Strategi caNami hat Rémgstofmor

Th€@ape Hievaer Basin

FI NRIEPORT

May 2018
By

Casey Knightand Anne Deaton
North Carolina Division of Marine Fisheries
Wilmington, North Carolina

Approved by the North Carolina Mae Fisheries Commission
May 17, 2018

n

Nor t



TABLE OF CONTENTS

TABLE OF CONTENT S oot e e et e e et e e et e e eb e e et snenesaneesnnnns 1l

S O i I = I S SR I\

LIST OF FIGURES . ... oottt erree e e e et e e e e et s sammra e ran e eaneeanss \Y

LIST OF MAPS ...t eeeee ettt e et e e et e e e s e e e et e e s esa s smenessaaeeesan e eerannnns VI

ACKNOWLEDGEMENTS ...ttt s e et e et e e ea e e eb e e eb e seanes IX

REGIONAL ADVISORY COVIMITTEE .....cciiiiiiei ettt X

GLOSSARY OF ACRONYMS . ..ottt ceeee ettt et e semmt et e e eeeb e e aa e e s amnns XI

EXECUTIVE SUMMARY ..ottt eeeee ettt e et e e e et mmte e e e et e e e et e e ssba s sneneeeaanans 1

LN I =@ 15 1 L N [ ] 2

1.1 GEOGRAPHICSCOPE OFREGIONZ . .ouiitiitiie et e e eem s s e e et s s st s et s mm s e s ene s e eaass 3

2 I N 31 O £ 6

1.3 IDENTIFICATION OF PRIORITY SPECIES...cuituiitietietiitietieemetnsetseensssnsetsensesssmnmesssnsesnes 7

2 METHODOLOGY . .ciiiiiiiitiiie ettt e ettt e et et e e eaees st e e et e e e b e s san s e sasssnnmranseanneesnaees 8

2.1 NATURAL RESOURCET ARGETS .. ituiitiittiitniitneenissiremeaetnsetssnstsnetsesinnnt st 8

2 N RO o =Y (0 I =T 1 (o o 11

2.1.2 Submerged AQUALIC VEQETAtIONL.........uuririiiiiiiiii et 11

P2 G T Y o 11 | = 10 1 (0] 1 T 11

2.1.4 Submerged Aquatic Vegetati and Shell Bottom...........ccccoeviiiiiiiieacnnnnn 12

2.1.5 Low-Elevation Uplands............uiiiiiiiiiiiiicceiie et 12

2 NS T VAV < 1 F= 1 g o £ 12

2.1.7 Wetland Edge......oovviiiii e 12

R S T 1 (=Y 1 Y 13

P2 RS S Vo 1 A =0 1 1] 1 P 13

2.1.10 Rare or LiSted SPECIES.......cceuiieiiiiiiii e 14

2.2 ALTERATION FACTORS . ..cvuiii ittt et et e et e et e e et re e et e e st e e et e esa e esn s snnnees 14

2.2.1 Natural Resource Targets and Alteration Factars..............cccccccoeeneirennns 16

2.2.2 Hydrological AREIratioNS............cuvvuuuiuiiiii i e e e eernrn e 17

2.2.3 Water Quality and Land Use Alterations...............ooooeeiiemmneeeseeeciiiieneee 18

2.2.4  Physical DiStUIDANCE..........ccoiiiiiieeieeee e 20

2.2.5 Total Alteration/Cumulative IMPACLS............oooviiiiiiiiiimmn e 21

2.3 MARXAN AN ALY SIS ouuiittiittieiteeeteestcaentet e eattettteetaeetn e ann—aestesetersnaeesneessmaerrnnns 23

2.3.1  SenSItIVIEY ANAIYSIS.......cooeiiiiiiiiitiiieieeeiiee e eeee e e e e e e e e e eeee s 23

3 MARXAN RESULT S ettt et e e et e et e et e e et e e eaneeees 25

4 CORROBORATION. .. .ottt et e e e e et e e eeeme et e e e et e e esta e e esanamaneeeesannnns 28

4.1 POST-CORROBORATIONRESULTS ...uuiitiiiitiieitieertneestimsesesteesneessaeeesneessnssmnmsenessneesneesns 29

5 FINAL STRATEGIC HABITAT AREA NOMINATIONS ..o, 52

5.1 BRUNSWICK COUNTY WATERS. ...ittiitteiiieeitieeetiieeeeesteeetneestnesetnesssnsannnsanessnnessneesnnes 53

5.2 NEW HANOVER AND PENDERCOUNTY WATERS ...uitiiiiiiiiieeeee s e e e e s e easea e 56

5.3 CAPEFEAR RIVER. . ..ot ittt eee ettt e ettt e e e e et e e e e et e e et e e st amneeseaneeees 60

5.4 BRUNSWICKRIVER ...ttt ettt ettt e e e e e eeme st e et e e e e aeean s e smmneeaneensd 62

5.5 NORTHEASTCAPE FEARRIVER ...uuiitiiiiiiii e ceeee ettt e e semmea e e e e e e e aanns 63

5.6 BLACK RIVER ..ottt e et e e mree e e e e e e e e s e b e st amemr s e b s enseanss 66

6 MAPS OF FINAL INDIVIDUAL STRATEGIC HABITAT AREAS ..o 67

7 LITERATURE CITED ... oottt eeeme e e et e e et e e e esamn e e eeans 93
8 APPENDIX A: NATURAL RESOURCE TARGETS ANICALCULATING TOTAL

ALTERATION .o et e e e et semmta e e e e e e et e s et s e san s e s bmm e s sanseenesennns 95

8.1 PROCESSINGDETAILS t1uittiitiitetttittttteetiaemraeetesntetsetesstssnianntasssetiesseesnsetaeesssnnntsees 97



8.2 DATA PROCESSING. .tututuitieninteente et emtesteea e ea e enteta s m—mrass e en e taserensensns menenenrenes 99

8.2.1 Aggregiepointfeaturesby HU............ooooiiiiiiiiiiicee e 99

8.2.2 Aggregtemarinas bYHU ... 99

8.2.3 Caculatemarinas pPershordinge...........ooooiiiiiiiiiiiieeei e eeeee e 99

8.3 EXTENT CALCULATIONS ...t eeteetitieeeeeeest s s e e e eeessa e e eeeessmmme e ss e eeeeensnaeeeeeessnnns 99
8.3.1 Larnd-basedextent (Hydrologic Unibased Alteration Assessment)............ 99

8.3.2  Water-based EXtENt.........coooiiiiiiiieiiee e s 100

8.3.3 RTodsfor useincdcuaing dterations.............eeveviiiiiiiiiiieesiieieieeeeeeeeen 103

9 APPENDIX B: PREPARING THE MARXAN FILES........ooiiiiiiiiiiiiiieeee e, 108
9.1 SPECIESFILE (SPECDAT) .etttttitiiieeieaeeeaaa s e immme e e e e e e s e sttt e s emeessssssbesss s e e e e e e e e e e e ens 108
9.2 PLANNING UNITS FILE (PUDAT) .1tiiiiiitiiie e e sttt s e e seees e e e e et s e e e e e et semnnn e e e e e eennan e e e 108
9.3 BOUNDARY TILE (BOUND.DAT) .etttteteeeieieiieeaeeeeeasimamteeeeaaaaeeeesassssssssssimmneessssssasannnnnes 109
9.4 PLANNING UNITS VS. SPECIESFILE (PUVSPRDAT) ..uiiiiiittiieeeeeeesiineseamesaeeseesssnnneeaeannns 109
9.5 THEINPUTFILE (INPUT.DAT) ..ettttiitiiiiaeeeeeeeete e s s smmme e e e e e e e e e e s s e e e s 110
9.6 MARXAN RESOURCES. .....uuuiiiiiiiiiiiaaeeeeimmmaeeesti e e e e eeess s e e aeamnneaaeessnnaaeeeeesnnn e eeananss 110
10APPENDIX C: DATA/INFORMATION DIRECTORY....ccoiiiiiiiiiiiiiiiie e 111
11 APPENDIX D: PUBLIC COMMENT ...ttt ceeee et e e e e e e e s semeeeeaaaaaae s 114



LIST OF TABLES
Table 1. Commercial landings of priority fishery species in Region 4 (DMF, unpublishe@data).

Table 2. Naturatesource targets (NRTs) and representation levels used in the analysis and the
importance of each NRT to priority species in RegION 4A..............uuvvuuiicceeeeevnnnnnnnnnns 10

Table 3. Alteration factor weightings used in the Meranalysis. Scale: with O being no
impact, and 3 being the most severe IMPACt...........ccooi i eeeee e, 15

Table 4. Daily mechanical hard clam harvest limits by water body (DMF 2017)............. 21

Table 5. Ecological designations and biological data used for corroboration of Strategic Habitat
Areas (SHAS) IN REGION 4. e eeenas e e e e e e e e e e e e e e e e 29

Table 6. Representatioevels, target area (acres), and resulting amounts of natural resource
targets (NRTS) POSIOrTODOratiON...........uuuueiiiiiiee s e e e e s ernerne e e e e e e e 30

Table 7. Amount of each natural resource target (NRTS) in acres present in e@gicStra
Habitat Area (SHA) NOMINALION...........uuuuiiiiiie e e e e e e s rennn s e e e e e e eeeeees 31

Table 8. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominations in Brunswick county waters (SHA nominations#L...............c..ooeiiiie 53

Table 9. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominations in New Hanover and Pender county waters (SHA nominatiors#12....56

Table 10. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominations on the main stem of the Cape Fear River (SHA nominations #25, 26, 29, 38,

Table 11. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nomination on the Brunswick River (SHA nomination #27)..........cccccovvviiviiciiineennn. 62

Table 12. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nomination on the Northeast Cape Fear River (SHA nominations #2%)30............... 63

Table 13. Descriptions and corrobamgtdata for Region 4 Strategic Habitat Area (SHA)
nomination on the Black River (SHA nomination #39)...........ccccevviiiiiiiiemeceiiiiineeeeeennd 66



LIST OF FIGURES

Figure 1. Natural resource target (NRThG#@vity analysis examining the effect of excluding
NRTs from the model on total area (acres) and total alteration scare...................... 24



LIST OF MAPS
Map 1. Regionaboundaries for Strategic Habitat Area (SHA) nominatians...................... 3

Map 2. Major water bodies in REGION.4A.........cooiiiiiiiiiiiiee e 5

Map 3. Total alteration sees for Region 4. Higher values equate to greater degradatioB2

Map 4. Marxan best solution for RegiON.4..........coooiiiiiiiiieeee e 26
Map 5. Marxan dection frequency for REQION 4........coooiiiiiiiiiiiiiiieeei e 27
Map 6a. Region 4 Strategic Habitat Area (SHA) Nominations@asbboration.................. 35

Map 6b. Re@n 4 Strategic Habitat Area (SHA) Nominations postroboration, #1419 and 25

Map 6d. Region 4 Strategic Habitat Area (SHA) Nominations-pasbboration., #3@3.....38

Map 7a. Selection frequencies of Region 4tefyic Habitat Area (SHA) nominations post
(oT ] 0] 0o ] r= 11 o o 1RSSR 39

Map 7b. Selection frequencies of Region 4 Strategic Habitat Area (SHA) nominations post
corroboration, #IL8 and 2527 ........cooiiiiii e ————————————————— 40

Map 7c. Selection frequencies of Region 4 Strategic Habitat Area (SHA) nominations post
corroboration, #1228 and 3EB4..........cooi i 41

Map 7d. Seletion frequencies of Region 4 Strategic Habitat Area (SHA) nominations post
(ofo o] oo ] = L1 Te] o R . 5 PSRRI 42

Map 8a. Alteration scores of Region 4 Strategic Habitat Area (SHA) nominatiors post
(oT0] 0]« 017> 11 (0] o FOR PRSP %

Map 8b. Total alteration scores for Region 4 with Strategic Habitat Area (SHA) nominations
postcorroboration, #118 and 2827. Higher values equate to greater degradatian...44

Map 8c. Total alteration scores for Region 4 with Strategic Habitat Area (SHA) nominations
postcorroboration, #1428 and 3684. Higher values equate to greater degradatian..45

Map 8d. Total alteration scores for Region 4 with Strategic Habitat Area (SHA) nominations
postcorroboration, #3@13. Higher values equate to greater degradation................. 46

Map 9a. Region 4 Strategic Habitat Area (SHA) nominationsgasbboration, noting
occurrence of Marine Fisheries Commission (MFC) designated nursery areas and state,
federal, and private (land trust) conservation lands.............cccoooeeieeeciiiiiiiiiiee e 48

Map 9b. Region 4 Strategic Habitat Area (SHA) nominations@msbboration, #4118 and 25

Vi



27, noting occurrence of Marine Fisheries Commission (MFC) designated nursery areas and
state, federal, angrivate (land trust) conservation lands...........ccccoevveeeiieeeciiininnenenn 49

Map 9c. Region 4 Strategic Habitat Area (SHA) nominations@arsbboration, #1&8 and
30-34, noting occurrence of Marine Fisheries CommissionGMdesignated nursery areas
and state, federal, and private (land trust) conservation lands.................ccceeeeeennnn. 50

Map 9d. Region 4 Strategic Habitat Area (SHA) nominations@msbboration, #3813, noting
ocaurrence of Marine Fisheries Commission (MFC) designated nursery areas and state,
federal, and private (land trust) conservation lands.............ccccoeeeeeeeciciiciiii e 51

Map 10. Strategic Habitat Area (SHA) nomination Slnset Beach Bird Island to Tubbs

Map 11. Strategic Habitat Area (SHA) nominationi#2hallotte Inlet, mouth of Shallotte
RiIvEr, and ShallOte CrEEK.........iieeiii et e e e e e e e eassnens 69

Map 12. Strategic Habitat Area (SHA) nominationd #3olden Beach and #4Lockwoods
Folly Inlet, mouth of Lockwoods Folly River to Rourks Landing and Montgomery Slough.

Map 13. Strategic Habitat Area (SHA) nominationi#5ockwoods Folly River northeast of

Map 14. Strategic Habitat Area (SHA) nominations #&tificial Reef 430,#71 Yaupon
Beach reef, Atrtificial Reef 425, and part of #&aswell Beach.................cccccooiiieeee . 72

Map 15. Strategic Habitat Area (SHA) nominationg #Baswell Beach and #9Cape Fear
River Inlet and part of 2117 Bald Head Island.................cooiiiiiieeer e 73

Map 16. Strategic Habitat Area (SHA) nominations #Xdying Pan Shoal and parts of #11
Bald Head ISIand............oooiiiii et rneer e 74

Map 17. Strategic Habitat Area (SHA) nominations #Bape Fear River Inlet, #11Bald
Head Island, #12 hard bottom off Fort Fisher, and #1L¥heepshead Rock................. 75

Map 18. StrategiHabitat Area (SHA) nominations #14Cape Fear River at Sunny Point, #15
i Fort Fisher Cocquina Outcrop, #L@&\rtificial Reef 378B, and #17¥ Phillip Wolfe Reef,
ArtIfiCial REET 78 .. e 76

Map 19. Strategic Habitat Area (SHA) nominations #18asonboro Island and Hewletts
Creek, #19 Masonboro Outcrop, #20Meares Harris, Artificial Reef 370.................. 77

Map 20. Strategic Habitat AreaH8) nominations #21 Wrightsville Beach including Howe
and Pages creeks, #2Billy Murrel Reef, Artificial Reef 364, and part of #22Topsalil
BRACK ... e 78

Map 21. Strategic Habitat Area (SHAQminations #22 Topsail Beach including Futch and
Virginia creeks and Rich and New Topsail inlets and #Zépsail Reef, Artificial Reef



Map 22. Strategic Habitat Area (SHA) nontinas #25/ Cape Fear River, Lilliput Creek and
#2617 Cape Fear RIVer, TOWN Cre@K........uuuuuiiiiiei e eeeeene e 80

Map 23. Strategic Habitat Area (SHA) nomination #Brunswick RiVer.............c............. 81

Map 24. Strategic Habitat Area (SHA) nominations #28rtheast Cape Fear River, Ness
Creek and #29 Cape Fear River, Indian Creek............coovviiiiiceeiii i 82

Map 25. Strategic Habit#@trea (SHA) nominations #30Northeast Cape Fear River, Cowpen
Branch, #31 Northeast Cape Fear River, Long, Morgans, and Turkey creeks, &nd #32
Northeast Cape Fear RivePrince George Creek...........oooovviiiiiiiemen e 83

Map 26. Strategic Habitat Area (SHA) nominations #38rtheast Cape Fear River, near
Castle Hayne including Island and Harrisons creeks and #@4theast Cape Fear River,
NEAr ROCKY POINt.... ..t e e e e e e e s nnmr e ra e e 84

Map 27. Strategic Habitat Area (SHA) nominations #3%ortheast Cape Fear River, Ashes
Creeks and #36 Northeast Cape Fear River, Watermelon Run.................cccccemnnnnn. 85

Map 28. Strategic Habitat Ar¢8HA) nominations #37 Northeast Cape Fear River,
Duplin/Pender County line and part of #36lortheast Cape Fear River, Watermelon Run.
Map 29. Strategic Habitat Area (SHA) nominatioB8 # Cape Fear River lowlands, Lyon and
Crossway creeks and Lyon Thorofare and part of BBk River, Moores Creek......... 87
Map 30. Strategic Habitat Area (SHA) nomination #3ack River, Moges Creek........... 38
Map 31. Strategic Habitat Area (SHA) nomination #4Dape Fear River near Kelly......... 39

Map 32. Strategic Habitat AagSHA) nomination #41 Cape Fear River below Elizabethtown.

Map 33. Strategic Habitat Area (SHA) nomination #42ape Fear River at Tarheel.......... 91

Map 34. Strategic Habitat Area (SHA) nomination #43ape Fear River at Lillington........ 92

viii



ACKNOWLEDGEMENTS

We would like to acknowledge everyone involMedtheir input and assistangethe data

processing and corroboration phases of this project. North Carolina Division of Marine Fisheries
(DMF) staff including Joe Facendola, John Perry, and Chris Stewart provided additional input
and support based on their local knowledge and experience in the. réjie Griffin with
Department of Environmental Qualityinformation Technology (DEQT) was crucial for his

GIS assistance and suppoRinally, we thank the regional advisory committee members for

their guidance and expertise, andlfdyoring throu@ the highly technical meetings needed to

fully address the issue of Strategic Habitat AreakenCape Fear River Basinhorth Carolina



REGIONAL ADVISORY CO MMITTEE

Name Affiliation
Troy Alphin University of North Carolina Wilmington
Nora Dearer North Carolina Division of Water Resources, Basin Planning Section

Jeremy Humphrey
Jessie Jarvis
Robb Mairs

Mike Mallin

Kyle Rachels

Fritz Rohde

Fred Scharf

Hope Sutton

Dawn York

North Carolina Division of Marine Fisheries, Shellfish Sanitation Sect
University of North Carolina Wilmington

North Carolina Division ofVater Resources, Water Quality Section
University of North Carolina Wilmington

North Carolina Wildlife Resources Commission

National Marine Fisheries Service

University of North Carolina Wilmington

North Carolina Division of Coastal Management, Coastal Reserve
Program

Cape Fear River Partnership




GLOSSARY OF ACRONYMS

AFSA Anadromous Fish Spawning Areas

CHPP North Carolina Coastal Habitat Protection Plan
DCM North Carolna Division of Coastal Management
DEQ North Carolina Department of Environmental Quality
DMF North Carolina Division of Marine Fisheries
DOT North Carolina Department of Transportation
DWQ North Carolina Division of Water Quality

DWR North Carolina Dvision of Water Resources

GIS Geographidnformation System

HWQ High Quality Waters

HU Hydrologic unit

MFC North Carolina Marine Fisheries Commission
NERR National Estuarine Research Reserve

NHD National Hydrologic Dataset

NOAA National Oceanographiand Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NRT Natural resource targets

NWI National Wetlands Inventory

ORW Outstanding Resource Waters

PNA Primary Nursery Area

SAV Submerged\quaticVegetation

SGA Shellfish Growing Area

SHA Strategic Habitat Area

SSNA Special Secondary Nursery Area

SS&RWQ North Carolina Division of Marine Fisheri@ésShellfish Sanitation and
Recreational Water Quality section

TNPA Trawl Net Prohibited Area
USACE United States Army Cps of Engineers
WRC North Carolina Wildlife Resources Commission

Xi



EXECUTIVE SUMMARY

Strategic Habitat Areas (SHfrepresent priorityocationsfor protectionor restoratiordue to

their exceptionagcological functions oareas thaare particularly atisk due tamminent threat

to theirability to supportoastafisheries Identification and designation of SHAs israin goal

of the North Carolina Coastal Habitat Protection R@HPP) The identification of SHAsvas
conducted in &o-stepproces: 1) using GlShased habitat and alteration data in a
computerized sitaselection analysis and 2) verifying and modifying information based on input
from a scientific advisory committeéNorth CarolinaDivision of Marine Fisherie€DMF) staff

and the adeory committeedeterminedepresentation levels fonultiple unique habitat types.
Therearealsoseveralkypes ofalteration factors thatrerepresented geospatially (i.e., hydrologic
alterations, water quality degradatiamd physical disturbancesThe site selection program
Marxanwasused to select areas tmagtrepresentation levels while limitirthe selection of

highly altered sitesThe scientific advisory committeaodifiedthe computer results based on
their expertknowledge and experiencé&he resulting SHA nominations encompads3% of

the Region4 focus areaife., riparian targets within 500 m of the shorelinpenwaters andhe
Atlantic Ocean out to 3 nmi There werel3 discrete SHAselected within RegioA. Large

area of Masmboro and Topsagoundsand the Cape Fear River wesaected due to its
biodiversity and high quality of habitats and fishery spedany of theSHAs overlap with

lands that aralreadymanaged for conservatioifhe SHAswerecorroborated with biolgical

data, ecological designations, and specific knowledge of the @h@aSHA nominations will be
incorporated intduture conservation and restoration planning efforts.
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1 INTRODUCTION

The identification and designation of Strategic Habitat Areas ($Fbhsnarine and coastal
fishery species is a critical component in th
Coastal Habitat Protection Plan (CHPP). Strategic Habitat Areas were defined in the CHPP as,
nspecific | ocat i onasystdms of habhiiats thal hawe lbeeff idestiiedtoa bi t a
provide exceptional habitat functions or that are particularly at risk due to imminent threats,

vul ner abi | (Sttest et al. 200D eaton at al. PAGEMOEQ 2016§. Criteria for

identifying SHAs were developed North CarolinaDivision of Marine Fisheries (DMF) staff

anda Marine Fisheries Commission (MF&jvisory committee establishedtire summerof

2005. The committee developed a scientifically based process for identifying candidate areas for
designation using biological data and thesssus of a regional expert panel (regional advisory
committee). Their generic process is described igtidanced o c u ment enti tl ed,

|l denti ficati on of (Dé&tonehal 80§Ghat wad approvedsby theAMFE a s 0

StrategicHabitat Areadesignationgrebased on regional analyses that identify optimally placed
habitat areas of various ecological condition (exceptional or at I&kategic Habitat Aresa

may include areas that have already been protected by other desgjradiamell as areas not

currently recognized in any way. Thus, areas designated as\@HAequire various site

specific management actions that best address the threats affecting that site. A network of
designated SHAproviding habitat connectionstho u g hout Nort h Cawillol i nads
helpensure that the complex life history needs of all species are met. Once SHAs are
designated, resource managers may address priority fish habitat issues and take steps to prevent
further alteration o$traegic areas Thus, the necessary protections for some areas may go

above and beyond current measures designed to protect h@bigatomination of SHAwill

provide guidance for other conservation projects focused on conservation/acquisition,
enhancemenor restoration projects.

The identification of SHAs addresses the continuing degradation and loss of important habitats
referenced in the CHPRStreet et al2005 Deaton et al. 203MEQ 201§. Current rules and

policies of the resource management agencies fail to adequately address the individually small
but cumulatively largalterations of fish habitdor development and associated human

activities. Eventually, resource management and conservation agencies must address the issue of
cumulative impacts in terms of fisheries ecosystem integrity and threshold alteration levels
(Deaton et al. 20tMMF 2019. On a regional scale, tisencept of managing ecosystems to

avoid cumulative impacts is partially addressed by assessing the condition of naturaéresourc
targets based on the presence, extent, and influence of multiple alteration factors. Maintaining a
healthy ecosystem through focus®iHAsis based on the interdependent relationship between

1) natural resource targe®), alteration factors3) the spéal landscapgeand 4) fish distribution

and movementAverting threshold levels of cumulative alterattonrSHAscould be

accomplished with both regulatory and regulatory toolsalthough the focus will be on non
regulatory tools.

Four regional anakes are being done to identify SHAs in coastal waters. Region 1 (Albemarle
Sound System), Region 2 (Pamlico Sound system), and Region 3 (White Oak River Basin) were
completed in 2009, 2011, and 2014 respectively ()aiSHASs in these regions are already

being used by conservation groups to a limited extent. Sampling will begin in 2018 to verify fish
productivity in SHAs and determine if modifications are needed. Once complete, staff will focus
on developing sitspecific measures to protect and enh&BidAs.

2
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Map 1. Regional boundaries for Strategic Habitat Af8BA) nominations.

1.1 Geographic Scope oRegion4

Region 4 is the southernmost region and has a riverine and estuarine component. It includes the
southern estuaries from Surf City to the $oGarolina border, and the Cape Fear River system
upstream to approximately LillingtoMi@p 1). This upstream limit encompasses the historical
anadromous fish spawning grounds of Smiley Falls (approximate fall line). Region 4 does not
include the entir€ape Fear river basin, which extendsheGreensbor@area The Advisory
Committee recognized that anadromous fish utilize waters upstream of the Region 4 boundary
and that these areas are equally important but beyond the scope of this proeesstarine
component includes the coasthB. Geological Survey hydrologic units (HWs)st (part of the
White Oak river basin) and west (part of the Lumber river basin) of the CapRiveabasin.
Hydrologic units are a defined area of land and water mvardrainage divide. The USGS
categorizes these with a standardized classification system, from the largest (region) to the
smallest catchment basin (subwatershddjese coastal waters drain to the ocean through the
numerous inlets.



The estuarine wate from Surf City through Sunset Beach include many mainland tidal creeks,
small sounds, and inlets, as well as the Intracoastal Wateiiegye are eight inlets in addition

to the mouth of the Cape Fear, separatimgslands and the peninsula of CanaliBeach.These
include New Topsail, Rich, Mason, Masonboro, Carolina Beach, Lockwood Folly, Shallotte, and
Tubbs inlets. Mainland tidal creeks east of the CapeiRrd&nder, New Hanover, and

Brunswick counties ncl ude Beckyds, N/ Mil Butch Pages, Hovee| | ar d,
Bradley, Hewletts, and Whiskey creek&dal creeks west of the Cape Fear in Brunswick

County includeDutchman Creek, Elizabeth, Lockwood Folly, Shallotte, and Calabash rivers
occur(Map 2.

The riverine componermtf Region4 includes the three lower subbasins of the Cape Riear
basini Northeast Cape Fear, Black River, and Lower Cape Fear systems. Each subbasin
includes other smaller waterbodies. Counties in riverine component of Remjiolude
Brunswick, New Hanowe Pender, Duplin, Sampson, Bladen, and Cumberland, as well as a
small amount of Hoke, Harnett, Wayne, and Onsivag 2.

T
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All six habitat types described in the CHRreet et al. 200Deaton et al. 203MEQ 2016

are present within the region. The estuarine water column is characterized as having relatively
smallwaterbodies a large portion of high salinity waters, and lunas il a large tidal range
(3-5ft). Subsequently, shell bottom is primarily intertidal and salt marsh is extei3agpite

the small estuarine waterbodies in Region 4, there is a dspianately large amount of shell
bottom habitat, relative to other regidi@=Q 2016) Submerged Aquatic Vegetation (SAV) is

less abundant and patchier than in the other regions but has been increasing over the past ten
years. The Cape Fear system esfyom high salinity at the mouth, brackish in the vicinity of
Wilmington, to nonrtidally influenced fresh water in the upper portion of the regiime Cape

Fear River is the only coastal river that drains directly to the oddabhitat is primarily foested
wetlands, freshwater marsh, and riverine soft bottbfost nearshore hard bottom in North
Carolina predominantly occurs within Region 4. Concentrations of low to moderate profile hard
bottom occur in state waters offshore of Topsail and Masoriblarads (Onslow Bay) and
Brunswick County (Long Bay). In federal waters, hard bottom is more extensive and is
characterized as having greater topographic complexity.

Because of the large portion of shallow structured habitats in this region, designiataxy

Nursery Areas are abundant in both the coastal and Cape Fear River components. Waters of the
Cape Fear River, beginning downstream at Town Creek, and extending upstreamniwsugh

of the region, are designated as Anadromous Fish Spawning Akeheersity of anadromous

fish usesthe Cape Fear, including striped bass, American shad, river herring, American eel, and
Atlantic and shortnose sturgeolm addition to supporting a diversity of aquatic habitat and fish,

this region, referred to as tkkape Fear Arch, supports a unique geological landscape and high
biodiversity in upland and wetland habitats and many endemic species (Cape Fear Arch
Conservation Collaboration 2015).

1.2 Land Use

The counties of Brunswick, New Hanoyand Pender counti¢sd the highest population

increase in the 20 coastal counties between 1990 andR&T32016) New Hanover and
Brunswick counties are the first and third most populated courilest the increased

population and associated development has occurred #le coast. Wilmington and

Fayetteville are the two largest cities in the region. Developmeand urban sprawl adjacent

to, these cities accounts for most of the incegasleveloped land use, and decrease in evergreen
forest and forested wetlandkand use is primarily residential along the coast and around
Wilmington and FayettevilleLand use in rural inland areas of Region 4 consists of crop and
animal agriculture, as well as industrial use along the staim of the Cape FeRiver. Swine

and poultry farms are highly concentrated in the Northeast Cape Fear watdvk@dipalities

use the river for wastewater discharge and drinking water uptake. Many industries have been
located along the Cape Fdriverfor decades due to the need tactmrge industrial waste.
Subsequently there are several EPA Superfund sites along the river. However, with these
exceptions, many other areas between Wilmington and Fayetteville are fairly undeveloped and
support productive habitat and fisheries.

The large population increase puts stress on the adjacent ecosystem. For example, obthe coast
river basins, the Cape Feamich includes the southern estuaries of Pender and New Hanover
counties had the second greatest acreage of impacted wetlands ba&@t permit records,

from FY 2000 FY 2014. Increasing development stresses shell bottom habitat through point
and nonpoint sources bringing sediment and other pollutants to shellfish waters. In 2014 48% of
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shellfish harvest waters in the southern cmsn{Onslow through Brunswiatountie$ were

closed due to bacterial camination Despite multiple anthropogenic threats and large areas
closed to harvest, 45% of the total landings ortNCarolinacame from the southern counties in
2013 OEQ 2016, which further impacts the habitat. In the low salinity and fresh waters of the
Cape FeaRiver, runoff from agriculture, concentrated animal feeding operations (CAFOs), and
industrial discharges is the primary water quality thr&uhce 2009, algal bloosrof toxic
Microcystishave been occurring in the Cape Fear River and been concentrated between Lock
and Dam 1 and upstream of Lock and DanO®structions to anadromous fish passage from
dams aralsoa significant concerim the Cape Fear River

There are several conservation lands that provide habitat protection as well as recreation
opportunities. Among the conservation lands are two undeveloped islands (Masonboro Island
NationalEstuarineResearciReserveand Lea Island), Fort Fisher State Redozafrea,

Carolina Beach State Park, Holly Sheded Angola Bay Gamednds, and&ingletary Lake

State Park and Raven Rock State P##ditionally, over 24,000 acres have been purchased for
conservation along the Black River, Northeast Cape Fear RivérTown Creek.

The DMF Management Review Team noted increasing shellfish harvest closures as a priority
threat throughout the estuarine region. Degraded nursery conditions due to toxin and nutrient
contamination, sedimentation, and altered flow afidisawas also considered a concern

overall. Algal blooms, low dissolved oxygen, and stream obstrisctimhsh passagsere the
primary concerns in the Cape Fear system.

1.3 lIdentification of Priority Species

The priority fisheries species of the Capamiver Basin encompasses many shellfish and
finfish includingeasterroyster(Crassostrea virginica clam(Mercenariamercenarig, blue
crab(Callinectes sapidysshrimp(Penaeus sppbay scallop Argopecten irradiangs southern
flounder(Paralichthys lethostigmg red drum(Sciaenops ocellatyisspotted seatroCynoscion
nebulosuy kingfishes(Menticirrhusspp.) andspot(Leiostomus xanthuriis The Cape Fear
River systemis vital to anadromous species, including striped fdssone saxatiliy shadand
river herring(Alosaspp.) and sturgeofAcipenserispp.) tha migrate up river for spawning;
while thenearshorrovidesimportanthabitatfor gag(Mycteroperca microlep)s black sea bass
(Centropristis striat, sheepshea@rchosargus probatcephaluy, and mackerels
(Scomberomoruspp.) Commercial and recreational landings support the value of these
fisheries to the region. Commercially blue crab, shrimp, spot, oykiegsmackereand gag
grouper had the highest average landings (Z%) in Pender, New Hanover, and Brunswick
counties(Table 1) Recreationally, flounder, red drum, spotted seatrout, king and Spanish
mackerel, and spot were the most targeted spetlesse were all considered priority species for
Region 4 by the DMF Maagement Review Team.

The CHPP states that fAThe areas that contri bu
of habitat t er me d(D&toread. B0gMEQ 2618. bn atgeneral sense,a 0

the abundance and diversity of habitat such asoshalursery areas, SAV, and oyster beds is

what sustains productivity in Region 4. The Region 4 SHA assessment focused on identifying
habitat areas that provide critical functions to various life stages of priority species and are

minimally degraded.


file://///wp3dfmorfp01.eads.ncads.net/RE/HABITAT/CHPP/SHA/Region%204/Report/SHA%20R4%20report%20intro%20ad%20.docx%23_ENREF_6

Table 1. Commercial landings of priority fishery species in Region 4 (DMF, lispetidata).

Commercial Landings (Ibs)

Species 2005 2010 2015 20052015 Avg.

Blue Crab 1,057,677 1,004,967 843,108 1,055,345

. Shrimp 680,384 806,235 588,632 585,211

Shellfish/ Oysters 87,933 159,419 153,741 149,931
crustacean

Clams 69,277 52,139 33,575 56,462

Bay Scallop* - - - 34

Spot 261,357 57,982 119,858 165,403

Kingfishes 99,450 133,107 118,682 102,408

Estuarine finfish Southern Flounde 66,384 66,702 93,337 78,546

Spotted Seatrout 8,921 9,224 15,156 12,464

Red Drum 7,088 6,189 12,454 7,402

Anadromous fish Striped Bass** 2,721 - - 611

Sturgeon - - - -

Grouper, Gag 160,443 151,385 67,984 126,449

_ Black Sea Bass 146,538 65,009 100,425 103,470

?:aesftzl'spkgg‘;ics Sheepshead 2183 2526 10,893 6,731

King mackerel 266,007 158,996 128,748 210,080

Spanish mackerel 2,183 2,526 10,893 6,731

*Landings in 2013nly
**[_andings from 200520080nly

2 METHODOLOGY

A guidance document was devedal to direct the methods for identifying SH&®aton et al.

2006. The SHA identification process consists of three main phases, each of which requires
input from a regionahdvisory committee The first phase in the SHA process is to identify

priority species and habitats, and build a GIS database of existing biological and anthropogenic
use data foRegion4. The DMF Management Review Team selected priority species for the
region based on their importance to both the recreational and commerang figtustries in the
region. Once daa was assembled by DMF staff, the regioadlisory committeéor Region4
revienedthe data to ensure that they have sufficient spatial coverage and are current enough to
be included in the SHA selection proce3fienthe committeeexaminel the priority fish species

for the region anduggestdthe amounts, or representation levefsgachhabitat, or natural

resource target (NRThatshould be included ithe final SHA network. The second phase of

the processvas to runthe site selection softwaMarxan(Ball et al. 2009to determinen initial
configuration of SHAs Once thevlarxanmodelingwascomplete, the third phase consisof

an expert committee reviewing tMarxanselections and usingprroborating information and

their own ecological knowledge toaaify the boundaries of the SHA®d derive a final

network of SHA nominations.

2.1 Natural Resource Targets

In this analysis, atural resource targets (NRTS) are defined as the habitatepiesent
essential ounigue components of the fisheries ecosystBiatural resource targevary by
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region andepresentation leve(she amount of a habitat to be included in the Sté#nination$
should be chosen to differentiate between habitatatbaised differently by fish specieBo

do this, piority species were grouped into shellfistustaceansestuarine finfishanadromous
fish, and reef fisrand coastal pelagitsased on common life history strategi€alfle2). Each
NRTwas evaluated based on iQneeidentified)tee usediRT hese s
by each group of priority speciessused to set representation levels. In addition to the
importance to priority species, thbility of the NRTto improve water quality was also
considered when setting representation levels. After an initial value was set, representation
levels were adjusteloly the advisory committeeased on the regional importance of a habitat
type, quality of habitat data, and oak amount of habitat in a regio Additional adjustments
were made to the NRT representation levels by the advisory committee after reviewing the
sensitivity analysis (See Sensitivity Analysis Sectioh)comprehensive list of NRSTand the
chosen repientation levaare listed inTable2.



Table2. Natural resource targgfdRTs)and representation levels used in the ansigsd the importance of each NRT to priority species

in Region4.
Importance to priority species
' Anadromous Estuarine Reef fish& .
Shellfish fish finfish coast_al Water quality
pelagics
oysters, blue | striped bass, fl southern gag, black
crabs, hard American ounder, spot, seabass,
. spoted
Total acres clams, bay Shaj,.rlver seatrout, red sheepshead, )
within focus scal!ops, herring drum: kingfishes,
Habitat type Natural resource taeg area Rep level (%) shrimp sturgeon weakfish mackerels
Hard bottom Hard Bottom 3,689 0 X
SAV High salinity SAV 653 60 X X X X
Shell bottom Intert.idal shellbottom 3,708 60 X X X X
Subtidal shell bottom 2,395 60 X X X X
SAV & shell bottom SAV & shell bottom 130 80 X X X X
Riverine soft bottom ({Bft) 1,902 30 X X
Creeks & Rivers Riverine soft bottom (&ft) 292 20 X X
Riverine soft botton>6ft) 1,174 20 X
Riverine soft bottom (ND) 6,764 10 X
Palustrine soft bottom {8ft) 18 0 X
Palustrine soft bottom (ND) 195 0 X
Estuarine soft bottom {Bft) 18,430 20 X X
Estuarine soft botta (3-6ft) 3,507 20 X X
Shallow soft bottom Estuarine soft bottom (ND) 6,965 0 X X
Marine soft bottom (€Bft) 4,226 30 X X
Marine soft bottom (&ft) 3,576 20 X X
Marine soft bottom (ND) 54 0 X X
Deep soft bottom Estuarine soft bottom (>6ft) 6,911 10 X X X
Marine soft bottom (>6ft) 176,471 0 X X
Emergent wetland 34,629 10 X X
Wetland Forested wetland 58,637 30 X X
Shrub & scrub wetland 3,792 0 X
Wetland edge 9,067 40 X X
Low-elevation upland Low-elevationupland 2,110 0 X
Water column Streams (low elevation) 624 20 X
TOTAL AREA 349,918
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2.1.1 Hard Bottom

Locations ofhard bottomin the ocean are not well documented, and arfigw datasets exist
that give specific locations and infoation about hard bottom habitats. ForRegion4
analysisdata wasombined from several different data sets to create a mosaic of hard bottom
habitat. The most extensive survey wased on the Southeast Area Monitoring and
Assessment Rependgentdish@dlectiores &dm the 19988 AMAP 200). In
addition the list of wrecks and obstructions was obtained fronN#éigonalOceanic and
Atmospheric Administration (NOAADffice of Coast Surveutomated Wrecks a@h
Obstructions Information System database
(https://Iwww.nauticalcharts.noaa.gov/hsd/wrecks_and_obstructions.itiaural Heritage
Areas of hard bottonoutcrops near Fort Fisher, Masonboro, and Topsail were included
(https:/Incnhde.natureserve.org/comtéatadownload.

Due to geographic and spatial relationship constraints between NRTs (See Sensitivity Analysis
section), the advisory committee decided to remove hard bottom from the model, setting a
representation level of zero, and hand select ddinegorroboration stage (Table Because

of its importanceo priority species such as géduack sea basandsheepsheads well aghe

lack of mapping data documenting hard bottom habitate thar77.4% of all known locations

of hard bottom mateal were selected in the proposed SHA networlRegion4. Unlike

previous regiondMF artificial reefswere not excluded frortinese selectionsince they are an
important and large part of the offshore hard bottom habitat.

2.1.2 Submerged Aquatic Vegetation

Submerged aquatic vegetation beds were mapped using aerial photography interpretation and
transect data interpolatiorfource datéor Region 4were acquired in 2007 and 20@enthic
Habitat Mapping Program 1988arch 205, unpublished daja Mapped SAV was furttre
differentiated into low (dL5ppt) and high salinity (>Jpt) beds, based on NOAA salinity
classifications.All SAV within Region4 is classified as high salinity

The presence of SAV indicatas area with goodater qualitythatis sufficient to suppora

wide variety of essential ecological functions within coastal happatsiding an implicit way

to differentiate between qualities of areas in soft bottom habitats. In the context dflatkan

inputs, a sensitive habitat suak SAV can help distinguish between otherwise similar habitats
such as shallow estuarine soft bottom. Because of its regional importance and uniqueness, high
salinity SAV tagets were set relatively highQ®; Table 3.

2.1.3 ShellBottom

Shell bottom habitan Region4 was based on interpolated transect data collected by the DMF
Estuarine Benthic Habitdlapping Program
(http://data.nconemap.com/geoportal/catalog/search/resource/details.page?uuid=%7BECC895D
B-5A1C-4F1398C31AB080F4B4B5%70D). The source datanges from 1988 t2016,

depending on the geographic area. The shell bottom target is defined as areas with at least 30%
coverage of shell material (typically oysters) in water generally less than 12 feet deep. Shell
bottom is subdivided into intertiland subtidal by th&stuarine Benthic Habit®&rogram.

Other sources of data were incorporated into the shell bottom target, including cultch planting

11



sites (DMF unpublished datd981-2016) and an oyster reefnapping assessment of Masonboro
Islandcorducted by the National Estuarine Resedeervd NERR) (Manley 2016).Cultch

planting data was classified as either intertidal or subtidal based on depth recorded at the time of
deployment All the Masonboro Island NERRfata waslassified asntertidal. Representation

levels were set #&0% forbothintertidaland subtidashell bottombecause they are regionally
important as éisheryresourceserve as fish habitaindare importantor maintainingwater

guality (Table 2)

2.1.4 Submerged Aquatic Vegeation and Shell Bottom

The SAV and shell bottom data was derived from clipping the overlaid SAV and shell bottom
layers. Areas where both occurred were then selected. Submerged Aquatic Vegetation and shell
bottomareboth indicators of good water qugli&nd a high productivity. Therefore, the
representation level for areas@ve both SAV and shell bottom occur was set very high at 80%
(Table 2).

2.1.5 Low-Elevation Uplands

Low elevation uplands were included because they are potential sites for marstomagrati
inundation occur¢Deaton et al. 203MEQ 201§. A 2008 3m digital elevation model with a
vetrtical accuracy of 25ciwasused to select areas less thao feet above mean sea level and
having a patch size greater tham#5 Nonwetland shorelines were also included in this
category of uplands. The nevetland shoreline was derived frahe North Carolina Division

of Coastal Manageme(DCM) estuarine Isoreline data. A 15m landward buffer was applied to
the shoreline and the resulting data was combined with the uplands derived from the digital
elevation model. Only low elevation uplands adjacent to dRarswere retained; all others
were eliminatedrbm the datasetDue to this connectivity, the model will inherently select any
uplandassociated with the other NRTs. Thereftine, representation level was set to 0% (Table
2).

2.1.6 Wetlands

Wetland targets were extracted fromthe S. Fi s h Alati@hal Wetlandd Invdnterg s
(NWI) (https:/lwww.fws.gov/wetlands/data/dedawnload.html where wetlands are classified
according to Cowardin et g1979. Wetlands of the following types are included in Region

4 analysisestuarine intertidal emergent, shrub/scrub, and forested wetlands and palustrine
emergent, shrub/scrub, and forested wetla@lgy contiguous wetlands within @®of a stream

or shorelineof the National Hydrography Dataset (NHBiIgh re®lution data (1:24,008cale)

were included as a target for assessr(faips://nhd.usgs.gov/NHDHigh_Resolution.html
Representation levels were set at 10%, 30%, and 0% for emergent, forested, and shrub/scrub
wetlands, respectively, based on their importance to the estuarine system (Table 2)

2.1.7 Wetland Edge

This target consists of the linear wetladbe as designated in tb€M estuarine shoreline data
layerwith a 15m landward buffer appliedThe wetland edge target does not differentiate
between the marsh and forested edges. The inclusion of wetland edge, in addition to
riparian/interior wetlandsvas intended to capture the important linear ecotone within aquatic
systems. Wetland shorelines are important habitat for juveniles of some priority symectbe
Wetland edge representation level was set relatively high at 40% to reflect suct2jTable
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In Region 2, the linear wetland edge features were buffered and converted to polygoa feature
while inthe Region 3analysisghewetland edge featumaskept linear In Region 3, thdinear
features were retained with the intention of maintainimginiegrity of the linear datasahd

avoiding potential false inflation of alterations many of the alterations affecting these features
were also linearFor Region 4, most alteration are polygon features and it was determined that
buffering the wetlanédge would not falsely inflate alteration factors.

2.1.8 Streams

Small creeks and streams were represented usimgHBehigh resolution data (1:24,06&ale).

This dataset represents a connected network of stream channels. The streams were clipped out of
the open water features to leave a continuum from linear to polygon water features. The

artificial connectors, an artifaoeeded to maintain the dataseontinuous linear network

between features, were removed from the dataset because they did nohteprema habitat.

A representation level @0% was setor streams (Table 2)

2.1.9 SoftBottom

Soft bottom or water column habitat was designated as any area without submerged aquatic
vegetation, shell bottom, or other structured habitat. This soft botibitahwas derived using

the DCM estuarine shoreline layghe NOAA bathymetry contour dataset
(https://data.noaa.gov/dataset/bathymetantour3, and theNWI dataset.The DCMestuarine
shorelinedatawas used as the base or boundary for the softrhatdural resource target
because it wasecentlydigitized using high quality aerial imagery. All other structured features
were removed from this base layer; this includes submerged aquatic vegetation, shell bottom,
and hard bottom. The remaining feasiwere considered soft bottom features.

The soft bottom features were further classified by depth and system. The depth categories
included 03ft, 3-6ft, and no deptlND). These distinctions are important because they

correspond to major differencesecological function (i.e., shallow water nurseries). Depth was
derived fromthe NOAA bathymetric dataseThe no deptltategory was assigned to channel

like hydrographic features adjoining more open waters, or where the bathymetric charts indicated
no data.

The soft bottom habitats are also classifiegd system type using the NWietland polygon
dataset and classificati@ystem(Cowardin et al. 1979 Any soft bottom habitat thalid not

have a hydrological connectiom riverine or estuarine systems by linear water features was
removed from the daset by applying 80mbuffer to determine connectedness of water bodies
(i.e., lakes and ponds) to adjacent water features. Soft bottom habitats are classified into
riverine, estuarine, palustrine, and marine systems.

1 Riverine systems were separated flom salinity estuarine systems based on a linear or
meanderingnorphology and a substantial (rditched) drainage network upstream.

1 Palustrine systems included all rtidal wetlands dominated by trees, shrubs, persistent
emergent, and all such tidal thends were oceaderived salinities are below 0.5ppt.
Palustrine systems were only included if they were directly adjacent to connected
lacustrine, riverine, or estuarine systems.
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1 Estuarine systems included all open waters and intertidal flats betweene and
marine systems. The estuarine system also includesligerféatures surrounded by
estuarine wetlands.

1 Marine systems included the subtidal and intertidal waters of the coastal ocean and inlets.

Due to the abundance of soft bottom in theaegnost representation levels werelsgiow 30%
(Table 2).

2.1.10 Rare or Listed Species

Rare or listed speciese not included in thilarxananalysis as targets, but are taken into
account indirectly through targeting of associated habitats, and duringtimelgghase of the
analysis sing expert modification. Rarksted or specief special concerm this region
includeAtlantic sturgeor{Acipenser oxyrhynchysbottlenose dolphin@ursiops truncatus
diamond back terrapir(#lalaclemys terrapijy andsea turtlegChelonioidea) Sturgeon habitat
will be indirectly targeted through selection of riverine wetlasttgamsand soft and hard
bottom. GreerfCheloniamyda$, K e mp 6 s (Lepidathelsykempiand loggerhead sea
turtles(Caretta carettpaare the most comam of the fivelistedsea turtlespecies irRegion4.

They tend to enter thestuarine waterns the spring as they migrate north for the summer, and
leave theestuaryin the fall to migrate south for winter. Sea turtles are highly raphibving
around as they feed opportunistically.ithih Region4, sea turtles are can be found throughout
the soundand lower rivers. Their habitat will be targeted indirectly through deep soft bottom.

2.2 Alteration Factors

Alteration factors are humantagties that impact the marine environment. The alteration
factors used in the analysis $istedin Table3 anddescribed in the sectiobhglow. Each factor
wasevaluated for duplicatioar overlapwith other factors.
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Table3. Alteration factor weightings used in the Marxan analySisale: 83, with O being no impactnd3 being the most severe
impact

Water based Alterations Land based Alterations

(impact hydrology)* (impact water quality) Physical

Habitat Catego€s
Hard bottom
Creeks & rivers
SAV

Shell bottom

SAV & shell bottom
Deep soft bottom
Shallow soft bottom
Upland

Wetland

Streams

Wetlandedge
*Based on existing GIS layers and factored as presence/absence
**Calculated as the # of facility per HU
*** National Pollutant Discharge Elimation Systeni Relativized proportion of development/agricultural land useHbér

A N R 2 O O - = = N - [Culvertobstructions

NNRNRF PP B 2 Ok w e Mmpoundments

A N O O O - = = N o Bridge Constrictions

0O 00O Kk, L, = b = N Prohibited shellfistharvest
OO O OMN R, WN W w | Trawling and dredging allowed

000 OEFEE W w e w Mechanical clam harvest

WhkRrNMNONON - - Bulkheads
N RNV ON E W W W~ N [Predged channels

NN WO O o o o o — o DPitched/Drained

N O R B B 2 N R w e N [Canals and boat basins
B Wk O R LN R NN N Major NPDES™

B N R OR L - B b Mnor NPDES*™

S, W e ONEFEN RN W o Animal operations**

B Wk R e e W N Ww N = DPeveloped land use*
F N R R R RN R NN - Agricultural land use*t*

hOr oo OoONON o k- |Pocksandpiers

NI ORIKREFOIRLOLHR R R Rprap
h O R ONRENNNN - Marnas
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2.2.1 Natural Resource Targetsand Alteration Factors

The NRTs for Region 4 were grouped into general habitat categories for the purpose of applying
alteration factor ratings. Fexample, wetland types are affected similarly by ditching and
drainage; therefore, they form one habitat type for alteration calculations. However, there were
linear and polygon wetland and shoreline features. To apply the equattaisulate the tat
alteration scor@resented in AppendiX, the linear features were converted into narrow polygon
features. Like Regi@® and 3 this conversion was also done for linear water features including
linear stream features. The NRT groupings are listd@ile3 and described below:

1 Hard Bottomi All categories of hard bottom.

1 Creeks/rivers Polygon water column features for riverine hard and soft bottom NRTSs.
This category represents soft bottom under flowing water conditions.

1 SAV All categories of SAV, only high salinity present in Region 4.

1 Shell bottoni All categories of shell bottom.

1 Soft bottom, deep All categories of estuarine and marine soft bottom >6ft deep. This
category represents soft bottom under standingveainditions.

1 Soft bottom shallowi All categories of estuarine and marine soft bottom <6ft deep.
This category represents soft bottom under standing water conditions.

1 Uplandsi Line features that were converted to polygons using a buffer 15m landward
from nonwetland shorelines. The polygon target fordelsvation uplands was included
in this basic habitat type for alteration.

1 Wetlandi Wetland edge was converted to polygons using a buffer 15m landward from
wetland shorelines. Interior wetlands aodygon features >15m from wetland edge.

1 Streams Linear water column features converted to polygons using a 2m buffer. The
size was based on the thinnest polygon water features, usually upper end of creeks or
rivers.

Many other factors were consideredt vere not included for various reasons. Among them
were 208 DWQ use support ratingstormwater outfalls, surface water intakes, silviculture
operations, and beach nourishme8bme of these may have been used during the corroboration
phase.Their ug was excluded for the following reasons:

1 DWQ use support ratings were not used becaugawearily needed aquatic life use
support, which wasné6t available in all l oc

1 Stormwater outfall maps from DWQ and SS&RW@re incomplete for the regiondn
overlap with the Shellfish Growing Areas was observed.

1 The GIS data for water intakes was extremely outdated, excludes certain areas and
intakes under large minimum thresholds, and\hgonal Pollutant Discharge
Elimination SystemNPDES sites coverednajor surface water intakes.

1 Silviculture/forestry discharge not included because literature review in the CHPP
indicated minor effect ohabitat and water quality, previoudvasory committees felt the
alterations to aquatic habitat were minor relatovether threats, and the activity was
difficult to represent spatiallfphoff 2008 Deaton et al. 2070

1 Dredge material disposal on beaches has occurred in the (Bgiaton et al. 20)0Qbut
was not included in the alteration factors, since it was episodileasidrequent than
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beaches with long term storm protection projects.

Alteration factors are loosely categorized as affecting hydrdgyer based alterationsyater
quality (land based alterations), physical structure of habitgbhysical) The eféct of
alteration factors on natural resource targets is represented in various ways:

1. Overlap ofhabitat area and alteration footprifit This was done for alteration features
whose effect could be accurately represented by a discrete area. Alteredraiessef
features were represented as the area of the intersection between the habitats present and
alteration. This wadone forculvertsobstructed areas, impoundments, bridge
constrictions, bulkheads, rip ragredgecchannels, ditched/drainegetlands canals and
boat basins, prohibited shellfish harvesarinas, pierand dockstrawling, and
mechanical clam harvest

2. Relative impacofthe alteration factor to a hydrologic uriitThis was done for alteration
factors that were theorized have watetsedlevel impactor if the data collection
prevented a discrete area of impact from being delineated. To calculate this, the extent of
an alteration factor (whether it be total area or the sum of point counts) is summed across
HUs and amount iscaledto the maximum value occurring in ahiJ in the region. This
includesmajor andminor NPDES, animal operationdevelopedand use, and
agricultural land use.

2.2.2 Hydrological Alterations

2.2.2.1 Culvert-Obstructed Areas

This factor identifieshe stream segmentgith possible obstructions by small barriers including
culverts and fordsThesource of theulvert datavas the North Carolina Barrier Prioritization

tool which was funded by American Rivers and supported by the Southeastern Aquatic Resource
Partnership (BRP). This tool uses state specific natural heritage and anadromous fish data to
prioritize dams for fish passage within the state boundaries (Hoenke Zlielsmall Barriers

layer from the prioritization tool was used to identify culvert obstructeabare

2.2.2.2 Impoundments

Impounded waters include the watershedtream from documented dam locatiand

waterfowl impoundmentsThe data sources for dam locatioverethe North Carolina Barrier
Prioritization tool which was funded by American Rivers angsuied bythe SARP This tool

uses state specific natural heritage and anadromous fish data to prioritize dams for fish passage
within the state boundaries (Hoenke 201%ilhe Dam Inventory Version 2 layer from the
prioritization tool was used to identiflamobstructed areas.

2.2.2.3 Bridge Constrictions

The bridge constriction data seasselected fronthe North Carolina Division of Transportation
structure location shapefilat{ps://connect.ncdot.gov/resources/gis/pagesigialayers.aspx
From this shpefile, all bridges, including railways and ferry ramps, were extracted.

2.2.2.4 Bulkheadsand Riprap
Shoreline type was extracted from DEM 2012 estuarine shoreline dé¢dcVerry 2013.
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Alteration was rated as the ratio of the linear distance of stabilized structures to the linear
distance of shoreline tiin an assessment hexag@tabilized structures were defined as
bulkheads and riprapAlteration weight was higher for bulkheads than for riprap because
bulkheads have a greater negative impact on the shorelines than riprap.

TheDCM surveywasbased 020062010 county level digital ¢tmophotos from 6 imnd 2ft

resolution. Structure polyline features were generated from the imagery through heads up
digitizing, andweredigitized at a scale between 1:300 and 1:500 feet. Structure type is based on
thepresence of commercial, recreatigraadd erosion control structures and attributed using
guidance provided in ACM-generated methodology entitled "Charting the Estuarine
Environment: A methodology spatially delineating a contiguous, eéiséusinoreline bNorth

Carolind (Geis and Bendell 2008

2.2.2.5 DredgedChannels

This alterationfactorincludes areas dredged by the U.S. Army Corp of Engineers (USACE) on a
regular basis. The source data originated from 2008 |ayerdoes not include channels

dredged by the DWR or private channels dredged for-dexst@r access, thohghese areas may

be included in theanals and boat basileer.

2.2.2.6 Ditched/Drained

Forthe drained alteration factawetland polygons witlpartially drained wetland areas were
derived wusing t he NiVddatasetfra thetitclzed dlteratidn facta@inearn t h e
stream features with tredassification in the high resolutioHD was used to select all ditched

stream linear features.

2.2.2.7 Canals andBoat Basins

This alteration factor included very long and straight polygon features (obvious canals for
navigation)or relatively short and straight elongate polygons with no upstream hydrology (short,
water access canals or boat bagsirome of the delineated boat basins could also overlap with
marinas. Thidile was created by clipping out portions of DMF jurisdictionalwaters that
appeared to be excavated canals or boat baSmse modifications were made by hand to
remove areas that were for obviously for drainage instead of navigation when compared with
2012 imagery dataAdditional areas were added bagedobvious canals and boat basins
observed through various aerial imagery sources.

2.2.3 Water Quality and Land UseAlterations

2.2.3.1 Major and Minor NPDES

The major and minor NPDE&terationfactor was derived from NPDES sites locations provided
by DWR (2014 data). Major NPDES sites in the regiancludedmunicipalwastewater

discharges such as those for the cities of Carolina Beach, Wilmington, Elizabethtown,
Fayetteville, and Dunn, and the counties of Brunswick and Haamettindustrial process and
commerciawastewatedischargesuch as those for the Brunswick and Sutton power plants,
Riegelwood papermill, and other manufacturdvinor NPDES sitesvere more numerous and
variable in type including water plants and water conditioning, municipal, industr@gsand
commercial, groundwater remediation.isltifficult to determine the area of influence for a
point source without a detailed hydrologic mod€herefore major and minoNPDES sites
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were summarizetdy HU to approximate the measure of alteratidrine number ofmajor and

minor NPDES withinHUs was then scaled by the maximum number occurring in the region, and
the relative amount was used to calculate thive severity of alterationMajor NPDES were
given high alteration scores than minorD&S to account for the scale of impact.

2.2.3.2 Marinas

Wildlife Resource€£ommission andMF Shellfish Sanitation data on maraiocations and

numbersof slipswere combined to make odatasedf all facilities with > 10 slips.The DMF

Shellfish Sanitation Seoh has determined the area of influence for marinas or groups of

marinas on a creek that subject to buffer rules for shellfish sanitation reasons. Areas within these
buffers are closed to shellfish harvedthese closure areas were used to define dseanimpact

for marinas in this analysislhetotal number of slips atarinafacilities were aggregatday

closure areand divided by the amount afea in the closed area to get a slips/acre mekhcs

metric was scaled to the maximum value ocogrin Region4.

2.2.3.3 Animal Operations

Locations and size of animal operations were obtained for poultry, swine, and cattle operations.
The svine and cattle operation informatiaras compiled byhe Environmental Working Group
(EWG) and Waterkeeper Allianéemm the Department oEnvironmentalQualityd EDEQ)

animal operations permigs of January 2B(DWR, Animal Feeding Operations Unit) and the
2015 USDA Cropland data layer. Theuttry data wasompiled by EWG and Waterkeeper
Alliance from thePoultry- Inventory and Sales USDA AG Census 2007 and 20itPthe 2015
USDA Cropland data layett is difficult to determine the area of influence for a point source
without a detailed hydrologic model. Therefore, animal operations were summarigébtby
approximate the measure of alteration. The number of animal operationsesithidU was

then scaled bthe maximum number occurring in the region, and the relative amount was used
to calculate the relative severity of alteration.

2.2.3.4 DevelopedLand Use

This alteration factor was derived from tR®OAA 20062010 GCAP Southeast Region Land

Cover dataset usirnthe open space, lewmedium, and highintensity development
classificationghttps://coast.noaa.gov/digitalcoast/toolsylc@he total area of developed land

use within eacHU was calculated and scaled to the maximum proportion of developed land use
found within a HU in the study region. A greater proporid developed land within a HU
suggests greater nutrient and chemical loadings frorpoort development sources.

2.2.3.5 Agricultural Land U se

This alteration factor was derived from tR®OAA 20062010C-CAP Southeast Region Land
Cover dataset using the cultivated crops and pasture/hay classifications. The total area of
agricultural landuse within eackiU was calculated and scaled to the maximum proportion of
devebped land use found within a HJthestudy region. A greater proportiofagricultural
land within a HUsuggests high nutrient and chemical loadings frompwnt agricultural
sources.

2.2.3.6 Prohibited Shellfish Harvest
Prohibited shellfish harveateai nf or mat i on was $hbllislaSanitatidnahdr om DM
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Recreational Water Quality sectioAreas pohibited to shellfish harvesiue to high pathogenic
microbe counts or automatic closures around wastewater treatment outfalls and marinas were
included to represent ngroint source alterains at spatial scalesnaller than hydrologic units.
The benefit of representing localized impacts was considered more important than minimizing
the redundancy of similar alterations (i.e., NPDES, marinas, and developag&nth

addition, the prohilbed areas are documented alterations and not reliant upon inferred data.
Only waters that fall under treategorie®f prohibitedand conditionally approved, closed

harvest are includedpaditionally approvedopenharvesting waters were not includecaease

they are considered restorableyF. Areas that are closed due to marina buffer rules were
removed from this layer to avoid duplication with the marina alteration layer.

2.2.3.7 Piers andDocks

Shoreline structures were obtained fromE&M 2012 estuari@ shoreline structures survey
data(McVerry 2013. These areas were considered an impact due to shading open water areas,
disturbing the adjacent shoreline, and increased activity in the surrounding areas.

2.2.4 PhysicalDisturbance

2.2.4.1 Trawling

Trawling area informati on wa smeotlsdctoon. TR&S fr om D
layer depictsareas that are open to both permanently and temporarily open to traiditiy.

permanently and temporarily opereaswere given the sanadteration score because data on

trawling effortand frequency of opening specific areasndis not available at this time.

2.2.4.2 Mechanical Clam Harvest Areas

Mechanical Clam Harve#tr ea i nf or mati on was obtained from
section. Two types of mechanical harvest gear are currently used in North Carolina: the
hydraulic escal ator dredge and the clam trawl

dredge penetrates the bottom to a depth of about four inches and collects clams as they are forced
from the bottom by water pressure and conveyed up theagscaboard the vessel. In clam
trawling or nki c kdifrongtide,botton vatmmsowash and adheasily o d g e
chained trawl with a cage behind the boat collects the qlaiM§ 2017). It is accepted that
thesemechanical harvest methods csegatively impact submerged aquatic vegetation (SAV)

and oyster rock@Peterson et al. 198 2hus, nechanical harvest of clams is allowed only in

certan areas In addition, ®me of these areas are open and closed on a rotational basis of either
one or two years (Tabl®.
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Table4. Daily mechanical hard clam harvest limits by water body (DMEZ0

Daily harvest limi
Waterbod: (numkber of clams Additional informatiot
Northern Core Sout 5,00( Rotates one year open and one year c
opposite the open/close rotation of the New F
Southern Core Sou 5,00( Limit reduced from 6,250 in 2001. Open annui

North Rive 3,790 Open annuall

Newport Rive 3,75( Open annuall

Bogue Soun 3,75( Open annuall

White Oak Rive 6,25( Rotates one year open and one year c
opposite the open/close rotation of the New F

New Rive 6,25( Rotates one year open and geear close

opposite the open/close rotation of the White
River and the ICW in the Onlsow/Pen

New River Inle 6,25( Open annually from Marker 72A to the N
River Inle

ICW Onslow/Pend¢ 6,25( Intracoastal Waterway (ma&ained marke

counties are channel only) from Marker #65, south of Salli

Bay, to Marker #49 at Morris Landing. All puk
bottoms within and 100 feet on either side o
Intracoastal Waterway from Marker #49 at Mc
Landing to the "BC" Marker at B&s Channe
Open every other year when the New Riv
closed

2.2.5 Total Alteration/ Cumulative | mpacts

Each alteration factor was assigned a rating ranging from 0 (no impact) to 3 (high impact) for
each habitat type itoincides with(Table3). Habitat types we condensed to match the major
CHPP habitat types. The factor ratings were guided by a modified version of a similar table in
the CHPRStreet et al. 2005which is based on literature reviews and expert opinion. Because
multiple factors can contribute to the alteration within a region, we combined the alteration
factors into a total alteration rating igh quantitatively measure the amount of alteration to each
hexagon in the region. Briefly, the alteration score weights the alteration severity by the amount
of habitat impacted and combines the severity and impact scores into a total score by weighting
the proportion of each habitat present in the hexagon. The alteration sdRegjifon4 was

created using a combination of ArcGIS models and R scripts and is described in detail in
AppendixA.

TheCape Feaand Black vers above the Pender county lirtee Northeast Cape Fear River
above Burgaw, and from the northWwfightsville Beachto Topsd@ sound were the least altered
The most altered areas were in near developed areas ghethciy of Wilmington Sunny Point
Military Terminal, Ocean Isle &ch, and Wrightsville Bea@nd other industrial areas long the
Cape Fear River main steiap 3).
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Map 3. Total alteration scores f&egion4. Higher values equate to greater degradation.
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2.3 Marxan Analysis

The site selection softwaMarxan(Ball and Possingham 20p®as used to identify an initial
network of areas to be considered for SHA nomination. The udam@anwas recommended

by Smith (2005)and adopted as SHA methodology. The-sékction tool makes it possible to
systematically consider multipRTsand various soci@conomic factors represented as
alterations. The program provides a way to select a network of areas (classified by hexagon
units) with the least amount of alteratjavhich is helpful because specific information is not
available on maximum tolerable alteration levels and specific minimum habitat sizes needed to
maintain functional ecosyster{Stewart €al. 2003. Often, the results of site selection tools are
used as a starting point from which to determine boundaries andta@nsaered a final output
(Geselbracht et al. 20p9Final SHA nominations incorporate expert scientific knowledge to
consider additional biological information and seemmnomic factors that may not have been
included in theMarxaninputs.

The selection algorithm consideseveral sources of data and uses an iterative approach to
consider multiple network configurations until it finds one that minimizes the area and cost of

the network.Marxanallows the user to input data on the distribution of conservation features
(NRTs in the SHA process) and to define the desired amount of each conservation feature
desired in the final reserve configurati@apresentation level in the SHA procesb) addition,
Marxanallows the user to input a cost for each planning unit, whiolvaey based on the

process objectives. The SHA process uses the alteration score of a hexagon as the cost under the
assumption that alteration is equal to habitat degradation. This framework was designed so that
Marxanwould select a network of habitateas that have the least amount of habitat degradation.

In addition to the habitat and alteration inpisrxanallows the user to input a boundary length
modifier (BLM), which controls the length of border allowed by the solution. Raising the BLM
increases the cost of spatially disparate solutions, forcing the program to select hexagons that are
closer together.

A Marxananalysis consists of a series of runs, each of which represents a solution found by the
computer program. A grid of hexagons igllaver GIS habitat and alteration layers. The
hexagons in this analysis wed@ acres in areal32m in diameter, and16 min side length.

Each run consists of a speed number of iterations. Eaderation considers a new reserve
configuration of lexagons by calculating a cost that is based on the success of the program at
meeting its targets, the reserve boundary length and the cost of the area considered. Iterations
proceed until the change between iterations is minimgdeonmaximumnumber of ierationss
reached. The number of runs, iteraticarsd BLM can all be specified in tidarxansettings

and should be adjusted to attain an appropsaligtion for each analysis.

2.3.1 Sensitivity Analysis

A sensitivity analysisvas conductefbr Region4, similar to those conducted for other regions,

to determinethe optimalscenarid DMF 2011;DMF 2014). By examining the scores of the best
solution,the distribution of the scores that resulted from an analysis with 500 runs and 100,000
iterations was mear robust among lower score, indicating that Marxan is finding similar solution
across runsThe BLM was adjusted to (6 to producethe most efficiensolutionin terms of
cost(minimizing the total alteration scorahd area selecte@tween runs. LoweBLM values
producedsolutiors thatwere smaller, spatially isolatetlisters with less than three hexagons
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Higher BLM values produced SHAs that were too large for management asuhwechtoo
much area

As recommended by the advisory committeeaddtional sensitivity analysisvas conducted to
examinethe repesentation levels of the NR1® determine which, if anfWRT make the largest
difference in the solution generated by the modélat is, in some cases particular targets may
have little impaton solutions while othaargetsare largely driving the soligin. Therefore,

when the most influential targets that are driving the model are set to zero the total area and
alteration score or cost of the model will decrease (Ardron et al. 209t NRTs generated
small differences in total cost and total altena score when set to zeréorested wetlands, hard
bottom, and wetland edge watetermined to béthe NRTs with the most influence on the model
(Figurel).
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Figurel. Natural resource targtlRT) sensitivityanalysisexamining the effect of excluding
NRTsfrom the model on total area (acres) and total alteration score.

After discussing the results of the NRT sensitivity analysis and the resulting Marxan solutions,
the advisory committee fethe targetsnfluenceon the modewasdue togeographidistribution

and the spatial relationship between these NRTs. To account fdothgted wetlands and
wetland edge representation levels were decreased to 30% ance4peetively.Hard bottom

was excludedetting the representation level to @84&keep the model from selecting large areas
of the ocean with marine soft bottom. The advisory committee felt that the only areas of the
ocean that should be included asHASvould be known hard bottom locations and areas near
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inlets. Thus, these areas were added in during the corroboration phase.

Once preliminary areasereidentified bythe Marxansolution SHA selectionsveremodified

and refined byhe advisory commiieée ofregional expegusing other known sources of

guantitative or qualitative ecological or fishery information and professional knowledge (referred
to as corroborating data). Public inpaitequired to finalize identification and nomination of
areador eventual SHA designation.

3 MARXAN RESULTS

After the natural resource targets and total alteration layer were asselté@tgdnwas run at
the specified representation levels tloe NRTsrepresenting priority fisheries habitgisable2).
Map 4 depicts theMarxanselectiongrom the best solution with the most efficient BLM his
resulted ina large number of small SHAs tithe advisory committedhoughtwould be difficult
to manage.Thus the advisory comitiee decided texamine the selection frequencies, since
high selection frequencies are an indication that an area was not erroneously ketapsen (
During the corroboration phaségtcommitte&kept the high selection frequency areas in mind

Largeareas of Masonboro and Topsail sounds and associated tidal creeks were selected by
Marxan and are known to be ecologically important for both fish and shellfish in Region 4

Other sizeable areas that were selesteldidedparts of Shallotte and Lockwooéslly rivers

and Bald Head Island. Very little was selected around the city of Wilmington due to high
alteration scores. The Cape Fear, Black, and Northeast Cape Fear rivers and their tributaries had
some clustering bwvereless connected most likelyd to the width of the focus ar@daps4

and>5).
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4 CORROBORATION

Theadvisorycommitteereviewedthe initial Marxanselections anchadeexpert modifications as
needed. The SHA committee grouped individuaélected hexagons into manageable polygons
for the corroboration and identification process. Modifications tdviaaexanselected SHAs

were made using an overlay of selected hexagon polygons on digitarymage SHA

committee examined maps of both the selection frequency and alteration ratings for guidance
during the manual selection phase. For each polygon or group of contiguous hedeces

by Marxan the SHA committee reviewed data included withachpolygon clusteto confirm
inclusion/exclusion as a SHA in a consistent and data based manner. This included examination
of the alteration scores, selection frequencies, amount and type of targets present, habitat
diversity and rarity, supportingiological data, existing ecological designations that were not
included as NRTs (i.eAnadromous Fish Spawning Areas, Significant Natural Heritage Areas
and water quality ratingsnd connectivity with adjacent selections and protected areas. Known
studies or information from committee members regarding habitat condition and fish utilization
of specific areas were also included.

Criteria to base wodifications onncluded

Habitats preserit rare, vulnerable, diverse

Occurrence of ecological desigioats

Alteration factorsratings and other known alterations not included in the model
Selection frequency

Fishand shellfiskdata/information available from DMF sampling or other research
Water quality impairment status (5 categories)

Regional importancef a functional area

Sizel/isolation/connectivity/shape

= =4 =4 -8 -4 _9_95_-4°

The designations and biological data used in this phase of the analysis are Tistel@ i5.

These data are meant to support compsedected areas and identify important areas omitted by
theMarxananalysis. Examples of omitted areas would bdad creekthat was rated as altered
but still supports fistor shellfishproduction that consistently produces high catches relative to
other areas. Ideallyhe regional expert panel would have locahktative knowledge that

further supported the area as having high fishery or habitat value. Areas with existing habitat
designations that were not selectedMsrxancould also indicate areas that should be
considered for manual addition to the lispobposed SHAS.
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Table5. Ecological designations and biological dased for corroboration of Strategic Habitat
Areas (SHAs)n Region4.

Type  Description Source
Anadromous Fish Spawning Areas MFC designation
Blue crab spawmig sanctuaries MFC designation
Estuarine Bmary Nursery Areas (PNAS) MFC designation

_ @ Permanen&econdary Nursery Areas (PSNAS) MFC designation

g -% Special Secondary Nursery Areas (SSNA) MFC designation

% 5 Trawl Net Prohibited Areas (TNPA) MFC designation

0 8 Inland PNAs WRC designation

© Open shellfish harvesting waters DMF - SGA classification

Significant Natural Heritage Areas (aquatic and Natural Heritage Prograrnr
terrestrial) designation
Lands managed for conservation DEQ One NC Naturally

Use support and biotic indices for fish and invertebrat

(freshwater streams only)index values DWR

DMF prograns 120, 915,

Fish and shellfish data 510and WRC data

Species/
productivity
data

The committee used tlegiterialisted above ta@ut, extend, and/aronsolidateMarxanclusters
within the focus area. Selected hexagons with fewer than three contiguous hexagons were
excluded. Consolidations were based on avoiding what the group consideregpogsented
habitats (e.g softbottom >6t) and connectig similar contiguous areas or undepresented
habitats. Theadvisory committealso expandegdolygonsinto some unselected areas that were
known to be highly productive for priority species or habitdiise visual assessment was
conducted systematicglaround the region, startidigpm theSouth Carolina linend working
north toTopsail Sound and then up the Cape Fear Riveet areas were added in by default
because of their importance to migratory fishes moving in and out of those areas.

4.1 PostCorroboration Results

Following the corroboration phase, there were a total of 43 discrete areas delectadination
totaling 74,45%of the 349,918 acres of focus area. This comprises 21.3% the total focus area.
All targets were met eept for marinesoft bottom @3ft and 36ft, and riverine sofbottom 0-3ft,
3-6ft, and >6ft. However the target categoried marine and riverine soft bottomith no depth
exceeded target by 70% and 30%, respectively. The advisory committee felt the exceeded
targetsof soft bottom unknown depths accounted for the lack of meeting targetsotinéne

depth categorieflable 6) The &reage oNRTswithin eachindividual SHA is included in

Table 7 The habitat targets that veemost exceeded weseft bottom (iverine, estuaine, and
marine,no depth, emergent wetlandsjetland edgeand low elevation uplandg-ollowing

ground truthingdeveloped portions of low elevation uplands should be omitted.

Maps7a-d and8a-d show the selection frequency and alterationessairthe posicorroboration
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SHA nominations Most of the areas that were not initially selected by Mayxan were added
by the advisory committefer connectivity reasondad low selection frequency but low to
medium alteration scores.

Table6. Representation levels, targatea écre3, and resulting amounts of natural resource
targets(NRTs) postcorroboration

Focus Rep. Target | Percent
area level area | of target
Habitat type Natural resource target | (acres) (%) (acres) (%)

Hard bottom Hard Bottom 3,689 0 2,856 77.4
SAV High salinity SAV 653 60 521 79.8
Shell bottom Intertidal shell bottom 3,708 60 2,517 67.9
Subtidal shell bottom 2,395 60 1,570 65.5
SAV & shell bottom | SAV & shell bottom 130 80 113 86.8
Riverine sdt bottom (G3ft) 1,902 30 386 20.3
Creeks & Rivers Riverine soft bottom (&ft) 292 20 43 14.8
Riverine soft bottom (>6ft) 1,174 20 103 8.8
Riverine soft bottom (ND) 6,764 10 2,660 39.3
Palustrine soft bottom {Bft) 18 0 0 0.0
Palustrine sdfbottom (ND) 195 0 13 6.6
Estuarinesoft bottom(0-3ft) 18,430 20 5,768 31.3
Shallow soft bottom Estuarinesoft bottom(3-6ft) 3,507 20 701 20.0
Estuarinesoft bottom(ND) 6,965 0 4,243 60.9
Marine soft bottom(0-3ft) 4,226 30 846 20.0
Marine soft bottom(3-6ft) 3576 20 432 12.1
Marine soft bottom(ND) 54 0 38 71.1
Estuarinesoft bottom(>6ft) 6,911 10 699 10.1
Deep softbottom ) fine soft bottom(>6t) 176,471 0| 4953 28
Emergentvetland 34,629 10 15,733 45.4
Forestedvetland 58,637 30| 23,136 39.5

Wetland
Shrub & scrulwetland 3,792 0 916 24.2
Wetland edge 9,067 40 5,507 60.7
Low-elevation upland | Low-elevation upland 2,110 0 470 22.3
Water column Streams (low elevation) 624 20 226 36.2
Total Area(of mappedNRTYS) 349,918 74,451 21.3
Total Area(including unmapped ardas 494,153 88,354 17.9
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Table7. Amount d each natural resource target (NRTS) in apresent in eacBtrategicHabitatArea(SHA) nomination.

Strategic Habitat Area ID

Habitat Type Natural Resource Target 1 2 3 4 5 6 7 8 9 10 11
Hard bottom Hard bottom 0 1 0 0 0 582 105 0 0 0 0
SAV High salinity SAV 0 0 0 1 0 0 0 1 0 0 258
Shell bottom Intertidal shell bottom 155 141 2 196 0 0 0 45 0 0 0
Subtidal shell bottom 142 74 0 127 0 0 0 1 0 0 0
SAV & shell bottom | SAV & shell bdtom 0 1 0 4 0 0 0 0 0 0 0
Riverine soft bottom ({Bft) 0 0 0 0 0 0 0 0 0 0 0
Creeks & Rivers Riverine soft bottom (Bft) 0 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom (>6ft) 0 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom (ND) 0 0 0 0 8 0 0 0 0 0 0
Palustrine soft bottom {Bft) 0 0 0 0 0 0 0 0 0 0 0
Palustrine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0 0
Estuarine soft bottom {Bft) 227 314 18 467 0 0 0 201 18 0| 1,681
Shalbw soft bottom Estuarine soft bottom {8ft) 15 11 4 2 0 0 0 20 118 0 176
Estuaine soft bottom (ND) 96 51 4 63 0 0 0 32 0 0 662
Marine soft bottom (€Bft) 73 107 0 61 0 0 0 0 76 218 17
Marine soft bottom (5ft) 7 0 0 39 0 0 0 0 67 213 7
Marine soft bottom (ND) 0 14 0 0 0 0 0 0 0 0 0
Deep soft bottom Estuarine soft bottom (¥§ 18 26 5 16 0 0 0 9 172 0 13
Marine soft bottom (>6ft) 12 0 0 17 0 193 187 0 97| 2,618 10
Emergentvetland 1,521 378 72 465 0 0 0 718 0 0| 3,339
Wetland Forestedvetland 1 0 0 5 289 0 0 0 0 0 41
Shrub & scrutwetland 59 5 0 2 0 0 0 1 0 0 57
Wetlard shoreline Wetland edge 230 99 6 94 25 0 0 103 0 0 541
Low-elevation upland | Low-elevation upland 16 27 0 25 1 0 0 4 2 1 54
Water column Streams (low elevation) 7 1 0 2 6 0 0 4 0 0 7
Total Area(of mapped NRTS) 2,579| 1,250 111] 1,586 329 775 292 | 1,139 550 | 3,050| 6,863
Total Area(includingunmapped areas 2,579| 159 195| 2,015 500 776 292 | 1,139 585 | 3,067 | 7,215
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Table7. Continued

Strategic Habitat Area ID

Habitat Type Natural Resource Target 12 13 14 15 16 17 18 19 20 21 22
Hard bottom Hard bottan 39 0 0 46 72 383 0 65| 1,203 0 2
SAV High salinity SAV 0 0 0 0 0 0 37 0 0 3 221
Shell bottom Intertidal shell bottom 0 0 4 0 0 0 413 0 0 291| 1,269
Subtidal shell bottom 0 0 479 0 0 0 211 0 0 34 501
SAV & shell bottom | SAV & shell bottom 0 0 0 0 0 0 14 0 0 1 93
Riverine soft bottom ({Bft) 0 0 0 0 0 0 0 0 0 0 0
Creeks & Rivers Riverine soft bottom (Bft) 0 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom (>6ft) 0 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0 0
Pdustrine soft bottom ({3ft) 0 0 0 0 0 0 0 0 0 0 0
Palustrine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0 0
Estuarinesoft bottom(0-3ft) 0 0 191 0 0 0 610 0 0 337| 1,671
Estuarinesoft bottom(3-6ft) 0 0 0 0 0 0 109 0 0 23 170
Shallow soft bottom =2 & - i esoft bottom(ND) 0 0 4 0 0 0| 1,237 0 0| 335| 1,575
Marine soft bottom(0-3ft) 0 0 0 21 0 0 46 0 0 2 224
Marine soft bottom(3-6ft) 0 0 0 19 0 0 1 0 0 2 78
Marine soft bottom(ND) 0 0 0 0 0 0 4 0 0 3 17
Deep soft bottom Estuarinesoft bottom(>6ft) 0 0 0 0 0 0 150 0 0 23 112
Marine soft bottom(>6ft) 156 98 0 208 91 234 0 32 492 13 71
Emergentvetland 0 0 66 0 0 0| 2,004 0 0 911| 3,849
Wetland Forestedvetland 0 0 0 0 0 0 55 0 0 12 70
Shrub & scrutwetland 0 0 1 0 0 0 47 0 0 21 58
Wetland shoreline Wetland edge 0 0 10 0 0 0 652 0 0 397| 1,676
Low-elevation upland | Low-elevation upland 0 0 0 11 0 0 74 0 0 31 52
Water column Streams (low elevation) 0 0 0 0 0 0 4 0 0 2 2
Total Area(of mapped NRTS) 195 98 755 305 163 617 | 5,668 97| 1,695| 2,441| 11,711
Total Area (incluihg unmapped areas) 195 98 755 358 163 617 | 6,175 98| 1,710| 2,665| 11,711
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Table7. Continued

Strategic Habitat Area ID
Habitat Type Natural Resource Target 23 24 25 26 27 28 29 30 31 32 33
Hard bottom Hard bottom 105 250 0 0 0 0 0 0 0 0 0
SAV High salinity SAV 0 0 0 0 0 0 0 0 0 0 0
Shell bottom Intertidal shell bottom 0 0 0 0 0 0 0 0 0 0 0
Subtidal shell bottom 0 0 0 0 0 0 0 0 0 0 0
SAV & shell bottom SAV & shell bottom 0 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom ((Bft) 0 0 121 265 0 0 0 0 0 0 0
Creeks & Rivers Riverine soft bottom (Bft) 0 0 14 29 0 0 0 0 0 0 0
Riverine soft bottom (>6ft) 0 0 30 73 0 0 0 0 0 0 0
Riverine soft bottom (ND) 0 0 23 207 1 15 40 58 274 69 372
Palustrine soft bottom {Bft) 0 0 0 0 0 0 0 0 0 0 0
Palustrine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0 0
Estuarine soft bottom {Bft) 0 0 0 3 30 0 0 0 0 0 0
Shallow soft bottom Estuarine soft bottom {8ft) 0 0 0 0 51 0 0 0 0 0 0
Estuarine soft bottom (ND) 0 0 0 50 115 18 0 0 0 0 0
Marine soft bottom (€Bft) 0 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (5ft) 0 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0 0
Deep soft bottom Estuarine soft bottom (>6ft) 0 0 0 0 154 0 0 0 0 0 0
Marine soft bottom (>6ft) 0 302 0 0 0 0 0 0 0 0 0
Emergentvetland 122 0 330 753 648 377 2 9 19 0 186
Wetland Forestedvetland 0 0 65| 1,469 19 8 276 581| 2,422 341| 1,627
Shrub & scrulwetland 0 0 74 268 32 0 11 0 5 0 19
Wetland shoreline Wetland edge 0 0 56 268 63 63 29 27 168 27 129
Low-elevation upland | Low-elevatbn upland 0 0 2 27 9 3 0 1 2 0 6
Water column Streams (low elevation) 0 0 6 39 2 4 5 2 14 2 6
Total Area(of mapped NRTS) 552 721 | 3,451| 1,124 488 363 678 | 2,904 439| 2,345
Total Area (including unmapped areas) 227 553 843 | 4,210| 1,331 488 406 811| 3,332 439 | 2,718

33



Table7. Continued

Strategic Habitat Area ID

Habitat Type Natural Resource Target 34 35 36 37 38 39 40 41 42 43
Hard bottom Hard bottom 0 0 0 0 0 0 0 0 0 0
SAV High salinity SAV 0 0 0 0 0 0 0 0 0 0
Shell bottom Intertidal shell bottom 0 0 0 0 0 0 0 0 0 0
Subtidal shell bottom 0 0 0 0 0 0 0 0 0 0
SAV & shell bottom | SAV & shell bottom 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom ({Bft) 0 0 0 0 0 0 0 0 0 0
Creeks & Rivers Riverine soft bottom (Bft) 0 0 0 0 0 0 0 0 0 0
Riverine soft lottom (>6ft) 0 0 0 0 0 0 0 0 0 0
Riverine soft bottom (ND) 234 68 88 36 173 0 20 0 0 519
Palustrine soft bottom {Bft) 0 0 0 0 0 455 0 0 0 0
Palustrine soft bottom (ND) 0 0 0 0 0 13 0 0 0 0
Estuarine soft bottom {Bft) 0 0 0 0 0 0 0 0 0 0
Estuarine soft bottom {B8ft) 0 0 0 0 0 0 0 0 0 0
Shallow soft bottom Estuarine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (€Bft) 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (5ft) 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (ND) 0 0 0 0 0 0 0 0 0 0
Deep soft bottom Estuarine soft bottom (>6ft) 0 0 0 0 0 0 0 0 0 0
Marine soft bottom (>6ft) 0 0 0 0 0 0 0 0 0 0
Emergentvetland 0 0 13 0 0 11 7 17 36 3
Wetland Forestedvetland 1,340 787 515 493 | 2,026| 3,853| 2,621| 2,206| 1,533 472
Shrub & scrutwetand 1 2 0 0 0 0 25 132 104 0
Wetland shoreline Wetland edge 147 88 57 59 119 370 0 0 0 0
Low-elevation upland | Low-elevation upland 16 4 53 11 2 37 0 0 0 0
Water column Streams (low elevation) 2 11 13 9 6 43 7 6 6 8
Total Area(of mapped NRTS) 1,740 960 739 608 | 2,326| 4,782 2,680| 2,361| 1,679| 1,002
Total Area (including unmapped areas) 2,096| 1,179| 1,427 839 | 2,326| 5,938| 3,832| 3,601| 4,370| 2,887
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The final SHA selections form a network of priority areas for protection and enhancement
ranging from théneadwatersf theCape Fear Rer to theseagrasbedsandmarslesof the
sounds and inletsSelections werscattered throughout the area aodcentrateéh the sounds,
tidal creeks, and river headwatef®he advisory committeeonsidered these selections to be
appropriate sinctheyencompassedritical habitat formost d the priority speciesHigh
representation levels for SAV and shell bottom was targeted and achieA®ds a unique
habitat feature of North Carolina that is known to contribute significantly to the diversity of fish
life in the region, and is a haliteasily lost from physical disturbance (dredging) or water
quality degradationShell bottom was also set with high representation levels due to their
ecological and fishery importance in the arédarge amount o$ubtidal shell botton(i74%)
andintertidal oysterg67.3%) were selected

Maintaining open shellfish harvest waters is a priority for this region. There are only a few
mainland tidal creeks that remain partially opeshellfish harvesincluding Virginia, Topsail,
and Pages creeks anddkwoods Folly and Shallotte rivers. These areas were selected in the
SHA nomination process and should be prioritized for water quality and habitat protections,
restoration, and enhancement.

Region4 has an abundance of state and federally proteatets lbordering coastal watékdaps
9a-d). Of the74,451acres selected as SHAR.8% (55,71 7acres) already have some level of
protection. Of these protectiong2.5% (31,623acre$ of SHAsoccur on lands managed for
conservation (state, federal, l0g&5.8% (19,220acreg are inMFC designated®rimary Nursery
Areas PNAY9), 0.4% (272 acrepare inPermanent Secondary Nursery Are@SA9, and 6.2%
(4,602 acres) are designated Anadromous Fish Spawning Areas (AFS#ag of the larger
conservation ladsalong the coashcludeLea Island, Zeke IslandnhdMasonbordNERRS and
along the riversBlack River Preservd3laden Lake State ForestndHolly Shelter Strategic
Habitat Areaswvithin protected conservation lands are basically already protiotad
degradation associated with developmbnt can be impacted from watleased activities or
water quality degradationThe remainin@5.24 (18,734acre$ represent SHA nominations of
variousconditionsthat are currently vulnerable to land and/orevdtased threats.

Region 4 has been the focus of many anadromous fish studies and restoration activities. Efforts
are underway to create anadromous fish passage around the three lock and dams on the Cape
Fear River mainstem. Protection, restorateond enhancement of riparian wetlands and water
quality in the SHAs along the river will further enhance conditions needed to sustain all life
stages of anadromous fish in Region 4.
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5 FINAL STRATEGIC HABI TAT AREA NOMINATIONS

Strategic Habitat Areaare described below beginningahthe South Carolina line and moving
up to TopsdiSoundand the Surf City bridgand then up th€ape Fear River systen$trategic
Habitat Areas with average alteration scores less2l®@rand selection frequencies greater than
200(on a scale of ®00) represent sites with the least extent of dlmrand high ecosystem
value. In some cases, areas without these criteria were still selected as SHAs due to other
outstanding features.

The final SHA nominationare listed belovgrouped byareaand are not in sequential order
(Tables 813). Acreage prominent habitat, and corroborating date noted Impaired vaters
rated agCategory Sequirea toal maximum daily load (TMDL), while those rated aaté€tjory 4
do not Impairment can be due to lossarsfe or more water quality uses including shsHif
harvest, aquatic life, fish consumption, recreation, or water supply.

Water quality classifications include

1 High Quality Waters (HQWS) waters which are rated excellent based on biological and
physical/chemical characteristics throUg¥WR monitoring or special studies, primary
nursery areas designated by MEC, and other functional nursery areas designated by
the MFC).

1 Outstanding Resource Waters (ORWs) subset oHQWSs, intended to protect unique
and special waters having excellent water qualnd being of exceptional state or
national ecological or recreational significanG&Wsmust be ratedxcellent by DWR
and have one of the following; outstanding fish habitat and fisheries, unusually high level
of waterbased recreation or potentiat fuch kind of recreation, some special
designation such as North Carolina Natural and Scenic River or National Wildlife
Refuge, important component of state or national park or forest or special ecological or
scientific significance

9 Class SA Waters a sulset of HQW,waters that aresed forcommerciakhellfish
harvestor marketing purposes

1 Class SB Waters (SB)idal salt waterprotectedor primary recreation, including
swimming, skin diving, water skiing, and similar uses involving human bodwacbont

1 Class SC Waterswaters protected for secondary recreation such as fishing, boating, and
other activities involving minimal skin contact; fish and noncommercial shellfish
consumption; aquatic life propagation and survival; and wildlife.

Following theSHA nomination descriptions,aps10-34 show the location, NRTS, and
corroborating data fogach SHA.
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5.1 Brunswick County Waters

Table 8. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominationsn Brunswick county water§SHA nominations #411).

SHA #1 (Map 10) Sunset Beach

Description iT:tset BeacltBird Island, Bull, Cooterandparts of Jinkgreeks, andTubbs
Acres 2,579

Prominent Habitats Emergent wetlands, riparian wetlarzshd estuarine soft bottom-8f)
Ecological Designations PNA

Conservation Lands Bird Island Coastal Reserve

Water Quality Ratings Mostly impaired (Cat 5) andome supporting

Water Quality Classifications  SA andHQW

Fish Data DMF Programsl20 ands10

Prominent Alterations Major NPDES marina, trawling, anddevelopment

Average Total Alteration Score 4.09
Average Selection Frequency 200

SHA #2(Map 11) Shallotte Inlet

Description Shallotte Inlet, mouth of Shallotte River, aBducepan anShallottecreels
Acres 1,593

Prominent Habitats Emergent wetlandsstuarine soft bottom (Bft), and ntertidal shell bottom
Ecological Designations PNA andSSNA

Conservation Lands North Carolina Agricultural Foundation Preserve

Water Quality Ratings Mostly impared (Cat 4&5) andome suppoirg

Water Quality Classifications SA andHQW

Fish Data DMF Programs 120 aristLO

Prominent Alterations Major NPDES, maring, trawling,anddrained

Average Total Alteration Score  3.49
Average Selection Frequency 216

SHA #3(Map 12) Holden Beach

Desciiption Westof bridge at Holden Beach
Acres 195

Prominent Habitats Emergent wetlands
Ecological Designations None

Conservation Lands Suceession maritime forest
Water Quality Ratings Impaired (Cat 5)

Water Quality Classifications SA andHQW

Fish Data DMF Programs 120 arisil0
Prominent Alterations Major NPDES andanarinas
Average Total Alteration Score  4.99

Average Selection Frequency 69
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SHA #4 (Map 12)

Lockwoods Folly Inlet and River

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Lockwoods Folly Inlet, mouth of Lockwoods FoRiver to Rourks
Landing and Montgomery Slough

2,015

Emergent wetlands arebtuarine soft bottom {8ft)

PSNA, SSNAandPNA

Stanly Road Coastal Fringe Forest darmtkwoods Folly River idal
Wetlands

Mostly impaired (Cat & 5) andsome supporting

SA andHQW

DMF Programs 120 arl0

Major NPDES, maringtrawling,anddrained

4.05

206

SHA #5 (Map 13)

Lockwoods Folly River

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Lockwoods Folly Rivenortheasbf Supply
500

Forested wetland

PSNA andSSNA

Lockwoods Blly River Tidal Wetlands
Some supporting

SA andHQW

None

Major NPDES

1.56

170

SHA #6 (Map 14)

Artificial Reef 430

Description

Acres

Prominent Habitats

Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

8.3 nm from Cape Fear River sea buoy, 6.7 nm from Oak Island Bight,
nm from Lockwood's Folly Inleseabuoy
776

Hard bottom and arine soft bottom (>6ft)
None

None

None

None

None

Trawling and najor NPDES

1.97

None
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SHA #7 (Map 14)

Yaupon Beach Reef Artificial Reef 425

Description

Acres

Prominent Habitats

Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

6.3 nm from Lockwoods Folly InleB.8 nm from Oak Island Lighand7.4
nm from Cape Fear River sbaoy

292

Hard bottom and arine soft bottom (>6ft)
None

None

None

None

None

Trawling andmajor NPDES

2.00

None

SHA #8 (Map 15)

Caswell Beach

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

East of Hikory Point, parts of Elizabeth RiveandDenisand Dutchman
creels

1,139

Emergent wetlands andtearine soft bottom (3ft)

PNA

Lower Cape Fear River Aquatic Habitatpith CarolinaSubmerged Lands,
andNorth Carolina Coastal Land Trust Preserve

Impaired (Cat 5)

SA andHQW

DMF Programsl20, 510and915

Major NPDES, maring trawling,anddrained

5.17

139

SHA #9 (Maps 15 and 17)

Cape Fear River Inlet

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Cape Fear River Inlet

585

Estuarine and marine soft bottom (>6ft)
PNA

Portionsof Bald Head Island, Fort Caswell Dunes and Marshes, and Lo\
Cape Fear River Aquatic Habitat

Some supporting

SA andHQW

None

Major NPDES andrawling

3.59

411
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SHA #10(Map 16)

Frying Pan Shoal

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Frying Pan shoal off Bald Head Island
3,067

Marine soft bottom (>6ft)

Essatial Fish Habitat an#labitat of Particular Concern
Bald Head Island

Some supporting

SA andHQW

None

Major NPDES andrawling

2.33

None

SHA #11(Maps 16 and 17)

Bald Head Island

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Bald Head Island to Fort Fisher State Recreation Area

7,215

Emergent wetland ansbtuarine soft bottom (Gft)

TNPA andPNA

Bald Head Island State Natural Area, ZeKsland Estuarine Sanctuahgrt
Fisher State Recreation AremdMilitary Ocean Terminal Sunny Point
Mostly supporting andome mpaired (Ca5)

SA andHQW

DMF Programsl20, 510and915

Major NPDES, drainage, trawlingndminor NPDES

3.19

163

5.2 New Hanover and PendelCounty Waters

Table9. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominations in New Hanoveand Pender county waters (SHAminations #2-24).

SHA #12(Map 17)

Hard bottom off Fort Fisher Beach State Park

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Hard bottom off Fort Fisher Beach State Park
195

Hard bottom and marine soft bottom (>6ft)
None

None

None

None

None

Major NPDES andrawling

2.00

None
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SHA #13(Map 17)

Sheepshead Rock

Description

Acres

Prominent Habitats
Ecdogical Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

8.7 nm from Carolina Beachlet buoy
98

Soft bottom (>6ft)

None

None

None

None

None

Major NPDES andrawling
2.04

None

SHA #14(Map 18)

Cape Fear River at Sunny Point

Description

Acres

Prominent Habitats
Ecological Designations

Consewation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Cape Fear riveoehindFort Fisher, adjacérto Sunny point ocean terminal
755

Subtidal shell bottom and estuarine soft bottor3ftD

SSNA

Lower Cape Fear River aquatic habitat, MOTSU Buffer zone natural arei
andMilitary Ocean Terminal Sunny Point

Some impaired (Cat 5)

SC

DMF Programsl20, 510and915

Major NPDES, maringgrawling,andminor NPDES

2.62

303

SHA #15(Map 18)

Fort Fisher Cocquina Outcrop

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Fort Fisher Cocquina outcrop

358

Marine soft bottom (>6ftand hard bottom
None

MOTSU buffer zone natural area, Fort FisBecquina outcropandFort
Fisher State Historic Site

Some Supporting

None

None

Major NPDES andrawling

3.12

None

SHA #16(Map 18)

Avrtificial Reef 378B

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

4.3 nm from Carolina Beachlet sea buoy
163

Hard bottom andnarine soft bottom (>6ft)
None

None

None

None

None

Major NPDES andrawling

2.00

None
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SHA #17(Map 18)

Phillip Wolfe Reefi Artificial Reef 378

Description

Acres

Prominent Habitats
Ecological Designatios
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

3.2 nm from Carolina Beach Inlet buoy
617

Hard bottom and marine soft bottom (>6ft)
None

None

None

None

None

Major NPDES andrawling

2.00

None

SHA #18(Map 19)

Masonboro Island

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings
Water Quality Classifications
Fish Data

Prominent Alterations

Masonboro Islandncluding Hewletts @Geek

6,175

Emergent wetland and estuarine soft bot{o6rft) and (ND)

PNA

Masonboro Island National Estuarine ResearcteRe, Masonboro Island
State Natural AreandNew Hanover Conservation Lands

Some supporting arebme impaired (Cat 5)

SA, HQW, andORW

DMF Programs 120 aristLO

Marinasandmajor NPDES

Average Total Alteration Score 3.11

Average Selection Frequency 221

SHA #19(Map 19) Masonboro Outcrop

Description 3.6 nm from theCarolina Beach Inlet buoy
Acres 98

Prominent Habitats Hard bottom andhnarine soft bottom (>6ft)
Ecological Designations None

Conservation Lands Masonboro outcrop

Water Quality Ratings None

Water Quality Classifications ~ None

Fish Data None

Prominent Alterations Major NPDES andrawling

Average Total Alteration Score 2.02

Average Selection Frequecy None

SHA #20(Map 19)

MearesHarris 1 Artificial Reef 370

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

2.3 nm from Masonboralet sea buoy
1,710

Hard bottom and arine soft bottom (>6ft)
None

None

None

None

None

Major NPDES andrawling

1.93

None
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SHA #21(Map 20)

North Wrightsville Beach

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

HoweandPages creeg and connecting ICW

2,665

Emergent wetlandsyetland edgeandestuarine soft botto(0-3ft and ND)
PNA, PSNA, and’NPA

Howeand Pagesreels natural ares andrigure Eight $land marsh
Some supporting arebme impaired (Cat 5)

SA, ORW,andHQW

DMF Programs 120 arsil0

Major NPDES, maringtrawling, drainedanddevelopment

3.28

251

SHA #22(Map 21)

Topsail Beach

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Topsail Beach including Futch Creek, Virginia Creek, Rich Inlet, and Ne
Topsail Inlet

11,711

Emergent wetlandsyetland edgeand estuarine soft bottom

PNA, PSNA,andTNPA

Figure Eight Island marsh, Futelnd Foycreels natural areas, Ledutaff
Island natural areas, Topsail Sound Maritime Forests

Mostly supportingandsome impaired (Cat 5)

SA, ORW,andHQW

DMF Programs 120 arsil0

Major NPDES marinas andtrawling

2.81

302

SHA #23(Map 20)

Billy Murrel Reef i Artificial Reef 364

Description

Acres

Prominent Habitats

Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

6.1 nm from Masonboralet sea bay and 6.5 nm from New Topsaiilet
sea buoy

227

Hard bottom andnarine soft botton{>6ft)
None

None

None

None

None

Major NPDES andrawling

2.00

None

SHA #24(Map 21)

Topsail Reefi Artificial Reef 360

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

2 nm from New Topsailnlet sea buoy
553

Hard bottom andnarine soft bottom (>6ft)
None

Topsail outcrop

None

None

None

Major NPDES andrawling

2.00

None
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5.3 Cape Fear River

Table10. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nominations orthe main g&2m of the Cape Fear River (SHminations #25, 26, 29, 38,

40-43).

SHA #25(Map 22)

Cape Fear Riveri Lilliput Creek

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Lilliput Creek just north of Sunny point military terminal
843

Emergent wetlands and/erine soft bottom (€Bft)

PNA andAFSA

Blue Pond/Allen Creek, Orton Sandhills and Limesinks, and Lower Cap
Fear River Aquatic Habitat

Mostly no data andome impaired (Cat 5)

SC

DMF Programs 510 ar@tl5

Major NPDES andirained

4.41

149

SHA #26(Map 22)

Cape Fear Riveri Town Creek

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Town Qreek includhg western portion of Cape Fear River to Saiid H
Creek

4,210

Forested wetland aremergent wetland

PNA andAFSA

Lower Cape Fear River aquatic habitat, Pleasant Oaks/ Goose Landing
Plantations, Town Creek marshes and swamp, North Carolina Coastal |
Trust Easement, Brunswick County Open SpandNorth CarolinaClean
Water Management Trust Fund Easement

Mostly no data andome impaired (Cat 5)

SC

DMF Programsl20, 510and915and WRC annual spawning stock surve
Major NPDES andirained

3.05

155

SHA #29(Map 24)

Cape Fear Riveri Indian Creek

Description

Acres

Prominent Habitats

Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Cape Fear River at mouth of Indian Creek to convergence of Otter Brar
and Mulberry Branch

406

Forested wetlands

PNA andAFSA

None

Mostly no data andome supporting
None

DMF Programl20and WRC IBIsampling
Major NPDES

2.37

182
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SHA #38(Map 29)

Cape Fear River Lowands

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Fregaency

Cape Fear River including Lyon creek, CrosswageR and Lyon Throfare
2,3%6

Forested wetland

PNA andAFSA

Lower Black River Swamp and Cape Fear River Wetlands G.ame
Mostly no data andome supporting

None

DMF Programl20and WRC IBI sampling

Major NPDES andnariras

2.40

160

SHA #40(Map 31)

Cape Fear Riveri Kelly

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Cape Fear River near Beaverdam Creek and Kelly

3,832

Forested wetlands

PNA andAFSA

Cape Fear River Lowlands, Steep RBwamp, Cape Fear River Kelly
Bottomlands, Cape Fear River/ Whitehall Floodplain Forest, North Caroli
Coastal Land Trust Easement, Whitehall Plantation Game Land, and Ble
Lakes State Forest

Mostly supporting andome no data

None

WRC IBI sampling and annual spawning stock survey

Major NPDES

1.04

165

SHA #41(Map 32)

Cape Fear Riveri Elizabethtown

Desciiption

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Cape Fear River including Pemberton Creek and mouth of Mulford Cree
3,601

Forested wetlands

AFSA

Cape Fear Sloughs, Walkers BludgfidSugar Loaf Springs
Mostly supporting andome no data

None

WRC IBI sampling

Major NPDES

0.98

153
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SHA #42(Map 33)

Cape Fear Riveri Tarheel

Degription

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

South of Fayetteville on the Cape Fear River

4,370

Forested wetlands

AFSA,

Cape Fear River Terraces and North Carolina Cobatal Trust Preserve
Mostly supporting

None

WRC IBI sampling and annual spawning stock survey
Major NPDES

1.00

144

SHA #43(Map 34)

Cape Fear Riveri Lill ington

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

North of Fayetteville on the Cape Fear River

2,887

Riverine soft bottom and forested wetlands

AFSA

Cape Fear River Canebrakes, Byrd Farm Industrial Park Natural Bpper
Cape Fear River Aquatic Habitat, and Cape Fear River Park
Mostly impaired (Cat 5) andome supporting

None

WRC IBI sampling and annual spawning stock survey

Major NPDES andninor NPDES

1.84
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5.4 Brunswick River

Table 1I. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nomination on th@&runswick River (SHA nominatio#27).

SHA #27(Map 23)

Brunswick River

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Begins south of Eagle Island along western shoreline of Belville and Lel:
to parts of Alligator Creek and adjacent wetlands

1331

Emergent wetlands

PNA ard AFSA

Lower Cape Fear River Aquatic Habitat, Brunswick River/Cape Fear Riv
Marshes, Brunswick County Open Space, and Eagles Island Natural Are
Mostly impaired (Cat 5) ansbme no data

SC

DMF Programs 120 ars10

Major NPDES, minor NPDESnddrained

492

84
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5.5 Northeast Cape Fear River

Table 2. Descriptions and corroborating dataRegion 4 Strategic Habitat Area (SHA)
nomination on the Northeast Cape Fear River (SHA nominations #3%,)30

SHA #28(Map 24)

Northeast Cape Fear Riveri Ness Creek

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

North of Wilmington near Wrightsboro ardess creek
553

Emergent wetlands

PNA andAFSA

Northeast Cape Fear River Floodplain
Some no data arebme impaired (Cat 5)
SC

None

Major NPDES andirained

3.03

162

SHA #30(Map 25)

Northeast Cape Fear Riveri CowpenBranch

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Northeast Cape FeRiver including @wpenBranch
811

Foreste wetland

PNA andAFSA

Northeast Cape Fear River Floodplain
Some no datandsome supporting
None

DMF Programl20

Major NPDES

231

150

SHA #31(Map 25)

Northeast Cape Fear Riveri Long Creek

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Northeast Cape FeRiverincluding Long, Morgans, and Turkey creek
3,332

Forested wtland

PNA andAFSA

Northeast Cape Fear River floodplain and Cape Fear River Wetlands Ge
Land

Mostly supporting andome no data

None

DMF Progran 120

Major NPDES, maring andshellfishclosure

2.31

161
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SHA #32(Map 25)

Northeast Cape Fear Rveri Prince George Creek

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear Rivend maith of Prince Georgeréek
439

Forested wetland

PNA andAFSA

Northeast Cape Fear River Floodplain and Cape Fear River Wetlands G
Land

Some supporting arbmeno data

None

None

Major NPDES and marinas

3.15

153

SHA #33(Map 26)

Northeast Cape Fear Riveri Castle Hayne

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear River with portions of Island CreekHhadr r i s ot
Creek

2,718

Forested wetland and riverine soft bottom (ND)

PNA andAFSA

Northeast Cape Fear River Floodplain, RockinP8andhills, North Caroline
Coastal Land Trust Preserve and Easement

Mostly supporting andome no data

None

DMF Program120

Major NPDES, maring shellfish closure,anddrained

2.67

150

SHA #34(Map 26)

Northeast Cape Fear Riveri Rocky Point

Description

Acres
Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear River withrpons of Pike, Mcintreand Lillington
creels

2,096

Forested wetland

PNA andAFSA

Northeast Cape Fear River Floodplain and Cape Fear River Wetlands (
Land

Mostly supporting, some no datmdsome impaired (Cat 5)

None

None

Major NPDES, maring andshellfishclosure

2.86

149
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SHA #35(Map 27)

Northeast Cape Fear Riveli Ashes Geek

Description

Acres

Prominent Habitats
Ecological Designations

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear River with Ashese€k
1,179

Forested wetland

AFSA

Northeast Cape Fear Rivieloodplain Holly Shelter Game Lan@ndNorth
Carolina Coastal Land Trust Easement
Mostly supporting andome no data

None

None

Major NPDES and marinas

2.20

178

SHA #36(Map 27 and 28)

Northeast Cape Fear Riveri Watermelon Run

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear RivarWatermelon Run
1,427

Forested wetland

AFSA

None

Mostly supporting andome no data
None

None

Major NPDES and marina

2.0

129

SHA #37(Map 28)

Northeast Cape Fear Riveri Duplin/Pender County Line

Description

Acres

Prominent Habitats
Ecological Designations
Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations
Average Total Alteration Score
Average Selection Frequency

Northeast Cape Fear River at the Duplin/Pender county line
839

Forested wetland

None

None

Mostly supporting andome no data
None

None

Major NPDES and marinas

2.14

184
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5.6 Black River

Table B. Descriptions and corroborating data for Region 4 Strategic Habitat Area (SHA)
nomination on th@&lack River (SHA nomination #39).

SHA #39(Map 30) Black River

Description Black River including mouth dfloores Creek
Acres 5,938

Prominent Habitats Forested wetland

Ecological Designations AFSA

Conservation Lands

Water Quality Ratings

Water Quality Classifications
Fish Data

Prominent Alterations

Average Total Alteration Score
Average Selection Frequency

Lower Black River Swamp, Black River CygeSwamp, Upper
Black River Bottomlands, Cape Fear River Wetlands Game Lant
andBlack River Preserve

Mostly supporting andome no data

None

WRC IBI sampling

Major NPDES, marinasandshellfishclosure

2.33

158
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6 MAPS OF FINAL INDIVI DUAL STRATEGIC HABITAT AR EAS

Intentionally left blank
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Map 10. SrategicHabitatArea(SHA) nomination#1, Sunset Beach Bird Island to Tubbs Inlet
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Map11. Strategic Habitat Are¢SHA) nomination 1 Shallotte Inlet, mouth of Shallotte
River, and Shallotte Creek.
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Map 12. Strategic Habitat AreéSHA) nominatiors #3171 Holden Beach and #4Lockwoods Folly Inlet, mouthfd.ockwoods Folly
River to Rourks Landing and Montgomery Slough
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Map 13. Strategic Habitat Are¢€SHA) nomination #5 Lockwoods Folly River northeast of Supply
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Map 14. Strategic Habitat Are¢SHA) nominatiors #6171 Artificial Reef 430#71 Yaupon
Beach reef, Artificial Reef 425and part of #8 Caswell Beach
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Map 15. Strategic Habitat AreéSHA) nominatiors #81 Caswell Beach an91 Cape Fear River Inlend parof #1117 Bald Head
Island
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Map 16. Strategic Habitat AregSHA) nominatiors #1071 Frying Pan Shoal and parts#f1i
Bald Head Island.
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Map17. Strategic Habitat AregSHA) nominatiors#91 Cape Fear River Inlet111 Bald
Head Island#12i hard lttom off Fort Fisher, and #13Sheepshead Rock
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Map 18. Strategic Habitat Are¢SHA) nominatiors #1417 Cape Fear River at Sunny Point, #15
T Fort FisherCocquinaOutcrop #16i Artificial Reef 378B, and #17¥ Phillip Wolfe Reef
Artificial Reef 378
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Map 19. Strategic Habitat Area (SHAJjominatiors #1817 Masonboro IslandndHewletts
Creek, #19 MasonbordOutcrop #2017 MearesHarris, Artificial Reef370.
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Map 20. Strategic Habitat Are¢SHA) nominatiors #2171 Wrightsville Beach including Howe and Pages creeks,i#2ly Murrel

Reef,Artificial Reef364, and part of #22 Topsail Beach.
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Map 21. Strategic Habitat AregSHA) nominatiors #2271 Topsail Beach including Futch and
Virginia creeksandRich and New Topsail inlsind #24i Topsail Reef, Artificial Reef 360.
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