Figure Eight Island Shoreline Management Project EIS

Chapter 4 AFFECTED ENVIRONMENT
1. What is the environmental setting of this project?

Figure Eight Island is located on the northwest efinfdew Hanover County, in southeastern
North Carolina, approximately eight miles north of Wilmington. It is a private, gated residential
barrier island with63 homes an®3 undeveloped lots. The island is bordered to the south by
Mason Inlet and Wrightsva Beachand to the north by Rich Inlet aktutaff Island, an
undeveloped, privatelgwned island. Figure Eiglglandcovers approximaty 526.1 hectares
(1300 acres) and epproximately 8.0 (5.0 mi) long andpproximately 0.6 kng0.4 mi) wide.
ThePermit Areaencompasse$282acres andhcludes a wide diversity of estuarine and
nearshore habitat types supporting diverse ecosystems typically associated with a demeloped
undevelopedbarrier island system in southeastern North Carolithe proposed project is
located on the northeast end of ikland andvithin the channel anshoals in NixorChannel

and Rich Inlet.

The Permit Arepaas shown in Figure 4.15 definal as theboundary of where direct and indirect

effects of the projet will, or may likely occurThe Permit Area was identifieahddelineated

basedn themodeling resultslepicting potential sedimentation distributiorthe inlet as a

result of therealigned inlethannebroposed for Alternative &nhdthe point of inércept

calculated along theceanfront shoreline froproposed nourishment activities. Since

developing the Permit Area, AlternativBh as become t he applicant és |
Because the extent of the beach fill andahgcipatedsedimentatn distributionwithin the inlet

aresimilarto Alternative 3, thescope of the Permit Area wikmain unchangedt should also

be noted that alldrrow sources for Alternative 58re within the Permit Area.

What is the North Carolina

Thg Pgrmit Area also includes portionsi-m‘taff Island Natural Heritage Program?
which islocated to the northeast of Rich Inlédutaff
Islandis oneof the few remaining undeveloped and As part of the Office of Natural

vehiclefree barrier islands on the North Carolina coast, Resource Planning and

It is the2" largest neapristine barrier island and salt gggiﬁiﬁ'ﬁg}’gﬁ\'ﬁéﬁgﬁ -

marsh system in the region. Natural communities that Natural Resources, the program

found in the area include: dune gragsland forest, serves to inventory, catalogue, and

scrubstrub, salt marsh, and beaches and foredufibe = support conservation of the rarest

natural area supportsgall-tern-skimmercolony, and the = &nd the most outstanding elements
. . of the natural diversity within North

upper beach prow_des habitat for seabeach amaranth = ~,0iina. These elements of

(Amaranthus pumilys Threatened and endangered natural diversity include those

animals supported by theea include théoggerheadea  plants and animals which are so

turtle (Caretta carettd, (Charadrius melodys Carolina  rare or the natural communities

diamondbackerrapin (Malaclemys terrapin centraja vn\fnrgrcithsargcisa?l zfn”;‘;g:rgtf:ﬁ;??gn A

black skimmer Rhychops niggrleasttern Sterna Noe def;sions e

atillarum), andeasternpaintedbunting Passerina ciris

ciris). The North Carolina Natural Heritage Program

(NCNHP) has identifiedHutaff Island as a Significant

Natural Heritage Area (SNHA) of statewide significanct

(NCNHP, 2006).This site is partly owned by the NC
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Division of ParksandRecreationthe remaining aa is privately ownedNCNHP, 20063. In
2001, theUnited States Fish and Wildlife Service (USFVWd8¥ignatedHutaff Islandas Piping
Plover Critical Habitat. This area provides foraging and nesting grounds for the endangered
piping plover (Charadriusmelodu$. The Piping Plover Critical Habitat Area extends beyond
Hutaff Island through Rich Inlet and onto approximately the northern 305 80(ft)0of Figure
Eight Island(Figure4.1). In addition, thdJSFWS and NMFShasdesignated portions ofNorth
Camlina beades as criticd habitat for the Northwest Atlantic (NWA) popuktion of
loggerhead sea tutles. A portion of the Permit Area ibcated within Criticd Habitat Unit
LOGG-T-NC-04 (Figure 4.1). As described in the Federd Register Notice, thisunit includes
Onslow Beach, Topsail Island, and Hutaff Island. The comtains nearshore reproductive
habitat only. Specifically, the unit consistsaafearshore area from Browns Inlet to Rich Inlet
(crossing New River Inlet and New Topsalil Inlet) frtdme MHW line seaward 1.6 km.
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Figure 4.1. Figure Eight Island Environmental Setting Map within the Permit Area
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The North CarolinaDivision of Marine Fisheries (NCDMF) has designated about 595%m

(230 mf) of fisherynursery areas throughout North Carolina, dividing the habitats into three
categories of nursery areas: Primary, Secondary and Special Secondary Nursery Areas
(NCDMF, 2007). Primary Nursery Areas (PNAsye usually shallow with soft muddy bottoms

and surounded by marshes and wetlan@blAs are located within the Permit Area, specifically
within the salt marsh habitat between Atiantic Intracoastal WaterwaAIWW ) and the back

side of Figure Eight Island and Hutaff Islarff@ protect juveniles, many oamercial fishing

activities are prohibited in these waters including the use of trawl nets, seine nets, dredges or any
mechanical methods used for taking clams or oysters.

The geomorphology of theermit Areas characterized by beaches, dunes, andhmartypical

of a barrier island complex. The Atlantic Coastal Plain and Onslow Bay are both underlain by
relatively flatlying sedimentary units which gently dip and thiclestheymove to the

southeast.

Barrier islands, such as Figure Eight Islagiek composed of unconsolidated fite medium

sized quartz and shell material that is in a constant state of flux due to wind, waves, currents and
storms. The oceanfront beach and the backing dunes are deposits of sand that are constantly
changing theishape, and hence position, with time as they respond to coastal processes.

Areas of Environmental Concern

Landsadjac_ent to_ coastal_inlets that are vulnerable t_o nat \vnat are Areas of

processes including erosion and floodinglarewn as inlet = gnvironmental Concern?
hazardarea. These inlet hazardrea, as designated by the

North Carolina Coastal Area Management Act (CAMA), ¢ The Coastal Resources
important Areas of Environmental Concern (AEC). Commission designates areas as
Generally, he Inlet Hazard Areas AEC are natdnazard ~~ AECS to protectthem from -

. . uncontrolled development, which
areas especiallywnerableto adverse effects of sand, wind may cause irreversible damage to
and waterbecause of their proximity to dynamic ocean  property, public health or the
inlets (NCAC T15A 7H.0304(3))The Inlet Hazard\rea environment, thereby diminishing
AEC boundaries were originally approved by treaétal their value to the entire state. The

Resource€ommission(CRC)in 1979.Althoughthe inlet SRS has set up four categories of

. AECs:
hazard AEC boundaries ameore tharB0 yearsold, they are
still in force at his time. It is not certain if or when new B e e aliHe and Ocean
boundaries will be officially adopted System

B. The Ocean Hazard System

C. Public Water Supplies

D. Natural and Cultural
Resource Areas

Many AECs have also been designated as SNHA by the
NCNHP. The NCNHP has identifiechore than 2,000
SNHAs in North Carolina, which are defined as an area «
land or water important for conservation of biodiversity.
SNHAG6Gs contain one or mor e ngadlityoradenatualr i t age
communities, rare species, andgpecial animal habitats.
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2. What are the characteristics of the various habitat§ound within the project area?

Barrier islands withifNorth Carolina are dominated by wave and tidal processes, often with
large floodand ebMlidal deltas. Like other inlets in southeastern North Carolina, Rich Inlet
serves as the primary pathway of sediment transportation into its sound via Green Channel and
Nixon Channel. These inlets historically migrated along the Outer Banks and weadiyyp

created by storm breaching. Many are now maintained by the USACE for navigation purposes.
Historically, Rich Inlet has shown little tendency to migrate, however, the cyclical reorientation
of the ebb channel can produce very rapid erosion oneajaborelines (Cleary and Pilkey,

1986) ThePermit Areacontains various habitat typssch as salt marsh, upland hammocks,
intertidal flats, shoals, dunes, and beaches (Fig@je 4.
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Figure 4.2. Schematicdepicting various habitatsassociated wih a barrier island

A. Estuarine Habitats

While estuaries are also often known as bays, lagoons, harbors, inlets, or sounds, the defining
feature of an estuary is the mixing of fresh and saline Wa&eto 36 parts per thousand [Ppt]

Flush with nutrients and inhabited by resilient organisms, estuaries are among the most
productive ecosystems on earth. They provide rich feeding grounds for coastal fish and
migratory birds, and spawnirageas for fish and shellfish %, 2007). Ths sectiorwill

characterize the following estuarine communities that are found, or have potential to be found,
within the PermitAreaincluding salt marshesubmerged aquatic vegetati(®AV), and

shellfish areas
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1. Salt Marsh Communities

These community types are foundriglatively flat and Salt Marsh CommiTR
poorly draned topographic areas found along the Nortt

Carolina coastlin@nd are subject to regular and irregul In eastern North Carolina, salt
tidal flooding These systems are extremely important ;T?nghfgénomnﬂ{fg'seﬁ fcci)nagtealfound
for water flltratlon_ and water stora_g_e durlng flood even R e which encompasses 2.1
as well as supplying food and prowid habitat for a million acres of estuarine habitat
wide-array of flora and faunaCoastal wetlandgithin (NCCF, 2007).

the project vicinity include tidal salt marshasdoccur

along the shoreline and island fringes along the backs...-

of Figure Eight andHutaff Island.

Estuarine systems, suchthsse characterizasithin the Figure Eight Island Permit Area, have

been designated &aECbythe CRCThese areas have been identifi
productive coastal lands and waters where uncontrolled development might cause irreversible
lossofpr operty, public health and W).hSectionl®A ur al e n
NCAC 07H .0205 of the North Carolina Administrative Calgdines coastal wetlands as any

salt marsh or other marsh subject to regular or occasional floodimdelsy including wind tides

(whether or not the tide waters reach the marshland areas through natural or artificial

watercourses), provided this shall not include hurricane or tropical storn{RiGEXCM,

2008a). There are four kinds of coastal marsh habitats fousddrth Carolina; low marsh, high

marsh, brackish marsh, and freshwater mars@éshese kinds, the Permit Area contains low

and high marsh.

Low salt marsh environments are regularly flooded with the tides and are characterized by
organic mats with smdlo cordgrass§partina alterniflord as the dominant vegetative species.
S. alternifloramarshes occur whin the intertidal zone alonyé sounds and tidal creeks, and
provide valuable nursery habitat for commercially valuable species of marine arrthestua
organisms.The zonation of vegetation in salt/brackish marsh is largely determined by variations
of salinity and drainage of sediment porewat®ome species are restricted in the low marsh
because of high porewater salinity, frequent inundatioth hagihsulfide porewaters associated
with frequent inundation{eaton et al., 20)0 Smooth cordgrass can tolerate a wide range of
environmental conditions, including pH levels from 5.4 to 7, salinities from 3% to 5%, and a
water table four inches aboveognd level (ANHP, 2004 The majority of the salt marsh habitat
within the Permit Area is located between the AIWW and the back sides of Figure Eight and
Hutaff Islands. There have beeh 007 aaesof low marsh delineated within the Permit Area, as
determined through interpretation of high resolution aerial photography.

Cowardin (1979) classifies high marsh as an estuarine intertidal emergent wetland or palustrine,
emergent wetlandHigh salt mark environments are irregularly flooded lands where plant

species such as saltmeadow cordgf8spateny glasswor{SalicorniaSpp.) salt (or spike)
grasg(Distichlis spicatd, and sea lavendétimonium carolinianumhmay be found.

Saltmeadow cordgraggows at the seaward edge of the high marsh, just above the high water
line, providing habitat for a variety of waterfowl and songhiedswell as other types of wildlife
indigenous to the ared@ his environment is important in stabilizing the shiftsands of the

barrier islands. Eventually, over time, the high marsh habitat can transform as it becomes
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vegetated with dominant shrub species such as marsh leldémufescens wax myrtle Myrica
cerifera), and yaupotolly (llex vomitorig. Thirty aaes of high marsh have been delineated
within the Permit Area, as determined through interpretation of high resolution aerial
photography.This includes an area of high marsh that is located d@tengorthern tip of Figure
Eight Island situated betweedmetsand spit and the residential development.

For both low and high salt marsh, the benthic communities consist of many faunal species.
2007 wildlife utilization study conducted the lowsalt marshes within the Bogue Inlet complex
revealed high numlbe of macroinvertebrates including fiddler crabsd puglato), periwinkle
snails (ittorina irrorata), oysters Crassostrea virginicg and unidentified species of mud
crabs, clams, and mussels (Rosov and York, 2007). Other common macroinveriebhatesit
marsh include blue crab€4dllinectes sapidysand grass shrimpgP@laemonetespecies|Meyer,
1991).

Benefits of Salt MarsKabitats to Shorebirds, Colonial Waterbirds, and other Waterbirds

Due to their biological productivity, estuaries provide ideal areas for migratory birds to rest and
forage during their long migratory journeys. Various species of shorebirds utilize marsh habitats
for wintering, as well as feed on fish, shrimp and fiddlabs found in the salt marsAlong

with a number of shorebirds and waterbirds, various waterfowl including dabbling ducks, diving
ducks, geese, swans and coots utilize the salt marsh (Cowardin 1979).

Colonial waterbirds that utilize marsh habitatluate black skimmers, gubilled terns, common

terns, least terns, egreigrettaspp.), and green herorButorides virescens Most of these

species prefer sandy beaches and shoaling habitats for nesting. The green heron is a habitat
generalist, fregenting most coastal freshwater bodies as well as some saltwater bodies. The
green heron nests in coastal shrub thickets, upland and swamp forests, and salt marshes, as well
as in suburbs where habitat is deemed suitable. This species is less coloroti¢havading

birds, and although it often nests in mixed colonies with other herons anBldgsadis
falcinellusandEudocimus albys the green heron will frequently nest singly or in colonies of a

few pairs. Nests are typically elevated in treeshoubs between five and 30 ft off the ground

(Alsop, 2002).

Willets (Catoptrophorus semipalmafysAmerican oystercatche(slaematopus palliatus)

pi ping plovers, Wi | Lhanadrisis vpclfecousaesuatly,neseabodethei | | d e e
high tide lire on coastal beaches, on sand flats at the ends of sand spits, in blowout areas behind
dunes and in overwash areas. However these various shorebirds also utilize various estuarine
habitats including intertideémergent and submerged vegetated areastidlaiennvegetated,

managed wetlands, as well as inland habitats for feeding (Hetraéy 2001; Browret al,

2001).

A variety of other waterbird species that are not classified as shorebirds or colonial waterbirds
can also be found utilizing differeestuarine habitats. For example, species such as red
breasted mergansefd€rgus serratoy, clapper railsRallus longirostri3 and ospreysRandion
haliaetug canbe found in and surroundinglét habitats such as Rich InleMany waterbirds

are pisciwrous and forage by surface diving, some are aquatic gleaners, while others are
herbivores that feed on submerged aquatic vegetation. These waterbirds can be found in
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estuaries, marshes, and in the vicinityRath Inlet yearround or part of the year. dwever,
they are mainly present during spring and fall migrations, as well as during the winter.

Benefits of Salt Marsh Habitat to Terrapins

The Carolina diamondback terrapin is the only North American turtle found in brackish waters,
and are common in salt marsh environments. Juveniles use Bp#dthaand other marsh
grasses as cover. The marshes beRigdre Eight andHutaff Islands provide suitablehabitat for
diamondback terrapins (LeGrand, pers. con@08§.

Benefits of Salt Marsh Habitats to Fesly Resources

Finfish and shellfish using salt/brackish marsh habitats fall into several categories based on
location and timing of uségaton et al., 2090 Essential Fish Habitat (&) species that are
expected to occur in estuarine emergent wetlands of North Carolina include the penaeid shrimp,
summer flounder, and other¥earround residents of the marsh include small forage species
such as killifish Fundulus confluentus, F. luciae, F. majalis, Lucania pafandulus

heteroclitug, sheepshead minnowSy{prinodon variegatgsgrass shrimpRalaemonetes puyi

bay anchoviesAnchoa mitchill), and silversidesMembras martinica, Menid spp.). Transient
species include those spawning near the marsh, and those spawned in deeper waters using marsh
habitat as nursery or foraging areas. Among transient species, some prefer the edge of
salt/brackish marsh (i.e. floundevhile others aréound near the marsh edge on hagetated

bottom (i.e., spotl{eiostomus xanthurlisAtlantic croaker licropogonias undulatyy Some

species are not found in the marsh, but derive substantial food resources from marsh plants as
detritus (i.e., menhaddgBrevoortiaspp.)) or from microalgae produced on the marsh surface.

Of thefishery species in North Carolina, penaeid shrimp and red drum are considered critically
linked to marsh edge habitat (SAFMC, 1998).

Red drum spawning occurs in the fall (Asgthrough October) in estuaries and around coastal
inlets with optimal temperatures being betweeh@2nd 38 C (72 to 86’ F) (NCDMF 2005).

In North Carolina, spawning adults were reported to be common in salinities above 25 ppt in
Bogue Sound and tl@ape Fear River. Spawning adults were pregentnot frequently
encountered iPamlico Sound and the New RiV\&&SMFC, 2002).

Penaeid shrimp are reported to spawn offshore, moving into estuaries durtayyeistage

during the early spring. Athe shrimp grow larger in size, they migrate to higher salinity

environments. In late summer and fall, they return to the ocean to spawn (NCDMF, 2005). lItis
during the July through October period that approximately 77% of the North Carolina shrimp

harvest (for all waters) is landed, 66% of which is taken from ocearaseds <3 mi offshore

and south of Cape Hatteras (NCDMF, 2005). In a NCDMF juvenile brown, white and pink

shrimp sampling program (1992 003) t he maj ority obseshri mp we
proximity to shallow wetland systems, such as salt marsh.
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1 Brown Shrimp
Brown shrimp spawn in the deep ocean during February and March. Larval immigration to

estuaries peaks from mMarch through midApril. Brown shrimp prefer peat and muddy
bottoms as habitat (NCDMF, 2005).

1 Pink Shrimp
Pink shrimp spawn in ocean waters from April to July. Post larvae immigrate to estuaries

from May to November. Juvenile pink shrimp are reported to-sweter in North Carolina
estuaries. Pink shrimp prefraging in shallow waters among marine plants. They are
nocturnal feeders but may feed during the day in turbid water (NCDMF, 2005).

1 White Shrimp
White shrimp spawn at depths greater than 30 feet in the ocean from March to November.

Post larvae immigate to estuaries two to three weeks after hatching when they become

benthic. Juvenile white shrimp prefer muddy bottoms in low to moderate salinity estuarine

waters and brackish waters. White shrimp migrate south from estuaries during fall and early

wint er . i S o merowirig individeals sverwimter in the estuaries, but usually do

not survive in North Carolinad (NCDMF, 2005)

2. Submerged Aquatic Vegetation (SAV)

SAV habitat occurs along the entire east coast of the
United States, with thexception of South Carolina and
Georgia, where high freshwater input, high turbidity, at Nor t h Car ol ina is in a ft
large tidal amplitude (vertical tide range) inhibit their = area which represents the

occurrence. Along the Atlantic coast, North Carolina igI‘gf‘aeéggzgjtsepxetg(‘:sgmgotrh?me

supports more SAV than any other state, except for northernmost extensionc it tES

Florida (Funderburk et al. 1991; Sargent et al. 1995). T adapted species.

2005 CHPP reported that, based on interpretation and
field verification by NOAA of remotehsensed imagery
taken during 1984.990, the total area of visible SAN
North Carolinavas approximately 13@00 acres
(Ferguson and Wood 1994). Since 2005, some additic
mapping efforts have added over 20,000 acres of mag
vegetated areas, suggesting SAV habitat covers over
150,000 acres in coastal North Carolina (Deaton, et al
2010).

Submerged Aquatic Vegetation

In North CarolinaSubmerged Aquatic Vegetation

(SAV) is defined as fiestuarine waters vegetat
or more species of submerged vegetation such as eelgosssré maring shoalgrass

(Halodule wrighti) and widgeon gras®(Uppia maritimg These vegetation beds acin both

subtidal and intertidal zones and may occur in isolated patches or cover extensivieeatas (

et al., 2019 In North Carolinghe dominant seagrassZ. marina H. wrightii is also observed

in North Carolina;however it is not as abundarfeagrass meadows are now much reduced,

probably due to elevated nitrogen and increased sedimentation (dtalin2000).
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Dr. Don Field of the Applied Ecology and Restoration Resebatioratory at thé&lational

Oceanic and Atmospheric Administrati®MOAA) Center for Coastal Fisheries and Habitat
Researchdentified potential occurrences of SAV within the Permit Area via interpretation from
April 2006 aerial photographySimilarly, limited presence/absence data collected by Dr. Wilson
Freshwater otUNCW in 2003 and 2004 from areas within the Rich Inlet complex was obtained.
Each of the 47 potential SAV beds identifiedy Field and Dr. Freshwater were
groundtruthedn September 15, 17, an@,2008(Figure 43). Of these, three were confirmed

to contain SAV resources. Two contained sparse patch&swdrina (eelgrass) while one site
contained a dense to sparse bed.oharinaandR. maritima(widgeon grass). The remaining
sites were identified as dark sandy bottom, shellfish smeisroalgae, or other substrate types
devoid of seagrass. Utilizing the three SAV beds identified through groundtruthing efforts as
confirmed SAV resources, an additional 17 sites with similar color signatures were extrapolated
from the 2008&igh resolutio aerial photographs (Figurds3, 44a and 4b). In total,seven 7)
acresof SAV habitat have beddentifiedwithin the Permit Area.
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Figure 44b. ldentified SAV Resources within the Permit Area
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Benefits of SAV Areas to Fighy Resotces

Submerged aquatic vegetation provides important structural fish habitat and other important
ecosptemfunctions in estuarine and riverine systems in coastal North Carolina. Submerged
aguatic vegetation i®cognized as an essential fish habitat because of five interrelated féatures
primary productionstructural complexity, modification of energygimes, sediment and

shoreline stabilization, and nutrienycling. Water quality enhancement and fish utilization are
especially important ecosystem functionsSé#V relevant to the enhancement of coastal

fisheries

SAV are utilized by larval and juvenifeshes for foragingand escape from predation.

Commercial and sport fishes in their laraald juvenile stages, such gsg grouper

(Mycteroperca microlepsjsgray snappeiL{tjanus griseus bluefish Pomatomus saltatr)x

flounder speciesRaralichthyssp.), fish of the Clupeidae family and others, are found in seagrass
beds in the early spring and summer. Bay scalldpgopecten irradians concentricuare also
typically found in SAV habitat. Because of its use for foraging, spawninglaeiter, SAV is
designated adabitat Areas of Particular ConcetdAPC). The red druniSciaenops ocellatyis

is one species for which SAV serves as a HAPC.

3. Shellfish
The shellfish industry is a large economic industry for o, 4fish
North Carolina coastal areas. Three species of shellfis|

found in coastal waters include eastern oysters Common terms used to describe

(Crassostrea virginicys hard clamsNlercenaria éhe"lpouom habitats IniNOH : beds &
. : : arolina ar e noys er e S, 0

mercenarig, and bay scallop#\(gopecten irradians rocks, © Royster feefs,od

concentricuk bars, o and fAshell hash. o

Shellfish are also an important resource in the estuarine

environment within the permit area. The structures that shellfish creategsbells and reefs,

are used by many species of fish and invertebrates (Burrel, 1986). The SAFMC defines this
habitat as fAthe natural structures found betw
are composed of oyster shell, live oysterd ather organisms that are discrete, contiguous and

clearly distinguishable from scattered oysters in marshes and mudflats, and froifiomase

shell windrowso (SAFMC, 1998). The SAFMC has
(NMFS, 1999). NCDMF has designated two Oyster Management Areas (OMA) within the

Permit Area and one adjacent to the southwedteundary (Figure 8).
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Figure 45. Oyster Management Areas within and in proximity to the Permit Area
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Table4.1 below summarizes the spawnisgasons for the three shellfish species typically found
within the Permit Area.

Table 41. Spawning Seasons for Shellfish

SPECIES SPAWNING SEASONS

Hard Clam (Mercenaria mercenaria) May through November

Eastern Oyster (Crassostrea virginica) May through September

August through December

Bay Scallops (Argopecten irradians)

The NCDMF Shellfish Mapping Program was developed using a stratified random sampling
design that delineates all bottom habitats (or strata) and samples the dengstye s, clams,

and bay scallops in these areBgdtonet al, 201Q. Benthic habitat surveys Rich Inlet and

the estuarine habitats behind Figure Eight IslandHutdff Islandwere conducted by the
NCDMF in 1991 (Conrad, pers. comm.). Shellfish wierend within strata R (intertidal firm,
vegetated without shell), strata S (intertidal firm, +veigetated with shell), strata T (intertidal
firm, nonvegetated without shell), and strata W (intertidal hard;vemetated with shell)
(Conrad, pers. comm.)Figures 4.6 and4.7, created by the NCDMF Shellfish Mapping Program,
illustrates the distribution of the various habitatthin proximity of the Permit AreaThe

number and density of clami8l(mercenarig, oysters C. virginica), and scallopsA. irradians)
present within these strata are listed in Ta#l2 and 43. StratumW is the habitatontaining

the highest densities of shellfish in this ar&i scallops were observed in these sampling
surveys.
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Table 42. Shellfish Density Data for Area SO36. Surveys conducted by NCDMfetween1989 and1991

Strata Number of Area Sampled Collection Number Dty
Samples T (Shellfish per square meter)
S036

CLAM
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
L 15 13.50 0.00 0.00
R 105 105.00 2.00 0.02
S 56 55.20 75.00 1.36
T 44 43.60 13.00 0.30
A% 21 20.40 69.00 3.38
X 15 14.50 0.00 0.00

OYSTER
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
) i 15 13.50 0.00 0.00
R 105 105.00 1,176.00 11.20
S 56 55.20 4,469.00 80.96
T 44 43.60 1.00 0.02
W 21 20.40 5,354.00 262.45
X 15 14.50 0.00 0.00

SCALLOP
D 15 13.50 0.00 0.00
G 19 17.10 0.00 0.00
H 25 22.50 0.00 0.00
| [ 15 13.50 0.00 0.00
R 105 105.00 0.00 0.00
S 56 55.20 0.00 0.00
T 44 43.60 0.00 0.00
W 21 20.40 0.00 0.00
X 15 14.50 0.00 0.00
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Table 43. Shellfish Density Data for AreaS046. Surveys conducted by NCDMIBetween1989 and1991

Strata Number of Area Sampled Collection Number Dlersig
Samples TR (Shellfish per square meter)
S046

CLAM
G I3 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 0.00 0.00
S 39 39.00 114.00 2.92
T 15 15.00 3.00 0.20
W I3 15.00 45.00 3.00
X 15 15.00 0.00 0.00

OYSTER
G 15 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 79.00 5.27
S 39 39.00 6,506.00 166.82
T 13 15.00 0.00 0.00
W 15 15.00 6,413.00 427.53
X 15 15.00 0.00 0.00

SCALLOP
G 15 13.50 0.00 0.00
H 15 13.50 0.00 0.00
R 15 15.00 0.00 0.00
S 39 39.00 0.00 0.00
T 15 15.00 0.00 0.00
W 15 15.00 0.00 0.00
X 15 15.00 0.00 0.00

The NCDMF shellfish habitat maps contain 23 individual polygons representing the W stratum
within the limited area within the Permit Arekield investigations were conducted on 15, 17,

and 22 September 2008 by GRE staff biologists to visually groundtruth these potential

shellfish areas within the Permit Area that may receive impacts due to project related activities.
Coordinates of the oger point of these polygons were obtained and GPS was utilized to
navigate to each location. Water clarity was generally poor with visibility less than 2 ft; therefore
snorkelers utilized both visual cues and tactile cues to assess the presence ooébkelifigh
resources.The spatial extents of discrete shellfish beds were determined by following the
boundary while periodically recording GPS coordinates. These coordinates were then converted
to a Geographic Information System (GIS) shapefile uBiayiew 9.3 software and overlaid

upon high resolution aerial photographihe boundaries of the mapped shellfish beds were then
refined through visual interpretation of the aerial photdditional shellfish resources within
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the entire Permit Area wetben identified via extrapolation of areas with similar color signature
in the 2008 high resolution (<2 feet) gezferenced aerial photographyhese areas were
groundtruthed to determine the size and extent of shellfish beds within this area. ®f the 2
potential shellfish sites groundtruthed, nine were confirmed to contain live shellfish. Each of
these confirmed areas contairssdttered patches of live shellfish (primafyvirginica)

fringing along the edge of a salt marsh and were not consitietexla discrete shellfish bed.
Therefore it was not possible to determine distinct boundaries utilizing GiRStemaining

sites were identified as muddy substrate or scattered shellfish shells.

CPENC located and delineated oaéditionaldiscreteshellfish bed that had not been identified
by the NCDMF. Utilizing this site as a confirmed shellfish bed, an additional three sites with
similar color signatures were extrapolated from the 20868 resolution aerial photographs
(Figures 48 and 49). In total, 0.1 aesof shellfish bed habitat have beeentifiedwithin the
Permit Area.
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Figure 4.8. Identified Shellfish Resources within the Permit Area
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1 Hard Clams
According to the NCDMF, the stock status of hard clams Hard clam
(Mercenaria mercenarigis unknown because there is no dat
available to assess the population size (NCDMF, 2001). H;i 20D

clams are an estuarhiependent mollusk found primarily in
sandy and vegetated bottoms. Increased fishing, poor wate
quality, and habitat logsave impacted this fishery (NCDMF,
2003a). The EH for the hard clam, as designated by the
SAFMC,includessubtidal and intertidal flats, oyster reefs an
shell banks, and SAV (NCDMF, 2001). A State Fishery
Management Plan wagpdated in 2008

Hard clams are suspension feeders that subsist primarpyygtoplankton. Growth of hard clam
larvae is quickest at temperatures found between 22.5 and 36.5°C (72.5 and 97.9°F) with
salinities of 21.5 to 30.0 ppt (Eversole, 1987). They spawn from May through November, when
water temperatures reach 20°C (68°Galinities above 25 ppt significantly affect normal
embryonic development while temperatures too low will not allow maturation and spawning
(Eversole, 1987). Hard clams can be found in nearly all of the sheltered marine waters of North
Carolina. Basedn research examining clam landings per trip, the NCDMF found that the
harvest of clams appeared to be particularly stable (NCDMF, 2001). Results from the 1991
surveys conducted by NCDMF indicated that clams were present in the permit area.

1 Eastern Oysts
Eastern oystergrassostrea virginicphare longlived
(approximately 40 years) and are capable of forming large
reefs. According to the NCDMF, the eastern oyster has a s
status designation of concern due to a tw@rTgn decline most
likely caused by over harvesting, habitat disturbareed,
pollution. Oysters require a relatively clean, firm substrate
attach to and can be found in intertidal or subtidal estuarine
environments. Spawning in North Carolina occurs from Ma
through September. Vast intertidal reefs formed by oysters
significant biological and physical formations in the estuarie
of North Carolina. Fish, crabs, and shrimp utilize oyster be:
as refuge and as a source of food. The intertidal oyster bec
also provide habitat for various infaunal and epifaunal spec

Eastern oyster

The eastern oyster is a very successful estuarine bivalve and

can tolerate a wide variety of salinities, temperatures, currents, and turbidities. The preferred
habitat for eastern oysters is from just below MLW tm (3.28 ft) above MLW (Burrel, 1986).

The eastern oyster is a prolific bivalve, whose stocks have been depleted, which identified a need
for a State Fishery Management Plapdated in 2008in parallel with the Hard Clam Fishery
Management Plan.
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Results from the 1991 surveys conducted BDWF indicated thagagern oystersvere present
in the permit area.

1 Bay Scallop
The NCDMF lists the bay scallop(gopecten irradiansas a

species of concern based on poor recruitment and low
abundances. NCDMF has developditheries management
plan for the bay scallojp 2007 A. irradiansis an estuarine
dependent bivalve found in seagrass (mainly eelgrass) beds.
Bay scallops are rarely found attached, although they do hav
the ability to attach by byssal threadsinly as juvenilesbut as
they mature, scallops sink to the bottom and continue to grov
(Fayet al, 1983). Adult scallops prefer calm waters, seclude
from high winds, storms, with tides and depths of 0.3 to 10 m
(0.98 to 32.8 ft). Environmental factors, sugs temperature
and rainfall, play a critical role in scallop abundance (NCDMF
2003b). They spawn between August and December when
water temperatures are approximately 15.5°C (60°F). No scallops were present durggg the
surveysconducted by the NOMF. However, habitat with the potential to support scallops was
identified within the Permit Area.

Bay Scallop

Benefits of Shellfish Habitat Areas to Fesly Resources

Shell bottom provides critical fisheries habitat not only for oysters, but also for recregtionall
and commercially important finfish, other mollusks, and crustaceEms.SAFMC has

designated oyster reefs as EFH for red d(Bmaenops adlatus). The ecological functions of
oyster reefs related to oyster production are well known and acceptede flimctions include
aggregation of spawning stock, chemical cues for successful spat settlement, and refuge from
predators and siltation. Oysters have also b
reef habitat important to estuarine biodivgrand fishery productionSeveral studies have

found higher biological abundance and diversity on shell bottom than adjacent softbottom,
particularly pinfish(Lagodon rhanboide$, blue crabsQallinectes sapidysand grass shrimp
(Palaemonetes pugigDeaton et al., 2020

B. Upland Hammock Habitat

Maritime hammocks, also known as maritime forests, Upland hammock

tropical hammocks or coastal hammocks, are character

as narrow bands of forest that develop almost exclusive These forested systems are

on stabilized backdunes of barrier islands, inland of typically dominated by live oak

primary dunes and scrub. This habiype is typically I(D%‘f(rgijnsu‘;'Ei'géi';agr:gﬁfgy

dominated by species of brotehved evergreen trees anc cedar (Juniperus V’irgimana)

shrubs, maritime hammocks are climax communities trees with an understory of

influenced heavily by salt sprafigure 4.1 depicts the shrub thicket which can support

upl and hammock habitat an S“ChSpec"fsas.swa'(;”pbayb the are
shrubol and fATagdarsnandbwind direction [ o ustris) and sweetbay

. ) s (Magnolia virginiana).
and influence of salt spray is usually evidenced by the
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sculpted vegetation (Texas Cooperative Research Unit, 200&)nty-seven 27) acres of
upland hammochks well as 67 acres of scrabrub habitahave beemlelineated within the
Permit Area, as determined through interpretation of high resolution aerial photography.

Benefits of Upland Hammocks to Colonial Waterbirds

Colonial waterbirdsitilize a variety of habitats for foraging, roosting, and nesting, which

includes estuaries, oceanfronts, open dunes, inland areas, and intertidal shoal habitats. These
birds also use a variety of habitats for nesting. Some colonial waterbirds smebrdserons

and yellowcrowned night heronstilize vegetated, upland environments. These three colonial
waterbird groups prefer trees, shrubs, and grass lands for nesting and, as a result, may utilize the
upland hammaocks identified within the Permit Area

C. Inlet Dunes andDry BeachHabitats

This section identifies and discusses the dune and beach communitieghveitich Inlet

complex These habitats are present around the periphery oflgtelnlet dunes and inlet

beaches are similar tmastal dunes and coastal beachewidver, as a result of episodic

overwash, these habitats are typically not as established as coastal beaches and often lack the
vegetation common on tlewastal beach and dune systermdet dunes are defined asy hil,

mound, or ridge of sand along the inlet coastline created by natural or artificial forces. The inlet
dry beach habitat is defined as the portion of the ocean beach in proximity to the inlet that is
between mean high water and the toe of the dlimeseinlet dunes and beaches are also
susceptible to forecasted sea level rise.

Benefits of InleDunes andry Beachedo Shorebirds, Colonial Waterbirds, and Other
Waterbirds

Most shorebirds are long distance migrants, who migrate through and wintethinQéoolina

en route to find suitable breeding sites in the Arctic. To complete these flights, shorebirds must
obtain a large food reserv&he inlet dunes and beaches in proximitjrRioh Inletprovides

migration stopover areas used by shorebirdsdplenish food reserves and accumulate fat
needed for the long flights. There are few places that have the necessary combination of
resourcesln some areadetween 50% and 80% of the entire population of a species may visit a
single site (MCCS, 2003). Wgratoryarctic-bound shorebird species that may be found during
the nonbreeding season within inlets of North Carolina incltiiered knot Calidris canutus

rufa), dunlin Calidris alpine) western sandpipe€Cglidris mauri) and sanderlinggalidris

alba). Manyarctic breeding species are experiencing declimetuding the red knot, which

was recently listed as a candidate for protection under the Endangered Species Act. Surveys
conductedduring2007 byAudubon North Carolingevealeda total 0of878red knot indviduals
observedalong Mason Inlet, Rich Inlet, Lea Island, and Hutaff Island. The maximum count at
each location on an individual survey was 188, 258, 6, and 20, respectively at each location
(Mangiameli, pers. comm2008§.

Shorebirdaitilize these inlet dunes and beackasbreeding, wintering and migrag. Many
species rely on a fevkey stopover sites to complete their annual migratory cycle. The Outer
Banks of North Carolina constitute a prime example of a potentially imporeata which

only limited information on migratory birds is available (Dinsmeteal, 1998).
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Some species of waterbirds, such as terns and black skimmers, nest on bare sand and shell with
little or no vegetation. These species will change nestegpan response to changing
environmental conditions, such as increased vegetation or storm events. In selecting nesting
habitat, waterbirds recognize the area and past success, but mainly adhere to group dynamics.
This type of grouping creates nestingsting, and foraging areas with large colonies that can
include multiple species of waterbirds.

1. Overwash Habitats

One type ofdry inlet beach habitat that is an important feature is overwash d&leagal

processes, such as storms, create osmfeatures behind primary sand dune ardastal of 7

acres of overwash habitat has been delineated within the Permit@veawash areas are

usually created during strong storm events when tides wash over portions of the beach and move
sand back toards the sound, creating new habit@wverwash areas are characterizedos low

sand flats left where storm waves have washed across a barrier island. This includes loose sand,
perhaps piled into dunelets and/or divided by sluiceways, and usualgredaiteedy shrubs and
herbs. After the site has gone for an extended period without storm scouring, the vegetation may
develop into a dense mat of vines and grasstgndoverwash is an important natural process

in maintaining coastal barrier islandsarge maamade dunes may limit the occurrence of

overwash features. When overwash occurs, the net volume of sand is often maintained and the
island migrates landward (Donnely al.,2006). Barrier islands naturally migrate landward as a
result of seadvel rise. This is accomplished through overwash events where sediments are
pushed to the sound side, which contributes to building marsh on the sound side.

Benefits of Overwash Habitats to Shorebirds, Colonial Waterbirds, and other Waterbirds
OverwaslHfeatures are not unique to inlets; howewee dynamic and productive microhabitats
formed as a result of inlet migration are very important to both breeding aduessting

waterbirds. Overwash habitats include ephemeral pools and bayside mudftdtsawehi

important feeding areas to piping plovers at the start of the nesting season and throughout the
year (Fraser, 2005; USFWS, 19960verwash habitat utilized bywildlife, particularly

shorebirds, colonial waterbirds and other waterbagitheyprovide suitabldoraging and
nestinghabitat for theebirds. Overwash events usually occur during storm events or in low
areas during spring high tide conditions when seawater flows through the primary dune line,
spreading out sand from the beach andes. Recently created overwash fans are generally
unvegetated and function similar to the dry beach commuwillets, American oystercatchers,

pi ping plovers, Wi |lsonds plovers, and kill dee
tide lineon coastal beaches, on sand flats at the ends of sand spits, and along blowout areas
behind dunes and in overwash areas. These open habitats are utilized by breeding and non
breeding colonial waterbirddn particular, the Wilson's plover and the fedigréireatened

piping plover are both dependent on hurricanes and storms to provide the overwash needed for
nesting habitatljeaton et al., 2020
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D. Intertidal Flats and Shoals

Intertidal flats and shoals

Intertidal flats and shoals are defined as-megetated, Soft = These habitats areas are
sediment habitats, found between meanfwgker and mean considered to be important
low-water spring tidelatum(Dyer et al. 2000) and are feeding areas to shorebirds
generally located in estuaries and other low energy marin: 2t the start of the nesting

. i . . season and throughout the
enqunmentsMe_an hgh water is defined dgbe average year. This includes the
elevation of all high waters recorded at a particular point ¢ federally protected piping
station over a considerable period of time. Mean low wat¢ plover (Fraser, 2005;
is defined as the average elevation of all low water ata ~ USFWS, 1996).
particular location also over a considele period of time.
Intertidal flats and shoaklre distributed widely along coastlines wewite, accumulating fine
grain sediments on gently sloping beds, forming the basic structure upon which coastal wetlands
build. The tidal flats and shoals of NbrCarolina are habitat to a variety of migratory
shorebirdscolonial waterbirds, marine mammals, reptiles, fish and miadaoina. For this
reason, these habitats are considered to be a valuable natural resource. These habitats have
developed ito a dynamic inlet system and, therefore tend to be ephemeral in nature, especially
with regard to dynaiu island formation within theniet. A total of 206 aaesof intertidalflats
and shoals arecated within the Permit Areanainly within the inlet complex.

Benefits of Tidal Flats and Shoals to Shorebirds, Colonial Birds and Other Waterbirds

During all months of the yeaRich Inlet provides important foraging, roosting and nesting
habitatsfor shorebirds, colonial birds, and other waterhird@ie intertilal shoals and sand flats
provide sheltered and isolated habitat for roosting and foraging. Prey resources for shorebirds
include mainly invertebrates and small fish. Most shorebirds are aquatic and terrestrial
probers/gleaners that can wade in the stinfitertidal areasBreeding and nofreeding

federally endangered species and species of special concern also utilize irfitzitidald
shoals.ThereforeRichl nl et 6 s habitats and the shorebirds
natural resource to the coast of North Carolimdertidal flats and shoals, particularly lew

energy wet sand flats and shoals, are essential to many species of migratingeiaigwin
shorebirds (Colwell 2010).

Benefits of Tidal Flats and ShoalsBenthic Macroinfaunal Community

Thesetidal flats and shda in the inlet complex provideabitat for the macroinfaunal

communitydue to their softbottoraonsistency Softbottom haliats are comprised of
unconsolidated sediment and defined as fiunveg
However, this Asofto substrate supports an ab
organisms (macroinfauna) living below the surfddeaton et al., 2010

Macroinfaunal species are resident to the ufypai(3.28 ft) of thesubstratelue to the available
oxygen content and aeration properties; although some larger species may live deeper in the
seabed (USFWS, 2002). Dominant macraint species typical of the bays and sounds of
North Carolina include bivalves, decapods, polychaetes, and amphipods.

Macroinfaunal species are a primary food source for several migratory and resident shorebirds,
waterbirds, as well as for many commaligi and recreationally important fish. Bird species can
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be found utilizing the Inlet and surrounding estuarine environments as-av&iofeeding station

while traveling to their wintering and nesting grounds. Migratory fish species utilizing the inlet
depend upon the macroinfaunal community as a food reserve, en route to upstream seagrass beds
and estuarine habitats.

Benefits of Tidal Flats and Shoals to FésjResources

As stated above, these habitat areas host an abundance of macro specie®\idochsaurces
for many fishery resourced he tidal flats and shoals of North Carolina are habitat to a variety
of, anadromous, estuarine, and marine fish species (USFWS, 2002), such aRaxciagntron
canadun), lane snappgiLutjanussynagrig, reddrum (Sciaenops ocellatyisred grouper
(Epinephelus morip spadefis{Chaetodipterusaber), gag(Mycteroperca microlep)s king
mackerel §comberomorous cavajlavhite shrimp Penaeus setiferjisbrown shrimp Penaeus
aztecuy, pink shrimp Penaeus duarum), Atlantic sharpnose sharRkizoprionodon
terraenovag southern floundefParalichthys lethostignjaandsummer flounde(Paralichthys
dentatu¥. These species benefit from tidal flats and shoals as the habitat is used for refuge,
corridor, nursey, and spawningurposes (Deaton, 2010).

E. Oceanfront Dry Beach and DuneHabitats

1. OceanfronDune Communities
The primary dune extendaridward to the lowest elevation
in the depression behind that same mound of sand
(commonly referred to as the dune trough). Frontal dunes Section 15A NCAC 7H .0305(c)
definal as the first mound of sand located landward of the of the North Carolina
ocean beach having sufficient vegetation, height, poiti ~~ Administrative Code defines

. . ; primary dunes as the first
and configuration to offer protective val(dC DCM, i< lor sand located
2008). landward of the ocean beaches

having an elevation equal to the

Dunes and their associated plant species are important in hmai/"’i‘r’:gﬂgz‘:]'ee‘é‘;éié‘n? ;t]grn“ge h
prowdl_ng shorefront protection against c_oastal storms an B il o exceeded in
supplying sand to the beach system during periods of any given year) for the area
erosion. A total of 60 acesof dune communities are locate( plus six feet.
within the Permit Aregrimarily the oceanfront shoreline
along Figure Eight Island and Hutaff Island behind the dry

beach habitatThis habitat isalso found within théack side of thénlet system.

Oceanfront beach and dune
habitats

Benefits ofOceanfront Dune Communities to Plant Species

High temperatures, strong winds, and varying wet and dry conditions typical of a dune
environment provide unique conditions for plant species with specific adaptafibese

specific adaptations inatle plant species that grow extensive root systems, allowing for prolific
growth in unconsolidated beach sand. Perennial grasses are the primary stabilizers of frontal
dune systems along beasland dune. North Carolina is located in a vegetation traasizone,
between American beach grassnmophila breviligulatato the north, and sea oat$njola
paniculatg to the south.
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2. Oceanfront Dry Beach Communities

Eroded material from the dune system contributes to the dry beach located betweerthe

dune or scarp and mean high water (MHW) line. The dry beach area is susceptible to wind and
storm surge, which suppstessvegetatiorthan the dune communityHowever, this habitat

type provides recreational areas for humans and nesting grioursgs turtles and shorebirds.

A total of 75aaesof dry beach communities are locatddng the ocean shoreline on Figure

Eight Island and Hutaff Islandithin the Permit Area.

Benefits ofOceanfront Dry Beach Habitats to Sea Turtles

Five species afea turtles nest on North Carolina beaches: the green sea turtle, loggerhead sea
turtle, leatherback seaturttehwk s bi I | s e a tidiey sed twtle.aSeaturtic® prefed s

to nest on wide sloping beaches or near the base of the dunes. Dry<sheast allow for the

following in order for nesting to be successhe#ach areas above the mean high watemhuast

be wide enough to allow nesting to occur; access to the dry beach must be devoid of obstructions
(i.e. fencing, seawalls); the sand caofion must allow for digging, and; the nesting area to be
located away from areas of inundation throughout the nesting season. The composition, color,
and grain size can affect the incubation tigendey and hatching success of turtle hatchlings

(Deatm et al., 2011

Benefits ofOceanfronDry Beach Habitats to Shorebirds, Colonial Waterbirds, and other
Waterbirds

Beachnestingbirds that utilize dry beach habitats for nesting include terns, black skimmers,
Wil sonds pl ovsandsAmeripan pystercatchprBerms/aad black skimmers nest
on bare sand and shell with little or no vegetation. These species will chatigg aesas in
response to changing environmental conditions, such as increased veg#tétierbirds use
group dynamics to select suitable nesting areas. This grouping creates nesting, resting, and
foraging areas with large colonies that can includ#iphe species of waterbirds (Cameron,
pers. comm.2007. This is one reason whyig important that these birds have a number of
suitable nesting, foraging, and roosting sites along the cBastolonial waterbirdsuch as
black skimmers and gulls, thegilize estuarine habitats, oceanfront shorelines, open dunes,
inland areas, and dry beach habitats for foraging, roosting, and nesting.

The undeveloped beaches along Hutaff Island have been identified by the Cl&tiRe of the
most important migratory stop over sites and wintering sit~- - " .
for the federally threatened piping plovdfortions of the Wetoaegcgu‘r’gtEigSﬁﬁglazrdme
Permit Areas areegulatedunder a Critical Habitat listing as (March 18, 2008)
identified in theEndangered Species Act.

F. Wet Beadh Communities

Theintertidal zone of oceanfront barrier island beaches or s
wet beaclcommunities are areas that gexiodically

exposed and submerged by waves, varying with frecyue :
and with lunar tidl cycles. Like intertidal shoals hteseareas e
are canprised mainly of sandy bottorasid shell hashnd . (Jarrett, 2008)
are influenced by tidal changasd are susceptible to stormc
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This high energy area is habitat to many benthic organisms and foraging grounds for birds and
finfish. A total of 96 aadesof wet beacthabtat are foundprimarily along the oceanfront
shoreline of Figure Eight Island and Hutaff Islamithin the Permit Area.

1. Benthic Infaunal Community

On oceanfront beaches, most benthic organisms in the intertidal zone consist of infaunal
burrowingforms, particularly polychaete wormBHylumAnnelidg), coquina clams¥onax

variabilis and D. paruvulaand mole crab€emerita talpoida (USFWS, 2002). Many benthic
organisms are filter feeders, which pump large amounts of water through their boslidgy A

pump water, they remove sediments and organic matter, thus filtering the water. Some of the
organic matter filtered from the water is not used and instead deposited in the sediment. These
nutrients can later be recycled by benthic organisms apeidied back into the water column,
making them available to other organisms. Thus, benthic organisms are critical in maintaining
the high production rates of estuaries.

While several species of amphipods and polychaetes populate the intertidal and shallow subtidal
beaches of North Carolina, their contribution to the total biomass of benthic infauna is low due to
their small body sizeDue to their short life spans an@duent reproduction events and despite
their relatively low biomass, these species are important to the benthic infaunal community in
regard to their contribution to primary and secondary productiViberefore, mole crabs and
coquina clams dominate thenthic infaunal community due to their biomass (Petezsai,

2000).

1 Mole Crab
Mole crabs Emerita talpoida)ive at depths above cmunder sand in shallow water in the
swash zone or marine intertidal areas (Bowman and Dolan, 1B8%lpoidais a very mobile
species and is highly adaptable to the harsh and dynamic swash zone environment. Mole crabs
have the color of rippled sand at the water's edge and live mostly buried in the sand, with their
antennae reaching into the water forming a "V" gtlpbstacle in the water as the wave recedes.
These antennae filter plankton and organic debris from the water. Mole crabs also eat the
tentacles of Portuguese man o' wRlnysalia physalis which are collected by winding the
tentacle around the moleatr's leg. Camouflage protects the mole crab from predators, primarily
fish and birds. Males are smaller than females, only reachingiGnaking the sexes easy to
tell apart when fully grown. Females grow tor@&in lengthand carry their bright oraeg
colored eggs under their telson until they are ready to hatch. Recruitment can occur year round,
but large numbers of recruits are found in early summer and in early fall. Diaz (1980) found that
most recruitment occurred in September as a result ahsurspawning. Amend and Shanks
(1999) also found that the reproductive season ended in late September.

Female mole crabs do not rely on tidal cues to time lagledse; instead, larvae are released at
sunset regardless the time of the tideSincelarval releaseccurs within the intertidal zone, the
physical wave motions and curreate most likely strong enough to transport larvae away from
the shoreline to coastal areas for developméeg(er and Forward, 2005)Amend and Shanks
(1999) repaied that larval release is also influenced by wave height during rough seas where
larvae are rapidly transported offshore away from adult habitat and predation.
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As the swash zone changes with the tide, so does the location of the mole crabs. Theéomole cra
move up and down the beach with the tides. In the winter, storms carry them offshore possibly
into sandbars; however, when the sand is transported back onshore in the spring, the mole crabs
travel with it. Bowman and Dolan (1985) found that the ovet®ving populations migrate

onshore in April during a period of rapidly increasing water temperatures. These population
fluctuations are an important consideration when uBinglpoidaas an indicator species for
assessing environmental impacts.

1 Coquira Clam
Coquina clamgDonax variabilis)are small, generally less than 2.5 cm in length, and possess

wedgeshaped shells (Ruppert and Fox, 1988). Like most bivalves, coquinas are filter feeders,
ingesting phytoplankton, bacteria, and other small susplgpaiticles in the surf zone. The wet

beach environment is extremely dynamic, eroding and accreting several times in a period of
months. Although many organisms feed in the surf zone, this clam has unique adaptations to this
habitat type, making the coiga clam a key habitat indicator species.

Donax variabilismigrates shoreward with the incoming tide and seaward with the outgoing tide
(Ellers, 1995). While these clams spend most of their time buried in the sand, they emerge

several times per tidalcle to ride waves. Ellers (1995) named this method of movement
Aswashi ngo where each c¢ | anflovefroreawayes dragbittoan t he s
new position to maintain optimum position at
anddown the beach during spring and summer; however theseetated migrations cease in

winter asD. variabilis eventually moves into the subtidal zone in late féhe fluctuation of the

location of populations in relation to the changing tides is goortant consideration when

assessing this species and one should expect variation if sampling at different tidal levels.

Both males and females are required for reproduction. Spawning occurs subtidally in winter and
juveniles recolonize the intertidiaéach in late winter (Ruppert and Fox, 1988). The typical
lifespan of coquina clams is two years.

The temporal pattern of presence and recruitment of macroinvertebrates of the South Atlantic
Bight are depicteth Table 4.4below.
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Table 44. Temporal presence and major recruitment periods of surf zone invertebrates of the South Atlantic
Bight (Hackney, et al., 1996).

Jan. Feb. Mar. April May June July Aug. Sept. Oct. Nov. Dec.
Coquina Clams
(Donax variablis) P P P P H H R | HR H H H P P
Ghost Crabs
(Ocypode quadrata) P P P P P PR| PR |PR P,R P P P
Beach Hoppers
(Orchestiodea) ? ? P P P P P P P P P P
Sand Hoppers
(Talorchestia) ? ? P P P P P P P P P P
Worms
(Polychaetes) P P PR|{HR|HR]|HR|HRI|HR H, R H P P
Mole Crabs
(Emerita taploidea) P P P P H H H H, R H, R H PR| PR

P = present, H = periods of peak abundance, R = periods of recruitment

Benefits of Wet Beach Habitats to Fesia Resources

Many infaunal species are important food sources for demersal predatory fishes and mobile
crustaceans. Some of the species that forage on benthic invertebratesiasiheonéclude
inshore lizardfish$ynodus foetepd-lorida pompanoTrachinotus ceolinus), pigfish
(Orthopristischrysopterd, pinfishLagodon rhomboidespot(Leiostomus xanthuruskingfish
(Menticirrhus littoralis, M. americanysred drum(Sciaenops ocellatisAtlantic croaker
(Micropogonias undulatgsnorthern sea robirP¢ionotus carolinug summer flounder
(Paralichthys dentatysweakfish Cynoscion regalisand penaeid shrimgaton et al., 2030
Many of these species use the high energy environment as protectiontfiempredatory
species, as well as for feediggounds.

Benefits of Wet Beach Habitats to Shorebirds, Colonial Waterbirds, and Other Waterbirds
Many infaunal species are important food sources for a variety of bird species, especially the
beachnesting birds.Colonial waterbirdssuchasblack skmmers thattilize estuarine habitats,
oceanfront shoreline, open dunes, and inland areas also utilize wet beach habitats for foraging,
roosting, and nestinglrhese olonial waterbirds can alteheir locationin response to changes in
environmental contions.

G. Marine Habitats

Cowardin (1979) classifies marine habitats as open ocean waters overlyoogtinental shelf

and its associated high energy coastline where salinities e30qgut.With this broad

classification, many habitbr community types fall within the definition and have previously
been, or will be, discussed in other sections of this EIS. This section, however, will focus on soft
and hardbottom communities that are considered marine halitatgie nearshore sdibttom
communities are found in the intertidaine as well as the subtidal zone. Marine intertidal and
subtidal zones along tishoreline are highly affected by tides and bottom friction. North

Car ol i namglitside blond @céan shoreline is greatdstre the continental shelf is widest

in the southern coastal area; average tidal height is approximately 2 ft (Oeanape Hatteras

and 4.3 ft (1.3 m) near Cape FeBeéton et al., 2010
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1. Softbottom (UnconsolidatedCommunities

Softbottom habidt is the unvegetated bottom sediment in all coastal systems, and includes
features such as inlets, shoals, channel bottoms, intertidal ocean beaches, and cape shoals.
Softbottom plays a key role in primary productivity in shallow estuarine and marieensyst

This habitat strongly influences the water column through dynamic cycling processes, storing
and releasing nutrients and chemicals over time. Other ecosystem functions of softbottom
include the reduction of physically destructive storm effects omdwed beaches, and

providing sand sources for barrier island and inlet migration.

Softbottoms consist of both mud and sand substraesiflats are sedimentary intertidal

habitats created by deposition in low energy coastal environments, particatadyies and

other sheltered areasd therefore are not pervasive in marine habifdte sediments generally
consist of silts and cl|l ays wMauadfatsaSamndibgitbmsor gani
consist of materials with grain sizes more codnsa silt (>0.0625 mm) (Anderson, 2006).

Periodic storms can affect benthic communities along the Atlantic coast to depths of
approximately 35 m (115 ft). As a result, softbottom communities tend to be dominated by
opportunistic taxa which have adapteddlatively quick recovery from disturban{d@eaton et

al., 2010. Seasonal climatic changes can also influence the diversity and abundance of
macroinfaunaspecies in these areas. Species abundance during the late winter and early spring
is typically higher with densities of over 3,500 per 106commonly observed (Malliet al,

2000), although individual species vary considerably in their abundancehbrauge year.

Generally, nhadequate data are available to clearly indicate the current condition of softbottom

habitat. Fortunately this habitat is relatively resistant to a changing environment. This is the most
abundant submerged coastal fishhabifahi s fAsoft 0 substrate support
macroalgae and numerous burrowing organisms (macroinfauna) living below the surface

(Deaton et al., 20)0Intertidal shoal, marine intertidal (wet beach) and subtidal areas in the

Permit Area provide a tat of 2580acres of possible habitat for softbottom communities.

Benefits of Softbttom Communities to Figny Resources

Muddy bottoms are not pervasive in the marine environment and, rather, are located primarily in
the estuarine habitabehind Figure Eight Island amtutaff Island Sandy substratelominate

the marine softbottom communities locatedtb#f ocean shoreline

Softbottom habitat is used to some extent by almost all native coastal fish species in North
Carolina. Certain pecies are better adaptedhcs shallownonvegetated bottom. Flatfish, rays

and skates are well suited for utilization of softbottom. Juvenile and adult fish species that
forage on the rich abundance of macroalgae, detritus and small invertebrhighlsre

dependent on the softbottonSoftbottom habitat is particularly important as a foraging area for

all size ranges of bottom feeding fish and invertebrates, such as blue crabs, shrimp, flounders,
striped mullet, spot, croaker, and kingfish. Burrowing mollusks (e.g., hard clams, coquina
clams), flatfishes (e.g., southern flounder, hogchoker) and baitfish (e.g., striped mullet) are
highly associated with shallow softbottom, while larger benthic feeding predators (e.g., weakfish,
coastal sharks, sturgeons) typically utilize deeper softimoti@as. Valued fishery species that
depend on healthy softbottom habitat include hard clams, shrimp, blue crabs, southern flounder,
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Atlantic croaker, striped mullet, kingfish, and spot. Of
these, the NCDMF stock status of Atlantic and shortnose
sturgeonssouthern flounder, and coastal sharks was
overfished. Striped mullet and Atlantic croaker were liste
as Concern. The Atlantic sturgeon, which is classified as
Overfished, has been under a fishing moratorium since
1991 but has not shown signs of recovery.

Offshore sand bottom communities along the North
Carolina coast are relatively diverse habitats containing
over a hundred polychaete taxa (Posey and Ambrose,
1994). Tube dwellers and permanent burrow dwellers ar.
important benthic prey for fish and epifthic invertebrates.

2. Hardmottom (Consolidated sediment) Communities
The term Ahardbottomodo ref
consolidated sediments in temperate, subtropical, and
tropical regions, generally located in the ocean rather the
in the estuarineystem. Hardbottom habitats are also calle
Ali vebottomo due to the v
invertebrates and plants that attach to or bore into these
hard substrates. The topography of these habitats can vi
from a relatively flat, smooth surface toamed ledge
with stepped reliefHardbottom habitats include shallow
kelp-covered areas in rocky headlands, rock outcrops,
submarine canyon walls, and the deegter plateau.

Along the south Atlantic states, hardbottom ranges from
shorelineandnesrthor e (wi t 3min t he
jurisdictional limit) to beyond the continental shelf edge
(>200 m deep)lt typically occurs in clusters across the
shelf in specific areas. Estimates of the percent cover of
hardbottom vary greatly along the south Atlactast
between Cape Canaveral and Cape Hatteras (NQB@V;
Deaton et al., 20130

Benthicwater temperatures at hardbottom habitats in the
ocean off North Carolina range from approximately 52.8°
to 80.6° F (11° to 27° C). Salinity is typically arousisl

Samples of material acquired
during hardbottom
investigations

[ 4inches

Course Material

4 inches !

Fine Material

1

4 inches

Fluidized Mud

of rock

undance

ppt with little fluctuation. The composition of invertebrate, algal, and fish communities varies

with temperaturedepth andeason

Dr. William Cleary identified two areas of potential hardbottom resources located offshore
Figure Eight Island and Hutaff Island (Cleary, 20(®ygure4.10). In orderto verify the

presence of hardbottocommuniies within the projecareaa sidescan sonar survey was

conductedff Figure Eight Islanan 24 April 2009(Figure4.10). Following analysis and
interpretation of the sidescan sonar data, a groundtruthing investigagtaven (1) sites was

132



Figure Eight Island Shoreline Management Project EIS

conductedn 30 June 200&ee Appendix D) A number of sorted bedform features were
identified through sidescan interpretation and verified through groundtruthing. Several areas
generically interpreted d@bottom morphology of interestvere found to be sandy areas with
abundant sand dollars. Other areas interpret@édam morphology of interestvere found to
be areas where fluidized mud had covered the existing bottom substrate. No rock autcrops
hardbottom communitiesere obsrved at any of theleven (1) locaions either exposed or
buried therefore, no hardbottoms are likely to be present within the Permit Area
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INOTES

)] 1. 2012 BACKGROUND IMAGERY IS FROM THE USDA NATIONAL
AGRICULTURAL IMAGERY PROGRAM.

)| 2. DATE OF SIDESCAN SONAR SURVEY: APRIL 24, 2009. CONDUCTED
BY COASTAL PLANNING & ENGINEERING OF NORTH CAROLINA, INC.
)| 3. PREVIOUSLY MAPPED ROCK AREAS PROVIDED BY DR. WILLIAM

J. CLEARY (UNCW).

LEGEND

= = = EQUILIBRIUM TOE OF FILL

ISLAND
FIGURE 8
ISLAND NTS

PROJECT ATLANTIC

LOCATION OCEAN
HTSVILLE

PREVIOUSLY MAPPED SILTSTONE

[T7) 500 M BUFFER AROUND CHANNEL || PROPOSED CHANNEL
[E=J PREVIOUSLY MAPPED LIMESTONE —— SIDESCAN SONAR TRACKLINES

Figure 4.10. Map depicting sidescan sonar survey area. Nothe tracklines cover the area within 500 metersfadhe proposed
channel and the shoreface out beyond the point of equilibrium toe of fill.
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H. Water Column

Watercolumnis a conceptual column of watepim its

surface to bottom sediment$he concept ovater column

is important since many aquatjgrocesseare explained by \water column habitat is defined

the vertical mixing of chemical, physical or biological in North Carolinads Coas

parametersThe depth of water columvaries greatly Habitat Protection Plan (CHPP) _

throughouthe Permit Areas Within the waterbodies of @S fthe water covering ¢
. submerged surface and its

Nixon and Green Chanrsethe depth ranges from less tha ypysical. chemical, and

1 foot to approximately 18 feet; and the water columnde bi ol ogi cal characteri sti

from the inlet gorge to the outer bar channel of Rich Inlet (Street et al., 2005). It

ranges from approximately 5 feet to nearly 30 feet. Alon Connects all other aquatic X ,

the ocean shoreline, the water column rarfgem thr’]ggfr't for?‘u':riims'a:d thly fimedium

approximately 2 feet deep within the surf zone to migrating organisms between

approximately 25 feet deeonditions that influence ¢h river systems and the open

water column are fdrodynamic flow processes araligity ©oceano ( SAFMC,

levels.The water column encompassggproximately2,580

surface acres within tHeermit Area.

Water column

1. Hydrodynamicsand Salinity

Hydrodynamic flowsn nearshore, shallow environments, including the surf zone, are different
from coastal and deepcean flows mainly because of the shoreline barrier, shallow depths,
bathymetric features associated with the continental shelf, and nearshore inputsaaiténesh
Moreover, flows in nearshore waters tend to be more complex than in the deep and coastal ocean
because many processes operate there, including surface gravity waves, buoyancy driven flows,
wind-forcing, surface and internal tides, larg@®plitudeinternal waves and bores, and

boundarylayer effects (Pineda et al, 2007). These differences between nearshore and
coastal/open ocean hydrodynamics are important for larval transport.

Ocean tides on Figure Eight Island are sdmrnal(occurring appreimately every 12 hours)
with a springneap variation of 28 days. Tidal ranges insideAMYW range from 3.2 to 3.6 ft.
The tidal range in the throat of the inlet is approximately 3.Tliie tidal prism through the
throat of Rich Inlet is approximd{e560,000 cubic feet.

In the throat of the inlet and Green Channel, the tidally influenced currents areldoodated

which means that water flows are greater as the water flows from the ocean through.the inlet
Nixon Channel, the currents appéabe ebbdominategd meaning that the water flows are

greater as the water flows from the inlet toward the acéathe throat of the inlet, the peak
currents were 3.2 feet/second during flood and 2.7 feet/second during ebb, with a principal axis
of 319/139°. In Green Channel, the peak currents were 3.0 ft/sec during flood and 2.0 ft/sec
during ebb, with a principal axis of 341°/161°. In Nixon Channel, the peak currents were 1.7
ft/sec during flood and 1.8 ft/sec during ebb, with a principal axi80@%200°. For more

information regarding the tides and tidal flow within the Permit Area, refer to the Engineering
Analysis(AppendixB).
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The principal direction of waves along the beaches of Figure Eight Island and Hutaff Island are
from the eassouthast and the southeast. The highest waves occur in February during the
northeaster season and in August and September during hurricane season. During the summer,
waves tend to approach from the sestiutheast, driving the sediment transport towards the
northeast. During the winter, waves tend to approach from the®atsteast, driving the

sediment transport towards the southwest. For more information regarding the wave climate
within the Permit Area, refer the Engineering\nalysis(AppendixB).

Rich Inlet is a sediment sink that gains 100,000 to 200,000 cy of sand material each year. The
source of this material alternates between the adjacent beaches on Figure Eight Island and the
adjacent beaches on Hutaff Islashepending on the orientation oicR Inlet The present source

is Hutaff Island.

Near the northern end of Figure Eight Island, theeenodal point, at which eroding sediments

spread towards both the northeast andsthe#hwest.This nodal point has shifted towards the
northeast sice 1999, but currently lies near Inlet Hook Road. Along the middle of Figure Eight
Island, sediment transport can occur in either direction. The present sediment transport direction
is towards the southwest. On the southern end of Figure Eight [8leredominant sediment
transport is towards the southwest. Sediment transport rates at the south end of Beach Road vary
from 50,000 to 250,000 cy per year. Given the present and past erosion patterns within a mile of
Rich Inlet, the northeasterly sedsmt transport on Topsail Island (USACE, 2006), and the
southwesterly transport near Mason Inlet, Rich Inlet probably functions as a regional nodal point.

A primary factor affecting the distribution of estuarmhependent fish and shellfish is salinity.
Marine waters of the Permit Area vary on a daily basis in current and salinity conditions due to
fresh water inflow, tides, and wind.

The North Carolina Recreational Water Quality Program (RWQ) also tests coastal waters. Their
mission is to protect theublic health by monitoring the quality of N.C.'s coastal recreational

waters and notifying the public when bacteriological standards for safe bodily contact are
exceeded. The coastal waters monitored include the ocean beaches, sounds, bays and estuarine
rivers. RWQ tests fdEnterococcbacteria, an indicator organism found in the intestines of
warmblooded animals. WhilEnterococcwill not cause iliness itself, its presence is correlated

with that of organisms that can cause illness. The protpsts241 ocean and sousside areas

most of them on a weekly basis. Lowese beaches are tested twice a month.

Three RWQ sampling stations are ltzhwithin the Permit Area. These stations include Station

50 (located in the Al WW between Masonds Creek
Sound at the south end of Figure Eight 1sland
Information taken athe stations includes salinity readings. In 2007, measurements obtained by

RQW within stations 50, 50A, and 50B averaged 35.7 ppt, 36.0 ppt, and 35.9 ppt, respectively.
These salinity levelsupporta wide range of fishery resources that are typicailet and

estuarine complexes similar to Rich Inlet and associated water bodies.
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Benefits of Water Column to Fighy Resources

Estuarine and marine water column environments in the Permit Area include the beach areas and
surf zones oFigure Eight Islad, Hutaff IslandRich Inlet, Nixon Channel, Green Channel, and
Middle Sound.Fish thatutilize the water column of North Carolimaclude anadromous fish,

which can be found in coastal waters but migrate into rivers to spawn in fresfevatetriped

bass, Atlantic and shortnose sturgeon, herriesfuarinedependent speciés.g. flounder, blue

crab, panaeid shrimp, red drumermanent resident spec{esy. black sea bass, Atlantic bumper,
lizardfish) and seasonal migrant spediesy. bluefish, Spanish and king mackerel, cobia, spiny
dogfish) The transport of larval fish from the offshore water column to the estuarine nursery areas
through inlets plays a vital role in the life cycle of mésk species

2. Larval Transport

Larval transports defined as the horizontal translocation of a lafvany speciebetween

points Pineda, et al, 2007 In the soutkastern USAmany species of estuaridependent

fishes spawn offshore and their larvae are transported into estuneslispersal and
subsequent retention of larvae backitite estuary is regulated bynamber of factors including
astronomical and meteorological tides. Sdameae have the capability sxtivelymigrate
horizontally and vertically in the water cwhn toutilize the stratification, tidal currents, flows,
and other physical properties of the aquatic environment to help regulate their transport from
spawning grounds to settlement areas.

Larvae utilize inlets as the conduit between the open ocean and the estuarine envirdRiotent.
Inlet, a relatively large inlet separatiftyitaff Island from Figure Eight Island to the southtyes
drains an expansive marfiled lagoon where two largeelatively deep tidal creeks, Nixon and
Green Channels, connect the inlet toA&/W . The tidal prismfor Rich Inlet has been

estimated at approximately 560,0€(bic feet (AppendiB). This mass of flowing water acts as

a conduit for larvae found withithhe water column in proximity to the inle§ettleet al. (2005)
estimated that the larval fish concentrations in close proximity to Bogue Inlet ranged throughout
the water column between 0.5 and 5.0 larvae per cubic metsumingthat there is simila

larval concentration in proximity to Rich Inlet, Rich Inlebuld serveas an important pathway

for numerous species of zooplankton into the estuary.

3. What are the characteristics of thefederally threatened, endangered, and State listed
speciedound within the project area?

Federal and State Listed Species
The following section describes thederal andstate listed species thatcur, orhave the
potential to occum thePermitArea, as listed in Table 3.

137



Figure Eight Island Shoreline Management Project EIS

Table 45. Federal and State listed Species Foundr Have the Potential to be Found withinthe Permit Area

Common Name Scientific Name Federal Status State Status
Reptiles
Green Sea Turtle Chelonia mydas Threatened Threatened
Hawksbill Turtle Eretmochelys imbricate Endangered Endangered
Kempés Ri dl e Lepidochelys kempii Endangered Endangered
Leatherback Sea Turtle Dermochelys coriacea Endangered Endangered
Loggerhead Sea Turtle Caretta caretta Threatened Threatened
Carollna Diamondback Malaclemys terrapin centrata None Species of Special Concern
Terrapin
Mammals
West Indian Manatee Trichechus manatus Endangered Endangered
North Atlantic Right whale | Eubaleana glacialis Endangered Endangered
Sei whale Balaenoptera borealis Endangered Endangered
Sperm whale Physeter macrocephalus Endangered Endangered
Finback whale Balaenoptera physalus Endangered Endangered
Humpback whale Megaptera novaeangliae Endangered Endangered
Blue Whale Balaenoptera musculus Endangered Endangered
Fish
Shortnose sturgeon Acipenser brevirostrum Endangered Endangered
Atlantic sturgeon Acipenser oxyrinchus Endangered Species of Special Concern
Vascular Plants
Seabeach amaranth | Amaranthus pumilus Threatened Threatened
Birds
Piping Plover Charadrius melodus Threatened Threatened
Wi |l sonds Pl oY Charadrius wilsonia None Species of Special Concern
American Oystercatcher Haematopus palliatus None Species of Special Concern
Common Tern Sterna hirundo None Species of Special Concern
Gull-billed Tern Sterna nilotica None Threatened
Black Skimmer Rynchops niger None Species of Special Concern
Eastern Painted Bunting Passerina ciris ciris None Species of Special Concern
Red Knot Calidris canutus Threatened None
Key: Status Definition
Endangered- A taxon fiin danger of extinction throc
of its range. 0
Threatened- A taxon Al i kel y witbinthedoceserable fatral anger e d
throughout all or a significant porti
Species of Special ConcerrAny species of wild animal native or once native to North Carolina that
is determined by the Wildlife Resources Commission to require
monitoring but that may be taken under regulations adopted under the
provisions of Article 25
A. Reptiles

1. Sea Turtles

Sea turtles are large marine reptiles that spend most of their lives in marine or estuarine habitats.
Sea turtles can be found in subtropical and temperate oceans as well aarttissbas around

the world (Musick and Limpus, 1997). Several studies have shown that the beaches adjacent to
inshore and offshore waters along the Atlantic Coast of the United States are important foraging
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and developmental habitats for many threatened adangered species of sea turtles (Shoop
and Kenney, 1992; Ehrhart, 1983; Keinathal, 1987).

Although sea turtles spend most of their lives in the ocean, female turtles must return to land to
nest (Miller, 1997). Therefore, oceanfront beaches, ssithose found along Figure Eight

Island and Hutaff Island, provide an important habitat for sea turtle survival. Female sea turtles
show nest site fidelity by returning to the nesting beach where they hatched (letmalys

1984; Limpus, 1985). Nestirfgmales prefer beaches with limited lighting and epater

access, while other factors such as elevation from water inundation, dune vegetation, beach slope
and the moisture and compaction of the sand may also influence site selection (Hendrickson,
1982;Mortimer, 1982). Female sea turtles typically emerge from the water at night, select a nest
site, and excavate a chamber to deposit her eggs. Females cover the nest and return to sea
allowing the eggs to develop for 6 to 13 weeks depending upon thespésea turtle and the
temperature of the nest (Miller, 1985). Hatchlings will emerge at night and migrate from the nest
to the ocean where they begin their offshore migration into the open ocean.

Five species of sea turtles utilize the waters otiN@arolina for breeding, feeding, and

development. These species include: the loggerhead sea@antédté caretty; green sea turtle

(Chelonia mydas hawksbill sea turtleHretmochelys imbrica)ja; Kempo0s Ri dl ey seé
(Lepidochelys kempiiand he leatherback sea turtledrmochelys coriacedEpperlyet al.,

1990; USFWS, 2003a). Sea turtles can be found in offshore as well as inshore waters at all times

of the year, although they are more common inshore during the spring, summer and fall months
(Epperlyetal. , 1995a) . | mmi gration of sea turtles i
occurred most frequently in the spring with dispersal throughout the sounds as the waters

warmed. Emigration out of inshore occurred during thierdgart offall when the waters began

to cool. Although the exact numbers and frequencies of species inhabiting the inshore and

offshore waters of North Carolina are not available, it is known that these habitats are used at
various times throughout the year byfale sea turtle species discussed (Eppetlgl, 1990).

Species composition of turtles captured by fisherman in the inshore waters of North Carolina
consisted of | oggerheads (71%), grtalklfdb)( 17 %) ,
Publicsightings reported all five species in inshore waters with leatherbacks and hawksbills

being observed infrequently (Eppedyal., 1995a).

1 GreenSea Turtle
Breeding populationsf green sea turtle€pelonia mydas
alongFlorida and the Pacific coast of Mexico have been
federally listed as endangered, while all other populations
have been listed as threatened undeEtidangered Species
Act sinceJuly 28, 1978 Additionally, a green sea turtle
Critical Habitat was desigtted for the coastal waters
surrounding Culebra Island, Puerto Rico (NMFS, 2006).
Green sea turtlemre mid to largesized sea turtles that react
an average weight of 136kg (303 Ibs) (Pritchard, 1997).
Feeding habitats for adults are specific to s&sgps and
marine algae, while hatchlings may be found feeding on various plants and arthress. sea
turtles are generally found near seagrass habitats in shallow aquatic environments, such as

Green sea turtle
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nearshore reefs, bays and inle®oral reefs and rocky pehes may also be utilized for shelter
and feeding when seagrass is not available (Hirth, 1997).

The green sea turtle globally distributed with an estimated population of 600,000 adults
(USFWS, 2003e). Whilgreen sea turtle populations generallygathroughout warm tropical

and temperate waters of more than 140 counthes, nesting and feeding grounds are
predominantly located along coastal areas between 30° North and 30° South. The green sea
turtle nesting season of southern U.S. populaty@merally occurs between June and September,
but varies depending upon its locality. Hatchling incubation time and sex determination are both
temperature dependgiMrosovsky, 1995 Green sea turtle hatchlings emerge at night and

migrate offshore spendly several years feeding and growing in oceanic current systems
(USFWS, 2003e).

Along the U.S. beaches of the Atlantic, green turtles primarily nest in Florida. Less significant
nesting populations have been identified in the U.S. Virgin Islands, Puerto Rico, Georgia, South
Carolina, and North Carolina (USFWS, 20038CDENRreportsthat the green sea turt