seagraGsdiectivelythey are referred to as/B/. Tlese
groups are distinguished by different species compositioneandronmentalrequirements,and have
characteristics similar t8§AV communitieboundin many other estuaries in theSJ)(Table 4.3¥:3°

Table 4.3Average environmental requirements lacations wheresubmerged aquatic vegetatioSAY
occurred in coastalG 198819911

Environmental parameter

Salinity Secchi depth Water depth
(ppt) m (ft) m (ft)
SAV species Range Average Range Average Range Average

HIGH SALINITY (<30 ppt)

03-20 10 04-1.7 1.2

Eelgrass Zostera marin M N 26 (10-6.6) (3.3) (1.3-56) (3.9)

I 0.4-20 10 0.1-221 0.8
Shoa grass Halodule wright) y X 25 (13-6.6) (3.3) (0.3-6.9) (2.6)
Widgem grass Ruppia maritim 0-36 15 02-18 07 01-25 08

(0.7-5.9) (2.3) (0.3-8.2) (2.6)

FRESHWATERW SALINITYOM 1 LJLJG 0

0.4-14 09 04-24 09
(1.3-4.6) (3.0) (1.3-7.9) (3.0)
0.2-20 06 02-23 1.0
(0.7-6.6) (2.0) (0.7-7.6) (3.3)
0.2-14 06 05-24 11
(0.7-4.6) (2.0) (1.6-7.9) (3.6)

0.2-20 0.7 05-17 1.0
(0.7-6.6) (2.3) (1.6-5.6) (3.3)
0.2-04 03 06-09 08
(0.7-1.3) (1.0) (2.0-3.0) (2.6)

Redhead gras®ftamogeton perfoliatus 0-20 1
Wild celery Vallisneria Americana) 0-10 2

Eurasian watermilfoilNlyriophyllum spicatun 0- 10 2
Bushy pondweedNajas guadalupensis) 0-10 1

Sago pondweedStuckenia pectinaje 0-9 2
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North Carolinais unique among other coastal SAV ecosystems on the Atlantic seaboard because of
overlapping distributions of temperate and tropical seagrasses in relatively higher salinity wft&es.
grass Zostera maringis a temperate species at the southern limit of its western Atlantic range in NC. In
contrast, shoal grassi@lodule wrightij is a tropical species that reaches its northernmost exteh@n
Widgeon grasfRuppia maritim@ has a wide salinity tolerance, but grows best in moderate salinity
areas. The coccurrence of these three SAV species in NC, results in high coverage of shallow bottom
FNBF& AY b/ Qa Saidz NRISANBNC perénfial @ndAniual méatiodvs of eélrass S Y LI2
are common in shallow, protected estuarine waters in the winter and spring when temperat@es a
cooler. However, in the summer when water temperatures are abovex2?C (6877°F), shoal grass is
more abundant while eelgrass survives where water temperatures are relatively cooler in deeper sub
tidal areas, especially locations with continuous wdtew.*

SAV occurs in subtidal and intertidal areas of sheltered estuarine and riverine waters where there is
unconsolidated sediment, adequalight reaching the bottom, and moderate to negligible current
velocities or wave turbulenck? The primary factors controlling SAV distribution are water depth,

sediment composition, wave energy, and the penetration of light through the water cofafir® 40 4%
42,43, 44, 45,46, 47, 48, 49

BecausesAVs are rooted in anaerobic sediments, they need to produce a large amount of oxygen to

aerate the roots, and therefore have the highest light requirements of all aquatic gtdh&AV can

become stressed by eutrophication and other environmental conditions which impair water
transparency f Rk 2 NJ RAYAYA &K (KS 2Ee&3Sy 02y idSyid 2F 41 GSNJ
factors makes them a sensitive Hiwdicator of environmental healtf “° Required light conditions can

vary by species; low salinity grass species have slightly lower light requirements of >9 percent of surface
incident light required at the leaf and >13 percentsofface incident light required through the surface

compared to >15 percent and >22 percent, respectively, for species found in moderate to high salinity
areas?> 5051

High salinity SAV in coastal NC occurs on shallowlsrder bars behind the Outer Banks (Pamlico,

Core, Back, and Bogue sounds), and along the mainland shtr&stuarine high salinity SAV occurs at

a smaller scale in protected coastal embayments, marsh channels and along the Intracoastal Waterway,
a2dziK 2F . 23dz2S LyftSid (G2 | NRdzy R a llthd Ye@iidodurgeht&dli Ay Y
in the New River, Chadwick Bay, Topsail Sound, and along the edges of creeks and the Intracoastal
Waterwayas far south as northern New Hanover Couitythe fresh and brackish water portions of NC
estuaries, low salinity SAV isuwadalant in larger black water systems, but rare in small black water

streams, due to tannic water, irregular floyand shading from forested wetlands. SAV can be extensive

in low-salinity back bays and lagoons, such as Albemarle and Currituck sounds, tributaries of the Pamlico
and Neuse rivers, and in coastal lakes like Lake Mattamuskeet (not included in SAV coverage
estimates)?®

There have been various mapping projects over the last 40+ years by several universities, and state and
federal agencies. The data sources, mapping years, methodology, and extent of each individual mapping
event are described in Table 4.4. Shandividual mapping events compiled together make up the
KAaU2NROlIffte (1y26y LINBaSyOS |yR adaidloftS KFIoAGLl G
of approximately 191,155 acres of SAV in public trust waters (Table 4.5; Figude8)4Alditional

mapping and monitoring of fresh and brackish SAV have occurred with hydroacoustic surveys, and the
establishment of sentinel sites in recent years in the Neuse andi&arivers and Albemarle Souf.

55,56.57 Coastwide aerial photography mappiofjhigh salinity SAV occurred in 2019 and 2020 with
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funding from NC Department of Environmental Quality (DEQ) and AHNERmagery is currently being

processed and will bimcorporated into this SAV mosaitong with future effortgo better inform the
known historic and current extent of SAWNKC.

Table 4.4 Datasources, mapping years, methodology, and extent of each individimherged aquatic
vegetation SAY mapping eventalong theNCcoast,1981 to 2015.

Mapping
Data Source Year(s) | Methodology Mapping Extent
Maps of SAV were created from aerial | May 1981: Bogue and Core sounds
] natural color photography accompanie
Carraway & Priddy (1983) 1981 | py ground truth data for verification
including location and density.
SAV was delineated and mapped from| 1990: Currituck, Albemarle and
natural color aerial photography with a| Roanoke/Croatan Sounds
1983, | minimum mapping unit of 20m. 1991: Pamlico River Estuary, Neust
1985, | Accompanying field inventories were | River Estuary, western Pamlico
Fergusor& Wood (1994 1988, | conducted within study regions to verify Sound and Albemarle Sound
1990, | SAV signatures and species distributio] 1992: Pamlico River, Core and Bog
1992 and composition. sounds and parts of eastern Pamlic
Sound, wstern Pamlico Sound,
Perquimans River
Division Water Quality Maps from aerial photography Neuse River and tributaries
(DWQ) 1998 1998
(Now DWR)
Eastern Carolina Universit ;ggg— Maps from aerial photography Albemarle and Currituck sounds
(ECY) 2006
North Carolina State Aerial phot_ography from July 2005 _South_ern shore of Albemarle Soung
: - 2005 accompanied by ground truth data including Bull Bay to northern
University (NCS®5)
Croatan Sound
Maps from interpolated transect data. | 2005 & 200§JuneSeptember):
Division Water Quality SAV was observed and collected using major tributaries of Neuse and
. 2005 : . .
Rapid Response Team 2008 garden rake from boat, traveling along | Pamlico Rivers
(Now DWR. €0 the shoreline. 2007 (MayAugust): Neuse and
Pamlico Rivers and tributaries
CAStR adz2NBBSe Qa 02| Mouth of the Neuse River near Poir
Marine Corps Air Station observations and underwater cameras| of Marsh.
. 2007 . :
Cherry Poirft and aeriakurvey analysis of
hyperspectral imagery.
SAV was mapped along the coast of N| This extent encompasses the coast
and northward into Back Bay, Virginia | zone that lies within the APNEP
2006 manually djitizing visible SAV from regional boundary (Bogue Inlet nort|
Albemarle Pamlico 2008 | remotely-sensed imagery. to Bgck Bay), as well as that which
- ) outside of that boundary (Bogue
National Estuarine
: Inlet south to Masonboro Intg
Partnership (SAV - -
63 SAV was mapped along the coast of N| This extent encompasses the high
Partners§> o Y > . o
by manually digitizing visible SAV from| salinity coastal zone that lies within
2012 . .
2013 remotely-sensed imagery. the APNEP regional boundary (Hwy
64 Bridge of Roanoke Sound sotah
Bogue Inlet).
SAV was mapped along the Southern | This extent encompasses the high
coast of NC by manually digitizing visi salinity coastal zone of Onslow Bay|
DEQ, DOT, & NOXA 2015 SAV from remotehgensed imagery. that lies south of the APNEEgional
boundary.
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Table 4.5The known Fstorical extent oimappedsubmerged aquatic vegetatio®AYin NG 198t

2015

Salinity SAV Historic Percent of Historical
Zone Region# SAV Region Name Extent* (ac) Extent* (%)
Low 1 Currituck and Back Bay 21,613 11.3
Low 2 Albemarle Sound 12,872 6.7
Low 3 TarPamlico & Neuse rivers 4,581 24
High 4 Pamlico Sound 712 0.4
High 5 Roanoke Sound to Ocracoke Inlet 101,739 53.2
High 6 Core Sound 36,862 19.3
High 7 Bogue Sound 10,826 5.7
High 8 Bear Inlet tosSnow's Cut 1,950 1.0
High/Low 9 Cape Fear River to SC line 0 0.0
Total 191,155 100.0

*SAV Mosaic 1981 to 2015 (as of 6/3/2020)

Photo Creditunknown



Chapter 4. Submerged Aquatic Vegetation Protection and Restoration Through

Water Quality Improvement

in North Carolina
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Figure 4.1Known historic extent of submerged aquatic vegetation (3$Aaf)ped inNG 1981to 2015.

Absence of SAV does not suggest actual absence, as surveys have not been conducted in all areas.
Presence of SAV does not reflect current state, as data dates to 1981.
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Figure 4.2Known historic extent of submerged aquatic vegetation (SAMgapped inCurrituck and
Back BayNG 1981 to 2015Absence of SAV does not suggest actual absence, as surveys have not been
conducted in all areas. Presence of SAV does not reflect current state, as data dates to 1981.
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Figure 4.3Known historic extendf submerged aquatic vegetatidisAV)nappedin Albemarle Sound

NG 1981 to 205 in. Absence of SAV does not suggest actual absence, as surveys have not been
conducted in all areas. Presence of SAV does not reflect current state, as data dates.to 1981



Chapter 4. Submerged Aquatic Vegetation Protection and Restoration Through
Water Quality Improvement

Historic Extent* of Coastwide Submerged Aquatic Vegetation (SAV)
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Figure 4.4. Knowhistoric extent olsubmerged aquatic vegetatiq® AV)napped in inTarPamlico and
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Historic Extent* of Coastwide Submerged Aquatic Vegetation (SAV)
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Figure 4.5. Knowhistoric extent olsubmerged aquatic vegetatidiAV)mapped in Pamlico SoundG

1981 to 205. Absence of SAV does not suggest actual absence, as surveys have not been conducted in
all araas. Presence of SAV does not reflect current state, as data dates to 1981
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Figure 4.6. Knowhistoric extent ofsubmerged aquatic vegetatidisAV)napped in Core SounbG
1981 to 205. Absence of SAV does not suggest actual absence, as surveys hagemobnducted in
all areas. Presence of SAV does not reflect current state, as data dates to 1981
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Historic Extent* of Coastwide Submerged Aquatic Vegetation (SAV) in North Carolina
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Figure 4.7Known historic extent cdubmerged aquatic vegetatidiSAV)nappedin Bogue Sound\G
1981 to 205. Absence of SAV does not suggest actual absence, as surveys have not been conducted in
all areas. Presence of SAV does not reflect current state, as data dates to 1981
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Figure 4.8. Known historic extent@ibmerged aquatic vegetatiqisAV)mappedfrom Bear Inlet b

Snows CufNG 1981 to 2015 ifBear Inlet to Snows Cukbsence of SANbes not suggest actual

absence, as surveys have not been conducted in all areas. Presence of SAV does not reflect current
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Historic Extent* of Coastwide Submerged Aquatic Vegetation (SAV)
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Figure 4.9. Knowhistoric extent olsubmerged aquatic vegetatiqiAV)mapping from the Cape Fear
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not been conducted in all areas. Presence of SAV does not refleehtatate, as data dates to 1981
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Mapping and monitoring low salinity SAV is more difficult due to low water clarity compared to high
salinity SAV areas of the estuabDgspitelow water clarity andhe limited availability of historical
baseline data ofdw salinity SAV habitat, fluctuations in SAV abundance have been observed through
hydroacoustic surveyand other sentinel site observatioi$® Based on the most recent hydroacoustic
surveys of linear SAV extent along thengter isobath in the Neuse, Pamlico and Albemarle river sub
estuaries, there has been an estimated 33 perastline from the historical extent of low salinity SAVs
(Table 4.6)Although there is less known about low salinity SAV extent, thereegraring themes.
These include large fluctuations in abundance, changes in species composition, occurrenceatfugon
species in some waterbodies, high turbidity, extreme weather events, large amounts of precipitation,

and fluctuations in salinit$?

Table 4.6Netchange from known historical extent of submerged aquatic vegetation (SAV) te 2014
2017linear extent (LEplong tmeter isobaths line for low salinity SAV based on recent hydroacoustic

surveysn NC®"°

Percent
No change in Change in Change in change in

HistoricakF 20142017 SAV from SAV LE SAV LE SAV LE

Estuary SAV LE (m) SAV LE (m) historical (m) (gain) (losg (losg

Albemarle Sound 117,778 90,565 56,457 +34,108 -61,321 -23.10
Tar- Pamlico River 29,223 6,036 756 +5,280 -28,467 -79.33
Neuse River 10,512 9,519 2,821 +6,692 -7,685 -9.42
Total 157,513 106,120 60,034  +46,080 -97,473 -32.62

*From 19812015 SAV Mosaic

The high salinity seagrasses appear to be in better condition than the low salinity SAVs. There is a good
baseline of data on distribution and abundance for mafsthe high salinity SAV resource, along with a

good understanding of species composition, persisteaod resilience. However, little water quality
data are collected and represents a crucial data gap.

The APNEP metric repoBExtent of Submerged Aqual/egetation, Higisalinity Estuarine Waters

provides an analysis of SAV change based on spatial coverage detected fromdirangftwo survey
periods: 20062007 (Survey 1) and 2013 (Survey(Zable 4.7%¢ Surveyl represents late spring aerial
sunweys of Bogue and Back Sounds and aibhsurvey® S 6 SSy w2l y21 S

purposes, these coastal areas are broken down into thregggahic regions. The northern region is
from the US Hwy 64 Bridge (Roanoke Island) to Hatteras Inlet; the central reffiom idatteras Inlet to
Ophelia Inlet; and the southern regionfiem. | NRSY Q&

Lyt Si

G2

LatlFyR FYyR
Survey 2 represents late spring aerial surveys between Roanoke Island and Bogue Inlet. For analysis

. 23dz8

All three regions showedeclines in SAV acreage (Table 45Hlowever the southern region, where
there is more development and higher population densities, declined by over 10 percent (Tablend.8).

northern and central regions are less developed, receive less direct riverine input, and théradoae

lower estimated SA¥creage losdNo regions gained SAV based on this assessdesgite the ability

for SAMto grow at depths generali.0 meters, yet much of #t available benthic habitat within this

depth range was not occupied by SAW.additional concern is the amnt of continuous beds that
were converted to patchy beds. The biggest component of the overall change in the northern region was
the conversion of 15,327 acres (6,202.8 ha) of continuous seagrass in Survey 1 to patchy seagrass in

Survey 2.

Lyt Sao
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Table 4.7Netchange irhigh salinity submerged aquatic vegetation (S&xtgnt inNCfrom Survey 1
OHAnNCcKHANTO G2 {dzNBBS@ H 6HnmoU Ay (USHgGBay6dSIA 2y | f
.NAR3IS Fd w2ly21S LatlyR G2 | htiedsSiettd@Opheyiafiieti = H 0 (K
FYRZ o0 (KS a{2dziK %2y S¢ FTNRBY .INRSyQa LyftSd a4 /
in parentheses$®

Regional Zones Survey 1 Survey 2 Change % Change
North 70,861 (28,676) 66,445 (26,889) -4,416 (1,787) -6.2
Central 24,132 (9,766) 23,477 (9,501) -655 (265) 2.7
South 5,850 (2,367) 5,235 (2,119) -615 ¢249) -10.5
Overall 100,843 (40,810 95,157 (38,509) -5,686 ¢2,301) -5.6

Table4.8. Fromto calculations for the net change lmgh salinity submerged aquatic vegetation (SAV)
extentinthethreeNCl 2y Sa w0 (KS & bESNijhiway BLByidge at RoRdBKE Islank ®
' FGGSNY & LyfSiz nwo GKS a/ SyiNXft %2ySé FNRBY || 4GSN.
.FNRSyQa LytSaG G /FLIS [ 2217 2dziinpaenthegedtdzS Lyt SG F yR

Conversion Zone

From To North Central South

No SAV Patchy SAV 4,462 (1,810) 4,386 (1,775) 638 (258)
No SAV Continuous SAV 203 (82) 150 (601) 60 (24)
Gain 4,665(1,888) 4,537 (1,836) 698 (283)
Continuous None 1,895 (766) 401 (162) 88.4 (36)
Patchy None 7,009 (2,837) 4,782 (1,935) 1,218 (493)
Loss 8,904 (3,603) 5,184 (2,098) 1,306 (528)
Net Loss (LossGain) 4,239 (1,715) 647 (262) 607 (246)
Total 70,861(28,676) 24,132 (9,766) 5,850 (2,367)
% Change -6.2 2.7 -10.5

% Change yt -1.1 -0.5 -1.7

A global assessment of 215 studies found that seagrasses around the world have been disappearing at a
rate of 110 kM per year since 1980 with an overall global average rate of decline of 1.5 percent per
year®’ Although rates of decline within the northern and central regions of NC are lower than this global
average, the higher rate of decline in Back and Bogue souritipéicent per year) is comparatfie.

Bogue and Back Sounds may be especially vulnerable to the impairment of water quality associated with
shorelire development and otheanthropogenidmpacts (boat wakes, dredging, fishing gears, etc.).

4.2.1 Management of Sbmerged Aquatic Vegetatiotin North Carolina

There are severddEQ commissiorithat manage activities thatan directly and indirectly affeGAV

The MFChas authority over regulations of fishing practices in coastal waters through the THdNC
Environmental Management Commission (EMC) has authority over activities that affect water quality
and are implemented by thRCDivision of Water Resourcé®@WR)and NC Division of Energy, Minerals,
and Land Resources (DEMUReNCCoastal Resources Commission (CRC) has authority over
development activities within and adjacent to the public trust and estuarine waters and coastal marshes
which are implementd by theNCDivision of Coastal ManagememN). Although theNCWildlife
Resources Commission (WRC) is not a formal participme idevelopment othe CHPRhey oversee
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regulation ofboating in coastal and inland waters afishing in inland waters and are involved with the
three commissions as it concerns SAV and other fisheries haligdgionally, the NC Department of
Agriculture and Consumer Services (DA&CS) and NC Department of Transportation (DOT) oversee
activitiesthat effect water quality via runoff.

4.2.2 Policies and Plans

There are several state, federal, and interstate policies and plans that directly or indirectly influence SAV
management, restoration, angrotection in NC. Table.4provides information orthe four polides

detailed belowwith specific guidance as it pertains to monitoring, water quality, physical disturbance
land use and development, restoration, research, and education in NC. Th8 MFEolicyecognizes

the importance of SAV to NC and catisrhanagement guidelines to monitor and protect SAVheNC
Department of Environmental and Natural Resourd@sNRnow DEQ) Technical Guidance Document

for the Protection of Submerged Aquatiegetation Habitais a documentreated to ensure regulatory
review bodies consider SAV during the permit review pro€&EseSouth Atlantic Fishery Management
Council (SAFMC) Policy Protection and Enhancement of Estuarine and Marine Submerged Aquatic
Vegetation (SAV) Habitat encourages the South Atlantic states to assess the status and trends in SAV and
consider establishing plans that integrate monitoring and research, planning, management, education,
and enforcement to protect and revitalize SAV resesrt TheAtlantic States Marine Fisheries

Commission (ASMFC) Poliggs developed to communicate tmecessity otonservation of coastal SAV
resources because of the importance of SAV habitat to managed fish splecies.

Photo Credit: Jayléming Photography
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Table 49. Existingsgubmerged aquatic vegetation (SAV) management policies from regulatory agencies

affectingNC
NC Marine Fisheries NC Department of South Atlatic Fishery Atlantic Stae Marine
Commissioff Enviremmental Qualit§® Management Council Fisheries Commissiéh

Assessmenk In order to delineate and | Definition of SAV habitat is | Develop and standardize At a minimum, each

Mapping assess the distribution and expanded for mapping and | imagery aquisition and member state should ensurg
health of SAV habitat, SA\| monitoring purposes. resource mapping protocols| the implementation of an
beds need to be mapped with regional modification SAV resource assessment
and monitored. as necessarto achieve and monitoring program

effective results’? which will provide a
Develop and maintain a GIS| continuing quantitative
database for essential evaluation of SAV

habitat including SAV and | distribution and abundance
use that information for and the supporting
assessment of trends in SA\ environrmental parameters.
extent (e.g.SIMM or OBIS

SEAMAP).

Water Quality Minimize nutrient and Minimize nutrient and Evaluate water quality Support and promote the
sediment loading to sediment loadindo coastal | criteria needed to support development of water
coastal waters that waters that support existing | SAV survival and growth an{ quality standards by thEPA
support existing SAV to SAV to protect adequate support policy making to and member states that can
protect adequate water water quality as defined by | manage gality and quantity | be imgdemented to protect
quality as defined by water-column clarity in of surface runoff. SAV habitat (i.elight
water-column clarity in standard measurement Review state water quality | attenuation, total
standard measurement units. standards and rules to suspended solids,
units. determine if changes are chlorophylla, dissolved

needed to protect and inorganic nitrogen, dissolve(
enhance SAV. inorganic phosphorus,
critical life period).

Fishing Gear All SAV needs to be Dredging directly alters the | Review and modification of | In partnership with NOAA

Disturbance

protected from all bottom
disturbing fishing and
recreational gear.
Sufficient buffer zones
surrounding SAV beds
should also be protected
from disturbance to
prevent impacts of
sediments on growing
SAV.

bottom to conditions
unfavorable for SAV growth
or recolonization and should
be avoided in existing and
suitable bottom that has
supported SAV in the past.

state and federal rules to
ensure protection of SAV
from impacts such as
dredging, propeller scarring,
marina and pier
constuction, and bottom
disturbing fishing activity.

Fisheries antUSFWS
develop technical guidelines
and standards to objectively
evaluate fishing gear,
propeller scarring, dredging,
coastal construction, and
bottom fishing impacting
and develop standard
mitigation strategies.

Docks& Piers

Piers and docking facilities
can potentially impact SAV
through construction
impacts, shading, and
indirect impacts from boat
wakes and prop dredging.
Floating docks block more
sunlight due tahe solid
surface and lower position
over the bottom and in
shallow water may rest on
top of the vegetation. The
design, size, and location of
the docking facility will
determine the level of
impact to SAV habitat.

Encourage states to
minimize impacts t@AV by
developing design criteria
for docks and piers which
establish minimum height,
maximum width and
materials.

Encourage citizen
involvement in impact
reporting.
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NC Marine Fisheries
Commissioff

NC Department of
Envirmmental Qualit§®

South Atlatic Fishery
Management Council

Atlantic Staé Marine
Fisheries Commissiéhn

Protection from
Development

Provide adequate
safeguards to prevent
direct (or indirect) inpacts
from development
projects adjacent to or
connected to SAV.
Assess cumulative impact:
of land use and
development changes in
the watershed affecting
SAV tadentify the
potential impact.Require
identification of
cumulative impacts as a
condition ofdevelopment
of permit applications.

Field reps and permit
reviewers should consider
the potential impacts of
proposed activities to SAV
habitat on a casdy-case
basis. Reviewers should
consider the level of impact
of the specific proposed
activity on SAVabitat and
the level of scientific
documentation supporting
the habitat determination
(currently exists, suitable
SAV habitat conditions and
documented to support SAV|
within the past ten years).

Development of economic
analyses on the economic
benefits ofprotecting and
enhancing SAV habitat.

Habitat Require compensatory Shoreline stabilization Investigate effective Protectim is preferred over
Restoration mitigationwhere impacts | practices that result in restoration techniques, restoration. Restoration
are unavoidablelnitiate increased wave energy including ecological function| programs should include
restoration programs to regimes, turbidity, or and cost/benefit. establishment of habitat
recoup and/or enhance sedimentation can Development of SAV quality necessary for SAV
lost SAV habitat. potentially impact SAV restoration guidelines for prior to restoration.
habitat. Shoreline both high and low salinity Restoration methods should
stabilization methods should SAV to accelerate successfl incorporate scientifically
utilize the method that costeffective SAV based protocols. Restoratior|
would cause the least restoration. goals should consider
expected impact to SAV potentialand historical SAV
habitat if possible. spatial footprint.
Education& Educate landowners Design of education ASMFC and member states
Outreach adjacent to SAV, boaters, programs b heighten the should promote and support
and other potential LJzo £t A OQa | & N public education and
interested parties about importance of SAV. An stewardship programghat
the value of SAV as a informed public will provide | s A f £ Ay ONXI & §
habitat for many coastal a firm foundation of support | knowledge of SAV, its
fishes and invertebrates. for protection and importance as fish habitat,
restoration efforts. and commitment to SAV
conservation.
Scientific Research and document ASMFC and member states
Research causes and effects of SAV | should pronote and support
losses, including cumulative| those research projects
impacts, watershed runoff, | which will improve our
shoreline @évelopment, knowledge of SAV and its
shading associated with pier| benefits as fish habitat.
and dock, development,
invasive species, and
extreme weather conditions
(drought, tropical storms,
algal blooms, etc.).
Research potential effect of
climate change on SAV
habitat.
Regulations& Specific guidance for The regulatory definition of | ASMFC members should
Enforcement permits. SAV habitats: shallow water | propose improvements
Improvements habitat with appropriate necessary in state regulatior|

sediment, depth, light
penetration and wave
energy, including areas
without existing SAV.
Review of existing

regulations and

and management including
conditions pertaining to
harvesting shellfish or finfish
in SAV beds by use of
mechanical means and the
placement ad operations of
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NC Marine Fisheries
Commissioff

NC Department of
Envirmmental Qualit§®

South Atlatic Fishery
Management Council

Atlantic Staé Marine
Fisheries Commissiéhn

enforcement to determine
their effectiveness.
Coordination with state
resource and regulatory
agencies to ensure tha
existing regulations are
being enforced.

aquaculture activities to
protect existing SAV beds.
Encourage state agencies of
departments with
jurisdiction over
construction activities to
propose improvements
necessary in state regulatior|
and management of SAV
habitats based on the
standards developed in the
above actions.

In addition to the policies described above, there are also various NC plans that address the importance

2F Y2YyAUG2NAy3:

LINEGSOlGAYy3AZ

NC Wildlife Resources Commission Wildlife Action (N&&P)

The Wildlife Action Plan (WA#RB)a comprehensive planning tool used by the WRC to help conserve the
Fie\ speiCieslant fheihabitafhisiincludesiumerous recommendations for

adriasSQa

YR NBXal2NARy3

iKS

Y2y A (2 NR Yy JAVITe®/RGeidivédRspeovalfrom the US Fish & Wildlife SergliteFWpr
the comprehensive revision of the WAR March 30, 2016°

AlbemarlePamlico National Estuary Partnership (APNEP) Comprehensive Conservation and

Management PlagCCMP)

The APNEP CCMP was developed using the principles of ecofgstedhmanagement (EBM) which
includes considerationf human and natural systems, an adaptive management framework, and

YSI yAyYy3ATdA

Sy3l3asSySyi

gAlK

solutions.Protection and restoration efforts to improve water quality and SAV are addresiiedmv
emphasis orassessment and monitoring to facilitate adaptive management as more knowledge is

gained in the systert’

APNEP Submerged Aqualiegetation Partners Plan

This document provides a framework to guide actions and efforts in protecting and restoring SAV
habitat through coordinated research, monitoring, assessment and outreach activities. It also serves as a

Y2 NB RS FR2{6S/FumEteths ¢an be used to implement conservation measures specific to
SAV in support of the CHRRe WAP, and the CCMPhe goals, objectives, and actions of this plan must

utilize an ecosystem approach to maximize effectiveness and efficiéncy.

North Carolina Aquatic Nuisance Specd@XNS) Management Plan

The purpose of thelCANS/anagement Plaiéa

G2 AYLINROS

dKS

adriasSaQa

and aguatic nuisance species with the goal of preventing anttaiting their introduction,spread, and
negative impactswithin this planinvasive aquatic plant specieghich can havenimpact on native

brackish water and high salini§AVsare addressed

4.2.3

As noted earlier, SAV is especially sensitive to water quality impairment from nutrient and sediment

L2t fdziAzy
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Impacts of Water Quality Impairment tobhmergedAquatic Vegetation
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health of our coastal ecosysterffsGlobal losses of SAV are estimated to be at over 29 percent during
the last centuny?’ The impairment of water quality is one of the most widespread threats to SAV
habitats. In the US, SAV along the Atlantic seaboard has experienced significant declines directly or
indirectly attributed to the stressors associated with degraded water quélit

The majority of SAV loss can be attributed to lasgale eutrophication (nutrient enrichment) and
suspended sediments, which reducight penetration to the plants’;3437.38.48.77.78.79 Eytrophication
and/or increased sediment loads impact light availableSAV by:

1 Reducing water clarity witeediment or phytoplanktomssociate with algal bloom%7

1 Increasing epiphygtand/or drift algae coverage®

Eutrophication of shallow estui@s can lead to proliferation of ephemeral macroalgae and filamentous
green and brown algae and epiphytes that compete directly with SAV for nutrients anéfght.

Studies have found that macroalgal biomass is directly related to increased nuénietd bnd that SAV
loss is greater with increased macroaldaé&> Once macroalgal blooms die, they decompose rapidly,
increasing nutrient levels in the water column, stimulating phytoplankton production, further reducing
light, and decreasindissolved oxgen OO in the water and sediments. These have all been important
factors in the decline of SAV on the Atlantic seaboard.

Chlorophyliais an indicator of phytoplankton production, where high concentrations in the estuary can
indicate algal blooms thah turn decrease light penetration, thus impacting SAV growtiAlbemarle
Sound there habeen a subtantial increase ihlorophylla over time, which is associated with

increasing reports of cyanobacteria blooms over the same time pe@mttentrationshave fluctuated

over the last twenty years across the Albemaplamlico estuarine systems. Additionally, remote sensing
information corroborates a rapid increase in cyanobacteria biomass throughout the Albemarle Sound
region

Colored dissolved organic ntat (CDOM) is primarily leached from decayilegritus and organic matter
and gives water a brownish color. Light penetration is greatly reduced in waters with high CDOM
concentrations. In general, CBIxoncentrations are higher in fresh and oligohaline waters compared
to polyhaline watersln the Neuse River estuary, CDOM is increasing and may be linked to the salinity
regime. As such, declines in water quality for this region could be harder to mheagase they are

not just directly related to nutrient enrichmerit

4.2.4 Case Studies dVater Quality Improvementshat Benefit SiIbmergedAquatic Vegetation

Water quality impairment is a serious but manageable threat to SAV in NC. Water clarity for light
penetration is necessary for SAV growth, and SAV survival is impacted by suspended sediments and
nutrients. Coastal development expansion combined \vittreases in the intensity and severity of

storm events, and rising sea levels, are resulting in runoff and associated increases in suspended
sediments nutrient loading and more turbid waters. However, in Chesapeake Bay and Tampa Bay,
improvements in watequality and resulting improved water clarity have in turn improved
environmental conditions for SAV survival, growth, and propagation, allowing each system to reach
targeted SAV acreage goals.

Chesapeake Bay

Loss of SAV in the shallow waters of the @peake Bay from the early 1960s through the H880s
has been documented over time, resulting from nutrient cearichment and increased suspended
sediment and the associated reduction of light availability to the pla&nce the 1950s, the
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population grew around the bay, more than doubling from 8 million to over 18 million by 2020.
Consequently, land developmedbubled and correspondingly impervious surfaces, fertilizer use
(domestic and agricultural), and livestock production increased. These factors impacted water quality in
the bay from nutrient enrichment and sediment loading. This, in turn, increased ligimuation

(reduction) by suspended sediments, higher phytoplankton populations, and epiphytic fouling on SAV
blades resulting in significant SAV population decre&$gg’

Early efforts were made to reduce point source nutrient loads, especially from wastewater treatment
plants (WWTP). Examples include the Upper Patuxent River and Potomac River where WWTP upgrades
to improve nitrogen and phosphorusmovals were implemented in the late 1980s and early 1990s.

Both areas were devoid of SAV until these WWTPs were upgraded. SAV has since rdappeare
downstream of these plants and the reappearance has been linked to the reductions in wastewater
nutrient discharges that reduced nutrient concentrations, algal biomass and light attendafidn.

Since establishment of the Chesapeake Bay Pro@atnership in 1983 with the signing of the first of

four Chesapeake Bay watershed agreements, significant progress has been made in mEthogeg

loads by over 60 percent and phosphorus loads by over 75 percent from hundreds of significant

municipal and industrial wastewater dischargers across thetabe watershed. Atmospheric deposition

2F YAGNRASY G2 GKS 0 lsha deemwredicBdifaiididally asyaiResult af R g G S
implementation of the Clean Air Act and regional efforts connecting clean air to a healthy Chesapeake

Bay. Implementaon of hundreds of Partnershigpproved conservation practices across millions of

acres ofagricultural cropland, hay land, pasture and livestock operations is making measurable
improvements in the thousands of miles of streams and rivers flowing into Chesapeake Bay. Widespread
implementation of stormwater management practices and systems amiisg to show signs of holding

the line against increased flows and pollutant loads within areas of increased land development and
O2yaiNUzOGA2y® / KSalLISF1S .FeQa {!+ KFEoAllda KF@S
reductions. From a low of83000 acres in 1984, annual baywide coordinated aerial and ground surveys
mapped a high of 105,000 acres of SAV in 2017.

In response to the Chesapeake 2000 Agreement, the six watershed states (Delaware, Maryland, New
York, Pennsylvania, Virginia, West Vii@) and the District of Columbia worked with the United States
Environmental Protection Agency (EPA) and hundreds of partners and stakeholders to deselab
Chesapeake Bagpecific water quality criteria, designated uses and criteria attainmermsassent
methodologies*®! INBSYSy i 61 & NBIFOKSR 2y SaidlrofAakKAy3d (KS
the following five designated usesfor&a I LIS 1S .1 &8Qa GARIf 41 GSNAY

1 Migratory fih spawning and nursery habitat

1 Openwater fish and shellfish habitat

1 Deepwater seasonal fish and shellfish habitat

1 Deepchamel seasonal refuge habitat

1 Shallowwater baygrass habitat

Shallowwater grass habitaivas defined as areas that supported underwater bay grasses in 0.5 mto 2.0

Y RSLIWK® ¢KS RS&AAIYI GSR dzaS GLINRPGSOGA dzy RSNB I (0 SNJ
depend on the vegetated shallewater habitat provided by underwater grass béd®

TheChesapeake 2000 Agreemeitéo committed the signatoriesstate governors, DC mayor, EPA

administrator, and chair of the Chesapeake Bay Casimit to adopting these criteria, designated

uses and criteria attainment assessment methodologies into Delaware, Maryland, Virginia and the
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consistent statevater quality standards across the shared mattite body of water occurred

simultaneously from 2062006%° For the protection of the shallowater bay grass designated use, the

three states and the District of Columbia adopted numerical water claiitgrie as well as numerical

{1+ NBaAG2NIGA2y | ONBIF3ISa Ayid2 GKSANI NBaLSOGA@S ai
Based on historical SAV acreage and abundance from the 1950s through 2000, the Chesapeake Bay
Program partners established an SAV reaion goal of 185,000 acré&*° An interim target to achieve

50 percent of the 185,008cre restoration goal (92,500 acres) by 2017 was set atdm2015. By

2017, there was over 100,000 acres in the bay, meeting the 50 percent interim goal. The baywide SAV
restoration goal was broken down into acreages for each of the 106 Chesapeake Bay segments. It was

these Bay segmerdpecific SAV restoraticacreages which were promulgated into the respective
adriSaQ 6 GSNIljdz2rfAde adlFyRFNR&a NB3IdzZ | GA2yad

In order to achieve these SAV restoration goals, water clarity criteria were developed by the Chesapeake

Bay Program partners and published by the EPA oalbehthe partnership based on:

Light requrements for underwater grasses

Factors that contribute to lighattenuation

Epiphyte contribution to lighattenuation on leaf surface

Minimal requirements for light penetration through the water column and &aface.

=a =4 =4 =9

Based on research, literature review and modeling, the minimal amount of light necessary fo@AV is
percent light availability through the water column (PLW) for polyhaline and mesohaline species. For
tidal fresh and oligohaline specied,3 percent light availability is necesséfi/® 5% 909

In the Chesapeake Bay, linking biological responses of SAV to improved water quality management over
time was possible througtie availability of annual digital SAV maps based on aerial overflights with
groundbased surveys for species distribution delineations conducted annually since 1984. These maps,
along with extensive land cover and land use mapping, water quality ddéxisal through a

coordinated monitoring network within the Chesapeake Bay and across its watershed enabled
monitoring of SAV abundances, which served as a response indicator of nutrient and sediment inputs
into the bay. The positive feedback of increadgtitl availability leading to increased SAV abundance led

to lower suspended chlorophyll, particulates and turbidity, resulting in further increased water éfarity

Tampa Bay

As with the Chesapeake Bay, Tampa Bay has also experienced environmental degradation by similar
stressors as a result of urbanization and developniéft.®® Discharges of poorly treated wastewater

into the bay, an abundance of small package plants and aging septic systems, stormwater runoff and
industrial discharges all led to algal bloorhattpeaked in the 1970s in the upper reaches and expanded
throughout the Bay. This resulted in approximately 44 percent loss of SAV between 1950 and 1990 in
the bay due to increased light attenuation caused by algal blooms.

Because of these issues, @tz demanded that the government take action to restore Tampa Bay. In

the early 1970s, an ambient water quality monitoring program was established and is still in place today.
Municipal WWTPs were required to provide advanced water treatment in TampavBiy, reduced

this source of nitrogen loading by 90 percéht? °3 Stormwater regulations were also put in place by

the State of Florida that reduced nitrogen loading from #mint souces.

During the 1990s, numerous agencies around the Tampa Bay area worked to adopt water quality



Chapter 4. Submerged Aquatic Vegetation Protection and Restoration Through
Water Quality Improvement

management strategies that linked nitrogen loading management to SAV restoration and protection.
With the formation of the Tampa Bay Estuary Program, nitnog@nagement became the focus in
order to benefit SAV restoration through the Tampa Bay Nitrogen Management Conséftiu@ver

fifty stakeholders, consisting of local, state, and federal partners began working with diverse private
entities such as eledtr utilities, phosphate mining companies, and the shipping industry to reduce
nitrogen loading in the bay. Through this Consortium, hundreds of projects were implemented by
voluntary actions to collectively reduce or prevent nitrogen from entering the bay.

To improve and maintain water quality conditions in the face of growing populations around the bay,
numeric targets were established for chlorophgytoncentration and light penetration levels based on
light requirements of SA¥.% % Models were used to relate nitrogen loads to chloroplayll
concentrations withirfour bay segments. These models were then used to develop nitrogen loading
targets necessary to restore SAV in each of the four bay segments. Over time, periodic evaluations of
these targets have occurred using an adaptive management strategy througssassa of both

seagrass coverage and water quality improvements. Based on the assessment, if targets are met, the
Consortium continue to implement projects as planned and continue monitoring. If standards are not

met, and based on the level of water quglitonditions, some form of management action is requifed.
92,93

As a result of the efforts made by the numerous partners within the Consortium and the Tampa Bay
Estuary Program, Tam@ay has experienced a decrease in nitrogen loading to approximately one third
of estimated levels from the 1970s, even as populations aroundBélyehave increase®.This has

resulted in decreases of chlorophgland increases in water clarity to the extent that seagrass coverage
now exceeds the 1950s target estimates, reaching the SAV recovery godd@J 38res by 2016. It

should be recognized that the collaboration of numerous regulatory;negulatory, industry and
municipalities are responsible for the overall water quality in the $&§.

4.2.5 Nutrient Control in the Albemarle Sound/Chowan River

The Albemarle Sound and the Chowan River have experienced an increase in the number of algal blooms
over the past several years. Based on samplirghiowan River, a tributary of the Sound, organic

nitrogen has increased over time. In Potecasi Creek, a tributary of the Chowan River, nutrient patterns
shifted around 2002, with nitrate concentrations declining and total nitrogen increasing. The cause for

this is unknown. In the Nottaway River, total nitrogen has increased similar to Potacasi Creek, but to a
lesser extent. In the Blackwater River, there has been a decline in nitrogen over time, in contrast to what
is occurring in Chowan River. There weiidhthoughts that the increases were from Virginia, but data
suggest this is a NC issli®ther potential causes being examined are runoff from land use activities,
particularly agriculture, and subsurface flow of nutrient enriched groundwater into stigaey. This

could occur since all WWTPs in the Chowan River watershed utilize land application.

There were several algal blooms in the Chowan, Perquimans, and Pasquotank Rivers in 2019, with

different toxins encountered, including microcystin. Concetidras were highly elevated in some

blooms (Arrowhead Beach, Indian Creek, Leary Landing), requiring health advisories. In October of 2019,
there were six reports of blooms near Elizabeth City. These blooms are starting to begin earlier in the

year and ardasting longef’ The DWR is actively working to develop appropriate nutrient criteria for

GKS 61 GSNR 2F GKS adil G Sentifidally 8efebsible Qiteriabasédiprimardy ol 2 RS @
the linkage between nutrient concentrations and protection of designated uses. The criteria for each
waterbody will be coordinated with other waterbodies to ensure consistency across the state and
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protect downstream uses.

b2NIK /FNREAYIlIQa ydzZiNASYdG YIFylFr3SyYSyid adaNI dS3AsSa
blooms and fish kills, not SAV decline. Early nutrient reduction efforts included the implementation of a
statewide chlorophyla standard in 1978, autrient sensitive waters (NSW) classification in 1979, and a
phosphorus detergent ban in 1988The NC Nutrient Criteria Dewgiment Plan (NCDP) outlines several
steps to establish nutrient criteria within the state in two pha8&¥. This includes the creation of a

Scientific Advisory Council (SAC) and the identification of three geographic areas within the state for
developmentof nutrient criteria. The plan also establishes a process through which DWR will evaluate
nutrients throughout NC. One of the three areas identified is the estuarine region of the Albemarle

Sound.

Phase | nutrient criteria development for the Albemé&Bleund was completed in 2016 where a nutrient
workgroup was convened and met over a period of two years to develop nutrient criteria
recommendations and research needs. Although no consensus was reached on nutrient criteria
recommendations, research needere identified and a report generate North Carolina is now in
Phase Il of the process and has convened a SAC to review research and nuteatecoposed in
Phase I, assess the quality and relevance of nutrient data, identify data gaps and help develop a
management approach for Albemarle Soufit¥lanagement actions will be focused on wastewater,
agriculture, riparian buffer protection, stormwater runoff from new and existing development, and
nutrient trading. Criteria will be regulatory goals for the waterbodies and are aimed at piagect
designated uses such as aquatic life, using SAV habitat as a biological endpoint.

4.2.6 Other Contributing Factors

While the focus of this issue paper is improving water quality to protect and restore SAV, there are other
contributing factors thatan addo the decline of SAV and shodid acknowledgedThe following

section describes the potential impacts of theaetbrs Factorssuch aglimate changand disease are
challengingo control, but it is important to understand thie current and potentiaimpacts to the SAV
resource Additional factorssuch as physical disturbance and the control of aquatic nuisance species,
have been and will continue to be addressed by existing management policies from regulatory agencies
affectingNC(Table 4.9).

Climae Change

As climate change continues, forecast scenarios predict that NC coastal waters will experience warming
temperatures, rising sea levels, and increasing risk for storminess and coastal fltfodtrig 102

Coastal NC has had 36 tropical cyclones over the past two decades that, based on their duration, wind
speed, precipitation, and geographic track, h&aelimpacts on hydrodynamic flows andtnient and

carbon loading to the Pamlico Sound system. A review of these storms by Paerl et al. on the impacts to
the Neuse River and to the Pamlico Sound demonstrates that major storms can double annual nitrogen
and triple phosphorus loading and can bsignificant source of G@eleases into the atmosphere from
extreme windst® Historic flooding also provides large inputs of carbon from the watershed disrupting
the carbon balance and leading to sustained @&@ases into the atmosphere for months.

Phytoplankton patrns were also influenced by the loading and flushing of nutrients based on the
guantities of freshwater discharged. High freshwater discharges will flush maximum nutrient loads, but
these flushing rates can also exceed phytoplankton growth rates and temgerary reductions in
phytoplankton biomass. However, as flushing rates tend to be moderate in the days to weeks following
a storm, phytoplankton can take advantage of elevated nutrients delivered during the storm and form
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blooms.

The warming ocean wats contribute to storm intensity, increased precipitation, slowed storm
movement, and therefore provide more opportunity for heavy precipitation over a particular area for a
longer period of time?® 12|t has also been observed that tropical cyclone paths are shifting northward,
making NC morsusceptible to these events. Extreme precipitation events result in flooding and high
loading of organic matter, including organic nitrogen and phosphorus. This in turn fuels phytoplankton
production, resulting in algal blooms and associated hypoxia. fRfrom agricultural fields and urban
development also add to the contamination of floodwaters. This leads to the consideration that there
may be a regime shift in heavy precipitation and tropical cyclone flooding and associated ecosystem
impacts!® North Carolinahas experienced very high precipitation since the late 1990s with increasingly
high precipitation events, including those associated witipical cyclones that could have major
ramifications for hydrology, carbon, nutrients, habitat and water quality in NC. Regime shifts in salinity
and sediment budgets can also be expected if storms create new inlets alter the hydrology of the barrier
islards.

As the climate changes and the waters warm, this caigdalter the growth, abundance and

distribution of eelgrass with the potential for the southern range to shift north. Based on models of the
impacts of sea surface temperatures, sea surfaceigalndmeltingsea ice on eelgrass distribution

under different carbon emission scenarios, it is projected that climate change could possibly result in
extirpation of eelgrass in NC by the end of thé' 2éntury1°®If there are no changes to carbon

emissions, this study suggests that eelgrass will be extirpated in NC and Chesapeake Bay with the new
southern range as far north as Long Island Sound by 2100. However, it is important to note that this
study used very few eelgrassonerence records from NC to inform their species distribution model

making it unclear how this may have impacted their findings and the pote&ial 6 @+ y OS G2 b/ Qa
community.Acomprehensive, routine, coastwide assessment and monitoring program wisdda

berefical in determiing therelationships between SAV species extent, distribution, and composition

and the effect of climate change. This could be instrumental in determining ways to make the NC coastal
community and ecosystem more resilient.

SAWPathogens

The endophytislime mold protistLabyrinthula zostergdas been identified as the causative agent of
wasting disease in egfrass; howevetthe triggersof these pathogenic outbreakemain unclear.
Bockelmann et ahave found that traces df. zosteraendophytes are omnipresent in contemporary
grassheds'®L. zostera@re detectable as black lesions on grass blades, a result of necrosis, but may
also be present on apparently green healthy tissue. Historic population losses of large vtertglzers
may have, among other consequences, increaadlvulnerability to infection byathogens'® It was
suspected, but never proven, thaabryinthulawas the cause of the wasting disease event that
devastated eelgrass populations throughout the Notlantic between 1930 and 1933, dramatically
disrupting estuarine system¥ Higher water temperatures apparently stressed &V making them
more susceptible thabryinthulaVergeer et al. later confirmed a decline in the microbial defenses of
SAV with increasingmperature!® The primary factor enhancing microbial defenses was increasing
light intensity, which is related to both water quality and sstfiding.

Potential impacts itNCinclude reductions in fisheries resources, and large reductions in migratory
waterfowl populations and loss of ecosystem serviéagure research should focus on obtaining
guantitative data on the prevalence and abundance of the wasting disease pathogEsteraen
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eelgrasgpopulations.Submerged aquatic vegetation needs to be niar@d on a periodic basis to assess

the status of wasting disease, and its association with huimdunced stresses, and to assess the health

and condition of SAV. Because the highest abundance of seagrass wasting disease occurs in the summer
months, the pasibility of global climate change, sea level rise, and increasing rates of marine diseases,
baseline data on the distribution and abundance of wasting disease are needed in order to detect trends
spatially and temporally?* 1°® Although outbreaks of diseases and microbial stressors are largely out of

the control of coastal managers, these events need to be monitored for trends, which further supports

the need for a comprehensive SAV ntoring and assessment program.

Physical Biturbances

Physical disturbances can impact SAV and the shallow bottom habitat that they occupy by damaging or
removing the plant and by changing the depth contour so that light is unable to penetrate for
photosynthesis. Physical disturbance can come ffisiing gear, mariculture practices, navigational
dredging and impacts from marina and dock siting.

Mobile bottom-disturbing fishing gear is towed or run by power, and includes bottom trawls, oyster and
crab dredges, hydraulic clam dredges, clam trawid, lzaul seines. Most commonly used in NC is the
shrimp trawl, followed by oyster and clam dredges. A legislative report to the Moratorium Steering
Committee compiled a list of gears used in NC and probable habitat impacts and listed trawls and
dredges havig the greatest potential for impact§’ Shearing or cutting of SAV leaves, flowers, or seeds,
and uprooting of the plant are most often caused by dragging or snagging by these mobile fishing
gearst®Excessive suspended sediments from bottom disturbingniisbear and propeller wash can

bury SAV and reduce water clarity, resulting in decreased SAV growth, productivity, and survival.

Bottom disturbing gears cgpotentially affect primary productivity through the connection of bottom
and water column process.|f large amounts of organic matter are resuspended, the increase in
plankton can reduce water oxygen levels, causing hypoxia and afbX2By resuspending sediments,
trawling can make inorganic and organic pollutants available in the water coltifi3.Such toxins can
affect productivity and accumulate in organisms through food chain interactions.

Through the authority of the MFC, DMF implements and enforces the use of fishing gears in coastal
waters. Rules describe and define habitat areas such ¥gt@Aare protected from bottom disturbing

gears. For example, the SAV along the Outer Banks are closed to trawling, mechanical clam harvest and
mechanical oyster harvest. Areas known as Primary Nursery Areas (PNAS), located in the upper most
tributariesof our estuarine sounds and rivers, are also closed to trawling, long haul, swipe nets, and
mechanical gear for clams and oysters. Secondary Nursery Areas (SNAS) are typically located adjacent
and downstream of primary nursery areas and are closed to srawl

Through the state FMP process, SAV habitat has been protiromdoottom disturbing geaby
establishing buffers and alteringpbndaries Changes in trawling boundaries have occurred in Pamlico
Sound, western Bogue Sound, Core So@aatk Soundand New River to further protect SAVhé
mechanical clam harvest lisin Core Sound, North River, ah@w Rivehave also beealteredalong

with the elimination of the mechanical clam area in Bogue Saividg addedrotection to SAV

Fishing geargractices, and areas should be evaluated regularly to ensure there are no additional
impact to SAV.

Currently, DMF is working dghe development of Amendment 2 to the NC Shrimp FNWire goal of
Amendment 2 is to manage the shrimp fishery to provide adéguesource protection, optimize long
term harvest, and minimize ecosystem impacts. Two of the objectives to meet this goal reference the
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CHPP including: 1) Promote the restoration, enhancement, and protection of habitat and environmental
quality in a maner consistent with the CHP&hd 2) Develop a strategy through the CHPP to review
current nursery areas and to identify and evaluate potential areas suitable for designation. The CHPP
staff will work with staffacrosss a C<eetions, including Fisheries Regementandresearchersto
determine different strategies to achieve thegbjectivesonce the final draft is approved.

Shellfish mariculture is a growing industry in NC with @7@Ifishleases in 201&8ndoyster aquaculture
landings eclipsing wild inest landngs for the first time in 20173 With this growth comes the

concerns of how shellfish mariculture may impact SAV through use of bottom disturbing gears and by
mariculture practicesMariculture practices that may have an adverse impact on Sélide the type of
farming method used (bottom or offottom), extent of shading, density of SAV within and adjacent to
the shellfishlease area, density of product and equipment within the lease, water depth and
harvest/retrieval methods!*

However shellfish mariculture of bivalves such as oysters may have positive impacts to SAV by providing
filtration of nitrogen and phosphorus into its shells and tissue and consuming phytoplankton and organic
matter, thus improving water quality and clarityy€ers represent a bottorrup approach to improve

water quality while providing fisheries habitat and an economic benefit. Several studies are underway in
NC to assess the effects of mariculture on SAV and ecosystem services. As more information becomes
availalde, the full impacts of oyster mariculture can be determirtéd.

Prior to 2015, DMF, in accordance with federal regulation, did not permit shellfish leases where SAV was
present. This presented numerous challenges for state managers during the application review process
in determining if the location of a proposed leasmnplies with federal regulation of causing no or
acceptably low impact to SAV. To resolve this challenge, a working group of federal and state resource
agency staff was created to develop guidance for acceptable amounts of SAV during the survey by water
depth. Additionally, no bottom disturbing methods can be used to harvest shellfish from leases meeting
the SAV criteriaThese interim conditions were later adopted as Regional Conditions of the 2017 US
Army Corps of Engineers Nationwide Permit (NWP 48Y&mmmercial Shellfish Aquaculture Activities in

NC. The NWP 48 is-exaluated and renewed in five year cycles.

Continued improvements in spatial planning and siting shellfish leases, such as th& NIBCShellfish
Siting Todf*® and the DMF Shellfishquaailture Tool” can help provide a balance between habitat as
well as social and economic considerations. Striking that balance can help facilitate sustainable
development of shellfish mariculture and protection of SAV and other structural habitats, such as
natural oyster rock. It can help reduce user conflicts, and provide information for scientifically based
managementA recent report to the NC General Assembly provided recommendations for research
needed to better understand the ecological and environméefects of shellfish mariculture and
develop standards to guide regulations and inform best management praétices.

Other physical disturbancehdt can impact SAV include navigational dredging, dock and marina siting,
boat wakes and prop scarring by boats and personal watercraft, and shoreline stabilization. Channel
dredging impact is the physical loss of SAV within the dredge footprint. Impéetsdebeyond the

dredge footprint from sloughing into the chaal and coverage from sedimean nearby SAV. Impacts
from marina construction to SAV come from pile jetting/driving, shoreline stabilization, excavation,
installation of docks, wave attenuatipand construction of associated high ground facilities, etc. Lesser
recognized impacts are indirect and come from associated boating activities. The impacts from
individual docks are less than those from marinas, yet the number of such dock permitsdadgx
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those of marinas. If properly designed, individual piers may not pose significant threats to beds of SAV.
Other impacts come from associated boating activities. Direct physical impacts from propeller scarring,

vessel wakes, and mooring scars haverbielentified nationally as a major and growing source of SAV
|OSS.21’118' 119

Propeller scarring of SAV occurs when outboard vessels travel through water that is shallower than the
draft of the boat. The propeller blade cuts leaves, roots, and stems, as wedlagra narrow trench,

or scar, through the sediment® Large holes may also be blown where boaters rapidly power off

shallow bottom!?° Mechanicalisturbance to the sediment damages plant rhizomes, which reduces
abundance and cover for extensive periods of time. Recovery of SAV can take from two to 10 years,
depending on species and local conditions. In some cases, though, the habitat may neverxéc¢é

Once started, SAV damage can increase beyond the initial footprint of the scar, due to scour, storms, or
biological disturbance such as crab and ray burrowii¢?* Where prop scarring is extensive and SAV
beds destabilized, the ecological valuetw habitat is reduced?!® 12°

Shoreline stabilization can threaten SAV and SAV habitat. Vertical hard structures alter the bathymetry
and hydrodynanics of the adjacent bottom, with potentially adverse effects on shallow SAV. Such
structures can increase reflective wave energy, causing scouring at the toe of bulkheads, eroding
adjacent shorelines, and deepening adjacent water, thus reducing or etiminaetland vegetation and
shallow subtidal habitat such as SK%2"128 Shoreline hardening may also prevent wetlands and
shallow subtidal habitats from migrating as sea level rises, resulting in loss or conversion of habitat.
Other types of shoreline stabilization, such as living shorelines, can result in covering SAV due to its
larger footprint, though permitting requirements do not allow living shorelines in SAV in NC.

SAV is offered some protections from physical distudeamnder several state, federal, and interstate
rules, policies and plans. Further protections and increased mitigation requirements for impacts to SAV
and SAV habitat, such as restoration efforts, could be beneficial to the SAV ecosystem and add to its
resiliency and the resiliency of the coastal community.

Chemical Control ohguaticNuisanceoecies

Aquatic nuisance species are Rpative and invasive species that can cause detriment to the
ecosystem. Many invasive SAV can be transported from one systanother on boats, trailers and
other equipment. Aquatic nuisance SAV species form dense beds, making swimming, fishing, and
boating difficult; clogging water intake systems for municipalities and industries; and impeding water
flow in drainage canal®ense beds of Eurasian watermilfdilyriophyllum spicatumcan cause the
water column to become anoxic at night, stressing fish or causing them to leave th&aaéthough
watermilfoil and other nuisance SAVs provide some benefits to fish and crabsstefuge and
sediment stabilization, and can be an important component in the low salinity/freshwater SAV
community of northeastern NC, they can also negatively impact natural habitat by shading or out
competing native SAV species, which may have greatee to fish'°

Chemical herbicides are used to suppress aggressive nuisance vegetation and should be applied using an
integrated management approach. Effects of herbicides are influenced by their toxic mode of action,

their method of application and dier target a specific species or provide a broad spectrum of control.
Registered chemicals are used to control nuisance aquatic vegetation and are highly effective when
following labelling. Application rates vary based on the system and environment, ficatgfof

herbicides varies based on the herbicide and formulation and the specific species being treated.

Rotation of herbicides is recommended because of a growing number of cases where aquatic plants are
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developing resistanc¥!

The DWR implements th&quatic Weed Control Program (AWCP), which focuses primarily en non
native invasive species in freshwater lakes, ponds, and rivers. The AWCP responds to requests for
assistance from local governments, public utilities, and other agencies, providing ecmicfinancial
assistance (50:50 cost shar&here are growing concerns that the control of noxious aquatic weeds by
herbicides may also impact native SAWUsgerall, broader coordination is needed to address and balance
the impacts and patchwork treatrmés of noxious aquatic weeds such as hydrigdrilla verticillatd,
alligatorweed Alternanthera philoxeroidgsandEurasian watermillfoil and the protection of native
SAVsSome DMF sampling has indicated that these noxious weeds, particularly Eurasian watermilfoil,
provide nursery habitat for various fish species such as blue crab and river herring. There are other
concerns of the public wanting native SAVs removed becalgdisruptions in boating traffic,

recreation, and aesthetics. Outreach on the value of native SAV is needed to address this negative public
perception.

A critical evaluation of ecosystem services that are provided by Eurasian watermilfoil and otlsérénva
species may need to be considered in future management. The evaluation of organismal functional
traits may provide one way to quantify the contributions of different species. These traits reflect
ALSOASAQ G2f SN yOSa ( 2ate mardnuediich Wwaleds tHaryriative SAWSE as 0 &
well as their effects on primary productivity and other ecosystem functions. Invasive plants are often
AYUNRRdAzZOSR 08 FOUAGAGASE fA1S GKAGOKKA(lAYBE 2V
location to another, being regenerated from a fragment, and being released intentiddihcreasing

public awareness of aquatic weeds, and aquatic invasive species in general, is paramount to a more
proactive and preventative management approach. TRéRD in cooperation with WRC, has posted

signs at over one hundred public boating access areas, intending to educate boaters and encourage
them to clean and dry their equipment prior to going to other locations.

[N
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An objective of the guaticNuisanceSpecies (ANSPlan is to increase coordination between agencies on
control of aquatic nuisance species and impacts to native SAV as well as impacts to fish habitat. There is
O22NRAYIFGA2Y 0SGoSSYy aidl¥F 2F 52wQa | lhaatai A O 6 SSR
enhancement section on projects that may impact native SAV resources. However, developing a more
formal collaboration among the experts will only increase communication and participation with
governmental agencies.

Other concerns are the use of técides by private waterfront landowners who are interested in the
removal of SAVs, whether invasive or native, because of the impacts to aesthetics and recreational use
of the adjacent waters. Outreach is needed to inform landowners of the importancatioke SAVs, and

best management practices to address invasive SAVs including processes that are currently in place to
remove invasive SAVS.

4.3 Discussion

To have cleaner waters and resilient coastal habitats that support fisheries, it has become more
important than ever to make the effort to attainlaealthy condition that supports SAV recovehg. we
experience increased coastal development and extreme rainfall and flooding associated with climate
change, SAV can then be more resilient to natural perturlnatibhat also drive the natural fluctuations

of SAV populations and extent.
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4.3.1 Reducing Nutrient Loads

{dzo YSNHSR I ljdzZ 6AO @S3aSGlridAzy aSyaraargaie G2 ydziNR
makes it a valuable bimdicator of eutrophicatiorof our estuarine watersBoth the Tampa Bay

experience and the Chesapeake Bay experience are examples of hdikettteeffects of nutrient and

sediment enrichment of estuarine and coastal systems cause losses of SAV. In both cases, reductions in
land-basel sources of nutrients and sediment pollutant loads documented by scientists and managers

directly lead to significant increases in SAV acreage, bed density and species diversity in both estuaries.

The adoption of numerical SAV restoration goals by patigiers responsible for management of both

of these systems led to actions which significantly reduced nutrient and sediment pollutant loads from
land-based sources resulting in clearer and cleaner waters and restoration of SAV. While SAV

distribution flucuates naturally due to storms, temperature, salinity, and other factors, the-tenyg

increase in SAV abundance and density in Chesapeake and Tampa bays was attributed to the

improvement of water quality conditions from management chantjéAdditionally, the improvements

in water quality helped make the SAV habitat more resilient to the more frequent and intensive storms

and weather patterns. Clean water is a hecessity for estuarine health as well as human health. As we

begin experiencing #hnimpacts of climate change, it is even more important to establish cleaner and

clearer water so that when weather conditions are less favorable for SAV and declines occur, recovery is
FILaldSNWY ¢KAa gAff KSt LI Sy adzNEhealthy@sheriSsacoadstal NA Yy S SO2 a
resilience, and overall value of these NC resources.

Clean Waters and SAV: Making the Connection Workshop

In March 2020, a technical workshdplean Waters and SAV: Making the Connegti@as held and
included over seventy femtal, state, and local governments, academic institutions, and nonprofit
organizations to discuss the scientific links between SAV health and water §@iSlitstegies to

improve water quality for the protection and restoration of SAV in NC coastal waters were discussed.
Besides providing an opportunity for different participants to learn about the connection of water
guality to SAV, it also providédformation to inform this issue paper. Facilitated group discussions
focused on identifying additional information needed to develop kegn SAV conservation and
management strategies in NC. Through facilitated group discussions, informational nebdghfbigh

and low salinity SAV were listed and then prioritized by the workshop participants. Those needs were
used toguide potentiarecommendedactions for this issue paper.

4.3.2 Proposed Strategies

Following the successful examples of Chesapeake Bajsanda Bay and in support of the efforts of
the NCDP, NC can consider the development of a five element strategy to improve water quality and
restore and protect SAV. These elements include

1) supporting dbrts to improve water quality

2) protecting andestoring SAV

3) enhanang SAV research and monitoring

4) improving collaboration through citizen involvenmigeducation and outreach

5) addressing other contributing factors such as physical disturbance and climate change.
Because of observed links betarenutrients, light limitation and SAV abundance, reducing nutrients by
improving water clarity is the key objective to increase SAV abundériee.

Support Water Quality Improvement Efforts

Water quality improvements through the implementation of standards and best management practices
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must besupported by data. North Carolina has large amounts of basic water quality data for estuarine
waters, particularly in the tributaries and along the barrier islands, but data gaps do exist, especially in
open water areas of the sounds. While much of thaikable chlorophyla and turbidity data come from

52 wQad ! YOASYU a2yAG2NAyYy3a {aidSYsx 20KSNJ adalrasS 3Sy
such as secchi disk depth, during routine surveys. Another large data set comes from the Neuse River
estuary Modeling and Mditoring Project (ModMon) and a state ferbased monitoring system for

Pamlico Sound (FerryMon). Both are led throughlthmversity of North Carolina at Chapel il

Institute of Marine Science (UN®IS)®® However, another light attenuating factor that is only collected
by ModMon at limited stations is CDOM. CDOM is linked to river discharge and salinity, but is not
nutrient related and may maker@as such as the Neuse and other coastal rivers more difficult to
address in terms of nutrient management. All of these data sources and others should be evaluated,
standardized, and expanded where possible to support existing and future water qualtiyyeraaat
actions.

| dZNNByYy G 6F GSNI ljdzr t AGe AYLINROSYSyid STF2NILa AyOf dzRS
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based primarily on the linkage bet@r nutrient concentrations and the protection of designated uses.
TheNCDRSAC includes several SAV, wapaality andnutrient cycling/primary production dynamics

experts. The NCDP SAC and DWR are reviewing potiential endpoints and parameters such as DO,
chlorophylla, algal density and biovolume, light penetration, SAV, and aesthetics, etc. to be included in

the criteria. Ongoing work on an optical modelating chlorophylk to water clarity will also be used to

KSt LI AYF2NY GKS b /silering SAV/wbei deRefofirlg dlang likeitlds, anoghers, such

as watershed plans, will help improve water quality by expanding areas suitable for the growth and
reproduction of SAV.

Protect and Restore SAV

By consulting experts from Chesapeake and Tabaya, NC can benefit from the lessons learned from
their experiences, and NC can develop a similar process of protecting and restorifig_ka\hoth bay
examples, establishing an SAV restoration goal and determining the light requirements for growth and
reproduction for SAV across salinities will help narrow the management focus on water quality
parameters such as chlorophgland nitrogenloading targets. This will require a mudtiep and additive
process to achieve the goals set forth and are descibed below. Figure 4.10 provides a conceptual
framework of the process. Addressing suspended sediments can also aid water clarity. Haweaser
decided to focus on nutrients since they were thought to be having a greater influence on water clarity
and SAV, and nonpoint runoff strategies for nutrient loading reductions will also reduce sediment
loading®**
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Figure 4.10Conceptual framework depiag the steps to restore Submerged Aquatic Vegetation (SAV)

through water quality improvements.

As previously discussemultiple individual mapping events have been compiled to make up the
historically known presence & {1y 26y KIF oA Gl G
extent of approximately 191,155 acres of SAV in public trust waters in coas{@bNIE 4.5Figure 4.1
4.9). This is currently the best known estimate of where SAV has persisteripast, may currently

adzZAGFo6tS F2NJ {! =

persist, and will hopefully persist in the future. Therefore, the coastwide SAV protection and restoration
goal is set as an interim goal of 191,155 acres. The NC coast and the known historic SAV extent is further
divided into nineSAV regions to best represent regional variability of waterbodies, and are as follows:
Currituck and Back Bay (Figure 4.1), Albemarle Sound (Figure 4-Rarikico and Neuse rivers (Figure
4.3), Pamlico Sound (Figure 4.4), Roanoke Sound to Ocracok@igiet 4.5), Core Sound (Figure 4.6),
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Table 4.5). Settingegional goals allow for targeted actions that will aid in meeting the interim coastwide
goal as each region is continually evaluated and refined and as new mapping data become available.

Water clarity and lighpenetration are two major limiting factors to SAV growth that can be managed

with appropriate interventions. Light attenuation by naitgal particulates, phytoplankton, and CDOM
therefore influence SAV growth and depth of growti? 2> In order to protect and restore SAV, studies
indicate tha water clarity needs to be maintained to the depth where 22 percent of subsurface
irradiance (incident light) is available for photosynthesis for high salinity SAV and 13 percent subsurface

irradiance for low salinity SAW 0 5
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With funding support from APNEBNGCIMSscientists have conducted a validation exercise for a bio

optical model that is intended for use to develop chloroplaydind turbidity standards that are
LINEGSOGAGS 2F b/ Qa KA IK &IReshltg fkoindhis mgtel cah then beiuse A y A G &
to estimate chlorophylé concentrations necessary to maintain water clarity needed for seagrass growth

as it relates to 22 percent incidehght to a depth of 1.7 m for high salinity SAV and 13 percent incident

light to a depth of 1.5 m for low salinity. These concentrations can then be used as light penetration

targets.

The bieoptical model was initially developed by @&glbs for use in @sapeake Bay. Howevdiber et
al. recalibrated the model using waters from the North River in fdCintended use throughout the
AlbemarlePamlico estuarine systef*® Optical characteristics of particles and phytoplankton of the
North River may, or may not, be similar to those of other areas within the AlberRartdico estuarine
system, and those differences may impact the ability of the model to accurately prelitornships
between light attenuation and concentrations of chloroptelturbidity, and CDOM that attenuate
light. To assess the validity of the model outside of the area where it was calibrated, the validation
exercise compared model predictions of ligiitenuation to measurements of light attenuation from
waters throughout the Albemari®amlico estuarine system.

Preliminary results from the validation exercise showed that thedpitical model accurately predicted
observed light attenuation in high kaity waters similar to those of the North RivEf.In the high
salinity waters, turbidity, both organic and inorgamather than chlorophyla was the main light
attenuating substance in the water. For the high salinity locations which included Bogne, &ore
Sound, Back Sound, and eastern Pamlico Sound, a mgd@ophylla concentration of 10 pg/L would
meet the 22percentlight target for SAV protection.

For low salinity waters of the Neuse River, Pamlico River, western Pamlico sound, andri&llagcha

Currituck Sounds, the model underestimated light attenuation by approximatgheffent Estimates

of target chlorophyll concentrations required to meet the &rcentlight target for low salinity SAV

would also be significantly underestimatetus preventing the use of the current model to derive low

salinity chlorophyla targets. The bie2 LJG A OF f Y2RSf gAff NBI|jdzZANBE NBOIFfAOD
estuarine waters before it can provide meaningful targets for chloroghagtid turbidity forprotection

2T b/ Qa f 26 &l Thryughicéllabprative effortsdranti DEQ,ZAPNEP, National Oceanic

FYR 'GY2aLKSNAO ! RYAYA&UNT GA 2y QRS, éfforts to re€alibiate . S| dzF 2 N.
the bio-optical model for low salinity estuarine waters are underw@yce the model is valated for

high and low salinity, the model can be used to develop management scenarios for chlogsophyll

reduction to meet water clarity targets that are supportive of SAV restoration goals. Scenarios can be

used to develop GIS layers of areas where thétkbe sufficient light for SAV persistence and may be

used to determine potential growing areas that will support SAV.

Target concentrations of chlorophyland turbidity identified by the bimptical model should be

compared and considered in relation to existing water quality standards for class C waters to determine
whether the standards need revising to peot critical SAV habitats. Preliminary results from the model

showed that a median annual chlorophgitoncentrationof 1k 3k f ¢2dzf R 6S LINRISOGA QD
salinity SAV habitats; this value is lower than the current 40 pg/l standard for chloraphyMIC surface
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waters. However, a direct comparison to the standard is difficult because the current standard is not
assessed at the median (50 percent quantile) chlorophldizel, rather the current 40 pg /I standard is
assessed at the 90 percent quaet Using the statistical, probability distribution of chloropfa/ftom
estuaries throughout NC waters, a 10 ug /I median value corresponds to a 90 percent quantile of 26
ug/l, significantly less than the current 40 ug/l standattiComparisons of chlorophydlconcentrations

to revised standards will help identify regions where nitrogen load reductions are necessary to protect
SAV. Relationshipgtween nutrient loading and chlorophylwill need tobe determined and will help
manage sources of nutrient loads by SAV waterbody region and ultimately throughout coastal NC.

Enhance Submerged Aquatic Vegetation (SAV) Research and Monitoring

Understanding the distribution and health of SAV in NC is critical to understanding the dynamics of shifts
in SAV species extent, distribution, and compositis previouly described, mapping of SAV has
occurred at irregular intervals over the last 4@ays by several different agencies andversities

across different extentgndwith varyingmethodologiesand resolutionsA comprehensive monitoring
and assessment program for SAV should be developed using the best available techi&agpe of

the most compehensive highest resolution, and cost effective methods available should be explored
and usedThis program should be developed by a team of partners, and should includeseafigl)

routine (occurring every five years or sooner), ceaigte assessment and monitoring program. Sentinel
sites should be revaluated and expanded along the coast, with regular groundtruthing using
standardized metrics (i.e. water quality, species composition, density, and cond®ibmiswill allow
managers to account for changes in SAV over time, giving the ability to evaluate the success of
management actions and determine causative relationships betwhanges in SAV species extent,
distribution, and composition. Through regular monitoring and assessment, protection of this habitat
can be improved and targeted, benefiting the diversity and resiliency of the entire coastal ecosystem.

Improve Collaboration

Strong collaboration among scientists, managers, and the public is essential to achieve the goals and
actions listed aboveRegional collaboration among resource stakeholders was critical to success in both
Chesapeake and Tampa b&y$¢ North Carolina should establish a similar collaborative process
involving state agencies, local governments, academic institutions, NGOs and the public to monitor,
assess, anddaptivlymanage regional areas. Collaboration to develop and adopt managegoait,

and to engage in the decision making process on needed management actions, changes, and
adjustmants leads to bettgoublic understanding and appreciation of the issues. This in turn helps to
change public perception and behavior by engaging andrinifg stakeholders early in the process to

play a role in implementation of management actions in their communities, such as voluntary citizen
science monitoring programs.

4.4 RecommendedActions
4.4.1 Funding

4.1 By 2023, theDEQwiIll pursuerecurringfunding as well asfrom state, federal, and private sourges
that includes the adequate amount of staff to successfeMgluate and meet the SAAéreage
goals and implement all of the SAV recommended actions that contribute to meeting the goals.

4.4.2 Planning

4.2 By 2@2, DEQ will commit t@rotecting and restoringAV to reachn interim goal of 191,000
acres coastwide with specific targets by SAV waterbody regiaise 4.5; Figures 44L9).
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4.3 By 202, DEQ will form amteragency workgroup with negovernment orgaraations (NGOs)
and local governments to inform and guide development of watershed restoration fdans
protect, restore or replicate natural habitatse., SAV, water qualitygoastalhabitats) and
hydrology through natural and natuigased slutions.

4.4 By 2022, DEQ will form a workgroup with D&VR, DEMLM®ivision of Soil and Water
Conservationlocal governments, and other partners to incre8dPsrelated to water quality
within the SAV waterbody regioms the extent possiblgconsistent with carent funding level
and request increased state cesftare funding.

4.4.3 Mapping and Monitoring

4.5 By 2023DEQ will developnd implement a fulscale assessment program to conduct coastwide
SAV mapping and monitoring at regular intervag fears).

4.6 By2023, DWR will evaluate and prioritize the incorporation of shallow water Gitésnmean
lower low water MLLW) that currently or historically contain(ed) SA\o the statewide Ambient
Monitoring System

4.4.4 Potential Rulemaking

4.7 By 2022EMCwill receive guidace from the NCDP SAG establishing a water quality standard
for light penetration, with a target value of 22 percent to the deep edge (1.7 m) of SAV for all high
salinity SAV waterbody regions, and a light penetration target of 18gpéito the deep edge (1.5
m) for all low SAV waterbody regions (Table 4.5; Figure4.9)1

4.8 By 2022, at the request of the EMC, the NCDP SAC will evaluate the chlicaopdudt quality
standard and as needed, recommend it be revised by the EM@stare protection of SAV in high
and low salinity waterbody regions, beginning with the Albemarle Sound and Chowan River, and
continuing with other waterbodies that support SAV (Table 4.5; Figure$.9)1

4.9 By2024, the EMC will enact the rule makingqmess to adopscientifically defensiblaitrogen
and/or phosphorugriteriaif recommendedhrough the NCDP procegs help protectand
restore~12900acres of low salinity SAV habitat in the Albemarle Sound SAV waterbody region
and continuing with othewaterbodies that support SAV.

445 Research

4.10 By 2025DWR wildeterminewith assistance from research acadentiag loading and sources of
nutrients and sedimentgheir quantitative linkages to chlorophydlconcentrationsand their
effect on water quality and SAV.

4.11 By 2022 NC and DEQhrough the Secretary of Emergency Managemaeitit request more
accurate estuarine bathymetry data frotine National Oceanic and Atmospheric Administration
(NOAA).

4.12 By 2022, DWR will request tiNC Policy Collaboratory to investigdite impacts of agricultural
practices and land use change on water quality within SAV waterbody regions, to determine types
and location oBMPsneeded to effectively improve water qualit

4.4.6 Outreach
4.13 By 2022, DEQ Office of Education and Public Affairesarill with local governments and NGOs to
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start the development ofpublic education and stewardship programs wsticial media campaigns
and citizen science monitoring tocrease pudl O | g NBy Saa 27F {! +Qa A YL} NI
and other cebenefits, as well as instill public commitment to SAV conservation.
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5. WETLAND SHORELINEPRCTION AND ENHANERT WITH FOCUS ON
NATURBASELSOLUTIONS

5.1 Issue

2S{iftFryRa 200dzNJ G KNRdzZIK2dzi b/ Qa Saiddz NASa |yR LINRO
that enhance ecological and community resiliency. While pratestifor wetlands are in place, losses

continue to occur and threats remain, varying by wetland type and location. Addressing wetland loss
holistically will regiire a comprehensivapproach incorporatingl) an appraisal of existing and

anticipated threatdo wetlandswithin the CHPP regio2) a synthesis of knowledge gaps, 3) a plan to

build partnerships with local communities and encourage a participatory approach to coastal resource
management, and 4) a list of higiiority, actionable policy or pracécrecommendations that could be
implemented to offset past and expected losses.

5.2 Background

2SGflryRa FNB RSTAYSR o0& (GKS ! { 9Yy@ANRYYSyGlft tNRI
inundated or saturated by surface or groundwater at a frequency andtaur sufficient to support, and

that under normal circumstances do support, a prevalence of vegetation typically adapted for life in

al GdzNF G SR & RBOAFR 23.3(tWetldandshavé Idné been recognized for their importance in
estuarine produdvity, habitat functions for finfish and shellfish, and many other ecosystem services.

These services collectively make wetlands one of the most critical estuarine habitats for countless

species of fish and other wildlif€he large extent of wetlands irPeNNJi K | YSNRA OF Q& / 2 adlt f
substantially contributes to the high biodiversit$alt marshes provide grazing, foraging, and breeding

ground for numerous threatened marine megafauna (e.g., sea turtles, porpoises, sharks, rays, and

otters).? In NC, more than 70 percent of species listed as federally or state endangered, threatened, or

of special concern are wetlardependent®*{ 2 YS 2 F b/ @ddangefed dpaciéd inciSde

mollusks (yellow lampmussélampsilis cariosajish (Atlantic and shortnose sturgedkcipensespp.;

Cape Fear shineotropis mekistocholas T NB LJG A f S& 0 Y SapidszhelyNEnipi S& a St
amphibians (river frogRana heckschgrimammals (manated;richechus manatgsand birds, (pipig
plover,Charadrius melodus circumcincds

There are multiple classification systems used to differentiate classes of wetlands. For the purposes of
this paper, a simplified Cowardin System which splits wetlavithén the CHPP regidnto two broad
classespalustrine and estuarings used. Palustrine wetlands are freshwater wetlands that include all
non-tidal wetlands that are dominated by trees, shrubs, or emergent vegetation, as well as any tidal
wetlands where oceaderived salinities are less th&nb parts per thousand (fp Wetlands with

salinities greater than 0.5 ppt are categorized as estuarine wetlands, which can be further divided by
vegetation type into forested, scrub/shrub, and emergent estuarine wetlahiis.differs from the CRC's
regulatory definition of dcoastal wetlandsd (15A NCAC 07H .0205), which includes ten specific species of

salt marsh or other marsh subject to regular or occasional flooding by lunar or wind tides.

5.2.1 Ecological Value

Productivity

Wetland communities are among the most productive ecosystems iwtirtl.> -8 Some of the high
primary production (creation of organic compounds through photosynthesis) of wetland vegetation is
transferred to adjacent aquatic habitats via detritus anttroalgae’ Primary production in salt/brackish
marshes is converted into fish production in several why§eorgia, gperiments using isotopes to
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trace organic matter flow in the salt marshes found the two major sources of organic matter used in fish
production were fromSpartinaspp.detritus and alga€® A 2020 study conducted in Back SouN@,

which usel stable isotopes to analyze the diet of finfish and crustaceans within seagrass beds, found
that consumers in these seagrass beds derive@2percent of the basal primary production from
saltmarshes, regardless of tipeoximity of the sampled seagrass bed to saltmardBenthic microalgae
support herbivorousnails, whereas detritus supports finfish such as sheepshead, mummichogs, and
their prey. Alge can be found on marsh grass, intertidal mudflats, and shallow subtidal bottom near the
marsh. Saltmarsh edge is estimated to have production of 2.2 to 4.2 times greater than open water
estuarine habitat for important fishery species (jjgenaeid shrirp and blue crabs Primary

production in tidal freshwater marsh, bottomland hardwood, and riverine swamp forest is similarly high
and dependent on the frequency and duration of floodifg

Fish utilization

The high productivity of wetlands is in part wheyare critically important to the productivity of the
aidl 6SQa 7T /hA)HVSiNa A0peicentodNA3a O2 YYSNIOAF £ F A peicd N S a
of its recreational harvest consist of species dependent on estuarine habitats including dsefiex

the wetlanddependent species included in Tablé, seven commercial species ranked within the top
ten for pounds landed in 2019 and seven recreational species ranked within the tdprteamber of
directed trips. The plant structure, high productivity, and landscape position in estuaries provide ideal
conditions for small prey and juvenile fishery species. Similarly, palustrine wetlands are important
habitat for many recreationally impaant freshwater fishes (e.gargemouth bass, bluegill, crappie,

chain pi&erel) throughout their life historie$. A study in Virginia found that F®ercentof the number

of fish collected at tidal freshwater marsh sit@sre larval and juvenildish® More information on how
different species guilds use the estuarine and palustwiiands can be found in the 2016 CHPP source
document?’

f
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Table5.1. Finfish and crustaceans and their use of wetland habitdtgdn? 18 192021 22

) Wetland Functions :
Species* i : : Fishery**
Nursery Foraging Refuge Spawning Corridor

RESIDENT FRESHWATER OR BRACKISH

White perch X X X
Yellow perch X X X X
Catfish X X X X X X
ANADROMOUS AND CATADROMOUS

American eel X X X X
Sturgeon spp. X X X X X
Riverherring (alewife

& blueback herring) X X X X X X
Striped bass X X X X X
ESTUARINE AND INLET SPAWNING AND NURSERY

Atlantic rangia clam X X X X

Banded killifish X X X X

Bay anchovy X X X

Blue crab X X X X X
Cobia X X X X
Grassshrimp X X X X

Mummichog X X X X

Naked goby X X X X

Red drum X X X X X
Sheepshead minnow X X X X

Silversides X X X

Spotted seatrout X X X X X
MARINE SPAWNING, LGNGH SALINITY NURSERY

Atlantic croaker X X X X X
Atlanticmenhaden X X X X
Shrimp X X X X X
Southern flounder X X X X X
Spot X X X X X
Striped mullet X X X X X
MARINE SPAWNING, HIGH SALINITY NURSERY

Black sea bass X X X X X
Pinfish X X X X X
Summer flounder X X X X X

* Species in bold fordre species whose relative abundances have been reported in the literature as being generally higher in
wetlands than other habitats. Note that lack of bolding may be due to lack of information rather thasetentive use of
wetlands.
* Existing commercial or recreational fishery. Fishery andfistiery species are also important as prey.
Fishery species under harvest moratorium.
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Wetland ecotones, the transitional landscapes between two adjacent habitats, are thought to be
particularly important estuarine nursery areas. Juveniles of transient, estudgpendent species,

which comprise a large portion of commercially and recreationally valuable species, often concentrate
within the transition zones between marsh and othéwustured (e.g, seagrass beds, oyster reefs) or
unstructured (soft bottom tidal creeks) habitat$® These transition zoneare thought to provide

increased foraging opportunities that translate to higher growth rates, increased survivorship due to
reduced mortality, and favorable physical environments for the development of juvenile néktdr®
27,28,29.3031 3233 A5 a dominant shoreline typeithin temperate estuags, salt marsh complexes

represent important foraging grounds for large mobile finfish and crustacean species, such as red drum,
spotted se#rout, flounders, and blue crat *°

The Fisheries Reform Act of 1997 requitddFto prepare fishery management plans (FMP) for
adoption by the NC Brine FsheriesCommission (MFOpr all commercially and recreationally
significant species or fisheries that comprise stai@ine and estuarine resourceBhe goal of the plans
is to ensire longterm viability of these fisherg Fisheries habitat and water quality considerations are
one of several requirements of these plans and are to be consistent with the SENg#al state FMPs
recommendrestoring wetlands, acquiring land to presemwetlands and open space, reducing runoff
from land use activities through voluntary and regulatory measures, restoring hydrology on developed,
agriculture, and forestry lands using Best Management Practices (BMPs), and providing more incentives
for low impact development (LID). The FMPs that included these wetlelated habitat and water
guality actions are:
f Bay Scallop Amendment®2
Estuarine Stped Bass Amendment’
Kingfishe¥®
Red Drum Amendmentd
River Herring Amendment2
Shrimg*
Southern FloundeAmendment 12
Spotted Seatrodf
Striped Mullet Amendment*t

=4 =4 =4 -8 -8 -4 -8 -9

Ecosystem Services

Wetlandsin the Coastal Plainincluding those abuttingnd thosethat are not directly connected with
surface waters, provide numerous ecosystem services that bdigfjtother coastal habitats, water
guality,and communitiesThesewetlands provide a wide variety of ecosystem services, such as wave
energydissipation, flood storage, shoreline stabilizatiorater filtration, open space, ecotourism
opportunities, carbon sequéstion, nursery grounds forommercially important species, and pollinator
habitat. Updated valuations dfelectedwetland ecosystem servicéscludingstorm protection, erosion
protection, and wastewater treatment, estimataonetaryvalues for tidal marsh/mangrove at roughly
$78,000per acre per yeaf> While the cebenefits of interconnectd coastal habitats and regional
specificity make parsing oone singleper ONB G| f Cdetal PlRiwatland3 émpracticatthe
ecosystem swices they providare clearlya valuable public trust asset to the citizensS\dk

Storm Protection and Flooding

Wetlandsalong the coasaid in storm and shoreline protection by reducingve energy along the
shoreline®® 4" “Thesereductions in wave mergy and flooding translate to considerable economic
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impacts. Analysis of 34 major hurricanes impactingulssince 1980 found that, on averagme acre
of wetlandloss resulted in an additionall$,3600f stormrelated damage$’ The total value of
wetlandsin the USvasestimatedat $23.2billion per year in storm protection services. Storms and
hurricanes present major threats to coastal commtigs and infrastructure, the severity and cost of
which will be further amplified by sea level ri&&_Rand ocean warming attributable to climate
change®*° Presence of wetland vegetati@ppreciably reduceproperty damagey imposing drag on
water flow, which in turnreduceswave energy and infal flooding during storm events 2 Near
complete dissipation of wave energy has been documenteghéigshes extending approximate®@ m
from the shoreline; however, due to the ndimearity of wave damping, mighes <10n in width are
frequently capable of reducing wave heights by@percent®* >3 Wetlandsin coastal areawere found
to reduce floodheights and damages from Hurricane Sandy ip&@entof the impacted regiorirom
Maine to NC*Recent analyses found that over a-§6ar period, the storm protection value ohe
square mileof wetlands exceedsZ5million ineightof NQQ & H H  Qritiés Awiih-tHe vadie
approaching 85 million per square milén highly developed New Hanover Courtty.

While palustrine wetlands play a lesser role in mitigating storm surge, they can dramatically slow the

conveyance of stormwaters to receiving waterbaland can store up to 330,000 gallons of watter
acre perday and recharge up to 100,000 gallongafundwvater per acreper day.”*¢ In doing so,

palustrine wetlandsn coastal areaplay an important role in reducing flooding in developed lands and
reducing stormwater influx to coastal areakhis isa particularly impaant service when coastal regions

have been inundated by storm related flooding.

Shoreline Stabilization

As mentioned above,stuarine wetland vegetation, whether natural or restored, can dramatically
reduce wave energgiue tofriction between aboveground biomass and waveééWetland vegetation
along shorelinesubsequentlytraps suspended sedimentsgyhich canaccrek atratesthat keep pace

with rising sea level¥C dzZNJi KSNE ¢ S G f | y-BrougdddiBass (élgiodts/afdirhizontes) 2 &

has been sbwn to reinforce substrate and reduce erodibility of sedimetits.It wasfound that over a

four-decade period that Cedar Island, NC shorelines with estuarine emergent wetlands had roughly half

the rate of erosion ofinvegetatedshoreline types® Research synthesizimgtreat rates ofmarsh over
decadal timescales (195@004) has shown #t erosion rates of unvegetated sediment bards39

m/year) are greater than double the rate for vegetated shorelin€sl@ myear) inNQQa b Sg wA S NJ

estuary®!

Water Quality Enhancement

In an analogy to human physiology, wetlands have been likengdtdi dZNBE Q&4 | ARy Séazx

downstream receivers of contaminated watewghich theycan help cleabefore the waters enter
receiving waterbodiesr arerechargel to groundwater aquifers. In coastal regions, healthy wetlands
are efficient at interceptingmund and surface water. Ake flow of wateris slowed byvetland
vegetation turbidity-causing suspended solids settle out, sedireotind pollutants (e.gphosphorous
and heavy metals) are sequestered, andrients (e.g., nitrogen and phosphorowsk assimilated by
plants and used by wetlarassociated microorganisni$This allows coasta@alustrine and estuarine
wetlands to appreciablimprovecoastal water qualityThe biofiltration services of wetlands are
increasingly criticads growing industrial use aftificial fertilizers andncreasingextent of impervious
surfacedncreases runoff icoastal region§?

a SN



Chapter 5. Wetland Shoreline Protection and Enhancement with Focus on Nature
based Solutions

Many studies have documented the water cleansing ability of wetlands. A few examples include:

1 Forested palustrine wetlads in agricultural drainage areas reddeegtrogen by 90 percent and
phosphorus by 80 percefit

1 Sormwater wetlandswithin the NC Coastal Plaieduced peak flows and runoff volumes by 80
percent and 54 percent, respectivély

1 Sormwater wetlands withirthe NC Coastal Plareduced nutrients and bacteriaetween60-70
percent®

1 Saltmarshes, which are often the terminal wetland biofilter, were able to assimilate nearly 100
percent of ambient nitrag loads from coastal stormwat®&r

Carbon Sequestration

Coastalvegetated habitats (tidal marshes, seagrasses, mangroves, and macroalgae) are recognized for

their ability to mitigate climate change via sequestration of disproportionately large amounts of carbon

in both above and belowground plant biomasas well as Wwhin their soils.®® Cumulatively, these

vegetated habitats, which comprise @2rcent2 ¥ (G KS 3If 261 f 2 OS| yYe@céntoh dzNF | OS>
carbon burial in marine sedimefitRanking among the densest carbon sinks globally, vegetated coastal
KFoAdGrda FyR GKSANI ati2z2NBa 2F OFNb2ys RdAzwoSR aof dzS
climate changé®?

Within tidal saltmarshes, atmospheric carbon (§@ assimilad into plant biomass, becorsé¢rapped

gAOGKAY (GKS @S3SGl (A 2y Qa aléni htizdhedohtet 6f érgadicathoh, SE  NE 2 (i
andis ultimately buried below the sediment at concentrationsEDtimesthose found in terrestrial

forests’* The anse network of roots and rhizomes, which frequently account for greater than 50

percentof saltmarsh biomass, stabilize low oxygen soils where decomposition occurs. §ibadgarbon

isthen buried for centuries to millenniarovided the habitat remainsitact.”? The accretion of carbon

in the soil of tidal marshes is integralioK S Y kbiif§t 6 @&intainaninundation regime as sea

levels rise Mastal wetlands thatan keep pae with SLRNnd not drown in plackave a near limitless

capacity to segester carbon’®In NG coastal marshes store an estimated 64 million metrics tons ef CO

and continue to sequester an additional 200,000 metric tons ofé@ch year*{ I f { Y disNdtim a

of being among the highest, if not the highesigetated habitatfo sequester carboper unit areawas

noted inNCRiskAssessment and Resiliency Pfafihe plan notes thaihcentivizing conservation,

protection of marsh migration corridors, afcreasingactive wetland restoration effortare critical to
Oz2lraidlrt ¢SiftlIyRQa O2yiGAydzSR FoAfAde (2 &aSldzsSaiSN
correlated with the magnitude of anthropogenic disturbance in the form of physical, chemical, and

biological stressor®

Although rarely included in blue carbon accounting, both tidal wetlands in the upper reaches of

estuaries and notidal freshwater wetlands in th€oastal Plaialsohave the potential to serve as

major carbon sink& Palustrine wetlands in th&JSstore nearly terfold more carbor(sometimes

NBTFSNNBR (2 thahtheir tidslisditwater colibtérpértsdue in part to their considerably

greater areal extent® Accounting fompproximatelyd3 percentof the areal extent ob / Qaastal Plain

wetlands, palustrine wetlands arekay partoft KS & dF 6SQa 46SGflyR OFINb2y Ay D

Recreation and Tourism

Tourismand coastal recreation suppatns of thousands objps and contribute more thanlaillion
R2ff I NB |yydz ffte (2 cokiesSRo@goastdl kdbritiesZDhre,HgdQa O2 1 a il €
Currituck, and Carteret) rank within the top ten counties statewide in terms of average per capital
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economic contribution derived from tourisnare County ranked first in the state, with tourism
contributing an average of $27,290 pexay perresident Many tourist activitiesely on a healthy and
clean estuarine environment, whethéor oystering around the marsh, fishing in a creek, swimming in
the sound, or eating fresh seafood at a restaurant. More than a thitdiSafdults participate in
recreatioral and tourism opportunities found in wetlands, including hunting, fishing, birdwatching,
kayaking, and wildlife photography. With participation rates in these activities exceedingwided
averages, it is likely that the per acre recreational valueetfamds exceeds the $451ra¢year
estimated in recent global metanalysisvork.”® As suchwetlands are integrally important to the

economic development i@ a O2 | &G I f

tourism industry, respodents to a survey of potential visitors to coastal NC ranked wildlife observation,

O2dzy U A Sa& o thedeBetldnds Tohé A y 3

state parks, national wildlife refuges, and wetland trails as four of the top five potential preferred

activities’®
5.2.2 Status and Trends
Approximately 9%percentof NQQ a

gSGf YR NFBA&2 doas@lPlaif’ B Nakioyial G K S

Oceanic and Atmospheric Administratiod@AA Coastal Change Analysis PrograrC&P)ecently
published 20142016 dataproviding 20yearsof NCCoastal Plaiwetland change data ovdive-year

time stepsbeginning in 1996. According tikat, NChad a total of 4.59million acres ofvetlands within

the Coastal PlainOf that, there were 4.35 million acresdlustrine (freshwater) wetlands, of which 71
percentare forested wetlands, 2ercentare scrub/shrub wetlands, andg&rcentare emergent
wetlands Palustrine forested wetlands can include bottomland swamp, pocosins, and wet pine flats.
North Carolinaalso ha®235,425 acres of estuarine wetlands, of whichp@rcentare emergent
wetlands(Table5.2; Figure 5.1% According to the 2011 National Land Cover Database (NLCD), there
was a total of 3.7 million acres within the four CHPP regions. That figure is lower because the CHPP

region does not include the entire Coastal Pfin.

Itis estimatedhat nearly half oNCQQ&a M m

YAfEA2Y KAAG2NROI €

-ONE &

colonial times and the 19808 The percent of wetlands impacted to the point of no longer supporting
their original function exceeded 5fercent by the 980s®* These alterations were not evenly
distributed between wetland types, with 52pkrcentof palustrine wetlandén the Coastal Plaihaving
been altered by the 1980s, in contrast with 1p&rcentof estuarine wetlands. Unfortunately, wetland
loss imot a relic ofb / Qedt. Approximately 40 percent of total documented coastal wetland losses

occurred between 1950 and 2000

Table5.2. Acres of palustrine (freshwater) and estuarine wetlandsh@NCCoastal Plaiftt

Wetland Class

Al

Extent (acres)

Palustrine Forested Wetland
Palustrine Scrub/Shrub Wetland
Palustrine Emergent Wetland
Estuarine Forested Wetland
Estuarine Scrub/Shrub Wetland
Estuarine Emergent Marsh

Total

3,069,690
1,008,552
272,932
166
7,747
235,425
4,594,513

iKS

z
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Palustrine Wetlands

[ Forested
B scrub Shrub
B Emergent

Estuarine Wetlands

[ Forested
I Scrub Shrub

I Emergent

-l

Figure 5.1Distribution of palustrine and estuarine wetlands with the Coastal Habitat Protection Plan

(CHPP) regiorfd

The loss of RQ @oastal Plaimetlands has continued into the 21st centulysing the latest CAP data,
wetland changevas calculateaver five-yearintervals from1996to 2016.Documentedwithin the 20-
yearperiod, 135,000 acres of palustrine wetlamgere lostin NQQ Goastal PlaiiTable5.3) 8! Conversion
to uplands was the land use change contributing mostaiugtrine wetland lossesver the 20year
period, likely due to ditching and fillinGonversion to development, agricultyrand open water also
contributed to lossRoughly 7ercentof alldocumentedcoastal freshwater wetland losses occurred
from 1996to 2001.0ver the 20year period the rate of net coastal freshwater wetland loss decreased
There was a reported net inaise from2011to 2016due to 3,128 acres gained from open water and

upland

Table 5.3Net loss or gain di(Q a

o2 adl f

LI £ dZAGNRYS 65

Gt yR

conversion type. Negative values represent a loss of coastal palustritendsto the specified land
cover class and positive values represent a gain. Net change represents net change from all land

conversions during that tim&"

Palustrine Wetland Time Period

Conversion To: 19962001 20012006 20062011 20112016 20-Yr Total
Development -6,450 -2,172 -3,001 -1,317 -12,940
Agriculture -9,218 -2,476 127 0 -11,567
Upland -77,636 -13,493 -9,748 637 -100,240
EstuarineWetlands 0 0 0 0 0
Unconsolidated Shore 46 16 -39 -144 -121
Open Water -3,255 -6,840 -3,973 3,952 -10,116
Net Change -96,513 -24,965 -16,633 3,128 -134,983

I ONB I 3
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While the magnitude ofumulativelosses to coastal palustrine wetlands are very high, the proportion of
loss wasiot evenly distributecamong palustrine subclasses. Palustrine forested wetlands, which
account for 7JIpercentof all coastal palustrine wetland acreage, accounted fop&2ent of overall net
losses incurred across all three classes over thge2s of NOAA-CAP data (Tabe4).

Table5.4.Netlossorgaindi@a O2F aidl f LI f dzd G NR Yy §pe.dNEgative vgllbes | ONB | 3
represent a net loss of coastal palustrimetlands and positive values represent a net g#icoastal
palustrine wetlands?

Palustrine Wetland Type
Time Period  Forested Scrub/Shrub  Emergent

19962001 -279,324 147,607 35,204
2001-2006 -150,287 89,661 35,664
20062011 -115,836 99,574 -265
2011-2016 -42,969 40,277 5,816
20-Yr Total -588,416 377,119 76,419

These losses, totaling 588#&acres of forested palustrine wetlands between 1996 and 2016, were
offset by gaingo scrub/shrub and emergent wetlandser the same period (Tabt5). Palustrine
scrub/shrub wetlands were the only palustrine wetland class in which net gains in acreage w
observed across all periods between 1996 and 2016 (TFahleThe gain of 377,118cres of palustrine
scrub/shrub wetlandvas likely due to conversion fropalustrine forested wetlang64 percent) and
palustrine emergent wetlan@5 percen). Conversdn from palustrine forestedvetland was also the
major contributor (>9%ercen) to palustrine emergent wetland acreage gains between 1996 and 2016
(Tableb.5). While 219,520 acres of palustrine emergent wetlamdre gainedby conversiorfrom

palustrine faested wetland,135,360 acres of palustrine emergent wetlands were lost by conversion to
palustrine scrub/shrub wetland, negay more thosepotential gains.

A loss of forested wetlands amcurring with a gain in scrub/shrub and emergent wetlands is more likely

a conversion than a loss since wetland trees harvested for timber can regrow if hydrology has not been
altered. Despite conversion to other wetland B84 there was a net loss of palustrine forested wetlands.

CdZNI KSNXY2NB>X AlGQa RAFTFAOMAZ G G2 RAAGAYIdzZAEAK LISNXYI Yy
dataset.Recent analysis of palustrine wetland losses in coastal counties of the contermitgfasnd

that 80percentof palustrine wetland losses occurring between 1996 and 2010 occurfedistates,

with NCrankingfifth and accounting for ®ercentof all losses incurred nationally over the perfd.
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Table5.5. Net loss or gain dilQQ & ast@ldalustrine forested, scrub/shrub, and emergent wetland
acreage by type of conversion to other land cover classes. Negative values represent a net loss of the
coastal palustrine wetland class and positive values represent a net gain ofabilcpalistrine

wetland clas$?

Time Period

1996 2001 2006 2011- 20-year
Conversion Type 2001 2006 2011 2016 period
Palustrine Forested Wetland To:
Development -6,027 -1,281 -1,530 -870 -9,708
Agriculture -7,784 -1,783 227 0 -9,340
Upland -77,143  -10,993 -7,755 367 -95,524
Palustrine Scrub/Shrub Wetland -122,149  -54,957 -57,626 -10,816 -245,548
Palustrine Emergent Wetland -63,038  -77,125  -45,049 -34,308 -219,520
Estuarine 0 0 0 0 0
Unconsolidated Shore 11 -2 -2 -66 -59
Open Water -3,193 -4,149 -4,206 2,724 -8,824
Net Change -279,324 -150,290 -115,941 -42,969 -588,524
Palustrine Scrub/Shrub Wetland Tc
Development -296 -719 -280 -297 -1,592
Agriculture -704 -159 -33 0 -896
Upland -37 -197 -783 -3 -1,020
Palustrine Forested Wetland 122,149 54,957 57,626 10,816 245,548
Palustrine Emergent Wetland 26,295 36,153 42,727 30,185 135,360
Estuarine 0 0 0 0 0
Unconsolidated Shore 4 1 7 -16 -4
Open Water 197 -376 310 -407 -276
Net Change 147,607 89,661 99,574 40,277 377,119
Palustrine Emergent Wetland To:
Development -127 -172 -1,190 -150 -1,639
Agriculture -729 -534 -67 0 -1,330
Upland -455 -2,303 -1,210 272 -3,696
PalustrineForested Wetland 63,038 77,125 45,409 34,308 219,880
Palustrine Scrub/Shrub Wetland -26,295 -36,153 -42.727 -30,185 -135,360
Estuarine 0 0 0 0 0
Unconsolidated Shore 31 16 -44 -62 -59
Open Water -258 -2,315 -77 1,634 -1,016
Net Change 35,204 35,664 -265 5,816 76,419

In contrast to coastal palustrine wetlands, net change in estuarine wetland acreage exhibited an inverse
temporal pattern (Tabl®&.6). Specifically, net gains of estuarine wetlands were obseiroaa 1996t0

2006, while net losses were observed in there recentlyfrom 2006to 2016. The land conversiaype

that accounted for theyreatestloss in eaclive-year period shifted considerably through time.
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Conversion of estuarine wetlands to agriculture and uglancounted for 4®ercentand 42percentof

losses respectively, between 1996 and 20@onversion to agriculture accounted for @&rcentof

estuarine wetland losses between 2084d 2006, while conversion to development and upland

accounted for 3'percent of losses each between 2066d2011.From 2011 and 201 &onversion to

unconsolidated shore and open water were the leading sources of estuarine wetland losses, accounting

for 38percentand 32percent respectively.

Table5.6. Netlossorgain @ a Saddz NAyS ¢SdftlFyR I ONBIF3IS o6& GeLs
wetlands and other land cover classes. Positive values representgaimetf estuarine wetlandérom

the specified land cover class and negative values repredessaf the estuarinevetlandsto the

specific land class cover.

Estuarine Wetland Time Period

Conversion To: 19962001 20012006 20062011 20112016  20-yr period
Development -6 -16 =77 -15 -114
Agriculture -30 -62 -1 0 -93
Upland -26 4 =77 -9 -108
Palustrine 0 0 0 0 0
Unconsolidated Shore 252 1 -54 -31 168
Open Water 400 75 146 -26 595
Net Change 590 2 -63 -81 448

North Carolinghas wetland standards (15A NCAC 02B.0231) that provide protection of wetland
functions. The NC 401 and Buffer Permitting Branch enforces the 401 certification, isolated waters
permitting, buffer authorization, and buffer variance processes. Proposedgtsajeay be exempted,
deemed approved, approved with written notification (with or without mitigation requirements),
requesting more information, or denied depending on the size and type of project. Some permitted
projects may also require wetland, streaamd/or buffer mitigation to account for losses due to impacts
above the mitigation thresholds (15A NCAC 02H .0506 and 15A NCAC 02HiR{E)on impact
thresholds for Wetlands (WLs) and Saltwater Wetlands (SWLs) are 0.10 acres. For isolated wetlands,
thresholds are less than or equal to one acre in the coastal region, and lessrtequal to 0.5 acres in
the Hedmont region. The DWR tracks wetland, stream and buffer impacts that are permitted through
the 401 Wetland Program.

Information on cumulatie impacts to wetlands can be summarized fromdatadv Q& . I aAY 6A RS
Information Management System (BIM$he database records DWR issued permits and certifications.
The data represents an underestimate of impacts for several reasons. In 2005 the datpstase was
changed, and possibly as much as 50% of the records did not pull into the new system successfully. The
database was designed primarily for NPDES permits, rather than 401 wetland certificates, leading to
some issues. Also, some records do natehall the fields recorded, which may be needed to filter out

the wetland type, location, or activity type. However, based on the information that is in the BIMS
database, approximately7,984 acres of wetland impacts were permitted statewticiough 12,386

issued 401 certifications and Isolated Wetlands and Waters permits between January 1, 1990 and
December 31, 2019{gure5.2). The areas having the most impacted acres were frequeathstal

counties particularly in the 19908runswick, Onslow, and @eret consistently had high impacts across

the three decades. THBWR permit data for the 20 coastal counties indicate that in the 1990s, most
impacts were attributable tér 6 2NXKif I G SR | y RllowedydrédgingRaatekted and
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bulkheads inecldeswater dependent structuresuch as boat basinsjarinas, docksandbulkheads
From 2000 to 2010, there was a large increase in mining impacts. Since 2010, most impacts were
associated with transportation (Figure 5.3). Some of the impacts are offswitigation.

For any CAMA permit, a 401 certification is also required, so the wetland impacts recorded in the BIMS
RFEGFrolaS R2Sa AyOfdzZRS AYLI OdGa (2 alfidkoNIOlAAK YI
CAMA and 401 permitted impacts, the datan be filtered by wetland type. Based on that, over the 30

year period (199€019), 208 of 6,799 records involved impacts to salt/brackish marsh, with a total

AYLI OG0 2F nyodm | ONB A @ -NXKISI RASRIIOLOR  ANARLIZ KdInQdRa F 20Ny a7
impacts to 401 or CAMA wetlands, or both.

1990-1999 £ .
¥ & North Carolina Wetlands:
- ¥ Total Acres of Approved Impact
25 by county and by decade
: ) - <1.0 acre
2000-2009 o : . I 1099 acres

50 to 99.9 acres

100 to 499 acres

- 500 to 999 acres
I 1.000 to 5,000 acres

N g 25 s0 100 Miles

2010-2019

Maps created by Kristie Gianopulos (NC DWR)

Figure5.2. Total acres of approvesletlandsimpactsacrossNG 19962019%
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Figure5.3. Permitted wetland impacts by primary activity typeNQ 20 coastal counties,990-20198°
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5.2.3 Current and Future Threats
Dredge and i Alterations Associated wittDevelopment

INNG the US Army Corps of Engine@uSACEPWR through ta Environmental Management
Commission (EMC) amivision of Coastal Managemei@CM) through the Coastal Resources
Commission (CRC) have authority to regulate wetlafideCRas authority to regulate coastal
wetlandsand activities within the 20 Coastal Countigsm the Coastal Area Management Act (CAMA)
and NC Dredge and Fill Law. Coastal development rules are included in 15A NCAC 07B and 07H. Impacts
to coastal wetlandgestuarine species listed in rulejust be avaded and minimizedThe CRC rules do

not allow mitigation for coastal wetland impacts unless the project is deemed to have a significant
public benefit. TheUSACIBas authority to regulate wetlandsdm Section 404 of the Clean Water Act
(CWA)Nd Sectiorl0 of the Rivers and Harbors Act. If a federal 404 permit is to be issued, DWR must
also review the projecindissuea 401 certificatior{Sectiord01 of theCWAand 15A NCAC 02B and

02H). Avoidance and minimizatiomust be pursued before mitigation for pacts is considered.

TheEMChas wetland standards for all classifications of wetlafid#\ NCAC 2B .0230231) The

standards are used to assure existing uses of wetlands are protected. The uses include storm and flood
water storage and retention, modation of water level fluctuations, hydrologic function (groundwater
discharge and rechargdfiltration or storage of pollutants, shoreline protection, habitat for wetland
dependent aquatic organisms including fish, as well as other wildlife sp@tiegb1 Certification rules

(15A NCAC 02H .0500) and NC IsolgifetiandandWaters rules (15A NCAC 02H .1300) allow property
owners to apply for approval to conduct projects in wetlands. Projects exempted, deemed approved, or
in receipt of an approval letternder these permitting rules satisfy the wetland standards in 02B .0231.
However, hresholds exist under whicketlandimpacts are allowed without mitigation being required.
Asdescribedn the previous section, thpermitted impacts can be cumulatively sificant over time.

A new concern is loss of jurisdiction over wetlands, due to changes in the EPA and the US Department of
GKS ! N¥yeQa 22Ayd bl@A3rotS 2FGSNAR tNRGIGSOGAZ2Y wdA S
PYAGSR {GF (S a ction50X7) br{JEne 222 2020.{Tke revised definition of WOTUS

eliminates certain waters and wetlands due to lack of direct surface water connectivity; therefore,

reducing the scope of waters federally regulated under the CWA (CWA, 33 U.S.C.&8&2ZbUnder

the modified definition, WOTUS includes all wetlands adjacent to: traditional navigable waters (including
territorial seas); tributaries to those waters; jurisdictional ditches, lakes, and ponds; and impoundments

of otherwise jurisdictional watergJnder this rule, wetlands continue to lefinedast i K24 S | NBIF a
are inundated or saturated by surface or ground water at a frequency and duration sufficient to support,

and that under normal circumstances do support, a prevalence of vegetatioralypéclapted for life in

aF GdzN> GSR &a2Aft O2yRAGAZ2yad 2SGflyRa ISySNIrtfte AyoO
Wetlands that do not directly abut or have a direct surface water hydrologic connection are not
O2yaARSNBR alF R2l OSyi(ié dzyRSNJ GKS b2t wo

An analysis of the potential impacts of WOTUS, found thetand types most at risk include

floodplain pools, pine flats, pine savanna, Aarerine swamp forest, seeps, headwater wetlands,

bottomland hardwood forest and bodéThe studyindicated that approximately 2gercentof

headwater wetlands in th€oastal Plaiwould no longembe jurisdictional Due to their position at the

upper tributary, headwater wetlands are critical for filtering pollutants from the immediate watershed

and goring large amounts of floodwaters, thereby improving downstream water quality and reducing
flooding.Numerous state agencies provided comments in response to the proposed hdBWR,
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DEQand Office of the Attorney General of the Statad\$E(OAG) redyed concerns with the loss of
wetlands that were previously covered under federal jurisdiction, and how the proposed rule would
affect jurisdiction, regulation, and protection of these vital resources.

Since the recent adoption of the NWPR, whichnofohyg dza Sa GKS GSNY aGAraztl Gd§SRX
category of federally nojurisdictional wetlands thais no longer eligible for coverage under the 401

permitting regulations, nor are they eligible for coverage under the isolated wetlands permitting rules

sin6 GKSe@ R2 y20 YSSi (GKS RSTAYAGAZ2Y 2F aArazftl iSRS
to these federally nofjurisdictional wetlands will not satisfy 02B .0231. There is also concern that

impacts could occur. To maintain the wetland permittmgchanisms at levels like those in existence

prior to the NWPREMChas adopted temporaryules to provide landowners with a mechanism for

F LILINR @1 f G2 O2y RdzOG -jusisdlittibnal And ndasol@ed walgnBsSTHEMCAI® y 2 Y
notpropoanyY2 RAFAOI GA2y (2 SEA&GAY3I 6SGflyR-nateR § SOGA 2
ponds, stormwater/wastewater measures, ditcheBgrmanent rules to replace the temporary rules are

expected to be presented to the EMC for approval. This would providefioéad protection to wetlands.

Ditching and Draining forghkiculture,Forestry, and Bvelopment

As noted in thestatus and trends section, conversion of wetlands for forestry and agriculture has been a
major source of wetland loss historica#ljpd in morerecent decadesDitching is done to drain water

and lower the water table, allowing agricultural crops to grow and allowing heavy equipmbatuest
forested wetlands. Ditching has alkeen done to lower the water table tdlaw development, leading

to wetland loss and increased runofihe process of ditching and draining not only alters the
hydroperiod of the wetlands to neoptimal corditions that may not support wetlandbut alsoimpacts
their ability to store water onsité® 8 Consequentlyrunoff to surface waters increases and is flashier
during large rain events, resulting in less filtration of pollutants. Nutrients from loosened organic soils
and fertilizer, as well as pesticides are transported in the runoff to surface waters. Ine&@tamty,

when a 6,00eacre tract of ditched farmland was patrtially restored to wetlands with natural hydrology,
water drainage from the site went from taking hourstékingdays®

The federal Clean Water Act exempts most agriculture and forestwitasifrom having to obtain a
permit to disturb wetlands, described in Section 404(f)(1) of GN&A While permitting is not required,

the CWA still requires that thevetland not be converted to a newetland, andalso requires those
activities toimplement measuregrescribed in the CW#o minimize overall wetland disturbance, as

well as the deployment of BMPSVegetated buffers are one BMP that would be beneficial for wetlands
and water quality.

Howevert in areas designated as NSW and having nutriemtagament rules (€., Neuse, TaPamlico),

agricultural nutrient loading requirements are includedN@ the performance standards defined by 02

NCAC 60C .0100 to .0209 Forest Practices Guidelines Related to Water Quality must be met if a forestry
operation is to remain exempt from submitting an erosion and sedimentation control plan, obtaining
LISNXY¥AGa YR YSSiAy3a 20KSNJ NBIljdANBYSyia RSEAONRAROSR
Act. TheNC Department of Agriculture and Consumer Services (I3#&rest Serviceelies on

education and monitorindor FPG compliand®e ensure that operations are complyinda violation is

not corrected, the agency will notify the DEQ to take potential enforcement actida.S & C2 NB & (i NB .
al yrasySyid tNIOGAOSa alydzat G2 tNRGSOG 2 G§SNJ vdz f
water quality and meet the criteria required in rule. The marigain track to beipdated in 2021and

in consultation with the USACBnse notable revisionare being madéo the BMPs for silvicultural
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activities in wetlandsincludng more thana dozemew BMPs for harvestinimber in bottomland
swamps, anchew BMPsfor minimizingerosion and sedimentation impacts whemanaging minor
drainage®

Shoreline stabilization

{AyO0S (GKS wmdy n Qa NCHad sHified fdzn Sgridulfuralyisés utanladd iurat
development®® These levels of development among the 20 coastal countid&Chive only

continued to increase. TECOffice of State Budget and Management reported a 9.98 percent
population increase from 2010 to 2019 (Tabl@).*> Between 2019 and 2039, the populations of
numerous NC counties within the Coastal Plain are predicted to increase by more than 16 percent and
multiple counties with estuarine coastlines are predicted to grow by greater than 30 percent (Figure
5.4).

Table5.7. Estimates of theotal population ofNQ2 & coastalcounties forApril 2010 andluly 2019as
well as absolute and percent change otter same period?®

County Total Population Change

April 2010 July 2019 Number Percent
Beaufort 47,784 47,436 -348 -0.7
Bertie 21,275 19,630 -1,645 -1.7
Brunswick 107,429 143,169 35,740 33.3
Camden 9,980 10,559 579 5.8
Carteret 66,463 70,986 4,523 6.8
Chowan 14,793 14,141 -652 -4.4
Craven 103,498 102,989 -509 -0.5
Currituck 23,547 27,677 4,130 17.5
Dare 33,920 37,599 3,679 10.9
Gates 12,185 11,954 -231 -1.9
Hertford 24,677 23,857 -820 -3.3
Hyde 5,817 5,145 -672 -11.6
New Hanover 202,683 233,062 30,379 15
Onslow 177,801 207,252 29,451 16.6
Pamlico 13,143 13,286 143 1.1
Pasquotank 40,661 39,953 -708 -1.7
Pender 52,196 63,153 10,957 21
Perquimans 13,452 13,740 288 2.1
Tyrrell 4,407 3,773 -634 -14.4
Washington 13,193 12,113 -1,080 -8.2
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FHgure 5.4 Predicted population growth for counties falling entirely or in part within Coastal Habitat
Protection Plan (CHPRYgions 20192039%

Increasing development on the coast is expected to bring increasing demand for shoreline stahilization
More than 48,000 properties valued at $13 billion are predicted to become chronically inundated by
2100 under relatively conservative SLR estimates values that could more than double under more
extreme SLR scenarids.2012, DCM delineated the shoreliaed stabilization and docking structur#s.
Bulkheads were the dominant type of stabilization structure. Of 10,6%8swii shoreline, the study
identified approximately 500 miles of bulkheaded shoretliimectly abutting surfacevaters, 75miles

with bulkheads with some amount of marsh waterward of the structure, and 1&gsuof bulkhead with
sediment bank waterward of the structure. Riprap was the next most common structure with 182 mi
As of 2012, there were roughly 815 miles of armored shorelinecahd4.9 miesof marsh sill, the term

for living shorelines in rule (Figuseb). In the time since, the amount of shoreline armoring in NC has

increased to 1,100 mil€eX.

496.8

Bulkhead
Riprap e 1381.5
Bulkhead with Marsh Waterward s 75 4
Bulkhead with Sediment Bank Waterwars 16.7
Groin m 14.0
Riprap with Marsh Waterwardm 11.5
Breakwater 1 7.2
BoatRamp 1 6.9
Riprap with Sediment Bank Waterward 5.4
Sill 1 4.9
Jetty 1 4.4

0 100 200 300 400 500 600
Total Length (mi)

Figureb.5. Coastwide extent of shoreline with shoreline structures withilfd 20 coastal counties,
based on 2012 aerial imagety.
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In total, eight percentof the shoreline had some type of shoreline stabilization structuréndruS it is
estimated that approximately 1gercentof all estuarine shoreline hdmen hardened® Shoreline
hardening may, effectively maintain shoreline position in the skeren, but their exacerbation of
erosive processes via reflection of wave energyf€i.g and their reduced structural complexity
compared to shoreline vegetation or fringing oyster reefs can lead to the loss of ecosenteénes
(e.g, fish habitat, waterquality enhancement) provided by the shoreline habitats they repfac¥®

1981 1992 2006 2013

Legend

Landward bulkhead sites

~——— 20 m transects

Marsh areas

Figure 5.6Time series of two bulkhead sites illustraf changes in marsh width, 1920131

Shoreline Erosion

Wetland loss also occurs along natural shorelines due to wave energy from wind and boat wakes. As
noted in the ecosystem services section, shorelines with wetland vegetation are much more resilient to
erosion.In a study looking at wave energy along digfetrshoreline types, the presence of wetland
vegetation had a stronger effect on erosion rates than wave energy, suggesting the value of living
shorelines to reduce shoreline erosifiwave attenuation was positively correlated with stem density.
A study ih Carteret County that examined the effect of boat wake energy on shoreline erosion noted
that in low wave energy settings, marshes that were subject to greater boat wake energy (closer to
navigation channels or high boat dock density) were narrower tharshes subject to less boat

induced wave energ{>Measurements confirmed that boat wakes can contribute more to wave energy
than wind in some settings. Studies indicate that severe storms and hurricanes do not significantly
impact marshes. Since water lds@re usually higher than normal, waves pass over the top of the
plants, transporting sediment into the marsh, which in turn helps build elevatidif? Low to moderate
storms that occur more frequently have a greater impact on salt marsh erosion, especially when they
occur at low tide.

Living Shorelines are a vialaled desirablealternative to vertical shoreline hardening and a solution to
wetlanderosion thatinclude a suite of options for shoreline erosion control. The structures are designed
to provide erosion control and maintain existing connections between upland, intertidal, estuarine, and
aquatic areas, allowing ecosystem services suclsh$ébitatwater quality enhancement, and flood

control to continue. Unlike vertical stabilization measures such as bulkheads, living shoreline techniques
use native materials such as marsh plants, oyster shells, as well as rock or chasedemateria
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While coastal wetland vegetation can effectively buffer shorelines in areas with low to moderate wave
energy, in some locations or situations, other natii@sed structures (e.g., oyster reef breakwaters,
sills) may be needed to augment the coastal pobion services of natural or restored vegetation on

shorelines in areas with high wave ene(§jgure 5.7

-ERTECHNIQUES

Shorelines
SILLS -
Parallel to
vegetated

shoreline, reduces
wave energy, and
prevents erosion.
Suitable for most
areas except high
wave energy

BREAKWATER -
(vegetation
optional) - Offshore
structures intended
to break waves,
reducing the force '
of wave action,and sites with e
encourage sediment hardened
accretion. Suitable  structures.
for most areas.

environments.

Figureb.7. Continuum of shoreline stabilization methods, from most natural and softest (green) to least
natural and hardest (gray), with theegenest methods being more effective in low to moderate wave
energy, and grayeshethods being more effective fatigh wave energy®®

Multiple gudies fromNC support use of living shorelines as an effective method of shoreline
stabilization that also prodies substantial ecosystem service benefits, including provision of fish nursery
habitat 8> 108 107108 109 A comparison of natural marsh shorelines to living shorelines with restoargh

and sill found that the living shorelines had 1.5 to 2 times greater sediment accreti) irateating

their effectiveness in controlling erosidt.A studycomparing shaeline changerates pre and post
installation of living shorelines with sills foutitht 12 of 17 monitored living shorelines sites along the
coast showed reduced erosion rates, and six of those sites showed accréRasearch has also

looked at the eficacy of living shorelines for erosion control during more extreme events, such as
hurricanes and surveyed sites were more durable than bulkh&4d® Post-hurricane shoreline surveys

in NC followindHurricane Irene found that, in contrast to the @ércentof surveyed bulkheads that
incurred damage, none of the estuarine masstorelines, with or without sills, experienced damatfe.
Other research hadocumented the value of widecale use of living shorelines for carbon sequestration
and nitrogen removal?”**With mounting evidence of the damamgy impacts of shoreline armoring to
estuaries, there is a critical need to embrace alternative, environmentally friendly shoreline stabilization
techniques.

Marine Debris

An emerging and less understood threat to wetlands is marine debris. The Marine Debris Act of 2006
RSTFAYySa YINAYyS RSONRA & alyeée LISNBRAAGSYD
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indirectly, intentionally or unintentionally, disged of or abandoned into the marine environment or

DNBI G [F1Saédd 22NI RGARSY INBFGSNI | OOdzydzAt F A2y 27
estuaries, with plastic comprising 80 percent of coastal debris. Wetlands are susceptible to marine
debrisdeposition from both ocean and ladzhsed sources due to storms and tides pushing debris in

from offshore, and drainage systems or stormwater discharges that bring debris from nearby developed
land. Marine debris in wetlands can range in size from miesifas, abandoned fishing gear, sections of
wooden docks, up to large items such as derelict vessels. Due to the complex structure of the wetland
plants, debris often becomes trapped once in the wetland, and macroplastics break down over time to
micro- andnanoplastics, where they aggregate with natural particles, becoming biologically available to
organisms in the sediment. While larger marine debris can have negative effects on the physical and
aesthetic condition of wetlands, small plastic pieces cagr &larbon and nutrient fluxes within the

water column and sediments, altering logical processe$?In January 2020, the NC Coastal

CSRSNI GA2Y O6b// CUO LlzfA&aKSR (KS Gb2NIK /I NRBfAYIl a
for prevention and e removal of marine debris in N&.

The extent to which wetland habitat quality is impacted by marine debris is uncéttdnevious

research hagredominantly focused on the role that plastics play in the environment. Studies have
shown an accumulation of hanand microplastics in water, sediment, and in the tissues of

invertebrates and nekton in estuaries within proximity to urbanization. In Mdsd-agoon, FL, a

riverine system that has seen high increases in development in the last 30 years, elevated
concentrations of microplastics were found in the organic tissues of the eastern oyster and Atlantic mud
crab. Both species, which are commonidat marshes, are potentially higisk animals for microplastic
accumulation:**More research is needed to determine the impact of degrading plastics and other litter
on wetlands, and associated sediment and benthds.

Climate change

The rate of SLR is expected to continue increasing as the ®xweaam.''® Coastal wetlands are highly
vulnerable toSLR impast’™ '’ As sea levels rise, coastal wetlands only have two mechanisms to adapt
to prolonged periods of inundation. The first mechanism is to adjust vertically within the water column
through saliment accretionAnalyses of longerm monitoring sites in NC have shown many of the
fringing marshes were failing to keep pace with rates of SLR and are essentially drowning itf place.
These results indicate that marshes in these areas will requirelitiéyao migrate upslope rather than
building in elevatia of existing habitat.

The second mechanisis for coastal wetlands to migrate inlandls sea levels rise, estuarine water
inundates landward and increases soil salinity, making these areas laétblafor saltwaterintolerant
species in lowying forests and agricultural lands. Terrestrial and freshwater plants are eventually
replaced by halophytic marsh vegetation as the marptand boundary moves landward (Figure 5.8).
There are many environnmgal factors that influence the ability of wetlands to transgress into adjacent
areas, such as topography, hardened structures, or drainage features, but among the most impactful is
land use. The ability of a marsh to transgress along its natural patligoftion is impeded in areas

where hardscapes, such as roads or urban development, are present. Where this occurs, the marsh
erodes at the waterward extent and remains stationary at the landward extent. Trapped between rising
sea levels and impediments itmland migration, marsh width decreases, a phenomerefarred to as
coastal squeezd&he proximity of dvelopment along the waters &Cisrestricted bybufferrules.

However, as sea levels rise and affect tidally influenced shorelines, establishedskuififbe reduced.
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Figure 5.8Conceptual diagram of process of natural marsh migration with sea level rise (SLR), and
coastal squeeze when migration is impeded.

Rising sea levels also introduce the concern of increased saltwater intrusion alac@p#teSaltwater
intrusion (SWI) is the hydrological alteration of the interface of freshwater and saltwater caused by
several environmental and anthropological factors. Natural influences of SWI may include storm surges
from extreme weather events, drois, periods of heavy rainfall, climatic changes, and subsidence or
rebound. Humarinduced SWI can be caused by land drainage, aquiferdinaw, reduction in

freshwater discharge from dam epations, and land use chang&$

Shifts in salinity threaten naté wetland habitatshat are notsalttolerant. Saltwater intrusion

introduces saline water to soils and changes biochemistry which produces sulfides that are toxic to salt
intolerant species. Prolonged exposures and increasing frequencies of floodiagtidiininchigher
salinitywaterscan result in permanent shifts in plant communities and conversion ofgigdaimp to

tidal marsh habitat$?° Ghostforests areas of dead trees in former freshwater forests, typically due to
saltwater intrusionare present along the coaand increasing, particularly on the AlbemaRamlico
peninsulat?! Once trees in tidal swamps cannot tolerate salinity and biogeochemistry changes, the
habitat is replaced by herbaceous vascular plant speaeitshigher saliniy tolerancesAnalysis of land
cover change in the Alligator River National Wildlife Refuge (NWR) from 1985 to 2019 found 11 percent
of the forested cover became ghost forest. Additionally, 2,844 acres of land were lost to erosion and
47,691 acres of foregonverted to shrub or marsh. The ghost forests and land loss were attributed to
SLR, salinization, and storm surge.

5.3 Discussion

In August 2020, three virtual wetland workshops were HBldhe CHPP Team to solicit input from
coastal and palustrine wetlarglibject matter expertsegarding wetlanadtoncerrs and potential

102



Chapter 5. Wetland Shoreline Protection and Enhancement with Focus on Nature
based Solutions

solutions. Seventy participants from state and federal agenciesgoearnment organizations, and
academia participated. Topics of the three workshops were mapping and monitoring, threhts an
conservation, and restoration and living shorelinedormation and input gathered from these
workshopswas incorporated into this issue paper, particularly the discus$fdvieeting materials and a
summary document are availalée http://portal.ncdenr.org/web/mf/habitat/chpp/07-2020-chpp.

5.3.1 Mapping and Monitoring

Mapping

Comprehensive inventories of natural resources, including wetlands, are recognized as critical
components for iformed management, policy, conservation, and restoration actions. Inventories
informed by robust mapping efforts provide managers the information needed to assess the impacts of
anthropogenic activities, changes over time that are attributable to natunehpmena, and the
outcomes of management actions and restoration efforts. Consequently, shortcomings in wetland
mapping, either in their resolution or comprehensiveness, can impede the development of
comprehensive wetland inventories, pose a challengeottdaicting robust environmental impact
assessments, and broadly hinder dalidven natural resource management. Therefore, safeguarding
b/ Qa Yyl Gdz2NFf NBaz2dz2NOSas gKAES Ffft26Ay3a F2N ad
F@FAf oAt AGE 2F O2YLINBKSYAaA@S RIGF 2y (KS RAA
percent of which occur within the Coastal Plain.
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The two primary wetland mapping sources that provide coastwide wetland distribution data include

5/ aQad 2SitryR LY@Syi2NEX YR (KS blrdAz2zylt 2SGfl yR
deepwater habitat maps throughout the United States using pliaterpretation of aerial imagery and

is the most extensive inventory of wetlands in the United States. Imagery costs and the lengthy time to
delineate imagery deter the ability to produce new or update existing wetland maps. Further, the

accuracy of imagg interpretation that informs NWI maps coming from multiple sources, is dependent

on the quality of the imagery, availability of groundtruthing data, and repeatability by photo

interpretation analysts.

The DCM created a coastwide wetland inventory inrtid-m docpn Q& dzaAy3d b2L RFEGEZ I
classification from satellite imagery (Landsat data), and colewgl soils data. The resolution and

I OOdzN> Oé 2F 5/ aQa ¢SiflyR Ay@Syid2NBs Ff2y3 gAGK 0
today 122 Other federal mapping efforts related to wetlands are conducted by the United States

Geological Survey (USGA3$ Department of Agricultutdatural Resources Conservation Service (NRCS),

and NOAA at different time intervals and mapping protedol b h !-CARriventories coastal

intertidal areas, wetlands, and adjacent uplands on-dodive-year intervals at a spatial resolution of

30 x 30 m pixels using Landsat data, aerial photography, and field obser/atipasdsat data remains

challenged by the relately long period between revisits (28 days), cloud cover obstructing data

collection, and shadows confounding interpretatitiAs a result, the €€AP has an accuracy target of

85 percent overall and 80 percent per habitat cl&Ss.

National and state inugories for land cover and wetlands are important tools used to formulate and
evaluate the effectiveness of wetland policies and are integral to models used to predict the aerial
extent of wetlands under a variety of future scenartésTherefore, the accuacy and resolution of

these datasets have cascading effects throughout natural resource management and the research by
which it is informed. While the spatial and temporal resolution of current NO&ARE data has proven
valuable for detecting largecalechanges in wetlands, particularly when the conversion occurs between
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distinct land cover types, numerous studies using higleplution imagery have documented wetland
conversions that were not depicted usingd®P data?®1?° Fortunately, there are effortanderway by
NOAA ECAP to generate spatially robust, high resolution (1m x 1m pixel) land cover inventories and
map products. High resolution NOAACBP mapping remains limited to a select few partner-sbsire
pilot projects around the country?’ While rationwide one meter resolution mapping is a goal of NOAA
G-CAP within the coming decade(s), acquiring this data in the-teear and deriving the competitive
advantage will require collaboration and funding through establishing partnerships.

The dramaticly improved maps resulting from these pilot projects hold considerable promise to
AYLINR@GS yIFGdzNI f NBaz2dz2NOS YIFIylF3ISNEQ FoAfAGE G2 GNI
Further, higher resolution mapping of land cover has appreciafiengial to improve predictive models
critical to allocating scarce conservation and restoration resources. For exampleebajition

mapping of impervious surfaces and other barriers to marsh transgression is imperative to the
identification of prioriy marsh migration corridors! During the CHPP Wetland Workshop, NOAA
representatives indicated the possibility of including NC mapping at thexater resolution as a pilot
project, however state matching funds would be requir&tle value of highesolution land cover

mapping extends well beyond coastal resource management applications, providing information
invaluable to planning and administration of transportation, agriculture, utilities, infrastructure, habitat
management, and other purposes. As suibgstal resource management agencies should consider
working with other state agencies to pull together the funding necessary to commissiemetsz land
cover mapping.

Developed / Impervious %
Grassland / Herbaceous

Forest / Tree
Scrub / Shrub
Bare Land

Figure 5.9Land cover map of Seattle Tacomagdhingtonwith (A) 1 m baseline draft mapping and (B)
30mexisting  GA2ylFf hOSIFYyAO I yR | NDXRChasH ENaRgd AnalfBig A y A & (i NI (
Program (GCAP) dat&®

There are several emerging technologies that have potential to allow more precise mapgirg edter
efficacy. Satellite data (Landsat) and aerial imagery are more available but have low to moderate
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resolution. Unmanned Aircraft Systems (UAS) (i.e., drones), can provide rapid high resolution mapping
but are not practical for a coastwide assessimne? A process known as data fusiaman use the high
resolution UAS imagery, that has been field verified, to train classifications of lower resolution satellite
imagery, such as WorldView (1.24 m resolution) or RapidEye (5.0 m resolution), improviegyotu
habitat classification with the satellite imagery, and is a method to generate 30'dat#.Another
technigue known as deep learning neural network uses a time series of satellite imagery to evaluate
land cover change in a way that reduces poicessing time and increases speed of map creation. The
Duke Marine Lab evaluated change in land conehe AlbemarlePamlico peninsula between 1989 and
2011 with Landsat imagery and this deep learning technique. They were able to depict where farmland
had transitioned to wetlands, particularly along ditches and canals, and wetland forests along the
estuarine shoreline converted to ghost forests. Once proven, this technique would allow automated
habitat classifications and rapid change analysis. The ability to assess wetland change rapidly and
accurately is critical to focusing management and restoradictions in priority areas in a timeffective
manner. Ury et al. (2021) similarly examined change in land cover in the AlligatoNRiRersing

LandSat imagery from 1985 to 20%9.

Monitoring

NorthCarolingQa 2F FAOALIf 46SGfFyR Y2yAUG2NRY 3 LINPINIY 61 a
DWR) in 2004. Since its inception, wetland monitoring conducted by DWR has been funded primarily by

thS 9t ! Q& 2SGfFyR t NEINI Y. iedns fird gdntPymarilyBhppoytdda 62t 5D
efforts to monitor headwater wetlands, subsequent grants have provided funding to monitor basin

wetlands, riverine swamp forests, and bottomland hardwood foréstated across multiple

watersheds. Between 2004 and 2015, projects funded largely by the EPA resulted in the monitoring of

248 wetland sites132 of which were within the CHPP reg{éigure 5.10; Table 5.8). Due to the grant

duration and project objecties, most (147 of 248, or 59 percent) were monitored for one year or less.
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Figure 5.10Location and sampling duration of wetland monitoring projects conducteithéosi\C
Division ofWater ResourcedDWR)and partners2004-2015.
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Since 2004wetland projects have conducted field evaluations of restored mitigation wetlands, studied
headwater wetlands, characterized isolated wetland hydrologic connectivity, water quality, and biota,
and assessed use of natural wetlands for stormwater assimilation, aostbegs!3® The Wetland

Program Plan (N@PP) was developdny DWRn 2015 and is updated every five years to guide actions
to research and protect wetland$€® The plan is currently being updated and will be finalifed

approval by the EPilh 2021. The Division of Mitigation Services (DMS) compiles monitoring reports for
compensatory mitigation projects, and the Wildlife Resource Commission (WRC) has conducted
monitoring to assess abundances of select fauna of interest.

Since the dissolutn of the Wetland Program Development Unit in 2013, wetland monitoring efforts by
state agencies have continued but on a sherim basis and much more limited scal@ provide a

AL GAFEfe NROdzal AYy@SYyl2NER 27T lodeBecdogigaly indahiggil 2 F
temporal scales, there is a need to move away from a dependence on external grant funding, which can
be intermittent and variable in their research objectives, to a recurring state appropriation for
standardized wetland moniting that is critical to generating the data needed for science driven
management.

Table5.8. Number of sample sites by wetland type witi@onastal Habitat Protection PlaGKIPP
regions. Includes sampling thye NCDivision ofWater Resources (DWR)d patners, 20042015.

CHPP Region
Wetland Type 1 > 3 2 Total
Basin 0 1 2 27 30
Bottomland Hardwood Forest 0 4 0 2 6
Brackish/Salt Marsh 2 12 3 0 17
Estuarine Woody 0 4 0 0 4
Hardwood Flat 4 4 0 0 8
Headwater 1 11 1 6 19
Non-Riverine Swamp Forest 0 0 1 0 1
Nonttidal Freshwater Marsh 1 1 0 0 2
Pine Flat 1 4 0 2 7
Pocosin 1 2 1 4 8
Riverine Swamp Forest 7 8 1 14 30
Grand Total 17 51 9 55 132

In contrast to the shorterm monitoring typical of EPWPDGfunded projects that took place between

2004 and 2015, the NC Sentinel Site Cooperative (NCSSC), one of five cooperatives established
throughout the US with NOAA funding in 2012, has establistregiterm monitoringsurface elevation

in coastal habitatsn eastern NC. The cooperative consists of partners from NOAA, NC Coastal Reserve,
DCM, NC Sea Grant, Department of Defense, National Park Service, the NC Aquarium at Pine Knoll
Shores, academia, and town governments, with the goal of leveraging resogross arganizations to
provide stakeholders with information to address SLR and coastal inundation. A component of the work
the NCSSC conducts is the monitoring of coastal habitats to address impacts of SLR. This has entailed
leveraging existing and estaddiing new sites for the loagrm monitoring of elevation change using
surface elevation tables (SET), which are portable mechanical instruments that provigedogftion
measurements of elevation change within wetland sediméfft$here are currentlywer 125 SETs
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throughout coastal NC generating information on the degree to which coastal marshes are keeping up
with SLR (Figure 5.11).

Time Since
Installation (yrs)
o <5 e 5-10
o0 11-16 e 17-27

Figure 5.11. Surface elevation table (SET) locatioNEi?

NumerousNCuniversities andhon-governmentabrganizationsNN\GO3are conducting research

involving coastal wetland monitoring. However, the various sampling methodologies in these studies
have impeded efforts to combine data to generate a meaningful picture of habitat condition at broader
spatial ortemporal scales. The development of standardized protocols to monitor wetlands, coupled
with a central repository to submitports orstandardized data would facilitate policy managers and
natural resource managegability to formulate actions based anbust, scientificallyalidated
information. Arepository of standardized wetland monitorimigta, which would include information

from both published and unpublished studies, could minimize redundant sampling by researchers
unaware of similar projects arfacilitate synergistic collaborationat the 2020 CHPP Wetland
Workshop, most participants recognized the value of standard sampling protocols but noted that it
would be difficult to implement due to different research objectives and funding sourcese Was

strong support for a central repository that included a database of who and where monitoring was
occurring and completed reportBoth the formulation oBome minimunstandardized sampling

protocol and the development of a centralized repositoryl vaquire an inclusive process of
consultation between practitioners, managers, and other user groups.

5.3.2 Coastal Resilience Planning

In NC and globally, the loftigrm sustainability of coastal populations is inextricably linked to coastal
ecosystem servas, including fisheries production, storm protection, water quality enhancement, flood
control, and carbon sequestration. Coastal resilience planning is a crucial first step to reducing
vulnerability of coastal communities, including loss of habitats am$gstem services due to climate
change. Climate change is expected to bring an increasing rate of SLR and an increasing intensity of
hurricanes, storms, and heavy rain events. These changes will increase flooding, shoreline erosion, and
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damage to communytinfrastructure, and consequently impact the coastal economy. Impacts to fish
habitats are also expected due to changing water levels, water quality, and chemical properties
(temperature and salinity). Expected impacts were described in detail in the Z2RRlimate change
chapter, the NC Climate Science Report and the 2020 Resilienc& Pfan.

Vulnerability assessments are valuable tools to assess where communities are most susceptible to
hazard risks, including climathange related weather events, and to provide these comniemitvith

actions that can be taken to prepare, adapt, and lower risks. Assessments can inventory extent and
location of natural infrastructure that provides flood, erosion, and water quality benefits. The Nature
Conservancy (TNC) and the National Centar€bastal Ocean Science (NCCOS), along with other

partners developed a coastal resilience decision supportfddlhe tools show areas at risk under

different flood events and SLR scenarios, wetland distribution change under various SLR scenarios, and a
living shoreline suitability tool. The USACE also conducted a regional assessment of risk from storms and
SLR to support resilient communities and habitats.

Another resilience project was developed as part of the Natural and Working Lands component of the
2020 Resilience Plan. The project is intended to help state and local government, land conservation
trusts, and landowners identify natural and working lands that can provide the most benefit if they are
protected or restored** One ArcGIS story map pridzies marsh for their importance to protecting

assets, such as populated areas, historic sites, and key natural areas. Another depicts the distribution of
marsh and SAV, natural habitats that provide water quality value. Potential future marsh migration, if
not blocked by stabilization structures or development, are shown for different SLR scenarios (Figure
5.12). This could help communities decide where to strategically conserve land to allow for marsh
migration’*

The NC Resilient Coastal Communities Program was a recommendation of the 2020 Resilience Plan. The
program, a partnership with NC Office of Recovery and Resil{Bl@@RRNC Sea Grant, TN&hd

DCM, provides financial grants and technical assistance to support proactive local efforts to improve
community resilience to climate change. The program aims to assist communities with risk and

vulnerability assessments and development and impleratoih of prioritized projects that improve
resiliency**>™DNJ y i FdzyRAYy3I FT2NJ RSPSt2LIAYy3 6 ISNAKSR NBal
319 grant progrant?*Watershed restoration plans often utilize natubased solutions to address

runoff and waterquality issues.
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Figure 5.12Migration space necessary for marsh to move inland to avoid inundation under four sea
level rise (SLR) scenarios. The spaces shown do not identify where this is possible or not due to existing
development!!

5.3.3 Nature-based Solutions

DespiteNQQ & & dzLJLI2 NI 2F (GKS CSRSNIf b2 bSG [2aa 2F 6Sif
this overarclng policy goahas not been realizedue tomany factors, including policy choices

exempting certain impacts from regulations, roompliance, and the lack of mechanisms to address

losses that cannot be attributed to discrete human activities. As suishinitreasingly recognized that

conservation alone is likely insufficient to maintain the extent and functiok@a Ay @+ f dzr 6t S 02|
wetland resources and that wetland restoration will be an integral component of a multipronged

strategy to compensatéor losses.

Nature-based solutions include a suite of strategies that use natural systems, mimic natural processes,
or work in tandem with traditional approaches to address specific hazards. Communities across the
country can incorporate naturbased soltions in local planning, zoning, regulations, and built projects

to help reduce their exposure to flood and erosiampacts. Naturebased solutionsire based on the
understandinghat a habitat provides multiplecosystem service$> Nature-based solutioscan range

from land preservatiotior creation of parks or open spade,constructingengineered structures like
stormwater BMPs and living shorelines that include platsgside naturénspired features, such as
oyster reef breakwatersProtecting andestoring existing natural habitats is also a component of
nature-based solutions. Conserving wetlands in the floodplain has been one tool used by towns to
prevent development in vulnerable locations, which maintains flood and erosion protection provided by
the wetlands, reduces infrastructure damage, provides community recreation (greenway trails), while
protecting fish habitaand water quality
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Wetland Restoration

Wetland restoration methodsan be classified as passive restorat@ctjverestoration,or creation.

Passive restoration methods are those that mitigate factors that induce degradation or destruction of
gSGtlFyRaAZ Hff20ANBAGRESES2IOBR 4 NBEESd®ratiorNS | YST A
typically involved interventions to reste, improve, or recreate the processes anddtion of wetlands
through techniques such as topographic or hydrologic modification, adding sediment, and/or vegetation
planting*’ Creation involves the wholesale conversion of weetland land types (e.gupland,

agricultural land, subtidal flats), requiring hydrological modification, replication of soil physiochemical
properties, and wetland plant introductiofBroome et al. 2019 Each of these forms of wetland

restoration have been strategically us@ projects throughout NOhese include various forms of living
shorelines, hydrologic restoration, beneficial use of dredge material, and naased stormwater

BMPs’®

Maintaining vegetated buffers is a passive natbased solution to protecting wetlands and water

guality. Due to the expected loss of wetlands associated with climate change, evaluation of the existing
development buffer rules by technical committee would be helpful is assess the future efficacy of
those buffers when evaluating Sladd whether changes to those rules are needed.

Work on nekton recovery following the restoration of salt marshes and other wetlands has
demonstratel that fish use recovered following wetland restoration effofs!4® 150151 Further, there is
mounting evidence that living shorelines combining salt marsh with some form of nizspeed
structural feature (e.goyster breakwater, stone sill) can not only slow or reverse the retreat of salt
marsh shorelines but can also increase their value as a nursery habitat for both finfish and
crustaceang® 10

While wetlands are highly effective at trapping sediment and nutrientdifgrtant to note thatthey
cannot assimilate an indefinite amount of nutrienExcessutrient enrichment experiments have
shownthat eutrophication can increase above ground biomass while reducingdtabkizing below
groundbiomasst> Therefore wetlands carprovidewater quality enhancement benefits only if nutrient
mitigation efforts arealso in place

LivingShorelines

Living shorelines, as defined by the DCM and the Living Shoreline Steering Committee (LSSC), are a suite
of options for shoreline erosion contrtiiat maintain existing connections between upland, intertidal,

and aguatic areas which are necessary for maintaining water quality, ecosystem services, and habitat
values. Unlike vertical stabilization measures such as bulkheads, living shoreline testarigjaenature

based solution to shoreline erosion, typically using native materials such as marsh plants, oyster shells,
and occasionally structural materials (egjone) to stabilize estuarine shorelines, minimize erosion, and
enhance habitats for nate species.

As previously noted i€hapter 2. Implementation P gress on Priority Habitat Issues (202621),

since 2005substantialprogress has been made in documentthg benefits and limitations of living
shorelinesThis esearchverifiesthat living shorelines support a higher diversity and abundance of fish
and shellfish than bulkheaded shorelines, effectively deter erosion, survive storm eventamnaell

provide additional ecosystem servic€&onsequentlythis alternative to bulkheading has been

supported by the CRC and included as a recommendatioH&P >3 Encouraging living shorelines as
the preferred shoreline stabilization method is a key nathesed solution that can protect and restore
wetlands, as well as oysters in some areas. Outreach efforts have been done to increase awareness of

110



Chapter 5. Wetland Shoreline Protection and Enhancement with Focus on Nature
based Solutions

this technique tahe public and contractors\GG& and DCM have constructed several demonstration
projects. The CHPP Steering Committee requested that efforts continue to focus on encouraging living
shorelines to protect property, restore shoreline hi@lbj and improve wagr quality.”

TheLSS@as formed during the summer of 2018 to bring together federal and state ageNsB3s

and universities to communicate andl@aborate on education and outreach, research, and
implementation of living shorelines to support sustainable management of estuarine shorelines. This
Committee also acts as the AlbemaRamlico National Estuary Partnership (APNEP) Living Shoreline
Implementation Team and is ded by APNEP adiCCFThe Living Shoreline Steering Committee meets
multiple time a year to discuss ongoing research, outreach, and implementation of living shorelines in
NC In the past five yearsesearch and monitoring effortsave continuedOutreach and education

efforts have increased the awareness and shown the benefits of living shoreline techniques to
professionals (e.g., real estate agents, contractors, engineers) and the fffits to install living
shorelineshadlB a dzf G SR Ay (GKS O2yadNHzOGAZ2Y 2F ySENI& HXInn
20109.

A major regulatoryaccomplishmentor increasing use diving shorelines in N®as the establishment

of a new Regional General Permit (RGP) for Istragelines by tB Wilmington District of the USACE in

March 2019The USACE RGP is consistent with the state general permit for living shorelines. The CRC
adopted 15A NCAC 7H .2700 General Permit for Construction of Marsh Sills for Wetland Enhancement in
Estuarine and Public Trust Waters in July 2019. These new federal angstatgs do not require any
coordination with state and federal agencigéthe permit conditions are met; therefore, creating a
streamlined general permit process that is consist&ith other CAMA general permité\n increase in
applications has already been observed by DCM staff.

The Nature Conservancy and NOAA scientists have developed a Living Shoreline Explorer application
tool for Carteret and Onslow Counties to assist usetk determining where it is suitable to use a ligin
shoreline!®®¢ KS b I (i dzZNB Redtofatich EIplorgr @blRatian the Coastal Resilience Tool
helps users identify where they can use oyster reefs to stabilize their shot#llnsing this online tool

helps identify sites for subtidal shoreline oyster reef restonmatigthin the Pamlico Sound, which could
also aid in living shoreline siting

Other actions implemented through the 2016 CHPP include outreach and educatioa Kgtional

94 0dzr NAYyS wS ANERRsAKwhaovldstes Nim&eis lividg shoreline wshlops to educate
real estate agents, homeowners associations, marine contractors, engineers, land use planners,
landscape architects, and coastal decisinakers in the promotion of living shorelines for erosion
control.” Construction events hosted WYCCFRndUniversity of North Carolin@Wilmington (UNGW)
were held up and down the coast hosting hundreds of volunteers who assisted in plantings and
congruction of living shorelines.

Research and monitoring of living shorelines are ongoing with results from studies on response of
natural and silstabilized fringing marshes BLRimpacts of hurricane on natural and stabilized living
shorelines as well as research on wave attenuattmnnatural marshes and living shorelines. Alternative
living shoreline construction materials suchcamcretecoated burlap oyster shell and rock gabions are
being tested. Th&CCHs also working on the development of a degradable alternative to ficauit

plastic mesh bags for use for oyster sheldditionally, research is ongoing eacioeconomic impacts

of shoreline management strategiaadhow to effectively incentivize property owners to use living
shorelineslt has been found thatreall econanic incentivessuch as costhare programs;an
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substantiallyalter homeowner decision® select living shoreline methods over other harder
stabilization technique$>®

At the CHPP Wetland Workshop on living shorelines and restoration, attendees disitimsgius on
incentives versus disincentives and strategies to encourage use of living shorelines. They agreed that
more attention needs to be given to the science regardingst@tm success of living shorelines in
shoreline stabilizationThe living sheeline portion of the workshopoted that despiteNChavingmany
successful living shorelines throughout the coast gralvingresearch demonstrang their efficacy for
shoreline stabilization and value fecosystem services, they continue to be undélized compared to
vertical hardened structureg\ttendees concluded thahe greatest neesfor advancing the use of

living shorelinesvasstrong state agency support for their ydeancial incentivesncreased awareness
and installation of living shorelines by the pulditd marine contractorsand business programs for
marine contractors.

The2021-2025NC Oyster Blueprinproduced by NCCF with support from a collaboration of agencies,
universitiesand NGOs, is an oyster protection and restoration plan that provides stakeholders direction

and guidance as a united force to implement restoration, management and economic development

strategies that benefit both the environment and the econoffiThe Oysér Blueprint identifies

A0NF 0S3IASa YR OlAz2ya ySSRSR (2 NBodzAfR b/ Qa 2@ea
identifyingliving shorelines that include oysters as a distinct strategy to restore and protect oyster

habitat. The overarchingoal for the living shoreline strategy is to expand the use of living shorelines to

become the most used stabilization method in estuaries that support oyster habitats.

When living shorelines are constructed with oyster reef materials, such as respelsl, oyster castles,

or reef balls, they provide intertidal habitat for shellfish resources. Building living shorelines along
eroding waterfront properties where oysters grow, is one way to expand oyster habitat, reduce
shoreline erosion, and protect drimprove water quality. With the inclusion of living shorelines to the
Oyster Blueprint, strategies to expand their use in estuaries will provide additional substrate to support
oyster habitat, while also protecting and restoring wetlands.

Protection ofOysterBased Living Shorelines from Harvest

With the 20210yster Blueprinincluding construction of oystdrasedliving shorelines as a stratefyr
enhancing oyster habitathere are concerns of allowing the harvest gters from living shorelines.
Presently oyster harvesting from living shorelines is not prevalent, but as the use of living shorelines
increases, the ise may become more widesprea@yster harvesting is managed by DMF through a
Fisheries Management Plan and is subject to managemeougfr gear types, area, harvest limits, and
seasons. In addition, the Shellfish Sanitation Section of DMF is responsible for monitoring and classifying
coastal waters for their suitability for shellfish harvesting for human consumption based on
bacteriologcal samplingThe DCM permits living shorelines. dddress this issu®MF has developed a
living shoreline oyster protection committee. The growifl evaluatemanagement area protection,
conservation leasing/easement, or another management mechataogunotect oysters on constructed
living shorelinesThese options will most likely require statutory changes in current statutes to address
contractual agreements, marking and enforcement.

Hydrologic Bstoration

Humans have directly and indirectly chadgbe hydrology of wetlands the CHPP regidghrough
ditching and draining, installation of levees and dikes, and reducing natural infiltration of runoff due to
impervious surfaces in developed watersh&te history of hydrologic alteration in Hyde Ctuim the

112



Chapter 5. Wetland Shoreline Protection and Enhancement with Focus on Nature
based Solutions

Lake Mattamuskeet watershed was summarized in the Lake Mattaeeti$iatershed Restoration
Plan®’This lake, the largest natural lake in NC, was extensively modified by a series of canals and pump
stationsfor drainage The canals allow fisimovement into the lake, and blue crab and several

anadromous fish species occur in it. The ledaeives runoff from ditching and landscape changes in the
surrounding areandis highly eutrophicThishas caused harmful algal blooms and extensive l0S\&f

since the 198082 Thelakewaters were classifiedy DWRas impaired in 2016Additionally, &ellfish

harvest closures have occurred in Pamlico Sound tributaries receiving canal thatedsain the lake

While these hydrologic modifications were dar out largely to protect agricultural lands from flooding

and floodrelated damage, many communities surrounding these modifications now face increasing
flooding impacts due to altered hydrology exasperated by climate change. There is growing science tha
a better approach for flood prevention is by use of natbesed methods that replicate natural

hydrology.

Efforts to reverse these hydrological modifications and return wetlands to theiimnppact hydrology

fall under the umbrella of hydrological watid restoration.The Mattamuskeet Drainage Association,
NRCS, and NCCF developed a watershed eg¢&tormplan in 2013 for a 42,564xre area located

northeast of Lake Mattamuskeet and operated by the Associdffwith input from agencies and
stakeholdersthe watershed plan with management actions was developed. The plan called for reducing
and treating stormwater that was traditionally pumped through canals into Otter Creek and Berry Bay,
Pamlico Sound, and the Alligator River. The altered drainage wégbeing to impairment of shellfish
harvest waters. Several of the strategies involve pumping water from the danlals-lying areas of
farmlandand managing water levels to establish bottomland hardwood trees and other wetlands. It was
thought that runoff historically flowed in this northwest direction. Approximately 2,000 acres were
restored and more is underway.

Another watershed restoration plan, the Lake Mattamuskeet Watershed Restoration Plan (LMWRP) was
developed in 2018 to address the deteritirg conditions in the lake and its surrounding watersh®d.
Concerns included 1) extensive SAV loss and water quality degradation in the lake, 2) flooding in the
surrounding watershed, and 3) declining performance of the existing drainage system thaorelie

canals and tide gates. The plan called for improving drainage management through several actions,
including conducting engineering studies to evaluate the feasibility of redirecting water in the current
drainage canals to restablish and replicate thnatural movement of water from the lake to the

Alligator River drainage area. The preferred design alternative is to identify, design, and prioritize
projects where water diverted from the lake could move via sheet flow over created or restored
wetlands,allowing nutrients and sediment to be absorbed before discharging into surface waters.

One successful example of largeale hydrologic restorain is North River Preserve. The 6,a0f0e
wetland restoration project undertaken by NCCF was completed on former farmland, primarily by
restoring the hydrology®! Before restoration, runoff from the farmlands at North River Farms, which
had been smoothed;rowned and ditched, often left the fields and discharged into the surrounding
estuaries on the order of hours to dayarious wetland restoration technigues used across the farm
increased the surface storage and controlled the outflow. This increasetintie it took for the runoff

to leave the site often on the order ofwveeks to monthsgdepending on wetland restoratiotiesign and
proximity to the estuaryln addition, becausef additional evapotranspiration andfiltration that
occurred in the wetlad environment, the volume of runoff was also often redué&dnother example
of naturebased solutions in NC involved TNC and US Fish and Wildlife Service (USFWS) collaboration to
restore hydrology of pocosin through installation of water control infrastructures, such as culverts,
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weirs, flashboard risers, berms,&beaver dam analogs. This work was focusedlligator River,
Pocosin Lakes, and Great Dismal Swamp N{¥Rtantic white cedar and bald cypress were planted at
Pocosin Lakes. Oyster reefs have been constructed adjacent to Alligator River and CedlaiVigRanto
reduce wetland shoreline erosion.

It is imperative that naturdased solutions be developed and/or incorporated idtainage or

watershed restoratioomanagement plant minimizethe unintended negative impacts resulting from
the interaction ofhydrologic alteratiorand future SLRMany goalsndobjectives included iwatershed
restoration plangan be achieved by restoration or enhancement of wetlafds.example, rather than
using sheet piling to prevent flooding of farmland, wetlands cdedestored to provide natural flood
management and reduce nutrient loadingontinued use of manmade structures such as tide gates can
be beneficial hydrologically when properly planned and maintaimgccan impede fish migratiomA

more active approacto drainage management could work in conjunction with wetland water storage
capacityto minimize flooding impactsCombining adaptive hydrologic management strategies with
wetland easements can provide a mygtionged approach to restoration. By utilizimgtland

easements or grant programs, communities can minimize the economic cost of wetland restoration and
instead use those funds to implement hydrologic restoration projects.

Beneficial Use of Dredgedtkrial forMarshCration orRestoration

Beneficiause of sediments is a term used by USACE for environmentally and economically positive uses
of dredged material, including fish and wildlife habitat enhancement. Dredged materials have been used
for decades in wetland creation and restoration effolf¥Higorically, this has consisted of dredge

materials being deposited within unvegetated areas adjacent to the shoreline until a target elevation

has been reached.

There is increasing data that suggests given the rate of SLR, sediment supply dynamicsaire azazane
insufficient to sustain upward and landward marsh migrafitit®* 16> Using dredge material as a
supplement sediment supply for existing marshes is a potential strategy to enhance the ability of a
marsh to keep pace with SLBuilding marsh elevations with sediment delivered from nearby dredging
projects, referred to as thilayer sediment placement, deposition, or dispersal, is potentially valuable

for creating, restoring, and maintdirg coastal marshes, and may slow or reverse losses of wetlands due
to coastal development, geological or drought related subsidenceS#R&® 16’ Sediment is applied to

the marsh surface by spraying a slurry of water, sand, and silt. The resulting increase in elevation
reduces the marsh inundation period and improves soil drainage, resulting in greater marsh
productivity ¥ The optimum elevatin varies based on local tide conditions. Sediment additions that
aretoothinmaynotbesufiA Sy G G2 NBRdzOS Fft22R aidiNBaa (2 LI I yis
with SLR. Conversely, sediment additions that are too thick may reduce plaimvamnttbrate

recolonization success and make the marsh vulnerable tsineaspecies such &hragmites
australis*®®While higher marsh elevation increases marsh resilience, fish access to the marsh increases
when marshes are lower in elevation and inatetd more. Therefore, the resulting elevation is critical to
the success of this type of restoration for overall continuation of marsh ecosystem séeffités’*

When done correctly, dredged sediment additions to marshes cadreheficial converting dredged
materials from a waste product to a resource that benefits sediment limited marshasprimary goal

of using dredge material to restore wetlands should be to build the marsh surface to an elevation that
allows vigorous growth of desired plant species, so that natural processethen maintain the marsh

for future years and allow fish use to continue.
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There are limited published studies on the efficacy of 4ayer placement specific tdC Peer reviewed

research from Masonboro Islari® grey literature from studies in Wysocking B&and unpublished

data from the New River estuat{? all point to the potential value of thitayer placement as an

approach to mitigate the effects of SLRM@&2a O2 1 adlf 6SGf I yYRAD | 26 SAOSNE
that can influence the outcome of thin layer placement, further research is needeainfemphasized

by participants at the CHRRrtual Wetland Workshops.

Stormwater BstManagementractices

Urbanization of coastal watersheds has led to appreciable conversion of natural land covers to
impervious surfaces. Impervious surfaces in cdasgdersheds prevent infiltration on land and increase
the volume of polluted stormwater that is received by wetlan@ise resulting changes to the timing,
guantity, and quality of the stormwaters received by wetlands dramatically alter the species
compostion and ecological function of wetland&

While using natural wetland features to capture runoff can improve water quality and reduce flooding,
negative impacts can occur to the wetlands. In a DWR study, in certain circumstances, stormwater
discharge taatural wetlands caused channelization, sedimentation, tree mortality and change in
wetland vegetatiort”*When directing stormwater to natural wetlands, impacts can be minimized by
proper site selection (sufficiently large and disturbed rather than pristtedands), dense vegetation,

and diffuse entrance flow.

Increasing use otermwater best management practices (BMB®t retain and filter more runoff on

site isneeded to address the threats that urbanizatimeuced hydrodynamic changes pose to
suscepible wetlands. A promising approach to reduce stormwater volume received by wetlands is the
use of lowimpact development (LID), which is the practice of using technichedsdcreate the natural
processes and landscapessulingin infiltration (e.g, permeable pavements) and evapotranspiration
(e.g, bioretention ponds, rain gardens) of stormwater or the use of stormwater as a resource (e.g.
vegetated rooftops). Such practices can dramatically reduce stormwater runoff, which is the leading
source ofsurface water degradain across the US°®

Studieshave found_.IDsuccessful ateducing the concentration of nutriegtpathogers, and other
pollutants in stormwaterA NCState University (NCSEtudyon bioretention cell§ound that these cells
were capable of reducing phosphorous loading byé&hercent nitrogen loading by 430 percent,
copper and zinc loading by 8® percent and fecal coliform by over Q&rcentat sites throughout
NC”A NC study comparing LID to conventional development jpestit commercial development
sites found runoff and nutrients to be 95 percent lower at the LID Sifesdditional studies have shown
that runoff from developmergwith low impact design can be comparable to export from forested
watersheds:’® Small modiftations, such as replacing impervious surfaces with permeable pawvers
disconnecting and redirecting gutter ends to vegetated atwmssbeen shown to dramatically reduce,
and in some cases completely eliminate, runoff otherwise destined for receivingneistind coastal
waters 8% 18118218 \\hile there is a common misconception that LID is often more costly and requires
greater maintenance than projects that use conventional desiggearch has shown that LID often
requires considerably less maintenanardis frequently (11 of 12 LID projects evaluated in Pender
County, NC) less expensive than conventional design alternaf\/&s.

TheDEMLRupdated the Stormwater Design Manual in223% The revised manual includes an
increasing number of naturbased BMPand LID that focus on mimicking natural hydrology aneios
infiltration. The manual now includes Runoff Volume Match BHdhs a component of stormwater
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design options, incentivizing methods that are natinased and retain runoff onsite. Storm Coritro
Measures (SCMs) that enhance or restore wetlands include infiltration systems, bioretention cells, wet
ponds, and stormwater wetlands. Ratings of the SCMs for removal of bacteria and nutrients indicate
that infiltration outperforms all other SCMs.

In 21, NCCEnd Pew Charitable Trugigveloped an action plan for natugased stormwater
strategieNBSSY’ Theeffort involved work groups that discussed and made recommendations on
nature-based stormwater strategies to reduce flooding and improve water quality inai@as 1) new
development, 2) stormwater retrofit of existing land, 3) roadways, and 4) wor&imgslA committee

was formed for each of these four ared$ie report notes that new approaches are needed to address
increasing rain associated with climate change. The foundation of the plan is that restoring and
mimicking natural watershed hydrologytiee most costeffective approach, and therefore a critical first
step is development of watershed restoration plambese voluntary plans can be done by state
F3SyOASazr 20t I2GSNYYSyidiz 2Nl bDhad CUHBRAYyI A
effectively improving water quality, advancing this effort will also directly beogfters andSAV for
more information,seeChapter 4 Submergd Aquatic Vegetation Protection and Restoration through
Water Quality Improvement¥ The key impediments to advancing natir@sed stormwater strategies
were lack of awareness, inflexible planning, regulations, and pdiésygn challenges, and funding.

A few examples of recommendations from each of the four committees are listed below:

i State and local government should lead by example using ndased stormwater strategies
when constructing or repairing facility property

1 Develop detailed informatiomaps to assist with watershed management plares,Duke, TNC,
NCCOS resiliency maps)

1 Use naturebased stormwater strategies to bring failing stormwater systems into regulatory
compliance glsosupports theChapter 6 EnvironmentalRule Compliance to Btect Coastal
Habitatslssue Paperecommendationk

1 Increase economic incentives from local, state, and federal sources to landowners to preserve
wetlands within forest lands, and to preserve forested and agricultural floodplains.

1 Begin a collaborative effort to pursue additional funding from the Farm Bill and other programs
for conservationyetland restoration, conservation easements, and lasgalehydrologic
restoration projects

1 Work with the military to identify priority progrties used for training and where hsadogic
restoration is feasible

Recognizing the damaging impacts of stormwater runoff and the valutdefin 2007, the USongress
enacted Section 438 of the Energy Independence and Security Act (EISA). EISAZ:stipnlates

that the sponsor of any development or redevelopment project involving a federal facility with a
footprint that exceeds 5,000Fshall use strategies to design, construct, and maintain, to the maximum
extent feasible, the predevelopment gology of the property. The mandate requires that, to the

extent technically feasible, annual runoff from sites pdevelopment must be no greater than the
LISNODSyYyGF3S 6ST2NBE RSOSt2LIVSyilio C2ff2Ay3 BKS 7T
that state funded construction utilize low impact design practices would be a major step towards
protectingNQ@2 @oastal Plaiwetlands. This would benefit wetlands, SAV, and the overall health of the
estuary.

The NC Soil and Water Conservation Conionisand Division of Soil and Water Conservation, through
funding from NRCS, provide cost share funds for qualified BMPs under the Agricultural Cost Share
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Program(ACSP) and Community Conservation Assistance Prograragnonltural) (CCAPJThe

purpose ofCCAP is to reduce nonpoint source pollution from existing development through installation

of BMPsSome of the BMPs allowed under the CCAP include constructing living shorelines, rain gardens,
stormwater wetlands, and bioretention areasowever, fundingor the program, which became

effective in 2020, has been very low, receiving approximately $136,000 annually in state appropriations
for the entire state.

Land Acquisitiomnd Conservation

One solution that has been utilized to offset the natural anchampogenic impacts to wetlands is the
acquisition of land for wetland conservation and restoration. The ability to preserve a privately owned
area in its natural or restored state are goals that are most effectively achieved through land acquisition
by goernments (local, stateor federal), NGOs, or governmeRGO partners via a purchase or

easement agreement with the private landowner. As a coastal resource management approach, land
acquisition has an important role in offsetting damages via active rattor, passive restoration,

wetland creation, and allowing for the natural migration of coastal wetlands with SLR. Land conservation
can reduce sediment and nutrient pollution that reaches waterbodies, as wetlands produce less
pollutants than crops, and amaturally able to remove pollutants from soil.

LY b/ 3 tSIFIRAY3I bDhQa Ay@2f SR Ay tFyR I OljdAaAlGAZY
TNC, Coastal Land Trust, and Conservation Trust for NC. At the local and state levels of government,

munich LI f AGASAaQ aG2NXY6FGSNI YFEYF3ASYSyid FyR 46FGSN O2y 3
Cultural and Natural Resourc&¥ildlife Resources Commissi@amd the NC Coastal Reserve typically

partners in land acquisition for wetland management purposes

There are three state conservation trust funds in NC.N@eand and Water Fund (NCLWF), formerly
known as the Clean Water Management Trust Fund, was created in 1996 to finance projects that
improve water quality, including land acquisition. THELWHs a primary source of grants allowing local
governments, state agencies, and conservation nonprofits to address water pollution, protect clean
water, and conserve lands that are ecologically, culturally, or historically significant. Through this
program,landowners sell their land to the state establisha perpetual easement; after completion of

the project, the property is owned and protected by state or local government as public land or remains
private land that is managed for conservation. Projeatsded through this program involve
development/restoration of riparian buffers, providing greenways, stream restoration and
enhancement, and innovative improvements to stormwater management. Appropriations have declined
since 2009, going from $100 milligrgar from 2005 to 2008, to $13 million in 20%8%°The Parks and
WSONBFGA2Y ¢NUzZAG CdzyR A& dzZASR F2NJ flFyR | OljdzA aAdaz
beach and estuarine access. The Agricultural Development and Farmland Preservatifuidusinds
programs that support working family farms through conservation easements on threatened farmland
and agricultural development projects. Funding for all three programs has declined significantly since
20009.

TheUSDepartment of AgriculturéUSDAoffers a variety of financial assistance programs for
landowners irNG with funding through the Farm B NRCS purchases eligible land througgh t

USDAR Wetlands Reserve Easement (WRE). Currently, NRCS has over 54,000 acres enrolled in the
Wetland Resrve Programnationally, with approximately 9@ercentbeingin the Atlantic Coastal
Plain*®*Once the land has been acquired, the NRCS develops and implements a wetlands reserve
restoration easement plan to restore and expametlands The NRCS offers vauis options for
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enrollment in this program, including permanent easementsy88r easements, term easements, and

30-year contractsUnder these options, NRCS will pay more than half of the easement aaldeover

most of the restoration costs. This pragn provides private landowneesn opportunity tomaximize
restoration/protection potential while minimizintheir costs. This is critical in many agricultural areas of
coastalNCwhere socioeconomics often impact the ability of landowners to conduct theseities.

Between 2014 and 2016, KS bw/ { Q& ! ANAR Odzft (G dzNF € / 2y aSNBI GA2Y 9
that helps to conserve agricultural lands and wetlands and their related berafitsded over $28

million dollars in funding ttNCprojects, ranking eighth in the US he Forest Legacy Program, operated

by the USDArorest Service, strives to conserve working forests through acquisition or easements, and
includes priority areas that are within the CHPP regidhs.

Additionally, NRCS offers a WetlaRdserve Enhancement PartnersfigRER)which allows NRCS to
enter into agreements with eligible partners (i.setate/local government, tribes, and NGOs) to carry out
restoration/enhancement projects that are a high priority for wetland protection, restion, and
enhancement. This program allowkaring ofcost andstaffing, whichis beneficiato all parties by
alleviaing some of the budgetary and staffing constraints that often coincide wmiilementing
restoration projecs.

State agencies or eligientities in coastal states may also apply for a USFWS programs including
National Coastal Wetlands Conservatgants andNorth American Wetlands Conservation Act
(NAWCApYrants Awardedgrants provide fundinghat can be used for acquiing property from private
landownersand using ifor long-term wetlands restoration and enhancement. Funds provided through
thesegrantsmay also be used tmanage wetlandgas opposed to just the acquisition of the lanaol)
YSSG |y I 3Sy OaMREP, tHead flinds®an falleviate méni st restrictions faced by those
looking to conduct wetland restoration/enhancement projects. Since 1991, $21.3 million in NAWCA
grant funding and $69.3 in partner contributi®have protected or restored a total of 1357 acres of
wetlandsin NC

The USDA also offers enrollment in the Conservation Reserve Enhancement Program (CREP), which
provides funds to restore wetlands, improve water quality, reduce soil erosion, and reduce the amount
of sediment, nutrients, angollutants entering surface waters. This program allows landowners to
convert agricultural lands in sensitive areas from land that is farmed or ranched to land that provides
conservation benefits. Property owners can enroll in 10 ey&ar programs thativolve removal of
agricultural production and replace it with native vegetation to restore wetland habitat. Typical eligible
practices are tree planting, establishing filter strips or riparian buffers, and wetland restoration. Eligible
landowners may recee up to 50 percent of the cost to install the conservation practice, an annual
rental payment, and a costhare payment, as well as additional incentives for longer easement
enrollments.

Conservation and restoration of wetlands through land acquisitemrasents an increasingly valuable

approach to safeguarding the continued existence and functionitg/of€bastal wetland resourc®y

reducing nutrients and sediment reaching nearby waterways, wetlands help to improve water quality
conditions,alsobensdfiting SAVand oystersFederal grants have proven to be a reliable source of

funding for land acquisition but, importantly, a number of available federal grant programs have a state

match requirement. As such, availability of state funds directly inflashc/ 8hdlity to effectively

leverage these opptunties to safeguard existing oestoredwetlands Given the challenges facihg/ Q a

coastal wetlands, increasing recognition of the need for marsh migration space to accomrShdfate

and asurplusofevly OS GKIF G O2Fadlf NBadu2NIGA2Y FyR 02y aSNK
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economic development, increasing state funding for coastal land acquisition is likelyeffament and
effective approach within a mulaceted strategy to conserve wetlandad their services.

The Natural Working Lands Action Plan includes strategies to build ecosystem and community resilience,
provide ecosystem benefits, sequester carbon, and enhance the ecotidiiitye plan recommends
developing incentives with state and BEdgovernments and other public and private stakeholders to

protect coastal habitats and migration corridors to allow for future landward migration. These actions
would help faciliate conservation and restoration of wetlands.

Funding Restoration

Wetland estorationand naturebased solutioniave been embraced as a tool to address coastal

wetland losses iNC However, a recent synthesis of federdliynded, voluntary wetland restoration in
coastal counties of the conterminous United States found that tebagetland restoration is failing to

keep pace with losses and will likely need to increase dramatically in coming decades to compensate for
losses® Over the most recently reported decade of federdilpded coastal wetland restoration (2006
2015),NCranked thirdout of 22 coastal states in cumulative acreage of coastal palustrine wetlands
restored, with 15 projects restoring a total of 12,988 acres. While considerablapir@ximately

13,000 acres of palustrine wetland restoration that occurred witkif &  t&) 8oundies during this

decade fell well short of compensating for losses incurred over the previous decade. North Carolina was
less competitive in terms of the acreage of estuarine wetland restored through federally funded projects
between 2006 and 201%anking seventlout of 22 coastal states, with the restoration qb67 acres of
estuarine wetlands. However, as the proportion of estuarine wetland Idssesases due to SLR and
storms,the need for voluntary wetland restoration is likely to grow.

While wetland restoration can be resource intensive, studies quantifying the value of ecosystem services
of restored wetlands suggest that benefits frequently exceed cd&t8> 1% " For example, an

estimated returnof $46.5 billion dollars in economic bertsfis anticipated from a $12.1 billion

investment in restration of the Florida Everglades, a return of $4.04 dollars for every dollar invested in
restoration'*®® Economic benefit analysis of coastal ecosystem restargiiojects in San Francisco Bay
andVNBAY Al Q4 {SI aARS .-dosttioKas Wgh adBERhd2 R FNANG andlys&sT A
found that a $2.4 million investment to conduct the North River Farms restoration project, the largest
coastal restoration project iNChistory, increased isiness revenue in coastdlCby $5.2 million and
household income by $1.8 million while creating 66-fnlie jobs?* The growing bodyof research
indicatesthat coastal wetland restoration can serve as an important component of coastal community
economicdevelopment irlNC

The federal government provides the majority of wetland restoration funding in the United States
through federal funding programs administered by nplltiagencies, including the USDie USFWS
NOAA and theUSACHnN addition to their federal regulatory roles, multiple federal agencies administer
funding programs. Not all, but many of these funding opportunities require state matches for wetland
restoration grantsLow availability of state funds as match has tHere limited the ability to fully

utilize available federal funds.

The DMS is a statewide-Lieu Fee program that provides a variety of mitigation types to offset
unavoidable impacts for the NC DOT as well as other developers. DMS provides wetlarttbmftiga
impacts to riparian, nomiparian and coastal wetlands. DMS has three types of wetland credit it can
produce: wetland restoration, wetland enhancement or wetlaneestablishment. In general,
compensatory wetland mitigation does not increase #mount of natural resources (i.e. wetlands) but
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rather offsets impacts to support no net loss of these resources DIW8 applies paymentsom its

various programs to implement mitigation where the need and opportunity is greatest by utilizing
watershed panning and working with state and logadrtners. Successful project procurement and
implementation require©MS to work with mitigation providers, regulatory agencaesd landowners

to locate, design and construct wetland mitigation projetitss2020, NC legislature passed HB 1087,

which establishes a program within DMS to develop flood storage capacity projects in targeted
watersheds, through creation or restoration of wetlands, streams and riparian areas, temporary flooding
of fields or forests, and ber naturebased projectsWhile this will assist somewhat, providing matching
state funds is still problematic.

5.4 Recommended Actions

The2021-2025NC Oyster BlueprinNC Natural Working Lands Action Plan, and the Action Plan for
Nature-basedSormwater Srategiesinclude numerous actions that would protect or restore wetlands,
consistent with the CHPP. A subset of these recommendations specifically supported by the CHPP
Steering Committee (CSC) are provide@lapter 9. Summary of Recommended Actioiigble 9.1.
Refer to the individual plans for a complete list of actions.

5.4.1 Mapping and Monitoring

5.1 By 2023DEQ wilbbtain state matching funds for the NOAAQ t LINE3INI Y G2 YIF L) b/
Plain at 1m resolutioand additional funding to expand wetlamdonitoring conducted by DWR
and other state agencies.

5.2 By 2024DEQ wilpursuethe use of emerging technologies suchdata fusion or deep learning
neural networks, that relpn a combination of satellite imagery, drone imagery, and field
verificationfor CoastalPlainwetland mapping and change analyses.

5.3 By 2022, DEQ will forrmanteragencyworkgroup to develoa astalPlainwetland mapping and
monitoring plan, includig a minimum set of standardized metrics angdotentialcentralized
locaion to store relevant reports and information.

5.4 By 2026, DEQ will determinthe status and trends ofdastalPlainwetland acreage, condition,
and function based on the additioanapping and monitoring data oéined

5.4.2 Conservation

5.5 By 2022, DE@ill provide information to NC legislators regarding tieed for increased
appropriated funds for the three state conservation trust funds to increase conservation of critical
wetland propertiesand critical corridors that will allow for future marsh migration.

5.6 By 2022, DEQ will actively participate in and support the development of a Southeast Regional
Marsh Conservation Plawhich is a partnership with the Department of Defenfang with
federal, state, and private groups that have been initiated by the Southeast Partnership for
Planning and Sustainability (SERPPAS).

5.7 By 2026, DEQ will work with researchdesieral and local governmesind NGO facilitate
marsh migratiorthroughthe consevation of migration corridors, including participation in the
Pew Charitable TrusiSERPPAS Salt Marsh Initiative.

5.4.3 Restoration and Living Shoreline

5.8 By 2022the DMFwill determine potentiaimechanisnsto prevent harvesting from living
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shorelines constructed withysters.

5.9 By 2025, DEQ will determiridiving shoreline projects can be buitta manner that qualifieBor
salt marsh or nutrient mitigation credits

5.10 By 2025, DEMLR and othaéivisons should increase education, outreach, and training to
consultants, local government, and landowners for natbased stormwater and watershed
management strategies.

5.4.4 Research

5.11 By 2024, DEQ should partner with other organizations to facilitate cédestwompletion or
enhancement of coastal vulnerability assessment tools, such as living shoreline siting, and marsh
migration and wetland restoration prioritization.

5.12 Determine optimal parameters for thin layer sediment deposition to ensure wetlandess.

5.13 Assess trends in salt marsh elevation, inundation, and distribution to prioritize areas for wetland
restoration.

5.14 Determine the impact of degrading plastics and marine debris on wetlands, sediment, and the
benthos.

5.15 Research the nuteint (nitrogen, phosphorus) reduction benefits provided by living shorelines and
use that information to provide incentives for living shoreline projects.

5.16 Study the effects ddilvicultural tmber harvesting in bottomland swaniprestson hydrology,
water quality, and wetland condition; include assessment on the efficacy of forestry BMPs to
minimize ecological impacts.

5.17 By 2@2, DEQ shouldupport efforts to incorporate @adal Plain wetlands and other coastal
habitats into NQ& D NXB S y (GHEmvéhto. | &
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6. ENVIRONMENTAL RUIEBMPLIANCEND ENFORCEMEND PROTECT
COASTAHABITAS

6.1 Issue

The River and Harbors Act (RHA) of 1899 represented the beginning of federal laws that provided

authority to regulate discharges to navigable waters. The passing of the Water Quality Improvement Act
(WQI) in 1970 established a state certification procediarprevent degradation of waters that was

subsequently followed by an amendment to the Federal Water Pollution Control Act commonly referred

to as the Clean Water Act (CWA) of 1972. Additionally, the Coastal Zone Management Act (CZMA) of

1972 was passeds a national policy to preserve, protect, develop, and where possible, restore or
SYyKIyOSs (KS NBazdNOSa 2F GKS bliAazyQa O2Fadrt 12
Since that time, an emphasis has been placed on permitting impacts to wetlandseagdirface waters

of the United States.dmeet mandated401 wetland andther permit processingleadlinesissuing

permits often takeprecederte over compliance and enforcement programs due to staff and funding

shortfalls. There is limited literature on the effectiveness of compliance and enforcement program

efforts associated with wetland protections that exist at the state IéWith the unknavns of

compliance and enforcement programs, the estimates of further loss and impairment of the existing

wetlands and surface waters can only be inferred. However, we do know that the extent of impaired
gFrGSNBR Ay b/ Qa 02!l ai lstneadtaigBadiy this fossarid Inpdirfentdd sibp @ ¢ K S
future loss through the measured success of current and future management actions.

A more balanced approach between compliance and enforcement program efforts and the process of
written authorizationgfor impacts to wetland and surface waters, will ensure transparency and fairness
within the application of regulatory framework. The predictability of compliance efforts and possible
enforcement action would serve to reinforce the reason for property owraard/or permittees to

adhere to written authorization conditions and other applicable laws and regulations. It also serves as a
deterrent for potential violators to adhere to the applicable regulations and laws for the risk of receiving
monetary loss inigil penalties and/or criminal penalties. There is strong support from the public to
enforce existing rules to improve effectiveness in wetland and water quality protetfion.

6.2 Background
6.2.1 Scale of theNorth CarolinaQ Wetland and SurfaceNatersand their Services

North Carolina has the tenth largest acreage of wetlands and surface waters in the Nation. The 2010
National Resources Inventory Summary Report utilizing theragalatory Cowardin classification
system estimates that approximately 7.4 milliacres of NC lands (ndaderally owned) are wetlands.

5 According to the 2011 National Land Cover Database (NLCD), there were approximately 3.7 million
acres of woody and emergent herbaceous wetlands present in the CHPP Regions, representing 21
percent d total land are&’: 2 More information on wetland trends and stressors is provided in the
priority habitat issue paper&hapter 5Wetland Protecton and Restoration through NaturBased
Solutionsand Chapter 8 Coastal Habitat Mapping and Monitoring to Assess Status and Trends

Wetlands provide a variety of functions that include surface and subsurface water storage, nutrient
cycling, particulateemoval, maintenance of plant and animal communities, water filtration or

purification, and groundwater rechargeBecause of the many water quality benefits provided by
wetlands, their protection and enhancement benefits the water column and all othertadguabitats.

Loss of wetlands can lead to increased stormwater runoff and increased loading of pollutants, leading to
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increased shellfish closures, impaired conditions for survival of SAV and shell bottom, algal blooms, and
fish kills.

There are eight aastal draining river basins, of which only four (Cape Fear, NeusPandico, and

White Oak) are entirely contained within the State. The major rivers and sounds within the four CHPP
Regions include the Roanoke River, Chowan River, Pasquotank Riveradand Currituck Sounds,
Pamlico Sound, Neuse River,-Pamlico River, Core Sound, Bogue Sound, New River, White Oak River,
and Cape Fear River. The Albemdtdanlico Sound estuary with an estimated area of 31,478 square
miles is the second largest esiry by area in the eastern United States. Approximately 20 percent of the
total CHPP area, which includes the Coad&ihRip to the fall line consists of surface waters (2,813,620
acres)? Streams and waters can be ephemeral, intermittent, and perennial in nature and serve to
protect communities from flooding by storage of surface waters, retain harmful pollutants, keep
sediment and nutrients fromeaching downstream waters, provide habitat throughout all life stages for
a diverse assemblage of flora and fauna, and provides economic benefits such as fishing, hunting,
manufacturing, and agriculturé.

b2NIK /FNRBfAYlFQa O2I atdrs akdwvdtiarids, from tha BRask RRar@éhidhidg & 2
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endangered wetnd in the USNorth Carolina is home to some 61 federal threatened or endangered
species ad 604 State species that are listed as threatened, significant concern, or significanfiy%are.

Most of these species spend a portion, if not all, of their life cycles within the wetlands and waters of the
State.

T
t R

6.2.2 Demography and Demands on the Wetlaadd Surface Waters of NC

A2R0SAGAYIFGS 2F b/ Q& L2 Lidgmilidnipeople r&sidiag i tHellSI® Ehe Y I G S &
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resulting from inmigrationfrom other states'* The NC Office of Budget and Management projects the
{GFGSQa LRLIzA I GA2y sAff Ay ONBI & &AlmaughlthedndjaBitgEok Y I G St &
the projected growth is concentrated within Charlotte and Triangle Regiongeftént of State

growth), additional projected growth ranging from six to more than &Bcpnt is also to occur in the

Coastal Riin counties of Currituck, Dare, Pitt, Carteret, Duplin, Cumberland, Onslow, Pender, New

Hanover, and BrunswicR.

la b/ @& (W2Wdz02y iAydzS&a (2 SELIYyR:Z (KS adNBaa 2y (K
intensify. Development pressure will cause a rise in impervious surface coverage thus compounding the
amount of stormwater runoff entering downstream receiving waters anmplifying the potential for

020K LRAY(OH YR y2yLR2AYyG LRftdziaA2yd ¢KS OdzNNBy
NEAARSyi(ia RSLISYR 2y (KS {iGFrGSQa &dz2NFI OS 41 GSNJI |
I ONBa 27 ek $encpniphssiiy@ha stréams, sounds, and Atlantic Ocean) are considered
impaired and listed on the Section 303(d) of tD&/A*

Increasing coastal development

Q< ()
Qx

The CoastallRin contains the majority of wetland resources in the State and serves as tadis

point for seven of the major rivers into the Atlantic Ocean. The wetlands within these river basins and
others serve as protections to neighboring communities by storing and slowing rapid runoff of
stormwater thus minimizing the danger of damagitaptls. One estimate found one acre of wetlands

can store approximately 330,000 gallons of water. When an acre of wetland is filled, the 330,000 gallons
of water is not retained but rather is discharged directly into the waterway thus increasing the risk of
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flooding!® Additionally, hurricanes have had a significant influence on flooding and coastal damage over
the past two decades or more, emphasizing the importance of protecting and restoring wetlands to
enhance coastal resiliency. For additional informatiseeChapter 3 Climate Change and Coastal

Habitat Resiliency

2SGflryRa Ffaz2 aSNW@Sa lFa | aaiaylée F2N adzalISyRSR &S
area that slow down the flow of water allowing sediments to be assimilated by thiamgs prior to

reaching waters of the US. In addition, excess nutrients such as nitrogen and phosphorus are only a few
of the ecological services that wetlands provided to clean waters and ensure the best usage. When
wetlands are under drained conditionsfrogen and phosphorus otherwise bound in the soil matrix or

held in the biomass of plants can be transported by ditches or other drainages features allowing possible
pollutant source to migrate to receiving waterways.

From the headwaters of coastalers where recreational fisheries are popular, to the estuaries of the

O2lal GKIG o02fadsSNI GKS {GFrGSQa O2YYSNODALFE FAAKSNA
SEAAGAY3T 61 GSNI ljdz- t AGEé YR &dzLILBSRAgA LWESOEX @S2 R K
commercial fisheries landings and 60 percent of the recreational harvest (by weight) are comprised of
estuarinedependent specie$ln NC during 2018 over $77.8 million of revenue was generated from

commercial fishery landings and approximately $156.9 billion of economic impact was generated from

recreational anglers, huirtg and wildlife watching?
6.2.3 Introduction to North Carolina Regulatory History for Wetlandand Waters

Precise historic estimates of total area of wetlands in NC are lacking and only anecdotal estimates of
wetlands exist. A common reference is approxiehatll million acres of wetlands existed prior to the
European precolonization of NC and by mi®80s only 5.7 million acres or about ehalf of the

historic acreage remained.From the midm T n Q&M d@n YA R b/ SELISNASYOSR |
approximatdy 1.2 million acres of wetlands to silviculture, agriculture or other uses representing the
highest acreage of wetland losses in the southeasterd®liS2011, estimates of wetland acreage was
approximately 3.7 million acres within the four CHPP regioisagoproximately 4.6 million acres within

the entire NC Coastal Pl&ih?°
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and CZMA of 1972. Subsequently, state and federal laws and regulations have followed that have sought

to clarify jurisdiction and define regulatory authority. In 1985, Congress passed key provisions within the
FarmBillcommonly y 26y & a{ 6 YLIWOdzZaGSNE (2 FAYlIyOAlLffe& RAA
wetlands or highly erodible lands to produce agricultural uses, although loss of jurisdictional wetlands

acreage continued through the use of ditching and draining. Oveydhes, federal laws have had a

major influence on wetland loss, particularly from regulatory changes associated with the 1993 Tulloch

Rule, which resulted in approximately 11,580 acrewetilands being drained in the Coast#iR 2 2% 22

Ly MdpdpE F FESNI RSGSNY¥AYyAYy3I GKFG ¢SGflyR RAGOKAY3
the EMC adopted a wetland drainage policy. Inspections of previously ditched wetlands resulted in

restoration of 50 percent of the wetlands area falito be in violation of the wetland standafdn

HAnHE GKS b/ /2dNI 2F ! LIJISIHf & dzaJKSEfR GKFESNESGHf YR
of the State and therefore, subject to enforcement under the State wetlands standards.

O

The DWR has the regulatory authority to issue permits for impacts to isolated and othdQdon
jurisdictional wetlands and waters. The agency also has regulattingity over riparian buffer
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programs in two coastal watersheddNeuse and TaPamlico. The National Pollution Discharge

Elimination System (NPDES) program, established under the Section 402 of the CWA of 1972 and
succeeding federal and state rules aegulations, granted the regulatory authority to permit a

discharge of wastewater or stormwater from a known point source to surface waters. The regulatory
oversight under the NPDES program is shared between the DWR and the DEMLR. The DEMLR also has
authority established under the Sedimentation Pollution Control Act (SPCA) of 1973, and other related
laws, regulations, and amendments to regulate activities associated with erosion and sediment control,
mining, dam safety activities, and stormwater management.

/ dZNNBy Gt ez b/ Qa LINPINIYYIFGAO | LIINRFOK (2 LINRPLERASR
streams, and/or waters begins with the applicable permitting requirements of the USACE and/or the

DCM. The USACE under authority of Section 404 of the CW®eatidn 10 of RHA regulates the

discharge of dredge and fill material into waters of the United States. The DCM regulates and issues
LISNXYAGa FT2NJ RSOSt2LIYSYyd Ay 2N FFFSOGAYy3a Iy | NBI 2
counties under the&oastal Area Management AGCAMA and State Dredge and Fill Law. Any permits

issued by either the USACE, DCM, or other federal licensing and permitting agencies that propose

impacts to jurisdictional wetlands, streams and/or waters will require a corredipgnSection 401 of

CWA Water Quality Certification (40¥¢QC) issued by DWR. This is to ensure the proposed activity does

not violate wetland or water quality standards under authority of Section 401 of the CWA and other

state regulations and laws.

CNFRAGAZ2YIFffes 52wQa aidl¥F NBGASGaE | o2dzi mZpnn (2
404 and DCM permits, Section 10 permits and Federal Energy Regulatory Commission permits to ensure
compliance with 40MWQC and other State regulatioasd laws? Over the period of 1999 to 2019,

DWR issued 11,591 4@¥QC within the seven coastal draining river basin that represents 8,125 acres of
wetland and 1.3 million linear feet of stream of impacts.

The DEMLR stormwater pespnstruction program is mgonsible for providing oversight on existing
stormwater permits, as well as reviewing and issuing permits for new stormwater permit applications.
Since stormwater permits do not expire, the number of permits continues to grow over time. In 2020,
there were over 15,000 permittees. THd staff are responsible for 580 new permit applications per
year in addition to assisting about 1,500 existing permittees per year, leaving little time for
compliance*

6.2.4 Campliance and Enforcement Programs

Different agencietave varying ways of achieving compliance within their established regulatory
authorities. For the purpose of this report, compliance will be defined as an inspection of a site to
determine if it conforms to either the conditions of a written approval.(ia permit or certification) or
the relevant State regulations associated with a development activity resulting in a discharge or
impacting wetlands, streams, waters or riparian buffdihe State agencies with regulatory authority
over these activities included the DCM, DEMLR, and DWR.

Typically, site inspections are the result of complaints or referrals received from the general public, an
orgarization, or government agencies concerning activities that do not comply with the regulatory
mandates of the respective agencies. Other inspections can be routine in nature such as a site
inspection associated with application review or monitoring of @ &it compliance with written

approvals. Inspections may also result from-sefforting of a violation. The failure of authorized
persons, parties, and/or entities to comply with written approval or relevant state rules may result in
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the issuance of noteof deficiency (NOD), notice of violation (NOV), attexrfact written approval,
cease and desist order (C&D), injunctive relief, enforcement action, and/or civil penalty. In extreme
cases, even criminal charges with penalties may result froracoompliant inspection.
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with wetlands, streams, and waters regulations are limited. Generally, only specifics on guidance

associated with compliance and enforcemgualicies for individual states (Vermont and Southern

Florida 2014) or federal jurisdiction (Sacramento District 2014) are avall¥algations in state laws

that establish states authority to protect wetlands and waters and how each implements their authority
compounds the task of comparing the individual states regulatory success. For example, in 2016, 23

states had awetland permity 3 LINRP ANI Y GKF G O2YLX SYSYGiSR GKSANI &l
only six states had adopted some sort of water quality standards specific to wetlands, and ten were in

the process of developing standar&¥sThe specifics of those programs betwestates vary greatly.

Other states rely solely on EPA and the USACE to perform compliance and enforcement on sites that are
non-compliant with conditions of 40WQC.

Published information regarding the historic effectiveness of compliance and enforcemagrams
3a20AFGSR gAGK RS@St2LIYSyd OGAGAGASA GKFEG AYLE O
agencies is lacking. General discussion regarding past work indicated that overall compliance was less
than 50 percent for NC Sedimentation and$ton Control Program during their study periotf.Due to
concerns regarding the lack of adequate information pertaining to compliance and emfente

programs, DWR applied for and was awarded an EPA Wetland Development Grant CWA Section
104(b)(3) in 2005. Before the grant was awarded, DWR estimated that staff visited less than one percent
of all permitted site per year, mainly based on complaietseived by the Regional or Central Offtce.

The grant funded three full time inspection positions (one per regional office in Washington, Raleigh,

and Mooresville) to conduct compliance and enforcement activities for written authorization and
unauthorized activities associated with 4WQC, riparian buffer, state stormwater, and water quality

and wetland standards for a period of three years.

Over te period from 2007 to 2011 (2010 and 2011, grant was extended two years), compliance rates
rose from 15 percent in 2007 to 82 percent in 2011 for permitted sites and 10 percent in 2007 to 69
percent in 2011 for unpermitted sites. In addition, the amouhtiwil penalty assessments dropped

from $151,000 in 2007 to $41,579 in 201 The end goal of the grant was met by inspecting at least 15
percent of the sites authorized in the previous year and demonstrating the outcome of the addition of a
limited number of compliance and enforcement staff on overall compliance. Unfortunatehye at
conclusion of the grant, the three compliance positions were not funded by DWR.

From 2008 to 201&ubstantial decrease in funding and positions occurred in DE€additional

regulatory burden associated with the elimination of staff has led toaeahese in number of

compliance inspection and an increase in the number ofcampliant sites. Inspection dateere

requested from the DWR, DCM, DEMLR d@dDepartment of Agriculture and Consumer Services

(DA&CSIrorest Service (Forest Service) in otbennderstand any correlation between the staffing of

individual agencies and its effects on regulatory compliance and enforcement program within the
F3SyOeQa NBALISOUADS | dzikK2NRGed ¢KSaS RAQGAAAZY A LN
within the four CHPP Regions over the period of January 1, 2014 through December 31, 2019 (reporting
period) to gain an understanding of the rate of compliance for any subject written authorization or

regulation prior to conducting a follow up compliance insfen.
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From 2014 to 201DWR staff conducted 3,517 initial site inspections within the four CHPP Regions for
projects with written authorization for NC Department of Transportation (DOT) aneD@h projects

for 401-WQC and/or buffer authorizeon or in response to a complaint or referral of possible violations
of wetlands or stream standards for water quality or riparian buffer regulations. Of the total reported
initial inspections, 2,230 inspections were associated DOT projects. Complidim¢eenivritten
authorizations and/or other regulations associated with DOT projects were reported at 88.7 percent
with only three inspections in response to citizen complaints. DWR staff inspections-Di@ibprojects
encompassed the remaining 1,287 inspens. Of the total number of initial inspections, 493

inspections were in response to citizen complaiggarding possible unauthorized activities and 794
were considered routine inspectisnReported compliance for complaint inspections were 22.5 pegrce
and the routine inspection were 68.2 percent. The total unauthorized impacts for the wetlands, streams,
waters, and riparian buffer (if applicable) for the four CHPP Regions are summarized in T&ble 6.1.
Looking at the same timgeriod, there were 1.54&cres of unpermittd wetland impacts for every one

acre of permitted wetland impacts, indicating that roompliance is a significant issue.

Table 6.1Summary of reportedNCDepartment of TransportatiorDOT and norDOT unauthorized 401
wetlands and buer resource impactannually within the CHPP region.

Annual Unauthorized

2014 2015 2016 2017 2018 2019
Resource Impacts
Wetlands (ag. 1.91 37.16 15.62 41.7 2,028.47 7.06
Stream ft.) 13,653 16,248 5,130 1,825 12,008 3,880
Waters (ao. 0.07 0.10 0.00 1.00 0.56 0.00
Buffers (ag. 1.09 2.07 10.29 2.53 2.49 4.06

Within the four CHPP Regions, DWR has seven regulatory stafb@®rprojects) and four regulatory

staff (DOT projects) in four regional offices that are responsible for review and procegditiyand

buffer authorization applicatios) review and providing comment for other regulatory agency permits

for compliance with wetlands standards, water quality standards, riparian buffer rules, and conducting
compliance and enforcement activities. Thed Sy 0eé Qa OSy iN} f 2FFAOS Ay wl S
staff responsible for permit review for DOT and HAO®T projects for 40WQC and buffer authorization

FYR 2@SNRAIKG 2F GKS {GFrGdSQa O2YLX Al yOSandyR Sy ¥2N.
wetland water quality standards, and riparian buffer programs.

The number of site inspections and percent compliance by agency from 2014 to 2019 is shown in Table
6.2. Division of Coastal Management staff conducted 4,688 initial site inspectiontatsdedth
processing of general or CAMA major development permits, monitoring of site conditions, routine site
inspections, or responding to conghts over the reporting periaé Only nine site inspecti@resulted

in significantviolations of CAMA regu@tions and an unknown amount of minor violations were brought
into compliance without formal actiaiThe DCM has three district offices and the central office in
Morehead City. The DCM regulatory staffing commonly consists of a district manager, tifiwae to
county field representatives (neDOT projects), one representative (DArdjects), and a district land

use planner. The Moreheddityoffice also oversees compliance and enforcement programs
supervision, public policy, permitting, and are within #ministration. Local Permitting Officers for
townships orcountiescan issue minor CAMA development permits. Regulatory staff issue minor and
general, process applicatisfor review of major CAMA development permits and conduct compliance
and enforcement activities under the authority of the CAMA and State Dredge and Fill Law.
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Table 6.2. Compliance inspections and percent compliance by agency2@034

401 WQC, buffers, wetland and 2,230 88.7
stream standardsDOT
401 WQC, buffers, wetland and 794 68.2
Division of Water Resources stream standardsnon-DOT;
(DWR) routine inspection
401 WQC, buffersyetland and 493 22.5
stream standardsnon-DOT;
complaint

(D[l)\gil/loyn of Coastal Managemer GP and Maijor permits 4,688 99.8
NPDES State and Phase 2 4,910 72

Division of Energy, Minerals, ar Stormwater

Land Resources (DEMLR) Erosion and&Gedimentation 8,188 38
Control

NC Department of Agriculture 11,545 98.5

Forest Practice Guidelines Relate

and Consumer Services (DA&C to Water Quality

- Forest Service (Forest Service
*One year of data within this time period was not available for DCM.

The DEMLR staff conducted 4,910 initial compliance inspexaiimher the NPDES programs for state
stormwater and stormwater Phase Il Rule (Phase Il) associated with development withouttCHPP
Regions over the reporting period. Of the reported initial inspection, 1,401 sites were reported to be
non-compliant with the associated written authorization or stormwater regulations. Compliance rates
for initial inspection for NPDES statedadRhase |l over the reporting period was 72 percent. In addition,
DEMLR staff also conducted 8,188 initial site inspections for compliance with approved Erosion and
Sediment Control Plan (ESCP), NPDES General Permit No. NCG100000 (Construction stemmitgter p
and other related regulations. Of the reported initial inspection, 5,075 sites were reported to be non
compliant with their associated written authorization or construction stormwater regulations.
Compliance rates for initial inspection for ESGs€@uction stormwater permit (NCGO01) and
associated regulations over the reporting period was 38 percent.

The DEMLR regulatory staff within the four CHPP Regions for ESCP and NPDES programs are composed
of 37 regulatory staff within the four regional afé and 12 regulatory staff within the Central Office in

Raleigh. The regulatory staff are responsioleprocessing ESCP, state stormwater, and Phase Il
applications, and enforcement and compliance activities under the authority of the SPCA and NPDES
rules and regulations. Please note, that sites that were reported ascoampliant may not have

required the issuance of an NOD or NOV.

Stormwater permit compliance has been a concern of agencies, the General Assembly, and others. In
2005, a study conducted five counties within th&Vilmington Regional Offiadistrict found

compliance rates for permitted projects at higlensity and lowdensity sites were 26.9 and 34.9

percent, respectively. Nenompliance was primarily due to improper maintenance for engiad

ponds, and improper installation of stormwater control measures forttmmsity sites. Followp
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inspections in the same counties two years later found 91 percerntcoompliance, primarily due to

poor or no maintenancé? Permit education is one of thgrimary reasons for low compliance since
permits are transferred in new developments from the developer to homeowner associations and from
owner to owner on individual property. In 2019, the General Assembly raised concerns about
stormwater permit transfe and compliance, and subsequently DEMLR conducted a program review.

The Forest Service is responsible for inspecting forestated landdisturbing activities to determine
O2YLX Al yOS gAlK GKS adl yRIFNRa NBdpsRelbt®&ifo War G KS &l
Quiality, (02 NCAC 60C) as part of the Sedimentation Pollution Control Act. Forest Service staff
conducted 11,545 initial site inspections within the reporting period with a compliance rate of 98.3
percent® The Forest Service is congaal of eight district offices within the four CHPP Regions with
technical assistance staff in each district generally composed of a district forester, assistant district
forester, one to two district rangers, and one to two service foresters. Water quadipections are

often carried out by county rangers and assistant county rangers, after they have completed training
specific to water quality. Each county generally has one county ranger, with one to three assistant
county rangers. Regionally, Water QtiaForesters cover two to three districts, and deal specifically

with BMP and water quality technical assistance, answering compliance questions, communicating with
loggers and landowners, and handling violations. The CHPP Regions are covered by fate Yégtar
Quiality Foresters.

6.3 Discussion

The effectiveness of a successful compliance and enforcement program has been docuhfented.
previously discussed, an EPA Program development grant provided funding for three full time position
(one position per regional office) compliance positions (one position per regional office) over the period
of 2007 to 2011. Over the grant period theported number of annual site inspections associated with
written approvals rose along with the rate of compliance. In addition, the amount of civil penalties
assessed dropped over the reporting period. When comparing the reported results of the DWR grant
with the current inspection data over the past five fiscal years, routine inspection compliance rates for
non-DOT projects have dropped from 82 percent in 2011 to 69 percent in 2019. In addition, the rate of
compliance for nofDOT project complaint inspaohs has fallen from 68.2 percent in 2011 to 22.5
percent to 2019. Subsequent to the completion of the grant, legislative budget cuts resulted in the
compliance positions not being funded by the DWR.

Additionalstaff could help conduct stormwater and sedintation compliance inspections with written
authorizations associated with 404/QC, riparian buffer authorization, water quality standards for
stream and wetland, and riparian buffer rules. Staff could also be responsible for the issuance of any
NODs, NO¥/ review of response letters and associated site restoration plans, review of applications for
after-the-fact written authorizations, oversight of site restoration activities, and pursuing any
enforcement action needed to bring the site back into regutattompliance.

The DCM and Forest Service, with a greater staff to need inspection ratio, have reported higher
compliance rates associated with initial inspectoner the reporting period of 2022019. Conversely,
DEMLR reported a higher rate of complia (72 percent) with regards to inspections of the NPDES
program permits under state stormwater and Phase I, but reported lower compliance rates (38 percent)
associated with inspections of ESCP and NCGO01 permitted sites. There is further evidencectisedn

site inspections improve regulatory compliané&Vhen the CWA permit inspections declined between
2015 and 2018, there was a 10 percent increase in serious water pollution incidents. Similarly, with
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Clean Air Act (CAA) inspections, there was ae28gmt increase in permit violations. In a 2005 study, 63

percent of the companies examined took additional compliance related actions after learning that other
companies had received penalties for environmental law violattdiiis is attributed to the

RSISNNBEYOS Y2RSt¢d ! LILX AOlIyda I NE RSGSNNBR FTNRBY ¢
penalties is real, compliance is cheaper than the expected penalties, as well as concern over

reputation 333

Although there is some overlap in regulatory jurisdiction among DWR, USACE, and DCM, there are

differences in permitting and enforcement authority. Due to these differences, as well as linatédgs

resources, implementation of any effective compliance and enforcement program is difficult and
complex.Additionally, exemptions exist from both State and federal permitting and regulatory

requirements resulting in impacts to wetlands and watensdertain silvicultural, farming and ranching

practices, dam maintenance, maintenance of drainage ditches, construction of temporary sediment and
erosion or best management practices (BMPs) required by NC ESCP, and construction of farm roads,
forestroads) YR GSYLRZ2 NI NE NRIFIRA FT2NJ Y2QAy3 YAYyAy3a Sl dzi LIY
differing in scope from DCM and USA&&Ewell asimited staffing resources, implementation of any

effective compliance and enforcement program has become more problematic.

A possible solution to address the lack of an effective compliance and enforcement program within the

DWR 401 and buffer section could be the hiring of additional staff for the regional offices within the four

CHPP Regions whose sole responsibility isndwct inspections and implement any needed

enforcement actions. Although these positions would be-newenue generating, and therefore more

likely subject to budgetary cuts, the historic data indicates the existence of a more consistent

compliance and eiorcement program reduces the number of and rate of rammpliance and overall

enforcement costs. Over the period of 2014 to 2019, DWR reported wetlands impacts authorized under
401-WQCs of approximately 1,499 acres within the seven coastal drainindgasis. Conversely,
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approximately 2,312 acres within the seven coastal draining river basins.
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and developed a ZD-2022 action plart* In addition to securing additional staff, key recommendations

to improve conpliance included conducting permittee training and outreach, requiring an annual

electronic certification on new, transferred, and renewed permits, adding a chapter in the Stormwater

Design Manual on permit renewal and transfer to provide guidance on basrmply, launchma

electronic permitting system, and modify stormwater control measures where possible that encourage
disconnecting impervious surfaces and utilizing onsite infiltration (nabaged solutions, LID). These

techniques are costffective am technically sound.

Other strategies to address environmental compliance when staff limitations continue include improving
detection of norcompliance through technology, lowering compliance costs through focused

inspections, and increasing publisdosure. It has been suggested that remote sensing and machine

learning can be used to focus compliance inspections on companies predicted to have the highest risk of
non-compliance and focus on areas of the greatest environmentaftRkquiring sefinspection

assessments has been shown to result in improved compliance rates where agency inspections cannot

get to at least 12 percent of the perrted sites. Making the public aware of violators (naming and

shaming) can damage reputations and trigger public scrutiny, and consequently serve as an incentive to
O2YLX @d C2NJ SEI YL S5 6KSy 9t! Q& /St yationda NJ ! OG 6813
decreased 10 to 23 percent.
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Currently,NCDivision of Environmental Assistance and Customer Service (DEACS) assists in the routing
of complaints to the applicable agencies through the D&A®Iic portal and telephone inquiries

received by DEACS staff. Both, DWR and DEMLR have maintained a list of recent civil assessments on a
period basis. However, no activelongterm lists of assessmerstor repeat violators exist and the
formulatingof suchlists should be vetted through upper management of the Divisions and legal staff

prior to the implementationUtilizing citizen science and public reporting ptsthas been utilizetb

supplement site inspections and increase public awarepfess.

The historical losses of wetland and water resources from unauthorized development have not been
well documented. Lack of regulatory staffing haveured in a larger number of sites that do not

comply with regulations related to water quality. Over the last five fiscal years, the DWR reported
unauthorized jurisdictional wetland impacts exceeded authorized impacts by a margin of 1.54:1. Given
this reldively high proportion of wetland impacts due to n@ompliance, actions are needed to address
it.

6.4 Recommended Actions
6.4.1 Funding

6.1 By 2023, through legislative appropriations or budget reallocations, DEQ will increase staffing in
DWR and DEMLR by a minimof two staff (one per office, per agency) in the Washington and
Wilmington regional offices.

6.2 By 2023, DE@ill seek funding through grants or other sources to supplement sagigropriated
compliance efforts.

6.4.2 Outreach

6.3 By 2022, DWR and DEMLR should work withS 591! / { (2 SadGlrof AakK | LJdzo f
websitethat providesinformation on compliance issues, allsthe public to submit complaints,
andpotentially highlighs alist of repeat violators.

6.4 By 2023, DW, DEMLR, arfdCMshould develop and hold outreach workshops for NGOs, HOAs,
and other interested public, on rules related to land disturbing activities that affect wetlands and
water quality, and how to identify violations to improve the effectivenesgulflic complaints.

6.5 By 2022, DEMLR will initiate and continue outreach to stormwater permit holders on rules and
required maintenance of stormwater control measures and structures.
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