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EXECUTIVE SUMMARY

The North CarolingNC) Estuarine Striped Bass Fishery Management Plan (FMP) is jointly
developed by theNC Division of Marine FisheriesDMF) and NC Wildlife Resources
Commission(WRC). Striped bass fisheries that occur in the sounds and coastal rivdostiof
Carolinaare manged under this FMP, while striped bass fisheries that occur in the Atlantic Ocear
are managed through the Atlantic States Marine Fisheries Comndiggi&WVIFC) Interstate FMP

for Atlantic Striped Bass. There are four estuarine striped bass stocks mamaigedtvwo
management units iNorth Carolina The northern management unit includes the Albemarle
Sound (ASMA) and Roanoke Rivetanagemenfreas (RRMA) while the remainder of the states
estuarine waters comprise the CerBalthern Management Area (CSMA).

The 2020 stock assessment of the Albemarle S&®oahoke River striped bass indicated the stock
is overfished and undergoing overfishifidqne ASMFC requiresan end to overfishing within one
year, which was addressed through the Novembed R@¥ision to Amendment 1. This me#ts

North Carolina standard requiringnanagement action end overfishing in two ye#&terth
Carolinalaw alsorequires management actiomrecover from the overfished status within 10
years. Stock status is not avaikafor the otheNorth Carolinastocks due to continuous stocking
efforts. However, modeling indicates that these stocks are depressed to an extent sustainability
unlikely under any fishing mortality.

The goal of Amendment 2 is to manage the estuainped bass fisheries to achieve self
sustaining populations that provide sustainable harvest based on dmsededecisiomaking
processes. If biological and/or environmental factors prevent &wsshtining populatiorthen
alternate management grgies will be implemented that provide protection for and access to the
resource.The following objectives will be used to achieve this gaaplement management
strategies within Nrth Carolinaand encourage interjurisdictional management strategi¢s tha
maintain and/or restore spawning stock with adequate age structure and abundance to maint
recruitment potential and to prevent overfishing; restore, enhance, and protect critical habitat ai
environmental quality in a manner consistent with the CbHistiaitat Protection Pla(CHPP) to
maintain or increase growth, survival, and reproduction of the striped bass stocks; use biologic:
social, economic, fishery, habitat, and environmental data to effectively monitor and manage tr
fisheries and their esystem impacts; promote stewardship of the resource through public
outreach and interjurisdictional cooperation regarding the status and managementaorthhe
Carolinastriped bass stocks, including practices that minimize bycatch and discard mortality.

To meet statutory requirements to achieve-saditaining striped bass stocks, sustainable harvest
is addressed in the FMP. An additional issue addresses the use @anabloke as a commercial
gear.




The list of management options and theafic management measuradoptedby the MFC atits
November 2022 business meeting are as fotlows

Sustainable harvest: Albemarle SouneRoanoke River Stock(Appendix ¥
Manage forsustainablénarvest through harvest restrictions
A. Continue to use stock assessments and stock assessment projections to determine
the TAL that achieves sustainable harvest for theRRA stock.
Management of striped bass harvest in the commercial fishery as a bycatch fishery
A. Status quo: continue managing the ASMA striped bass fishery as a bycatch fishery
Accountability Measures to Address TAL Oages
D. Ifthelandingsinanpgneof t he management areaso tF
recreational, ASMA recreational, and ASMA commercial) exceeds their allocated
TAL in a calendar year, any landings in excestheir allocatedr AL will be
deducted fromthéti sheri esd all ocated TAL the
If paybackdo a fisheryexceed the next yearallocatedTAL for that fishery paybacks
will be required in subsequent years to meet the full reduction amouwituations
where a fisheries allocated TALas been reduced from a pr
reduced TAL is exceeded, any required paybacks the subsequent year are reduced frormr
the fisheriesd original all ocated TAL,
Size limits to expand the age structure ofdtuek
C. Inthe ASMA, implement a harvest slot of a minimum size eintBes TL to not
greater tharz5-inches TL in the commercial and recreational sectors
E. Inthe RRMA, maintain current harvest slot limit of a minimum size eint8es
TL to not greagr than22-inches TLwith no harvest allowed on fish greater than 22
inches.
Gear modifications and area closures to redtigged bassliscard mortality
A. Status queacontinue to allow commercial harvest of striped bass with gill nets in
joint andcoastal waters of the ASMA and continue recreational harvest and catch
andrelease fishing in the ASMA and RRMA, including striped bass spawning
grounds in the Roanoke River. The requirement that from April 1 through June 30,
only a single barbless hook lore with single barbless hook (or hook with barb
bent down) may be used in the inland waters of the Roanoke River upstream of U.S
Highway 258 Bridge will remain in effect.
Implement a requirement to use rofifiset barbless circle hooks when fishinghw
live or natural bait in the inland waters of the Roanoke River (upstream of Hwy 258
bridge) from May 1 through June .30
Adaptivemanagement
Usepeer reviewed stock assessments and updates to recalculate the BRPs and/or TAL.
The current TAL of 51,28 Ib remains in place until a new TAL is determin8tbck
assessments will be updated at least once between benchmemdases or decreasas
the TAL will be implementedhrough Adaptive Managemem harvest moratorium
could be necessary if stock assment results calculate a TAL that is too low to
effectively manage, and/or the stock continues to experience spawning failures.
Useestimates oF from stock assessments to compare td=tB&P and ifF exceeds the
Frargetreduce the TAL t@chievethe Frargetthrough Adaptive Management
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1 Ability to change daily possession limits in the commercial and recreational fisheries to
keep landings below the TAL.

1 Ability to open and close recreational harvest seasons and commercial harvest seasons
and areas tkeep landings below the TAL and reduce interactions with endangered
species.

1 Ability to require commercial and recreational gear modifications including, but not
limited to, the use of barbless or circle hooks, area closures, yardage limits, midsiet
size restrictions and setting requirements to reduce striped bass discards.

Sustainable harvest: TarPamlico, and Neuse rivers stock§A\ppendix J:
Striped Bass Harvest
A. Continue the ngpossession measure in Supplement A to Amendment 1
GearRestrictions/Limits
A. Maintain gill net closure above the ferry lines and maintain tfe®8tie-downs
below the ferry lines
Adaptive Management
In 2025, review data through 20 to determine if populations are sglfstaining and if
sustainable harvest cae determined
In addition, the approved motion included languagéitma i nt ai n t he gaoughl
2024 to allow for assessmentofpte r f or manc e 0.

Sustainable harvest: Cape Fear River stockAppendix 2

1. Striped Bass Harvest
A. Status Quo: maintain Cape Fear River harvest moratorium

2. Adaptive Management
Continue YOY surveys and PBT analysis after the adoption of tHe FM
If YOY surveys and/or PBT analysis suggest levels of natural reproduction have
increased or decreased compared to what was observed up to the time of FMP adoption
then management measures may beveduated using this new information and adjusted
by procmation using the authority granted to DMF and WRC directors. Rule changes or
suspensionwould berequired to allow harves
Management measures which may be adjusted include means and methods, harvest are
as well as season, size and creel limit (amaadtd for in rule)
Use of the DMF directorés proclamati on &
on evaluation of adaptive management measures by the Striped Bass Plan Developmen
Team and consultation with the Finfish Advisory Committee

Hook and line as a commercial geatAppendix .

1. Hook and Line as a Commercial Gear
A. Donot allow hook and line as a commercial gear in the estuarine striped bass
fisheryat this time
Adaptive Management
9 If hook and line is allowed for the commercial harvest of striped bass and NC
TTP and Quota Monitoring data indicate the TAL willherbe quickly exceeded
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or unable to be met during the potential striped bass se&mnmanagement
measures may be-svaluated and adjusted by the proclamation authority granted
to the Fisheries Director (as is currently occurring under the existing management
strategy).

If hook and line is allowed for the commercial harvest of stripgest and Marine
Patrol enforcement activity or License and Statistics data suggest significant
amounts of unreported commercial striped bass catch is occurring, then additiona
tagging or reporting requirements may be developed and implemented.
Managemehmeasures that may be adjusted include means and methods, harvest
area, as well as season, size and limit.

Implementation of adaptive management measures to enact additional increase
tagging or reporting requirements is contingent on evaluation of thesgures by

the Striped Bass Plan Development Team and consultation with the Marine
Fisheries Commission.




INTRODUCTION

This is Amendment 2 to tHeC Estuarine Striped Bag3viP. By law, each FMP must be reviewed

at least once every five yedrsaccordance with N.G.S.8 113-182.1. TheDMF reviews each

FMP annually and a comprehensive review is undertaken about every five year@siThe
comprehensiveeview of the plan (Amendmen) was dopted by theMFC in 2013. Adopted

FMPs are the ultimate product that brings all information and management considerations into one
document. TheDMF preparesFMPs for adoption by theViIFC for all commercially or
recreationally significant species fisheries that comprisgtate marine or estuarine resources.

The goal of these plans is to ensure loemgn viability of these fisheries.

In North Carolinastriped bas@Morone saxatiligstocksare managedmongfour areas: Albemarle
Sound Management Area (ASMA), Roanoke River Management(RREIA), CentralSouthern
Management Area (CSMA), and Atlantic Ocedihe MFC adopts rules and policies amth the
DMF implements management measures for the estuaripedtrass fishery in Coastal Fishing
Waters in accordance witN.C.G.S.8 113-182.1. The Estuarine Striped Bass FMP is jointly
developedwith the WRC.The migratory Atlantic Ocean stock is managed by the ASMHF@.
ASMA and RRMA are also subject to complkarequirements dhe ASMFC Interstate FMP for
Atlantic Striped Bass

FISHERY MANAGEMENT PLAN HISTORY

Original FMP Adoption: Novemberl 993
May 2004
Amendments: Amendment I May 2013
Revisions: November 2014Revision to Amendment 1

November 202®Revision to Amendmerit

Supplements: Supplement A February 2019

Information Updates: None

Schedule Changes: August 2016

ComprehensivRkeview: At least five years after Amendment 2 adoption

Past versions of the Estuarine Striped Bass FMP, Revisions, Amendment, and Supplement
(NCDMF 2004, 2013, 2014, 2018nd 2020) are available on tbé&F website

MANAGEMENT UNIT

There are two geogphic striped bassnanagement units ibNorth Carolina (Figure 1). The
northern management unit is comprised of two harvest management areas: the RRMA and the
ASMA. These two management aréasn the geographical area of the AlbemaReanoke (A
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https://deq.nc.gov/about/divisions/marine-fisheries/public-information-and-education/managing-fisheries/fmp#striped-bass---atlantic-migratory
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https://deq.nc.gov/about/divisions/marine-fisheries/managing-fisheries/fishery-management-plans#estuarine-striped-bass

R) stock & striped bass. Commercial regulations in the RRMA are the responsibility of the MFC,
while recreational regulations are the responsibility of the WRC. Recreational and commercial
striped bass regulations within the ASMA are the responsibility of the MRE.RRMA and
ASMA are also subject tcompliance witithe ASMEC Interstate FMP for AtlantiStriped Bass

To ensure compliance with the ASMFC Interstate F-lfe A-R stockis additionally managed
under theNC FMP for Interjurisdictional Fisheries.

The southern geographic management unit is the C&Nths comprised of the TaPamlico,
Neuse, and Cape Fear rivargd thePamlico Sound. Management of striped bass within the CSMA
is the sole responsibility Morth Carolinathrough the MFC and the WRC.

o~ Qﬁ% Ellz,l}oﬂl" %\
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Cape Fear River

GOAL AND OBJECTIVES

The goal of Amendment i8 to manage estuarine striped bass fisheries to achievsustHining
populations that provide sustainable harvest based on sdiased decisiomaking processes. If
biological and/or environmental factors prevent a-se#taining population, then altereat
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https://deq.nc.gov/about/divisions/marine-fisheries/public-information-and-education/managing-fisheries/fmp#striped-bass---atlantic-migratory

management strategies will be implemented that provide protection for and access to the resource.
The following objectives will be used to achieve this goal.

1 Implement management strategies within North Carolina and encourage interjurisdictional
managemet strategies that maintain and/or restore spawning stock with adequate age
structure and abundance to maintain recruitment potential and to prevent overfishing.

1 Restore, enhance, and protect critical habitat and environmental quality in a manner
consistat with the Coastal Habitat Protection Plan, to maintain or increase growth,
survival, and reproduction of the striped bass stocks.

1 Use biological, social, economic, fishery, habitat, and environmental data to effectively
monitor and manage the fishergsd their ecosystem impacts.

1 Promote stewardship of the resource through public outreach and interjurisdictional
cooperation regarding the status and management of the North Carolina striped bass stocks,
including practices that minimize bycatch and didaaortality.

DESCRIPTION OF THE STOCK
BIOLOGICAL PROFILE

Striped bass is an estuarine depende
species found from the lower St. Lawrenci
River in Canada to the west coast of Floride
through the northern Gulf of Mexico to
Texas. InNorth Caroling the species is also
known as striper, rockfish, or rock. Stocks
from Maine to theA-R in North Carolinaare .

migratory, spending most of their adult life in

the estuaries and ocean before moving into fresh water to spawn in thelsprgagystriped bass

leave the Roanoke River system after spawning and migrate tmibcean waters from New
Jersey to Massachusetts. In the fall, these fish migrate south to ocean waters off Virghtta and
before enteringhe Albemarle Sound and Roanoke River again in the sgongpawn again
(Callihan et al. 2015). Southern stocksluding the stocks of the CSMA, are riverine, spending
their entire life in the estuary and river systems (Setzler et al. 1980; Rulifson et al. 1982; Callihan
2012).

Striped bass migratir distances to spawning grounds located in freshwater portiorsastal

rivers. Spawning grounds for theRstock are concentrated at the fall Jmwéere the coastal plain
meets the piedmont37 miles up the Roanoke River near Weldon, I[$@awning grounds in the
CSMA rivers are notas clearly defined On the TaiPamlico River, striped bass spawning is
suspected to occur frothe Rocky Mount Mills Daml125 miles upstream of Washington, NG
Tarboro, NC (Smith and Rulifson 2015). Neuse River spawning grounds are centered between
Smithfield and Clayton, NC, but ranffem Kinston river mile (rm) 130 to Raleigh (rm 236). On

the Cape Fear River, historic striped bass spawning grounds are latatezl fall linenear

S mi | Eallsdrs 165)in Lillington, NC, but access to this spawning habitat is restricted by a
seriesof threelock and dam systemin the Northeast Cape Fear River, adult striped bass have

3




been captured and acoustically tagged during the spawning season between White Stocking, NC
(rm 73) and Chinquapin, NCrifh 104), with potential spawningccurring as far upstream as
Hallsville, NC (m 114; Rock et al. 2018).

Striped bass are relatively lotiged andcancommonlyreach50i 60 poundsFemales grow larger

than maleswitht he current I nternational Gametriped s h As
bass weighing 88 pounds withatal length of54 inches.The oldest observed striped bass in the

A-R stockis 31 yearsld, while within the CSMA the maximum agde 17 yearsThe largest
recordedstriped basswhich weighed 125 poundsascaughtin a pound net ithe early 1900s in

the westernAlbemarle Sound. Females in tAeR stockare 97% mature at age(Boyd 2011),

while females in the TaPamlico and Neuse rivers are 98% mahyage3 (Knight 2015). In the
Tar-Pamlico and Neuse rivergcuindity (number of eggs a female producesgedrom 223,110

eggs for arege-3 female to 3,273,206 eggs for aye-10 femalg(Knight 2015).

Streamflow and water temperature are important environmental conditions that influence the
success ohnnual striped bass reproduction and recruitment (number of juveniles produced).
Striped bass require flowing, freshwater that allows eggs to remain suspended until they hatch and
fry to be transported to nursery areas. Female striped bass produce ¢antigegLof eggs that are
broadcast into riverine spawning areas and fertilized by mature males. Fertilized eggs drift with
downstream currents and hatch iniB%lays depending on water temperaiiMansueti 1958)
Spawning inNorth Carolinacan occur fran late March until early June. Peak spawning activity

for the AR stock occurs when water temperature reach&é§72egrees Fahrenheit on the
spawning grounds.

Striped bass form large schodieeding onavailablefishesand invertebrateily fish such @
Atlantic menhaden(Brevoortia tyrannuf herrings(Clupeaspp), and shadgAlosa spp) are
common prey, but spot (Leiostomus xanthuryis mullet (Mugil spp.), Atlantic croaker
(Micropogonias undulatys American eel(Anguilla rostratg, and bluecrabs (Callinectes
sapidu$ are also consumed

STOCK UNIT

There are four striped bass stocksNiarth Carolina AlbemarleRoanoke (AR), TarPamlico,
Neuse, and Cape Fear stocks.

ASSESSMENT METHODOLOGY

The AR stock was assessed using Stock Synthesisghradiorwareprojecting statistical cateh
atage model which was applied to data characterizing landings/harvest, discards; fishery
independent indices, and biological data colleciatng1991 2017 (Lee et. al 2020).

Traditional stock assessment techregwere notapplied toCSMA stocks because of high hatchery
contribution and lack of natural recruitment in these systé&mdemographic matrix model was
developed to evaluate stocking and management measures for striped dlbsae CSMA river

systens. In addition,atagging model was developed to estimate striped bass abundance in the Cape
FearRiver.




STOCK STATUS

A-R Stock
The 2020 AR striped bass stock assessment indsdaie stock is overfished and overfishing is
occurring (Lee et. al 2020). The estimatefishing mortality €) in the terminal year of the
assessment (2017) was 0.@veater tharhe Fasyuspr Threshoi®f 0.18 Figure2). The estimate of
spawning stock bimass $SB was 78,576ounds less tharthe SSBswspr Thresholdf 267,390
pounds(Figure3). The stock had period of strong recruitment from 1993 to 2000, then a period
of low recruitment from 20010 2017 The complete stock assessmemtortcan be reviewed on
the DMF Fishery Management Plans website

The2020stock assessment is used to establish sustainable harvest #RtHedk fisheries. This

is done bycalculatingthe Total Allowable Landings (TAL) that can be removed annually from
the stock. The TAL is currently allocated with a 50/50 split to the recreational and commercial
fisheries. The ASMA commercial fishery recei&®o of the TAL with the RRMA recreational

and the ASMA recreational fisheries each receiving a 25% allocation of the TAL.

CSMA Stocks

The demographic matrix modehdicates

the striped bass populations in the CSMA
are depressed to an extent that
sustainaility is unlikely at any level of
fishing mortality The model suggests
insufficient natural recruitment is the
primary factor limiting population
abundance of TdPamlico and Neuse
stocks and suggests the populations would
decline without stocking (Matlseet al.
2020). Tagging model resultendicate a
consistent decline in abundance estimates
for striped bassn the Cape Fear River
(2012 2018) Even with a negpossession
provision for the Cape Fear River since
2008,2018abundanceavasless than 20%

of the2012 abundance.HE CSMA stocks
are supported by continuous stocking
efforts as evidenced bystocked fish
comprising nearlyL00%of the striped bass
on the spawning grounds
Farrae 2017).For more information on
stocking seeAppendix 1: Striped Bass
Stocking in Coastal North Carolindhe
completestock assessment repa@an be
reviewed on the division Fishery

Management Plans website



https://files.nc.gov/ncdeq/Marine-Fisheries/fisheries-management/estuarine-striped-bass/sarARStripedBass-2020-v2.pdf
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Fishing Mortality (F)

Figure 2.Estimates of fishing mortality (F) and population abundance for the AlbefRadaoke striped bass stock,
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DESCRIPTION OF THE FISHERIES

Additional in-depth analyses and discussionNdrth Carolin®d s c o mmer ci al and
striped basdisheries can be found in earlier versions of M@ Estuarine Striped BadsMP,
Revisions, Amendmertt, andSupplement ANCDMF 2004, 2013, 2014, 2019, and 2020); all
FMP documents are available on BBIF Fishery Management Plans websared commercial

and recreational landings can be founthmLicense and Statistics Annual Rep®BICOMF 2022)
produced by th®MF which can be foundn the DMF=isheries Statistics pagacluding a report
entitledNorth Carolina Striped Basklprone saxatiliy Commercial FishergGambill and Bianchi

2019)

COMMERCIAL FISHERIES

ASMA
Under Amendment 1, th®SMA commercial striped bass fishery is a bycatch fishery, striped bass
harvest occugwhile targeting other finfish specieStriped bass cannot be greater thafo3ty
weight of all other finfish specsdandedpertrip. Daily landing limits of 525 striped basfurther
deterfishers from targeting striped bass aadn to ensurestriped bass quotia availablewhen
multispecies gill net fisheries are operating. Most striped bass harvest occurs witheheaf
shad Alosa sapidissimeanchored gill net fishery in the spring, followed by the southern flounder
(Paralichthys lethostigmaanchored gill net fishery in the fall. Since 2015, as a commercial fishery
for invasive blue catfish I¢talurus
= ~ furcatug has develop more striped
e | pass landingsave occurreth this strike
net fishery. Strike nets are fished by
‘ ~locating a school of fistencircling the
2 school with a gill net, then immediately
‘ retrieving the netHarvest from pound
nets is the swnd leading harvest gear
, ' : with an averageof 20% of the total
—— B harvest since 2010.

Commercial landings in the ASMA

have beenlimited by an annual

, TAL since 1991 Due to gill net

— mesh size regulations and
——S——— minimum striped basssize limits since 1993,
T most havest consists of fisBi 6 years of ageDuring 19911 1997 the
commercialTAL was set at 98,000 pounds because tHe gtock was at historidgllow levels of
abundancand required rebuildingrhe stock was declared recovered in 1997 anddimnercial

TAL was gradually increased as stock abundance increased. The TAL reached its maximum level
of 275,000 pounds in 2003 as the stock reached record levels of abundance.

Beginning in 2004commercial landings no longer reached the annual TAL, even with increases
in the number of harvest days and daily possession limits. Fromt@20®9 landings steadily
declinedaveragingl50,000 poundannually(Figure4).
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Figure 4.Commercial striped bass landings and the number of all anchored gill net tripsAtbémearle Sound
Management Area (ASMAL990i 2019.

The decline in landings years2005 2009 was due to poor year classes prodaceohg 2001

2004. An increase in landings in 2010 was due to the sBOdFyearclass. Since 2018andings

hawe declinedin part because of a shortened American shad sebs@®21, the commercial
striped bas§ AL was reduced to 25,608 pounds to meet requirements of adaptive management
measures in Amendment 1 to the Striped Bass FMP to end overfishome yearas stock
assessment results indicated the stock was undergoing overf{Si@yMF 2020).

CSMA

Supplement A NCDMF 2019) closed the
CSMA to all striped bassarvestto protect
important year classes. From 1994 to 201
commercial landings in the CSMA were
limited by a 25,000 annual TAL. From 1994
to 2018 striped bass commercial landings i
the CSMA averaged 26,13 (Figure 5).
Most commercial landings are frometiTar
Pamlico, Pungo, Neuse, and Bay river
(Figure 6). From 2004 to 2018, there was onl
a spring harvest season, opening March 1 a
closing when the annual TAL was reached.
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Figure 5. Annual commercial CSMA striped bass harvest and TAL in pounddj 2099. Since 2019 the commercial
season has been closed.
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RECREATIONAL FISHERIES

ASMA
In the initial 198 FMP, effective January 1, 199the MFC and WRC approved management to
split the TAL evenly betweeré commercial and recreational sectors when the stock recovered
(NCDMF 1993) In 1997 the stock was declared recoverediantB98 theMFC allocated the
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TAL 50/50 between the commercial and recreational sedtmsugh incremental step3he
ASMA receives 25% of the recreational allocation. The ASiéreational TALincreasedrom
29,400 pounds in 1997 to 137,500 pounds in 2883aptive management to address therbshed
status in 2021 reduced the ASMA recreational TAL to 12,804 pounds (NCDMF 2020).
Recreational landings peakad2001 at 118,506 poundBigure7). Recreational landings in the
ASMA primarily consist offish age 85.

Beginning in fall 2005, hangt was allowed seven days a week in the ASMA. Additionally, in fall
2006 possession limits were increased from two to three fish. Despite the increases in bag limits
and days recreationfishery was openharvestcontinued to decline. Several poor yeasskes
produced since 200thay have contributed tthe decline in stock abundance and recreational
harvest since 2006. The recreational limés decreasetd two fish per person per day in January
2016.Recreational harve$tom 1991 to 2019 averaged12,46 pounds in the ASMAReleases

are usually greater than harvest and are dominated by fish less thariich &8nimum length

limit. Undersized releases during the last 10 years have ave&2da@¥d fish (Table 1)
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Figure 7.Recreational stripethass landings and the hours of striped bass fishing effort in the Albemarle Sound
Management Area (ASMA) 19920109.

RRMA
Harvest from 1982 through 29laveraged 5403 poundsin the RRMA (Table 2; Figure 8).
Discards outnumber landings annuakgpeciallyin the RRMA where concentrations of fish on
the spawning grounds can be dense. Annual releases from 2005 thro@gim 2068 RRMA
averaged0,821fish.

From 20030 2016 landings averaged 64,389 pounds, with areticeablylow years (Figurd).
Adaptve management measures implemented in 2021 reduced the RRMA recreational TAL to
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12,804 pounds (NCDMF 2020).eRreational landings in the RRMA are dominated byage
agebfish, primarilydue to a no possession rule of fish between 22 ammaciés totalength(TL)

and general angling techniquéswfish over age 9 are observed in the creel survey because most
anglers do noaise the large artificial lures or natural baetededo effectively targestriped bass

over 28inchesTL.

Table 1.Estimates bstriped bass angling effort, harvest, and numbers caught and released from the Albemarle Sound
Management Area, 1992019. Cells with a dash indicate estimates were not generated in that year.
Estimates of discards are not available for the-hastestperiod.

Striped Striped Striped

Bass Bass Bass Total
Striped Number of Total Discard Discard Discard number
Bass Angler fish pounds (#over- (#under- (#legak of fish
Year Trips Hours harvested  harvested creel) sized) sized) released
1991 14,395 35,344 23,540
1992 10,542 30,758 19,981
1993 11,404 36,049 13,241
1994 8,591 30,217
1995 7,343 30,564
1996 6,349 7,433 29,186
1997 13,656 6,901 26,724 30,771
1998 90,820 19,566 64,761 91,888
1999 64,442 16,967 61,447 40,321
2000 100,425 38,085 116,414 78,941
2001 109,687 40,127 118,645 61,418
2002 97,480 27,896 92,649 51,555
2003 87,292 15,124 51,794 25,281
2004 102,505 28,004 97,097 9,877 28,859 2,305 41,041
2005 13,735 86,943 17,954 63,477 11,333 7,032 2,855 21,220
2006 10,707 65,757 10,711 35,985 2,490 6,339 626 9,455
2007 9,629 61,679 7,143 26,633 1,148 12,259 192 13,599
2008 11,793 72,673 10,048 31,628 391 36,324 260 36,975
2009 11,326 72,021 12,069 37,313 20 38,683 1,860 40,563
2010 9,660 66,893 3,504 11,470 569 15,398 233 16,200
2011 13,114 85,325 13,341 42,536 317 20,114 1,141 21,572
2012 14,490 102,787 22,345 71,456 1,024 19,977 3,970 24,971
2013 7,053 50,643 4,299 14,897 31 16,034 316 16,381
2014 7,264 40,478 5,529 16,867 18 22,558 510 23,086
2015 11,132 75,009 23,240 70,008 1,573 45,559 2,402 49,534
2016 7,023 42,276 4,794 14,486 252 8,822 1,278 10,352
2017 7,658 41,371 4,215 15,480 56 24,004 600 24,660
2018 9,057 34,764 3,465 11,762 281 21,337 3,970 25,588
2019 19,864 61,645 8,502 34,968 2,301 34,452 1,625 38,378
11



Table 2.Estimates of striped bass angling effort, harvest, and numbers caught and released from the Roanoke River
Management Aredl 988 2019. Blank cells indicate data was not collected in that year. **Fori 22989
number of trips was calculated by dividing the angler hours by 4.75 (assumes each trip was 4.75 hours long).
Since 2010, number of trips were estimated based on creelysimta sampling probabilities.

Open Season PostHarvest Period
(Harvest estimates) (Catch and Release Only)
Effort Effort
Number  Weight (angler- Number  Number (angler-
Year Harvested (Ib) hours) Trips** released released hours) Trips**
1988 74,639
1989 8,753 32,107 46,566 9,803
1990 15,694 42,204 56,169 11,825
1991 26,934 72,529 74,596 15,704
1992 13,372 36,016 49,277 10,374
1993 14,325 45,145 52,932 11,144
1994 8,284 28,089 44,693 9,409
1995 7,471 28,883 56,456 11,885 52,698 20,639 4,345
1996 8,367 28,178 46,164 9,719 148,222 32,743 6,893
1997 9,364 29,997 23,139 4,871 271,328 47,001 9,895
1998 23,109 73,541 72,410 15,244 102,299 26,367 5,551
1999 22,479 72,967 72,717 15,309 113,394 30,633 6,449
2000 38,206 120,091 95,622 20,131
2001 35,231 112,805 100,119 21,078
2002 36,422 112,698 122,584 25807
2003 11,157 39,170 77,863 16,392
2004 26,506 90,191 145,782 30,691
2005 34,122 107,530 130,755 27,527 68,147 24,146 5,083
2006 25,355 84,521 120,621 25,394 24,719 15,235 3,207
2007 19,305 62,492 141,874 29,868 11,622 9,254 1,948
2008 10,541 32,725 110,608 23,286 47,992 17,764 3,740
2009 23,248 69,581 120,675 25,405
2010 22,445 72,037 125,495 24,347 77,882 46,028 31,281 5111
2011 22,102 71,561 122,876 27,311 80,828 26,865 15,110 2,707
2012 28,847 88,539 110,982 27,151 40,772 22,246 8,935 1,881
2013 7,718 25,197 100,391 19,539 49,148 25,074 12,423 2,246
2014 11,058 33,717 80,256 15960 93,471 72,068 17,542 2,972
2015 20,031 58,962 111,419 22,827 78,401 29,839 12,229 2,207
2016 21,260 65,218 129,132 25036 34,753 17,891 11,291 2,087
2017 9,809 32,569 101,565 19,688 68,693 9,754 7,446 1,317
2018 8,741 26,797 95,447 18,280 121,969 65,245 14,499 2,462
2019 16,582 53,379 99,259 20,633 117,550 69,642 26,867 5,283
12
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Figure 8.Recreational striped bass landings and the hours of striped bass fishing etfuet Roanoke River
Management Area (RRMA) 1992019.

CSMA
TheDMF begarcollecting recreational striped bass data in the major rivers of the CSMA4n 200
In 2013, due to low recreational striped bass catchthe Cape Fear Rivercreel survey
methodology was adjusted to targlanherican and hickory sha@flosa mediocriskeffort. The
Supplement A recreational no possession measure approved in February 2019doretitbnal
harvest in 2019Recreational landings fluctuatéetweer2004 and 2019Table 3; Figure

From 2004 to 2007 most
recreational harvest occurred in the
Neuse River, but since 2008 harves
has generally been split between the
Tar-Pamlico and Neuse rivers
(Figure 10).In 2016and 2017, the
number of trips and hours spent
targeting striped bass ing CSMA
increasedubstantially compared to
other years (Table 3)Within the
CSMA there is a significant cateh
andrelease fishery averaging
47,309 releases from 2010 to 2019
(Table 3). Undersized discards peaked
in 2017but declined through 2019.
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Table3. Recreational striped bass effort, harvest and discards from the CEMA 2019. The 2019 season was
January 1March 19, 2019.

Fishing Effort Number Pounds Total

Year Trips Hours Harvested Harvested Discards
2004 12,782 63,791 6,141 22,958 13,557
2005 16,414 69,370 3,832 14,965 16,854
2006 10,611 42,066 2,481 7,352 14,895
2007 10,971 46,655 3,597 10,794 23,527
2008 6,621 28,413 843 2,990 17,966
2009 5,642 26,611 895 3,061 6,965
2010 6,559 25,354 1,757 5,537 7,990
2011 12,606 51,540 2,728 9,474 24,188
2012 18,338 71,964 3,922 15,240 43,313
2013 20,394 86,918 5,467 19,537 32,816
2014 15,682 70,316 3,301 13,368 30,209
2015 18,159 79,398 3,934 14,269 31,353
2016 23,675 110,453 6,697 25,260 75,461
2017 26,125 119,680 7,334 26,973 131,129
2018 16,393 69,917 3371 10,884 49,122
2019 8,820 40,580 959 3,562 37,039
Average 14,362 62,689 3,579 12,889 34,774
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Figure 9.Annual recreational CSMA striped bdasdingsin pounds, 20042019. The 2019 season was Janudry
March 19, 2019.
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Figure 10Recreational striped bass harvest in theHamlico, Pungo, and Neuse rivers, 2008t19. The 2019 season
was JanuaryilMarch 19, 2019.

SUMMARY OF ECONOMIC IMPACTS OF STRIPED BASS FISHING

Modeling softwarelMPLAN, is usedd estimatehe economic impacts of an industry to 8tate
atlarge, accounting for revenues and participation. For a detailed explanation of the methodology
used to estimate the economic impacts please reiviEd kicense and Statistics Section Annual
Report on théisheries Statistics pagEor further information on overall trends, economics, and
characteristics of the commercial fishery sbe report entitledNorth Carolina Striped Bass
(Morone saxatiliy Commercial Fisher¢Gambill and Bianchi 2019

Commercial
Commercial landings and effort data collected through the DMF trip ticket program are used to
estimate the economic impact of the commercial fishing industry. For commercial fishing output,
tot al i mpacts are derived by ishemes Bconproigs aftthen g mo
United States report (National Marine Fisheries Service 2018), which account for proportional
expenditures and spillover impacts from related industries. By assuming striped bass fisheries
contribute to the expenditure categori@sa proportion equal to their contribution to total
commercial ewessel values, we can generate an estimate of the total economic impact of striped
bass harvest in the CSMA and ASMA. This same indirect impact methodology is applied to the
aggregate landgs of other species harvested during a striped bass trip. Economic impacts of the
striped bass fishery and alternative species cannot be combined. As these landings occurred during
the same trips with the same participants, much of the economic imigpetl bass harvest is
also reflected in the economic impact of harvest of other species. These two impact categories
have been separated to demonstrate how commercial striped bass fishing in the CSMA and ASMA
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https://deq.nc.gov/about/divisions/marine-fisheries/science-and-statistics/fisheries-statistics
https://files.nc.gov/ncdeq/Marine-Fisheries/science---statistics/fisheries-statistics/additional-statistics-resources/07-2019---NC-Striped-Bass-Commercial-Fishery.pdf
https://files.nc.gov/ncdeq/Marine-Fisheries/science---statistics/fisheries-statistics/additional-statistics-resources/07-2019---NC-Striped-Bass-Commercial-Fishery.pdf

impacts theState economy outside of directhdings, and how that effect could change if
commercial striped bass effort were eliminated or reduced.

ASMA
Commercial effort and output in the ASMA are greater than in the CSMA. The number of striped
bass commercial fishery participants in the ASMAoisghly two to three times higher than in the
CSMA. More effort, and historically higher TAL in the ASMA compared to the CSMA leads to
increased harvest of striped bass. Average annual landings of striped bass are roughly 100,000
pounds in the ASMA, with\serage exvessel values of $300,000 (Figure 11). Both values are
approximately five times greater than annual values in the CSMA.
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Figure 11. Annual commercial striped bass effort andessel value data for the ASMA, 20@®19.

From 2008 to 2019 stripebass landings in the ASMA averaded,691 poundgTable 4) During

the same periotlarvest of all other species during trips which had striped bass as bycatch in the
ASMA averaged799,570 poundgéTable 5) Dockside value of other species landed in nets that
also caught striped bass varies annually although the highest value specfenaaroxture of
catfishes, American shad, white perd. (Americang, striped mullet M. cephalu¥ spotted
seatrout Cynoscion nebulosysand southern flounder

As the total value of striped bass and other products harvested annually in the ASMA is
significantly greater, so are the economic impacts toSta¢e (Tables 4 and 5). Annual sales
impacts of striped bass harvest average over $1 million annually, with the impacts from the harvest
of other species valued between $1 million and nearly $4 milliorgeneral, these estimates
demonstrate that the ASMA striped bass commercial fishery produces a greater overall economic
impact to theStatethan in the CSMA.
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Table 4.Annual commercial striped bass effort data and estimates of annual economic ortpacstate of North

Carolina from striped bass harvest for the ASMA, 2QTR9.

vear Pounds Ex-Vessel To_tal thal Job Income ng’:& Sales
Landed Value Participants  Trips Impacts Impacts Impacts Impacts
2008 74,921  $167,750 278 2,857 287 $311,255 $583,523 $756,264
2009 95,794  $231,914 279 3,495 291 $430,176 $813,040 $1,033,704
2010 199,829  $479,648 327 6,116 353 $847,691 $1,586,334 $2,043,151
2011 136,266  $378,577 276 4,212 296 $671,721 $1,256,856 $1,618,695
2012 115,605 $298,162 264 3,612 280 $524,276 $978,808 $1,258,901
2013 68,338  $218,662 268 2,864 280 $372,105 $692,894 $893,139
2014 70,989 $214,143 236 2,834 248 $359,952 $668,554 $864,931
2015 114,488 $365,505 237 4,043 257 $633,013 $1,183,400 $1,515,359
2016 123,111  $362,759 197 4,245 215 $633,119 $1,177,209 $1,477,691
2017 75,991 $222,854 178 2,717 189 $374,107 $696,497 $887,232
2018 116,144 $377,668 193 3,621 215 $683,207 $1,239,287 $1,614,420
2019 136,820 $370,278 192 3,309 212 $636,930 $1,167,901 $1,507,707
Average 110,691 $307,327 244 3,660 260 $539,796 $1,003,692 $1,289,266

Table 5.Annual effort data and estimates of annual economic impact to the state of North Carolina from harvest of

all other species caught during trips when striped bass landings occurred in the ASMA& QW08

Value-

vear Pounds Ex-Vessel T_o_tal thal Job Income added Sales
Landed Value Participants Trips Impacts Impacts Impacts Impacts
2008 752,788 $833,879 271 2,826 317 $1,547,237 $2,900,673 $3,759,363
2009 875,110 $838,842 276 3,423 321 $1,555,961 $2,940,795 $3,738,946
2010 1,004,196 $751,024 314 5,896 354 $1,327,298 $2,483,852 $3,199,126
2011 769,786 $376,144 262 4,012 282  $667,404 $1,248,778 $1,608,292
2012 734,894 $639,535 260 3,536 294 $1,124,534 $2,099,472 $2,700,252
2013 690,471 $828,539 265 2,840 310 $1,409,953 $2,625,466 $3,384,216
2014 628,430 $598,214 236 2,818 268 $1,005,535 $1,867,623 $2,416,208
2015 847,805 $682,205 236 3,958 273 $1,181,502 $2,208,785 $2,828,378
2016 823,328 $453,967 194 4,217 217  $792,302 $1,473,192 $1,849,224
2017 784,689 $587,458 177 2,712 207  $986,166 $1,836,006 $2,338,796
2018 937,616 $599,714 193 3,590 228 $1,084,890 $1,967,910 $2,563,599
2019 745,726 $333,321 192 3,295 210 $573,358 $1,051,334 $1,357,223
Average 799,570 $626,904 240 3,594 273 $1,104,678 $2,058,657 $2,645,302

Beyond the higHevel relationship between commercial striped bass effort and statewide economic
impacts, there is also a range of smadlealle factors in this fishery that could affect its overall
contribution to theStateeconomy. A notable example iset difference in management between
the CSMA and ASMA. Historically, the CSMA was allocated a smaller striped bass TAL and
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operated over a shorter season than the ASMA. Additionally, The ASMA striped bass fishery is
regulated under laycatchrequirementin which striped bass cannot be harvested unless it is with
other finfish species.

While the exact economic costs and benefits of these differences in regulations cannot be
guantified, it is likely the overall economic impact differs greatly between mareagereas.

CSMA
Prior to the 2019 closure, striped bass commercial effort in the CSMA was low. Roughly 100
participants engaged in less than 1,000 striped bass trips annually (Table 6), with the total harvest
never exceeding 30,000 pounds or $85,0GMke 6;Figurel2). Because of the TAL, striped bass
harvest was consistent yeareryear except for 2008, which produced notably low striped bass
landings. Landings of other species from the striped bass fishery are more variable than striped
bass landingsAlthough landings of other species from striped bass trips generally produced a
larger total amount of product, these species generally sold for lower overall prices. As a result,
despite higher landings, annuaheessel values of other species are caapga to striped bass.

Table 6.Annual commercial striped bass effort data and estimates of annual economic impact to the state of North
Carolina from striped bass harvest for the CSMA, 2@088. Commercial and recreational harvest of striped
bass was oised in the CSMA in March of 2019, with no observed effort for all of 2019.

Year Pounds VE)S(;eI Total Total Job Income \éggj:(; Sales
Landed Value Participants  Trips Impacts Impacts Impacts Impacts

2008 10,115 $20,906 110 706 111 $38,790  $72,722  $94,249
2009 24,847 $56,616 103 915 106 $105,016 $198,482 $252,352
2010 23,888 $55,678 103 680 106 $98,401 $184,143 $237,170
2011 28,054 $72,452 80 661 84 $128,553 $240,536 $309,785
2012 22,725 $51,958 69 571 72 $91,360 $170,567 $219,376
2013 28,597 $84,824 97 784 102 $144,348 $268,790 $346,469
2014 25,245  $69,098 125 826 129 $116,147 $215,725 $279,091
2015 27,336  $84,703 104 809 109 $146,697 $274,246 $351,175
2016 23,041 $69,271 94 685 98 $120,898 $224,795 $201,506
2017 23,018 $66,033 100 808 103 $110,850 $206,376 $237,914
2018 19,903 $61,477 90 776 94 $111,213 $201,732 $233,959
Average 23,343 $63,001 98 747 101 $110,207 $205,283 $251,186

When effort data are extended to generate-state economic impacts, the same patterns hold.

The striped bass fishery produces roughly a quarter of one million dollars in sales impacts annually
(Table 6). As the annual esessel values and number of papants are comparable with other
species harvested during striped bass trips, the economic impact of striped bass and other species
is similar, but the economic impact of alternative species varies more year to year (Table 7).
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Table 7.Annual effort data and estimates of annual economic impact to the state of North Carolina from harvest of
all other species caught during trips when striped bass landings ocaurted CSMA, 20082019.
Commercial and recreational harvest of striped bass was closed in the CSMA in March of 2019, with no
observed effort for all of 2019.

Year Pounds Ex- Vessel _ _Total Tc_>ta| Job Income \;%Ig:;j Sales

Landed Value Participants Trips Impacts Impacts Imoacts Impacts

pac
2008 81,922 $75,381 109 664 113 $139,867 $262,214 $339,839
2009 72,125 $58,882 90 824 93  $109,221 $206,429 $262,455
2010 47,382 $36,904 97 521 99 $65,220 $122,051 $157,198
2011 38,189 $20,637 71 472 72 $36,617 $68,514  $88,239
2012 34,855 $46,172 60 429 62 $81,186  $151,573 $194,947
2013 45,107 $58,914 91 668 94  $100,255 $186,685 $240,637
2014 62,013  $100,115 114 504 119  $168,283 $312,559 $404,368
2015 40,056 $55,244 89 574 92 $95,677 $178,866 $229,039
2016 26,374 $28,877 85 548 86 $50,398 $93,710 $117,629
2017 57,812 $54,695 105 712 108 $91,817 $170,941 $197,062
2018 61,723 $58,959 97 688 100  $106,658 $193,469 $224,373
Average 51,596 $54,071 92 600 94 $95,018 $177,001 $223,253
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Recreational
Creel surveys provide data on recreational angler effort and expenditures to measwelestate
economic impacts of the fishery. The creel surveys collect information on target spagies,
hours, and expenditures across six categories: lodging, food, ice, bait and tackle, vehicle fuel, and
boat fuel. Combined, these data allow for an assessment of direct trip expenditures, as well as
spillover impacts using IMPLAN statistical software

ASMA
Annual ASMA effort estimates are combined with-pgp expenditure estimates from the CSMA
creel survey, as these values are not tracked in the ASMA. Trip expenditure estimates are only
provided using DMF survey data, combined with ASMA effort datee ASMA maintains the
same definition of a striped bass trip as the
target, secondary target, or was caught.

In terms of trips and angling hours, the ASMA has the lowest striped bass angling effog am

the three management areas (Table 8). Generally, the ASMA produces the lowest overall economic
impact to theStateof these management areas. As with the RRMA, this analysis extrapolates
impact values from CSMA expenditure estimates and does not pregerct estimates that are

fully reflective of the ASMA system.

Table 8.Annual recreational striped bass effort estimates andlstatbeconomic impacts of recreational striped bass
angling in the Albemarle Sound Management Area. For this analysigpad bass trip is as a primary or
secondary directed trip for striped bass, or a trip where striped bass was caught.

Estimated Estimated Estimated Total
Total Total ASMA  Estimated Estimated Value- Estimated  Expenditures
Year ASMA Striped Bass Sales Income Job Using DMF
. . Added
Striped Angling Impacts Impacts Impacts Impacts Inshore Vessel
Bass Trips Hours P Trip Costs
2008 11,793 72,673  $378,011 $135,019 $204,838 3.44 $1,834,428
2009 11,326 72,021  $421,153 $152,375  $299,096 3.91 $1,755,517
2010 9,660 66,893 $1,466,355 $551,802  $802,439 11.82 $1,521,849
2011 13,114 85,325 $1,067,875 $377,870  $601,856 9.15 $2,131,210
2012 14,490 102,787  $836,596  $291,843  $477,153 6.99 $2,403,561
2013 7,053 50,643  $494,936 $172,553  $283,706 4.1 $1,187,069
2014 7,264 40,478  $830,858  $288,344  $476,395 6.81 $1,242,414
2015 11,132 75,009  $937,967 $326,264  $535,776 7.72 $1,906,246
2016 7,023 42,276  $312,791  $109,274  $176,394 2.63 $1,217,791
2017 7,658 41,371 $1,098,641  $382,203  $632,422 9 $1,356,190
2018 9,057 34,764  $510,289  $177,879  $289,450 4.22 $1,643,121
2019 19864 61,645 $1,528,169 $532,055 $873,914 12.63 $3,475,633
Average 10,786 62,157  $823,637  $291,457  $471,120 6.87 $1,806,252

While angler effort, participation, and overall expenditures drive the economic impact of
recreational estuarine striped bass angling inStege the valuation can also be affected by
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smallerscale factors specific to the fishe§everalsocial, regulatory, or environmental factors
could affect the total economic impact of any fishery, though these are often difficult to quantify
due to lack of data and clear causality. A notable carapbthat may impact expenditures, and
therefore economic impacts to t8tate across management areas is variability in slot limits.

Eachmanagement area operates under different recreational harvest limits, including season length
and size restrictia For example, the ASMA is open for harvest from October to April with an
18-inch minimum TL size limiandthe RRMA allows harvest from March to April and includes

an 18inch minimum TL size limit and a 227-inch TL no harvestprotective slot. Varying
restrictions could affect angler expenditures and total economic impact across management areas.
Longer harvest seasons with less restrictive size limits could increase angler effort and
expenditures in the ASMA compared to the RRMA, and likely lead tadegreaonomic impacts

to the recreational fishing industry

RRMA
The RRMA creel survey does not
collect angler expenditure data
annually although Dockendorf et al.
2015 does provide an estimate of
angler expenditures for the 2015
fishing year. herefore this analysis
incorporates CSMA  angler
expendituredata instead, using the
assumption that angler expenditures
would be comparable across water
bodies annually.Given that omrsite
expenditure values are not available, the
only annual total expertdre estimates are those using RRMA effort data and DMF recreational
angler expenditure survey data. In addition, the RRMA creel survey does not specifically include
secondary targeting as part of its directed trip definition, but all striped bassvtigiber anglers
target striped bass by itself or in combination with other species, are included in the estimates.

The statewide economic impacts of the RRMA recreational fishery are higher than the ASMA
and the CSMA because of higher overall effort aesls|yeato-year variability (Table 9).
However, while it is assumed that CSMA expenditure values are a valid proxy for the RRMA,
annual variability of the CSMA values impact the RRMA estimates. Therefore, while these are
valid estimates of overall impadhey may not be perfectly reflective as they rely on indirect
expenditure data.

CSMA
Recreational striped bass effort in the CSMA has generally increased over time, with
corresponding increases in statele economic impacts. However, striped bass effo2019
dropped to its lowest levels in 10 years, with corresponding decreases in economic impact to the
State(Table 10). The large increase in value of the fishery in 2017 is most directly attributed to
hi gher | odgi ng est i marteg svhich cao significAndytimpgceraoded s c r
outputs.
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Table 9.Annual recreational striped bass effort estimates andlstagbeconomic impacts of recreational striped bass

angling in the Roanoke River Management Area. For this analysis, a stripedp&sagra directed trip for
striped bass or a trip where striped bass was caught

Estimated .
Total Estimated , , Estimated . TOt"’.ll
Total RRMA Estimated Estimated Estimated Expenditures
RRMA : Value- .
Year . Striped Bass Sales Income Job Using DMF
Striped . Added
Angling Impacts Impacts Impacts  Inshore Vessel
Bass Impacts .
. Hours Trip Costs
Trips
2008 23,286 110,608 $746,409 $266,604  $404,467 6.79 $3,622,190
2009 25,405 120,675 $944,680 $341,790 $513,880 8.77 $3,937,746
2010 24,347 125,495  $3,695,792 $1,390,759 $2,022,463 29.79 $3,835,657
2011 27,311 122,876  $2,223,940 $786,945 $1,253,414 19.16 $4,438,423
2012 27,151 119,917 $1,567,592 $546,849 $894,076 13.1 $4,503,733
2013 19,539 112,814 $1,371,146 $478,033 $785,967 11.35 $3,288,550
2014 18,932 97,798  $2,165,449 $751,506 $1,241,620 17.74 $3,238,077
2015 25,034 123,648 $2,109,331 $733,712 $1,204,871 17.36 $4,286,828
2016 27,123 140,423 $1,208,006 $422,018 $681,239 10.14 $4,703,140
2017 21,004 109,011  $3,013,303 $1,048,289 $1,740,066 24.67 $3,719,693
2018 20,742 109,947 $1,168,648 $407,372 $662,889 9.67 $3,763,013
2019 20,633 99,259  $1,674,227 $582,907 $957,440 13.84 $3,811,110
Average 23,376 116,039 $1,824,044 $646,399 $1,030,199 15.20 $3,929,013

Table 10. Annual recreational striped bass effort estimates andestat&conomic impacts of recreational striped

bass angling in the Centr8buthern Management Area. For this analysis, a striped bass defirisd as

any trip in which striped bass was an angl er 6s
Estimated Estimated
Total Total CMSA Estimated  Estimated Estimated  Estimated
Year CSMA Striped Bass Sales Income  Value-Added Job
Striped Angling Impacts Impacts Impacts Impacts
Bass Trips Hours
2008 6,620 28,415 $212,196 $75,793 $114,986 1.93
2009 5,640 26,607 $209,725 $75,879 $114,085 1.95
2010 6,889 25,355 $995,635  $374,666 $544,846 8.03
2011 12,608 51,540 $1,026,671 $363,289 $578,633 8.8
2012 18,338 71,964 $1,058,786  $369,354 $603,879 8.85
2013 20,394 86,918 $1,431,103  $498,937 $820,335 11.85
2014 15,682 70,316 $1,793,659 $622,479  $1,028,444 14.69
2015 18,159 79,398 $1,530,041 $532,211 $873,974 12.59
2016 23,675 110,453 $1,054,420 $368,363 $594,627 8.85
2017 26,125 119,680 $3,748,044 $1,303,895 $2,164,350 30.69
2018 16,394 69,917 $923,651  $321,970 $523,920 7.64
2019 8,820 40,580 $715,654  $249,466 $409,261 5.92
Average 14,945 65,095 $1,224965 $429,692 $697,612 10.15
22
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ECOSYSTEM PROTECTION AND IMPACTS

As an anadromous species, one that migrates from the ocean or estuary upriver to spawn, habitat
requirements for striped bass are specific to life stage. Striped bass are commonly found in habitats
identified by theNC Coastal Habitat Protection Plan (CHRE3 priority habitats. These include

the water column, wetlands, submerged aquatic vegetation (SAV), soft bottom, hard bottom, and
shell bottom (NCDEQ 2016). These habitats provide appropriate conditions necessary for different
life stages of striped bass

COASTAL HABITAT PROTECTION PLAN

The Fisheries Reform Act statutes require that a CHPP be drafted b @and reviewed every

five years (G.S. 143R79.8). The CHPP is intended as a resource and guide compilEQ@y

staff to assist the departmelti-C, NC Environmental Management Commission (EMC), B

Coastal Resources Commission (CRC) for the protection and enhancement of fishery habitats of
North Carolina The CHPP ensures consistent actions between commissions as well as their
supporting DEQ divisions. The three commissions adopt rules to implement the CHPP in
accordance with Chapter 150B of the General Statutes. Habitat recommendationstoelated
fisheiesmanagement can be addressed directly byvtiR€. Habitat recommendations not under

MFC authority (e.g., water quality management, shoreline development) can be addressed by the
EMC and the CRC through the CHPP process.

The CHPP Source Documesummarizes the economic and ecological value of coastal habitats to
North Caroling their status, and the potential threats to their sustainability (NCDEQ 2016). The
Coastal Habitat Protection Plans and Source Document can be viewed and downloaded from:
https://deq.nc.gov/about/divisions/marfigheries/habitatnformation/coastahabitat

protectionplan

The CHPPcompletedthe five-year review producing the202L AmendmentThe Amendment

i ncl udes t woPrgectiomand Restoratiafh Subneeged Aduatidegetation (SAV)
throughWat er Qual ity | PRrotection ench ®estoratioof Vietladd tiirough
NaturebasedSolution® , whi ch may have 1 mpNoartcGamlineoThes f or
presence of SAV is often used as a-ibidicator of water quality, as it is sensitive to specific
conditions. One goal addressed in the CHPP is to modify water quality criteria to improve light
penetration to the seafloor, one of the most importatofs affecting SAV growth. Water quality
improvements that benefit SAV will also benefit the species that use SAV habitat, like striped
bass. As noted below, wetlands provide striped bass with a variety of habitat functions. The
wetlands issue paper pides significant justification regarding nattlvased methods of
restoration and shoreline protection. Therefore, improvements to wetlands through the
recommendations of the wetlands paper can have direct benefits to striped bass by increasing
available hhitat that can besedby striped bass.

THREATS AND ALTERATIONS

Striped basause nearlyall the environmentally and economically valuabbbitat typeghat are
listedin the2016 CHPPduring one or more life stages. Each habitat type provides envirorimenta
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https://deq.nc.gov/about/divisions/marine-fisheries/habitat-information/coastal-habitat-protection-plan
https://deq.nc.gov/about/divisions/marine-fisheries/habitat-information/coastal-habitat-protection-plan
https://deq.nc.gov/media/26810/open

conditions critical to the enhancement and sustainability of striped bass populatidoghin
Carolina Water quality impacts the habitats required by striped bass at various life stages (i.e.,
wetlands, submerged aquatic vegetation, shell bottom, @fbcattom). The primary human
threats to these habitats include coastal development, industrial/wastewater discharges, and runoff.
These threats often alter water chemistry, causing shifts in salinity, temperature, dissolved oxygen
(DO), suspended solidsutrients, pH, velocity, depth, flow, and clarity.

Wetlands SAV, shell bottom, and soft bottoane of particular importance for striped bass as they
function asnurseryhabitat refuge, foraging grounds, and movement corriddssanadromous

fish, striped bassnigratefrom one system to anothé&rherefore, barriers to migration have the
potential to significantly affect striped bass populations. Dams across rivers can cause
segmentation in waterways and prevent striped bassdooessing historical spawning grounds.
Additionally, coastal dvelopment thaalters orremoves migration corridors can further restrict

the quantity and quality of habitdthe placement of large structures, such as breakwaters, groins,
and jetties, cagause alterations in water flow patterns. For larval striped bass, this can result in
altered migration patterns and force larval fish into areas where they are susceptible to predation.

Potential environmental influences on the striped bass
stock include bothDO and bluegreen algae blooms.
Hurricanes, increases in rainwater runoff, and {gjteen
algae blooms can lead to decreases in DO that can
increase stress on fish and lead to figlls kfish kills can

be reported to the hotline at8D0-858-0368 oronline).

For additionalmformation on bluggreen algae please see:
the DEQ Algal Blooms Page AlbemarlePamlico
National Estuarine Partnershiplue-green Algae Fact
Sheef and theNorth Carolina CHPP

Another area of potential influence on the striped bass
stock is the prevalence of the npaive blue catfish and
flathead catfish Rylodictis olivarig. Both species have
been present in the F@amlico, Neuseand Cape Fear
river basins for decades, and wtillthead catfish are not
currently found in the Albemarle Sound basin, the
population of blue catfish in the Roanoke River and
Albemarle Sound and tributaries has increased dramatically
in recent years (Darsee et al. 2019; NCDMF 2019). Striped bass mad# @psmall fraction of
the overall diet of blue catfish in the James River of Chesapeake Bay (Schmitt et al. 2016), but
norntnative catfishescluding flathead catfish and blue catfish weuggestedo play a large role
in structuing native fish commuities ando delay recovery of anadromous fish populationihe
Cape Fear River (Belkoski et al. 202Rjedation by nomative catfishes could potentially impact
recruitment of striped bass directly or could influence food resources for striped lwagghthr
competition (e.g., Pine et al. 2005heWRC published the 201@atfish Management Plavhich
details goals, strategies, and recommendations for developing and implementing management
strategies for invasive catfish. Additional information about blue catfislorth Carolinacan be
found in the APNERAquatic Nuisance Species Management Plan
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https://survey123.arcgis.com/share/c23ba14c74bb47f3a8aa895f1d976f0d?portalUrl=https://ncdenr.maps.arcgis.com
https://deq.nc.gov/about/divisions/water-resources/water-resources-data/water-sciences-home-page/ecosystems-branch/algal-blooms
https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/FishKill/algae/Bluegreen%20Algae.pdf
https://files.nc.gov/ncdeq/Water%20Quality/Environmental%20Sciences/FishKill/algae/Bluegreen%20Algae.pdf
https://deq.nc.gov/about/divisions/marine-fisheries/habitat-information/coastal-habitat-protection-plan
https://www.ncwildlife.org/Portals/0/Fishing/documents/2019FishingDocuments/NC-Catfish-Management-Plan.pdf
https://files.nc.gov/ncdeq/Public_Affairs/March-2016-Aquatic-Nuisance-Species-Management-Plan---reduced.pdf

Manmade barriers also act as impediments to spawning for striped bass sidoks @arolina

On the Roanoke River spawning migrations have been impeded since the constructidmsbf the
majordam at Roanoke Rapids around 1900 (NMFS and USFWS 2016). In the CSMA, dams on
the TarPamlico, Neuse, and Cape Fear rivers obstruct migration and alféovtheegime. The

Cape Fear River may provide the best opportunity for remediation of migration impediments. The
U.S. Army Corps of Engineers (USACE) owns three locks and dams on the Cape Fear River that
are currently not operational. These locks and daave Iseverely reduced access to historic
spawning areas near thal line. Various unsuccessful forms of passage have been attempted to
restore spawning stocks, but recent alterations to fish passage may allow higher passage efficiency
over the first lockand damFurther details regarding fish passage on the Cape Fear River can be
found in theCape Fear River Sustainable Harvest Issue Papeedix4.

FLOW

Striped bass are broadcast spawnersducingeggs that mustemain in the water column to
develop and hatcfBain and Bain 1982)Appropriateriver flow is critical before and after the
spawning period (Hassler at. 1981)and isone ofthe most important factsinfluencing year

class strengthStriped bass require relatively high streamflow to encourage upstream migration
prior to the peak of spawning, whereas low to moderate flows are necessary for spawrgsg suc
and downstream transport of early life stages. Extremely low flows will result in eggs settling on
the river bottom where they can be covered in sediment an@diieecht 1964) and etended
periods of high water from MaytJune negatively impactproduction by stranding eggs and
larvae in the floodplain where dissolved oxygen is low. Recruitment failures in the ASMA since
2001 are thought to be due to extended spring flooding events

ASMA/RRMA
Streamflow in the lower Roanoke River is regulated diynJH. Kerr Dam, which is operated by
the USACE for flood control, hydropower, and recreational uses. Two additional hydropower
damsowned and operated by Dominion Ener@aston Dam and Roanoke Rapids Dam, are
located downstream of Kerr Dam and furthgyulate streamflow in the Roanoke River. Operation
of Kerr Dam is guided by a Water Control Plan (USACE 2016), which is the result of years of
environmental studies and collaboration with numerous resource agencies and stakeholders.
Gaston and Roanoke Rapidams are operated by Dominion under conditions of a license received
from the Federal Energy Regulatory Commission in 2005 (FERC 2005). Both the USACE Water
Control Pl an and Dominionbs FERC | icense stir
facilitate successful striped bass spawning in the Roanoke River. Staff from the WRC and DMF
as well as other resource agencies including DEQUASdFish and Wildlife ServicelSFW9
advise the USACE and Dominion Energy on a weekly basis during the striped bass spawning
season to inform streamflow decisions within the constraints of the Water Control Plan and FERC
license.

Appropriate flow regimes for successful striped bass reprimuiuici the Roanoke River have been

a concern since Kerr Dam was constructed in 1953. Adequate minimum flows were first addressed
in 1957 when the USACE agreed to-ge2t increase in the guide curve to provide sufficient flows
during the striped bass spawng season. The increased storage and changes to the guide curve
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during the spring spawning season are maintained in the current version of the Water Control Plan.
The USACE along with federal and state resource agencies developed and tested a recommended
flow regime during the striped bass spawning season beginni®g&to identify beneficial flows

for successful reproduction. After testing the flow regime for four years, the USACE implemented
the negotiated flowegime (Table 1), which specifies highflows in April and low to moderate

flows in May and Junen a permanent basis 1995 and they incorporated the same spawning
flow targets in the 2016 revision of their Water Control Phadditionally, Dominion is prohibited

from conducting hydropeakimgperations (large daily variations in streamflow) during the striped
bass spawning in April through June 15. This FERC license requirement dictates that Dominion
consistently adheres to the USACE weekly flow declaration from Kerr Resdpvair.to each
spawning seasolSACE, WRC, and USFWS staff discums overall plan of operation based on
Water Management forecasts of available storage and inflows during the upcoming spawning
seasonand the USACE attempts to meet the weekly target flow regime degeadiwater
availability or the need for flood control.

Table 11. U.S. Army Corps of Engineers guidelines for providing Roanoke River striped bass spawning flows from
John H. Kerr Dam.

Dates Lower Target Median Target Upper Target
Flow (cfs) Flow (cfs) Flow (cfs)

April 1715 6,600 8,500 13,700

April 16130 5,800 7,800 11,000

May 1i 15 4,700 6,500 9,500

May 1631 4,400 5,900 9,500

June 115 4,000 5,300 9,500

The negotiated spawning flow regime strives to maintain Roanoke River flow rates within the
range of 6,0008,000 fé/s, which was identified as optimum levels for striped bass spawning by
Hassler (1981) and Rulifson and Manooch (1990). However, recent analysis indicates that
streamflow conditions within the optimum ranges did not always produsegsyear classes;
rather, the analysis of yealass strength and flows since 1955 showed that poor year classes were
consistentlyproduced when flows were above 20,008sftduring May but did not find a
relationship between targktvel streamflow anduccessful recruitmenNCDMF 2021). Flood

control is the primary objective of John H. Kerr DAdS@ACE2016), and the reservoir is designed

to temporarily store flood waters until they can be released later at the maximum ratke possib
without causing sigficant damaging flows downstream. When heavy rainfall causes high inflows
into the reservoir, thelSACE enters into flood control operations and flows will typically exceed

the negotiated flow regime. The Water Control Plan allows for flood releases3a0@0 f#/s

when lake levels are between 300 and 320 ft (NGVD29), but flows are generally based on weekly
average inflows into the reservoir. At higher lake elevations, flood releases can exceed 35,000 ft
to prevent damage to the dam itself, butatedflows from Kerr Dan have never exceeded 35,000
ft3/s. Between 2016 and 2020, monthly reservoir inflows during the spawning timeframe were
above average and some months recorded some of the highest inflows on record (Figure 13). These
hightinflow yearscaused the need for high streamflow and flood control operations during the
striped bass spawning season (Tony YoW&®ACE, personal communication), which has, in turn,
resulted in reduced recruitment for the Albemd&tanoke striped bass stock.
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Figure 13. Monthly inflow data for John H. Kerr Reservoir on the Roanoke River during Felbdusry of 2016
2020. Data were provided by USACE staff. Numbers of the columns provide the rank for 92 years of data.
A rank of 1 is driest and rank of 92viettest.

CSMA
The rivers in the CSMA are less regulated than the Roanoke River, and specific, optimal flow
requirements are unknowhhe TarPamlico River is impounded by Rocky Mount Mills Damm(
124) and Tar River Reservoir Dam (rdB80). Rocky Mount Mils Dam is a small, historic
hydropower facility that is not currently regulated by FERC, and Tar River Reservoir is a drinking
water reservoir. Both dams are fofiriver operations, andeither has evugh storage capacity to
provide beneficial spawning fies for striped bass. Rocky Mount Mills Dam is an impediment to
anadromous fish migrations, but it is unlikely that striped bass would benefit from passage beyond
the dam as the typical spawning habitat is downstream. However, regulated flows, such as
hydrgpeaking, could reduce striped bass spawning success. Because the mill dam lacks FERC
oversite, continued communication between resource agencies and the dam operators is critical to
maintain striped bass spawning habitat on the uppeP@arlico River. TheNeuse River has
benefitted from several dam removals over the last few decades, including Quaker Neck Dam (rm
140) in 1998 and Milburnie Dam (r@18) in 2017. Falls of the Neuse Dam at 286is now the
first impediment to striped bass migration. FallsyDa operated by theSACEfor flood control
and drinking water supply. There are no formal spawning flow agreements for Falls Dam, but the
USACE consults with resource agency staff weekly regarding water releases on the Neuse River
and tries to provide oreased streamflow when water is available. The Cape Fear River is heavily
impacted by threlSACElocks and dams at rB0, 93, and 1.6. Additionally, Buckhorn Dam is
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a runof-river low-head dam at rni96 and B. Everett Jordan Dam, operatedUACE, is

operated for flood control and a drinking water reservoir located on the Haw River upstream of
the beginning of the Cape Fear River. There are no formal striped bass spawning streamflow
agreements for B. Everett Jordan Dam; howebeginning in 2020, th&JSACE modified

reservoir release patterns into the Cape Fear River during the peak migratory season in an attempt
to submerge all three locks and dams and enhance upstream passage of striped bass and other
anadromous fishes to historic spawning grounds.

Egg densities and buoyancy in differen*
systems have been shown to be suited f
the predominant flow rate of that river
(Bergey et al. 2003). Chesapeake Ba
striped bass eggs are lighter and mainta ..
their position in the water column of calm §
waters, wheras Roanoke River striped
bass eggs are heavier and maintain the =
water column position in a high energy =
system (Bergey et al. 2003). A recen =
study indicated that, egg size anc
buoyancy from the TaPamlico and
Neuse rivers appear to be adapted to the
gpecific river systems based on salinity
alone (Kowalchyk 2020; Reading et al.
2020) Striped bass from the T&amlico |
and Neuse rivers have smaller ant
heavier eggs compared to other rivers i
North Carolinaand may require higher
flow rates to remain suspended in the water column (Kowalchyk 2020, Reading et al. 2020).
Because low streamflow and shallow water may lead to eggs contacting the bottom (Bain and Bain
1982), striped bass spawning success in CSMArsi may be limited to years when rainfall
produces enough streamflow to keep eggs suspended, provided spawning stock biomass is
adequate.

RESEARCH NEEDS

The research recommendations listed below are offered by the division to improve future
management sitegies of the estuarine striped bass fishery. They are considered high priority as
they will help to better understand the stiped bass fishery and meet the goal and objectives of the
FMP. A comprehensive list of research recommendations is provided annib@lFMP Review

and Research Priorities documentaitable onthe Fishery Managemeritlans website

1 Identify environmental factors (e.g., flow, salinity, predation, dissolved oxygen, algal
blooms) affecting survival of striped bass eggs, larvae, and juveniles and investigate
methods for incorporating environmental variables into stock assessment models.
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https://deq.nc.gov/about/divisions/marine-fisheries/public-information-and-education/managing-fisheries/fmp#estuarine-striped-bass---under-review

Refine discard mortality estimates for recreational and commercial fisheries by conducting
delayed mortality studies to estimate discard losses for recreational and commercial gear
during all seasons factoring in relationships between salinity, dissokyggn, and water
temperature.

Determine mixing rates betweenRAand CSMA striped bass stocks to better inform stock
assessments and management.

Expand, modify, or develop fishery independent sampling programs to fully encompass all
striped bass life ages (egg, larval, juvenile, and adult).

Enhance recreational and commercial data collection to better characterize the magnitude
and demographics (e.g., length, weight, age) of discards

STRIPED BASSAMENDMENT 2 MANAGEMENT STRATEGY

The NCMFC selectedmanagementmeasures

APPENDIX 2 ACHIEVING SUSTAINABLE HARVEST FOR THE ALBEMARLE SOUND
ROANOKE RIVER STRIPED BASS STOCK

1.

Manage forsustainablénarvest through harvest restrictions

A. Continue to use stock assessments and stock assessment prajectetesmine the
TAL that achieves a sustainable harvest for tHe stock

Management of striped bass harvest in the commercial fishery as a bycatch fishery

A. Status quo: continue managing the ASMA striped bass fishery as a bycatch fishery

Accourtability measures taddressTAL overages

D. If the landings in anyone o f the management areaso tt
recreational, ASMA recreational, and ASMA commercial) exceeds their allocated
TAL in a calendar year, any landings in excesghafir albcatedTAL will be
deducted from that fisheriesd allocated

If paybackgso a fisheryexceed the next yearsllocatedTAL for that fishery paybacks
will be required in subsequent years to meet the full reduction amougitugions

where a fisheries allocated TAL has been
the reduced TAL is exceeded, any required paybacks the subsequent year are reduced
from the fisheriesd original allocated T

Size limits to expand the age structure of the stock

C. Inthe ASMA, implement a harvest slot of a minimum size ofnt®es TL to not
greater thar25-inches TL in the commercial and recreational sectors

E. Inthe RRMA, maintain current harvest slot limit aintnimum size of 18nches TL
to not greater tha22-inches TLwith no harvest allowed on fish greater than 22
inches.

Gear modifications and area closures to redtigged bassliscard mortality

A. Status quecontinue to allow commercial harvest ofiséd bass with gill nets in joint
and coastal waters of the ASMA and continue recreational harvest aneanédtch
release fishing in the ASMA and RRMA, including striped bass spawning grounds
in the Roanoke River. The requirement that from April 1 througte B0, only a

29




single barbless hook or lure with single barbless hook (or hook with barb bent down)
may be used in the inland waters of the Roanoke River upstream of U.S. Highway
258 Bridge will remain in effect.

E. Implement a requirement to use roifiset barbless circle hooks when fishing with
live or natural bait in the inland waters of the Roanoke River (upstream of Hwy 258
bridge) from May 1 through June .30

6. Adaptivemanagement

1  Usepeer reviewed stock assessments and updates to recalculate thenBRPSs
TAL. Stock assessments will be updated at least once between benchmarks.
Increases or decreasaghe TAL will be implementethrough Adaptive
ManagementA harvest moratorium could be necessary if stock assessment results
calculate a TAL that itoo low to effectively manage, and/or the stock continues to
experience spawning failures.

1  Useestimates oF from stock assessments to compare td=B&P and ifF
exceeds th&ragetreduce the TAL t@chievethe Frargetin one yeathrough
Adaptive Management

1  Ability to change daily possession limits in the commercial and recreational
fisheries to keep landings below the TAL.

1  Ability to open and close recreational harvest seasons and commercial harvest
seasonand areao keep landings belv the TALand reduce interactions with
endangered species

1  Ability to require commercial and recreational gear modifications including, but not
limited to, the use of barbless or circle hooks, area closures, yardage limits, gill net
mesh size restrictianand setting requirements to reduce striped bass discards

APPENDIX 3 ACHIEVING SUSTAINABLE HARVEST FOR THETAR-PAMLICO AND
NEUSE RIVERSSTRIPED BASS STOCR
1. Striped Bass Harves
A. Continue the ngpossession measure in Supplement A to Amendment 1
2. Gear Restrictions/Limits
A. Maintain gill net closure above the ferry lines and maintain th@o8tie-downs
below the ferry lines
3. Adaptive Managment
1 In 2025, review data through 2024 to determine if populations areustHining
and if sustainable harvest cha determined
In addition, the approved motion included languagéitma i nt ai n t he goughl net
2024 to allow for assessmerito i t s per f or manceo.

APPENDIX 4 ACHIEVING SUSTAINABLE HARVEST FOR THECAPE FEAR RIVER
STRIPED BASS STOCK
1. Striped Bass Harvest
A. Status Quo: maintain Cape Fear River harvesatoaum
2. Adaptive Management
1  Continue YOY surveys and PBT analysis after the adoption of the FMP
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1 If YOY surveys and/or PBT analysis
suggest levels of natural reproduction
have increased or decreased compared
to what was observed up to the time of
FMP adoption, then management
measures may be-syaluated using
this new information and adjusted by
prodamation using the authority
granted to DMF and WRC directors.
Rule changes or suspensiansuld
berequired to allow harvest
1 Management measures which
may be adjusted include means and
methods, harvest area, as well as
. season, size and creel limit (as
... allowed for in rule)
————————— f Use of the DMF direct
proclamation authority for adaptive management is contingent on evaluation of
adaptive management measures by the Striped Bass Plan Development Team and
consultation with the Finfish Advisory Committee

APPENDIX 5 THE USE OF HOOK AND LINE AS A COMMERCIAL GEAR IN THE
ESTUARINE STRIPED BASS FISHERY

1. Hook and Line as a Commercial Gear
A. Do not allow hook and line as a commercial gedh@estuarine striped bass fishery
at this time
2. AdaptiveManagement

1 If hook and line is allowed for the commercial harvest of striped bass and NC TTP
and Quota Monitoring data indicate the TAL vélther be quickly exceeded or
unable to be met during the potential striped bass season, then management
measures may be-svaluated and adjusted by the proclamation authority granted to
the Fisheries Director (as is currently occurring under the egistemagement
strategy).

1 If hook and line is allowed for the commercial harvest of striped bass and Marine
Patrol enforcement activity or License and Statistics data suggest significant
amounts of unreported commercial striped bass catch is occurringdtigional
tagging or reporting requirements may be developed and implemented.

1  Management measures that may be adjusted include means and methods, harvest
area, as well as season, size and limit.

1 Implementation of adaptive management measures to enaibraldncreased
tagging or reporting requirements is contingent on evaluation of these measures by
the Striped Bass Plan Development Team and consultation with the Marine
Fisheries Commission.
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APPENDICES

APPENDIX 1: STRIPED BASS STOCKING IN COASTAL NORTH CAROLINA
STOCKING HISTORY

Striped Bass culture originated in North Carolina in the late 19th century widsthiglishment

of the Weldon Hatchery adjacent to the spawning grounds of the Roanoke River (Baird 1880;
Worth 1884). The WeldoHatchery was operated from 18&41991 by federal and state fisheries
agencies, including the North Carolina Wildlife Resources Commis$RC Harrell et al.
1990). The Edenton National Fish Hatchery (ENFH), operated by the USFWS, was also heavily
involved in striped bass production, and operated the Weldon Hatchery astatsub before it

was transferred té/RC. Striped Bass eggs and fry (larvae) produced at the Weldon Hatchery from
Roanoke River broodfish were widely distributed throughout the AltBough annual egg and

fry production totals from the early years of the Weldon Hatchery are available for most years
(1906 1947; Woodroffe 2011), little is known about fry stocking numbers and locations until
WRC records began in 1943. Since that tirmeer 96 million fry have been released in North
Carolina coastal systems (Talld). A detailed overview of historical striped bass stocking in
North Carolina and the southeastern U.S. can be found in Woodroffe (2011).

By the 1970s collapse of the Atlanstriped bass stock, hatchery techniques had been refined to
achieve growout to phasé (25/50 mm; 12 in) and phas# (125200 mm; %8 in) sizes,
providing additional opportunities for stocking. The North Carolina Division of Marine Fisheries
(NCDMF) and the USFWS began a pilot project in 1979 to evaluate the restoration potential of
stocking phasd fish. In 1986, the two agencies, along with IMRC, developed a cooperative
program to restore setfustaining stocks of anadromous fishes in coastehNoarolina waters
through a combination of fishery management techniques including stocking, regulations, and
assessmenfppendix 1.A. The cooperative agreement includechpléor USFWSroduction of

Phasd and Phasél fish. All sizes of striped bass (fry; phakephasell; sub-adults; adult
broodfish) have been stocked into North Carolina coastal river systems since the agreement. The
three agencies produce an annual \ptak that details stocking strategies of multiple species
including striped bass.

Albemarle Sound
The earliest record of stocking phdsdish in the Albemarle Sound area occurred in 1978;
however, th&MF tagging program and cooperative stockings begdamnuary 1981 (Table2).
From 19811996, over 700,000 phaskefish were stocked in the Albemarle Sound systeitin
nearly 54,000 fish tagged. All phaHefish stocked in Albemarle Sound from 199D96 were
tagged to avoid natural stock confusion. didition, over 800,000 phaddish were stocked in the
Albemarle Sound system from 1972981 and 1985. An additional 160,410 pha$ish were
stocked in the Roanoke River from 1971879, and 106,392 phasé&ésh were stocked in 1992.
Stocking in the Alberarle Sound system was discontinued in 1996 due to recovery of the stock.
Poor recruitment and the overfished status of the AlberRaémoke stock, however, led the
WRC and DMF to develop a stocking contingency plan for the Albemarle Sound in 2021. The
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cortingency plan outlines the decisitomaking process for stocking surplus phagiesh from
Roanoke River broodstock if high flow conditions are expected to limit natural recruitment. The
AlbemarleRoanoke striped bass contingency plan will be part of thearooperative workplan
agreement, and its use will be determined each year by agreement of the agencies.

Tar-Pamlico River
Phasell stocking began in the Td&amlico River in 1977 when 4,380 fish were stocked. RHase
fish were periodically stocked from 1982005, and annual stockings of phdisésh occurred
from 20072020 (Table1.2). The change to annual stocking of phHsdish was a
recommendation in the NC Estuarine Striped Bass FMP (NCDMF 2004). Nearly 2.4 million
phasell fish have been stocked in the TRRamlico River basin since 1977, and more than 2.8
million phasel fish since 1979. Phaddish stocked in 1979ral 1983 were likely surplus, but in
1994 theWRC and ENFH began stocking phasgsh in the TarPamlico River basin with an
annual stocking goal of 100,000 phadesh. Annual stocking of phaddish was discontinued in
2009 by recommendation in Amendmié. of the NC Estuarine Striped Bass FMP (NCDMF and
NCWRC 2013). Surplus phas$dish, however, were stocked in 2013, 2014, and 2016. A portion
of all phasdl fish were tagged yearly to determine migration and contribution of stocked fish to
recreationaland commercial fisheries. From 192811, all stocked fish were marked with
oxytetracycline (OTG)which leaves a chemicalark on fishotoliths (ear bone) that can be seen
under fluorescent lightarentagebased tagging (PBT) analysis using microsaéelharkers was
used for genetically identifying fish stocked from 202020.

Neuse River
Recent stocking history of striped bass in the Neuse River basin is similar to-fPariliéco River
basin. A small number of pha#idish were stocked in the NeuB&ver in 1975. Phask fish were
periodically stocked from 1982007, and annual stockings occurred from 2Q020 (Tablel.2).
More than 2.1 million phask fish have been stocked in the Neuse River basin. Additionally,
more than 2.4 million phaddish have been stocked in the Neuse River basin, with an annual goal
of 100,000 fish from 1992009. Stocking requests for phddesh ended with Amendment 1, but
surplus fish were stocked in the Neuse River in several years following 2009. A portion of all
phasell fish were tagged each year to determine migration patterns and contribution of stocked
fish to recreational and commercial fisheries. All stocked fish were marked with OTC froiin 1998
2011, and all striped bass stocked since 2010 are genetiaatyalile with PBT analysis.

Cape Fear River
The Cape Fear River was first stocked with 4,000 phdssh in 1968, and periodic stockings of
phasel and phas4l fish occurred from 1972000 (Tablel.2). Infrequent stockings in the Cape
Fear River were due to low numbers of tag returns and cortiptisgposed by the presence of
hybrid striped bass from Jordan Reservoir. Hybrid striped bass stocking was discontinued in
Jordan Reservoir in 2002 in favor of striped bass (ThB)e Phasdl fish stocking was reinitiated
in the Cape Fear River, withogkking in 2004, 2006, and annually since 2008. Rhéisé were
stocked annually from 2002009, and surplus phaséish were also stocked in 2012 and 2014.
A portion of the phasé fish were tagged. All stocked fish were marked with OTC betweeni1998
2011, and all striped bass stocked since 2010 are genetically traceable with PBT analysis.
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Northeast Cape Fear River
The WRC stocked approximately 26,000 phdsésh in the Northeast Cape Fear River in 1999
and 2000 (Tabld..2). TheWRC also stocked phadefish annually during 20022009. A final
stocking of phas# fish in the Northeast Cape Fear River occurred in 2012. Approximately
818,000 phaseéfish were stocked in the Northeast Cape Fear River (TlaB)eAll stocked fish,
except for those stocked P012, were marked with OTC, and the 2012 ybass is genetically
traceable with PBT analysis.

Broodstock source
Striped bass originating from the Roanoke River have provided most fish used for stocking in
North Carolina waters, buhanybroodstock sowes have been used throughout $tate Early
fry stockings from the Weldon Hatchery were entirely from Roanoke River broodfish.-Phase
fish stocked in the Albemarle Sound region were supplied by the ENFH and the USFWS
McKinney Lake National Fish Hatchein North Caroling with supplemental fish produced in
South Carolina, Georgia, Alabama, and Texabk of which used various broodstock sources
During most yearsphasel fish stocked byWRC originated from Roanoke River broodstock.
Broodstock from Raaoke River; Monks Corner, SC; and Weldon/Monks Corner crosses were
artificially spawned at the hatcheries to provide fish for gomvto phasél. When WSFH began
striped bass production in 1994, nearly all striped bass broodstock used for all coastal riv
stockings were collected from the Roanoke River and Dan River (Roanoke River basin) each year
(Jeff Evans, WRC hatchery manager, personal communication). In 2010, howmadr,
broodstock were used for producipfasell fish for stocking in the Capedar River, and local
broodstockhave beemised for stocking the Tdtamlico and Neuse rivers since 2012.

Broodstock collection
Striped bass broodstock are collected during annual electrofishing surveys condiwiea by
the spawning grounds of the RoarpKkarPamlico, Neuse, and Cape Fear rive¥®C biologists
coordinate broodstock collections witlatcheriesstaff. Gravid(egg ladenfemales and three to
four males per female are collected and transported to hatcheries. The number of females collected
annually varies based on stocking goals and hatchery needs. Broodstdek-Ramlico and
Neuse riverphasell productionaretypically delivered to ENFH, whereas broodstockgbase
| production for theCape Fealandthe Roanokeivers and inland reservoirare delivered to
WSFH.Prior to 2014, WSFH transferred fry to ENFH for growt to phasel.
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Tablel.1. Striped bass fry atked into coastal systems of North Carolina, 12439. Data are frotWRC hatchery cards (1943971), ENFH records (1982990), and th&/RC
warmwater stocking database, which includes ENFH records{2029).

. . Tar-Pamlico . . . Northeast .
Roanoke River Chowan River Albemarle Sound River Neuse River White Oak River CaF[a)_e Fear Cape Fear River
iver
Fr Fr Fr F Fr Fr Fr Fr
Year Stoc)((ed Year Stoc>ll<ed Year Stoc)lied Year Stog(ed Year Stoc>ll<ed Year Stoc)lied Year Stoc)ll<ed Year Stoc)((ed
1944 3,938,000 1949 171,500 1951 474,200 1943 493,000 1949 100,000 1955 330,000 1965 150,000 1968 1,830,000
1949 1,000,000 1951 359,500 1952 1,025,000 1947 250,000 1951 139,000 1957 270,000 1966 200,000 1982 399,928
1950 1,500,000 1952 750,000 1953 800,000 1948 266,000 1952 175,000 1960 33,000 1967 300,000 2002 900,000
1958 400,000 1953 400,000 1954 1,000,000 1949 475,000 1953 397,000 1964 80,000 1968 425,000 2004 900,000
1959 862,000 1954 2,030,000 1955 820,000 1950 160,000 1954 1,045,000 1983 61,772 1969 320,000
1960 4,964,000 1955 860,000 1956 150,000 1954 690,000 1955 330,000 1984 45,000 1970 187,000
1962 1,335,000 1956 300,000 1957 820,000 1955 1,126,000 1956 305,000 1971 100,000
1963 3,811,000 1959 105,000 1959 200,000 1956 200,000 1957 550,000 2000 999,999
1964 1,536,000 1961 175,000 1961 525,000 1957 420,000 1959 185,000 2002 500,000
1965 1,052,000 1962 225,000 1962 677,000 1959 260,000 1960 25,000 2003 115,000
1966 1,005,000 1964 69,000 1964 274,000 1961 460,000 1961 260,000
1967 1,567,500 1965 219,000 1965 375,000 1962 3,250,000 1962 360,000
1968 6,334,000 1966 350,000 1966 925,000 1964 393,000 1964 90,000
1969* 2,718,000 1967 297,000 1967 592,000 1965 150,000 1965 150,000
1970 1,375,000 1968 985,100 1968 2,063,250 1966 200,000 1966 200,000
1971 175,000 1969 309,800 1969 619,650 1967 510,000 1967 400,000
1990 240,000 1970 63,000 1970 156,000 1968 975,000 1968 766,000
1971 250,000 1971 150,000 1969 1,943,000 1969 2,049,200
1970 6,528,000 1970 66,600
1971 1,164,000 1971 66,666
1994 1,500,000 1983 176,547
2018 608,384 1984 182,000
2019 813,000 2015 799,700
2016 1,173,000
2018 670,464
2019 1,755,000
Totals 33,812,500 7,918,900 11,646,100 22,834,384 12,416,177 819,772 3,296,999 4,029,928

*55 million eggs were also releasédcludes records with unknown size and dafteclease that are assumed to be fry based on year of release and data source.
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Tablel.2. Stocking records of phas@nd phasél fish released in coastal systems of North Carolina, 1262Z0. Note, some phaslefish were stocked in January of the cadar
year following the production yeatass causing some discrepancies with tables in previous fishery management plans.

Northeast Cape

Albemarle Sound Roanoke River Tar-Pamlico River Neuse River Cape Fear River

Fear River
g(la;sz Phasel Phasell Phasel Phasell Phasel Phasell Phasel Phasell Phasel Phasell Phasel Phasell
1967 4,000
1974 *Unknown
1975 2,124
1976 18,074
1977 25,000 4,380
1978 2,358 30,336
1979 100,013 - 87,000 104,000 93,480 3,000 14,874
1980 441,689 87,181 12,410
1981 215,706 - 47,648
1982 106,675 76,674
1983 67,433 28,000 - 13,401
1984 236,242 26,000 56,437
1985 45,011 45,200 39,769
1986 118,345
1987 15,435 17,993
1988 5,000
1989 3,289 77,242
1990 9,466 1,195 61,877 169,792
1991 2,994 30,801
1992 2,465 106,392 -
1993 2,180 118,600 48,000
1994 2,481 127,635 183,254 103,057 79,933 100,733
1995 2,498 100,000 140,972 99,176 100,000
1996 2,490 39,450 100,000 100,760
1997 28,022 24,031
1998 230,786 107,730 83,195 30,479
1999 100,000 17,954 100,000 10,327
2000 188,839 121,993 108,000 15,635 8,915

Tablel.2 (continued).
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Northeast Cape

Albemarle Sound Roanoke River Tar-Pamlico River Neuse River Fear River Cape Fear River
éleafé Phasel Phasell Phasel Phasell Phasel Phasell Phasel Phasell Phasel Phl?se Phasel Phasell
2001 171,000 37,000 103,000 94,083 90,149
2002 39,110 147,654 50,000 50,000
2003 100,000 159,996 100,000 151,873 104,775
2004 100,000 100,000 168,011 50,000 50,000 172,055
2005 114,000 267,376 114,000 54,500 54,500
2006 134,100 146,340 99,595 84,125 80,450 102,283
2007 160,995 69,871 172,882 69,953 79,690 80,376
2008 331,202 91,962 314,298 190,460 395,226 92,580
2009 99,730 61,054 100,228 104,061 51,750 166,812 112,674
2010 114,012 107,142 210,105
2011 107,767 102,089 130,665
2012 45,667 50,180 91,985 12,384 45,000 127,070
2013 257,404 123,416 181,327 113,784 195,882
2014 138,889 92,727 79,864 78,866 211,726 141,752
2015 52,922 109,107 116,011
2016 234,718 121,190 80,910 134,559 70,734
2017 101,987 14,203 154,024
2018 120,668 96,900 86,556 101,254
2019 97,920 85,694 105,405
2020 90,614 96,933 73,038
Totals 802,419 711,732 266,802 0 2,827,880 2,398,003 2,413,365 2,133,498 818,865 25,962 1,714,949 2,110,880

*DMF report indicates Phasdish were stocked in the Tdtamlico in 1974, but records have been located.
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Tablel.3. Striped bass and hybrid striped bass stocked by the NC Wildlife Resources Commission in B. Everett Jordan
Reservoir located in the Cape Fear River basin, 112&30.

Striped

bass Hybrid striped bass
Year-
Class Phasel Fry Phasel Phasell Total
1988 42,517 42,517
1989 30,000 96 30,096
1990 12,114 12,114
1991 96,887 96,887
1993 214,710 21,447 236,157
1994 600,000 600,000
1995 21,780 50,600 50,600
1996 15,867 29,000 29,000
1997 35,000 35,000 35,000
1998 37,766 13,692 13,692
1999 51,567 37,330 37,330
2000 42,150 42,118 42,118
2001 35,000 35,000 35,000
2002 70,000
2003 70,000
2004 70,000
2005 70,000
2006 70,000
2007 70,000
2008 70,000
2009 70,000
2010 70,000
2011 70,000
2012 100,000
2013 100,000
2014 100,000
2015 78,000
2016 78,000
2017 100,000
2018 128,164
2019 120,000
2020 120,000

Totals 1,863,294 600,000 638,968 21,543 1,260,511

Fry production
North Carolina hatcheries use established striped bass culture techniques adapted from Harrell et
al. (1990).At the hatchery, male and female striped bass are injected with human chorionic
gonadotropin (hCG) hormone to induce spawnge female to threer four males are placed in
a circular spawning tank and allowed to spalggs are collected by gravity and flow in a
secondary circular tank equipped with an extra fine mesh egg retention screen equipped with a
bubble curtain to prevent eggs from cotitag the screen. Watdrardened eggs are transferred to
McDonald style hatching jars at a density of 75,000 to 125,000 eggs per jar and supplied with
flow-through well water to keep eggs in suspension. Incubation typically takes 48 hours, and as
eggs hatchfry are collected in aquaria. At 2 days pbatch, fry are transferred to circular tanks
and inventoried. During the period afAdays poshatch, fry are fed brine shrimp Artemia nauplii
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through an automated feeding system for first feeding. Fry lee transferred to earthen
production ponds for phaddingerling production.

Fingerling production
Fry are stocked into fertilized production ponddere they feed on naturally produced
zooplankton. 8pplemental feeding begins 15 days after stockingveést of phasé fingerling
ponds is scheduled after ai35-day pond culture period. Phakéngerlings are then cultured
inside in raceways for 3@5 days They are thegraded to similar sizeandadvanced fingerlings
arepondstocked at a rate of 180 20,000 fingerlings/acre for a final pond gr@wt period.
Advanced fingerlings are fed sinking pelfebd, and phasdl production ponds are typically
treated to control algae and aquatic vegetation and to offer protection from birds. Haphesieof
Il fingerling ponds is scheduled after a 1280-day pond culture period. Harvested fingerlings
range from 58 fingerlings/Ib. Stocking of phadefingerlings typically occurs from Octobier
December yedy.

EARLY STOCKING EVALUATIONS

The DMF stripedbass tagging program provided an opportunity to evaluate the contribution of
stocked fish to commercial and recreational fisheries. Prior to 1980, however, striped bass
stockings in coastal North Carolina systems were not formally evaluated. Wi204Q
analyzed tageturn data fophasell fish stocked from 19812008 and found stockqihasell fish
contributel to the commercial and recreational fisheries as well as the spawning stock in-the Tar
Pamlicoand Neuseivers.

Studies evaluating OTC marks weronducted bWRC to estimate the contribution of stocked
phasel andphasell fish to the spawning stocks in the Taamlico and Neuse rivers in the early
2000s. Otoliths from adult striped bass from 204 in the Neuse River and from 202204

in the Tar-Pamlico River were analyzed for the presence of an OTC mark (Barwick et al. 2008).
Results suggested striped bass stocked in th@diaticoand Neuseivers contributed little to the
spawning stocks in these systems. In theFamlico River in 2004ndNeuse River from 20G0

2002, no stocked juveniles were recaptured as spawning adults. Fewtbrelkatocked fish were
recaptured as adults in other yedtewever, results from this study may have been impacted by
low mark retention.

With low abundane of stocked striped bass documented on the spawning griviR@s,esearch

efforts shifted to evaluating the contribution of stocked pthdish to seine and electrofishing
samples conducted in the Neuse River. During the summers of 2006 and 200elb@aghand
electrofishing was conducted at estuarine and inland sampling locations (Barwick and Homan
2008). No juvenile striped bass wedlected in 200@&nd only five were collected in 200hree

were collected closw the stocking location near NeBern, N.C. and twavithout OTC marks

were collected upstrearall were hatchery fistResults from this project suggested limibeshefit

of phasel stockingas a management option to supplement striped bass populations in the Neuse
River. In addition, te overall low number of juveniles indicated poor reproductive success, poor
survival, or a combination of these two factors (Barwick and Homan 2008).
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In response to aesearch need identified in Amendment 1 to determine factors impacting
survivability of stocked fish in each systeMGDMF and NCWRC 2013Bradley et al. (2018)
acousticallytagged 100 hatchemgared phasé# juveniles stocked in the Neuse River to estie

mortality and monitor movement and seasonal distribution. Annual discrete total mortality of
phasell stocked striped bass juveniles was 66.3% and wasetated toseasonal variation in
dissolved oxygen, temperature, or salinity. High observed htpitauld be related to inadequate
feeding or lack of predator avoidance. Future research should address whether changes in hatchery
protocols could improve survival of stocked fish.

PARENTAGEBASED TAGGING STOCKING EVALUATION

In 2010,WRCbegarusingPBT to evaluate contributions of stocked striped bass to the populations

in the TarPamlico, Neuse, and Cape Fear rivers. PBT method uses genetic microsatellite markers
to match stocked fish with broodfish used in hatchery produ@@ienson et al. 2012 valuating
stocking with PBT is notethalas itrequires a small fin clip. Fish are permanently mankétd

PBT without the ssues of poor mark retention seen with OTC and without having to physically
tag every fish with external tagslowever,PBT cannotdistinguish the origin of nohatchery

striped bass. Fish determinedniat be of hatchery origin could be the result of wild reproduction

in any systemAdditionally, striped bass stocked pritm 2010are not identifiable using this
technique.

The WRC andDMF began collecting striped bass fin clip samples for PBT analysis in 2011. Fin
clips are processed and analyzed by the South Carolina Department of Natural Resources Hollings
Marine LaboratorySamples in thearlyyears focused on small fish, bstrmore PBT yeaclasses
became available, fin clip samples were analyzed from allctd®ses of striped bass. PBT
analysis of samples collected on the spawning grounds and internal coastal fishing waters of the
Tar-Pamlico, Neuse, and Cape Fear rivex®aded stocked striped bass caake upgreater than

90% of the fish sampled some yer© 6 Donnel | a nhdweVer nesultss #Fom2017 7 ) ;
and 2018 indicated a noticeable decrease in contribution of hatstoeked fish in the Tar
Pamlico and Neusevers (Farrae and Darden 2018).

Tar-Pamlico River
In 2012,WRC began collecting fin clips in the T&amlico River during annual spawning area
surveys for PBT evaluatio®MF began collecting additional samples from adult striped bass in
lower portions othe TarPamlico River in 2016. Annual hatchery contribution from 2@0A9
ranged between 38%4% (Table1.4) and weresimilar betweenWRC andDMF samplegTable
1.5). NonPBT fish overlapped with sizelasses of 2010 and 2011 stocked cohorts (Fitytrand
1.2). These results indicate stocked fish heavily contribute to thd’dmtico striped bass
population, but there is some evidence of natural recruitment, particularly in 2014 and 2015
(Figurel.2).1t is possible these recruits were migrants fromAlbemarleRoanoke stock or some
other sourceasa DMF telemetry study indicated ndgPBT fish tagged in the TaPamlico River
migrated to the Albemarle Sound, suggestinging in the system@NCDMF unpublished data).
Continued sampling to document youofgthe-year production will be required to verify natural
recruitment in the TaPamlico River.
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Table1.4. Parentagdased tagging results for FRamlico, Neuse, and Cape Fear Rivelagge striped bass samples collectedMiRC andDMF, 2011 2019
Data presented here do not include results for hybrids, broodfish, duplicates, and errors.

Hatchery Cohort

River Sample Hatchery

Basin Year 2010 2011 2012 2013 2014 2015 2016 2017 2018 Unknown Total Percentage

Tar

Pamlico 2012 19 12 14 45 69%
2013 99 41 23 163 86%
2014 55 112 5 29 201 86%
2015 22 79 56 34 12 203 94%
2016 28 102 101 98 6 51 386 87%
2017 7 35 17 86 24 1 1 78 249 69%
2018 4 11 6 38 43 3 21 9 225 360 38%
2019 7 1 7 9 4 57 11 4 85 185 54%

Neuse 2011 36 0 36 100%
2012 24 8 1 33 97%
2013 123 5 2 1 69 200 66%
2014 96 77 20 99 55 347 84%
2015 31 53 34 11 55 184 70%
2016 20 25 42 83 22 1 42 235 82%
2017 16 30 35 70 65 5 1 78 300 74%
2018 14 19 26 35 67 76 39 117 393 70%
2019 3 10 5 19 21 42 158 6 9 57 330 83%

Cape Fear 2011 55 0 55 100%
2012 72 35 3 110 97%
2013 109 27 14 92 242 62%
2014 39 42 75 67 65 288 7%
2015 45 31 32 41 10 66 225 71%
2016 18 24 59 84 25 28 238 88%
2017 17 9 37 46 51 18 1 17 196 91%
2018 12 8 26 50 38 34 13 10 24 215 89%
2019 6 2 10 10 7 7 25 85 115 31 298 90%
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Tar-Pamlico River Striped Bass Length Frequency
(ages assigned with PBT analysis)

2012 2013
60 1
40 1
201
0__'_'_%[]]]] e ey e —— | e e |
(=il e = = = = = = e e B e R e B e R e B e B e B e B e B = I =2 = [ R
S O O o O o oo oo S O O O OO o oo (=R R
— NN T VO >~ 0 QN O — NN T VO >~ 0 QN O ~ o0 &N O©
— — —
2015 2016 2017
< 60
2]
o -
=
G
S 40
S
]
E
:520"
0 f LN —
S O O O OO OO OO OO OO o OO oo O OO OO OC o oo oo oo oo
S O O O O O o o o O S O O O O O o o o O S O O O O o oo oo
— NN T B o>~ o N O — AN N T B O~ 0N O — NN T n o>~ 00 QNCO
— — —
2018 2019
60 1
40 1
201 ‘H
0- +
C O OO O OO OO oo e ©
S O O O O o oo o O S O O O O O O O o QO
— NN T N O >0 N O — NN T N O 00 QN O
— —

Total Length (mm)

D 2010 . 2012 I:l 2014 I:l 2016 D 2018
SRy Caia . 2011 D 2013 . 2015 D 2017 . NON-PBT

Figure1.1. Lengthfrequency histograms for-¢drge striped bass collected in the “Ramlico River byWRC and
DMF, 2012 2019. Hatchery cohorts identified by parentbgsed tagging analysis (PBT) are plotted within
each 25mm length group. Fish identified as RBBT were not assigned to a hatchery cohort because they
did not match to a broodstock pair.
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Tar-Pamlico River Striped Bass Length at Age
(ages assigned with PBT analysis)
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Figurel.2. Length at age for darge TarPamlico River striped bass collectedWRC andDMF, 2012 2019. Ages
were identified usingarentagéased tagging (PBT) analysis. Those fish with an unknown age (Unk) each
year were not identified as hatchery cohorts by PBT analysis and could not be assigned an age. Points are
jittered about each age column to clarify overlapping data pointtie@ were removed before plotting.
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Table 15. Parentagbased tagging hatchery contribution forlarge samples (excluding hybrids, broodfish,
duplicates, and errors) collected WIRC during the TaiPamlico River spawning area survey andWF
in dowrstream portions of the Td&tamlico River basin.

WRC Samples DMF Samples
Non- Hatchery Hatchery
Year PBT Total Percentage Non-PBT Total Percentage
2016 25 196 87% 26 190 86%
2017 31 100 69% 47 149 68%
2018 93 154 40% 132 206 36%
2019 26 78 67% 59 107 45%

Neuse River
WRC began collecting fin clips from the Neuse River spawning area survey inR2BFLbegan
collecting additional samples in lower portions of the Neuse River basin in 2016. Annual hatchery
contribution from 20112019 ranged between 66%00% (Tablel 4; Figures 1.B1.4). Non-PBT
contribution estimated in early years of this study may Highefrom age classes before 2010.
Results from 2019 are more likely to accurately reflect actual hatchery contribution for the Neuse
River striped bass population and indicate-R®8T recruitment in 2014 and 2015 is contributing
to the Neuse River stripdzhss population. The ndratchery fish from the 2014 and 2015 year
classes could be widgpawned fish from the Neuse Riva@ranother system. Telemetry studies
conducted bypMF documengdthat striped bass tagged in the lower Neuse River migrated to the
Albemarle Sound (NCDMF unpublished data), suggestimging in these populatiors.
Additionally, hatchery contribution was much higher WRC samples collected on the Neuse
River spawning grounds comparedd®dF samples collected in the lower Neuse Rive2017
2019 (Table 1.6). The lower hatchery contribution for the downstream samples could indicate
striped bass from the AlbemaifRoanoke population mix with the Neuse River population.
Nevertheless, results indicate some-R®T fish from the 2015 yeaelass are participating in the
upstream spawning migration.

Tablel .6. Parentagbased tagging hatchery contribution forlage samples (excluding hybrids, broodfish,
duplicates, and errors) collected WRC during the Neuse River spawning area survey an®MF in
downstream portions of the Neuse River basin.

WRC Samples DMF Samples
Hatchery Hatchery
Year Non-PBT Total Percentage Non-PBT Total Percentage
2016 34 85 60% 8 150 95%
2017 26 182 86% 52 118 56%
2018 77 307 75% 40 86 53%
2019 23 228 90% 34 102 67%
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Neuse River Striped Bass Length Frequency
(ages assigned with PBT analysis)
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Figure 1.3. Lengthfrequency histograms for-érge striped bass collected in the Neuse River basWR¢ and
DMF, 2011 2019. Hatchery cohorts identified by parentbgsed tagging analysis (PBT) are plotted within
each 25mm length group. Fish identified as n®BT were not assigned to a hatchery cohort because they

did not match to a broodstock pair.
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Neuse River Striped Bass Length at Age
(ages assigned with PBT analysis)
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Figurel.4. Length at age for darge Neuse River striped bass collectedNiyC andDMF, 2011 2019. Ages were
identified usng parentagdased tagging (PBT) analysis. Those fish with an unknown age (Unk) each year
were not identified as hatchery cohorts by PBT analysis and could not be assigned an age. Points are jittered
about each age column to clarify overlapping data potliers were removed before plotting.
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Cape Fear River
In 2011,WRC began annual PBT analysis of striped bass captured in the Cape Fear spawning
survey DMF provided samples from the lower Cape Fear River in 2011 and 2012. Starting in
2017,DMF began collecting additional samples from adult fish in the lower portion of the Cape
Fear River during winter months. AdditionalMF tested fin clips fronfive young-of-the-year
striped bass collected in the Northeast Cape Fear River during 2018. Results of PBT analysis from
both agencies combined show hatchergin fish comprise between i 100% of the fish tested
annuallywith increasing percentage of hatchemngin fish each year since013 (Tablel.4).
Despitethe high hatchery contribution in 2019, there was evidence of wild recruitnmtéet2018
yearclass (Figure4.5 andl1.6). Juveniles collected in the Northeast Cape Fear River in 2018 were
not of hatchey origin suggesting limited natural reproduction

Escapement of striped bass stocked in Jordan Reservoir is the source of most striped bass found in
the Cape Fear River upstream of the locks and dams. PBT analysis revealed an increasing
proportion of fishstocked in upriver reservoirs in later yedaisses, increasing as sites move
upriver (Figurel.7). The Jordan Reservoir striped bass fishery is entirely hatchery supported to
provide recreational fishing opportunitiestime reservoir. Due to low survivand low angler
participation WRC fisheries biologiststoppedstriped bass stocking in Jordan Reservoir in 2021

(C. Oakley,WRC, personal communication). Future striped bass stock enhancement decisions in
the Cape Fear River need to account for theifossntribution from striped bass escapement from
Jordan Reservoir. Additionally, stocking decisions regarding hybrid striped bass in Jordan
Reservoir should consider escapement potential and effects on the Cape Fear River

MANAGEMENT CONSIDERATIONS

Historically, many hatchery programs have operated as harvest augmentation or production
hatcheries with the primary goal of producing as many fish as possible fgrqrutakefisheries
(Trushenski et al. 2015, 2018). Conversely, supplementation hatcherampegompensate for

poor recruitment caused by limitations related to habitat quantity or quality, environmental quality,
or intense harvest pressure (Trushemglkal. 2015). Many anadromous fish stocking programs
have experienced a shift since 2000 (Trushenski et al. 2018), usatghary model with increed
emphasis on producing fish genetically equivalent to wild fish with atemy goal of producing

a sdf-sustaining, naturally spawning population. The Amendment 1 objective of the striped bass
stocking program in North Carolina coastal riveRSCOMF and NCWRC2013 employs an
integrated hatchery program model ambtogsekncr eas
sustaining population |l evels appropriate for

Hatchery rearing, stocking, and stocking evaluation methods vary depending upon stocking
program goals. Lorenzen et #2000 identified that lack of clear fishemanagement objectives,

lack of stock assessments, ignoring the need for a structured deunskamg process, lack of
stakeholder involvement, and failure to integrate flexible and adaptive management into the
stocking plan are weaknesses of hatchergmamms. When implementing a stocking program,
Lorenzen et al. (2010) recommended managers should set goals used to evaluate the potential for
stocking, establish appropriate rearing protocols to ensure the genetic and physiological integrity
of stocked fish and define and implement management plans with metrics that can be used to
evaluate program success/failure. The cooperative agreement between the UISHWaNd
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WRC established the current striped bass stocking program in coastal North Carolina. This
agreement should be revisit@snuallyto provide adaptive management and reaffirm program
goals and objectives, integrate evaluation results, and update future needs for stocking in each
specific system. The contingency plan created for outlining the ideceisaking process for
stocking surplugphasel fish in the Albemarle Sound provides a template for stocking decisions

in other North Carolina coastal river systems, though the process for each system will be unique
based on local challenges.

Stripedbasst ocking practices have I|likely altered n
coastal riversPatrick and Stellwag (2001) identified six distinct lineages among striped bass from
the Roanoke, TaPamlicq and Neuse riverghe TarPamlico and Roaske rivers populations

were similar but were significantly different from the Neuse River population. The researchers
concluded that stocking practices could potentially affect the natural genetic distribution in these
populations and suggested that brdods should be taken from each specific population,
especially when stocking the Neuse RiMezBlanc et al. (2020) showed that Cape Fear River
striped bass were genetically similar to the Roanoke River population; lduoadigh North
Carolinarivers including the TasPamlico and Neuse rivensiay have once supported genetically
distinct populations, evidence suggests there is currently little genetic differentiation between
populations (Reading 2020yVhile maintaining native population genetics is oftegoal of
restoration stocking programs (Lorenzen et al. 2010), introducing different genetic strains may be
beneficial especially if native population genetics have been altered. Potential benefits,
consequences, feasibility, and utility of alternativeobisiock sources from systems outside
coastal North Carolina systems should be thoroughly evaluated before introducing new genetic
strains of striped bass.

The effectiveness of the striped bass stocking program in coastal North Carolina river systems has
changed throughout the evaluation period of I2®019. Initial evaluations indicated limited
contribution of stocked fish to commercial and recreational fisheries and little contribution to fish
collected during spawning grounds surveys. Results of newatialunethods indicated striped

bass stocks ithe TarPamlico, Neuse, and Cape Fear rivaes maintained by phaskestocking.

Natural recruitment is low in these systerasd striped bass stocking has yet to produce self
sustaining populations. Stockinggmains a necessary tool for persistence of striped bass
populations in the TaPamlico, Neuse, and Cape Fear river sysidftaghes et al. 2090Stocking
strategies should complement management measures that promote natural reproduction and
recruitment o sustain the populations.
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Cape Fear River Striped Bass Length Frequency
(ages assigned with PBT analysis)
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Figurel.5. Lengthfrequency histograms for-érge striped bass collected in the Cape Fear River basWRfyand
DMF, 2011 2019. Hatchery cohorts identified by parentbgsed tagging analysis (PBT) are plotted within
each B-mm length group. Fish identified as RBBT were not assigned to a hatchery cohort because they

did not match to a broodstock pair.
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Cape Fear River Striped Bass Length at Age
(ages assigned with PBT analysis)
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Figure1.6. Length at age for darge Cape Fear River striped bass collecteMRC andDMF, 2011 2019. Ages
were idenffied using parentagbased tagging (PBT) analysis. Those fish with an unknown age (Unk) each
year were not identified as hatchery cohorts by PBT analysis and could not be assigned an age. Points are
jittered about each age column to clarify overlappint g@ints. Outliers were removed before plotting.
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Contribution of River and Reservoir Stocked Fish by Sample Site
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Figure 1.7. Relative contribution of hatchenyrigin striped bass by stocking location to e&¥RC electrofishing
sample site in the Cape Fear River, 2Q4®HL9.

ADDITIONAL RESEARCH NEEDS

Parentagdased tagging analysis allows for precise investigation of multiple stocking treatments
when using genetically distinct broodstock families. Various stockesfments, including fry,
phasel, phasell and different stocking locations, have been attempted in th@dmtico, Neuse,

and Cape Fear rivers. Results from multiple treatments should be analyzed in the future to provide
more precise guidance of fueustocking decisions.
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APPENDIX 1.A. COOPERATIVE AGREEMENT BETWEEN USFWS, DMF AND WRC
THAT ESTABLISHED THE CURRENT VERSION OF THE NORTH CAROLINA
COASTAL STRIPED BASS STOCKING PROGRAM, 1986.

AUhLLBENT NU. 14~10-U004-07-534

COOELRATIVE AGRERVENT
for Anadromous Spacies Restoration in Historically Significant

Coastal Rivar Rasins

Betwean

0.5, Fish and Wildlife Service
- and

Desartsmnt of Naturazl Resources and Comnity Davelopment

-

ard

North Carclina Wildlife Resources Cammission

1. Paroose

15 AREDVENT is made and entsrad into by and between the Fish and
Wwildlife Bervies, United Stztes Department of the Interior—hzreinafisr
raferred to as the "Service," and the Department of Matural Resources
and Comunity Development ‘and the Nerth Carolina Wildlife Resources
Comission—hereinafter referred to as the "State," to establish by
motual agrssment the restoration of self-sustaining stocks of anadramous
species in North Carolinaz coastal river bhasins. Far the purposes of :
this agresmeat, anadromous species shall inglude striped bass, American
ghad, hickory shad, blueback herring, and alewife. Principal emphasis
shall be on the restoration of sslf-sustaining stocks of striped bass,
The Stata's authority to engaas in this agreement is set forth in Gen.
stat. of KC §% 113-181 (a) and NC §§ 113-224, The Government of the
United States has expressed a nationzl interest in maintaining cur
fishery resources and has authorized the Service through the Fish and
%ildlife Coordination Act (16 U.S.C. 661-666c, as amended) and other
related-legislation to provids assistance and ccoperate with other
Federal azencies and the States in the maintenance and development of
fishery rssources, and has further exvressed a particular interest in
restoraticn of anadromous species such as striped bass on the east
coast as demonstrated by the Chafsz amendment to the Anadromous Fish
Consarvation Act (16 U.S.C. 757a, &s amendsd) and the Atlantic Striped -
Bass Censervation Act (P.L. $8-€13). The Sarvice, through its

Fishery Recources Program's Statemsnt of Responsibilities and Role
document, seeks to foster sironz and matually supportive linkages with
the States and other Federal ezencies to réstore and protect depleted
nationally significant interjurisdicticnal fishery resources, with
particular emchasis on Atlantic and Guif anadromous striped hass as

well as other anadrcmous and migratory intercoastal/estuarine fishes,

ib
N
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This agreement also complements an intrast te agreement between the
North Carolina Wildlife Resources C mmission and the Department of
Natural Resources and Canmunity Develgpment concerning regqulations and
management of stripad bass in hlbemarle Sound and the Roancke River,

.

I1. Mutual Agreement

North Carolina waters are recognized as historically providing major
“eoatributions to the coastal stocks of anadromous fishes on the east
River herring {blueback harring and alewife) stocks have declined
drastically since ‘the early 1970s, and recovery has been very 5104,

_probably due to poor water quality in the Alberarle Seund : pawning
areas. Stocks of American shad are much below the levels of the
10605 2nd earlier throughout the south Atlantic coastal area.
Striped bass stocks in North Carolina ccastal waters have declined
cince the mid-1970s and are currently at extremely low levels. The
zlbsterle Sound stock, which has historically supported important
eacreaticnsl and comnercial fisheries, is exceptionally depressed
and has shown no ability to rebound, - T s

The State ani ths Service entered into a pilot program in October 1973
to evaiiuzte the potential for hatchery Phase IT striped bass production
and stocking to determine (1) effects on the commercial and
recreational fisharies, and (2) contributions of stocked fish to
- gpawning runs, Tagzing returns, to date, have conclusively shown that
 thess stocxed fish have contributed to spawning runs and have recruited
into the recreational and commercial fisheries. :

The Stste has the responsibility to manage the fishery resources within
its boundaries, including the mixed species fisheries which harvest
anadremous fishes along with other species in coastal waters. The
State has expressed a desire to continue to stock hatchery-reared
striped bass fingerlings as a wanagement tool in the restoration of
this species, and the Service has the hatchery capability with which
to assist the State in the production of striped bass. ‘

It is the joint desire of the State and the Service to enter inte a
cocperative program to restore self-sustaining stocks of anadromous
fishes in coastal North Carclina weters through a cambination of fishery
ransgement techniques including stacking, requlations, and assessment.

Therefore, it is mutually agreed that:
1. The Service will produce Phase I and Phase II striged bass

fingerlinys based en rastoratien cbjectives established by the
Servies and the State for epecific rivers ip Nerth Carolira.
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2. The Service will provide facilities for holcmj and tagging
stripad bass, a hatchery truck to transport the fish to the
release site(s_). appropriate supecvision in handling the fish
to minimize mortality, and advisery personnel for the tagging
pro;ng and related techmcal assistance efforts,

3. Th= State will provids parsonnel, tags and eguipment for ™

ngmg the fish prior to release fram hatcheries, tag rewa"as,
ani pud lxcxty on the coo;>aratiVe program.

4. The State will evaluate survival and contribition of the hatchery
fish to tne population and spawning stochs and p“ovxda a report
annpally to the Service.

5. Naws releases on the cooperative restoration program initiated by

"~ the Service wilk receive pricr aporoval fror the State, and news
rejeas:s initiated by the State will receive prior aporoval from -
the SEI‘IIC‘E.

11*1a1 acticn, the ca::c:::v"to"c will jointly develop a

i Bass Resteration Plan for coastal North Carolina waters

n3 goals, cbjectives, and milestones reflesting both the

ticn as well as the maintenance of stccks. Restoration plans

her anadromous species such as American shad will be developsd

ater date.

b
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7. T1e Service will estavlish a Project Cxo

T tor in North Carolina
to provide lizison with th° State for res

—a
:'Ethﬁ PUIpCses.,

8, The principal sicnatory part:.es shall meat annually to review
preject progress and plan future activities.

9. A technical committee with representation fraw each signatory of
this zgreement shall mest quarterly and oversas the develogment
of restoration plans and their implementation. Chairmanship of the
technical camittes will be rotated among the three cooperating
agencies, Term of the chairman will be one year.

This agreemsnt shall be contingent upon the availability of funds for the
ex;en:'\iture= contemplated herein, The liability of the parties to this
agreement, Lo esch other, and to third persens shall be governed by
applicable laws and regulaticns, nov and hesezfter in force.

The Egual Opoertunity clause prescribed in 1-12,803-2 of the Fedaral
Procurament Rermilations is hereby incorporated ints this agreement by .
reference.znd mads a part thereof. No members of or delecata to Congress or
Resident Camissioner shall be admitted to an; share or part cf t‘us
agreament, or to any benefit that may arise therefram.
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This agrearont will become cffective upon the date subscribed by the last -
signatory and shall continue in force from year to year until cancelled by
any signatory party on 30 days' written notice to tha other parties, The

agreamant and its addenda may be amanded by mutual consent of all parties.

- - 25")
, i ' ; _‘:,;r’“'f »:i‘.‘,i;jy ///
Dat2: /l/’//i/c?(f By T = — .

/ -S. Thoras Rhodes; Secretary /
North Carolina Depzrtment of Natural
ssources and Commnity Development

R
Date gy~ /1) ¥ (- By:_ M (Z -
- 7—/ . -

Charles R, tullwood, Jr.
Executive Diresctor

Yorth Carolina Wililife Rasources
Coomissicn .

vace A/ 12/£6 PWA@Q%
ames W, Pullidm, Jr.

Regional Director
U.5. Fish and Wildlife Service
Region 4, Atlanta, Ga

TOTAL P.@T
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APPENDIX 2: ACHIEVING SUSTAINABLE HARVEST FOR THE ALBEMARLE
SOUND-ROANOKE RIVER STRIPED BASS STOCK

ISSUE

Implement long term management measures to achieve sustainable harvest, end oyarighing
rebuild the Albemarle SouAdoanoke River (AR) striped bass spawning stock biomass.

ORIGINATION

North Caroina Division of Marine FisheriesDMF) and North Carolina Wildlife Resources
Commission \VRC).

BACKGROUND

Albemarle SoundRoanoke River Striped Bass Stdstatus
The 2020 AR striped bass stock assessment was approved for management use by peer reviewers
and the DMF for at least five years. Results indicate in the terminal year (2017 Rhstrided
bass stock is overfished and overfishing is occurring, relative to the biological reference points
(BRPs). Overfishing BRPs are based on a fishing mortditygte ofFrarget= 0.13 andFrhreshold
= 0.18 and overfished BRPs are based on a level of spawning stock biomass (SSBgf:SSB
350,371 pounds and S&Rshod= 267,390 pounds (Lee et al. 2020). In the terminal year of the
assessmeift=0.27, abovéheFrhresholg meaning overfishing is occurringemale SSB was 78,576
pounds, below the SSBesnholg indicating the stock is overfished. For more details, see the
Amendment 2 Stock Status sectamdLee et al. (2020)

The Fisheries Reform Act of 1997 requires management measures be emactedverfishing

within two years and end the overfished status within 10 years with at least a 50% probability of
achieving sustainable harvest (NCGS -1B2.1), with exceptions related to biology,
environmental conditions, or lack of sufficient da#enendment 1 to the North Carolina Estuarine
Striped Bass FMP and Amendment 6 to the ASMFC Interstate FMP for Atlantic Striped Bass
stipul at e A % heoexdeatledthbnerestricivie measures will be imposed to rEduce
to the tar ge013; ASMEC 2003). The&r&€fdve adaptive management measures
were implemented in January 2021 to reduce the total allowable landings (TAL) to 51,216 pounds,
a level projected to lowdF to the Frarges In ONe year, and represents a 47.6% reductida in
(NCDMF 2020).

Striped Bas#anagement Areas and thé&isheries
The striped bass commercial and recreational fisheries in the ASMA and RRMA have been
managed with a TAL since 1991 (Talel). Combined landings from both commercial and
recreational sectors iné ASMA and RRMA have ranged from 108,432 Ib in 2013 to 460,853 Ib
in 2004. Landings followed the TAL closely until 2003 for the recreational sectors and 2005 for
the canmercial sector. During 2003014, when the TAL was increased to 550,000 Ib, neither
sector reached their TAL (Figur2.1l; Table2.2). The low level of landings observed in some of
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these years was due to multiple poor year classes produced since 2001. For more information on
the commercial and recreational fisheries ge= Amendment Desciption of the Fisheries
section.

Table 2.1Total allowable landings (TAL) in pounds for the Albemarle SoaimdRoanoke RiveManagement Areas
(ASMA & RRMA) 1997 2021.

Total Allowable ASMA ASMA RRMA
Years Landings (Ib) Commercial (Ib)  Recreational (Ib) Recreational (Ib)
1991 1997 156,800 98,000 29,400 29,400
1998 250,800 125,400 62,700 62,700
1999 275,880 137,940 68,970 68,970
2000 2002 450,000 225,000 112,500 112,500
2003 2014 550,000 275,000 137,500 137,500
2015 2020 275,000 137,500 68,750 68,750
202F 51,216 25,608 12,804 12,804

* The current TALof 51,216 Ib remain placeuntil a new TAL isdetermined
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250,000 1 —= RRMA Recreational Landings
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Figure2.1 Striped bass landings from the Albemarle Sound Management Area (ASMA) commercial and recreational
sectorsthe Roanoke River Management Area (RRMA) recreational seatdrthe annual total allowable
landings (TAL)by sector, 19912019.
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Table 2.2 Total allowable landings (TAL) and the annual harvest in pounds for striped bass from the commercial anched@eetios in the Albemarle Sound
Management Area (ASMA) and Roanoke River Management Area (RRMA). Bolded and underlined numbers indicate a TAL that watukoteere

previous n u mtheerespectivermALfSaeN@DFM h983 2084) i ndi cat e

year 6s

overage,

and

red

ASMA Commercial

ASMA Recreational

RRMA Recreational

Total Total
Year TAL Landings (+)I- TAL Landings (+)I- TAL Landings (+)I- TAL Landings
1991 98,000 108,460 (10,460) 29,400 35,344 (5,944)| 29,400 72,529 (43,129)| 156,800 (216,333
1992 98,000 100,549  (2,549) 29,400 30,758 (1,358)| 29,400 36,016  (6,616)| 156,800 (167,323
1993 98,000 109,475 (11,475) 29,400 36,049 (6,649)| 29,400 45,145 (15,745)| 156,800 (190,669
1994 98,000 102,370 (4,370) 29,400 30,217 (817) | 29,400 28,089 1,311 | 156,800 (160,676
1995 93,630 87,836 5,794 28,583 30,564 (1,981)| 29,400 28,883 517 | 151,613 147,283
1996 98,000 90,133 7,867 27,419 29,186 (1,767)| 29,400 28,178 1,222 | 154,819 147,497
1997 98,000 96,122 1,878 27,633 26,581 1,052 | 29,400 29,997 (597) | 155,033 152,700
1998 125,400 123,927 1,473 62,700 64,580 (1,880)| 62,700 73,541 (10,841)| 250,800 (262,048
1999 137,940 162,870 (24,930) 67,090 61,338 5,752 | 68,970 72,967  (3,997)| 274,000 (297,175
2000 200,070 214,023 (13,953)| 112,500 116,158 (3,658)| 112,500 120,091  (7,591)| 425,070 (450,272
2001 211,047 220,233 (9,186) | 108,842 118,506 (9,664)| 112,500 112,805 (305) | 432,389 (451,549
2002 215,814 222,856 (7,042) | 102,836 92,649 10,187| 112,500 112,698 (198) | 431,150 428,203
2003 267,958 266,555 1,403| 137,500 51,794 85,706 | 137,500 39,170 98,330| 542,958 357,519
2004 275,000 273,565 1,435| 137,500 97,097 40,403| 137,500 90,191 47,309 | 550,000 460,853
2005 275,000 232,693 42,307 | 137,500 63,477 74,023| 137,500 107,530 29,970| 550,000 403,700
2006 275,000 186,399 88,601 137,500 35,997 101,503 137,500 84,521 52,979 | 550,000 306,917
2007 275,000 171,683 103,317| 137,500 26,663 110,837 137,500 62,492 75,008 | 550,000 260,838
2008 275,000 74,921 200,079 137,500 31,628 105,872| 137,500 32,725 104,775| 550,000 139,274
2009 275,000 96,134 178,866| 137,500 37,313 100,187 137,500 69,581 67,919 | 550,000 203,028
2010 275,000 199,829 75,171| 137,500 11,470 126,030| 137,500 72,037 65,463 | 550,000 283,336
2011 275,000 136,266 138,734 137,500 42,536 94,964 | 137,500 71,561 65,939 | 550,000 250,363
2012 275,000 115,605 159,395| 137,500 71,456 66,044 | 137,500 88,271 49,229 | 550,000 275,332
2013 275,000 68,338 206,662| 137,500 14,897 122,603| 137,500 25,197 112,303 550,000 108,432
2014 275,000 71,372 203,628 137,500 16,867 120,633| 137,500 33,717 103,783| 550,000 121,956
2015 137,500 113,475 24,025 68,750 70,008 (1,258)| 68,750 58,962 9,788 | 275,000 242,445
2016 137,500 123,108 14,392 68,750 14,487 54,263| 68,750 65,218 3,532 | 275,000 202,813
2017 137,500 75,990 61,510 68,750 15,480 53,270| 68,750 32,569 36,181 | 275,000 124,039
2018 137,500 115,711 21,789 68,750 11,762 56,988| 68,750 26,796 41,954 | 275,000 154,269
2019 137,500 137,156 344 68,750 29,005 39,745| 68,750 53,379 15,371 | 275,000 219,540
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Stock Concerns
Annual recruitment is influenced by spawning stock biomass, egg and larval transport to nursery
areas, predation, food availability, and optimum water quality conditions. The occurrence of
recruitment failuresince 2001, especially since 2017, is thought to be a function of spring flooding
events in the upper Roanoke basin during critical periods of egg and larval transport. Extended
periods of flood or high flow releases during the critical spawning periagt (Mough early June)
negatively impact successful transport and delivery of eggs and fry down the Roanoke River and
into the western Albemarle Sound nursery area. There is higktosgaar variability regarding
flow releases and yeatass strength. Caeequently, all years with documenteigih flow rates
(2017, 2018, 2020) had very low juvenile abundance index values, indicating poor spawning
success (NCDMF 2020It should also be noted the last year of data in the stock assessment was
2017, so poor reaitment from 20182021 impacts have not been modeled.

AUTHORITY

The MFC and the WRC implemented a Memorandum of Agreement in 1990 to address
management of the -R striped bass stock in the Albemarle Sound and Roanoke River (see
Appendix | in DMF 1993). Tis was the first agreement between the two agencies to jointly
managethe R stri ped bass stock. North Carolinabs
estuarine striped bass is adaptive, with rulemaking authority vested in the MFC and the WRC
within their respective jurisdictions. The MFC also may delegate to the fisheries director the
authority to issue public notices, called proclamations, suspending or implementing, in whole or
in part, particular MFC rules. Management of recreational and comirsrgpad bass regulations

within the ASMA are the responsibility of the MFC. Within the RRMA commercial regulations

are the responsibility of the MFC while recreational regulations are the responsibility of the WRC.
The commercial harvest of striped basthe RRMA is prohibited by 15A NCAC 03M .0202 (b).

It should also be noted that under the provisions of Amendment 1 to the North Carolina Estuarine
Striped Bass FMP the DMF Director maintains proclamation authority to establish seasons,
authorize or resict fishing methods and gear, limit quantities taken or possessed, and restrict
fishing areas as deemed necessary to maintain a sustainable harvest. The WRC Executive Director
maintains proclamation authority to establish seasons.

NORTH CAROLINA GENERALSTATUTES
N.C. General Statutes

G.S. 113132. JURISDICTION OF FISHERIES AGENCIES

G.S. 113134. RULES

G.S. 113182. REGULATION OF FISHING AND FISHERIES

G.S.113182.1. FISHERY MANAGEMENT PLANS

G.S. 113221.1. PROCLAMATIONS; EMERGENCY REVIEW

G.S. 113292. AUTHORITY OF THE WILDLIFE RESOURCES COMMISSION IN REGULATION
OF INLAND FISHING AND THE INTRODUCTION OF EXOTIC SPECIES.

G.S. 143B289.52. MARINE FISHERIES COMMISSION POWERS AND DUTIES

G.S. 150B21.1. PROCEDURE FOR ADOPTING A TEMPORARY RULE

NORTH CAROLINARULES
N.C. Marine Fisheries Commission Rules 2020 and N.C. Wildlife Resources Commission Ru{@5§20RDAC)
15A NCAC 03H .0103 PROCLAMATIONS, GENERAL
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15A NCAC 03M .0201 GENERAL

15A NCAC 03M .0202 SEASON, SIZE AND HARVEST LIMIT: INTERNALCOASTAL WATERS

15A NCAC 03M .0512 COMPLIANCE WITH FISHERY MANAGEMENT PLANS

15A NCAC 03Q .0107 SPECIAL REGULATIONS: JOINT WATERS

15A NCAC 03Q .0108 MANAGEMENT RESPONSIBILITY FOR ESTUARINE STRIPED BASS IN
JOINT WATERS

15A NCAC 03Q .0109 IMPLEMENTATION OF ESTUARINE STRIPED BASS MANAGEMENT
PLANS: RECREATIONAL FISHING

15A NCAC 03Q .0202 DESCRIPTIVE BOUNDARIES FOR COASTALOINT-INLAND WATERS

15A NCAC 03R .0201 STRIPED BASS MANAGEMENT AREAS

15A NCAC 10C .0107 SPECIAL REGULATIONS: JOINT WATERS

15A NCAC 10C .0108 SFECIFIC CLASSIFICATION OF WATERS

15A NCAC 10C .0110 MANAGEMENT RESPONSIBILITY FOR ESTUARINE STRIPED BASS IN
JOINT WATERS

15A NCAC 10C .0111 IMPLEMENTATION OF ESTUARINE STRIPED BASS MANAGEMENT
PLANS: RECREATIONAL FISHING

15A NCAC 10C .0301 INLAND GAME FISHESDESIGNATED

15A NCAC 10C .0314 STRIPED BASS

DISCUSSION

The November 202(Revision to Amendment 1 implementadlower TAL calculatedto end
overfishing in one year. Management measures developed in Amendment 2 will be implemented
to ensure long term sustaivle harvest and end the overfished stock status withyed® as
required by law.If adopted in Amendment 2 adaptive management measures will allow the
flexibility outlined in this issue paper.

Option 1. Manage for sustainable harvest through hanesdtictions
The General Statutes of North Carolina require that a FMP specify a time period not tawrceed
years from the date of the adoption to end overfishing (G.S1823). The statutes alsequire
that a FMP specify a time period not to exc&8dyears from the date of adoption andeatt a
50% probability to achieve a sustainable harvest. A sustainable harvest is attain¢idendteck
is no longer overfished (G.S. 1-129). The statutes allow some exceptions to tképalations
related tabiology, environmental conditions, or lack of sufficient data.

Sustainable harvest levels for theRAstriped bass stock have been determined using stock
assessments and stock projections since the 1995 assessment (Gibson 1995).

Option 1.A.Continue to use stock assessments and stock assessment projections toedetermi
the TAL that achieves a sustainable harvest for tfe giock

A TAL is a management measure used to set harvest levels for a stock with the goal of preventing
overfishing and ensuring the stock does not get in an overfished state. The 1991 TAL was set a
156,800 pounds, which was 20% of the average harvest froni 1972, (see Appendix | in
NCDMF 1993). Under Amendment 1, the TAL for theRAstock is determined through stock
assessments and stock assessment projections. Projections are used tothelamatal amount
of harvest that maintains SSB at its target level and provides fotéomgsustainable harvest. In
the event the stock assessment results indicate fishortplity is above theFrarges adaptive
management allows for calculation of @nTAL to reducd- back to theFragetin One year, as
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was done with the November 2020 Revision to Amendment 1. Adaptive management allows
managers to quickly address overfishing while allowing for and monitoring fishing. See adaptive
management in this issue paper for more information on determining therhaluse of a TAL

IS @ management option proven effective in recovery of the striped bass stock.

A key component of successfully using a TAL is the ability to accurately monitor recreational and
commercial harvest in a timely manner and close fishing isasteen harvest is nearing the sector

TAL. The DMF and WRC use agencyn creel surveys specifically designed to estimate
recreational striped bass catch and effort in the ASMA and RRMA. Data is avail@oleetks

after collection. It is important to nqtearvest estimates calculated with one or two weeks of data
have greater uncertainty than harvest estimates calculated monthly. Striped bass dealer permits are
required for dealers to purchase commercially harvested striped bass and dealers musilyeport da
the number and pounds of striped bass bought to the DMF. The ability to monitor harvest from the
recreational and commercial sectors in a timely manner means the DMF and WRC have a greater
likelihood of keeping annual harvest below the TAL in theipeesive management areas.

Flexibility in authority given to the DMF Director and the Executive Director of the WRC is used

to prevent harvest from exceeding the TAL. Harvest seasons have been closed early in the RRMA
by proclamation in years when the hatveestimate approached the TAL. Conversely,
proclamation authority has also been used to extend the harvest season beyond April 30 by a few
days. The decision to extend the season in the RRMA is based on availability of remaining landings
within the TAL ard environmental conditions, such as flood control operations and water
temperatures. Due to much higher mortality of striped bass discards when the water temperature
is warmer, both recreational and commercial harvest seasons have been closed dunmgéhne su
months, typically MaySeptember, since 1991.

Daily possession limits for the recreational and commercial sectors have been used since 1991 to
limit or expand harvest opportunities and keep landings below the TAL. The DMF Director has
proclamation adtority to change the daily possession limits in the ASMA throughout the harvest
seasons. The WRC can change daily possession limits and size limits in the RRMA through
permanent or temporary rulemaking processes. In the absence of proclamation auttiuaitg¢o

size limits or creel limits, temporary rulemaking can be used by the WRC to expedite conservation
measures. Recreational sector daily possession limits have ranged from 1 to a maximum of 3 fish
per person per day since 1991. Daily possession liarithke commercial sector have ranged from

31 25 fish per day per commercial operation.

Over the longteerm, combined use of a TAL with other management measures has maintained
landings in the AR striped bass fisheries below or near the TAL. However tifshcecruitment

is less than the estimated recruitment used in projections, stock abundance will not support harvest
of the TAL and thd-targetmay be exceeded and SSB may fall below thets&Rig as the 2020

stock assessment currently indicates. @aoimig use of a TAL with the ability to monitor harvest,

adjust harvest seasons, and change daily possession limits to provide the greatest likelihood of
keeping harvest below the TAL allows a balance of conservation needs and stakeholder access to
the resurce while the stock is rebuilding.
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Option 1.B.Implement a harvest moratorium
A complete harvest moratorium could potentially recover the striped bass stock more quickly than
if a low level of harvest is allowed. However, any anchored, set gill netiisheccurring in the
ASMA and recreational catelindrelease for striped bass, will continue to contribute to discard
mortality. Discard mortality in the anchored set gill net fishery for American shad would be
substantial if that fishery was to continteeoperate with a striped bass harvest moratorium in the
ASMA. If poor environmental conditions persist on the spawning grounds during May and early
June, recovery may not occur even with a harvest moratorium.

The AR stock has experienced several yedrgpaor recruitment since 2000. The juvenile
abundance index (JAI) during 2022020 indicated few eggs and larval striped bass survived.
However, the recent five years of poor recruitment (22021) do not compare to chronic
spawning failures the stock esqenced during 1978992 (Figure 2.2). When a TAL was
implemented in 1991, it was set at nearly three times the 2021 TAL. In 2014 and 2015, the stock
produced year classes above the {@rg average level of recruitment (FMP Figure 2), indicating
that with favorable environmental conditions during the spawning period the stock can produce
strong year classes even during periods of low SSB. Based on past trends, stock abundance can
increase quickly under the right conditions. The 2020 stock assessmentaddsSB increased

from 145,962 pounds in 1996 to above the £88(350,371 pounds) in two years (FMP Figure
2.3). However, future stock conditions, driven by continued poor recruitment and decreasing stock
abundance, may warrant a harvest moratorium.

Projections evaluatedverfishing withtrends in SSB under thexisting TAL and a complete

harvest moratorium. Discards were assumed equal to the terminal year of the stock assessment and
three recruitment scenarios were input to account for the undgr@mal the variability of
recruitment observed in the stock; 1) the average level of recruitment for the entire time series of
the assessment, 192017, 2) a high level of recruitment observed in years 12311, and 3) a

low level of recruitment as obsexd in years 20042017. Under the harvest moratoritine stock

would no longer be overfishéa 2024, while under the current TAhe stock would no longer be
overfishedn 202 (Figure2.3).

Option 2.Management oftriped bassarvest in the commerciakhery as a bycatch fishery
The commercial fishery for striped bass in the ASMA has been managed as a bycatch fishery since
1995. Often the term Abycatcho i s associated \
not intended and are discardendas generally considered something that should be avoided.
However, a bycatch fishery management strategy in +spéicies fisheries means a portion of
overall landings mustonsist of other speci@sorder to land striped bass. The striped bass bycatch
provision requirethat for each triph0% of commercial landings by weight be other finfish species
besides striped bass

The bycatch provision was implemented as a management tool in the ASMA striped bass
commercial fishery to prevent fisksarot alreay participating in the American shad and southern
flounder gill net fisheries from entering to specifically target striped bass. The idea being, that if
additional participants entered the striped bass fishery, the TAL would be caught more quickly and
thelarge mesh gill net fisheries continuing to operate would have higher numbers of striped bass
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discards. However, daily landings limits discourage fisfrem targeting striped bass in the same
fashion, making it less profitable to sell only striped ke day without additional finfish catch.
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Figure2.2 The juvenile abundance index (JAI) for Albemarle SeRuénoke River striped bass, North Carolina,
1955 2021. A JAl value below the first quartile (blid black ling is considered apawning failure.

The gill net fisheries have changed considerably since the early 1990s and the bycatch provision
may no longer be necessary. The number of participants that landed striped bass in the ASMA
peaked at nearly 450 in 2000 but has decreas@gstonore than 150 in 2019. The number of
fishers and trips taken each year in the American shad and flounder gill net fisheries has also
declined steadily to less than 83 and 143 participants respectively in 2019 (Tables 2.3 and 2.4).
The harvest seasdar American shad since 2015 has been Maiidié8ch 24, whereas prior to

2015 it was open JanuaryApril 14. Floating gill nets are not allowed in the ASMA outside of
shad season. In addition, the harvest season for southern flounder in 2021 was SdEiember
October 1 in the ASMA, whereas the harvest season previously was éd@midnths each year.

Currently, gill nets configured for harvesting flounder are removed from the water when flounder
harvest season dosed NCDMF 2019).

If the bycatch provisn for harvesting striped bass were removed, it is possible there would not

be a significant increase in participants in the striped bass fishery because the daily landings limit

and TAL would still apply. Removing the bycatch provision associated witrestng striped

bass makes it easier to allow hook and line as a commercial gear (see the Hook and Line Issue

Paper for more information). If, however, the option is chosen to stop requiring 50% of other

finfish species associated with striped bass hgreesl a large number of participants did enter

the fishery, adaptive management could stipulate the DMF Director may reinstitute the bycatch

requirements at any time through proclamation authority. There has also been concern expressed

from some commerdigarticipants that removing the bycatch provision could potentially reduce

the price per pound of striped bass and/or some of the most commonly landed species associated
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with striped bass catch. Since 2010 the top five species landed on trip ticketsvalosgiped
bass in the ASMA include southern flounder, American shad, white perch, catfishes, striped
mullet, yellow perch, and spottedatrout.
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Figure 2.3 Projections of spawning stock biomass (SSB) in pounds for the Albemarle-Boamdke Rivertsiped
bass stock under the current total allowable landings (TAL) of 51,216 Ib (a) and a haovatrium (b).
Average recruitment (R_avg), low recruitment (R_low), and high recruitment (R_high) refer to the three
recruitment scenarios used in the petiEns.
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Table2.3. Number of gill net trips, number of participants, total pounds of seafood landed, and dockside value from
gill net trips that landed American shad in the ASMA, 20101.9.

Year  Trips Participants Seafood sold (Ib) Dockside value
2010 2,520 176 539,233 $444,350
2011 1,960 138 481,801 $384,421
2012 1,922 139 391,407 $368,776
2013 1,953 132 411,081 $436,262
2014 714 92 206,733 $153,559
2015 817 98 252,993 $193,043
2016 587 73 178,947 $150,806
2017 601 73 167,906 $148,854
2018 387 55 109,855 $96,226
2019 690 83 215,279 $167,537

Table2.4. Number of gill net trips, number of participants, total pounds of seafood landed, and dockside value from
gill net trips that landed southern flounder in the ASN2A10Q 2019.

Dockside

Year Trips  Participants  Seafood sold (Ib) value

2010 5,389 323 801,426 $1,111,612
2011 1,990 204 325,799 $327,779
2012 5,661 324 821,383 $1,558,772
2013 7,417 335 1,202,078 $2,210,127
2014 5,772 297 818,565 $1,373,840
2015 3,289 234 506,042 $819,664
2016 2,306 181 368,867 $613,572
2017 3,321 193 368,709 $894,733
2018 2,681 164 294,802 $682,719
2019 2,001 143 259,438 $486,475

Option 3.Accountability Measures to Address TAL Overages
Fisheries managed with a TAL commonly include accountability measures to address situations
when the TAL is exceeded. One common and simple option is to subtract the number of pounds
exceeded
adapt accountability measures to current stock status. For exanipédfSSB targstare being
met, accountability measures may include management measures to reduce harvest the following

the TAL was

year without subtracting overages from theLTAdowever,if the stock is in an overfished or

i n

one

y e a rmpliexoption id td e

overfishing state accountability measures will be more conservative.

In most quotama n a g

ed

f

sheri
reasoning for this is twofold: 1) any amowftuncaught quota will benefit the stock in the leng

es

, unused

quot a

S

f ol

not

term and 2) if the quota is not being caught because stock abundance is declining and can no longer
support the current quota, then increasing the quota also increases the likelihood of causing the
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stok to become overfished and/or cause overfishing to odtwer. TAL for the AR striped bass

stock in Amendment 1 is allocated with a 50/50 split to the recreational and commercial fisheries.
The ASMA commercial fishery receives 50% of the TAL with the RRMAreational and the
ASMA recreational fisheries each receiving a 25% allocation of the THie current
accountability measures for TAL overages under Amendment 1 are:

Shortterm Overageoint harvest estimate exceeds the total TAL by 10 percent nglke siear,
overage deducted from the next year and restrictive measures implemented in the responsible
fishery(ies).

Longterm Overagedive year running average of point estimate exceeds theyége running
average of the total TAL harvest by 2 percéné responsible fishery exceeding the harvest limit
will be reduced by the amount of the overage for the next five years.

The requirement that harvest must exceed the total TAL by 10% before a reduction in the
succeeding year 6 s TdAhthei2804 FMPmmdsadoptedvinaAsnendntentp t e

1 (NCDMF 2013). The rationale was that because recreational harvest estimates are generated
from a statistical survey with uncertainty it was argued that as long as the lower bounds of the
harvest estimate enegpassed the TAL, then the harvest estimate was not statistically different
from the TAL, and there was no overage to repay. The 10% buffer is roughly equivalent to a 90%
confidence interval when PSE = 10%, which indicates the point estimate lies witheptneed

range with 90% certainty. In order to keep a buffer to account for the uncertainty in the recreational
creel estimates yet recognize the need to ensure harvest levels are sustainable, an additional option
for the shortterm overages is to redutiee TAL buffer from 10% to 5%. In this situation with

such a low buffer the PDT feels there will not be a need to addresselongverages. A third
option is to evalwuate overages and potenti al
fishery(ies) TAL ndividually rather than the evaluating at the level of the combined TAL. The

final and most conservative option is to remove the buffer altogether and use the point estimate of
harvest to determine if the TAL has been exceeded and subtract any overagés sacceeding

year 6s TAL.

Option 4. Size limits to expand the age structure of the stock
Size limits are a common management measure to limit and focus harvest on a specific size and
age clas@s)of fish in the stock. Theverallmanagement objectivder a stockand associated
fisheriesand the life history of the species inform managers of what size limit should be
implemented. By settingminimumsize limit based on length at maturity, managers can ensure a
portion of the females in the stock havehance to spawn at least once before harvest. For long
lived fish, a slot limit ensusdfish that grow out of the slot will reproduce many times. Female A
R striped bass are 27% mature at-8gend 97% mature by agle The length at maturitg 50%
matue at 16.8 inches and 100% mature at 18.8 inches (Boyd 2011; Z.8pldhe current
minimum size limit of 18 inches total length (TL) ensures about 75% of females have spawned at
least once before subject to harvest.
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Table2.5. Percent mature at age dedgth (inches) of female Albema+sRoanoke striped bass.

Percent Mature at Age Percent Mature at Length
Age Percent Mature Length Percent Mature

1 0% 16.8 50%
2 1% 17.4 75%
3 27% 18.8 100%
4 97%

5+ 100%

It is critical to theresiliencyof the stock(i.e., the ability to recoverSSB after times of poor
recruitment) to maintaina wide range of age classes in the population. Stockshuittiple age

classes can withstand several years of poor spawning sukeRsstriped bassf@3 and 31 years

of age have been observed in the past 5 years based on tag return data from fish tagged on the
spawning grounds. Female striped bass also produce more eggs and of higher quality as they get
older (Boyd 2011). Female striped bass fromARR stock produce between 176,8381,998

eggs at agesi 8. For agesiglL6, egg production ranges from 854,930 to 3,163,130 eggs (Boyd
2011; Figure 2.4).

Secor (2000) suggested striped bass populations can persist during long periods of poor
recruitment de to a long reproductive life span as demonstrated by the presence of fish greater
than 30 years of age. This longevity and abundance of older fish provided stock resiliency against
an extended period of recruitment overfishing. Marshall et al. (202 Tpitedi that even when rare

in a stock, large fish make very strong contributions to total egg production. They also noted

harvest slots with minimum and maximum size limits are a way of maintainingdemeg fish

within a population, especially if comma@aatfisheries use gear types which tarfigh within the

slot size. The different role in replenishment that larger fish play should be better recognized and
incorporated in future management approaches to (Marshall et al. 2021).

Increagng minimum size iimits will increase the number of dead discards in the recreational and
commercial sectors. Most fish harvested in the ASMA recreational sectbetveen 1822-
inches Figure2.5) even though anglers have no upper harvest size limit like in the RRMA. The
same is true in the RRMAu@ to the 1822-inch TL harvest slot limit and limiting possession to

1 fish greater tha@7 inches Figure2.6). The fish harvested in the ASMA commercial fishery
have a wider length distribution compared torgmreational harest Figure2.7). If the minimum

size limit is increased, a significapercenage of harvest will turn into discards, of which a
proportion will die. Research from a gill net study in Delaware determin#&dof3ish released
alivedied (ASMFC stock assssent citation). Dependirgn salinity at the studiocation andhe

time of year olumeroushook and line studies, delayed mortality estimates range from 6.4% to
74% (Wildeet al.2000).
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Figure 2.4 Number of eggs produced by fema#ltbemarleRoanoke striped bass at age and the average length of
female striped bass at age. The diamond represents the average totalaeddtie lines represent the
minimum and maximum observed length. Number of eggs at age data from Boyd 2011 dt engthased
on annual spawning stock survey in the Roanoke River near Weldon (WRC data).

A harvest slot limit will increase the number of older fish in the population. However, if the slot
limit is too wide, savings may be insignificant. A slot lirob narrow will result in additional

dead discards if fishing practices do nwitch the selected slot siZBommercial sampling in the
ASMA indicates 86% of the striped bass measured were below 25 ifdhese(2.9. An 18 25

inch TL harvest slot size limiwould include most of the current harvest in both the recreational
and commercial sectors and not lead to significant increases in discards, while protecting fish once
they grow out of the slot to increase abundance of older and larger striped bags-R stheck.
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Figure2.5. Recreational length frequency (total length, inches) of striped bass harvested in the ASMA, NC, 1996
2020. Bubble size represents the proportion of fish at length.
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Figure2.6. Recreational length frequency (total lengdtithes) of striped bass harvested in the RRMA, NC, 005
2020. Bubble size represents the proportion of fish at length.
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Figure2.7. Commercial length frequency (total length, inches) of striped bass harvested in the ASMA, NC, 1982
2020. Bubble size represts the proportion of fish at length.

Option 5. Gear modifications and area closures to reduce discard mortality

Commercial Fisheries
To reduce discard mortality from gill nets, gear modifications have included: reducing maximum
yardage allowed, restricty mesh sizes, attendance requirements, not allowing harvest during the
summer months when water temperatures are higher and discard mortality increases significantly,
and requiring tiedowns in the flounder fishery.

Area closures are another tool useddduce discard mortality. Since 1987 the mouth of the
Roanoke River from Bl ack Walnut Point to the
use of all gill nets during times of the year when striped bass are present in large concentrations
and/or waer temperatures are warmer and discard mortality will be high. Other closures have
eliminated the use of small mesh gill nets in shallow waters close to shore to reduce undersized
discards from large year classes.

The MFC requested analysis to reducestt bass discard mortality through the elimination of

gill net use in the ASMA. While such a measure cannot be pursued in the Estuarine Striped Bass
FMP, the MFC does have the authority to eliminate harvest of striped bass with gill nets. However,
if the gill net fisheries for American shad and flounder continue, and striped bass cannot be
retained, striped bass discards will still occur and will increase. If the large mesh gill net fisheries
in the ASMA that create unacceptable levels of striped basardsa@re eliminated, serious
economic impacts will occur to numerous fisheurrently participating in these fisheries. The
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number of gill net trips, number of participants, pounds of seafood landed at dealers, and dockside
value associated with th@merican shad and southern flounder fisheries in the ASMA are
presented in Tables 2.3 and 2.4. The number of gill net trips, number of participants, pounds of
seafood landed at dealers, and the dockside value associated with all of the gill net tes@arg
small mesh) in the ASMA are presented in Table 2.8.

Table2.8. Number of gill net trips, number of participants, total pounds of seafood landed, and dockside value from
all gill net trips in the ASMA, 201i2019.

Year Trips  Participants Seafood soldlp) Dockside value

2010 11,691 420 2,003,385 $1,972,341
2011 7,484 370 1,673,071 $1,280,433
2012 10,253 427 1,860,312 $2,316,010
2013 13,685 432 2,188,732 $3,199,403
2014 9,164 396 1,607,618 $1,903,979
2015 7,855 336 1,614,889 $1,578,145
2016 6,001 268 1,012,693 $1,108,990
2017 6,678 284 1,269,011 $1,521,611
2018 6,340 273 1,318,485 $1,349,733
2019 5,822 234 1,307,117 $1,148,976

At the MFC August 2021 business meeting, a motion passed relative to the Small Mesh Gill Net
Rules Modification Information Paper whichstated, o not i1 ni ti ate rul emaki
nets but refer the issue to the FMP process for each specieangiskues or rules coming out of

the FMP process be Tadidarneatos Rager fadused nhmaely ontoptiong 0O .

that could be implemented to address small mesh gill nets south of Gill Net Management Unit A
(roughly the same area as the ASMA} small mesh gill nets have a long history of being
regulated more strictly in the Albemarle Sound area because of the concern over the striped bass
stocks during the 1970%980s.

Some of the earliest small mesh gill net rules were implemented thppaglamation authority

in the Albemarle Sound region as early as 1979 (see ApperZlindN.C. Estuarine Striped Bass

FMP). The intent of issuing small mesh gill net regulations from 19990 was focused on
reducing striped bass harvest rather than reducing discards, as the minimum size for striped bass
was still 12 inches TL for the camercial sector. Starting in 1991 when the minimum size limit
increased to 18 inches TL and a TAL was implemented in the ASMA, the focus of small mesh gill
net regulations shifted to reducing dead discards, as most striped bass captured in small mesh nets
are under 18 inches TL.

The various gill net regulations implemented in the ASMA since 1979 have focused on closing
areas during times of high striped bass concentrations, restricting mesh sizes, requongsie

in deep water for both large and smadish nets, and implementing mandatory attendance of small
mesh qill nets (NCDMF 2004). The mandatory attendance serves a dual purpose to reduce dead
discards and reduce effort.
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The target species in the anchored, mmaptecies small mesh gill net fishery the ASMA has
changed significantly over the past 30 years. The biggest change was the moratorium on the harvest
of river herring in 2008 (NCDMF 2007 RH FMP). Trip ticket data that included landings of river
herring, white perch, striped mullet, spotteatsout, yellow perch, and spot were used as a proxy

to determine a small mesh gill net trip in the ASMA. Analysis indicates an overall, steady decline
of anchored, small mesh gill net trips in the ASMA from a high of 9,490 trips in 1999 to a low of
1,589trips in 2018 (Figure 2.8).
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Figure 2.8 Number of anchored gill net trips in the ASMA that landed either river herring, white perch, striped mullet,
spotted seatrout, yellow perch, or spotygillndtkiese spec
in the ASMA.

Estimating striped bass dead discards in the small and large mesh gill net fisheries in the ASMA
is part of the annual compliance with the ASMFC Interstate FMP for striped bass since 1994. The
method for estimating striped batdiscards has changed through the years based on available on
board observer coveragemendment Icontains a detailed discussion of the methods (NCDMF
2013). Since 2012, striped bass released alive from gill nets have a 48% delayed mortality rate
applied. A detailed explanation of discard modelirendoe found in thé\-R striped bass stock
assessmerftee et al. 2020). Dead discardstlie ASMA large and small mesh gill net fisheries
have averaged 1,870 fish per year with a high of 6,429 fish in 2013 and a low of 1,175 fish in 2019
(Table 2.9).
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Table2.9. Number of striped bass dead discards from large and small mesh anchoredigiienies in the ASMA
estimated from oiboard observer data and trip ticket data.

Large Mesh ~ Small Mesh

Year (N) (N)

2012 1,607 3,419
2013 1,846 4,583
2014 1,028 2,850
2015 1,600 3,814
2016 1,311 2,854
2017 1,695 2,260
2018 778 976

2019 465 709

2020 409 1,457

Recreational Fisheries
Since 1997, WRC has required use of single barbless hooks for all anglers during the striped bass
spawning season in the inland portions of the RRMA to reduce discard mortality. Reducing discard
mortality in the RRMA is particularly important due to recdieaal fishery discards being many
times greater than harvest. Barbless hooks reduce discard mortality by reducing the time it takes
an angler to remove the hook from fish and by reducing the damage to the mouth of fish (Nelson
1994).

Use of circle hooksand barbless treble hooks to reduce discard mortality of fish is gaining
popularity among the recreational fishing industry. DMF staff presented information on the
efficacy of using circle hooks and bdarbed treble hooks to reduce discard mortalityaptured
andreleased fish to the MFC at its May 2020 business meetindgnfemation on requiring the

use of circle hooks and bebarbed treble hooks in North CaroliNEDMF 2020a). Circle hooks
reduce discard mortality compared to traditional J hooks because fish are much less likely to get
deep hooked (Cook et al. 2021; Kerstetter and Graves 2006). Circle hooks are required in the
Atlantic Ocean watarof North Carolina when fishing for striped bass or sharks and using natural
bait. Amendment 1 to thiorth Carolina Red Drum FMENCDMF 2008) requires the use of

circle hooks in certain times and areas of the Pamlico Sound when anglers target large red drum
using natural bait to reduce deep hooking and release mortality (Aguilar 2003, Beckwith and Rand
2004).

Although less research has been done on the effects of bent or barbless treble hooks on the survival
of capturedandreleased fish, the same reasons are thought to reduce hook trauma when using
single barbless hooks applies. However, as noted in the May 26@0hook information paper,

the promotion of barbless treble hooks as a conservation measure has largely been replaced by the
use of single inline hooks instead of treble hooks on artificial lures. Use has been encouraged for
a variety of reasons includy: less damage to fish, ease of unhooking, fish hooked more securely,
less likely to collect grass or debris, and angler safety. Many manufacturers have started selling
lures rigged with single hooks. This trend is being driven by the tackle indusayenstand
conservatiorminded anglers (NCDMF 2020a).
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Area closures could also be implemented in the recreational fisheries to reduce striped bass
discards. Catclandrelease fishing for striped bass during the closed harvest season is popular in
severalareas, including the old Manns Harbor Bridge in Manteo, the highway 32 bridge crossing
the Al bemarl e Sound at Pea Ridge, Coreyods Dit
Refuge in Currituck, and in the Roanoke River. While data do not exdstésmine the exact

extent of economic losses, closing areas to the use of recreational hook and line when striped bass
harvest is not allowed would impact numerous industries that rely in part or whole on recreational
fishing. Closing an area to targetisgyiped bass is unenforceable.

An area closure on the spawning grounds to eliminate the harvest andmatelease of striped

bass as they gather in large numbers and spawn also serves to reduce discard mortality. Releases
after the harvest period ha®sed on the spawning grounds has ranged from 92734328 fish

(FMP Table 5). Closing the spawning grounds to the harvest of fish is a common practice in many
fisheries to protect the spawning stock, although there is no research on the impacktsafcatc
release fishing on the quality or amount of egg production for striped bass. Based on experience,
the AR striped bass stock has recovered from low stock abundance and produced strong year
classes under cat@ndrelease fishing practices on the spawg grounds.

Option 6. Adaptive management
Adaptive management is a structured decisi@king processvhen uncertainty exists, with the
objective to reduce uncertainty through time with monitoring. Adaptive management is based on
a learning process taonprove management outcomes (Holling 1978)aptive management
provides flexibility to incorporate new information and accommodate alternative and/or additional
actions. As flexibility increases, so do the resources needed to acquire and analyze @fitasas w
to implement and enforce complexities of management. These elements creaiff4rémdde must
be balanced for all users.

The ASMFC uses annual juvenile abundance indices as an indicator of year class strength and a
trigger for management evaluatis (ASMFC2010). If the JAI is below 75%f the other JAI

values for three consecutive years, the ASMFC Striped Bass Technical Committee will review the
stateds data and make a recommendation to the
possible causefor the spawning failures and if management action is needed. -Fhetped

bass juvenile abundance index met thggerin 2020, the third year in a row theex value was

below the 75%hreshold (Figure.?2).

Adaptive management for the-RR stockand fisheries in the ASMA and RRMA encompass the
following measures:

1 Use of peer reviewed stock assessments and updates to recalculate the BRPs and/or TAL.
The current TAL of 51,216 |b remains in place until a new TAL is determBtedk
assessments will be updated at least once between benchmarks. Changes in the TAL will
be implementethrough Adaptive Management

1 Useestimates oF from stock assessmerntscompare to thE BRP and ifF exceeds the
Frargetreduce the TAL t@chievethe Frargetin One yeathrough Adaptive Management

1 Ability to change daily possession limits in the commercial and recreational fisheries to
keep landings below the TAL.
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1 Ability to open and close recreational harvest seasons and commercial harvest seasons
and areaso keep landings below the TAdnd reduce interactions with endangered
species

1 Ability to require commercial and recreational gear modifications includirtgydiu
limited to, the use of barbless or circle hooks, area closures, yardage limits, gill net mesh
size restrictions and setting requirements to reduce striped bass discards.

MANAGEMENT OPTIONS AND IMPACTS

(+ Potential positive impact of action)
(- Potenial negative impact of action)
1. Manage for Sustainable Harvest through harvest restrictions
A. Continue to use stock assessments and stock assessment projections to determine the
TAL that achieves a sustainable harvest for tHe stock

+ The best optio to maintain harvest at a sustainable level when mechanisms exist
to monitor recreational and commercial harvest in neattiraaland close fisheries
when the TAL is calculated to be reached

+ Maintains a sustainable harvest if the TALs are set apptefyriand updated at
regular intervals

- Will not achieve sustainable harvest if TALs are set too high and not updated at
regular intervals

- Does not allow for increased harvest based on year class strength if TALs are not
updated often enough througiock assessments

B. Implement &arvestmoratorium

+ Would eliminate all harvest which would likely reduce fishing mortality to the
stockeven more than the current TAL of 51,216 pounds

+ Would likely increase abundance and further expghedage structer

- Mortality associated with discards in other commercial and recreational fisheries
would still occurand likely increase

- May not achieve the desired results if environmental factors have a greater influence
than the level of SSB on the formation absiy year classes

- Would have significant economic impacts acrbgescommercial sector if fisheries
and gears that interact with striped bass were also eliminated

- Would have significant economic impacts to businesses across the recreational
sector suported by recreational fishing for striped bass

2. Management of striped bass harvest in the commercial fishery as a bycatch fishery
A. Status quo: continue managing the ASMA striped bass fishery as a bycatch fishery

+ Consistent withregulations since 1995
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+ May still discourage additional participants from entering the fishery and
harvesting striped bass quota that donod
species large mesh gill net fisheries in the ASMA

- Makes it more difficulto implement hoolandline as a commercial gear

B. Stop managing the ASMA striped bass fishery as a bycatch fishery

+ Would reduce enforcement issues for Marine Patrol

+ Would make it easier to implement hook and line as a commercial gear by not
requiringbycatch provisions for one gear and not another

+ Would have no impact on the other management measuresiédygpossession
limits) intended to maintain harvest below the TAL

+ Would offer a more resource friendly gear that has less discard mattalityill
nets and would have less interactions with endangered species compared to gill nets

+ Would be an additional gear available to the commercial sector to harvest striped
bass when gill nets may not be allowed due to excessive interactions with
endangered species are because of harvest reductions needed in other FMPs (e.g.
southern flounder and American shad)

- Could potentially lead to increased participants in the commercial fishery which
would possibly decrease the annual income received pecipant in the fishery

- Could potentially lead to increased participants in the commercial fishery which
could cause the TAL to be reached quicker and cause gill net fisheries for other
species (e.gAmerican shad) to close earlier than planned

3. Accountbility Measures to Address TAL Overagésxamples in Table 2.10)

A. Single Year Overages: if the landings from tmanagement area/sectdiwee
fisheries combined (RRMA recreational, ASMA recreational, and ASMA
commercial) exceeds the total TAL by 10%ansingle calendar yeathen each
fishery that exceeded their allocated TAL will have their allocated TAL reduced the
next calendar year. The reduction required for a fishery will be equal to the percent
contribution that fishery made to the combined TéJerage.

Chronic Overages:if the five-year running average dhe landings from the
management area/sectors three fisheries combined (RRMA recreational, ASMA
recreational, and ASMA commerciaxceeds théive-year running average of the
total TAL by 2%, the fishery(ies) exceeding their allocated TAL will deduct the
annual average overaffem thdar annual TAL forthe nexffive years.

+ Allows for a buffer around the TAL to account for the uncertainty associated with
estimates of recreational harvest

+ Could prevent constantly changing the TAL each year if overages are below the
10% buffer

+ Will be less confusing to anglers if regulations do not change often

- Exceeding the TAL by less than the prescribed buffer, would potentially reduce the
ability to maintain a sustainable harvest
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If the landings from thenanagement area/sectaonsee fisheries combind@RRMA
recreational, ASMA recreational, and ASMA commercial) exceeds the total TAL by
5% in a single calendar ye#nen each fishery that exceedbdit allocated TAL will

have their allocated TAL reduced the next calendar year. The reduction for a fishery
will be equal to the percent contribution that fishery made to the combined TAL
overage.

The same positives and negatives apply to this optids julst a more conservative buffer than

option 3.A.

C.

If the landings in anyone o f the management areaséo
recreational, ASMA recreational, and ASMA commercial) exceeds their allocated
TAL by 5% in a calendar year, any landings xcess otheir allocatedrAL will be
deduct ed f r oatlocatddlAL thef nexscalendar year .6

If the landings in anyone o f the management areaséo
recreational, ASMA recreational, and ASMA commercial) exceeds their allocated
TAL in a calendar year, any landings in excesshafir allocatedTAL will be

tf

tf

deducted from that fi sdleedariyeacs 6 al | ocat ed

+ Is the most conservative approach to managing a TAL and will provide the greatest
chance at rebuilding the stock and maintaining a sustainable harvest

- Does not incorporate statistical uncertainty in inherent to recreational harvest
estimates

- Can lead to very short seaspos no season at all for some yeafs[ALs are
exceeded often and/or by significant amouwviten TALs are low

- Can cause confusion among users if regulations change every year

For all overage optionsverages wilbe deducted from thmanagement area/sectéishery(ies)
TAL, not themanagement area/sectdishery(ies)TAL plusa buffer; if paybacksto a fishery
exceed the next yearallocatedTAL for that fishery paybacks will be required in subsequent
years tomeet the full reduction amounh situations where a fisheries allocated TAL has been
reduced from a previous yeards overage, I f

t he
TAL.

Managing agencies will implement strategies, including proclamations to close harvest seasons, to
prevent landings from exceeding the TAL, rather than attempting to harvest the TAL and the

buffer.

subsequent year ar e r educ e dnotffranothe retucesl f i
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Table 2.10EXAMPLES of Accountability measures to address TAL Overage.

Option  Buffer When ManagementArea/Sectol TAL Area/Sectol Landings Total Percent Payback Next Season  Explanation
Payback Is Area/Sector TAL + Landings Over/Under Payback Contribution Area/Sector
Required Buffer TAL Required to Overage TAL (Ib)
3.A. RRMA o 12,197 x 88% = Total TAL+10%
lanOd\i/r?Qrgllare recreational 12,804 14,084 27,546 14,742 88% 10,733 2,071 exceeded so
0, 0 = i
10% over o oater than _ ASMA 12,804 14,084 8258  -4546 12,197 0% 12,197 x 0% 12,804 payback is
TAL (Overall TAL recreational olb necessary.
05 =
+ Buffer) ASMA . 25,608 28,169 27,609 2,001 12% 12,197 x 12% 24,144
Commercial 1,464lb
3.B. RRMA 15804 13444 17,804 5,000 100% 0 12,804  Despite RRMA
Overall recreational recreational
landings are  ASMA exceeding TAL,
0,
5 _?A(I)_ver greater than recreational 12804 13444 4,000 0 0 0% 0 12,804 Toial TAL+5%
(Overall TAL ASMA not exceeded s(
+ Buffer) Commercial 25,608 26,888 25,608 0 0% 0 25,608 no paybacks are
necessary.
8.C. RRMA 12804 13444 12000 -804 0 12,804 ASMA
recreational recreational
landings exceede
Fishery TAL+5% so mus
- ASMA pay back full
0,
54) over landings are recreational 12,804 13,444 14,000 1,196 1,196 Ib 11,608 overage. ASMA
Fishery greater than commercial
TAL  (Fishery TAL exceeded TAL b
+ Buffer) -
Not Applicable less than 5%
ASMA 55608 26,888 26,200 392 0 25,608 bufer so no
Commercial paybacks are
necessary.
3D. RRMA 12804 12,804 12,954 150 150 Ib 12,654  Eacharea/sectc
Landings recreational exceeded their
No Buffer greater than _~SMA 12,804 12,804 13,494 690 690 Ib 12114 'ALand mustpa
Fisherv TAL recreational back all landings
ishery ASMA in excess of thei
. 25,608 25,608 25,825 217 217 1b 25,391 TAL
Commercial .
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4.

Size limits to expand the age structure of the stock

+ Will provide resiliency to the stock during times of poor recruitment

+ Can provide anglers with evenhiéitisocptghor t uni
andrelease only

- Can reduce thaumberof fish available for harvest depending on the size limit
chosen

- Can increase theumberof dead discards from fisheries depending on the size limit
chosen

Status Quemaintainthecurrent minimum size limit of Héhch TL in the ASMA, and
in the RRMA maintairthe currenharvest size limit o& minimum of18-inch TL to

22-inch TL maximum,with a no harvest slot dish 221 27 incheswith only one fish
in the daily creel being greatdéran 27 inches

+ Is consistent with management since the 1990s

+ Provides some harvest protection of females in th@2ihch no harvest slot while
on the spawning grounds

- Does not offer as much protection of fish greater than 27 inches as a hawest sl
with a maximum allowed harvest size would

Increase the minimum size limit in all sectors in the ASMA and RRMA

+ Could increase chances of achieving a sustainable harvest by allowing females to
spawn more times before becoming available to harvest

+ Will provide consistent regulations across all sectors and management areas

- Will lead to greater and greater discards the higher the minimum size limit is raised

- Will decrease the percentage of recreational anglers that will catch and retain the
daily limit of striped bass (the greater the increase in the minimum size limit the
greater the decrease in the percentage of anglers that &a#yp landinglimit)

-Will not allow the harvest of a Atrophy

In the ASMA, implement darvest slot of a minimum size of -i&ches TL to not
greater thar25 inches TL in the commercial and recreational sectors

+ Will provide resiliency to the stock during times of poor recruitment

+ Can provide anglers witdmy evanditi®gatphor t uni
andrelease only

- Will reduce thenumberof fish available for harvest depending on the size limit
chosen

- Will increase themumberof dead discards from fisheries depending on the size limit
chosen

- Will increase the potentiab reach TAL quicker in the RRMA if harvest is allowed
on larger fish

- Any increase in the abundance of older fish in the population may not be noticeable
if the slot is too large
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In the RRMA, maintain current harvest slot limitaominimum size o18-inches TL
to 22inches TL with a no harvest slot ofi2Zl0 inches TL, and the ability to harvest
one fish greater than 40 inches per day to allow for harvest of a trophy fish.

In the RRMA, maintain current harvest slot limit of a minimum size eintBes TL
to not greater thar22-inches TLwith no harvest allowed on fish greater than 22
inches.

Gear modifications and area closures to redtigged bassliscard mortality

A.

Status quecontinue to allow commercial harvest of striped bass with gif m joint

and coastal waters of the ASMA and continue recreational harvest aneandtch
release fishing in the ASMA and RRMA, including striped bass spawning grounds
in the Roanoke River. The requirement that from April 1 through June 30, only a
singlebarbless hook or lure with single barbless hook (or hook with barb bent down)
may be used in the inland waters of the Roanoke River upstream of U.S. Highway
258 Bridge will remain in effect.

+ Consistent with management since 1990

+ Allows for harvest wit traditional gears and in traditional locations user groups
are accustomed to

+ Experienceéhas demonstrated the stock can recover from low levels of abundance
and produce strong year classes with these fishing practices in place

- Gill nets interact withendangered species and require incidental take permits to
operate

- Catch rates can be extremely high when striped bass are congregated on the
spawning grounds

- There has been little research on the effects of catdielease fishing to egg
production ad quality

Do not allow the harvest of striped bass with gill nets in the ASMA commercial
fishery

+ Will reduce dead discards associated with harvesting striped bass with gill nets

- Will create a significanhumberof dead discards unless all othell git fisheries
in the ASMA are eliminated

- Will have a significant economic impact to commercial fishesing gill nets to
harvest striped bass unless they can easily and inexpensively switch to another gear

Do not allow harvest or targeted catmhdrelease fishing for striped bass while on
the spawning grounds or other areas of high concentration

+ Would reduce all discards associated with hook and line fishing on the spawning
grounds and in other areas of high striped bass concentration

+ Would likely increase abundance and further expand the age structure

- May not achieve the desired results if @ammental factors have a greater influence
than the level of SSB on the formation of strong year classes
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- Would have significant economic impact to all businesses in the areas supported by
recreational angling for striped bass while on the spawning gsoand in other
areas of high concentration

- Would eliminate access to the resource by the user groups in the area of the
spawning grounds and in other areas of high concentration unless they travel to
another area to harvest striped bass

D. Implement sinte barbless hook rule in the remainder of the RRMA during the open
harvest season and catehdrelease season

+ Would reduce mortality associated with undersized releases anehoaktdiease
fishing

- Would have negative impacts on other recreatioghéfies mainly largemouth bass
fishing in the area and time of year

E. Implement a requirement to use raffiset barbless circle hooks when fishing with
live or natural bait in the inland waters of the Roanoke River (upstream of Hwy 258
bridge) from May Zthrough June 30

+ Would reduce mortality associated with undersized releases anehoatdiease
fishing

- Would require significant angler education on the types of circle hooks that would
be required

- Would have significant impact on other recreatldigheries using live bait for
other species, such as crickets for bream, if there were not exemptions for certain
size J hooks

- Would require significant angler education on the types of J hooks that would be
exempted

Adaptive Management
Adaptive maagement for the R stock and fisheries in the ASMA and RRMA
encompasssthe following measures:

Usepeer reviewed stock assessments and updates to recalculate the BRPs and/or TAL.
The current TAL of 51,216 Ib remains in place until a new TAL is determBiadk
assessments will be updated at least once between benchmendases or decreasas

the TAL will be implementedhrough Adaptive Managemem harvest moratorium

could ke necessary if stock assessment results calculate a TAL that is too low to
effectively manage, and/or the stock continues to experience spawning failures.
Useestimates oF from stock assessments to compare tdtB&P and ifF exceeds the
Frargetredu®@ the TAL toachievethe Frargetthrough Adaptive Management

Ability to change daily possession limits in the commercial and recreational fisheries to
keep landings below the TAL.

Ability to open and close recreational harvest seasons and commerciat lse@asons

and area$o keep landings below the TAdnd reduce interactions with endangered
species
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1 Ability to require commercial and recreational gear modifications including, but not
limited to, the use of barbless or circle hooks, area closuresggalidats, gill net mesh
size restrictions and setting requirements to reduce striped bass discards.

NCMFC SELECTED MANAGEMENT STRATEGY

Options: 1.A.,, 2.A.,3.D.,4.C., 4.E.,5.A., 5.E., and 6.

SeeAppendix 6for DMF, WRC,andadvi sory committeesd6d recommend
online public comment.
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APPENDIX 3: ACHIEVING SUSTAINABLE HARVEST FOR THE TAR-PAMLICO AND
NEUSE RIVERS STRIPED BASS STOCKS

ISSUE

Consider existing factors that prevent a-sel$taining population in the F&amlico and Neuse
rivers and implement management measures that provide protiectienmd access to the striped
bass resource.

ORIGINATION

North Carolina Divsion of Marine Fisheries (DMFand North Carolina Wildlife Resources
Commission (VRC)

BACKGROUND

Natural reproduction is the primamrocessresponsible for maintainingelf-sustaning fish
populations at levels that support harvesseltsustaining populationshé numbes of offspring
produced by natural reproductiaregreater than can Isocked by managerStriped bass stocks
that allow harvest and can sedplace throuly natural reproduction are considered sustainable.
Until there are naturallyeproducing populatianin these riversapable ofkelf-replacementthe
sustainable harvest objective of this plan cannot be met

The TarPamlico and Neuse rivers striped bashdries have been sustained by continuous
stocking to maintain the populations while allowing recreational and commercial harvest
( O6 Donnel [12013;see)ppEralixk . Roanoke Riveorigin striped baskhave either been
stocked or used dsoodstockn the TarPamlico and Neuse rivers for decad@sayless and Smith
1962; Woodroffe 20111 It is likely there are no TaPamlico or Neus®iver native strains of
striped bass remaining in the river systems; however, striped bass in {Raril&o and Neuse
rivers display genetidifferences from other striped bass in North Carghviaich is to be expected
given the history of stocking irhése systems (Cushman et al. 2018). The need for continued
conservation management efforts aepported by persistent recruitmefailure, multiple
mortality sources, absence of older fish on the spawning groundspptonal environmental
conditions onthe spawning grounds in the spring, impacts ftoetchery reareguveniles and
escapedhybrid striped bassnd the high percentage of stockisti in the populationBradley et

al. 2018; Rachels and Ricks 20Mathes et al. 2020Reliable population eishates have never
been determined for Td&amlico River striped bass. In 2018, Bradley et al. (2018) provided a
population estimatef 18,457 for Neuse River adult striped bass; howeawer,persistence of
striped bass populations in these rivers to suppereational and commercial fisheries has been
the result of continuous stocking effo(dathes et al. 2020; NCDMF 2020a).
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Tar-Pamlico and Neuse RiveBtriped Bass Stocks Life History

For a comprehensive review of striped bass life history im#¥damlico and Neuse rivers see
Mathes et al. (2020) and NCDMF (2013).

The age structure of striped bass in the-Hamlico and Neuse rivers remaimsited, with few
fish over ten years old collected DMF and WRCsurveys. Sampling bWRC in 2007showed
age4 andage6 fish werecommon in both rivers (Barwick et al. 2008)der, larger individuals
were seldom encountered. Since adoption ofgheiarine Striped Bass FMIRCDMF 2004),
there has been little change in the size and age distribution Tratfiamlico andNeuserivers.
However,abundancef age6 and older striped bas®ganincreasing in 2008, peaking 2014
(Rachels and Rick&015). On the Tar River, abundance of-&gesh has varied considerably with
a peak in 2012 (Rundle 2018)/RC scaleaged fish suggest a maximum age ofiithe Tar
Pamlico River (Homan et al. 201@xnd 11 on the Neuse RivalVRC - unpublished data 2017).
DMF otolith and genetic age data indicate maximum agéd£ of both rivers NCDMF 2020a).
Survey data indicates limited numbers of larger striped badhese systemsthough gear
selectivity likdy excludes larger striped basBew striped bass larger than 27 inches are
commercially harvested in these systeCDMF 2020a) however, fishery independent
sampling using gill nets with larger mesh sizes (up tant@ stretched meghndicates the
presence of largeolder striped bass ideeper regions dhe Tar-Pamlico River (Cuthrell 2012).

Striped bass populations in the FRaimlicoand Neuse rivers primarilgmain within their native
river system throughout thdife history. Tagging data indicagdimited movement of striped bass
from the Neuse and@ar-Pamlico rivers into other systeros the Atlantic OceanSetzler et al.
1980;Rulifson et al. 1982Winslow 2007; Callihan 2012; Callihan et al. 2014; Rock et al. 2018
NCDMF 1 unpublished data 2020Ylultiple studies havéndicatedstriped bass make spawning
migrations in the TaPamlico and Neuse rivers and fertilized ebgse ben found, indicating
reproduction isoccurring; however, there is very limited if any striped bass recruitment to the
larval and juvenile life stages (Humphries 1965; Kornegay and Humphries 1975; Jones and Collart
1997; Smith and Rulifso8015; Rock et al2018).Surveys suggestggabundancen the water
column downstream from spawnirg not sufficient to provide recruitment of juveniles to the
population.

Over the past several decades, few larval and juvenile striped bass have been frolle G8HA
systems(Marshall 1976;Hawkins 1980 Nelson and Little 1991Burdick and Hightower 20Q6
Barwick et al. 2008Smith and Rulifson 203%ndBuckley et al. 2019). In 2017, ti¥VF began
an exploratory juvenile abundance surveythe TarPamlico and Neusewers using trawl and
seine netsAs of 2020, no juvenilstriped bass have been collectedhis survey(Mathes et al.
2020; Darsee et al. 2020).

Striped bass are broadcast spawners that producadhasive, sertbuoyant eggs that must
remainneutrally buoyant in the water column as they float downriver for the best chance of
survival to larvae. Sufficient current velocity is critical to keep eggs suspended in the water column
for a minimum of 48 hours after fertilization (Bain and Bain 1982\venting contact with the
bottom. Eggs differ among striped bass stocks and are ideally suited for certain river flows.
Chesapeake Bay stock eggs are lighter and maintain their position in the water column of calmer
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tidal waters, whereas Roanoke Riverckt@ggs are heavier and maintain their water column
position in the more turbulent, high energy Roanoke River system (Bergey et al. 2003). While
Chesapeake Bay stock eggs appear genetically predetermined to being lighter, Roanoke River
stock eggs are thobgto be more adaptable to varying environmental conditions (Kowalchyk
2020). Neuse River water velocities are variable but appear sufficient to keep heavier striped bass
eggs suspended until hatching (Burdick and Hightower 2006; Buckley et al. 2019pha$ed
minimum required water velocity (30 centimeters per second).

In 2017, North Carolina State University initiated research to provide insight into striped bass

recruitment by evaluating genetic and environmental influences on egg development. Results
reveal the stock with the heaviest and smallest eggs collected in 2018 and 2019 were from Tar
Pamlico and Neuse rivestriped bass broodstock (Kowalchyk 2020). TheFamlico and Neuse

rivers werealsofound to have significantly different levels of kpyoteinsrequired to maintain

egg hydratiortompared to ther North Carolina river systengssiblycontribuing to differences

in buoyancy and critically timed nutrient delivery.

It is clear striped bass reproduction is influenced by complex interadbietween population
structure, environmental, and physiological factémsaddition, reproductive success is likely
impactedbecause the striped bass stocks in thePEanlico and Neuse rivers are a wative
strain and the physical environment in thegstems has changed through time.

Striped Bass Fisheries

Management measures in Amendment 1 consist of daily possession limits, open arttaciestd
seasons, seasonal gi#t attendance and other gikt requirements, minimum size limits, and slot
limits to work towards the goal of achievirsyistainable harvest. Amendment 1 also maiathin
the stocking measures in the major CSMA river syst@GDMF 2013). SupplementA to
Amendment 1(NCDMF 2019) implementeda recreational and commercialo-possessio
provision for striped bass in the internal coastal and joint waters of the CSidéuce mortality
onstriped bass these system#dditionally, commercial gilhet restrictionsvere implemented
requiring 3foot tie-downs and50-yard distance from she measuresn accordance with
Supplement A to Amendmentykarround (M-5-2019) Proclamation M6-2019maintained the
yearroundtie-down anddistance from shoreestrictions for large mesh gill ne&sd prohibited

the use ofll gill nets upstream of the ferry lines from the Bayview Ferry to Aurora Ferry on the
Tar-Pamlico River and the Minnesott Beach Ferry to Cherry Branch Ferry on the Neus®River
furtherreduce bycatch of striped bass

Recreational

The DMF recreational angler survesgarted collectingecreational striped bass harvest, discard,
effort, and economic data for the TRRamlico and Neuse riveis 2004. Recreational landings
fluctuated between 2002018, ranging froma low in 2008 (2,990 pound$) a highin 2017
(26,973 poundsFigure 3.1; NCDMFR2020a).0Only 959 pounds were harvested in 2019 because
the season closed early when Supplement A (February 2019) was appimre@016 2017,
recreationalrips and hours spent targeting striped bass increagbda decline in 20180n
average 3,327 fislwvere harvested annually from the FBamlico and Neuse rivers combined.
(NCDMF 2020a) Recreational releases during 2002018 averaged 43,255 fish per year (Mathes
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et al. 2020) Due to the number of undersized striped bass availal2017 there wasa large
increase in discardturing this year.
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Figure3.1. Annual recreational catclhdrvested and/aeleased) of striped bass in the CSMA, 20BP0. There was
a limited recreational harvest season in 2019 prior to the closure, lasting froamydato March 19, 2019.

Commercial

Supplement A closed the commercial striped bass fishery in 2019. From20a84commercial
landings in the CSMA were limited by an annual total allowable landings (TAL) of 25,000 pounds.
The TAL was nearly met in all yeaescept for 2008, when less than half of the TAL was landed
(Figure 3.2). From 20042018, the commercial season opened March 1 and closed when the TAL
was reached.

Stock Concerns

Lack of natural recruitment is the biggest factor affecting sustainabilgyripkd bass stocks in

the TarPamlico and Neuse river§here has been no measurable year dtaise TarPamlico

and Neuse riversystems indecades, and therefore, the stocks require continuous stocking to
sustain the population8. model was developEfor striped bass in the CSMA to evaluate stocking
and management strategies (Mathes et al. 2@k evaluationmesults from the modglrovide
further evidence that natural recruitment is the primary limiting factor influencinddico

and Neuseivers stocks and if stocking was stopped the populationddvdecline (Mathes et al.
2020. Stock evaluatiomesultsindicate that striped bass populations in the CSMA are depressed
to an extent that sustainability is unlikely at any level of fishing atityt and thaino level of
fishing mortality is sustainable (Mathes et al. 2020
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Figure 3.2. Commercial striped bass harvest by system, and the TAL in the C$884, 2020. There has been a
harvest negpossession measure in the Cape Fear River since 2008 and in the CSMA since 2019. *Landings
data for theCape Fear River (2001) and for thamlico Sound2012 are confidential.

Female striped bass in these systems are 100Userat agel (Knight 2015)and fish up to age

8 are not uncommorproviding mature females in these populatiaghat should becapable of
produdng annual natural recruitment. In the Roanoke Rigensistent, measurable year classes
are detected in figy independent surveys/enduring poor flow years with periods of low
spawning stock biomasadditionally, in the Northeast Cape Fear Rivpiveniles are captured
despite very low stock abundance déindted age structure (Darsee et al. 2020; Lee .€2@20).

Reasons for low recruitment

Several factors have been suggested as potentially affecting natural recruitment irRtmlcy

and Neuse rivers including spawnstgck abundancéuncated age structure (Bradley et al. 2018;
Rachels and Ricks048; Buckley et al. 2019and egg abundance. In addition, the absence of
older individualsin the populationsnay not be sufficient to provile natural recruitment because
of lower egg production from younger, smaller fish.

Eggs produced biatchery stocked fisproduced by TaPamlico and Neuse rivers broodstock
are very smallheavy (denseg¢ggs,which are more likely to sink than float (Kowalchyk 2020)
Figure 33 shows that eggs produced from fish residing inTtaePamlico and Neuse m®vsare
statistically less buoyant than Roanoke River or Sa@tamper striped bass eggs. Egg densities
have been shown to be influenced by both genetic and environmental {Ecwedchyk 2020)
Spawning grounds in tiseriver systemsare shallow (betwee0.2 and 1.0 metero thepotential

for heavy eggs to contact bottom sediment and die is increaddiionally, because many of the
streams and creeks in these systems have been altered by channeigatifioy increass can
occurshortly aftera rainfall eventbegins followed bya rapid return to base conditions after the
end of the rainfall event (NCDWQ 2009; NCDWQ 2010).
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Flowsduring the spring striped bass spawning seasean important factor affectinguccessful
striped bassaturalrepraductionn however, nlike onthe Roanoke Rivethereareno agreemest

with the U.S. Army Corp. of Engineer’l$ACE) to maintain adequate flows for striped bass
spawningin the TarPamlico or Neuse rivers. TR¢SACE is consulted weekly regarding water
releases in the Neuse Rivieom Falls Lake in Raleighbut due to the watershed and storage
capabilitiesit is not possible to manipulate flows in these rivétews on the TaPamlico River

are based on pulse raitifavents.The ability to manipulate releases may become important as we
get more information on flows in these systems. If flows are too low during the spawning period,
heavy eggs may be more likelydontact the bottom before hatching successfully.
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Figure3.3. Specific gravity (buoyancy; g/cthmeasurements from stage 1 (white boxes) and 4 (gray boxes) fertilized
eggs from 2018/2019 hatchery broodstock sampling. Tukey pair wise comparisons are labeled above the
boxplots with ABC indicating stage 1 sificant differences and XYZ indicating stage 4 significant
di fferences ( TWkeprgsents Bunper df ferfale®spawned.

Stocking Considerations

Stocking of striped basss addressedhrough the North Carolina Interjurisdictional Fisheries
Cooperative annual work pldretween DMF, WRC, USFWS (COOseeAppendix 1. Specific
objectives for stocking stripedabs include attempts to increase spawning stock abundance while
promoting seHsustaining population levels appropriate for various habitats (see Amendment 1,
Section 11.2NCDMF 2013).The annual number stockeas increasestarting in 2010 to a goal

of 100,000 hatchery reared striped bass in each of the major river systerRalfilano, Neuse,

and Cape Fear rivers).
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Stocking will continue to play a key role recovering striped bass populafisqrt of the COOP,
consideration of future stocking meassishould include evaluation of stockstgpedbass with

eggs adapted to environmental conditions in the rivers. In addition, because management and
stocking strategy simulation results show the populations would likely benefit from stoo&iag

striped bass discussions related to the number of striped bass stocked annually should be
considered as part of the COOP agreenga®Appendix 1for additional stocking considerations.

AUTHORITY

North Carolinads existing fisheries manageme
rulemaking authority vested in the MFC and the WRC within their respective jurisdictions. The
MFC also may delegate to the fisheries director @hthority to issue public notices, called
proclamations, suspending or implementing, in whole or in part, particular MFC rules that may be
affected by variable conditions. Management of recreational and commercial striped bass
regulations within the TaPamlico and Neuse rivers are the responsibility of the MFC in Coastal
and Joint Fishing Waters, and recreational regulations are the responsibility of the WRC in Joint
and Inland Fishing Waters. It should also be noted that under the provisions of Amehdment

the North Carolina Estuarine Striped Bass FMP the DMF Director maintains proclamation
authority to establish seasons, authorize or restrict fishing methods and gear, limit quantities taken
or possessed, and restrict fishing areas as deemed necessamytain a sustainable harvest. The
WRC Executive Director maintains proclamation authority to establish seasons.

NORTH CAROLINA GENERAL STATUTES

N.C. General Statutes

G.S. 113132. JURISDICTION OF FISHERIES AGENCIES
G.S. 113134. RULES
G.5.113182. REGULATION OF FISHING AND FISHERIES

G.S. 113182.1. FISHERY MANAGEMENT PLANS
G.S. 113221.1. PROCLAMATIONS; EMERGENCY REVIEW

G.S. 113292. AUTHORITY OF THE WILDLIFE RESOURCES COMMISSION IN REGULATION
OF INLAND FISHING AND THE INTRODUCTION OF EXOTIC SPECIES.

G.S. 143B289.52. MARINE FISHERIES COMMISSION POWERS AND DUTIES

G.S. 150B21.1. PROCEDURE FOR ADOPTING A TEMPORARY RULE

NORTH CAROLINA RULES

N.C. Marine Fisheries Commission and N.C. Wildlife Resources Commission Rul€d§ 2APNCAC)

15A NCAC 03H .0103 PROCLAMATIONS, GENERAL

15A NCAC 03M .0201 GENERAL

15A NCAC 03M .0202 SEASON, SIZE AND HARVEST LIMIT: INTERNAL COASTAL WATERS

15A NCAC 03M .0512 COMPLIANCE WITH FISHERY MANAGEMENT PLANS

15A NCAC 03Q .0107 SPECIAL REGULATIONS: JOINT WATERS

15ANCAC 03Q .0108 MANAGEMENT RESPONSIBILITY FOR ESTUARINE STRIPED BASS IN JOINT
WATERS
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15A NCAC 03Q .0109 IMPLEMENTATION OF ESTUARINE STRIPED BASS MANAGEMENT PLANS:
RECREATIONAL FISHING

15A NCAC 03Q .0202 DESCRIPTIVE BOUNDARIES FOR COASTAUOINT-INLAND WATERS

15A NCAC O03R .0201 STRIPED BASS MANAGEMENT AREAS

15A NCAC 10C .0107 SPECIAL REGULATIONS: JOINT WATERS

15A NCAC 10C .0108 SPECIFIC CLASSIFICATION OF WATERS

15A NCAC 10C .0110 MANAGEMENT RESPONSIBILITY FOR ESTUARINE STRIPED BASS IN JOINT
WATERS

15A NCAC10C .0111 IMPLEMENTATION OF ESTUARINE STRIPED BASS MANAGEMENT PLANS:
RECREATIONAL FISHING

15A NCAC 10C .0301 INLAND GAME FISHES DESIGNATED

15A NCAC 10C .0314 STRIPED BASS

DISCUSSION

The TarPamlico and Neuse rivepopulations are not sedustaining andni the absence of
stocking cannot support any level of harvest (Mathes et al. 2020). Increasing spawning stock
biomass and advancing the female-afgacture to older individuals may lead to improved natural
recruitment (Goodyear 1984). Based on modeling,0gyear closure was most effective at
increasing adult (age 3+) and old adult (age 6+) abundance (Figure 3.4; Mathes et al. 2020). Model
results indicate old adult abundance does not increase for the first five years of the simulation
regardless of fishopstrategy. The next best fishing strategy consisted gfembclosure followed

by a 26inch minimum size limit. However, the d@ar closure resulted in more than two times

the number of old adult striped bass than the next best fishing strategy @G#jure

After the 10year closure, alternative harvest strategies including minimum size limits, slot limits,
and bag limits should be evaluated prior to opening of the fishery. A sufficient time period will be
required to achieve an expansion of the dgectire and to increase abundance of older fish to
promote natural recruitment. This time period should be minimahlyeh®ds from the adoption of
Supplement A (2019). Evaluations must account for natural fluctuations in striped bass spawning
success du® environmental conditions.

Continueor discontinughe neharvest mease

Management measures implemented in Supplemealoged the fishery to commercial and
recreational harvest amdust bencorporated into Amendmegtto be maintainedf Supplement

A management measures are not maintained, alternative management strategies to promote
sustainable harvestustbe considered.

Closing the fishery to commercial and recreational harvest provides the opportunity to evaluate
the population response mangement withoufishing mortality. If there are no other significant
mortality sources (i.e., natural mortality or discard mortalitypopulationlosses (i.e., emigration

from the system), nbarvest should allow for expansion of the agactureto includefish greater
thanagel10.

The nepossession measure in theernal coastal and joint waters of B&MA was implemented
based on genetic evidence suggesting two successful natural spawning events occurred-in the Tar
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Pamlico and Neusdvers in 2014 and 201®SNCDMF 2019). Thigpotential successful recruitment

was arunusual event for TadPamlico and Neuse rivestocks. Rulifson (2014) concluded 53% of

fish sampled from the Neuse River in 2010 were not of hatchery origin pro\adiecmdtal
evidence that sporadic, low levels of natural recruitment may occur in these systems. Supplement
A wasadopted tqrotectstriped bass frorthe 2014 and 2015yearclasses from harvest as they
matureand contribute to the spawning stock.
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Figure 3.4. Abundance of old adults (age 6+) projected under five stocking strategies and six fishing strategies.
Stocking 1- no stocking; Stocking 2 stocking 100,000 fish per year withy2ar stocking and-g2ear no
stocking alternating for 15 years (8 years tofcking in total); Stocking 3 stocking 500,000 fish per year
with 2-year stocking and-gear no stocking alternating for 15 years (8 years of stocking in total); Stocking
4 - stocking 100,000 fish per year withy@ar continuous stocking; Stocking Stocking 500,000 fish per
year with 8year continuous stocking. Lines show the median from 10,000 iterations.
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Based on matrix model results, no level of fishing mortality is sustainablginQing the ne
possession measure is importamincrease the aggructure and abundance Tdr-Pamlico and
Neuse rives striped bassyhich should promote natural reproduction (Mathes &0810).Fishing
activities typically select larger fish, incréag fishing mortality disproportionally Fishing
activitiesimpact the abundance of older fidhmiting the age structure of the population and
reproductive contributionMathes et al. 2020Past management measumeay have maintained
an artificially youngage structure for a species documented to live up to agéraeéne et al.
2009).

An additional potential benefit of Hrarvest in the CSMA is protection ofR striped bass using
juvenile and adult habitats in the Pamlico Sound and thé*&arico and Nese rives systems.
Conventional tag return datemsdocumenéd movement of smaller /R stock striped bass into
CSMAr rivers (Callihan et al. 2014) amdeliminaryacoustic tagesults from 3@&dult (ages i45),
northatchery origin striped bass tagged in Tla@-Pamlico and Neuse rivers indicat&)o were
detectedn the Albemarle Sound or on tiRpanoke River spawning grounds in spring 26840
2021 (NCDMF unpublished data)

If the nopossession measure is discontinued in AmendmeiteZnativemanagemendtrategies
must be considered to manage harvdatior to 2019 management measures limited harvest
seasons to cooler months to reduce discard mortRi@greational fisherwere subject to a two
fish per person per day creel linahd @mmercial fisheswere subject to a 10 fish per person per
day limit with a maximum of two limits per commerc@eration. Commerciand recreational
fishers were subject to an %i@&ch total length TL) minimum size limit for striped basanda
protective measure in joi and inlandvaters made itinlawful for recreational fisheto possess
striped bass betwee2P- and 27inchesTL. In 2018, a 2é8nch TL minimum size limit was
established in inland waters. If harvest was allowed, chandks size limits, or slot limits, could
be considered to protect larger, older stripasds.

Among the six fishing strategies evaluated by the matrix modeyeabclosure combined with a
26-inch TLminimumsize limit waghesecond most effectiv&@rategyat increasing the abundance

of older fish (Mathes et al. 2020). Additionally, commercial harvest was managed by an annual
TAL of 25,000 poundsWith a goal of achieving seHustaining populations in the FRamlico

and Neuse rivers, lower harvestd¢s, alternative seasons, or area closures could be considered.
Because striped bass populations in the CSMAtar extent that sustainability is unlikely at any
level of fishing mortality (Mathes et al. 202@ternative management strategiesyondthe
harvest moratoriurare unlikely to result in a seffustaining stock.

Gear restrictionimits

In 2004,DMF conducted a fishery independent studyetst the effectiveness of various-tiewn
and gill net setting configurations in reducing striped Hagsatch. Result®f these studies
indicated distance from shore is a significant factor in striped bass catch rates, withGg%4o a
reduction in striped bass catch when nets are set greater than 50 yards frolGDBdAE 013).
Additionally, theuse oftie-downsdecreasedtriped bass catch by 88% in water depths greater
than 3 feetdepending on seasoNCDMF 2013. In 2008, theMFC approved requiring the use
of 3-foot tieedowns in large mesh gill nets in internal coastal fishing waters and dsitadples
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minimum setback distance from shore of 50 yardgffectively reduce striped bass discards
(NCDMF 2013) After passingSupplement Athe MFC held a special meeting and passed a
motion beyond what was contained in Supplemeningtructing the DMF Driector to issue a
proclamation thaprohibited the use dll gill netsupstream of the ferry lines on the FRamlico
River and the Neuse RiveFhe tie-down and distance from shore restrictiomsre maintained
yearroundfor large meslyill nets in the vestern Pamlico Sound and rivérslow the ferry line
(Figure3.5). Thegill nettie-downand distance from shorestrictions will remain in place as part
of Amendment 2.

Rock et al. (2016) compared FRBamlico and Neuse rivers striped bass d#iadard estimates
from observer data before and after thedisevn and distance from shore management measures
were implemented (2002009 and 201112012). Average annual striped bass discards in the
commercial gill net fishery were reduced by 7%8Howing implementation.The persistent
availability of striped bass within 50 yards of shaseindicated byishery independent sampling
andlimited numbers of out of season observations from commercial gilimitatethe setback

and tiedown measurewereeffective in reducing gill net interactions with striped bass (Rock et
al. 2016).

Rdative annual variation in commercill net effort, commercial harvest, recreational eff@md
recreational discardmesignificant factors contributing to the totabrtality of striped bass in the
Neuse River (Mathes et al. 2020). Reducigrtality, including dead discardmay increase
spawning stock biomass aedpandthe age structure of spawning fema(Bsichets and Ricks

2018). Estimates ofcommercialstriped lass total dead discards in the -Pamlico River were
greateithan in the Neuse River (Mathes et al. 20E0pm 2012 to 201&ommerciaktriped bass

dead discards in these rivers averaged 1,606 fish per year; however, after the ferry line gill net
closues were implemented, the average number of striped bass dead discards reduced to 522 fish
per year (20122020; Table 3.1)n addition to thagill net closureabove the ferry lineghere has

also been anverall decline in large mesh gill net trigssulting from theadoption of Amendment

2 to the Southern Flounder FMP in 200 erall, elatively smallestimates of dead discards are

an indicator that distance from shore anddivn requirements enacted 2008 have been
successful in reducing the number of striped bass discards in the commercial gill net fishery in the
Tar-Pamlico and Neuse riverR@ck et al. 2016).owering mortality on a stock that cannot sustain
itself at any level of fishing mortayi is likely to have benefits to thmpulation.

Recreational masures to reduce discard mortality either through gear modifications or reduced
angling effort could be considered as a management tool for theahalico and Neuse stocks

due to the largeumber of fishing trips where anglers target striped bass in a catch and release
fishery. From 2012 to 2020, recreational striped bass dead discards in-th@ilaso and Neuse

rivers averaged 3,340 fish per year. Over the past nine years, the numbaeafioral dead
discards was more than double the number of commercial dead discards (Table 3.1). To reduce
injury and stressnduced mortality in the upper Roanoke River, anglers are required to use a single
barbless hook or lure from April 1 through J@while striped bass are concentrated near the
spawning grounds. Similar measures, such as requiringffget circle hooks for natural bait and
restricting the use of treble hooks, could be considered in the upper portions of-tPemil&o

and Neuseivers. However, striped bass are not abundant in large numbers in the upriver sections
of these systems, so the impact would likely be much smaller in magnitude when compared to the

93



Roanoke River. Recreational gear restrictions could be required andbip@rsa and time of
year. Gear restrictionthat are targeted a@ne species in a mulsipecies fishery are difficult to
enforce because one cannot prove in(eeé section 11.3 of Amendment 1 to the NC Estuarine
Striped Bass FMP)

Table 3.1. Recreational and commercial estimates of striped bass discards in Central Southern Management Area
rivers, 20122020.

RecreationalDead = Commercial Dead
Year Discard Numbers  Discards Numbers

2012 2,927 1,255
2013 2,263 1,797
2014 1,967 1,351
2015 2,158 1,536
2016 5121 1,805
2017 8,657 2,429
2018 3,135 1,066
2019 2,150 371

2020 1,685 672

Total 30,063 12,282

Recreationalgler education and outreagtovide a viable option tonprove survival of released

fish. Practicing ethical angling techniquieavebeen shown to improve survivalede NCDMF

Ethical Angling brochure Learning best management practices forcathangling will give

anglers confidence to release fish in a way that helps protect the resource for future generations.
Increagg public awarenesghrough directecbutreachand education will hel@nglers make
informed decisiondo minimize theirimpact to the striped bass population through catch and
release mortality.

Anglerscan minimize stress and exhaustion to fish by uapropriate tackle suited to the size

of desiredfish. Using barbless and neaoffset circle hookscan increase the likelihooof jaw
hooking a fish giving it a greater chance of survival at releadditionally, handling can be
minimized with rubberized landing nets and hook removal devices. When handling striped bass,
it is very important to minimiz the time out of waterf &nglers must remove a fish from the water,
return to the water as soon as ptledishandnewr. I t 60s
suspendt by the lip Minimize handling and only touch fishith wet hands, avoiding contact with

the eyes andiljs. Anglers should resuscitate a sluggish fish by placing it into the water facing the
current until it regains strength and can swim away on its bligh air and water temperatures
create stressful environmental conditidas striped bassAnglersshauld nottargetstriped bass

for catch and releasm these days

Commercial gear restrictions have been implemented that significantly reduce the impact of this
gear on striped bass but also have other impéetsroundgill net closures above the feriges
on the TasPamlico and Neuse rivers impadmmercial harvest afther species, such as hickory
shad and\merican shadThe hickory shad commercial season in theHamlico and Neuse rivers
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occurs from Januaryi April 14. The American shad seasorcocs from February I3\pril 14

and mostAmerican shad are harvestedringthe March striped baggll net fishery. From 2012
12017, an average of 16,805 pounds of American slead harvested in the commercial fishery

in JanuaryMarch in the TalPamlico and Neuse rive(SICDMF 2013. After the gill net closure

in March 2019, commercial landings and the number of trips were greatly reduced in both river
systems (NCDMF 2020b). NAmerican shad were harvested in 2019 and 125 pounds were
harvested in 2020 in the F&amlico River. In the Neuse River, commercial harvest of American
shad in 2019 was reduced to 1,539 pounds and 109 pound<in 202

Tie-downs and Distance from Shore

Proclmation M6-2019 implementegiearroundtie-down and distance from shore restrictions to
reduce bycatch of striped bass. The restrictr@nsain in effect untiil Amendment 2 is adopted.
Prior to the gill net closure, there were nodm®wvn or distance frorshore measures during the
commercial shad seasons, large mesh gill netaven and distance from shore restrictions were
in placeonce the commercial striped bass season closed. On Amiir8fally or whenever the
CSMA striped bass TAL was reached, tBoot tieedown and 5€yard distance from shore
measures went into effect through December 31.

DMF commercial gill net observer data indicates few striped bass are caught in gill nets set greater
than 25 yards from shore above the ferry lines in thePaarlico and Neuse rivers (Figure 3.6).
Observer data indicates clear differences in the spatial distribution of American and hickory shad
and striped bass at varying distance from shore. From 2012 to 2018 ({Fglrill%4), hickory

and American shad wereught in all trips observed above the ferry lines that were greater than
200 yards from shore, whereas only 26% of those observed trips caught striped bass. If the gill net
closure is removed, requiring large mesh gill nets to be set a minimum distaf€eyair@s from

shore above the ferry lines would allow the commercial fisheries for hickory and American shad
to operate without substantial increases in striped bass disCaxskrver coverageould monitor
interactions and adaptive management could bd tesclose the arebnecessary.
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Maps are provided for illustrative purposes to assist the public.
Maps do not supersede existing rules or proclamations.
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The decision in the TaPamlico and Neuse rivers on opening or closing the striped bass fishery
and establishing areagpen or closed to gill netting a tradeoff betweeproviding additional
protectionto promoe self-sustaining popuaitions or providing opportunities to harvest limited
numbers of striped badé.the ferry line gill net closurevas not carried forwardommercial gill

net restrictionsn placebeforethe 2019 closurevould be implementedncluding thetie-down

and distance from shorestrictions Additionally, rulesalready in place woulcequireyearround

small mesh gill net attendance in the upper portions of thd®aarlico, Pungo, Neuse, and Trent
rivers and within 200 yards of shore in the lowertions of the rivers to the western Pamlico
Sound. Attendance requirements for small mesh nets were put in place to reduce dead discards in
the small mesh gill net fisher¥f.the harvest moratorium is not maintained, tagonale behind
thegill net closureabove the ferry lineshould be reevaluatedong with any additionaheasures

that can potentially allow access to the resource while minimizing the impact on striped bass
discards

Adaptive Management

Adaptive management allows managersadgustmanagemenmeasuresasnew information or
data becomes available. Management options which are selected duringdbpt®ntake into
account the most up to date data on the biological and environmental factors which affect the stock.
After FMP adopgion, data through 2024 will be reviewed in 20856the striped bass PDTrends
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in key population parameters like adult abundance, age structure, natural recruitment, and hatchery
contributionwill be evaluate to determine the impact of the 2019passasion provision on the

stocks Analysis will also consideznvironmental conditions (e,giver flow), changes to stocking
strategies, and new life history informatiolfi.the data review suggests continuing the no
possession provision is needed addiional stock recovery, no changes in harvest management
measures will be recommended until the next FMP Amendment is developed. Adaptive
management may be used to adjust management measures including area and time restrictions and
gear restrictions if it isletermined additional protections for the stocks are needed.

If analysis indicates the populations are -sel$taining and a level of sustainable harvest can be
determined, recommendations for harvest strategies will be developed by the PDT. If analysis
indicates biological and/or environmental factors prevent asssltfining population, then
alternate management strategies will be developed that provide protection for and access to the
resource.

MANAGEMENT OPTIONS AND IMPACTS

(+ potential positive imact of action)
(- potential negative impact of action)
1. Striped Bass Harvest
A. Continue the ngossession measure in Supplement A to Amendment 1

+ Provides an opportunity to evaluate the population response in the absence of
fishing mortality.

+ Increases abundance and expands the age structure

+ Provides protection of &R striped bas$ound in the TaPamlico and Neuse
rivers systems

+ Provides the best chance of achieving sustainable harvest

- Does not allow for limited harvest of the resaibry commercial and recreational
fishers

- May not achieve desired results if other factoegativelyinfluence reruitment

- Discards incommercial andecreational fishery will still occur

B. Discontinue the npossession measure in Supplement A to Ameand 1 after
reviewing data in 2025 if it can be shown populations aressisliaining and a
level of sustainable harvest clhe determined (@gn harvest)

+ Allows for limited harvest of the resource by commercial and recreationaldisher

+ Reduces discards

+/- Environmental and other factors may prevent natural recruitment from
occurring regardless of stock condition

- Cannot achieve goal of sustainable harvest atearg} of fishing mortality

2. GearRestrictions/Limits
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A. Maintain gill net closure above the ferry lines and maintain tfeoBtieedowns
below the ferry lines

+ Reduces dead discards from the gill net fishery

+ Could help increase abundance and expaedstructure

+ Maintains reduced protected species interactions

+ Makesit easier for managers to measure any potential impacts

- Impacts commercial harvest of many species, such as, American shad
- May not increase chances of achieving sustainable harves

3. Adaptive Management
1 In 2025, review data through 2024 to determine if populations arsusHining
and if sustainable harvest cha determined

+ Adaptive management allows for management adjustments to any of the selected
management options asw data becomes available

+ Will help achieve the goal of increased abundance and expanded age structure

+ Allow for scheduled review and adjusted of management measure between
scheduled FMP reviews

- Creates management uncertainty if not clededfned

NCMFC SELECTED MANAGEMENT STRATEGY

Options: 1.A., 2.A., and 3.

In addition, the approved motion included languagéitma i nt ai n t he goughl net
2024 to allow for assessment of its perfor man

SeeAppendix 6for DMF, WRC,andadvi sory committeesd recommend
online public.

Additional NCMFC Actions

At its February 2022 business meetitlte MFC approved a motion to send the draft Estuarine
Striped Bass Fishery Management Plan Amendment 2 for review by the public and advisory
committees with the change of deleting Optior8. 2nd 2C. from Appendix 3, leaving only

Option 2.A.These options, if selected, providearious levels ohccess above the ferry lines to
commercial gill net operations. Gear, season, and area limitations were included in the options as
well as observer monitoring. These optiomereremoved from the draft plaorior to public and
advisory committee review.
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APPENDIX 4: ACHIEVING SUSTAINABLE HARVEST FOR THE CAPE FEAR RIVER
STRIPED BASS STOCK

ISSUE

Considerexisting factorsthat prevent a selfsustaining population in the Cape Fear River and
implement managememheasureghat provide protection for and access to the striped bass
resource

The 2020 Central Southern Management Area (CSMA) matrix and tagging models show a
consistent decline in abunuze estimates for striped bass in the Cape Fear River fromi2012
2018, even with a total harvest moratorium for striped bass in place since 2008. Population
abundance is maintained through stocking efforts, but genetic testing and-ofethegear

(YOY) surveys suggest limited natural striped bass reproduction occurs in the system.

ORIGINATION

North Carolina Division of Marine Fisheries (DMF) and North Carolina Wildlife Resources
Commission (WRC).

BACKGROUND

Historically the Cape Fear Rivesystem suppored selfsustaining population®f multiple
anadromous fislspeciesjncluding striped bass (Yarrow 1874; Earl 188Wltiple factors are
attributed to declines ianadromous fish stockscludingoverfishing, loss of habitat, declining
water quality, andblockage of upstream spawning migrations (ASMFC 2007; Limburg and
Waldman 2009). Construction ofitee locks and dams on the mainstem of the Cape Fear River
between Riegelwood and Tar HeBIC, wascompletedbetween1915 and 1935 (Figure 4.1).
These impenentsto migration severelyeduced the ability of striped bass to reach historic
spawning areas near Smiteyalls at the fall line in LillingtonNC (Nichols and Louder 1970).

In an effort to enhance striped bass abundance in this system, hatchery reared fish have been
stocked into the Cape Fear River by management agesinms at leasthe 1950s (Woodroffe
2011;Stocking Information Papgrin 1974, DMF began a study docunentand protect critical
spawning habitat for anadromous fishes, resulting in the designatidknazfromous Fish
Spawning Areas throughout North Carolitgpawning areas were identified in tG@ape Fear
River from the mouth of Town Creelpstreanto Lillin gton, NC (Sholar 1977As a response to

low numbers of documented spawning adults and limited evidence of juvenile recruitment,
current commercial and recreational harvestratorium of striped bass in the Cape Fear River
was implemented in 2008
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Although evidence of successful striped bass spawning in the Cape Fear River systeenhas b
documented by the collection of adult fish in spawning condition and eggs in the water column,
few larvae or YOY juveniles have been observed (Hawkins 1980; Winslow et al. 1983; Smith
2009; Smith and Hightower 2012; Dial Cordy and Associates 2017;édorgand Fisk 2018;

Rock et al. 2018). Limited natural reproduction of striped bass in the Cape Fear River Basin
suggests the sustainable harvest of asedfaining population of wild fish is not possible at this

time (Mathes et al. 2020). Evaluation stbcking efforts usingparentagéased testing (PBT)
analysis has shown most striped bass sampled in the Cape Fear River during spawning surveys are
of hatchery origin (Boggs and Rachels 2021). Restricted access to historic spawning grounds in
the mainstenCape Fear River is likely the primary factor preventing striped bass population
recovery in this system. A small amount of natural reproduction is likely occurring in the Northeast
Cape Fear River, but the overall contribution to total possible produdgtistniped bass remains
unknown. Until passage of striped bass is achieved at all three locks and dams, it is unlikely
sustainable harvest of wild fish will be attainable. While strategies are developed to meet passage
goals, the potential for harvest thie hatchery supported population of striped bass in the Cape
Fear River may be evaluated. For more information on stocking analygigiseredix 1Stocking

in Coastal River Systemisformationpaper.

Cape Fear River Striped Bass Stock

For a comprehensive review of striped bass life histoNaorth Carolina, as well as the Cape Fear
River, see Matheset al. (2020) and Amendment 2 of the Estuarine Striped Bass Fishery
Management PlarStriped bass populations in the CSMA are generally considered to have an
endemic riverine life history and typically do not make any oceanic migrations (Rulifson et al.
1982; Callihan 2012). Acoustic tagging studies in the Cape Fear River Basin show adult fish
making seasonal migrations withime drainagend minimal emigration out of the systéRock

et al. 2018; Prescott 201%®triped bassnove upstream during the spang season (MarétMay),

then return to a core residency area (J&ebruary)focused within 10 kilometers around the
confluence of the Northeast and mainstem Cape igens (Rock et al. 2018; Prescott 2019
Striped bass are observed to show fidelitgitber the Northeast or mainstem Cape Fear River for
spawning migrations, making spring migrations up the same branch which they used the previous
year before returning and mixing in the core residency &wess¢ott 2010

The WRC has conducteshnual monitoring of the spawning stock of striped bass on the mainstem
of the Cape Fear River since 2006. Sampling occurs weekly below each of the three locks and
dams from late February through May. Adult abundance is typically much higher for the statio
below Lock and Dam #1 compared to the remaining stations, and peak abundance occurs in mid
to late May (Figure 4)2Very few striped bass eggs are collected above Lock and Dam #3 where
the historic spawning area is located, with most eggs being cdllbetew Lock and Dam #1

(Dial Cordy and Associates 2011n 2017, DMF juvenile abundance trawl and seine survey
stations were developed for the Cape Fear Reystem Zero YOY striped bass have been
collected ilmainstensampling. The last documented Y@Y¥iped bass collected in theinstem

Cape Fear River were in July 19{#Hawkins 1980).
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Figure4.2. Weekly striped bass catgter-unit-effort (CPUE) by sample site February through May 2@08.9.

In the Northeast Cape Fear River, adult striped bags heercaptured an@cousticallytagged

during the spawning season (AprilMay) between White Stocking, NQkilometer 118) and
Chinquapin, NC(kilometer 168, with potential spawning occurring as far upstreardatsville,

NC (kilometer 183Rocket al. 2018 Winslow et al. (1983) documentadhall numbers of YOY
striped bassn the lower Northeast Cape Fear River. DMF sampling collected 24 YOY striped
bass in 2018, four were collected in 2019, and two were collected in 2020 at stations in the
Northeast Cape Fear River (Darsee et al. 2020).

The first well documented stocking of hatchery origin striped bass into the Cape Fear system began

in the 1950s (Wodroffe 2011). For a history of stocking in the Cape Fear River system see
Appendix 1Stocking in Coastal River Systems information paper. State and federal hatcheries
have produced striped bass released into the system, and ongoing stocking efforts are made by a
cooperative agement between the USFWS, DMF, and WRC, which has been in place since 1986.
Bet ween 1980 and 2009, 0 oWRRmran®kR®, ROV emplhlsdsa
(approximately 5 7 inches total length), were stocked into the Cape Fear River system. Since
2010,an average of 144,000 phdsetriped bass were stocked into the system annually (Table

1.1 and 1.2). Starting in 2010, adult striped bass captured in the Cape Fear River were used as
broodstock for stocking efforts into the system. No genetic diffeneasedetected between Cape
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Fear and Roanoke fish sampled between PRPO®1, and this was attributed to the previous
stocking history of Roanoke hatchery origin fish into the Cape Fear system (Anderson et al. 2014).
The extent of impacts from stocking s#&gp bass originating in the Roanoke River into other
striped bass populations remain relatively unknown (Rulifson and Laney 1999; Bergey et al. 2003).
However, Anderson et al. (2014) suggested that, despite genetic similarity between Roanoke and
Cape Fear Rer fish, natural reproduction of striped bass was likely occurring in the Cape Fear
River.

Jordan Reservoir, a large impoundment in the Cape Fear River basin above the fall line and known
historic spawning grounds for striped bass, was stocked withdhgtoiped bassM. chrysops x

M. saxatilig until the early 2000s. The WRC stopped stocking hybrid striped bass in Jordan
Reservoir due to escapement of these fish into the lower Cape Fear River, and evidence that
escaped fish would interfere with stripbdss restoration efforts (e.g., interbreed with and/or
outcompete for resource®atrick and Moser 2001). Striped bass were stocked into Jordan
Reservoir as a replacement for the hybrid striped bass recreational fishery from {2@06sd

until 2020. Evaliation of the stocked striped bass fishery in Jordan Reservoir suggested low
survival and low angler participation, resulting in WRC discontinuing this reservoir stocking
effort.

Parentagdased tagging (PBT) was implemented by the WRC as a means tmidetpercent
hatchery contribution to the striped bass spawning populations in the CSMA systems starting in
2010. Using known genetic markers from parent brood stock, this method can determine if a fish
was produced in a hatchery (Denson et al. 2012011 2AWRC analyzed all striped bass captured

in their Cape Fear River spawning survey. In 2017, DMF began collecting additional samples in
the lower portion of the Cape Fear River and in the Northeast Cape Fear River and mainstem
mixing area. Additionallya subset of the YOY captured in the Northeast Cape Fear River during
2018 and 2019 were tested, and all YOY analyzed were determined to not to be of hatchery origin
and likely wild spawned. PBT results show hatchery origin fish comprise between 63% and 93%
of the fish tested each year, and the percentage of fish determined to be of hatchery origin
increasing annually (Table 1.4). Fish determined to be of unknown origin are not necessarily wild
spawned since parentagased markers are only available bacth#®2010 yeaclass of stocked

fish. The 89% hatchery contribution indicated in 2018 PBT analysis is likely an accurate reflection
of actual hatchery contribution to the 2018 Cape Fear River striped bass population, as striped bass
aged in the system atgpically less than 10 years old. Additionally, an increasing proportion of
fish stocked into the upriver reservoirs are represented in the Cape Fear River system (Figure 4.3).
The proportion of Jordan Reservoir stocked fish increases upriver and fisktedllbelow
Buckhorn Dam are entirely reservoir origin (Figure 4.4).

Striped Bass Fisheries

A total harvest moratorium on striped bass was enacted in 2008nasagement strategg
response to low numbers of documented spawning adults and limited evidemavenile
recruitmentn the Cape Fear Riveystem(NCDMF 2013).
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Recreational

Striped bass provide an important and popular recreational angling opportunity in the Cape Fear
River. Despite a harvest moratorium, striped bass are targeted by andletgport a cateand

release fishery in the system. Recreational charter vessels hired by recreatiosdabfigetape

Fear River striped bass during the winter months; by April effort typically shifts to other fisheries.

Figure4.3. Relative contribution of hatchemyrigin fish to the hatchergrigin yearclass by stocking locatioof fish
collected in WRC electrofishing surveyz01Q 2018.

Contribution of River and Reservoir Stocked Fish by Sample Site
100%

STOCKING_LOCATION
50%

River
Reservoir

Percent

25%

Lock & Dam 1 Lock & Dam 2 Lock & Dam 3

Buckhomn Dam
Sample Site

Figure4.4. Relative contribution of hatcheigrigin fish by stocking location to ea®RC electrofishing sample site,
2015 2019.
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