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EXECUTIVE SUMMARY

The Wilmington HarborSection 203 Feasibility Study investigated the potential impacts
associated with improving the federal navigatichannel at Wilmington Harbor. As a
component of the study, Dial Cordy and Associates Inc. (DCA) conducted a fisheries habitat
assessment using United States Fish and Wildlife Service (USFWS) Habitat Suitability Index
(HSI) Models. Habitat Suitabilityddex models are approved by the United States Army Corps
of Engineers (USACE) and offer a way to quantify habitat value by examining species habitat
relationships. ldbitat Suitability Indexmodels produce an overall numerical index that scores
areas on &.0 to 1.0 scale with 0.0 defining unsuitable habitat and 1.0 designating optimal
habitat.

A Delft3D hydrodynamic and water quality model provided inputs for the HSI models, and
MATLAB computing software was used to calculate HSI model variables. ddupled
modeling approach afforded a method for predicting changes in habitat value per geographic grid
cell from existing conditions to a futuxeithout-project (FWOP) condition (year 2077 including

0.34 feet relative sedevel rise) and the feasible alhative [future with project (FWP)], which
includes deepening and widening sections of the federal navigation channel; as well as,
extending the ocean entrance channel. Habitat Suitability Index model outputs were displayed in
a geographical informatiosystem (ArcGIS) and are intended to inform decision making, while
providing a visual way to interpret impacts and communicate results to natural resource agencies.

Studying all potentially affected species that occur within the project area wasactitable;
therefore, DCA consulted with natural resource agencies to select species that would represent
broader fish guilds and provide meaningful results. The following species were ultimately
selected for HSI modeling:

1 Atlantic sturgeonAcipenseioxyrinchus oxyrinchys an anadromous, demersal,
endangered species

Striped bassMorone saxatili¥ - an anadromous, pelagic, recreationally fished species
Atlantic menhadenBrevoortia tyrannus- a filter feeding, commercially fished species
White shrinp (Litopenaeus setiferlis an invertebrate, commercially fished species
Southern flounderRaralichthys lethostigma a benthic, recreationally fished species
Red drum §ciaenops ocellatyis a demersal, estuaritependent, protected game fish

= =4 =4 -8 9

Although USFWS HSI models were easily acquired for red drum, striped bass, and southern
flounder; only Gulf of Mexico models were available for white shrimp and Atlantic menhaden,
and no HSI model was available for Atlantic sturgeon. Therefore, to model whig stond

Atlantic menhaden, DCA modifiedxisting Gulf of Mexico HSI models using local datasets
specific to the Cape Fear River. Furthermore, a binary suitability model (pass/fail) was
developed for Atlantic sturgeon based on a series of thresholdsssdldy theAtlantic States

Marine Fisheries Commission (ASMFC)AIl model details were reviewed by a Technical
Working Group made up of representatives from state and federal natural resource agencies, and
any recommendations were incorporated prionittal model runs.
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To standardize the fisheries assessment results across all modeled species, the project area was
subdivided into six river reachedower estuary, middle estuary, uppstuary, Cape Fear River,
Northeast Cape Fear River, and Bld&iver. In addition, marine habitat seaward of the Cape
Fear River mouth and floodplain cells were excluded from the assessment. Acreage per HSI
class, Mean HSI, Maximum HSI, and Minimum HSI were determined for the FWOP condition
and the FWP using the fik calculator and statistics functions in ArcGIS. Habitat Suitability
Index deltas and percent change in suitable habitat were also determined for each species.
Negative deltas represent a reduction in habitat quality; whereas, positive deltas identify
increases in habitat suitability per grid cell. The Deflt3D low flow year (2011) datasets were
used for all HSI modeling, leading to more conservative results. The outputs for each HSI model
were classified into equal interval classes whenever possilleador coded on a red to green
scale, symbolizing poor to high quality habitat, respectively.

Fisheries asessment results indicate an upstream shift in salinity from existing conditions to the
FWOP condition and the feasible alternative (FWP).infglincreases; however, do not appear

to have an adverse efft on euryhaline species like red drum or soutHetmtler. Furthermore,
Atlantic menhaden habitat in the upper estuary, particularly the Brunswick River and the Cape
Fear River from the Podf Wilmington to Smith Creek, is improddrom an increase in salinity;
which also serves as a proxy for food availability. Salineduces habitat quality for white
shrimp in the lower estuaryst inside theCape Fear River mouthut gtimal conditions occur

for white shrimp throughat the middle and upper estuay well as the lower Cape Fear River
and Northeast Cape Fear River. Lower salinity in the Black River and uppermost reaches of the
Cape Fear River and Northeast Cape Fear River reduceathabitability because ¢hmodel
assumes salinity below 5 parts per thousgpd (educes food availability.

Atlantic sturgeorhabitatwas unsuitable throughout much of the study arkan all life history
stages were integrated. This is daghe irfluence of the spawning and egg/larval components
on theoverallHSI and the pass/fail design of the model. However, further investigation revealed
that the upper estuary reach vgastablewhen the spawning component was removed from the
final HSI equaibn and analyzed separately. After removing the spawning component, the upper
estuary was classified as suitableafging habitat forjuveniles and adults except for upper
Sturgeon Creek and Smith Creek; whereas, the lower and middle estuary were @enfuitabl
these life stages due to average summer salinity above the acceptable thrdsdrglelareas of

the Cape Fear River above Wilmington and the Northeast Cape Fear River were classified as
suitable foaging habitat for juveniles and adult3his is onsistent with ongoing sampling and
telemetry conducted by the North Carolina Division of Marine Fisheries and the North Carolina
Wildlife Resources Commission. Only a ainarea of Atlantic wirgeonforaging habitat near
Navassa, Wrth Caroling was affeted by an increase in salinity frometFWOP and FWP
conditions Similarly, foraginghabitat in the Northeast Cape Fear River is affected by increased
salinity from the FWOP and the FWP conditions from the entrance of Smith Creek upstream
approximately ®5 and 1.5 river miles, respectively.

The striped bass HSI modeilith all five life stage components combingaoduces an HSI for

the entire life cycle of the species. This version of the model; however, is highly constrained
because it evaluateseas based on 11 habitat variables, and the larval component is the limiting
life stage. Evaluating the model by examining each component/life stage index separately yields

Appendix J Fish Habitat Assessment i 17 February 2020 Page ii



Wilmington Harbor, North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

more meaningful results and provides a better understanding of how striped bpssilike the
different areas of the system throughout their lives.

Results indicate that the lower estuary is unsuitable for spawning and egg development.
Moreover, the lower estuary is unsuitable for ladevelopmentip to MOTSU. Habitat quality
improves for larvae upstream of MOTSU, and the entire lower estuary is suitable for adults and
juveniles.

The middle estuary is suitable for adult and juvenile striped bass except for upper Town Creek,
which exhibitslower salinity. In addition, the middle estuary is unsuitable for egg development

but suitable for larvae apart from an area near Carolina Beach State Park. This location displays
hi gher salinity |likely from wa Atkntic Irdracbastali n g
Waterway. The higher salii t y condi t i o nreducs babitat qlityfer das/ae C u t
along the eastern bank of the Cape Fear River up to approximately Masonboro Country Club
under the FWOP and FWP conditions.

Existing Conditionsin the upper estuary are suitable for egg development in the lower
Brunswick River and the Cape Fear River from the southern tip of Eagle Island to Smith Creek.
Furthermore, the entire upper estuary is highly suitable for larval development aside fribm Smi
Creek and upper Sturgeon Creek where salinity falls below the optimal threshold. Under the
FWOP and FWP conditions, habitat quality for larval development is improved in the Brunswick
River, and the upper estuary is highly suitable for adults andijesdor all sets of conditions.
Under the FWORconditionthere is a reduction iforaging habitat suitability near the Kinder
Morgan Liquid Bulk Pier due to increased salinity. Under the FWP condition, already poor
foraginghabitat (0.20.4) is reducedo unsuitable habitadue to an increase in salinity from the
Port of Wilmingtonto the beginning of the ditheast Cape Fear Riveitncreased salinity also
reducesforaging habitat quality in the upper Brunswick River under the FWOP and the FWP
conditions

The existing condition in the Cape Fear River belbeack and Dam #ldownstream to
Wilmington is suitable for egg development other than areas with reduced current velocity and
low summer dissolved oxygen. Larval development in this reach is only suitable below Sutton
Lake where salinity is still above the ppt threshold Under all sets of conditionshighly
suitable spawning habitét found just below Lock and Dam #1, and areas further downstream to
Wilmington are suitable foraging habitat for juveniles and adults.

The Northeast Cape Fear River is highly suitabteefjg development in the channel upstream to
Fishing Creek but is unsuitable outside the channel due to lower current velotigbitat

quality for egg development remains largely the same in this area under the FWOP and the FWP
conditions. Habitat fotarval development in th&lortheast Cape Fear River suitable until

salinity drops below 4pt near Ness Creek. Under the FWOP and the FWP conditions, there is
little change in habitat suitability for larval development from baseline conditions. irEasel
modeling indicates th&lortheast Cape Fear Rivey suitableforaging habitat for striped bass;
however, increased salinity under the FWOP and the FWP conditions reduce habitat quality near
the entrance to Smith Creek. Upstream of Smith Creek, yadiffects do noaffect foraging

habitat but hypoxic conditions reduce habitat quality near Castle Hayne.
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The lower Black River exhibits suitable conditidns egg and larval development as wellfas

adult and juvenile striped bassBelow Bear Branb conditions are suitable fdioraging
however,above Bear Branclow summerdissolved oxygerand current velcity reduce habitat
quality. Below Bear Branch, conditions are suitable for foraging; however, above Bear Branch,
low summer dissolved oxygenanurrent velocity reduce habitat quality.
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1 INTRODUCTION

To determine the feasibility of improving the federal navigation channel at Wilmington Harbor,
the North Carolina Ports Authority (NCSPA) is conducting a Section 203 Feasibility Study.
Proposed h#&or improvements include deepening and widening sections of the federal
navigation channel, extending the ocean entrance channel, expanding the turning basin, and
widening bends around channel turns. The purpose of these improvements is to prepate the Por
of Wilmington to accommodate larger cargo vessels in the future. Primary objectives of the
study include:

1. Accommodate future growth in cargo vessel traffic

2. Improve efficiency of cargo vessel operations

3. Make Wilmington Harbor accessible to larger mdfeient cargo vessels

4. Allow the Port of Wilmingtonto remain competitive among major United States East
Coast containership ports-call

As a component of the Wilmington Harbor Navigation Improveséhbject Section 203
Feasibility Study, Dial Cordy andissociates Inc. (DCA) performed a fisheries habitat
assessment. The objective of the fisheries assessment was to evaluate potential impacts to
fisheries and fisheries habitat associated with the proposed improvements to the federal
navigation channel. He fisheries assessment utilized a coupled modeling approach, combining a
threedimensional hydrodynamic and water quality model with United States Fish and Wildlife
Service (USFWS) Habitat Suitability Index (HSI) models.
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2 TECHNICAL APPROACH

2.1 Habitat Suitability Modeling

To evaluate impacts on fish and wildlife associated with deepening and widening sections of
Wilmington Harbor, DCA applied USFWS HSI models. Habitat Suitability Index models are
approved for use by the United States Army Corps of Engineers (USACE) anmdiepsovay to
guantify habitat value through species habitat relationships. These models use suitability graphs
to represent the correlation between habitat variables and a suitedoigty (Figure 1).Habitat
Suitability Index models produce an ovemaillmerical index that scores areas on a 0.0 to 1.0
scale (1.0 = optimal habitat) (Schamberger et al. 1982).

Habitat Variable Suitability Graph
‘.0 A A A 1 e '
R v Average water temper- X ]
3 ature  during the & '8 I
spawning season and £ 1
period of egqg devel- > 0.6+ -
opment =
:g 0.4+ o
= 1
v 0.24 L
0.0 g ————
1 14 17 20 23
°c

Figure 1
Typical HSI Suitability Graph

2.2  Delft3D and MATLAB

A Delft3D hydrodynamic model was used to predict charigesater quality per geographic

grid cell within the projecarea (Figure 2)Delft3D model outputs provided source data for HSI
modeling, and MATLAB computing software was used to perform calculations on HSI
variables. Changes in habitat value wereesssdper grid cell to anlgize existing conditions,
Futurewithout Project (FWOP) conditions (year 20Tcluding ®alevel iise), and the fedde
alternative [(Future with ®@ject (FWP)]. Habitat Suitability Index model outputs were
displayed in a geogphical information system (ArcGIS) and are intended to inform decision
making, while offering a visual way to interpret impacts and communicate results to natural
resource managers. A similar approach has been implemented for the Savannah Harbor
Expansiom Project, Jacksonville Harbor Navigation Study, and Charleston Harbed4»&stidy.
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2.3 Modeled Habitat Effects

To standardize the fighies assessment results across all modeled species, the project area was
subdivided into six river reaches; lower estuary, middle estuary, upper estuary, Cape Fear River,
Northeast Cape Fear River, and Bld&iker (Figure 3). In addition, marine habitateaward of

the Cape Fear River mouth and floodplain cekseexcluded from the analysis.

Acreage per HSI class, mean HSI, maximum HSI, and minimum HSI were determined for all
sets of conditions using the field calculator and statistics functionsci@l&r Additionally, HSI

deltas and percent change in suitable habitat were calculated. Negative deltas representing a
reduction in habitat quality; as well as, positive deltas that identify increases in habitat suitability
were determined.The Deflt3D bw flow year (2011) was used for all HSI modeling and serves

to conserve the HSI model results. Habitat Suitability Index model outputs were classified into
equal interval classes whenever possible and color coded on a red to green scale, symbolizing
poorto high quality habitat, respectively.

2.4  Selection of Species

It was not practicable to study all potentially affected species that occur within the project area;
therefore, DCA consulted with natural resource agencies to select species that repoasient

fish guilds and provide the most meaningful results. The following species were selected for
HSI modeling:

1 Atlantic gurgeon(Acipenser oxyrinchus oxyrinchusan anadromous, demersal,
endangered species

Atlantic menhader{Brevoortia tyrannujs- a filter feeding, commercially fished species
White rimp (Litopenaeus setiferis an invertebrate, commercially fished species
Southerrflounder(Paralichthys lethostigma a benthic, recreationally fished species
Red dum (Sciaenops ocellatiis a danersal, estuarindependent, protected game fish
Striped lass(Morone saxatili¥ - ananadromous, pelagic, recreationally fished species

= =4 -8 -8 A

Although USFWS HSI models were easily acquired for red drum, striped bass, and southern
flounder; only Gulf of Mexicanodels were available for white shrimp and Atlantic menhaden,

and no HSI model was available for Atlantic sturgeon. Therefore, to model white shrimp and
Atlantic menhaden, DCA modifiedxisting Gulf of Mexico HSI models using local datasets
specific to te Cape Fear River. Furthermore, a binary suitability model (pass/fail) was
developed for Atlantic sturgeon based on a series of thresholds established\ByIRE. All

model details were reviewed by a Technical Working Group made up of representaimes f
state and federal natural resource agencies, and all recommendations were incorporated prior to
initial model runs.

Due to the importance placed on recovering Atlasticgeon and striped bass stackhe Cape
Fear River, and to gaia better undstanding of howanadromous speciesilize different areas

of theriver throughout their livesHIS models forthe Atlantic sturgeon and striped bagsre
broken downinto life stage components for analysi$he Cape Fear River was designated as
critical habitat for Atlantic sturgeon in 2017, and in 2012, the Carolina Distinct Population
Segmen{DPS)was listed as endangered. Moreover, there is currently a harvest moratorium on
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Project Area
River Reaches

::] Lower Estuary Reach

D Middle Estuary Reach 2

D Upper Estuary Reach A

D Cape Fear River Reach

D Northeast Cape Fear River Reach
Black River Reach

et L Ve i e |
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Figure 3
Designated River Reaches within the Study Area Used Across All HSI Models
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striped bass in the Cape Fear River and an ongoing effort to improve fish passage for
anadromous species by modifying the rock arch fishway at the USACE Lock and Dam #1 above
Wilmington, North Carolina (NC).

The remaining selected species were evaluated using the overalnd&the existing models
did not support life stage analysis. Regardless, locations where changes from baseline conditions
occurred were evaluated to determine which model variablesinffluencing habitat changes.

2.5 Substrate Composition

Substrate is an important habitat variable for nearly all selected species. For example, Atlantic
sturgeon prefer to spawn over hard substrate to facilitate egg adhesion; whereas, southern
flounder,red drum, Atlantic menhaden, and white shrimp prefer muddy bottoms over sand or
shell bottom. Substrate is not as important for striped bass because they utilize a variety of
habitat types and their eggs are séuoyant and noiadhesive. Unfortunately,substrate data

for the Cape Fear River was unavailable, thus areas with unsuitable substrate were not excluded
from the final analysis. To better understand model results, local knowledge and consultation
with state and federal natural resource agemnassrelied orto determine how substrate plays a

role in the final habitat evaluation.
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3 ANADROMOUS SPECIES

3.1 Atlantic Sturgeon

Atlantic sturgeon populations are considered either extirpated or at historically low abundances
throughout their geographicnge (ASMFC 1998). Like many systems that once contained
healthy populations of anadromous sturgeon, the Cape Fear River has been reduced to a small
population of breeding adults estimated at 300 individ{@tntic Sturgeon Status Review
Team (ASSRT) 207]. During 2007, the ASMFC Status Review Team (SRT) identified five
Distinct Population Segments (DPS); and among others, the Carolina DPS was given a 50
percent(%) chance of becoming extinct within the next 20 yea@®n 6 February 2012the
National & eani c and Atmospheric Administration
Service (NMFS) listed the CarolinBPS of Atlantic sturgeon as endangered under the
Endangered Species Act (ESAn action that triggers several additional conservation measures
by federal and state agenciesivpte groups, and individual§T Federal RegistelFR) 5914]

Habitat is given a critical designation when a species utilizing the alistet as threatened or
endangered. Under the ESA, critical habitat is describedpasific geographic areas that
contain features essential to the conservation of an endangered or threatened species (ASMFC
2017). The ASMFC designated critical habitat for the Carolina DPS of Atlantic sturgeon in 2017
(Figure 4).

S

Reported landings oAtlantic sturgeon peaked in 1890 at 7.5 million pounds and declined
sharply thereafter. During the 1970s and 80s, most of the fishing effort and landings shifted
from northern populations to the Carolinas and Georgia (ASMFC 1998). Historical overfishing,
incidental bycatch, and the continued degradation or loss of essential fishshifid) are
impediments to large scale recovery. Munro et al. (2007) states, the most important aspect in
restoration of anadromous sturgeon is small scale habitat dyvarsl sufficient connectivity

within a river system; specifically, overcoming obstacles such as passage over dams that prevent
access to historical spawning grounds.

In the Cape Fear River, historical spawning grounds are located at Smiley Fallsjrappaiyx

180 miles from the river mouth, near Lillington, NC (Stevenson 1899). In 2011/2012 a rock arch
ramp was constructed at the USACBck and Dam #1o aid anadromous fish passage and
reestablish connectivity witlhipstream habita(Figure 5). However passage rates of larger
bodied anadromous fish are currently unsatisfactoryaamaddification to the rock arch ramp has
been proposed for 2019/2028.recent study (Raabe et. al. 2017) indicates that of those fish that
approachiLock and Dam #1n an apparent attempt to pass, 53% to 65% of American éhkda
sapidissima and 19% to 25% of striped bass are successfiflantic sturgeon passage rates
have been more difficult to assess, but the collective body of evidence suggests they are well
below susainable levels.

Atlantic sturgeons havae diverse life history and geographic range, occupying areas from the
upper reaches of major rivers to marine feeding grounds. Moreover, depending on age class,
salinity tolerance, and prey preference, ytheccur in different locations within a
riverine/estuarine system. For instance, the Estuarine Transition Zone (ETZ) is used
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Figure 4

Atlantic Sturgeon Critical Habitat
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Figure 5
Existing Rock Arch Rapids Fish Ramp at Lock and Dam #1

by age0 to age2 Atlantic sturgeos because it provides the preferred juvenile food resources.
Nellis et al. (2007) and Simons (2004) showed that the ETZ is characterized by successional
benthic fauna and olighaete benthic assemblages associated with fine sediments that
accumulate near the upper limit of the salt wedge. During stomach content analysis, Guilbard et
al. (2007) showed oligochaete tubificids were the dominant taxon in stomachs of early juvenile
Atlantic sturgeon. Similarly, ag@ class Atlantic sturgestwere found in the freshwater frontal

zone where their main food sour@ammarus tigrinusoccus in significant assemblages (Nellis

et al. 2007, Guilbard et al. 2007). As this species matwasisyear two, its range expands to
include more estuarine habitat; however, the ETZ is typically a smalbparbst estuaries and
should be qualified as essential habitat necessary fed sgage2 Atlantic sturgeos

The North Carolina Division of M@&ne Fisheries (NCDMF) captured Atlantic and shortnose
sturgeon during their upstream migration inadater and earlyspring of 2013 (NCDMF 2013

Table ). Using sinking monofilament gill and trammel nets, individuals were captured prior to
spawning ad telemetry tags were surgically implanted.o support tagging efforts, Vemco
receivers were deployed in a passive array to relocate sturgeon within the Cape Fear River
(Figure 6). Also, in the Brunswick River, sturgeon were targeted using gillnets atiffédent
sampling events from January to June 20G3I netting and tagging of sturgeon has continued
annually, but due to lack of funds, annual reports summarizing the data have not been prepared
(Personal communication, Joe Facendola, North Car@imeion of Environmental Quality,
January 2017).
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Cape Fear River

Black River

Northeast Cape Fear Riveri

Atlantic Ocean

| ® Receiver Locations]

Source: NCDMF 2013

Figure 6

Locations of Vemco Receivers Deployed in the Cape Fear River, North Carolina,

June 2013
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Table 1
Emigration and Return Dates for Atlantic Sturgeon Implanted with Sonic Tags in
the Cape Fear River

Capture/Release  FL . Date Days at Large Outside
Date (mm) Sonic ID Emigrated Date Returned Cape Fear River

10/11/2012 958 29704 11/20/2012 3/26/2013 126
3/30/2012 1146 29705 11/5/2012 5/1/2013 177

10/11/2012 934 29706 11/14/2012 4/18/2013 155
9/20/2012 1015 29707 10/28/2012 5/4/2013 188
3/30/2012 1265 29716 10/30/2012 4/21/2013 173
6/11/2012 975 29717 11/2/2012

5/24/2012 951 29718 10/24/2012

10/24/2012 1021 29723 11/19/2012 4/27/2013 159
9/27/2011 793 45122 11/2/2012 4/28/2013 177
10/4/2011 909 45126 11/6/2012 4/26/2013 171
10/4/2011 962 45127 10/25/2012 3/29/2013 155
2/22/2012 1970 45129 4/13/2012 2/15/2013 308
2/21/2012 960 45131 3/27/2012

3/28/2012 1102 45132 11/23/2012

3/28/2012 981 45133 11/12/2012 4/20/2013 159
4/15/2011 931 45154 11/1/2012 4/28/2013 178
3/30/2011 668 45155 12/1/2012 2/21/2013 82
3/31/2011 683 45156 11/1/2012 4/30/2013 180
4/19/2011 1030 45157 11/4/2012 5/6/2013 183
4/27/2011 1025 45158 11/5/2012 5/6/2013 182
4/6/2011 825 45161 11/18/2012 4/22/2013 155
5/18/2011 780 45162 3/20/2012

5/25/2011 891 45167 10/30/2012

9/21/2011 1105 45173 10/19/2012 6/12/2013 236
9/21/2011 784 45174 10/31/2012

9/22/2011 1110 45176 10/24/2012 4/18/2013 176

Source: NCDMF 2013

Habitat variablesncluded in the HSI model for Atlantidlggeon ad associated thresholds are
presented in Table 2. All life cycle components were evaluated separately to determine how
Atlantic sturgeon use different locations within the project area throughout their lives. In
addition, all life stage component indices were combined to provide an overall HSI for the entire
life cycle.

Modifications to the ASMFC thresholds to adapt the model t€type Fear River include:

1 Maximum temperature for adult spawning component increased to dag@es
Centigrade ©)

1 Monthly range for adult spawning component; as well as, egg/larval component adjusted
to include fall migration period (Augu#trough November)

1 Minimum Dissolved OxygeriDO) threshold for adult spawning component increased to
6.0 milligrams per liter (mg/L)

1 Minimum DO threshold for adult estuarine component set at 4.3 mg/I
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Table 2

Thresholds Used to Develop a Binary Suitability Model for Atlantic Sturgeon

Current .
Life Stage Time of Year and Location Depth (m) Temperature (oC) Salinity (ppt) Substrate Velocity e e
(m/seq) Oxygen (mg/L)
Tolerable: <5 ppt Tolerable: NIF
Optimal: 0 ppt Optimal:
Eqgs are laid in flowing water Tolerable: NIF Reported: Found Cobble/gravel Tolerable:
in rivers along the Atlantic Optlmqlz 2.4 tq 8+ m | Tolerable: 1.5 to upstream of salt | >64mm to 250mm NIE Optimél' Tolerable: NIE
Egg and L | sturqeon are for egg incubation (HSI| 24.501C Optimal: 20 front; have a low (HSI model for NIE ' Optimal: N”:
Larval fcoast_. arval sturg model for Southern | to 210/C in culture tolerance to Southern Regions . P "
ound in same habitat where Reqi . ) hatch linity: i R ted: Aft Reported: Reported: NIF
spawned and are benthic, eglons)Report_ed_. _Reported. Eggs hatch | salinity; mortality eported: After NIE
Embryos remain in | in 94 to 140 hours reported 5to 10 | 20 minutes, eggs
deep channels. Larvag ranging from 15.0 to ppt for some become adhesive
collected 9.1 t0 19.8 m| 24.5[1C sturgeon species| and attach to hard
substrate. Larvae
also use hard
substrate as refugs
Tolerable: 3 to 2811C
Remain in natal habitats withir Optimal: ~200:C Tolerable: NIF Tolerable: NIF Tolerable: NIF
estuary for up to a year beforg Unsuitable: >28(1C Optimal: ~10 ppt Optimal: NIF Optimal: >5
migrating out to sea. Tolerable: NIF are sublethal Reported: Large | Reported: Found Tolerable: mg/L
Juvenile Migrations to other estua_ries Optimal: Deep wéer | Reported: o juveniles found mostly over sand | NIF Optimal: | Reported:
(Estuarine) are common. Use brackish and holes serve as | Downstream migratior mostly where substrate and mug NIF Summer
water near month of estuary thermal refuge begins when water salinity is >3 ppt; or transitional Reported: mortality
during winter and move up Reported: 2 to 37 m | reaches 200 /C and found O to 27.5 ppt  habitats. Also NIF observed at
estuary during warmer month; peaks between 12 ang found over rocks <3.3mg/L and
18[1C. Documented and cobble at2611C
range of 0.5 to 2701C
Utilize marine waters during Tolerable: NIF Tolerable: NIF
nonspawning seasons. Optimal: NIF Tolerable: NIF Optimal: NIF Tolerable:
Juvenile and Nearshore areas off the A_tlant Reported: Most found Tolt_arable: NIF Optimal: NIE Reported:_ Sand, | NIF Optimal: Tolerable: NIF
adult (At-sea) coast from the Gulf of Maine t¢ in shallow wates; Optimal: NIF Reported: Marine gravel, silt and NIF Optimal: NIF
at least Cape Lookout, NC. | greatest depth recorde( Reported: NIF waters on the clay. Suggested Reported: Reported: NIF
Little is known about this part| =75 m; depth range 7 continental shelf | that they will use NIF

of their lives

to 43m

any substrate that]
supports their food

resource
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Table 2 (concluded)

Current .
Life Stage Time of Year and Location Depth (m) Temperature (oC) Salinity (ppt) Substrate Velocity IS En
(m/sec) Oxygen (mg/L)
Tolerable: NIF Tolerable: NIF Tolerable:
Optimal: 16-21 (HSI Optimal: NIF Optimal:
Freshwater rivers and possibly model for Southern Cobble/gravel 0.2t00.76
tidal freshwater regions of larg Regions); 20 to 217:C >64mm to 250mm m/sec
estuaries (in the north) Féb Tolerable: NIF for cultured sturgeon| Tolerable: 0 ppt (HSI model for Reported:
Adult Soqthern states April and May] Optimal: 2.4 to 8+ m Rgporped: Male Optimal: 0 ppt Southern Regions) 0.46 to 0.76 Tolgrable: NIF
(Spawning) I Mid-Atlantic May to Julyi (HSI model for migrations 5.6 to Reported: Above Reported: Hard m/sec okay | Optimal: NIF
Northern States and Canada Southern Regions) 6.101C; Female the salt wedge in substrate, (based on | Reported: NIF
Sept to Ded Second spawning Reported: 3to 27 m migrations 12.2 to fresh water. including rubble, modeling);
documented in Southern 1311C; Spawning 13 to gravel, clay, rock, | unsuitable if
regions 23401C bedrock, sigfrom | O0. 06
oldsteel milsand| or O 1
limestone m/sec
Tolerable: NIF
Sturgeon do not spawn every Optimal: NIF
yea, yet may participate in an Reported:
upstream migration. After Tolerable: NIF Documented
spawning, some sturgeon Optimal: NIF summer habitat in Tole_rable: NIF Tolera_ble:
Adult remain in the rivers through th Tole_rable: NIF Reported: Adult upper/fresh/ Optimal: NIF NIF Optimal: Tolgrable: NIF
(Estuarine) summer, while others migrate Optimal: NIF sturgeon documentec brackish interface, Reportt_ad: Found NIF Optimal: NIF
to sea. Downstream migration{ Reported: 1.5 to 60 m in waters with lower interface, over fine mud, Reported: Reported: NIF
occur Sept to Nov in Canada. temperatures as hight 444 high salinity sand, pebbles, ang NIF
as 33.100Cin SC portions of shell substrate
estuaries in SC.
Present in South March to Oct Salinity ranged
o . . from 0 to 28.6 ppt.
verwinter in the ocean.
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3.2  Striped Bass

Striped bass is an anadromous species that migrates upriver to spawn in early spring. Migrations
in NC have historically occurred in the Roanoke, Tar, Neuse, and Cape Fear Ther€ape

Fear fishery, however, has declined and now only small populatidhs the upper estuary
remain (Fisk and Dycus 2015). Due to dam construction along their migration route, the current
Cape Fear populatierof wild and stocked striped bass are unable to reach historic spawning
grounds, and evidence indicates they mstgy in the system for their entire lives (Fisk and
Dycus 2015). Spawning takes place from Maildhe vinen females release as many as three
million, semtbuoyant eggs e moving wateito befertilized by several maleg-or the first few

days of life, striped bass larvae are sustained by a yolk; however, they begin to feed on
zooplankton shortly thereafter and juveniles and agulty mostly orotherfish including shad

and herring Bain and Bain 1982http://portal.ncder.org/web/mf/O4stripedbassatlanticssk

2016.

The USFWS HSI model for striped bass is comprised of eleven habitat variables and five life
stage components. Combinddese variables and components produce an HSI for the entire life
cycle of the spees. However, to better understand how striped bass are utilizing the project
area, DCA assessed each life stage component separately before integrating component indices
to compute an overall HSI.

Habitat Variables used in the striped bass HSI modgldec

V1 = Percent Natural River Discharge during the spawning season.

V2 = Maximum Total Dissolved Solids during the spawning season (proxy Salinity)
V3 = Average Water Temperature during the spawning season

V4 = Minimum DO during egg and larval devefopnt

V5 = Average current velocity in water column during period of egg development
V6 = Percent original salt marsh in estuary

V7 = Percent original freshwater input to estuary during high flow period

V8 = Average water temperature during period of larval development

V9 = Average salinity during period of larval development

V10 = Average DO during the growing season

V11 = Average water temperature during growing season

Life Stages for the Striped Bass HBodel (Figure 7)
C1 =Adult

C2 =Spawning

C3 =Egg

C4 =Larval

C5 =Juvenile
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Hubitat Variable Life Requisite Life Stage Habitat
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Average water teaperatu
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Figure 7
Flow Chart Illustrating the Relationship between Habitat Variables, Life
Requisites, Life Stages, and the Habitat Suitability Index Value for Striped Bass
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4 ADDITIONAL SELECTED SPECIES

4.1 Atlantic Menhaden

Atlantic menhaden are waital seasonal component of estuarine and sh&tf assemblages;
profoundly influencinghe conversion and exchange of energy and organic matter within natural
systems due to their abundance, vast migratory patterns, and importance as a prey species
Found in coastal waters and estuaries from Nova Scotia to Florida, Atlantic menhaden are
bdieved to consist of a single populationn early fall, menhaden form schools and migrate
south where they spawn off the coasiN& from November to March (Christmas al. 1982).
Typically, within three to five weeks of spawning, larvae are transpdheough inlets into
estuarine nursery grounds and begin to metamorphose intofdigtging fish. Recruitment
depends on nearshore spawning activity and adtwoge transport, but the magnitude of
recruitment into specific estuaries depends on distabwnd timing of spawnin{Christmasget

al. 1982). In summer, menhaden are distributed according to size and age with larger fish
occupying northern waters and smaller fish remaining further south.

A USFWS Atlantic menhaden HSI model was unavailatiierefore natural resource agencies

were consulted with and ultimately decided to use a modified gulf menhaden model. Salinity
with respect to suitable water quality is included in the model parameters and determines the
distribution of menhaden in estizge and nearshore environmentSh(istmas et al. 1982
Furthermore, the model uses average annual salinity as a proxy for food availability and squares
the food component in the final HSI equation, making salinity the most influential habitat
variable.

The estuarine version of the model was used in this study and is based on six habitat variables
(water temperature, salinity, dissolved oxygen, water color, substrate composition, and marsh
area) aggregated into three life requisites (water qualityd,famd cover). The food life
requisite; however, is calculated without substrate composition data as it was unavailable.
Furthermore, the model assumes that successful spawning was completed in the adjacent
nearshore marine environment and larval trartsipdo the estuary occurred normally. Aside

from salinity, all other habitat variables used in the model are equally weighted. The component
and overall HSI equations used for the Atlantic Menhaden modshaven in Figure 8.

Habitat Suitability Indexariables for this species are the following:

1 V3= Average annual salinity

V8 = Lowest monthly average winter water temperature (Decembebruary)
V9 = Lowest monthly average winter salinity (Decenib&ebruary)

V10 = Lowest weekly averadgeO

V11 = Marsh Acreage

V12 = Water Color

V13 = Highest monthly average summer water temperature (JAngust)
V14 = Average annual salinity

E N W R |
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Estuarine.
Life requisite Equation
1/2 1/2
Water quality (V8 X V13) + (V9 X V14) + V10
3

5
Food [(V3)2 X (V12)2 X vs]l/
Cover V11

The following equation is used to determine an HSI for gulf menhaden in
estuarine habitats:

HSI = [Water quality x (Food)2 X Cover]1/4

Figure 8
Equations Used to Calculate Component and Overall HSI for Atlantic Menhaden

Life requisites and components are fihiéowing:

1 C1 = Water quality
1 C2=Food
1T C3=Cover

4.2  White Shrimp

White shrimp thrive on muddy bottoms in estuaries from New York to Florida and in the Gulf of
Mexico from the Ocklocknee River to Campech@/etlands wihin the estuary offer both a
concentrated food source and refuge from predgiduskuhn 1966, Turner 1977).In NC,
extensive estuarine marshes provide ideal habitat and support some of the most abundant
populations on the Atlantic coast.

White shrimp & spawned in the ocean from March to Novemésed larvae are carried by tides

and winddriven currents into estuaries where they matuwestlarval shrimp settle out in the
shallow waters in the upper ends of salt marsh tidal creeks and stay inutisisryrhabitat” for

about two or three months, growing to about four inches (B®gezFarfante 1969). During

high tide, juveniles move into the marsh grass to feed and escape predators; and at low tide,
when the water level is below salt marsh grassighgather in creek beds. The smallest shrimp
stay close to the creek bank while larger juveniles prefer deeper water (Etzold and Christmas
1977).
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As shrimp become larger, they leave the nursery area and move toward the ocean on the
outgoing tide, paitularly at night (Gaidry and White 197BJackmon 1974).They continue to

grow as they move into the lower reaches of sounds, bays, and river mouths where they gather
just before moving into the ocean.

During periods of heavy rain, shrimp leave shalkdal creeks and move into deeper estuarine
waters about a month earlier tharawerage years (Hunt et al. 1980, Jones and Sholar 1981, and
Laney and Copeland 1981)f there is not significant rainfall and/or river discharge during fall,
white shrimpremain in the estuary until water temperature fallaliout15-18°C. Migration

into the ocean occurs during the large tides associated with new and full (&sdsy and
White 1973 Blackmon 1974).

Although they have a maximum life span of 24 morahd can grow as large as eight inches,
white shrimp typically live for less than a yeaPlanktonic larvae live in the open ocean, and
juveniles live in estuaries, before moving to the preferred adult habitat near the age of
maturation. Unlike many aquatinvertebrates, white shrimp reproduce via internal fertilization
and a single female produces between 500,000 and 1,000,000 eggs (Anderskg16t ab65).

Adult white shrimp are omnivorous and eat a wide variety of food, including algal artd plan
material, other invertebrates, and dead/decaying organic matter (Etzold and Christmas 1977).
Most soft bottom fishes and several invertebrates prey on juvenile and adult white shrimp. This
species is also the target of a large commercial fishery thoaighost of its range, and in NC,

white shrimp account for approximately 28% of shrimp landings.

Given that no white shrimp HSI model was available for NC, a Gulf of Mexico model was
applied and made geographically specific by using Cape Fear Rivee statecand consulting

with state and federal natural resource agencldse amounbf marsh and/or submerged grass
beds in or near a bay or estuary is the most impontaitatvariable in the modekith a 100%
coverage of marsh and/or submerged geassiderecbptimal. To account for its importance

this variable is squared in the final HSI equation, andhé#agier weighting is related to its effect on
long-term carrying capacity Substrate composition contributes to the food and cover component
of the modeland is important in determining shrimp distribution; howelaak of datarequired

it to be omitted from this analysisSalinity is important to vite shrimp when post larvae and
juveniles are in theestuary Salinities of 115 ppt areconsicered optimal for white shrimp.
Temperature is a localized habitat variable that experiences seasonal swings, variation by depth
and other factors. Postlarvae and juveniles grow over a wide range of temperatures, but
generaly do best between 20° and 80f68° and 86°&hrenheit (F)] Temperature values below

or above this range were considered less than optifflaé white shrimp model produces an
overall HSI applicable to the pelstrval, juvenile, and adult estuarine life stages. The model
assumes spaning occurred successfully in nearshore marine waters and larvae were carried into
the estuary under normal conditions.

Habitat variables for the white shrimp HSI model aréoliews (Figure 9):

V1 = Percentage of estuary covered by vegetation
V2 = Sibstrate CompositiorNo data available
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Habitat variable Life requisite Life stage Habitat

v, Percentage of estu-

*  ary covered by
vegetation
Food, Cover
v Substrate composition

Postlarval, Juvenile Estuarine HS1
‘.f3 Salinity
> Water quality
V4 Temperature
Figure 9
Relationship of Habitat Variables, Life Requisites, and Suitability Index for White
Shrimp

V3 = Salinity
V4 = Temperature

Life Requisites for white shrimp HSI model inclu@fgure 9):
C1 = Food and Cover
C2 = Water Quality

4.3 Southern Flounder

The southern flounder ranges from northern Mexico to Nova Scotia and is considered an
important recreational and commercial fisheryNi@. This species is typically encountered in
estuales and bays from late spring until early fall before migration begins to the outer
continental shelf wintering and spawning grounds (ASFMC 2012). Spawning typically occurs in
late fall to early winter in these offshore habitats and the fertilized eggsuayant and hatch
within 61-76 hours (Arnold et al. 1977). Eggs/larvae are passively transported by wind, waves,
and currents from the offshore environment into sounds and bays and the upper oligohaline
reaches of estuaries where metamorphosis intonjlegetakes place. Active migration into
marshes may occur when juveniles move to the surface at night and are carried laterally by the
flood tide into tidal creeks (Weinstein et al. 198Q)uveniles spend up to 20 months in the
estuarine environment e reaching maturity and migrating offshore to the continental shelf to
begin the cycle again.

The southern flounder HSI model is applicable for juvenile and adult flounder occurring in the
estuarine environmenitThe model is parsed into vemtqualityand cover componentbut given

that the cover component requires substrate data, which was unavailable for the project area, it
has been omitted from the analysis. Thus, the final HSI is computed using water quality
parameters only.
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Habitat Suitabiity Index variables for the southerloéinderHSI model include
V1 = Salinity

V2 = Temperature

V3 =DO Average Daily Minimum

V4 = Substrate Composition (No data available)

Life Requisties for southern flounder HSI includiégure 10)

Water Quality= C1
Cover = C2 (omitted due to lack of substrate data)

Overall HSI eqation for southern flounder (¥1)2x V2 x V3)"Y4

Habitat Variable Suitability Graph
‘.o 'S V- 'S 'S
E Vq Average minimum dissolved
oxygen concentration
10 to 15 cm (3.9 to s 981
5.9 inches) above the é
bottom for southern and T 0.8
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ust.
’ g 04
= :
2
@ 0.2
0.0 - ‘. .
1 2 3 E 5 L)
mg/l
Figure 10

Suitability Graph Showing Correlation between Average Minimum Dissolved
Oxygen Concentration and Southern Flounder Suitability Index

4.4 Red Drum

Red drum is a important recreationally fished specigsthe southeastern U.S. and Gulf of
Mexico (Matlock 1980) These fish migrate inshore to spawning grounds in the spring and
offshore to winteringgrounds in the fall.Spawning typically occurs close to inlets, and eggs and
larvae are carried by wind and currents from high saline waters into estuarine nursery areas
where they grow into juvenile fistMansueti 1960).Juveniles remain in lower saltgiestuarine
habitat, preferring coastal marshes, shallow tidal creeks, and unconsolidated soft bottom.

Larger red drum migrate to offshore locations during the fall, occurring primarily on artificial
reefs andhardbottomhabitat (Appleman et aR015). Fish move back to inshore waters as
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temperatures warm in the spring, and spawning begins when water temperatures decrease in the
fall. Fertilized eggs are buoyant and usually hatch between 28 and 29 hours, depending on water
temperaturesSouth Carolindepartment of Natural Resourc2319). Red drum are believed to
remain in estuarine waters fthree to fouryears before emigrating to oceanic waters (Stewart

and Scharf 2008).

Adult red druns are euryhaline and eurythermal, having been observed predominately at
salinities 3055 ppt and at temperatures ranging from 2° to 33°C (Simmons and Breuer 1962).
Therefore, this assessment only focuses on the larval and juvenile life stages that tdoeur in
estuarine environmenti-urthermore, the USFWS HSI model for red drum was available in two
versions, Vegetated Substrate, and Negetated substrat&igure 11). Due to the absence of
submerged aquatic vegetation (SAV) in most of the Cape Fear Bsteary, the latter model

was selected for this assessment.

Red drum HSI variables include (Figure 12):

V1 = Mean Temperature

V2 = Mean Salinity

V3 = Percent of Open Water Fringed with persistent emergent vegetation
V5 = Dominant Substrate (No Data Alzdle)

V6 = Mean Depth

Habitat variable Life requisite

Vegetated Substrate

Vi Mean temperature
__>Heter quality
V, Mean salinity
Vs Percentage of open water HSI
fringed with persistent
emergent vegetation
Food/Cover

Vs Percentage of open water
supporting growth of
submerged vegetation

Naturally Nonvegetated Substrate
V, Mean temperature
V; Mean salinity
V3 Percentage of open water

fringed with persistent Food HSI
emergent vegetation

Vs Dominant substrate —_—
Cover

Ve Mean depth =

Figure 11
Two Versions of the USFWS HSI models Were Available for Red Drum, and the
Naturally Non-vegetated Substrate Version Was Selected for This Project
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Estuaries with little or no submerged vegetation.

Component Equation
¢ : 173
Water Quality (WQ) (SIvl X SIVz)
Food (F) SIv
3
1/2
Cover (C) (I, x SI, )

HSI = WQ, F, or C, whichever is lowest

Figure 12
Component and Overall HSI Equations Used to Quantify Red Drum Habitat Value
in the Cape Fear River, Which Contains Little to No SAV
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5 MODELING RESULTS

5.1 Anadromous Species
5.1.1 Atlantic Sturgeon

5111 Lower Estuary

The average HSI value in the lower estuary for all model coems (Adult, Spawning, Egg,
Larvae, and Juvenile) is 0.0, resulting in 0 habitat units (HUs) undesxisiéng conditions,
FWOP, and FWP. Proximity to the Atlantic Ocean reduces habitat quality for Atlantic stsirgeon
in the lower estuary causing all cells to fail; however, adult Atlantic stusggtdhutilize the

area as a migration corridor as indicated in NCDMF telemetric records. Future projections
indicate a salinity increase in the lower estuary under the FAMAAFWP conditions; therefore,

the lower estuary is expected to remain unsuitable.

5.1.1.2 Middle Estuary

Under all sets of conditions, the middle estuary is unsuitable for eggs and larval development due
to the salinity being well above the established thokekh However, the middle estuary is
suitable for foraging adults and juveniles, except for several cells where summer DO is below the
4.3 mg/L threshold. Furthermore, lower Town Creek is suitable for juveniles; whereas, upper
Town Creek is unsuitable due reduced food availability. These conditions do not change
under the FWOP or the FWP conditions. The middle estuary is unsuitable spawning habitat
under all conditions. The HSI for the entire life cycle of Atlantic sturg@othe middle estuary

is 0.0 and is limited by the spawning component.

5.1.1.3 Upper Estuary

Model results indicate unsuitable water quality conditions in the upper estuary for eggs and
larvae due to salinity abov@5 ppt These conditions also make the area unsuitable spawning
habitat and do not change under the FWOP or the FWNH& upper estuarng highly suitable for
juveniles except upper Sturgeonréek, which is only suitable under the FWP condi{iBigure

13). Under theexisting conditionsthe upper estuary is suitable faragingaduls except for

Smith Creek, upper Sturgeon Creek, and the upper Brunswick Rnexesummer DQs below

4.3 mg/L (Figure 14). The FWP conditionimproves the adultforaging habitat in the upper
Brunswick River; although, Smith Creek and uppgarrgeon Creekemain unsuitable (Figure

15). The combined HSI for the upper estuary is 0.0 due to the influence of the spawning and
egg/larval components.
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Wilmington Harbor
Navigation Improvements Project
Upper Estuary
Atlantic Sturgeon
Juvenile Habitat Suitability

Atlantic Sturgeon - FWP
Habitat Suitability Index

Figure 13
Future with Project Habitat Suitability for Juvenile Atlantic Sturgeon in the Upper
Estuary
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Wilmington Harbor
Navigation Improvements Project
Upper Estuary
Atlantic Sturgeon
Adult Foraging Habitat Suitability

~

23

5o

T

L

Atlantic Sturgeon - Existing Conditions
Habitat Suitability Index

Figure 14
Existing Habitat Suitability for Adult Atlantic Sturgeon in the Upper Estuary

Appendix J Fish Habitat Assessment i 17 February 2020 Page 25



Wilmington Harbor, North Carolina Navigation Improvement Project
Integrated Section 203 Study & Environmental Report

Wilmington Harbor
Navigation Improvements Project |
Upper Estuary
Atlantic Sturgeon
Adult Foraging Habitat Suitability

Atlantic Sturgeon - FWP
Habitat Suitability Index

I o

I

0375 0.75 1.5 Miles

Figure 15
Future with Project Habitat Suitability for Adult Atlantic Sturgeon in the Upper
Estuary
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5.1.1.4 Cape Fear River

Habitat Suitability Indexmodeling classified the Cape Fear River from Lock and Dam #1 to
Navassa as suitable for eggs and larvae of Atlantic stusgeter all sets of conditions.
Important to note, however, is that substrate composition was not accounted for. Also, several
failing cells with DO below the 6 mg/L threshold were interspersed with suitable habitat and
possibly correlated with depth or reduced current velocity. Many of these cells were located near
Sutton Lake.

Habitat from Lock and Dam #1 to Navassa was alentified as suitable for juvenile Atlantic
sturgeos, but several areas with average annual DO below 4.3 mgfe detected These
failing cells are likely correlated with depth and/or reduced flow. The FWOP and FWP
conditions do not alter the HSI outpdor juveniles in the Cape Fear River reach.

Most of the Cape Fear River reach is also suitable habitat for foraging adult Atlantic ssurgeon
although, several clusters of cells fail due to average annual DO below 4.3 mg/L. Furthermore,
under the eisting conditions,unsuitableadult foraginghabitatwas identified fromNavassa
upstream to Cartwheel Bran@igure 16). Under the FWOBeseunsuitable conditions extend
approximately an additiona®5 river mile; and under the FWRhey extend pasRoyster, NC
(Figures 17 and 18).These changes in habitat suitability are attributed to an increase in salinity
from sea level rise and indirectly from the navigation improvements projébtder all
conditions, habitat is suitable for foraging adults\ebRoyster, NC, upstream to Lock and Dam

#1 except for the isolated areas with summer hypoxia and/or reduced current velocity.

The Cape Fear River is the primary corridor for Atlantic sturg@oihis system.Although the
project area is bound to tlpper reaches below Lock and Dam #1, historical spawning grounds
for Atlantic sturgeos are located neamiley Falls, approximately 180 river miles from the
mouth of the Cape Fear River. When @mponent indices are combinetie HSI model
outputs forthe Cape Fear River reach indicdtd71, 1,112, and 169 passing celldor the
existing condions, FWOP, and FWP conditionsgspectively. Further analysis indicates an
increase in average annual salinity near Navassa as well as pockets of low D&t r
current velocities as the driving forces behind habitat changes among the sets of conditions.
Average annual salinity during the spawning season of >0.5 ppt, DO <4.3 mg/l, and current
velocity <0.06 meters per second result in failing grid ce8hanges in habitat suitability
associated with sea level rise and the proposed project occur at the oligodalifieshwater
interface. This interface is not a defined line and naturally fluctuates from year to year,
depending on several environmerfi@attors. This type of annual variability makes impacts to
this location difficult to assess. Average HSI valuestlier Cape Fear River reactere 0.82

0.75, and 0.71 wittHUs of 781, 718 and 685 for baseling FWOP, andFWP conditions,
respectively.
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‘ Wilmington Harbor
‘| Navigation Improvements Project
Cape Fear River
Atlantic Sturgeon
Foraging Habitat Suitability

Atlantic Sturgeon - Existing Conditions
Habitat Suitability Index

0.275 055 1.1 Miles

Figure 16
Unsuitable Atlantic Sturgeon Foraging Habitat Under the Existing Conditions
Near Navassa, NC
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Cape Fear River
Atlantic Sturgeon

|
0.8 Miles

Foraging Habitat Suitability

A

Figure 17

Future without Project Atlantic Sturgeon Foraging Habitat Near Navassa, NC
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Cape Fear River
Atlantic Sturgeon

|
0.8 Miles

Foraging Habitat Suitability

-

Atlantic Sturgeon - FWP
Habitat Suitability Index

A

Figure 18

Future with Project Atlantic Sturgeon Foraging Habitat Near Navassa, NC
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5.1.15 Black River

Model outputs classify the Black River as suitable for eggs and larvae during the spring
spawning period (Februadune), but summer hypoxia kes the area unsuitable for eggs and
larvae during the potential fall migration (Augidbvember). Moreover, substrate composition

is not considered as part of this analysis and would further limit suitability. Regardless, water
guality for egg and lantadevelopment meets the HSI requirements for all sets of conditions
during the spring spawning period. Baseline conditions indicate high quality habitat for juvenile
Atlantic sturgeon in the Black River up to approximately Bear Branch. Further upstream,
habitat quality begins to decline due to areas of low summer DO possibly related to depth,
current velocity, and/or increased biological oxygen demand. Under the FWOP and FWP
conditions, habitat remains suitable for juveniles in the lower Black Rivarlast summer DO

and poorer quality habitat persisting above Bear Branch. Existing conditions in the Black River
are suitable for foraging adult Atlantic sturgearp to approximately Field Creek, but quickly
deteriorate above this point from summertimgdwia. This pattern is also apparent for the
FWOP and FWP sets of conditions.

In summary, HSI modeling identified some suitable habitat for the Atlantic sturgeon in the Black
River, particularly in the area below Bear Branch, and modeling resultsssuaggéncrease in
passing cells fron216, 258,and 276 for existing conditions FWOP, and FWpPrespectively.
However, above Roan Island, cells begin to fail for all scenarios due to low summertime DO
levels. The average HSI values for the entire life cycle of Atlantic stusgedhe BlackRiver

are 0.210.23, and 0.2#or the existing conditios, FWORand FWP, respectively. Habitat units
calculated for the Black Rivenclude &7, 299, and ®9 for the existing conditions, FWQRnd

FWP conditions, respectively.

5.1.1.6 Northeast Cape Fear River

Model results indicate the Northeast Cape Fear R#/auitable habitat for Atlantic sturgeon

eggs and larvae; however, substrate data was not considered and would further limit habitat
suitability to areas withhardbottom (Figure 19). Furthermor@mall isolated pockets of low
summer DO reduce habitat &bility and cause some cells to fail. These areas could be
correlated with depth and current velocity, but this cannot be determined without additional
modeling. Under the FWOP and FWP conditions, the pattern is consistent.

Model outputs for juvenilétlantic sturgeorin the Northeast Cape Fear River display a similar
pattern to the egg/larval component for all sets of conditions. Failing cells are relatively sparse
and are driven by low summer DO (< 4.3 mg/L).

Baseline modeling identified poodalt foraging habitat in the Northeast Cape Fear River from
the entrance of Smith Creek upstream for approximately 3.5 river r(figgire 20). Results
indicate an increase in salinity from the FWOP condiggtends these failing cells upstream an
additonal .25 river mile (Figure 21)and he FWP condition extends the failing cells another
river mile (Figure 22). Model results are based on water quality parameters only however, as
substrate composition data was unavailable.

Model results for the Northeast Cape Fear River show some variability in HSI values among
datasets with 938, 947, and 818 acres of suitable habitat fexigtang conditionsFWOP, and
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Wilmington Harbor
Navigation Improvements Project
Northeast Cape Fear River
Atlantic Sturgeon
Egg/Larval Habitat Suitability

" .( \;'\_q

Atlantic Sturgeon - FWP
Habitat Suitability Index
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Figure 19
Suitable Habitat for Atlantic Sturgeon Larval and Egg Development in the
Northeast Cape Fear River under the FWP Condition
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FWP conditionsrespectively. The driving factors depressing the overall HSI are increases in
salinity and low summer DO. The average HSI values for the diféreycle of Atlantic
sturgeon in the Northeast Cape Fear Rivel0a28, 0.23 and 0.2Q while HUs are 87, 678, and
579for the baseline, FWOP, adVP conditionsrespectively (Appendix A).

5.1.2 Striped Bass

5.1.2.1 Lower Estuary

Modeling indicates that the lowersteary is unsuitable for striped bass spawning and egg
development under all conditions. However, the lower estuary is moderately suitak)e5§0.4
under theexisting conditiondor larval development above MOTSU. Further upstreaater
quality improves for larval developmentith HSI values ranging fron®.6-0.8 (Figure 23).
Under the FWOP condition, suitability remains high on the east side of the river; however,
unsuitable conditions persist to just above MOTSU on the west side (Figure 24). Wnaé/Rh
condition, unsuitable conditions for larval development extend further upstream past MOTSU on
the west side, but conditions on the east side remain at least moderately $Eitablke 25).
Underall conditions, the lower estuary is highly suitafile striped bass juveniles. The overall
HSI, representing the entire life cycle of the species, is 0.0 under all conditions and is limited by
the spawning and egg components of the model.

5.1.2.2 Middle Estuary

The middle estuary is highly suitable foraginditat for adults and juveniles under all sets of
conditions; however, itds wunsuitable for egyg
estuary is suitable for larvae apart from an area near Carolina Beach State Park. This location
displays highersainity; | i kel y from water entering througt
|l ntracoast al Wat er way. Under the FWOP and FV

Cut reduces habitat quality for larvae up to approximately Masonboro CountryFijuines 26
and 27). The overall HSI in the middle estuary is 0.0 and is limited by the spawning and egg
components of the model.
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Wilmington Harbor

Navigation Improvements Project
Northeast Cape Fear River

Atlantic Sturgeon

Foraging Habitat Suitability

Atlantic Sturgeon- Existing Conditions
Habitat Suitability Index

B o (Fai)
| 1(Pass)

T
0.75

|
3 Miles A

Figure 20

Adult Foraging Habitat for Atlantic Sturgeon in the Northeast Cape Fear River
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Wilmington Harbor
Navigation Improvements Project
Northeast Cape Fear River
Atlantic Sturgeon
Foraging Habitat Suitability

Habitat Suitability Index
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Figure 21
FWOP Foraging Habitat for Atlantic Sturgeon in the Northeast Cape Fear River
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Wilmington Harbor
Navigation Improvements Project
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Figure 22
FWP Foraging Habitat for Atlantic Sturgeon in the Northeast Cape Fear River
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Figure 23
Existing Habitat Suitability for Striped Bass Larvae in the Lower Estuary
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Wilmington Harbor
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Figure 24
FWOP Habitat Suitability for Striped Bass Larvae in the Lower Estuary
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Figure 25
FWP Habitat Suitability for Striped Bass Larvae in the Lower Estuary
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