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EXECUTIVE SUMMARY

The North Carolina Fisheries Reform Act requires that fishery management plans be developed
for the stateds ¢ o mimeartanispeciésyo achieve sust@nabledeadsiofo n a |
harvest. Stock assessments are the primary tools used by managers to assist in determining the
status of stocks and developing appropriate management measures to ensure-tiérenlong
viability of stocks.

The Albemarle Soun®Roanoke River (AR) striped bass stock is managethtly by the North
Carolina Division of Marine Fisheries (NCDMF), the North Carolina Wildlife Resources
Commission (NCWRC), and the South Atlantic Fisheries Coordination Office (SABCg

U.S. Fish and Wildlife Service (USFWS) under guidelines established in the Atlantic States
Marine Fisheries Commission (ASMFC) Interstate Fishery Management Plan (FMP) for Atlantic
Striped Bass and the North Carolina Estuarine Striped Bass Hlé Albemarle Sound
Management AregdASMA) includes Albemarle Sound and all of its joint and inland water
tributaries, (except for the Roanoke, Middle, Eastmost, and Casbis), Currituck Sound,
Roanoke and Croatan sounds and all of their joint and inland water tributaries, including Oregon
Inlet, north of a line from Roanoke Marshes Point to the north point of Eagle Nest Bay. The
Roanoke River Management ArRRMA) includes the Roanoke River and its joint and inland
water tributaries, including Middle, Eastmost, and Cashie rivers, up to the Roanoke |Rdgids
Dam

A forward-projecting statistical cateatage model was applied to data characterizing
landings/harvest,isicards, fisheriegndependent indices, and biological data collected from the
1991 through 2017 time period8oth observed recruitment and mogeédicted recruitmertave
been relatively low and declining in recent years. Fishelgg®endent and fisheséndependent
data indicate a truncation of both length and age structure in recent years.

Reference point thresholds for theRAstriped bass stock were based on 35% spepetential

ratio (SPR).The estimatedthreshold for female spawning stock biomé&SS$B; SSBrhreshold OF
SSBsw) was 121 metric tons. Terminal year (2017) female SSB was 35.6 metric tons, which is
less than the threshold value and suggests the stock is currently overfishgdASSBBrhreshold.

The female SSB target (SSBetor SSBisy) was 159 metric tonFheassessmembodel estimated

a value of 0.8 for the threshold fishing mortaliffFrnreshoidOr Fase). The estimated value of fishing
mortality in the terminal year (2017) of the model was 0.27, which is greater than thelthresho
value and suggests that overfishing is currently occurring in the Stk £ Frhreshold. The
fishing mortality targetKrargetOor F4s09) was estimated at a value of 0.13.

An independent, external peer review of this stock assessment approseatkassessmefur
use in management for at least the next five years.
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1 INTRODUCTION

1.1 The Resource

The common and scientific names for the species are stripecdMmassie saxatiligArtedi et al.

1792) In North Carolina it is also known as striper, rockfish, or rock. Striped bass naturally occur
in fresh, brackish, and marine waters along the western Atlantic coast from Canada to Florida, and
through the UB. coast of the Gulf of Mexico. Striped bass are anadromous, conducting annual
spawning migrations in the spring of each year up to theifellih freshwater tributaries. In
addition, after spawning portions of the stocks from the Albemarle SRoadoke River,
Chesapeake Bay, Delaware Bay, and the Hutoer migrate along the Atlantic coast north in

the summer and south in the wint€he socks from the Chesapeake Bay constitute the majority

of this migrating populatiorDue to these factstriped bass have been the focus of fisheries from
North Carolina to New England for several centuries and have played an integral role in the
developmat of numerous coastal communities (ASMFC 1998). Striped bass regulations in the
United States date to colonial times; in 1639 the Massachusetts Bay colony passed a law that
prohibited striped bass from being used as fertilizer to promote fishery comwidrdéurope
(Hutchinson, T. [1764] 1936McFarland 1911).

1.2 Life History

1.2.1Stock Definitions

There are two geographic management units and four striped bass stocks inhabiting the estuarine
and inland waters of North Carolina. The northern management unit is comprised of two harvest
management areas: the Albemarle Sound Management Area (ASMAharRbanoke River
Management Area (RRMAEigure 1.). The striped bass stock in the two harvest management
areas is referred to as the AlbemdRleanoke (AR) stock, and its spawning grounds are located

in the Roanoke River in the vicinity of Weldon, NChe ASMA includes the Albemarle Sound

and all its tributaries, (except for the Roanoke, Middle, Basit, and Cashie rivers), Currituck,
Roanoke and Croatan sounds and all their tributaries, including Oregon Inlet, north of a line from
Roanoke Marshes Poiatross to the north point of Eagle Nest Bay in Dare county. The RRMA
includes the Roanoke River and its tributaries, including Middle;fast, and Cashie rivers, up

to the Roanoke Rapidsake Dam. Management of recreational and commercial striped bass
regulations within the ASMA is the responsibility of the NCDMF. Within the RRMA, commercial
regulations are the responsibility of the NCDMF while recreational regulations are the
responsibility of the North Carolina Wildlife Resources Commission (N@QJ)VRhe A-R stock

is also included in the management unit of Amendment 6 to the Atlantic States Marine Fisheries
Commission (ASMFC) Interstate Fishery Management Plan (FMP) for Atl&tijged Bass
(ASMFC 2003).

1.2.2Movements & Migration

Numerous tagging studiesave been conducted on striped bass in North Carolina and along the
Atlantic Coast since the 1930s. Seventaler studies suggest th&-R stock is at least partially
migratory, with primarily older adults participating in offshore migrations.-fEagpturestudies
(Merriman 1941; Vladykov and Wallace 1952; Davis and Sykes 1960; Chapoton and Sykes 1961,
Nichols and Cheek 1966; Holland and Yelverton 1973; Street et al. 1975; Hassler et al. 1981,
Boreman and Lewis 1987; Bentoaonpublishell indicated that a sniaamouwnt of offshore
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migration occurshowever, these studies occurred when the stock was experiencing very high
exploitation rates and the age structure was truncated. Most of the fish tagged during these early
studies were young and male. Recent rebaamdhe AR stockdemonstrates thaisA-R striped

bass get ol der they migrate out of the ASMA i
then as thegontinue to agéhey participate insummertimecoastal migrations to northern areas
including Chesapeake Bay, Delaware Bay, Hudson Bay, and coastal areas of New Jersey, New
York, Rhode Islandand Massachusetts (Callihana&t2014) The probability of asix-yearold

striped bass (average siZ84 mmor 23 inches total lengthTL) migrating out otthe ASMA is

7.5%. Ths probability increases with age, and by age 11 (averag®4enmor 37 inchesrTL)

the probability of migrating outsidllor t h  Ca r o lisi7a50 Callihaa ebé 20§4).

Callihan etal. (2014 also found that when the totalR stock abundance is higher there is a
greater likelihood thasmallerstriped bass utilize habitat in the Pungo,-Pamlico, and Neuse

rivers andhorthwesternPamlico Sound.

1.2.3Age & Size

Striped bass hauseen aged using scales for more than 70 years (Merriman 1941). Scales of striped
bass collected in North Carolina show annulus formation taking place bdateApril through

May in the Albemarle Sound and Roanoke River (Trent and Hassler 1968; Husnphde
Kornegay 1985). Annuli form on scales of striped bass caught in Virginia between April and June
during the spawning season (Grant 1974).

Age data have been a fundamental part of assesdiigtriped bass since the filstR assessment
(Gibson 1995)The oldest observed striped bass in thR Atockto date(in 2017)was 23 years
old from thel994year classThe fishwas originallycollectedand taggedn the spawning grounds
during the 207 seasorby the NONVRC, aged tdl3 years oldandwasthen recaptured by an angler
on June 10, 201 nearSandy HookNew JerseyThe fish was 40 inches long and weighed 35
pounds when originally taggeHistorically, Smith (1907) reportedeveralstriped bass captured
in pound nets in Edentan 1891 that weighed 125 poungsch Worth (1904) reported the largest
female striped bass taken at Weldon that year for strip spawning weighed 70 giendklest
striped bass observed in the dasadfor this assessment was 17 years old.

1.2.4Growth

As a relatively longived species, striped bass can attain a moderately large size. Females grow to
a considerably larger size than males; striped bass over 30 pounds are almost exclusively female
(Bigelow and Schroeder 1958CDMF andNCWRC, unpublishediata).

Growth rates for the AR stock are rapid during the first three years of life and then decrease to a
slowerrate as the fish reach sexual matu®jsen and Rulifson 1991Growth occurs between

April and OctoberStriped bass stop feeding for adfrperiod just before and during spawning but
feeding continues during the upriver spawning migration and begins again soon after spawning
(Trent and Hassler 1966). From November through March growth is negligible.

Available annual age datacales)verefit with the von Bertalanffy agéength model to estimate
growth parameters for both female and male striped bagsmodelwasweighted by the number
of data pointandapplied to fractional agebinsexed ag® fish were included in the fits for both
the males and femaleSstimated parameters of the dgagth model are shown fablel.1. Fits
to the available data performeat!l for bothfemales (Figure 1)2andmales (Figure 1.3)
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Parameters of the lengtieight relationship were also estimated iis $tudy. The relation dbtal

length in centimeters to weight in kilograms was modeled for males and females separately.
Parameter estimates of the lengtaight model are shown ifable 1.2Predicted weight at length
performed well based on both tfeenale (Figure 1.4andmale (Figure 1.5%triped bass data.

1.2.5Reproduction

Striped bass spawn in freshwater or nearly fr
from late March to June depending on water temperatures (Hill et al. 1989). Peak spawning activity
occurs when water temperatures red¢h7919.4°C 62.0967.0°F) on the Roanoke River
(Rulifson 1990, 1991). Spawning behavior is characterized by brief peaks of surface activity when

a mature female is surrounded by up to 50 males as eggs are broadcast into the surrounding water,
and males release sperm t erme d fi i g h t(Wath 1994 Sétabec et bls1980).
Spawning by a given female is probably completed within a few hours (Lewis and Bonner 1966).

1.2.5.1Eggs

Mature eggs aré.0' 1.5 mm (.039 to 0.059 inch) in diameter when spawned and remain viable

for abou one hour before fertilization (Stevens 1966). Fertilized eggs are sphericaldhesive,
semibuoyant, and nearly transparent. The incubation period at peak spawning temperatures ranges
from 42 to 55 hours. A20.0°C (68.0°F), fertilized eggs need taift downstream with currents to

hatch into larvaelf the egg sinks to the bottonts chances of hatching are reduced because the
sediments reduce oxygen exchange between the egg and the surroundinglassler. et al.

(1981) found that eggs hatch i8 Bours. After hatching, larvae are carried by the current to the
downstream nursery arelxatedin thewestern Albemarle Soun@ee section 1.3,3Hassler et

al. 198).

1.2.5.2Larvae

Larval development is dependent upon water temperature and is usually dexgahdeing three

stages: (1) yollsac larvae arei® mm (0.20 to 0.31 inch) in total length (TL) and depend on yolk
material as an energy source for 7 to 14 days; (2pfahlarvae (812 mm; 0.310.47 inch TL)

having fully developed mouth parts and p&rabout 10 to 13 days; and (3) postfintd larvae

attain lengths up to 30 mm (1.18 inch&s$) in 20 to 30 days (Hill et al. 1989). Researchers of

North Carolina stocks of striped bass (primarily th&Atock) divide larval development into

yolk-sac ad post yolksac larva€Hill et al. 1989 Rulifson 1990) Growth occurs generally within

the same rates described above depending upon tempebaturet e mper at ures O 20A
develop into juveniles in approximately 42 days (Hassler et al. 1981).

1.2.5.3Juveniles

Most striped bass enter the juvenile stage at &8@utm(1.18 inchesTL; the fins are then fully
formed, and the external morphology of the younigkesthe adults. Juveniles are often found in
schools and associate with clean sandy bottoms (Hill et al. 1989). Juveniles spend the first year of
life in western Albemarle Sound and lower Chowan River nursery areas (Hassler et al. 1981).
There is evidence afensitydepenént habitat utilizationwhen large year classes are produced
juvenilesarecollected inearlyJuneas far awayrom thewestern Albemarle Sound as the lower
Alligator River (63 water miles) and Stumpy Point, Pamlico Sound (75 water mildeSMRC
unpublished data).
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1.2.5.4Maturation & Fecundity

Early research conducted on theRAstock indicated that females began reaching sexual maturity

in approximately three years, at sizes of abouf 4% (18 inches) TL (Trent and Hassler 1968;
Harris andBurns1983; Harris et al. 1984In the most recent maturation study conducted on a
recovered stock with expanded age structure, Boyd (2011) found that 29% fefmAales reached

sexual maturity by age 3, while 97% were mature by age 4, andie08mature atge5 (Table

1.9. In general, there is a strong positive correlation between the length, weight, and age of a
female striped bass and the number of eggs produced. Boyd (2011) estimated fecundity ranging
from 176,873 eggs for an a@dish to 3,163,130 eggor an agel6 fish.

1.2.6Mortality

1.2.6.1Natural Mortality

Striped bass are a lotiged species with a maximum age of at least 31 ygsttantic coastal

stock) based onotoliths (Secor 2000), suggesting overall natural mortality is relatively low.
Previous assessments have assumed a constant natural mdvtplay @.15 across all ages,
consistent with Hoeni gbds (ASMFGZ2ZROS NCEMFLHME® si on on

Harris and Hightower2017) estimated annual total instantaneous natural mortality for striped bass
using both an integrated model and a rastitite only model based MEMCO acoustic, Passive
Integrated Transponder, and traditional exa anchor tagginglata. The integrated model
produced a studwide natural mortality rate of 0.70 while the mtgdtate only model produced an
estimate of 0.74 (average of 0.72 over the two methods). The estimates apply to striped bass
ranging in length from 45.8 cm to 8cm (18 inches to 35 inchegpoximately 3 to 9 years

old).

There are a number of methods available to estimate natural mortality based on life history
characteristics. These include approaches based on parameters of the von Bertaleniytlage
relaionship (Alverson and Carney 1975; Ralston 1987; Jensen 1996; Cubillos 2003) as well as
approaches based on maximum age (Alverson and Carney 1975; Hoenig 1983; Hewitt and Hoenig
2005; Then et al. 2015%everal of these methods were applied R Atripedbass to produce
estimates of ageonstant natural mortalitfor females and maled/alues for the life history
parameters required by some of these approachesthose estimated in this stock assessment
(see section 1.2.4). For approaches that depermiaimum age, a maximum age of 17 was
assumed for females and a maximum age of 15 was assumed for males. These maximum ages are
based on the maximum ages observed in the availablevillata the ASMA and RRMAover the
assessment time series (102Q17). Life historybased empiricakstimates of ageonstant

natural mortality ranged from 0.099 to 0.37 for females and from 0.090 to 0.44 for males (Table
1.4).

Natural mortality of longived fish species is commonly considered to decline with age, as larger
fish escape predatioBeveralapproaches are available to derive estimat@gevarying natural
mortality (e.g., Lorenzen 1996, 2005)ere, the Lorenzen (1996) approach was usgutdduce
estimats of M at age. As expected, estimated/fodlecrease witincreasing agérable 15; Figure

1.6).
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1.2.6.2Discard Mortality

Discards from the commercigjill-net fishery arebroken into two categories, live and dead
discards as recorded by the observer. Live discards are multiplied by a discard mortality rate, which
for gill-net fisheries is estimated at 43% (ASMFC 2007)

Nelson (1998) estimated shaerm mortality for stripd bass caught and released by recreational
anglers in the Roanoke River, North Carolasa6.4% Nelson found that water temperature and
hooking location were important factors affagticatchandrelease mortality, consistent with
previous studiesHarrdl 1988; Diodati 199)1

1.2.7Food & Feeding Habits

Several food habit studies have been conducteplivenile and adult striped bass since 1955 in

the Roanoke River and Albemarle Sound. Studigsvenile striped basdietsin Albemarle Sound

found zooplankto and mysid shrimp as primary prey items in the summer, with small fish (most
likely bay anchovies) entering the diet later in the season (Rulifson and Bas<b@per et al.

1998). Adults feed extensively on blueback herring and alewives in the rineg tloe spawning
migration (Trent and Hassler 1968). Manooch (1973) conducted a seasonal food habit study in
Albemarle Sound and found primarily fish in the Clupeidae (Atlantic menhaden, blueback herring,
alewife and gizzard shad) and Engraulidae (anagms)familiesdominated the diet in the summer

and fall. Atlantic menhaden (54%) wasetimost frequently eaten speciasd comprised a
relatively large percentage of the volume (50%). In the winter and spring months, invertebrates
occurred more frequentiy the diet (primarily amphipods during the winter and blue crabs in the
spring). Similarly, Rudershausen et al. (2005) found a diverse array of fish in the dietslof age
striped bass whereas the diets of-agaend age3+ striped bass were primarily congad of
menhaden in 2002 and 2003 in the Albemarle Sotmdmikoski et al. (2008) investigated aye
striped bass diets in Albemarle Sound where American shad commpaseaf their diet in 2002,

but yellow perch dominated the diet in 2008e 2003 yeaclass for yellow perch was one of the
highest on record in NCDMF sampling programs, so the high occurrence of yellow perch in striped
bass stomachs may not be typiddCOMF 201Q. However, it also supports other research that
striped bass exhibit an opponistic feeding behavior (Rulifsoet al.1982).

From the fall of 1995 through the spring of 2081gmach contents from 1,796 striped bass
collected from theNCDMF Striped Bassindependent GiNet Survey were analyzed.
Unidentifiable fish parts ere the dominant stomach content from westéthemarle $und
samples (35.9%), follwed by river herring (33.2%@and Atlantic menhaden (16.5%). The
dominance of river herring during the spawning migration suppestdtsreported by Trent and
Hassler (1968and Manooch (1973Blue crab accounted for 0.2% of the total stomach contents
from the western sounth eastermAlbemarle $und samples, unidentifiable fish parts accounted

for 34.0%, followed by Atlantic menhaden (31.5%), Atlantic croaker (12.1%), agcHop.
(11.1%) and spot (6.5%). Blue crab comprised 2.1% of the stomach contents from the eastern
sound.

From the fall of 2001 through the spring 2010, the NCDMF analyzed 41448d basstomachs
havingfood contentsln westernAlbemarleSound sampleanidentifiable fish parts accounted for
61.2% of stomach contents, followed by Atlantic menhaden (23.1%), anchovy spp. (4.0%),
invertebrates (3.0%), Atlantic croaker (2.5%), and river herring (2.B%#g crab accounted for

less than D% of stomach contgs in western sound sampl#sis interesting to note the decline

in the prevalence of river herring in striped basssdrethe western sound since 2001 eastern
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Albemarle und samples, unidentifiable fish parts accounted for 41.2% of the stoor@ehts,
followed by Atlantic menhaden (40.8%), anchovy spp. (6.4%), spot (6.4%), and Atlantic croaker
(2.9%).Blue crab accounted for less thaf% of stomach contents in the eastern sound samples
as well.

From 2011 through 2017, the NCDMF analyzed 1 &t®ed basstomachs having contents.
westernAlbemarle ®und samplesunidentifiable fish parts accounted for 35.9% of stomach
contents, followed by Atlantic menhaden (12.6%), Atlantic croaker (10.8%¢),Clupeidae
species (1.8%)Blue crab accountkfor less than .0% of stomach contents in western sound
samplesln easterrAlbemarle $und samples, unidentifiable fish parts accounted for 19.3% of the
stomach contents, folleed by Atlantic menhaden (2.4%) amertebrates (1.7%). Blue crab
accountedor less than D% of stomach contents in the eastern sound samples.

1.3 Habitat

1.3.10verview

Habitat loss has contribute® the decline in anadromous fish stocks throughout the world
(Limburg and Waldman 2009). Striped bass use a variety of habitats as daesrctiteelife history

section with variations in habitat preference due to location, season, and ontogenetic stage.
Although primarily estuarine, striped bass use habitats throughout estuaries and the coastal ocean.
Striped bass are found in most habitdéentified by the North Carolina Coastal Habitat Protection
Plan (CHPP) including: water column, wetlands, submerged aquatic vegetation (SAV), soft
bottom, hard bottom, and shell bottom (NCDEQ 20E&ch habitat is part of a larger habitat
mosaic, which lays a vital role in the overall productivity and health of the coastal ecosystem.
Although striped bass are found in all of these habitats, usage varies by habitat. Additionally, these
habitats provide the appropriate physicochemical and biological comlitecessary to maintain

and enhance the striped bass population. Therefore, the protection of each habitat type is critical
to the sustainability of the striped bass stock.

1.3.2Spawning Habitat

The main spawning habitat forR striped bass is in the Roanoke River in the vicinity of Weldon,
NC, around river mile (RM) 130. This is the location of the first set of rapids at the fall line
transition between the Coastal Plain and the Piedmont. Kisiccounts indicate major spawning
activity centered at Weldon (Worth 1904), but striped bass were known to migrate up the mainstem
Roanoke River to Clarksville, VA (RM 200; Moseley et al. 1877) and possibly as far as Leesville,
VA (RM 290; NMFS and USFW2016). Striped bass spawning migrations have been impeded
since construction of the initial dam on the mainstem of the Roanoke River at Roanoke Rapids,
NC (RM 137) around 190INMFS and USFW£016). The dam was approximatelyfE2t high
(Hightower et al.1996) and impeded striped bass migrations especially during low flow years.
Completion of the John H. Kerr Dam, 42 river miles upstream of Roanoke Rapids Dam, by the
U.S. Army Corps of Engineers in 1953 completely blocked access to upriver habitats, and
construction of the current Roanoke Rapids Dam by Virginia Electric and Power Company in 1955
and Gaston Dam in 1964 eliminated striped bass usage of the 42 river miles below Kerr Dam
(NMFS and USFW2016). Spawning activity now ranges from RM 78 to RM t8th most of

the activity occurring between RM 120 and RM 137, still centered around Weldon.
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1.3.3Nursery & Juvenile Habitat

Juveniles are found in schools; the location of the schools varies considerably with the age of the
fish and apparently prefer clean dgrbottoms but have been found over gravel beaches, rock
bottoms, and soft mud (Hill et al. 1989). The Roanoke River delta area does not seem to be an
important nursery area for YOY striped bass. They appear to spend the first year of ¢ (age
growingin and around the western Albemarle Sound and lower Chowan River (Hassler et al.
1981).

As they enter their second and third year, striped bass arettoaodhoutAlbemarle Sound and

its tributaries. The presence of agj@and-2 striped bass in the Albarle Sound Independent Gill

Net Survey confirma this, as well as reports of discarded undersized fish from the striped bass
recreational creel survey conducted throughout the Albemarle Sound and its tributaries (NCDMF,
unpublished data).

1.3.4Adult Habitat

Analysis of tagging data indicate younger, smaller adtR striped bass (from 3% 60.0cm TL)
remain in inshore estuarine habitats, while older, larger adults)(e®0TL) are much more likely

to emigrate to ocean habitats after spawning; (Callihan 20a#). Further, smaller adults show
evidence of densitdependent movements and habitat utilization, as the likelihood of recapture
outside the ASMA in adjacent systems (i.e., northwestern Pamlico SourBaifdico, Pungo,

and Neuse rivers, lower Chesakeaday, and the Blackwater and Nottoway rivers in Virginia)
increass during periods of higher stock abundance (Callihan et al. 2014).

1.3.5Habitat Issues & Concerns

Numerous documents have been devoted entirely to habitat issues and concerns, including the
North Carolina Coastal HabitBrotectionPlan (Streeet al. 2006NCDEQ 201§ and ASMFC6 s
AAtl antic Coast Diadromous Fi sshReddranendatrisfor A r e
Conservation, and Research Needso (Greene et
adversely affect striped bass at numerous life stages and can be detrimental to eggs and larvae
(Buckler et al. 1987Hall et al. 1993 Ostrach etal. 2008§. Adequate river flows during the

spawning season are also needed to keep eggs suspended for proper devdib@m8irigfed

Bass Study Management Board 1291

Hassleret al. (1981) indicated thatadequateiver flow during the prespawn and pdsspawn
periods was the most important factor contiitog to survival of fish larvaand the subsequent
production of strong or poor year classes

1.4 Description of Fisheries

Since2015, the current total allowable landings (TAlgs been set &24.7 metric tons (275,000

Ib) andis split evenly between the commercial and recreational fisheries in the ASMA and RRMA
(Table 16). In the ASMA, the commercial fishery has a TAL of 62.37 metric tons (137,500 Ib)
while the ASMA and RRMA recreational fisries each have a TAL of 31.18 metric tons (68,750
Ib). The TAL has changethhroughoutthe previous two decades in response to changes in stock
abundancand has rangefilom for a low of 71.12 metric ton456,800 Ib)in the early 1990s to
249.5 metric tas (550,000 Ib)rom 20@8 to 2014.
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1.4.1Commercial Fishery

Striped bass are landed commercially in the ASMA primarily with anchored gillanetdo a
lesser degree byound nets. Insignificant landings occur in fyke nets and crab pots. Si@te 19
landings inthe commercial fishery have ranged frantow of 31.03 metric tons (68,409 Ib) in
2013 toa high of124.2 metric tons (23,814 1b) in 2004 (Table 17). Total catch has shown an
overall decline since 2004.

1.4.1.1Historical

The Albemarle Sound area commercialpsd bass fishery has been documented in numerous
reports for over 100 yeargVorth (1884) suggests an industry origin of 18DRring the early
1880s, a large fishery developed on Roanoke Island catching striped bass in the spring and fall
(Taylorand Whie 1992). Gears included haul seines, drag nets, purse seines, fish traps, and gill
nets. In1869 pound nets were first used in the Albemarle Sound and became a more prominent
aspect of the fishery in the early 1900s (Tayod White1992). The commercidishery for

striped bass has principally occurred from November through April in the Albemarle Sound,
whereas, Roanoke River commercial effort was concentrated during the spring spawning run.
During the summer months, landinffem all areaswere much lowr (Hassler et al. 1981).
Anchoredand drift gill nets were the most productive gear types in the spring spawning run portion
of the Roanoke River fishery. In 1981, anaubgill nets were prohibited in the Roanoke River,

and the mesh size of drift gill teawas restricted, resulting in sharply curtailed landings during the
spawning run (Hassleand Taylor1984). Bow and dip netting was a productive method of
harvesting spawning fish ithe Roanoke River until it was prohibited in 1981. Prior to this rule,
fishermen using bow nets in the upper Roanoke Rigaldretain 25 striped bass per day when
taken incidentallyluringshad and river herring fishing. A local law allowing the commereil s

of striped bass in Halifax and Northampton counties was enacted by the North Carolina General
Assembly and created a prominent commercial fishery for striped bass in its principal spawning
area (Hassler et al. 1981). This law was repealed in 1981loamahercial fishing for striped bass

was eliminated in the inland portions of the Roanoke River. Limited commercial fishing seasons
were implemented in Albemarle Sound in 1984 (Octoldary; Henry et al. 1992). State
regulations enacted in 1985 prohibited $hée of hookandline-caught striped bass.

1.4.1.2Current

The ASMA commercial striped bass fishery from 1990 through 1997 operated on antrits

ton (98,000b) TAL (Table 16). The TAL was split to have a spring and fall season. The
commercial fishery opeted with net yardage restrictions, mesh size restrictions, size limit
restrictions, and daily landing limits. The-RR stock was declared recovered in 1997 by the
ASMFC. In 1998, the commercial TAL was increased to 56.88 metric tons (125,400 Ib) and
additional increases in poundage occurred in 1999 and 2000. From 2000 through 2002, the
commercial TAL remained at 102.1 metric tons (225,000 Ib). In 2015, the TAL was adjusted to a
total of 124.7 metric tons (275,000 Ib) for all sectors, based on projectioms tifi®2014
benchmark stock assessment (NCDMF 2014). Since the initial TAL was set in 1990, seasons,
yardage, mesh size restrictions, and daily landing limits have been used to control harvest and
maintain the fishery as a bycatch fishery.

1.4.2Recreational Fiskery

Striped bass are landed recreationally in the ASMA and RRMAook and line, primarily by
trolling or casting artificial lures and using live or cut bait. In recent years, the @adirielease
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fly fishery in the RRMA has seen an increase in angfertefCombined recreational harvest from

both management areas has ranged from 5.9 metric tons (13,095 Ib) in 1985 to 106.9 metric tons
(235,747 Ib) in 2000 (Table A). Since 1997, harvest steadily increased from 25.2 metric tons
(55,653 Ib) to 106.9 metrtons (235,747 Ib) in 2000. Since 2000, harvestdhasvn an overall

decline except fora slight increase in 2012012 for the ASMA, 2012 for the RRMA, 2015 for

the ASMA and 20152016 for the RRMA. The harvesstimatdfor 2017 in the ASMA starghs

the third lowesbn recordsince 1982.

1.5Fisheries Management

1.5.1Management Authority

Fisheries management includes all activities associated with maintenance, improvement, and
utilization of the fisheries resources of the coastal area, including research,pdexso
regulation, enhancement, and enforcement.

North Carolinads e Xxi st i nfgr stfipecs lbagss adaive mthn a g e me
rulemakingauthority vested in the North Carolina Marine Fisheries Commission (NCMFC) and

the North Carolina Wildlife Resources Commission (NCWRC) withitheir respective
jurisdictions.The NCMFC also has the authority to delegate to the fisheries director the ability to

issue public notices, called proclamations, suspending or implementing particular commission
rules thé may be affected by variable conditions.

Fisheries management includes all activities associated with maintenance, improvement, and
utilization of the fisheries resources of the coastal area, including research, development,
regulation, enhancement, and Eor ce ment . North Carolinads ex
system is powerful and flexible, with rulemaking (and proclamation) authority vested in the
NCMFC and the NCWRC within their respective jurisdictions.

The North Carolina Department of Environmér@aality (NCDEQ) is the parent agency of the
NCMFC and the NCDMF. The NCMFC is responsible for managing, protecting, preserving and
enhancing the marine and estuarine resources under its jurisdiction, which include all state coastal
fishing waters extendg to three miles offshore. In support of these responsibilities, the NCDMF
conducts management, enforcement, research, monitoring statistics, and licensing programs to
provide information on which to base these decisions. The NCDMF presents informétien to
NCMFC and NCDEQ in the form of fisheries management and coastal habitat protections plans
and proposed rules. The NCDMF al so administer

The NCWRC is a state government agency authorized by the General Assectigerve and
sustain the stated6s fish and wildlife resourc
and public input. The Commission is the regulatory agency responsible for the creation and
enforcement of hunting, trapping and boating lavestesvide and fishing laws within its
jurisdictional boundaries including all designated inland fishing waters. The NCWRC and
NCDMF share authority for regulating recreational fishing activity in joint fishing waters.

1.5.2Management Unit Definition

There aréwo geographic management units defined in the estuarine striped bass FMél el
the fisheries throughout the coastal systems of North Carolina (NCDMF 2004). The management
unit for this assessment is the ASMAd RRMAand is defined as:
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Albemarle SoundManagement Area (ASMAincludes the Albemarle Sound and all its
joint and inland water tributaries, (except for the Roanoke, Middle, Eastmost and Cashie
rivers), Currituck, Roanoke and Croatan sounds and all their joint and inland water
tributaries, inclding Oregon Inlet, north of a line from Roanoke Marshes Point across to
the north point of Eagle Nest Bay in Dare couiitye Roanoke River Management Area
(RRMA) includes the Roanoke River and its joint and inland water tributaries, including
Middle, Easmost and Cashie rivers, up to the Roanoke Rapids Diaestriped bass stock

in these two harvest management areas is referred to as the AlbemarleRBannée

River (A-R) stock, and its spawning grounds are located in the Roanoke River in the
vicinity of Weldon, NC Management of recreational and commercial striped bass
regulations within the ASMA is the responsibility of the North Carolina Marine Fisheries
Commission (NCMFC)Within the RRMA commercial regulations are the responsibility

of the NCMFC whié recreational regulations are the responsibility of the North Carolina
Wildlife Resources Commission (NCWRCJhe A-R stock is also included in the
management unit of the Atlantic States Marine Fisheries Commission (ASMFC)
Amendment #6 to the Interstatskery Management plan (FMP) for Atlantic Striped Bass
andincludes Albemarle Sound and all its joint and Inland Water tributaries, (except for the
Roanoke, Middle, Eastmost and Cashie rivers), Currituck, Roanoke, and Croatan sounds
and all their Joint anbhland Water tributaries, including Oregon Inlet, north of a line from
Roanoke Marshes Pb5 nd44 @851 2B8506 5W1lbdr dN\ss t o t he
Nest Bay 3578483814709308 W (Figure 1.1).

1.5.3Regulatory History

The ASMA commercialtsiped bass fishery from 1991 through 1997 operated on a-fdetitc

ton TAL (Table 16). The TAL was split to have a spring and fall season. The commercial fishery
operated with net yardage restrictions, mesh size restrictions, size limit restricidndaily
landing limits. The AR stock was declared recovered in 1997 by the ASMFC. In 1998, the
commercial TAL was increased to 56.88 metric tons and additional increases in the TAL occurred
in 1999 and 2000. From 2000 through 2002, the commercial TARinad at 102. metric tons.

The ASMFC Striped Bass Management Board approved another TAL incr@@83. From 2003

to 2014 the TAL remained at 249metric tons. Based on a stock assessimemthmarkthe TAL

was reduced to 124rietric tons in 2015. 8ce the initial TAL was set in 1990, seasons, yardage,
mesh size restrictions, and daily landing limits have been used to control harvest and maintain the
fishery as a bycatch fishery.

Striped bass have been managed as a bycatch of thespadie€ommecial fishery in the ASMA

since 1991. Since 1991, when the striped bass season was open, commercial fishermen were
allowed to land fronsevento 15 fish per day, not to exceed 50% by weight of the total eatth

fish had to meet th&8-inch TL minimum sizdimit. Gill nets continue to account for the highest
percentage of theommerciaharvest, followed by pound nets.

1.5.4Current Regulations

Striped bass from th&-R stock are harvested commercially within the ASMA and recreationally

in both the RRMA and the ASMA. Commercial harvest is currently limited to the ASMA although
there was a small commercial fishery operating in the Roanoke River during the early 1980s. The
commercial fishery is regulated as a bycatch fishery with a TAL, size limits, daily possession
limits, seasonalclosed May 1 through September 38)d gear restrictions, net attendance
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requirements, and permitting and reporting requirements all impogeement TAL overages and

limit discard losses. Finfish dealers who purchase striped bass are required to obtain a striped bass
dealer permit from NCDMF. The dealers are required to report their landings daily to NCDMF for
the quota to be monitored. Deaeare also required to affix striped bass sale tags, provided by
NCDMF, to the fish when purchased from the fishermen.

The recreational fishery within the RRMA is regulated through a creel limit, minimum size limit
including a protective slot, and a fixezhgth spring season, while the ASMA recreational fishery
is regulated through a creel limit, minimum size, #red/ariable spring and fall seasons that close
once harvest targets are reached or set season closure dates are(cézsgwedlay 1 through
September 30)The A-R striped bass stock is managed by the NCDMF, the NCWRC, and the
South Atlantic Fisheries Coordination Office (SAFCO) of th&.Urish and Wildlife Service
(USFWS) under guidelines established in the ASMFC Interstate FMP for AtldripecSBass

and the North Carolina Estuarine Striped Bass FMP.

1.5.5Management Performance

Management strategiésr theA-R striped bass stock haweet with variable success over the last
several decaded&)nrestricted harvest and poor habitat conditions led stock collapse in the
1980s; howeversevere harvest restrictioasd Roanoke Rivestreanflow improvementded to
populationrecoveryspurred byncreases in recruitmerspawning stock biomaggowth and age
structureexpansionin the late 1990s and2000s. Consequentlycommercial and recreational
harvest restrictions wereasedandthe TAL was increased throughout the 2008am 1990
through 2002harvest reached the TAL easilyjth the seasownften having to close after only
weeks or months tprevent harvest from exceeding the TAL. Starting in 2008 the increase

in TAL to 249 metric tons, harvest started to consistently decline through 2008, even with extended
commercial and recreational seasamshe ASMA. From 2009 through 201Harvestwas still

well below the TAL (Figure 1.7). The reason for the decline in harvest even with extended seasons
is likely due to declining stock abundance due to several poor year classes produced from 2001 to
present. Even with a reduction in the TAL in 2@@3.25 metric tonsharvest hasat reached the

TAL, although a reduced American shad season starting in 2014 could have contributed to the
commercial quota not being reached as the majority of commercial harvest historically came
during the American shadommercial season in the ASMARecentsurvey data andtock
assessmesthaves u p p or t e d concarmsaagoetedining landingspoor recruitment,
reductions in population abundanemd a truncation of age structdCDMF 2014 2018)

1.6 Assessment Higiry

1.6.1Review of Previous Methods & Results

The AR stock has an extensive assessment history. Dorazio (1995) and Gibson (1995) prepared
the first comprehensive assessment of tHe striped bass stock based on a Virtual Population
Analysis (VPAusing CAGEAN,Deriso et al. 198band a Brownie tageturn model analysis
(Brownie et al. 1985). Schaaf (1997) later provided CAGH#dded VPA results through 1996
based on the methodology established in Gibson (1995). Smith (1996) used the MARK software
program to estnate survival of striped bass in Albemarle Sound through analysis of release and
recovery data. Carmichael (1998) updated the CAGEAN assessment through 1997 and later
developed an ADAPT VPA assessment of th& Atock using agsepecific indices from the
Albemarle Sound Independent @ikt surveys, the Roanoke River Electrofishing Survey, and
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juvenile and yearling abundance indices from Albemarle Sound (Carmichael 1999). The 1999
assessment also included an analysis efé¢aign data based on the MARK gram. The ADAPT
catchatage and MARK tageturn assessment framework was updated in 2000 (Carmichael
2000). Analysis of tageturn data for estimation of mortality was discontinued after 2000 as the
results were deemed similar to those from the VPA and eplicative work; subsequent
assessments focused on the catiehige data. The VPA stock assessment was conducted annually
until 2006 to determine stock status and to evaluate potential changes to the TAL (Carmichael
2001, 2002, 2003; Grist 2004, 2005Khade 2006). The assessment shifted to an ASAP2 model
for the 2010 assessment and a yedatrecruit (YPR) model was used to calculate the benchmarks
externally (Takade 2010). The 2Dassessment was performed similarly using an ASAP3 model
and benchmarksvere calculated with a YPR model. Projections were made using the Age
Structured Projection Model (AGEPRO). The muoecent stock assessments indicdteat the

stock was not overfished and overfishing was not occurring (Mroch and Godwin 2014; Flowers et
al. 2016).

1.6.2Progress on Research Recommendations

1 Incorporate high reward tagging into the current tagging program to provide estimates of tag
return rates for each sector; this will allow for more precise estimates of natural mortality and
fishing mortalityfrom tagbased analyses

There is arongoingmulti-species tagging studigat wagnitiated in 2014 anéundedthrough
the NCDMF CoastalRecreationalFishing Fund The study employs bothigh reward and
doubletagsto estimate tag loss and angler reporting rates

1 Improve estimates of discard losses from the Albemarle Sound Management Area (ASMA)
commercial gilinet fisheries

NCDMF6s Programs 466 and-netfsfieriemand iecom bycatco mme r
(see also section 2.1.2). These programs are continually expanding and should lead to
improved estimates of commercial discards over time.

1 Reevaluate hoolandrelease mortality rates from the ASMA and RRMA recreational
fisheries incorporating different hookates and angling methods at various water temperatures
(e.g., live bait, artificial bait, and fly fishing)

No progress.

1 Improve estimates of hoedndrelease discard losses in the recreational fishery during the
closed harvest season

There is a plan in placgtarting in May 20210 provide additionafundingto the existing
striped basgreel surveyin the ASMA that will extend interceptduring the closedharvest
seasor{Mayi September)

25



2 DATA

2.1 FisheriesDependent

2.1.1Commercial Landings

2.1.1.1Survey Design & Methods

Prior to 1978, North Carolinabs commerci al | a
Fisheries Service (NMFS). Between 1978 and 1993, landings information was gathered through

the NMFS/North Carolina Cooperative Statisticeggam. Reporting was voluntary during this
period, with North Carolina and NMFS port ager
Phalen 1996). Beginning in 1994, the NCDMF instituted a mandateajerbasedtrip-ticket

system to track commercindings.

On January 1, 1994, the NCDMF initiated a Trip Ticket Progr&Al@T(TP) to obtain more
complete and accurate tdpvel commercial landings statistics (Lupton and Phalen 1996). Trip
ticket forms are used by stdteensed fish dealers to documaeik transfers of fish sold from
coastalffishing waters from the fishermen to the dealer. The data reported on these forms include
transaction date, area fished, gear used, and landed species as well as fishermen and dealer
information.

The majority of trps reported to the NCTTP only record one gear per trip; however, as many as
three gears can be reported on a trip ticket
particular order. When multiple gears are listed on a trip ticket, the first gganohhe the gear

used to catch a specific species if multiple species were listed on the same ticket but caught with
different gears. In 2004, electronic reporting of trip tickets became available to commercial dealers
and made it possible to associatepecific gear for each species reported. This increased the
likelihood ofdocumenting the correct relationship between gear and species.

2.1.1.2Sampling Intensity

North Carolina dealers are required to record the transaction at the time of the transactions and
report trip-level data to the NCDMF on a monthly basisr further information on the sampling
methodology for the NCTTP, s&&CDMF 2019.

2.1.1.3Biological Sampling

Biological sampling occurs during the spring and fall fishery. NCDMF personnel have a target of
600 samples from the spring fishery and 300 samples from the fall fishery. Fish are sampled
monthly from various fish houses throughout the ASMA, throughout each season. Fish are
measured to the nearest mm for fork length (FL) and TL and weighed to the Be@tdsy. Sex

is determined using the Sykes (1957) method and scales are removed from the left side of the fish,
above the lateral line and between the posterior of the first dorsal fin and the insertion of the second
dorsal fin. Scales are cleaned anessed on acetate sheets using a Carver heated hydraulic press.
NCDMF employees read scales using a microfiche reader set on 24x or 33x magnification. For
each sex, a minimum of 15 scales pem2% size class is read and subsequently used to assign
ages tahe remainder of the sample.

2.1.1.4Potential Biases & Uncertainties

All fish that are caught are not required to be lan@déstards)r sold so some fish may be taken
home for personal consumption aaik not reported in the landings. The reporting of multiple
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gears on a single trip ticket could also be a source of bias since the order in which gears are reported
are not indicative of the primary method of capture.

2.1.1.5Development of Estimates

Commercial landings were summarized by year using the NCTTH.@aigthdata collected from
the commercial fish house sampling program were used to compute annualfieggémcy
distributions by sex.

2.1.1.6Estimates of CommercialLandings Statistics

The NCTTP is considered a census of North Carolina commercial lantioggh rahbility of

the data decreases as one moves back in@oramercial landings were highest in the late 1960s
and have substantially decreased through recent years (FigureLarilings have been
constrained with a TAL since 1991.

The minimum lengthand ayesobserved in the commercial fisheries landings are strongly tied to

the minimum length regulations at the time fish are colleateghsuredand agedThe most
noticeable impact is the implementation of theidéh minimumTL length limit in 1991; stripd

bass less than 45 cihk (~18 inches; Figures 2.2, 2.3) and younger than age 3 (Figures 2.4, 2.5)
have been rarely observed since 1991. The length and age compositions show that fewer larger
and older fish have been observed in recent years (Figuies%).2

2.1.2Commercial Gill-Net Discards

2.1.2.1Survey Design & Methods

NCDMF6s Program 466 (Onboard Observer Monitor
protected species interactions in the -gét fishery by providing onboard observations.
Additionally, this program monitors finfish bycatch and characterizes effort in the fishery. The
onboard observer program requires the observer
and record detailed gitiet catch, bycatch, and discard information forspkcies encountered.
Observers contact licensed commercialgdt fishermen holding an Estuarine @\lét Permit

(EGNP) throughout the state to coordinate observed fishing trips. Observers may also observe
fishing trips from NCDMF vessels under Progrd6v (Alternative Platform Observer Program),

but these data were not used in this stock assessment due to the lack of biological data collected
through the program.

2.1.2.2Sampling Intensity

Fishing trips targeting striped bass are observed throughout thdég@axer, most observed trips
occur during the fall when landings are the greaesie Albemarle and the spring for the Pamlico
Sound both areas ofvhich hare a history ofAtlantic sturgeon andea turtle interactions.

2.1.2.3Biological Sampling
Data recordedhcludes species, weight, length, and fate (landed, live discard, or dead discard).

2.1.2.4Potential Biases & Uncertainties

Program 466 began sampling statewide in May 2010. To provide optimal coverage throughout the
state, management units were created to maiptaper coverage of the fisheries. Management
units were delineated based on four primary factors: (1) similarity of fisheries and management,
(2) extent of known protected species interactions in commerciaiagiflisheries, (3) unit size,

and (4) theability of the NCDMF to monitor fishing effort. Total effort for each management unit
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can vary annually based on fishery closures due to protected species interactions or other
regulatory actions. Therefore, the number of trips and effort sampled eadbyye@anagement
unit varies both spatially and temporally.

Program 466 data do not span the entire time series for the assessment (no data are available for
1991 2000) andstatewidesampling began in May 2010 decreasing the variability of observed
trips with better spatial and temporal sampling beginning in 2012.

Striped bass discard data were not available in sufficient quantities to estimate discards or post
release mortality from commercial pound net or gig fisheries; however, these fisheries and others
are known to have discards of striped bass. Additionally, commercial discards likely occur in other
states so the estimates presented here likely underestimate the total number of Isasged
commercial discards removed from theRAstock

It is also imprtant to note that this survey was designed to target trips that occur in times and areas
where protected species interactions are highest; the program does not target striped bass trips. For
this reason, a highumber of zeraatch trips relative to sped bass occur in the data.

2.1.2.5Development of Estimates

A generalized linear model (GLM) framework was used to predict striped bass disdielg\din

R gill-net fishery based on data collected du@ig2through2017 Only those variables available

in all daa sources were considered as potential covariates in the model. Available variables were
year, season, mesh categor y adsanagementargdgure nc he s
2.6), which were all treated as categorical variables in the modekt Bfas measured as soak

time (days) multiplied by net length (yards). Live and dead discards were modeled separately.

All available covariates were included in the initial model and assessed for significance using the
appropriate statistical test. N@ignificant covariates were removed using backwards selection to
find the besfitting predictive model. The offset term was included in the model to account for
differences in fishing effort among observations (Zuur et al. 2009, 2012). Using effort #sean of
term in the model assumes the number of striped bass discards is proportional to fishing effort (A.
Zuur, Highland Statistics Ltd., personal communication).

Examination of the data indicated they were significantly zero inflated for both the lideadd
discards There are two types of models commonly used for count data that contain excess zeros.
Those models are zesdtered (twepart or hurdle models) and zerdlated (mixture) models (see
Minami et al. 2007 and Zuur et al. 2009 for detailedrimi@tion regarding the differences of these
models). Minami et al. (2007) suggests that #eflated models may be more appropriate for
catches of rarely encountered species; therefore;izgmted models were initially considered
thoughwere unable toanverge. For this reason, zeattered models were pursued.

The besffitting model for live discards and for dead discards was applied to available effort data
from the NCTTP to estimate the total number of live discards and dead discatus AeR gill -
net fishery.

In order to develop estimates of commercial discardsyéars prior to 2012a hindcasting
approach was used. The ratioliek or deaddiscards in numbers t&-R gill-net landings was
computed by year fa2012to 2017. As these ratios wereaxiable among years (Figugs), the
working group decided to apply timeedian ratio over 2012 to 2017 separately for live and dead
discards Themedian ratio for either live or dead discavass multiplied by the commercial gill
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net landigs in1991 to 2011to edimate thelive anddead commercial gihet discards for those
years.

Because only dead discards were input into the assessment model, the estimates of live commercial
gill-net discards were multiplied by 43%, an estimate of pedetisenortality described in section

1.2.6.2. These estimates of live discards that did not survive were added to the estimates of
commercial dead discards to produce an estimate of total dead discards for the commercial gill
net fishery for 2012 to 2017.

Theaai | abl e | ength sampl es f rsummatizedby s aniddd s Pr o
to characterize the length distribution of striped bass commercial discards by year.

2.1.2.6Estimates of Commercial GillNet Discard Statistics

The besffitting GLM for the commecial gill-net live discards assumed a zalbered Poisson
distribution (dispersionz.9). The significant covariates fdaoththe countand binarypart of the
model wereyear, season, mesh, and arBae besfitting GLM for the deaddiscards assumed a
zeo-alteredPoisson(dispersion2.7). The significant covariates for the count part of the model
wereyear, season, mesh, and aaed the significant covariates for the binary part of the model
wereseason and mesh.

Estimates of annual commercadaddiscards ranged from a low of200 striped bass 2008 to
a high ofjust over11,600 striped basa 2001 between B and 2017 (Table 2; Figure 2.8).
Total lengths of commercial discardaveranged from @ cmto 85cm (Figure 2.9)The majority
of discadshave beeressthan 60 cmTL.

2.1.3Albemarle SoundRecreational Fishery Monitoring

From the 1950s through the late 1980s, various researchers conducted creel surveys in the
Albemarle Sound and Roanoke River, although the Roanoke River has the most complete

historical time series of catch and effort data (Hassler et al. 1981). Starting in 1988 and 1990

respectively, the NCWRC and NCDMF initiatadnualcreel surveys in the RRMA and ASMA

that have continued to date.

2.1.3.1Survey Design& Methods

The NCDMF collectsatch and effort data through-aite interviews at boat ramps during allowed
harvest days for each of four ASMA sampling zoneigre 2.10. Statistics were calculated
through a noruniform probability accespoint creel survey (Pollock et al. 1994). Site
probabilities were set in proportion to the likely use of a site according to time of day, day of week,
and season. Probabilities for this survey were assigned based on seasonal striped bass fishing
pressure observed during past surveys, in additiondodatal information (SWinslow and K

Rawls, NCDMF, personal communication). Probabilities can be adjusted during the survey period
according to angler counts to provide more accurate estimates. Morning and afternoon periods
were assigned unequal prob@hek of conducting interviews, with each period representing half

a fishing day. A fishing day was defined as one and a half hours after sunrise until one hour after
sunset. These values varied among sites within zones due to differing fishing pressure.

2.1.3.2Sampling Intensity

The ASMA striped bass creel survey data series includes estimates of effort, catch, and discards
for years 19902017. The survey does not operate during the closed harvest season, so estimates
of catchandrelease during this time are retailable. In the early years of the survey when the
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TAL was very low, the seasons may have only lasted a few days to a few weeks. In recent years
as the TAL has increased, the harvest season occurs from October 1 through April 30. Creel clerks
work all three weekend days (Fridegunday) and two weekdays. Interview sessions are
approximatelyfive hours and 45 minutes long, either in the morning or afternoon.

2.1.3.3Biological Sampling

In the ASMA creel surveydl striped bass are sampled during the surveys aamsored for TL
(mm) and weighed to the nearest 0.1 kg by NCDMF personnel. No scales are collected for ageing
purposes. Striped bass are not sexed during the creel survey

2.1.3.4Potential Biases& Uncertainties

One bias that has increased over time in the ASMx&Icsurvey is the number of private access
sites that are not included in the pool of public access points available to the survey. The increase
in private sites is due to increased development of sfiaghy dwellings and developments on

the Albemarle Sund and tributaries in the last 20 years.

Another bias inherent in any namiform probability accespoint creel survey is accurately
matching the site probabilities to actual fishing pressure throughout the harvest season.
Determining accurate probaitiés is made more difficult when the harvest area is a large, open
system such as a coastal estuary, and the species of interest is migratory in nature and movement
(and hence fishing pressure) varies throughout the harvest area seasonally.

The bias assaated with the increase in the number of private access points not included in the
survey serves to systematically underestimate harvest and effort statistics, while the bias associated
with varying probabilities throughout the season is not systematicaangroduce under or over
estimates of harvest and effort on an annual basis.

2.1.3.5Development of Estimates

In the ASMA from 1990 to the spring season of 2005, auraform probabilityroving access

point creel survey was used to estimate recreationalambkne effort and catch and release of
striped bass during the allowed harvest seastaishand effort data are collected daily for each

of four ASMA sampling zones. Fishing effort was estimated by counting empty boat trailers at
public and private boatg access sites and using interview datatoovetrailer counts for other

users, including recreational fishermen targeting other species, hunters, recreational boaters, and
commercial fishermen. Harvest was estimated as the product of catch ratesldrghiog effort

stratified by day and zon@ollock et al. 1994

In the ASMA from the fall of 2005 to present, angler catigtistics were calculated through a
nortuniform probability accespoint creel survey (Pollock et al. 1994). Site probabilitrese set

in proportion to the likely use of a site according to time of day, day of week, and season.
Probabilities for this survey were assigned based on seasonal striped bass fishing pressure observed
during past surveys, in addition to anecdotal infation (S Winslow and K Rawls, NCDMF,
personal communication). Probabilities can be adjusted during the survey period according to
angler counts to provide more accurate estimates. Morning and afternoon periods were assigned
unequal probabilities of condting interviews, with each period representing half a fishing day.

A fishing day was defined as one and a half hours after sunrise until one hour after sunset. These
values varied among sites within zones due to differing fishing pressareest was eshated

by applying the sample unit probabilities to interview data stratified by day andRolhack et

al. 1994).
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Dead discardéo live)were input into the assessment model, so the estimates of Albemarle Sound
recreational discards were multiplied by 6.4%, an estimate ofrelestse mortality described in
section 1.2.6.2.

Lengths sampled from the Albemarle Sound recreational creel swereyused to characterize
the length distribution of striped bass harvested by the Albemarle Sound recreational fishery by
year.

In the absence of length samples fritbve recreational fisherieharacterizing the releasésgging

dataof striped bass reptured by recreational anglers wed to develop length frequencies for

the recreational releases. The composition of the total catch was derived first and then the length
composition of the harvested fish was subtracted to estimate the length campostithe
recreational releaseSue to the very low numbers of recaptured fish in some years, the recaptured
fish length data were pooled across all years. For recaptures without lengths associated with them,
if they were caught withithreemonths of iniial release, negligible growth was assumed and they
were assigned a recapture length equal to the initial tagging length. The number of recaptures with
associated lengths per year for the Albemarle Sound ranged3ftomi27 with a mean o39.

Effective ample size was determined as the average number of unique locations and dates per
year for recaptures in the associated management area. The proportion of fish recaptuced per 2
length bint;, was calculated from these pooled data such that:

B Y
B Y
whereTy, is the number of fish tagged in ygaand length bird. A smoother was applied across
the resulting proportion data using the following centralbighted fivepoint moving average:
0 o} o0 CO 0
W
The length composition of the total catch per year and lengtiChinyas then estimated as:
Y& EEXND 5 Ya € B O

whereCy is thetotal catch numbers striped bass per year.

Ya € EH

A smoother was agpied to recreational harvest length frequencldg, and the numbers of
recreationateleases per yeand length binDy,, were then estimated as:

O Y& & €D Oj
In some instances, this produced length bins with negdiseard values. The negative values
were truncated to zero, and the data set for each year was then rescaled to match the original total
number of releases per year.

2.1.3.6Estimates ofAlbemarle SoundRecreational Fishery Statistics

Annual recreational harvest striped bass in the Albemarle Sound has ranged from a low of 3,500
fish in 2010 to a high of just over 40,000 fish in 2001 (Tal®eRAgure 2.1). No overall trend is
apparent in the recreatiortarvesttime series, but estimates in the most recsntyears (2016

and 2017)are among the lowest observed since 1991.
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Estimates of recreational dead discards in the Albemarle Sound have been variable from 1991
through 2017 (Table 2. Figure 2.2). Recreational dead discards have ranged from a low of 605
striped bass in 2006 to a high of over 5,800 striped bass in 1998.

The length distribution of recreational harvested striped bass has remained relatively consistent
from 1996 through 2017 (Figure 3)1 The majority of lengths fall between 45 and 60 Tin

Lengths of striped bass observed in the Albemarle Sound recreational discards have also
demonstrated consistency over the years in which lengths are availablE2@PBFigure 2.4);

the majority of these recreational discards range between 40 and®0. cm

2.1.4Roanoke River Recreational Fishery Monitoring

2.1.4.1Survey Design & Methods

The NCWRC conducts the RRMA striped bass creel survey to estimate angler effort, catch, and
harvest during the spring harvest seasorsome years, estimates of angler effort aaidtc and

release of striped bass after the harvest season closes are also made (depending on available
funding). The creel survey employs a roniform probability, stratified accegmintcreel survey

design (Pollock et al. 19949 estimate recreationfithing effort (angler hours, and angler trips),
harvest of striped bass, and numberstoped bass caught and released. The creel survey is
stratified by area (upper zone or lower zone), time (AM or PM), and type of day (weekdays and
weekend days). Thapper zone includes the river segment from Roanoke Rapids Lake dam
downstream to the U.S. Highway 258 Bridge near Scotland [feglre 2.15) The lower zone
extends from U.S. Highway 258 Bridge downstream to Albemarle Sound. Because past analyses
depict dfferential catch rates through progression of the open harvest season, the survey was
stratified into tweweek sample perioddWVithin periods, samples and estimates are further
stratified by type of day because fishing effort and catch is also knowrytaa function of day

type. Selection of access points where interviews occurred was based on probability of boat trailer
counts generated from prior RRMA creel surveys as well as expert opinion by biological and
enforcement staff. Probabilities of fisigj activity for time of day (0.4 for AM and 0.6 for PM
during periods one and two and equal probabilities during all other periods) are estimated based
upon prior experience with the RRMA striped bass fishery.

2.1.4.2Sampling Intensity

The RRMA striped bass creslirvey data series includes 198817 for harvest season estimates
and 19951999, 20052008, and 201i®017 for closed season catch and effort estimdtes.creel
survey is conducted during March, April, and May of each yeaeel clerks typically work two
weekdays and both weekend days each week. Interview sessighsdalkbursand one session
is conducted in each zone eaampleday.

2.1.4.3Biological Sampling

RRMA striped bassreel clerks record the total numberstriped bass caught and the number of
striped bass harvested. Creel clerks measure(ifilm), weight (kg), and determine sex of each
striped bass harvested when possible. Counts and total weights of harvested striped bass (i.e., no
individual data) are recorded fangling parties when interview sessions are busy. In some years,
creel clerks also record the numberstriped bass released within length limit categories (e.g.,
short, legal, slot, oveslot), type of bait used, angler residency, and trip expenditures.
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2.1.4.4Potential Biases & Uncertainties

In the RRMA creel survey, sample unit probabilities are adjusted each year depending on current
conditions and expected trends in angler effort. Additionally, construction of new boating access
areas has necessitated aaditand deletion of creel locations. TREWRC JamesvilléAstoria

Rd. boating access area was added to the survey in 2011, and the two private ramps in Jamesville
were subsequently removed from the survey. In 2016, a new boating access area in Lewiston
Woodville was added to the survey. Calculation of fishing effort was made using expansions of
trailer count data from 1882001, but from 20022017, fishing effort was calculated by
expanding interview data by the sample unit probability.

2.1.4.5Development of Estinates

From 19882001,total fishing effort was estimated from counts of empty boat trailers at boating
access areas along the entire river. Trailer counts were conducted each day of the open season.
Total numbers of anglers were estimated by expandingrtredunts by the mean number of
anglers per party as determined from interviews at access areas. The starting point for effort counts
was randomly selected. Counts were made duringmaiching, or midafternoon periods. Based

on interview data, trailer cois were adjusted to eliminate commercial fishermen, hunters, and
recreational boaters. Data were adjusted based on the proportion of recreational anglers
interviewed by creel clerks within each zone by period and kind of day. Harvest was estimated as
the product of catch rates and total fishing effort stratified by period, zone, and kind of day
(weekday or weekend day).

From 20022017, a specifically designed creel survey program was used to provide estimates of
catch, harvest, and effort using formulasided from Pollock et al. (1994). Estimates of striped

bass catch, harvest, and effort for each sample day were made by expanding interview data by the
sample unit probability (product of the access point probability and time of day probability).
Within sample periods, catch, harvest, and effort estimates for weekdays and weekend days are
separately averaged. The averages are then expanded to the total number of days of each type for
that sample period. Separate estimate®tad catch harvestand effot are made for each zone.

Finally, sample period and zone totals are added to calculate the annual estimates.

Only dead discards were input into the assessment model, so the estimates of Roanoke River
recreational discards were multiplied by 6.4%, an egtnof postelease mortality described in
section 1.2.6.2.

As discard estimates were only available starting in 1995, a hindcasting approach was used to
develop estimates back to99 The ratio of dead discards to harvest in numbers was calculated
for 195 through 2017 (Figure &)L The median ratio over those years was multiplied by the
Roanoke River recreational harvest ir©1% 1994 to estimate the dead discards for these earlier
years.

Lengths sampled from the Roanoke River recreational creelyswese used to characterize the
length distribution of striped bass harvested by the Roanoke River recreational fishery by year.

Roanoke River discard length compositions were derived using the same methodology as the
Albemarle Sound discard length compimsis described in section 2.1.3.5. The number of
recaptures with associated lengths per year for the Roanoke River ranged from 18 to 191 with a
mean of 88.
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2.1.4.6Estimates ofRoanoke RiverRecreational Fishery Statistics

Estimates of recreational harvest in B@anoke River have ranged from a low of al1®0 fish

in 1985 to a high of just over 38,000 fish in 200Bable 23; Figure 2.¥). Recreational harvest
increased from the beginning of the time series in 1982 to the early 2000s. Since then, recreational
harvest in the Roanoke River has shown an overall slight decline.

Discards from the Roanoke River recreational fishery have been variable (Talfligdre 2. 8).
Estimates have ranged from a low4q215 striped bass i2017to a high of over 18,606triped
bass in 1997. There is no clearly discernable trend in these discard estimates over time.

As was observed with the Albemarle Sound recreational harvest and discard lengths, there was
consistency in the total lengths observed in the Roanoke Riveatieaad harvest (Figure 2}

and discards (Figure 20) observed over timelhe majority of striped bass collected from the
Roanoke River recreational fishery were betweerm@nd 55 cmilL for both the harvest and
discards.

2.2 FisheriesIndependent

2.2.1Juvenile Abundance Survey (Program 100)

2.2.1.1Survey Design& Methods

The NCDMF Juvenile Anadromous Survey, also known as Program 100 (P100), yatgets

of-year (YOY)striped bass using a bottom trawl in Albemarle Sound. The survey was taken over
by the NCDMF in 1984 and continues to sample the same seven fixed stations in western
Albemarle Sound initiated in 1955 by Dr. William Hassler of NS@te University, making it one

of the longest continuous time series of striped bass igsHiadependent abundandata on the

east coast (Figure 2.21). The sampled habitats are preferred nursery habitat for YOY striped bass
in the Albemarle Sound as they increase in size and move frorsim&a&r nursery areas to more

open water habitats (Hassler et. al 1981).

The suvey uses an &ot semiballoon trawl with a body mesh size of Gingh bar mestand a
0.125-inch bar meshtail bag Tow duration is 15 minute§emperature, salinity, and dissolved
oxygen are recorded.

2.2.1.2Sampling Intensity

Trawl sampling is conducteual-weekly for eight weeks starting in miily at seven established
locations in the western Albemarle Sound doga total of56 samplesTrawl sites are located at
the edge of breaks and contours, usually within the 23tfm (8 fedt12 feet) depth mofile.

2.2.1.3Biological Sampling

All striped bass captured are counted and a subsample (maximum of 30) is measured (mm; TL and
FL). In the event &triped basss capturedthat may overlap with the size rangeao¥OY anda

1-year old striped bass, the specinehbrought back to the lab for examination of otoliths and/or
scale samples to determiiie age.In recent yearsa subsample of OY and agel striped bass

has been weighed to the nearest gram for improved leaigdigerelationships.

2.2.1.4Potential Biases& Uncertainties

The Juvenile Abundance Survey is a fixed survey that the division appropriated from another
source, so the fixed stations were retained for the continuity of data. Adliaedn survey can
run the risk of bias if the sites selected do adequately represent the sampling frame.
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Additionally, even if the sites adequately cover the sampling frame, the increased variation that
would come about from sampling randomly is not accounted for and i$afeeed risk of being
neglected.

Indicesdeiived from fixed-station surveys such #&100may not accurately reflect changes in
population abundance (Warren 1994, 1995 acuracy ofthe estimates is tied to the degree of

data were evaluated following the approach of Lee and Rock (2018) and results suggested a lack
of year*station interaction, which indicates the presence of spatial persistence and so suggests the
survey is likely tracking trends melative abundance.

2.2.1.5Developnent of Estimates

A nominal index was calculated by year using a standard arithmetic (ma&aibers per tow)A
generalized linear model (GLM) framework walsoused to model the relative abundance of
YOY striped bassPotentialcovariates were evaluated for collinearity by calculating variance
inflation factors. Collinearity exists when there is correlation between covariates and its presence
causes inflated -palues.The Poisson distribution is commonly used for modeling coatd;d
however, the Poisson distribution assumes equidispersion; that is, the variance is equal to the mean.
Count data are more often characterized by a variance larger than the mean, known as
overdispersion. Some causes of overdispersion include missiagates, missing interactions,
outliers, modeling notiinear effects as linear, ignoring hierarchical data structure, ignoring
temporal or spatial correlation, excessive number of zeros, and noisy data (Zuur et al. 2009, 2012).
A less common situation isinderdispersion in which the variance is less than the mean.
Underdispersion may be due to the model fitting several outliers too well or inclusion of too many
covariates or interactions (Zuur et al. 2009).

Data were first fit with a standard Poisson GLMldhe degree of dispersion was then evaluated.

If over- or underdispersion was detected, an attempt was made to identify and eliminate the cause
of the over or underdispersion (to the extent allowed by the data) before considering alternative
models, asuggested by Zuur et al. (2012). For example, the negative binomial distribution allows
for overdispersion relative to the Poisson distribution whereas aBossion GLM can be used

to correct the standard errors for overdispersion. If the overdispé&stomresult of an excessive
number of zeros (more than expected for a Poisson or negative binomial), then a model designed
to account for these excess zeros can be applied. There are two types of models that are commonly
used for count data that contarcess zeros: zew@dtered (twepart or hurdle models) and zero
inflated (mixture) models (see Minami et al. 2007 and Zuur et al. 2009 for detailed information
regarding the differences of these models). Minami et al. (2007) suggests thatlaezd malels

may be more appropriate for catches of rarely encountered species; therefeirdlatetbmodels

were considered hevehen appropriate

All available covariates were included in the initial model and assessed for significance using the
appropriate ttistical test. Nossignificant covariates were removed using backwards selection to
find the besfitting predictive model.

2.2.1.6Estimates of Survey Statistics

Available covariates wergear,depth, surface and bottom temperature, and surface and bottom
salinty. The besffitting GLM model assumed a negative bmial distribution (dispersiori4)
and the significant covariates were year and bottom temperature.
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The nominal and GLMstandardized indices were similar throughout the time series (Fig@)e 2.2
Both exhibit substantial inteannual variability over time.

2.2.2IndependentGill -Net Survey

2.2.2.1Survey Design & Methods

In October 1990, the NCDMF initiated the Striped Bass Independeri&ilburvey, also known
as Program 135 (P135). The survey was designed taanahe striped bass population in the
Albemarle and Croatan sounds.

The survey follows a random stratified design, stratified by geographic area. This survey divides
the water bodies comprising the Albemarle region into six sample zones that are @rtinaded

into onemile square quadrants with an average of 22 quadrants pergueeR.23). Albemarle
Sound, Croatan Sound, and Alligator River sample zones (Zdngsw&re selected for this
survey, based on previous sampling and historical abundaforenation (Street and Johnson
1977).Sampling in Zondl was discontinueghortly after the survey began in fawarsampling

Zone 7,to allow for taggingto produceestimatesof mixing of the AlbemarleRoanoke striped

bass stock anthe migratory portion of thétlantic migratorystock which mayitilize the eastern
portion of theAlbemarleSound during the winter monthghile overwinteringThe survey gear is

a multtmesh monofilament gill net. Four gangs of twelve meshes, @®, 3.5, 4.0, 4.5, 5.0

, 5.5, 6.0, 6.5, 7.0, 8.0, 10.0inch stretcled mesh, ISMof gill nets are set in eaquadrant by

the fishing crew. @e twegang set is weighted to fish at the bottom (sink net), and the other is
floating unless the area is unsbit for gill-net sampling (marked waterways and areas with
excessive submerged obstructions). The use of 12 different mesh sizes allowed for the capture of
fish age one and older. Alternate zones and quadrants are randomly siélébgegrimary
selectioncannot be fished. A fishing day is defined as the two crews fishing the described full
complement of nets for that segment for one day. One unit of effort is defined as gact A6t

fished for 24 hours.

The fishing year is divided into two segments). fall/winter survey period, 1 November through

28 February; and (2) spring survey period, 1 March through late May. The sampling methods
remain the same during each sampling season. Areas fished, sampling frequency, and sampling
effort is altered seasoiha

For the fall/winter segment, two survey crews fish replicateyat@ anchored, floating, and
sinking monofilament gill nets from 2.%50 4.0 ISM in onehalf inch increments with a twine size

of 0.33 mm (#104), 5:0o 7.6I1SM with a twine size of 0@ mm (#139), and 8-(6M and 10.0

ISM, with a twine size of 0.57 mm (#277). Heavier twine sizes in the larger mesh nets are intended
to improve retention of larger, heavier fish. Gill nets were constructed with a hanging coefficient
of 0.5. Gear soak timie 48 hours for each selected quadrant.

In the spring segment, giflet effort is concentrated in western Albemarle Sound (Zone 2) near
the mouth of the Roanoke River (Fig#23). The shift to Zone 2 was designed to increase the
chance of interceptinmature striped bass ogregated in this area during their migration to the
Roanoke River spawning grounds. Effort is concentrated in this zone to determine differences in
the size, age, and sex composition of the spring spawning migration relative &l/thiater
resident population. Zone 2 is sdlvided into southern and northern areas.
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2.2.2.2Sampling Intensity

The NCDMF monitors the adult striped bass population in Albemarle Sound through spring
(March May) and fall (Novembéi~ebruary. The fishing year iglivided into two segment$1)
fall/winter survey period, 1 November through 28 February; and (2) spring survey period, 1 March
through late May. All zones are sampled equally, except in the spring when effort is shifted to
Zone 2. Each crew samples eatlhe six zones, providing 24 fishing days per month and a total

of 96 fishing days for the season. A fishing day is defined as one crew, fishing the full complement
of nets specified, for that segment for one day (24 hours).

The southern area, adjacentlte Roanoke River, received increased effort at a 2:1 ratio south to
north, based on the historical seasonal abundance of nsityred bass (Harris et d9&b).
Quadrants sampled are randomly selected as previously noted. Fishing effort is conducted
continuously, seven days a weg&ather permittinguntil the end of late May.

2.2.2.3Biological Sampling

All striped bass are counted and measured and healthy striped bass that survived entanglement are
tagged with internal anchor tags and then measured tee#rest mm for FL and TL. Scales are
removed from the left side of the fish, above the lateral line and between the posterior of the first
dorsal fin and the insertion of the second dorsal fin. When possible, sex is determined by applying
directional presge to the abdomen towards the vent and observing the presence of milt or eggs.

For both the fall/winter and spring segment, fish that did not survive entanglement are processed

at the NCDMF laboratory. Fish are measured to the nearest mm for FL and Weighéd to the

nearest 0.01 kg. Sex is determined by visual inspection and scales are removed as previously
described. Scales are cleaned and pressed on acetate sheets using a Carver heated hydraulic press.
Scales are read using a microfiche reader se2dnor 33x magnification. For each sex, a
minimum of 15 scales per 25 mm size class is read and subsequently used to assign ages to the
remainder of the sample.

2.2.2.4Potential Biases & Uncertainties

TheP135 Surveyleploys a passive gear of an array of méth varying mesh size over a variety

of randomlyselected locations. The effort expended on survey design should result in estimates
with relativelylow bias. The survey design was informed by previous abundance and sampling
data. It is possible that changesthe stock (habitat use, migration corridors, etc.) since the
implementation of the sampling program may cause estimates to vary.

Many factors affect githet catch efficiency including net visibility and turbidity (Berst 1961;
Hansson and Rudstam 199%)ough setting nets overnight may offset some concerns of net
visibility. Efficiency can also decrease if nets become tangled or fouled with delthe. R135

Survey performance of individual net panels is evaluated and recorded and catch is esluated
the sample level (catch from a gang of nets is a sample), so performance of individual net panels
may not have a large impact on catch from a sample

2.2.2.5Development of Estimates

Nominal indices of abundance were developed for both the fall/winter amg) minponents of

the P135Survey and were calculated using stratified average estirratorbers per gang of net
480 yards of 12 mesh side&orboththe fall/winterand springsegmertd, only catches observed
during the first 24 hours of the soak werelirded in the development of the ind&tandardized

indices weralso calculated using the GLM approach described in section 2.2.1.5.
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Biological data collected during the survey were summarized to characterize both the length and
age frequencies of strigdass observday sex and survey component

2.2.2.6Estimates of Survey Statistics

Available covariates for the GLM standardization included year, ¢fadidvinter only), depth,

and surface temperatur@he besfitting GLM for the fall/winter index assumed a gaive
binomial distribution (dispersiori6) and the significant covariates were year, quad, and surface
temperature. The beftting GLM for the spring index assumed a negative bira distribution
(dispersion#.5) and the significant covariates wgear, depth and surface temperature

The GLM-standardized indices tracked well with the nominal indices for both the fall/winter
(Figure 2.2) and spring (Figure 25} components of the P135 Survdpndices from both
components of the survey indicatecaEsing trenslin the most recent yearsf the time series
(Figures2.24, 2.25.

Females observed during the fall/winter component of the P135 Suaveyanged from 15 cm
to 95 cmTL and malefiaveranged from 15 cm to 80 cirL (Figure 2.%). Striped basebserved
during the spring component of this survey were generally larger; femalesanged from 20
cm to 115 cnTL and malefaveranged from 15 cm to 90 cirL (Figure 2.7).

Females ranging from ages 1 to 10 have been collected during the fall/eantponent of the

P135 Survey (Figure 282 Males collected during the fall/winter have ranged in age from 1 to 7.
Older striped bass tend to be observed during the spring component of this survey (F&ure 2.2
Female striped bass as old as 15 and nedesd as 10 have been observed in the spring. The
modal age has varied over time for both females and males in both the fall/winter and spring
components of the P135 Survey.

2.2.3Roanoke RiverElectrofishing Survey

2.2.3.1Survey Design & Methods

The NCWRC Electrofising Survey on the Roanoke River spawning groumetgan in 1991 to
meet the ASMFC FMP requirements to monitor spawning stock abundéaguae(230). A boat
mounted electrofishing unit (Smi#Root 7.5 GPP) is used (1 dip netter) to capfiste during
daylight hours. Sampling is conducted at stations within st&tmpling stationarelocated on
main and secondary river channel habitats. Three stresampled each day, and strata selection
is dependent on flow conditions. Flows of approximately 7 @@fc feet per second (cfey less
restrict access to strata above the rapids in proximity to the Weldon boating acce3® area
minimize size selection during sampling, striped bass wettedas they were encountered
regardless of size. Water temperature (°C) is recorded each sample day.

2.2.3.2Sampling Intensity

NCWRC personnel collect striped bass weekly betweenAprd and May, on the historic
spawning grounds of the Roanoke RimearWeldon(RM 130) and Roanoke Rapids (RM 137)

North Carolina. Sampling begins as the water temperature approaches 15.0°C (59.0°F) and
continues through the range of optimal spawning temperatures until water temperatures surpass
22°Cor untilstriped bass spawningdemplete; optimum spawning temperatures range from 18.0°

to 22.0°C (64.4° to 71.6°F) for striped bass in the Roanoke River.
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2.2.3.3Biological Sampling

Information on sex, age, and size composition of the spawning stock is also collected. Each fish is
measuredad the nearest mm for TL aséxis determined by assessing the presence of eggs or milt
when pressuresappl i ed t o t hWeighti(kg)haddsscaledredlaaimednfrom a
subsampldtarget maximunof five fish of each 25mm size groumndsex persample day)of

fish. Weightandscalesarecollected from all fish greater than 700 mBtales are removed from

the left side of the fish, above the lateral line and between the posterior of the first dorsal fin and
the insertion of the second dorsal fscalesareaged using an EyeCom 3000 microfiche reader at
24x or 36x magnification A primary reader agaup to 15 individuals per 2B1m length group per

sex, and a subsample (20% of aged sca@eg)ed by a secondary reader for age verification. Age
discrepancies between the readg@eyeconciled in concert.

2.2.3.4Potential Biases & Uncertainties

The electrofishing survey spans a sewafe section of the Roanoke River, determined to be the
spatial extent of the spawning groun8lige selection in early years of the survey was opportunistic

to some degree, but multiple strata were always samplédhssites were spread out within the
spawning habitat/survey area each sample agnore recent yearsjtes have been randomly
selected within each of the three strata and the strata se&eetie based on flow conditions;
however, some sample sitannot be sampled due to flow conditions or angling activity. Inability

to access sampling sites due to flow conditions or angler presence could bias the abundance
estimates either by concentrating striped bass in the accessible areas or allowingasisiped®
undetectedAdditiondly, it is possible that fish may be missed by the dip netter. If striped bass are
not universally available to the dip netter at all population densities, it could bias abundance
estimates.

Other biasesould be due to theegr itself; striped bass of abnormal size may not be as vulnerable

to the stunning effects of the electrofishing gear and could escape capture. Electrofishing tends to
select for larger fish as they are more visible to the dip netters and have a lowéilizatian
threshold (Sullivan 1956; Reynolds 1996; Dolan and Miranda 2003; Ruetz et al. 2007). For this
reason, the relative abundance of smaller fish is likely biased too low (Reynolds 1996). Collection
of fish by netting may be associated with bias. grearty and Sutton (2005) demonstrated that
capture efficiency was affected by moderate flow rates due to movement of fish out of range of
the netters. Schoenebeck and Hansen (2005) indicated how gear saturation caused electrofishing
catch rate to be neliinearly related to abundance. Some fish may be less likely to be immobilized
by electrofishing gear. Dolan and Miranda (2003) demonstrated how immobilization thresholds
were inversely proportional to body size. Conductivity, water temperature, water teanspa
dissolved oxygen, depth, flow, and electric current are some of the factors that can impact the
efficiency of electrofishing gear (Reynolds 1996; Mclnerny and Cross 2000; Speas et al. 2004;
Buckmeier and Schlechte 2009).

2.2.3.5Development of Estimates

A nominal index was calculated using a ratio estimatampers per minuté&ollock et al. 1994).

A standardized ineix wasalso calculated using the GLM approach described in section 2.2.1.5.
An offset term was included in the model to account for differeimcegrveyeffort (measured in
minutes)amongsampling event§&Zuur et al. 2009, 2012).

Biological data collected during the survey were summarized to characterize both the length and
age frequencies of striped bass obsebsedex
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2.2.3.6Estimates of Survey Stéstics

Available covariates for the GLM were year, stratum, discharge, and temperature. The final best
fitting model assumed a negative binomial distribution (dispersion=1.3) and the significant
covariates were year, stratum, and temperaiire. nominabnd GLMstandardized indices were
similar throughout the time series (Figureld.Both series exhibit inteainnual variation and both
demonstrate a general declining trend since the early 2000s.

The total lengths of females observed in the Roanoke Elestrofishing Survey have ranged
from 20 cm to 120 cnfL (Figure 2.2). Males have ranged lengthfrom 10 cm to 110 cnilL.
Some truncation of the length distributions is apparent in the most recent years of the survey.

A broad range of ages have beehllembed during this survey (Figure 3)3 Females have ranged
in age from 1 to 17 years while males have ranged in age from 1 to 15 years. The age distributions
have shown a truncation in the last few years of the survey.

3 ASSESSMENT

3.1 Methodd Stock Synthesis

3.1.1Scope
The unit stock was defined as siitiped bass within the ASMA and RRMA

3.1.2Description

This assessment is based on a forwaajecting lengtkbased, agstructured model. Awo-sex
model is assumed. The stock was modeled using Stock Syn{B&jisext version 330.14
software Methot 2000;Methot and Wetzel 2013Methot et al. 201P Stock Synthesis is an
integrated statistical catet-age model that is widely used for stock assessments throughout the
world. SS was also used to estimate referenget palues. All input files are available upon
request.

3.1.3Dimensions

The assessment model was applied to data collected Wiitiim the range of the assumed
biological stock unifASMA-RRMA; section 1.21).

The time period modeledas1991 through 20% usirg an annual time step based on the calendar
year The year 191was selected as the start year becawegas the earliest year for which landings
from the Albemarle Sound recreational fleet were availéddetion2.1.3) The terminal year,
2017, was seleted becausi was the most recent yelaom whichdata were available at the start
of the assessment process.

3.1.4Structure / Configuration

3.1.4.1Catch

The modelinitially incorporated three fishing fleet&’SMA commercial fishery (ARcomm),

ASMA recreational fishery (ASrec), and tR&RMA recreational fishery (RRrec). Landings (i.e.,
Aretainedo catch) were entered for each of t he
numbers; Table 3.Figure3.1). Dead discards (in numbers) were alsduded for each of the

three fleets (Table 3.Eigure 32). After evaluation of initial model runs, it was decided to treat

the RRrec discards as a separate fleet (see section 3.1.4.8).
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3.1.4.2Survey Indices

Four indices of relative abundance were selected for input into the model. All indices were derived
from fisheriesindependent surveys (Table 3Rgure 33). The index derived from the Program

100 Juvenile Trawl Survey (P100juv) was input as an indeg®® recruitment and so associated
biological data (lengths or ages) were not required as inputs into the model. Indices derived from
the fall/winter component of therogram 135 Independent GNlet Survey (P135fw), the spring
component of the Program 33ndependent GiNet Survey(P135spr), and the Roanoke River
Electrofishing Survey (RRef) were also used.

Changes in indices over time can occur due to factors other than changes in abuhéance;
fisheriesindependenindices were standardized using BNGapproach to attempt to remove the
impact of some of these factotddunder and Punt 2004eesections 2.2112.2.3. Catchability

(q) wasassumed to be tirAavariant for each survey and survey indices were assumed to have
a linear relation to abumhce.

3.1.4.3Length Composition

Annual | ength frequencies were input for each
lengths were available for the particular fleet (see secBidnd 2.1.3).Annual length frequencies
characterizing the P135fw, PAgor, and RRef surveys were also input (see secidhand

2.2.3. Where possible, sespecific length frequencies were uskdngth frequencies were input

by 2-cm length bins ranging from 10 cm to 180 TL.

3.1.4.4Age Composition

Annual £x-specific age datwere input for théScommlandingsas well as the P135fw, P135spr,

and RRefkurveys. The age data were input as rawadength data, rather than age compositions
generated from applying adength keys to the catedt-length compositions. The input
compositions are therefore the distribution of ages obtained from sampleshirleagth bin
(conditional ageat-length). This approach is considered a superior approach because it avoids
double use of fish for both age and length information, it contains more detailed information about
the ageength relationship and so improves #stimation of growth parameters, and the approach
can match the protocols of sampling programs where age data are collected in-attatifjéu
program (Methot et al. 2019).

Age 15was treated as a plus group that included agéisrough I, the maxinam age within the
data input into the stock assessment mo#lgeés were assumed to be associated with small bias
and negligible imprecision.

3.1.4.5Biological Parameters

Natural Mortality

Natural mortality is one of the most important parameters in a stock mesgsand one of the

most difficult to estimateThe availability of an empirical estimate is rafée empirical estimate

of natural mortality from the Harris and Hightower (2017) study (0.72, see section 1.2.6.1) was
assumed for both females and malethanmodelpresented to the peer reviewers (see section 5)

and treated as an agesariant, fixed inputWhile the peer reviewers were pleasgith the
working groupbs attempt to incorporate an emg
value wa too high given the species maximum age (see section 1.2.6.1).

Given the uncertainty in the assumed rate of natural mortality, a series of sensitivity runs were
performed at the second peer review workshop in which the assumption regarding natung mortal
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was varied (see section 3.1.7.Zhe values assumed for natural mortality in these runs were
selected from the range estimated based on the species life history (Table 1.4; section 1.2.6.1).
After discussion between the working group and the peeswepanel, a value of 0.40 was settled

on for use in the final base run. This value was assumed for both sexes and treated as an age
invariant, fixed inputBoth the working group and the peer review panel felt this value was more
appropriate giventhe spee s 6 | i fe history and maxi mum age
estimate of natural mortality estimated in the Harris and Hightower (2017) study than other values
explored.

Growth

Growth (agelength)wasassumed to be sex specific and wasdeled usinghte von Bertalanffy
growth curveln the SS model, when fish recruit at the real age of 0.0, their length is set equal to
the lower edge of the first population length bin (here, 10Mathotet al.2019). Fish then grow
linearly until they reach a real agqual ta userspecifiedage (here, age 1As the fish continue

to age, they grow according to the von Bertalanffy growth equation.

Allowing SS to estimate the growth curve ensures that the assumptions about selectivity are
consistent with other partd the model and that uncertainty in the growth estimaiasasporated

into the estimates of spawning stock biomass, fishing mortality, and reference piaith0(3.

All age-length growth parameters were estimated for both sexes. The estimatddgacwmeters

for each sex werkp, K, coefficient of variation (CV) for length aige 1 and CV forLp. Initial

values forLp andK were derived by fitting the von Bertalanffy model to the availableleggth

data by sex (see alsection 1.2.4Tablel.1).Initial values for the CVs for length agge landLp
werederived empiricallffor each sexThe initial values for the growth parameters were treated as
informative priors (por standard deviatior6=05 forLs andK; prior standard deviatior®=8 for

CV1 and CV2) assuming a normal distribution. Examination of the observed data was used to set
reasonable bounds on all growth parameters for males and females.

Parameters of the lengtieight relationship were fixef.e., not estimatedijpr both males ah
females. The assumed values were those estimated in this report as descsdmbil.2.4
(Table 12).

Maturity & Reproduction

Female maturity at age as estimatedBoyd (2011;sectionl.2.5.4) was treated as a fixed input
in the modelReproductiorwas assumed to occur on January 1 each year.

Fecundity

The selected fecundity option in SS waschthat causes eggs to be equivalent to spawning
biomass.

3.1.4.6Stock-Recruitment

A BevertorrHolt stockrecruitment relationship was assumadrgin recruitment Ro, was
estimated within the modelSteepnessh, was fixed at 0.9 and the standard deviation of
log(recruitment)sr, was fixed at 0.6. Recruitment deviations were estimated from 1980 to 2015.
The deviations are assumed to sum to zero over this time p8atiohg the first year in which to
estimate recruitment deviations (1974) earlier than the model start year (1991) allows fer a non
equilibrium age structure at the start of the assessment time series (Methot et al. 2019).
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3.1.4.7Fishing Mortality

SS allows seasral options foreporting fishing mortalityK). TheF values reported here represent

a real annudf calculated as a numbengightedF (see Methoet al.2019 for ages3i 5. This age

range was selected based on the high selectivity for this age range by the fleets and the large
percentage of the total catch this age range comphs#s tre last NCDMF stock assessment for
stripedbassreportedapical F values(F at age 4pd so are notlirectlycomparable to the results

of this assessmeritlpwers et al2016.

3.1.4.8Selectivity

In SS selectivity can be a function of length and/or dgéhe current assessment, selectivity was
assumed to be a function of length for all fleets and surveys due to the high confidence in the
length data for characterizing these data sources. Retention for the fleatsaeasumed to be a
function of lergth (the only option for retention parameters).

In initial runs, d selectivity patterns were modeled using the recommended double normal curve.
The double normal curve is extremely flexible and can take on shapes ranging from asymptotic to
dome shapecdtvaluation of the initial model fits to the length composition data indicated some
potential issues with the predicted selectivity patterns (i.e., strong patterns in the length residuals).
Fits to the RRrec harvest lengths were especially poor so theotewisis made to fix the
selectivity to match the protective slot (section 1).%audd treat the discard portion of this fishery

as a separate fleet. The presence of strong residual patterns in the fits to the length composition
data prompted considerationarf even more flexible selectivity function, the cubic spline. Use of

the cubic spline for the ARcomm fleet (six nodes) and the P135fw survey (three nodes) provided
improvements in fits to the length composition data associated with these fleets and so was
assumed in the final base model.

Early model runs suggested difficulty in predicting the female and male length composition data
from the RRef survey. Investigation of the data and discussion with the model developer suggested
this was due to the highlkewed sex ratio and different length frequency patterns between female
and male striped bass observed in the survey. The SS model allows for selectivity for male fish to
differ from selectivity for female fish and this option was selected for the RRefysuitie male
selectivity parameters were modeled as an offset of the female selectivity parameters.

3.1.4.9Equilibrium Catch

The SSmodel needs to assurar initial condition of the population dynamics tbe period prior

to theestimationperiod. Typically, twoapproaches are used to meet this assumption. The first
approach starts the model as far back as necessary to satisfy the notion that the period prior to the
estimation of dynamics was in an unfished or near unfished state. For striped bass, reliable catch
records back to the start of the fishemg not availableFor this reason, the model developer
recommended use tife second approach, which is to estimate (where possible) initial conditions
assuming equilibrium catc{R.D. Methot Jr., NOAA Fiseries,personal communication)he
equilibrium catch is the catch taken from a fish stock when it is in equilibrium with removals and
natural mortality balanced by stable recruitment and growth.

3.1.50ptimization

The SSmodelassumes an error distribution for ea@tadcomponent and assigns a variance to
each observatiom.he ARcommlandings ASrec and RRrebarvess, and RRrec discardgere fit
in the model assuming a lognormal error structlihesedatawere assumepreciseand assigned
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a minimal observation erroifhe standard errors (SEs) of the annual ARcomm landings were
assumed equal to 0.02 prior to the start of the Trip Ticket program (48&in2.1.1) and were
assumed equal to 0.01 for the remainder of the time series. As the commercial landings data ar
derived from a census and recreational data are derived from a survey, a slightly higher standard
error was assumed for the annual ASrec and RRaegestestimatesSE=0.02). The RRrec

discard estimates were based on a hindcast method in earlierh@3is1094) of the time series

and were assumed to have a CV equal to 0.06. Discard estimates from this fleet in subsequent
years were assumed to have a CV equal to 0.04.

As deaddiscards are part of the overall total removals, they were also assumedgbrecise

though were assumed to have higher variance than the landings and harvest due to the increased
uncertainty in the estimation methodsecoefficient of variation (CV) assumed ftret ARcomm
discardswas derived from the GLM standardization (seetion 2.1.2.5)The CVs for dscards

from the ASrec fleet werderived empirically A normal distribution was assumed for the error
structure of the discards for each fleet.

Survey indices were fit assuming a lognormal error distribution with varianoceagst fromthe
GLM standardization.

Composition information was fit assuming a multinomial error structure with variance described
by the effective sample size. For each fleet and survey, the effective sample size was the number
of sampledrips and a marum of 200 was imposed.

The objective function for the base model included likelihood contributions from the laaditigs
harvest discards, survey indices, length compositions, age data, and recruitment devi&igons.
total likelihood is the weighted suof the individual componentall likelihood componentsvith

the exception of the age dateereinitially assigned a lambda weight equal to. Ba@sed on a
recommendationrém the model developer, the likelihood components for the age data were
reducedo 0.25 (RD. MethotJr, NOAA Fisheries, personal communication).

The model results are dependent, sometimes highly, on the weighting of each datansit (

2011J). Francis (2011) points out that there is wide agreement on the importance of welgitting,
there is lack of consensus as to how it should be addressed. In integrated models that use multiple
data sets, it is not uncommon for the composition data to drive the estimation of absolute
abundance when inappropriate data weightings are applidue asetlectivity process is miss
specified Lee et al. 2014 Francis(2011)argues that abundance information should primarily
come from indices of abundance and not from composition Baliawing the recommendation

of Francis (2011), the model was weigghin two stagesStage 1 weights were largely empirically
derived (standard errors, CVs, and effective sample sizes described earlier in this section) and
applied to individual data observations. Stage 2 weights were applied to reweight the length and
age composition data by adjusting the input effective sample sizes. The stage 2 weights were
estimated based on method TA1.8 (Appendix A in Francis 2011) using the SSMethod.TA1.8
function within the r4ss package (Taylor et al. 20h R (R Core Team 2@].

3.1.6Diagnostics

Severalapproaches were used to assess model convergence. The first diagnostic was to check
whether the Hessian matrix (i.e., matrix of second derivatives of the likelihood with respect to the
parameters) inverted. Next, the model convergene eas compared to the convergence criteria
(0.0001, common default value). Ideally, the model convergence level will be less than the criteria.

44



Mo del stability was further eval uadindedtureicdi ng
SS inwhich the initial parameter values are varied by a-gpecified fraction. This allows
evaluation of varying input parameter values on model results to ensure the model has converged
on a global solutionA model that is well behaved should converge @foaal solution across a
reasonable range of initial parameter estimazsg$Calay et al. 2014 Initial parameters were
randomly jittered byl 0% for a series a0 random trialsThe final model total likelihood value,
annual estimates of spawning stdmkmass (SSB)annualF values, and associated thresholds

(see section 4yom the jitter runs were compared to the base run results.

Additional diagnostics included evaluation of fits to landings and harvest, discards, indices, and
length compositions @hcomparison of predicted growth parameters to empirical values. The
evaluation of fits to the various data components included a visual comparison of observed and
predicted values and calculation of standardized residuals for the fits to the fighdemandent

survey indices and length composition data. The standardized residuals were first visually
inspected to evaluate whether any obvious patterns were present. In a model that is fit well, there
should be no apparent pattern in the standardized edsitfumostof theresiduals are within one
standard deviation of the observed value, there is evidence ofdisgersion. This is indicative

of a good predictive model for the data. That is, the model is fitting the data much better than
expected, give the assumed sample size.

Checking for patterns in standardized residuals over time can b&iddhe runs test, which was
applied to the standardized residuals of the fits to the fishiekdependent survey indices. The
runs test was applied using tRansTest faction in the DescTools packaggignorell et al. 2019

in R R Core Team 2009 In a perfectly fit model, the standardized residuals have a normal
distribution with mean equal to 0 and standard deviation equal to 1. The SWAlbidistribution

test was applied to determine whether the standardized residuals of the fits to the fisheries
independent survey indices were normally distributed. This test was conducted using the
shapiro.test function within the stats package irRRCpore Team 20)9An alpha level of 0.05

was used for both the runs test and Shayiri distribution test to determine significance.

3.1.7Uncertainty & Sensitivity Analyses

3.1.7.1Evaluate Data Sources

Uncertainty can also be explored by assessing the contribution of each sounfmnoftion
(Methot 1990. The contribution of a data source or other parameter(s) can be manipulated by
changing the weight, or emphasis, of the associated likelihood component.

The contribution of differentisheriesindependensurveys was explored byamoving thedata

from each survegne at a time in a series of model runs. In each of these rurssjrtteyunder
evaluation was effectively removed by assigning a lambda weight of 0.0 to the likelihood
componentforthaa ur vey 6 s i n d e xlogieahddtaipsesent}c i at ed bi o

Annual estimates of female spawning stock biomasd$-amere compared tthose fronthe base
run.

3.1.7.2Alternative Natural Mortality

Natural mortality was assumed to be constant across sexes amuthgéisal base rur{M=0.40;

sedion 3.1.45); however natural mortality that varies by sex and age may be more realistic. In
onesensitivity run, natural mortality was assumed equal to the values derived using the modified
Lorenzen approach described in section 1.2@&4sumed sesgpeific and agevariable)
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Additionally, a run was performed in which natural mortality was assumed equal to the empirical
estimate of 0.72 derived from the Harris and Hightower (2017) study (assumeandgeage
constant). Finally, a run was performed iniethnatural mortality was assumed equal to 0.30 to
provide a run that used a lower range valuen&dural mortalitassumed sexand ageconstant).

3.1.8Results

A summary of the input datased in the base run of the striped bass stock assessment model is
showvn in Figure3.4.

3.1.8.1Base Rur® Diagnostics

The final base run resulted in an inverted He
was0.00673183This value is higher than the convergence criteria, which was set at 0.0001. It is

not unusual fomodels with hundreds of parameters to produce higher convergence levels and so
values less than 1.0 for such models are typically deemed acceptable (R.D. Methot Jr., NOAA
Fisheries, personal communicatioRpur out of 111 estimated parameters were estietahear

their bounds Table3.4). Theseare the CV for femaleage atLp, CV for maleage atLp, initial
equilibriumF for the RRrec discard fleetndone of the selectivitpamameters for thé\Rcomm

fleet

Twenty oneof the 50 jitter runs successfully converddable 35). None of theconvergeditter

runs resulted in a likelihood value that was lower than the bag€igure 35). The majority of
theconvergeduns produced similar trends in female SSB &nd thebase run (Figure 8). The

results of one of the converged runs (run 46) was not included in these plots as it estimated female
SSB to be an order of magnitude higher &na@dn order of magnitude lower than the other
converged runverall, he jitteranalysis gives evidence that the base modeVerged to the

global solution.

There is near identical agreement between observed and predicted landings and harvest for the
ARcomm, ASrec, and RRrec fleetadure3.7). This is not unexpected given the snaaiiount of

error assumed for these d#saction 3.1.5)The SS model tended to underestimate discards for

the ARcomm fleetKigure3.8A). For theASrec discards, the modeVerestimated in some years

and underestimated in others (Figure 3.8Be RRrec tcards were fit well by the model (Figure

3.8C).

Model fits to the fisheriemndependent survey indicese reasonablgFigures 3i 3.12). The
modelpredicted indices terdlto capture the overall trend in the observed vdloethe P100juv
(Figure 39), P135fw (Figure 3.0), andRRef (Figure 312) survey indices but did a poor job of
predictingthe trendfor the P135spr surveindex (Figure 3L1). The model dichot capture the
samedegree of inteannual varihility seen in the observed inde¥Xisual inspection of the
standardized residuals indicat® clear temporal patterns for any of the survey indices and this
was confirmed by the results of the runs tests, which producedigioificant @=0.05)P-values
(Table 36). None of the standardized rdagls for the fisheriemdependent survey indices were
found to be significantly different from a normal distribution based on the results of the Shapiro
Wilk test for normality.

The fits to the length compositions aggregated across time appear reagmmablg of the fleets

and surveys with the exception of the fit to the ARcomm discard lefigdnsre 313). This poor

fit is likely due, in part, to the small effective sample sizes associated with the ARcomm discard
length compositionsExamination ofthe fits to the length composition data by individual year

46



indicates fits ranging from good to poor (Figuresl3i 3.28). Again, the poor fit to the ARcomm
discard lengths is evide(figure 316). The presence of bimodality in the P135fw survey lengths
provided some difficulty in model fitting (Figures 3.23, 3.24). This was also true for the P135spr
survey lengths (Figures 3.25, 3.2Bgsiduals from the fits to the length composition data for the
different data sources are shown in Figur@8i3.37. The fts to the length composition data from

the P135fw survey (Figures 3.35), P135spr survey (Figure 3.36), and RRef survey (Figure 3.37)
show residual patterns which suggest the periodic presence of strong year classes. The strongest
length composition resi@dl patterns are evident in the ASrec harvest (Figure 3.31) and ASrec
discard (Figure 3.32) fits. Fits to the ASrec harvest lengths suggest underestimatiomaatgaid
lengths and overestimation at the smallest and largest lengths (Figure 3.31). Thie qatesn

is seen in the fits to the ASrec discard lengths, which shows overestimationraingedengths

and underestimation at the smallest and largest le(igitnsre 3.32)

The growth curves estimated by the moatel similar to the curves deriveanpirically (Figure
3.38). The predictedgrowth curve for both females and males suggest a small degree of
underestimation of length at age.

3.1.8.2Base Rur® Selectivity & Population Estimates
The predicted selectivity curvese shown inFigures 339 3.41 and are considered reasonable

Annual predicted recruitment is variable among years and demonstrates a general deerease
the time serie§Table 37; Figure 342). Predicted recruitment deviations afgown inFigure 343
and show no obvious concernipgttern

There is less intesinnual variability in predicted female spawning stock biomass (SSB; Table 3.
Figure 344) than that exhibited in the predicted recruitment values (Figd®.Female SSB
values were highest in the late 1990s through tite20®00s and have generally decreased since
The predicted stoeckecruitment relationship indicates the relation is not particularly strong (Figure
3.45). This is not unexpected given the model assumed a fixed value of 0.9 for the steepness
parameter. Précted values of spawner potential ratio (SBR)w a slightlydecreasingrend over

the time serie§Table 37; Figure 346).

Predicted population numbers at age sugféis65% of the populatiorhas beerdominated by
age0 and agel fish (Tables &Bi 3.9). These predicted numbers at age stamwincrease in the
numbers of older fish through tihed-2000s, followed by a possible truncation of age structure in
recent yearsThe predictions of landings at age for the ARcomm fleet indicate that r828t)

of thefish captured are ag&sthrough YTable 310). The majority 84%) of the discards for the
ARcomm fleet are agezthrough5 (Table 311). The harvest for the ASrec fleet is dominated
(nearly81%) byages 3 through 6rable 312). Approximately74% of the discards for the ASrec
fleet are age3 and4 (Table 313). The RRrec fleet captures most8a¢) age3 to age5 striped
bass in the harvest (Tablel8) while most (67%) of the RRreatiscardsare age 3 and @able
3.15).

Model predictions of anral F (numbersweighted, agesi®) exhibit moderateinter-annual
variability throughout the assessment time searespeaks are observed in 2012 and Z0&6le
3.16; Figure 347). Predicted~ values range from a low ofIbin 1997, 1999, and 200® a hgh
of 1.3in 2012. There a decline kin the lastyearof the time series.
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3.1.8.3Evaluate Data Sources

The removal of theifferentsurvey dataetshadminimal impacton estimates demale SSB and
F (Figure 348).

3.1.8.4Alternative Natural Mortality

Assuming agevarying natural mortality (LorenzeW) and a lower value of natural mortality
(M=0.30) produced estimates of female SSB that were lower than those in the base run while the
overall trends were similaF{gure 3.49A. Using thehigherempiricaly-derived value of natural
mortality (M=0.72) resulted in higher estimates of female SSB than those predicted in the base
run.The model that assumed the empirical estimate of natural mortality resulted in lower estimates
of F relative to the base run d&l the run that assumed natural mortality varied with age and sex
(Figure 3.49B. Predicted~ values were slightly higher when the lower value of natural mortality
was assumed\=0.30).estimates of recruitment increased by an order of magnitude when usin
the empiricallyderived natural mortality and when using the Lorenzen natural mortality (Figure
3.50).

3.2 Discussion of Results

The current stock assessment for striped bass indicates some concerning trends. Observed
recruitment in recent yeao§ the assesnent time serie@-igures 2.2, 3.3A) has been relatively

low and predicted recruitmehas been showing a general decline recently (Figd®.Dverall,
recruitment is highly variable and has been generally lower in recent years relative to that observed
and predictedrom 1991 through 2006-rom 1993 through 200€he stock produced seven of the

top nine year classes in terms of @gabundancerhe 2000 cohort is the largest produced in the
entire time series. Since then, from 2001 through 2006, five out of the six cohorts produced were
belowaverage in terms of numbeasdonly the 2005year class is considered a strong year class
(Table 3.7Figure 3.42). These observations suggest there is another factor besides sisipdy the

of SSB that haan influenceon producing strong year classes. Much research from the 1950s
through the 1980s suppsithe importance of flow in the Roanoke River dgrithe spawning

period and subsequent weeks while eggs and larvae are being transported down the Roanoke River
to the nursery habitat in the western Albemarle Soundf@dnportance of flow in supporting
abundant striped bass yedass productionHasser et al. 181; Rulifson and Manooch 1990;
Zincone and Rulifsod991).

The length (Figures 2.2, 2.3) and age (Figures 2.4, 2.5) compositions of striped bass sampled from
the commercial landings show that fewer larger and older fish have been obsercedtiyears.
A truncation of the length (Figure 2Band age (Figure 233 structure is also evident in the
observations from the Roanoke River Electrofishing Sur®scent observations from the
Roanoke River Electrofishing Survey of abundance are thestow the time series (Figure 2.31)
The abundance of age 9+ fish in the survey has also been declining in recenPrexicsed
population numbers at age shaewruncation in the most recent years of the time sandsan
overall decline in total popation abundancérables 38, 3.9). Predicted female SSB (Figuret3)
hasalsoshownadeclining trend imecent yearand estimatesn recent yearkave been the lowest
in the entire time serie¥he 2016 estimate of fishing mortality was the sedagtest in the time
series and declined in 20{Figure 347).

Performance of the stock assessment model agasidered goodn terms of predicting the
observed data. The quality of the fits is strongly tied to the input variance and effective sample
sizes Fits to the observed landings, harvest, and discard were reasonable and this was expected
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given the low variance assumed for these data so@td®e fisheriesndependent survey indices,

all but the P135spr index were fit well and no issues weretddtamong the residuals for any of
the survey indicesThe model was insensitive to the removal of the various sources of fisheries
independent survey data suggesting the differenteys share similar signals in the data with
regard to population trends.

Striped bass commonly migrate outside the bounds oAtRemanagement unit, eithéo other
internal waters of North Carolina suchvessternPamlico Sounénd theTar-Pamlicq Punggand
Neuserivers or by joining the migratory ocean stodkhe probabity of migration increases with

age and has increased over time (Callihan et al. 2014helmostrecent yeargxamined in
Callihan et al. (2014)he probability has been most significant for fish age 6 and older (20% or
greater).In addition, smaller @ults show evidence of densitiependent movements and habitat
utilization, as the likelihood of recapture outside the ASMA in adjacent systems increases during
periods of higher stock abundan®ghen a striped bass migrates, it may not retarits natal
waterbody this could be due to harvest outside of the ASMA and RRMAisamot accounted for

in the harvest losses hefkhis loss of fish from the system will likely be interpreted by the model

as losses due tmtural and/ofishing mortaity. The most recent assessments of tHe striped

bass stocks attempted to account for these migration losses by adjusting the natural mortality rate
by the probability of migration and fishing mortality occurring in the Atlantic Oc#areby
creatingan estimate of total unobserved mortality that accounted for both natural mortality and
losses not attributable to North Carolina fishe(dsoch and Godwin 2014; Flowers et al. 2016).

In thisassessment, migration losses were not specifically modeigthtdl unobserved mortality

was treated as fixed in the modelipgcess.

The ages in this assessment were derived from saatksvere assumed to be associated with

small bias and negligible imprecisiohowever,Welch et al. (1993) found that scalesndeto

underage striped bass for fish that are older than age ten. This suggests that the maximum age
assumed for this assessment, age 17, may be an underestimate of the true maximum age. Assuming
maximum age thas too young can positively bidhe estimdes of SPR (Goodyear 199@)dthe

derived reference points.

There is additional recent evidence that age 17 may not be the maximum age 6t gheck.In

2017, an angler returned a striped bass tag from a fish that had been tagged on the spawning
grourds in 2007, which was aged at the time to 13 years old, increasing the oldest know age fish
in the AR stock to 23. In April 2020, an angler caught and cut the tag off a striped bass in the
Roanoke River that was originally tagged in 1995 and estimated &ge 6, which suggests the
oldest known fish in the stock is now at 31 years old, likely from the 1989 yearNt#ssthat

these instances are of single tag returnsitaischot knownhow reflective they are of the relative
abundance of these oldesHiin the stockThe available observed data suggested few fish older
than age 9 are present in the stock, especially in recent years.

4 STATUS DETERMINATION CRITERIA

The Gener al Statutes of North Carol thatacudef i ne
when the spawning stock biomass of the fishery is below the level that is adequate for the

recruitment class of a fishery to relpi).aee t he
Gener al Statues def i ne usesvadavd of snbrtalityghat prevenisfai s h i r
fishery from producing a sustainable harvest.
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The working grouplecidedthat he spawar potential ratio (SPR) wasn appropriatg@roxy for
developing reference pointkevels of SPR ranging from 20% to 50% hdneen found to be
appropriate for various stocks, but historical analysis of SPR shows increased risk of recruitment
overfishing levels if SPR falls below 30% (Walters and Martell 2064y. this assessment,
threshold values were based on 35% SPR and sangee based on 45% SPR.

The fishing mortality reference points and the valueF ttiat are compared to them represent
numbersweighted values for ages 3 to 5 (section 3.).4fie SS model estimated a value 4f30.
for Frarget(F4s%). The estimate dfrhreshoid(F3s%) from the SS model was1®. The estimated value
of fishing mortality in the terminal year (2017) of the model w&5,0nhich isgreaterthan the
threshold value and suggests that overfishing is currently occurring in the Bieeke Frhreshold
Figure 4.1)

The target level for female spawning stock biomass {9&Br SSBis«) was estimated &t59
metric tons by the SS modédlhe estimatedthreshold for SSESSBrhresholdor SSBiso) was121
metric tons. Terminal year (2017) female SSBs\W85.6 metric tons, which idessthan the
threshold value and suggests the stock is currently overfished(SSBSBrhreshold Figure 4.2).

The estimates in the most recent years are often associated with large ugcertatock
assessment model&pproaching the ending year of the time series, the estimates of the most
recent years lack data support freabsequengears during calibration. Nevertheless, stock status

is often based on the terminal year estimates of fishing mortality and popusiagofor a proxy)

to address the management needs and interests

5 SUITABILITY FOR MANA GEMENT

Stocks assessments performed by the NCDMF in support of management plans are subject to an
extensive review process, including a review by an external panel aotexpdernal reviews are
designed to provide an independent peer review and are conducted by experts in stock assessment
science and experts in the biology and ecology of the species. The goal of the external review is to
ensure the results are basedlenbesscienceavailableand provide a valid basis for management.

The review workshop allosfor discussion between the working group and review panel, enabling
the reviewers to ask for and receive timely updaidbe models as they evaludite sendivity

of the results to different model assumptions. The workshop alsosdhevpublic to observe the
peer review process and better understand the development of stock assessments.

The external peer review panel first met with the working group iopensDecember 2019 he
reviewers were concerned with the external fit of the von Bertalgndftythmodel to the observed
agelength data; radel predicted size was consistently smaller than empirical size for larger, older
fish. The reviewers were alsorcerned with residual patterns in flie to the length composition

data indicative of model misspecificatioAnother major concern was failure of the model to
capture trends observed in the empirical data. The peer reviewers did not suppoeserdd

model for management use but agreed to a second review after the working group addressed their
concerns. In preparing the updated model, the working group noted an error in the input data that
invalidated the first modeT'he working group corrected thata issue and also addressed the peer
reviewer concerns regarding model fittilgsecond assessment was presented to the peer review
panel via webinar idune2020.

The externalpeer reviewers worked with the working group to develop a model (presented
section 3) that the peer review endorsed for managemsefor at least the next five yeaasd
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agreel the determination of stock statgsverfished and overfishingpr the North Carolina
Albemarle SoundRoanoke Riverstriped bassin the terminal yeaconcurs with professional

opinion and observations. The reviewers also agtleat: (1) the justification of inclusion and
exclusion of data sources are appropriate; (2) the data sources used in this assessment are
appropriate; (3) determination of stastiatus for the terminal year is robust to model assumptions

on natural mortality and growth; (4) the extensive exploration of sensitivities to model assumptions
and configurations, especially the sensitivity analysis regarding the natural mortality i gro
assumptions, resolves the reviewersodo primary
fitting to growthdataand length composition data and the concern regarding the overestimation

of abundance for the last three years of the time seriesfe(®@wers recommend future
assessments consider key abiotic drivers of peomitment such as river floand key biotic

drivers such aeatfish predation and competitiai®) reviewers also recommend collection of-sex
specific growth data from juvenilesd old fish to better inform growth estimates and length
agespecific natural mortality estimates, and to resolve the concern on growth estimates showing
little difference between ates and female®etailed comments from the external peer reviewers

are provided inthe Appendix

While the peer reviewers did approve the model for management use and were confident in the
declining trend in recruitment based on assessment results and results framvénde
Abundance Survey (P100; Figure 5there vas a great deal of uncertainty in the potential causes

of the decline in recruitmentAppendiy). One key uncertainty was related to ihgacts of
changes in river flow on YOY abundance. The review panel recognized the declining recruitment
in the time saes did not appear to result solely from reduced stock abundance due to harvest (i.e.,
overfishing).The review panel suggested future assessneentsder formally incorporatinthe
flow-recruitment relationship into the stock assessrasapring flow canditionsare believed to
influence recruitment and ultimately stock abundadgether area of potential influence on the
striped bass stock is the prevalence of the-mative blue catfishI¢talurus furcatuy The
population of blue catfish in the RoamoRiver and western Albemarle Sound and tributaries has
increased dramatically in recent yeabafsee et al. 2019; NCDMF 2019The reviewers felt
predation by blue catfishes could potentially impact recruitment of striped bass directly or could
influencefood resources for striped bass through competition for prey Reng. et al. 2006 The

review panel recognized the degree to which this occurs is not known, but future assessments
should consider this as a factor that may influence abuntiamhicend tied to striped bass harvest.

6 RESEARCH RECOMMENDAT IONS

The research recommendations listed bedogvoffered by the workingroup to improve future
stock assessments of tAeR striped basstock

High
1 Improve estimates afiscard mortality rates amdiscard losses from the ASMA commercial
gill-net fisheries (ogoing through observer program)

1 Collect data to estimateatchandrelease discard losses in tASMA recreational fishery
during the closed harvest season

1 Investigate relationship between nivitow and striped bass recruitment for consideration of
input into future stock assessment models
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Medium

9 Transition to an assessment that is based on ages derived from otoliths

1 Improve estimates alatchandrelease discard losses in RBMA recreationafishery during
the closed harvest season
Incorporate tagging data directly into the statistical catedge model
Improve the collection of length and age data to characterize commercial and recreational
discards

1 Explore the direct input of empirical vgit-at-age data into the stock assessment model in lieu
of depending on the estimated growth relationships

Low

1 Reevaluatecatchandrelease mortality rates from the ASMA and RRMA recreational
fisheries incorporating different hook types and angling methogarious water temperatures
(e.g., live bait, artificial bait, and fly fishing)

1 Investigate the potential impact of blue catfish on tHe #triped bass population (e.g., habitat,

predation, forage)
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8 TABLES

Table 1.1.Parameter estimates ara$sociated standard errors (in parentheséshhe von
Bertalanffy agdength growth curvéoy sex. The function was fit to total length in
centimeters.

Sex n Lo K to
Female | 29,991 160(0.81) 0.071(0.00063) -0.62(0.014)
Male 29,691  161(1.3) 0.064(0.00082) @ -0.87(0.017)

Table 1.2.Parameter estimates and associated standard errors (in parentheses) of the length
weight function by sex. The function was fit to total lengtlcemtimeters and weight
in kilograms.

Sex n a b
Female | 28,814 2.8£06 (4.4E08) 3.2 (2.3E03)
Male 33,411 5.9E06 (1.0E07) 3.1 (2.7E03)

Table 1.3.Percent maturity of female striped bass as estimated by Boyd (2011).

Age % Maturity

0 0

1 0

2 0

3 28.6
4 96.8
5 100
6 100
7 100
8 100
9 100
10 100
11 100
12 100
13 100
14 100
15 100
16 100
17 100
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Table 1.4.Age-constant estimates of natural mortality derived from life history characteristics.

Method Female Male Average
Alversonand Carney 1975 0.37 0.44 0.40
Hoenig 1983 (regression) ‘ 0.26 0.30 0.28
Hoenig 1983 (rulef-thumb) | 025 028 026
Ralston 1987 (linear regression) ‘ 0.16 0.15 0.16
Jensen 1996 (theoretical) ‘ 0.11 0.095 0.10
Jensen 1996 (derived from Pauly 19{ 0.11 0.10 0.11

|

|

|

Cubillos 2003 0.099 @ 0.090 0.094
Hewitt and Hoenig 2005 0.25 0.28 0.26
Hoenig (nls; from Then et al. 2015) 0.37 0.41 0.39
Then et al. 2015 ‘ 0.30 0.34 0.32

Average 023 025  0.24

Table 15. Estimates of natural mortality at age by sex basethe method of Lorenzen (1996).

Age |Female Male
0 28 22
1 | 14 13
2 | 10 10
3 | 088 088
4 | 079 0.80
5 | 073 0.74
6 | 069 0.70
7 | 066 067
8 | 064 065
9 | 062 063
10 | 060 062
11 | 059  0.60
12 | 058 059
13 | 057 058
14 | 056 057
15 | 056 057
16 | 055 056
17 | 055 056
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Table 16. Changes in the total allowable landings (TAL) in metric tons and pouimds

parenthess) for the ASMARRMA, 1991 2017.

Regulatory
Period

ASMA
Commercial

ASMA
Recreational

RRMA
Recreational

Combined TAL

199111997
1998
1999

2000 2002

2003 2014

2015 2017

44.45 (98,000)
| 56.88 (125,400)
| 62.57 (137,940)

13.34 (29,400) |
28.44 (62,700)
31.28 (68,970)

| 1021 (225,000) 51.03 (112,500)
| 124.7(275,000)  62.37 (137,500)

| 62.37 (137,500) 31.18 (68,750)

13.34 (29,400)
28.44 (62,700)
31.28 (68,970)
51.03(112,500)
62.37 (137,500)
31.18 (68,750)

| 71.12 (156,800

113.8(250,800)
125.2(275,968)
204.1 (450,000
2495 (550,000)
124.7 (275,000
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Table 17. Striped bass commerci@ndings and discardmd recreationabtarvest and discards

from the ASMARRMA, 1917 2017.

Commercial | Commercial

Landings Discards Recreational Harvest | Recreational Discards

ASMA | ASMA | ASMA = RRMA | ASMA | RRMA
Year | metrictons | numbers | numbers numbers | numbers = numbers
1991 | 49.24 10267 | 14395 26934 | 1507 9516
1992 | 4565 | 8434 | 10542 13372 | 1279 4725
1993 | 490 | 8952 | 11,404 14325 | 8474 5061
1994 | 4648 | 4302 | 8591 = 8284 | 2,927
1995 | 3988 | 4938 | 7343 7471 | 3,373
1996 | 4092 | 4150 | 7433 8367 | 10,461
1997 | 4364 | 3967 | 6901 = 9364 | 1969 18,673
1998 | 5626 | 5817 | 19566 23,109 | 581 @ 12,159
1999 | 7394 | 7401 | 16967 22,479 | 2581 10,468
2000 | 9717 | 10500 | 38085 38206 | 5052 5961
2001 | 1000 | 11,630 | 40,127 35231 | 3931 4544
2002 | 1012 | 6633 | 27,896 36422 | 3300 3570
2003 | 1209 | 10394 | 15124 11,157 | 1618 2448
2004 | 1242 | 4475 | 28004 26506 | 2,627 11,989
2005 | 1056 | 9566 | 17,954 34122 | 1,358 10,093
2006 | 8462 | 6715 | 10711 25355 | 6051 @ 4,194
2007 | 7794 | 4803 | 7,143 19305 | 8703 3360
2008 | 3401 | 2538 | 10048 10541 | 2366 = 12,137
2009 | 4349 | 3204 | 12069 23248 | 259 8702
2010 | 9072 | 10017 | 3504 = 22,445 | 1037 7,930
2011 | 6186 | 6646 | 13341 22,102 | 1381 6,894
2012 | 5248 | 4256 | 22,345 28,847 | 1598 4,033
2013 | 3103 | 6706 | 4299 7,718 | 1,048 4750
2014 | 3223 | 2,794 | 5520 11,068 | 1,478 10,594
2015 | 5198 | 3539 | 23240 20,031 | 3170 6,927
2016 | 5589 | 3,989 | 4794 | 21,260 | 6625 3,369
2017 | 348 | 2762 | 4215 = 9899 | 1578 5021
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Table 21. Annual estimates of commercial gilet discards (numbers of fish),992017. Note
that values prior to 201®ere estimated using a hindcasting approach.

Year | Discards
1991 | 10,267
1992 | 8,434
1993 | 8,952
1994 | 4,302
1995 | 4,938
1996 | 4,150
1997 | 3,967
1998 | 5,817
1999 | 7,401
2000 | 10,500
2001 | 11,630
2002 | 6,633
2003 | 10,394
2004 | 4,475
2005 | 9,566
2006 | 6,715
2007 | 4,803
2008 | 2,538
2009 | 3,294
2010 | 10,017
2011 | 6,646
2012 | 4,256
2013 | 6,706
2014 | 2,794
2015 | 3,539
2016 | 3,989
2017 | 2,762
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Table 22. Annual estimates of recreational harvest and dead discards (numbers of fish) for the
ASMA, 1991 2017.

Year |Harvest Discards
1991 | 14,395 1,507
1992 | 10,542 1,279
1993 | 11,404 847
1994 | 8,591

1995 | 7,343

1996 | 7,433

1997 | 6,901 1,969
1998 | 19,566 5,881
1999 | 16,967 2,581
2000 | 38,085 5,052
2001 | 40,127 3,931
2002 | 27,896 3,300
2003 | 15,124 1,618
2004 | 28,004 2,627
2005 | 17,954 1,358
2006 | 10,711 605
2007 | 7,143 870
2008 | 10,048 2,366
2009 | 12,069 2,596
2010 | 3,504 1,037
2011 | 13,341 1,381
2012 | 22,345 1,598
2013 | 4,299 1,048
2014 | 5529 1,478
2015 | 23,240 3,170
2016 | 4,794 663
2017 | 4,215 1,578

67



Table 23. Annual estimates of recreational harvest and dead disaundsbers of fish¥or the
RRMA, 1911 2017. Note that discard values prior to 1995 were estimated using a
hindcasting approach.

Year |Harvest Discards
1991 | 26,934 9,516

1992 | 13,372 4,725
1993 | 14,325 5,061
1994 | 8,284 2,927
1995 | 7,471 3,373
1996 | 8,367 10,461
1997 | 9,364 18,673
1998 | 23,109 12,159
1999 | 22,479 10,468
2000 | 38,206 5,961
2001 | 35,231 4,544
2002 | 36,422 3,570
2003 | 11,157 2,448
2004 | 26,506 11,989
2005 | 34,122 10,093
2006 | 25,355 4,194
2007 | 19,305 3,360
2008 | 10,541 12,137
2009 | 23,248 8,702
2010 | 22,445 7,930
2011 | 22,102 6,894
2012 | 28,847 4,033
2013 | 7,718 = 4,750
2014 | 11,058 10,594
2015 | 20,031 6,927
2016 | 21,260 3,369
2017 | 4,215 5,021
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Table 3.1.Annualestimates of commercial landings and recreational harvest that were input into
the SS model, 1992017. Values assumed for the coefficients of variation (CVs) are
also provided.

ASMA RRMA
ASMA Commercial Recreational Recreational

Year metrictons | CV | numbers | CV | numbers | CV
1991 49.24 0.02 14,395 0.02| 26,934 0.02

1992 | 4565  0.02| 10,542 0.02| 13,372 0.02
1993 | 4970  0.02| 11,404 0.02| 14,325 0.02
1994 | 4648  001| 8591 0.02| 8,284 0.02
1995 | 39.88  0.01| 7,343 0.02| 7,471 0.02
1996 | 40.92  001| 7,433 0.02| 8367 0.02
1997 43.64  001| 6,901 0.02| 9,364 0.02
1998 | 5626  0.01| 19,566 0.02| 23,109 0.02
1999 73.94  0.01| 16,967 0.02| 22,479 0.02
2000 | 97.17  0.01| 38085 0.02| 38206 0.02
2001 99.99  0.01| 40,127 0.02| 35231 0.02
2002 | 101.18 0.01| 27,896 0.02| 36,422 0.02
2003 | 12091  0.01| 15124 002 11,157 0.02

|
|
|
|
|
|
|
|
|
|
|
|
2004 | 12420 0.01| 28,004 0.02| 26,506 0.02
|
|
|
|
|
|
|
|
|
|
|
|
|

2005 | 105.64  0.01| 17,954 002| 34,122 0.02
2006 | 8462  001| 10,711 0.02| 25355 0.02
2007 7794  001| 7,143 0.02| 19,305 0.02
2008 | 3401 001 10048 002 10541 0.02
2009 | 4349  001| 12,069 0.02| 23,248 0.02
2010 | 90.72  0.01| 3504 0.02| 22,445 0.02
2011 61.86  0.01| 13,341 0.02| 22,102 0.02
2012 | 5248  001| 22,345 002| 28847 0.02
2013 | 31.03  001| 4,299 002 7,718 0.2
2014 3223  001| 5529 002 11,058 0.02
2015 | 5198  0.01| 23240 002 20,031 0.2
2016 5589  0.01| 4,794 0.02| 21,260 0.02
2017 | 3450 | 001| 4215 002 9,899 0.02

69



Table 3.2.Annual estimates of dead discards that were input into the SS modei,20291
Values assumed for the coefficients of variation (CVs) are also provided.

Albemarle/Roanoke| Albemarle Sound | Roanoke River
Commercial Recreational Recreational

Year numbers = CV | numbers = CV | numbers CV
1991 | 10,267  0.82| 1507 0060 9,516 0.06
1992 | 8434  067| 1,279 0051 4,725 0.06
1993 | 8952  072| 847 0034 5061 0.06
1994 | 4302 | 034 | 2,927 006
1995 | 4,938 | 0.40 | | 3373  0.04
1996 | 4,150 | 0.33 | | 10461 0.04
1997 | 3967  032| 1969 0079 18673 0.04
1998 | 5817 047 | 5881 024 | 12,159 0.04
1999 | 7,401  059| 2581 0.10| 10,468 0.04
2000 | 10,500 0.84 | 5052  0.20| 5961 0.0
2001 | 11,630 093 | 3931  0.16| 4,544 0.04
2002 | 6633 053| 3300 0.13| 3570 0.04
2003 | 10,394 | 0.83| 1,618 0.065| 2,448 0.04
2004 | 4,475  036| 2627 0.11| 11,989 0.04
2005 | 9,566  0.77 | 1,358 0.054| 10,093 0.04
2006 | 6,715 054 | 605  0.024| 4,194 0.04
2007 | 4,803 038| 870 0035 3,360 0.04
2008 | 2,538 020 | 2366 0.095 12,137 0.04
2009 | 3294 026| 2596  0.10| 8702 0.0
2010 | 10,017 | 0.80| 1,037 0.041] 7,930 0.04
2011 | 6646 053 | 1381 0.055 6,894 0.04
2012 | 4,256 | 0.17| 1,598  0.064| 4,033  0.04
2013 | 6706 027 | 1,048 0.042| 4,750 0.04
2014 | 2,794  011| 1,478 0059 10594 0.04
2015 | 3539  014| 3170  0.13| 6,927 0.04
2016 | 3989 016 | 663  0.027| 3,369 0.0
2017 | 2,762 | 0.11| 1,578 0.063] 5021 0.04
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Table 3.3.GLM-standardized indices of relative abundance derived from fishadependent
surveys that were input into the SS model, 12817. The empiricallyderived
standard errors (SEs) are also provided.

Program 100 Program 135 Program 135 Roanoke River
Juvenile Fall/Winter Spring Electrofishing

Year Index SE ‘ Index SE Index SE ‘ Index SE

|
1991 | 0709 0.19 | 0.44  0.043 |
1992 | 212 051 | 044 0037 | 048 0.034
1993 | 424 0.42 0.039| 028 0.021 |
1994 | 59.4 12 | 079 0071| 018 0017 125 21
1995 | 854 1.8 | 031 0024| 094 0063| 421 7.0
1996 | 35.0 059 0051 | 067 0048| 290 50
1997 | 5.12 054 0031| 084 0057 | 757 @ 12
1998 | 5.24 094 0066| 1.1 0074 102 16
1999 | 0.968 026 | 049 0034 | 11  0069| 921 15
2000 | 559 12 | 037 0042 092 0061| 721 @ 12
2001 | 352 082| 050  0053| 1.1  0072| 210 35
2002 | 5.68 031  0028| 083 0057| 110 24
2003 | 0.253 0.095| 0.80 0.060| 0.38  0.029| 221 | 39

| |
| |
| 8 |
| |
| |
| 2 |
| 1 |
| 3 |
| |
| |
| |
| 2 |
| |
2004 | 172 043\ 047 | 0036 | 086 0.064| 57.1 11
| 8 |
| |
| 1 |
| 2 |
| |
| 4 |
| 2 |
| |
| |
| 6 |
| 8 |
| 1|
| |

2005 | 23.0 065 0057| 071 0051 104 = 17
2006 | 2.87 064 | 020 0016 1.0  0072| 120 @ 20
2007 | 4.94 083 0085 | 041 0031| 530 88
2008 | 5.35 055 0058| 12 0089 772 @ 12
2009 | 0.363 0.11| 054 0048 071 0057 | 765 @ 13
2010 | 6.75 060 008l | 099 008L| 106 = 19
2011 | 153 020 0018 | 11 0094 | 463 7.7
2012 | 342 079| 023 0020 12 011 | 582 9.1
2013 | 0369 0.11| 037 0032 14 012 | 396 76
2014 | 17.0 032 0037 | 093 008l| 667 13
2015 | 18.4 017 0017 | 051 0039| 464 9.1
2016 | 5.39 012 0018| 031 0026 201 @ 37
2017 | 129 | 0.30 | 036 0030| 145 25
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Table 34. Parameter values, standard deviations (SD), phase of estimation, and status from the
base run of the stock assessment model. LO or HI indicates parameter values estimated
near theibounds.

ID |Label Value | SD[Value] Phase Status
1 [NatM_p_1 Fem_GP_1 0.40 -2 fixed

2 |L_at_Amin_Fem_GP_1 17 0.050 3 estimated
3 ‘L_at_Amax_Fem_GP_l 160 0.050 3 estimated
4 |VonBert_K_Fem_GP_1 0.065  0.0010 3 estimated
5 ‘CV_young_Fem_GP_l 0.19 0.0053 3 estimated
6 ‘CV_oId_Fem_GP_l 0.0010 8.4E07 3 LO

7 ‘then_l_Fem_GP_l 4.6E06 -3 fixed

8 |Wtlen_2_Fem_GP_1 3.2 -3 fixed

9 |Mat50%_Fem_GP_1 1 -3 fixed

10 ‘Mat_slope_Fem_GP_l 0 -3 fixed

11 ‘Eggs/kg_inter_Fem_GP_l 1 -3 fixed

12 ‘Eggs/kg_slope_wt_Fem_GP_l 0 -3 fixed

13 ‘NatM_p_l_MaI_GP_l 0.40 -2 fixed

14 ‘ L _at Amin_Mal GP_1 18 0.050 4 estimated
15 |L_at_Amax_Mal_GP_1 161 0.050 4 estimated
16 ‘VonBert_K_MaI_GP_l 0.060 0.0011 4 estimated
17 ‘CV_young_MaI_GP_l 0.19 0.0060 4 estimated
18 ‘CV_oId_MaI_GP_l 0.0010 8.0E07 4 LO

19 |Wtlen_1_Mal_GP_1 7.5E06 -3 fixed

20 |Wtlen_2_Mal_GP_1 3.1 -3 fixed

21 ‘CohortGrowDev 1.0 -1 fixed

22 ‘FracFemaIe_GP_l 0.50 -99 fixed

23 ‘SR_LN(RO) 6.2 0.039 1 estimated
24 |SR_BH_steep 0.90 -4 fixed

25 |SR_sigmaR 0.60 -4 fixed

26 ‘SR_regime 0 -4 fixed

27 ‘SR_autocorr 0 -99 fixed

28 |Main_InitAge_17 -0.37 0.52 4 estimated
29 [Main_InitAge_16 -0.20 0.55 4 estimated
30 ‘Main_lnitAge_lS -0.23 0.55 4 estimated
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Table 34. (continued Parameter values, standard deviations (SD), phase of estimation, and status
from the base run of the stock assessment model. LO or HI indicates parameter values
estimated near their bounds.

ID |Label Value SDI[Value] Phase Status

31 [Main_InitAge_14 -0.30 0.53 4 estimated
32 |Main_InitAge_13 -0.36 0.52 4 estimated
33 ‘Main_lnitAge_lZ -0.38 0.50 4 estimated
34 |Main_InitAge_11 -0.53 0.48 4 estimated
35 |Main_InitAge_10 -0.75 0.45 4 estimated
36 ‘Main_lnitAge_Q -0.77 0.39 4 estimated
37 ‘Main_lnitAge_S -0.76 0.34 4 estimated
38 |Main_InitAge_7 -0.79 0.31 4 estimated
39 |Main_InitAge_6 -0.88 0.30 4 estimated
40 ‘Main_lnitAge_S -0.70 0.28 4 estimated
41 |Main_InitAge_4 -0.23 0.22 4 estimated
42 |Main_InitAge_3 0.65 0.091 4 estimated
43 ‘Main_lnitAge_Z 0.037 0.11 4 estimated
44 ‘ Main_InitAge 1 -0.48 0.12 4 estimated
45 |Main_RecrDev_1991  -0.54 0.12 4 estimated
46 ‘Main_Rechev_1992 -0.25 0.11 4 estimated
47 ‘Main_Rechev_1993 0.72 0.081 4 estimated
48 |Main_RecrDev_1994 1.2 0.076 4 estimated
49 |Main_RecrDev_1995  0.89 0.099 4 estimated
50 ‘Main_Rechev_1996 1.6 0.074 4 estimated
51 ‘Main_Rechev_1997 0.81 0.11 4 estimated
52 ‘Main_Rechev_1998 1.2 0.086 4 estimated
53 ‘Main_Rechev_1999 0.36 0.14 4 estimated
54 ‘ Main_RecrDev_2000 15 0.062 4 estimated
55 |Main_RecrDev_2001  0.38 0.098 4 estimated
56 ‘Main_Rechev_ZOOZ 0.0003¢ 0.085 4 estimated
57 ‘Main_Rechev_ZOOS -0.92 0.13 4 estimated
58 [Main_RecrDev_2004  -0.12 0.088 4 estimated
59 [Main_RecrDev_2005  0.81 0.077 4 estimated
60 ‘Main_Rechev_2006 0.47 0.098 4 estimated
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Table 34. (continued Parameter values, standard deviations (SD), phase of estimation, and status
from the base run of the stock assessment model. LO or HI indicates parameter values
estimated near their bounds.

ID |Label Value SD[Value] Phase Status
61 |Main_RecrDev_2007 0.56 0.083 4 estimated
62 |Main_RecrDev_2008 -0.24 0.082 4 estimated
63 ‘Main_Rechev_2009 -1.6 0.12 4 estimated
64 |Main_RecrDev_2010 0.065 0.077 4 estimated
65 |Main_RecrDev_2011 0.77 0.059 4 estimated
66 ‘Main_Rechev_ZOlZ -0.0074 0.089 4 estimated
67 ‘Main_Rechev_ZOlS -0.91 0.16 4 estimated
68 |Main_RecrDev_2014 0.43 0.095 4 estimated
69 |Main_RecrDev_2015 0.39 0.11 4 estimated
70 ‘Main_Rechev_ZOlG 0.020 0.13 4 estimated
71 |Main_RecrDev_2017 -0.47 0.15 4 estimated
72 |InitF_seas_1_fit_1ARcomm 0.085  0.0064 1 estimated
73 ‘ InitF_seas_1 flt 2ASrec 0.011 0.0005% 1 estimated
74 ‘ InitF_seas 1 flt 3RRrecharv 0.019 0.0008¢ 1 estimated
75 |InitF_seas_1_fit_8RRecdisc 0.0057  0.00031 1 L0

76 ‘LnQ_base_PlOOjuv(4) -8.2 0.56 5 estimated
77 ‘Q_power_PlOOjuv(4) 0.60 0.086 6 estimated
78 ‘LnQ_base_P135fw(5) -3.0 0.17 5 estimated
79 |Q_power_P135fw(5) -0.54 0.033 6 estimated
80 ‘LnQ_base_PlSSspr(ﬁ) -1.7 0.19 5 estimated
81 ‘Q_power_PlSSspr(G) -0.74 0.033 6 estimated
82 |LnQ_base_RRef(7) 1.8 0.22 5 estimated
83 ‘Q_power_RRef(?) -0.37 0.056 6 estimated
84 ‘SizeSpIine_Code_ARcomm(l) 2.0 -99 fixed

85 ‘SizeSpIine_GradLo_ARcomm(l) 0.060 0.046 3 estimated
86 |SizeSpline_GradHi_ARcomm(1) = 0.0010  9.0E05 3 HI

87 ‘SizeSpIine_Knot_l_ARcomm(l) 29 -99 fixed

88 ‘SizeSpIine_Knot_Z_ARcomm(l) 45 -99 fixed

89 | SizeSpline_Knot_3_ARcomm(1) 49 -99 fixed

90 ‘SizeSpIine_Knot_4_ARcomm(1) 52 -99 fixed
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Table 34. (continued Parameter values, standard deviations (SD), phase of estimation, and status
from the base run of the stock assessment model. LO or HI indicates parameter values
estimated near their bounds.

ID |Label Value SDI[Value] Phase Status
91 |SizeSpline_Knot_5 ARcomm(1) 55 -99 fixed
92 ’SizeSpIine_Knot_6_ARcomm(1) 88 -99 fixed
93 ’SizeSpIine_VaI_l_ARcomm(l) -6.1 0.29 2 estimated
94 ‘SizeSpIine_VaI_2_ARcomm(1) -4.4 0.23 2 estimated
95 ’SizeSpIine_VaI_3_ARcomm(1) 2.1 0.13 2 estimated
96 ’SizeSpIine_VaI_4_ARcomm(1) -1.0 -99 fixed
97 ‘SizeSpIine_VaI_5_ARcomm(1) -1.1 0.072 2 estimated
98 |SizeSpline_Val_6_ARcomm(1) 2.6 0.30 2 estimated
99 |Retain_L_infl_ ARcomm(1) 30 3.6 1 estimated
100‘Retain_L_Width_ARcomm(l) 9.6 1.7 2 estimated
101] Retain_L_asymptote_logit ARcomm(l 999 -4 fixed
102’ Retain_L_maleoffset. ARcomm(1) 0 -4 fixed
103‘Size_DbIN_peak_ASrec(Z) 53 0.28 1 estimated
104‘Size_DbIN_top_logit_ASrec(Z) 0.13 209 1 estimated
105]Size_DbIN_ascend_se_ASrec(Z) 3.7 0.057 2 estimated
106’Size_DbIN_descend_se_ASrec(Z) 3.5 123 2 estimated
107‘Size_DbIN_start_logit_ASrec(Z) -999 -4 fixed
108|Size_DbIN_end_logit_ASrec(2) 15 -5 fixed
109|Retain_L_infl_ASrec(2) 40 0.38 1 estimated
110‘Retain_L_Width_ASrec(Z) 5.1 0.19 2 estimated
111‘ Retain_L_asymptote logit_ ASrec(2) 999 -4 fixed
112’ Retain_L_maleoffset_ASrec(2) 0 -4 fixed
113‘Size_DbIN_peak_RRrecharv(S) 46 -3 fixed
114’Size_DbIN_top_logit_RRrecharv(S) -2.2 -3 fixed
115’Size_DbIN_ascend_se_RRrecharv(S) -4.0 -4 fixed
116‘Size_DbIN_descend_se_RRrecharv(3 -2.0 -4 fixed
117‘Size_DbIN_start_logit_RRrecharv(3) -999 -4 fixed
118|Size_DbIN_end_logit_RRrecharv(3) = -999 -5 fixed
119|SizeSpline_Code_P135fw(5) 2.0 -99 fixed
120‘SizeSpIine_GradLo_P135fw(5) 0.56 0.11 3 estimated
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Table 34. (continued Parameter values, standard deviations (SD), phase of estimation, and status
from the base run of the stock assessment model. LO or HI indicates parameter values
estimated near their bounds.

ID |Label Value SDI[Value] Phase Status
121|SizeSpline_GradHi_P135fw(5) -0.41 0.091 3 estimated
122 SizeSpline_Knot_1_P135fw(5) 25 -99 fixed
123’SizeSpIine_Knot_2_P135fW(5) 42 -99 fixed
124|SizeSpline_Knot_3_P135fw(5) 57 -99 fixed
125|SizeSpline_Val_1_P135fw(5) -4.6 0.38 2 estimated
126’SizeSpIine_VaI_2_P135fW(5) -1.0 -99 fixed
127‘SizeSpIine_VaI_3_P135fw(5) -1.4 0.26 2 estimated
128|Size_DbIN_peak_P135spr(6) 47 2.2 1 estimated
129]Size_DbIN_top_logit_P135spr(6) -0.018 222 1 estimated
130‘Size_DbIN_ascend_se_PlBSspr(G) 5.1 0.22 2 estimated
131]Size_DbIN_descend_se_PlBSspr(6 3.5 123 2 estimated
132’Size_DbIN_start_logit_PlBSspr(6) -999 -4 fixed
133‘Size_DbIN_end_logit_PlSSspr(G) 15 -5 fixed
134‘Size_DbIN_peak_RRef(?) 57 1.1 1 estimated
135|Size_DbIN_top_logit_RRef(7) 0.014 219 1 estimated
136’Size_DbIN_ascend_se_RRef(?) 4.4 0.099 2 estimated
137‘Size_DbIN_descend_se_RRef(?) 3.5 123 2 estimated
138|Size_DbIN_start_logit_RRef(7) -999 -4 fixed
139|Size_DbIN_end_logit_RRET) 15 -5 fixed
140‘SzSeI_MaIeDogIeg_RRef(?) 59 1.8 1 estimated
141‘SzSeI_MaIeatZero_RRef(?) 7.9 1.1 1 estimated
142’SzSeI_MaIeatDogIeg_RRef(?) 0 -4 fixed
143‘SzSeI_MaIeatMaxage_RRef(?) -6.2 5.6 2 estimated
144’Size_DbIN_peak_RRecdisc(S) 51 0.69 3 estimated
145|Size_DbIN_top_logit_RRecdisc(8) =~ 0.052 222 3 estimated
146‘Size_DbIN_ascend_se_RRecdisc(8 4.4 0.095 4 estimated
147‘Size_DbIN_descend_se_RRecdisc( 3.5 123 4 estimated
148|Size_DbIN_start_logit_RRecdisc(8)  -999 -4 fixed
149|Size_DbIN_end_logit_RRecdisc(8) 15 -5 fixed
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Table 35. Results ofthe base rurcompared to the results 80 jitter trials in which initial
parameter values were jittered by 108single asterisk (*) indicates that the Hessian
matrix did not invert. Two asteriskes (**) indicate that the convergence level was
greater than 1.

Run | Total LL | SSBoi7 = SSBrhreshold F2017 Fhreshold
base | 4,879 356 121 0.266 0.18
A
2 |
3 |
4 | o+
5 | o«
6 | =
7 | 5061 @ 417 115 0.22 0.18
8 | 4879 353 121 0.27 0.18
9 | =
10 | 4,956 35.5 115 0.26 0.18
1 | ¢
12 | 6138 513 29.7 0.05 0.30
13 | x
14 | 4879 353 121 0.27 0.18
15 | 4879 356 121 0.27 0.18
16 | 4879 356 121 0.27 0.18
17 | 5298 455 40.2 0.07 0.20
18 | =
19 | =
20 | 4879 356 121 0.27 0.18
21 |
2 | =
23 | 4879 353 121 0.27 0.18
24 |
25 |
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Table 3.5.(continued Results of the base run compared to the results of 50 jitter trials in which
initial parameter values were jittered by 10%. A single asterisk (*) indicates that the
Hessian matrix did not invert. Two asteriskes (**) indicate that the convergence level
wasgreater than 1.

Run |Total LL @ SSBoi7 SSBrhreshold F2017 Fhreshold
26 | 4879 353 121 027 018
27 | 4879 353 121 0.27 0.18
28 | %
29 | 488 @ 356 122 0.27 0.19
30 |
31 | 4879 353 121 0.27 0.18
32 | =
33 | =
3 | =
35 | 4879 353 121 0.27 0.18
% |
37 | x
38 | 7,009 504 42 0.087 0.19
39 | 4956 355 115 0.26 0.18
s | =
41 | x
42 | o+
43 | 4879 356 121 0.27 0.18
44 | 4879 356 121 0.27 0.18
45 |
46 | 7,390 1,667 739 0.026 0.27
47 | ¢
a8 |
49 | x
50 | 4879 356 121 0.27 0.18
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Table 36. Results of the runs test for temporal patterns and results of the SWafkrtest for
normality applied to the standardized residuals of the fits to the fishedegendent
survey indices from the base run of the assessment nibdalues were consided

significant ata = 0.05.

Runs Test Shapiro-Wilk
Survey median P-value| W P-value
P100juv | -0.029 0.70 | 0.98  0.80
P135fw | 0.016 1.0 |098 0.81
P135spr | 0.017 031 | 097 0.70
RRef | 0019 030 | 097 067
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Table 37. Annualestimates of recruitment (thousands of fibinale spawning stock biomass
(SSB; metric tons) and spawner potential ratio (SPB)d associated standard

deviationgSDs)from the base run of the stock assessment modelj 2097.

Recruitment SSB SPR

Year | Value SD Value SD | Value SD

1991 | 227 27 148 10 | 022 0012
1992 | 299 30 | 129 80| 030 0011
1993 | 780 57 | 116 7.0 | 026 0011
1994 | 1,211 83 | 8 61| 025 0013
1995 | 876 8 | 67 49| 023 0011
1996 | 1,720 110 | 66 4.0 | 023 0.0096
1997 | 850 88 | 105 55| 031 0.012
1998 | 1,284 98 | 165 82| 031 0.012
1999 | 564 79 | 203 10 | 035 0.012
2000 | 1,736 87 | 266 | 12 | 029 0.010
2001 | 583 = 53 | 255 | 12 | 0.28 0.010
2002 | 398 = 31 | 243 | 11 | 028 0.010
2003 | 157 20 | 220 @ 10 | 032 0.010
2004 | 356 = 29 | 259 81| 0.27 0.0062
2005 | 889 =~ 60 | 209 57| 024 0.0061
2006 | 618 = 57 | 140 | 42| 020 0.0065
2007 | 643 = 46 | 81 33| 0.14 0.0061
2008 | 277 = 20 | 60 | 31| 021 0.0078
2009 | 75 9 | o4 46 | 0.24 0.0096
2010 | 404 28 | 108 46| 022 0.0082
2011 | 810 = 40 | 100 | 27| 021 0.0054
2012 | 357 29 | 68 17 | 011 0.0044
2013 | 111 17 | 21 10| 013 0.0053
2014 | 510 = 49 | 41 19| 020 0.0065
2015 | 541 62 | 76 | 27| 017 0.0058
2016 | 359 = 49 | 58 | 23| 016 0.0076
2017 | 202 = 31 | 36 | 27| 018 0.012
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Table 38. Predicted population numbersumnbesof fish) at age at the beginning of the year from the base run of the stock assessment

model, 19912017.

Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 15 16| 17
1991 226,690 168,260 188,106 233,819 63,912 25,981 13,654/ 9,380 6,190 3,942 2,602 2,091/1,583 1,047 721502 336|528
1992 298,814 151,951 112,634 125,023 136,282 24,395 7,538 4,169 3,328 2,451 1,652 1,118 908 690 457 315 219 378
1993 779,868 200,297 101,736 75,069 77,339 64,844 9,498 2,946 1,778 1,527 1,172 806 550/ 448 341| 226 156 295
1994 | 1,211,03¢ 522,750 134,083 67,734 45,664 34,408 22,844 3,376 1,163 766, 690 542/ 376 258 210 160 106 212
1995 875,700 811,762 349,814 89,216 41,084 19,718 11,354 7,542 1,252 478 333 309 246/ 171 118 96 73| 146
1996 | 1,720,20C 586,983 543,056 232,456 53,319 16,624 5,845 3,361 2,552 476 195 140 132 106 74 51 41 94
1997 850,404 1,153,05% 392,701 360,342 138,727 21,982 5,069 1,757 1,136 961 191 81 59 56 45 31 22 58
1998 | 1,283,70C 570,034 771,993 261,187 222,840 67,949 8,925 2,033 754/ 520 457 93 39 29 27 22 15 39
1999 564,216 860,478 381,751 514,639 162,098 108,982 27,753 3,635 887 349 249 222 45 19 14/ 13 11| 27
2000 | 1,736,04C 378,201 576,252 254,690 323,729 83,014 47,650 12,152 1,702 440 179 130 116 24/ 10 7 7 20
2001 582,912 1,163,68% 253,259 384,410 157,504 153,276 32,110 18,429 5,091 762 205 85 62 56/ 11 5 4 13
2002 398,252 390,732 779,193 168,910 236,515 72,748 56,893 11,898 7,437 2,208 344 94 39 29 260 5 2| 8
2003 157,198 266,953 261,601 519,606 103,739 108,157 26,827 21,318 4,941 3,354 1,042 166 46 19/ 14 13 3 5
2004 355,698 105,371 178,669 174,420 326,834 51,302 43,366 10,649 9,240 2,326 1,659 528 85 24 100 7, 7| 4
2005 889,434 238,426 70,529 118,948 106,898 148,739 18,382 15,420 4,162 3,930 1,039 759 244 40 11 5 3| 5
2006 617,552 596,193 159,578 46,919 71,316 44,860 48,553 6,191 5,931 1,778/ 1,777 483 357 115 19 5 2| 4
2007 642,528 413,945 398,816 106,011 27,249 25,795 11,768 13,588 2,106 2,341 760 788 217 162 52 8 2| 3
2008 277,352 430,673 276,335 263,098 56,240 6,450 3,405 1,699 2,766 562 726 253 271 76 56 18 3 2
2009 75,442 185,910 288,136 183,127 153,665 21,566 1,767 911 513 931 202 268 95 102 29 21 7, 2
2010 404,054 50,569 124,449 191,666 109,788 65,088 7,117 592 343 212 404 90 121 43| 46 13 10 4
2011 809,868 270,836 33,815 82,579 113,573 42,732 18,416 2,083 207 139 94| 186 42 57/ 20 22 6 6
2012 357,286 542,855 181,202 22,451 48,267 42,752 11,647 5,122 675 76 55 38 77 170 24 8 9| 5
2013 110,836 239,483 362,573 119,121 10,411 6,946 2,761 821 530 93 12 9 7 14 3 4 2| 3
2014 509,662 74,290 159,688 237,869 61,499 2,172 691 274/ 115 100 21 3 2 2 4 1 1 1
2015 541,11C 341,625 49,683 105,708 137,920 22,681 561 177 82 39 37 8 1 1 1 1 0 1
2016 358,590 362,706 228,496 32,914 59,484 44,092 4,617 110 40 21 11 11 2 0 0 0 0 O
2017 201,758 240,360 242,368 151,168 18,131 16,999 7,995 913 29 13 8 4 4 1 0 0 O O
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Table 39. Predicted population numbersumbes of fish) at age at migear from the base run of the stock assessment model, 1991

2017.
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 | 13 14 15 16 17
1991 185,596 137,665 153,355 178,506 39,479 13,994 7,544 5,587 3,895 2,551 1,706 1,378 1,046 692 477 332 222 349
1992 244,646 124,334 91,953 98,331 93,998 15,222 4,712 2,722 2,255 1,695 1,154 784 638 486 322 222| 154 266
1993 638,495 163,879 83,012 58,548 51,580 38,486 5,662 1,851 1,167 1,027 797 551 377 307 234|155 107 202
1994 991,500 427,629 109,372 52,752 30,003 19,764 13,126 2,056/ 745 505 462 365 254|174 142/ 108 72| 143
1995 716,952 663,952 285,161 68,969 26,130 10,735 6,177 4,387 772 305 216 202 161113 77 63 48 96
1996 | 1,408,361 480,113 442,364 179,575 34,230 9,179 3,204 1,954 1,566/ 302 125 91 86 69 48 33 27 61
1997 696,247 943,477 320,264 283,368 97,083 14,007 3,210 1,151 768 662 133 56 41| 39 31 22 15 40
1998 | 1,050,997 466,488 630,316 205,761 155,828 43,425 5,696 1,342 513 359 318 65 28 20 19 15 11 27
1999 461,938 704,168 311,814 408,170 115,996 72,061 18,364 2,487 624/ 250 179 161 33/ 14 10 10 8 19
2000 | 1,421,33¢ 309,488 470,656 200,285 222,738 51,628 29,633 7,865 1,139/ 300 123 89 80 16 7 5 5 14
2001 477,245 952,227 206,828 301,525 107,033 93,380 19,546 11,707 3,352 512/ 139 58 42/ 38 8 3| 2 9
2002 326,058 319,712 636,296 132,372 159,925 44,176 34,825 7,667 4,994 1,517 239 66 27 200 18 4| 2 5
2003 128,701 218,394 213,608 412,096 72,947 68,484 16,902 14,035 3,390 2,359 742 119 33 14/ 100 9 2 3
2004 291,217 86,208 145,782 136,546 220,461 30,708 25,859 6,657 6,026/ 1,554 1,123 359 58 16/ 7 5 4 3
2005 728,199 195,058 57,526 92,102 69,239 84,979 10,668 9,562 2,720 2,643 708 520 168 27 8 3 2 3
2006 505,602 487,618 130,066 35,756 42,880 22,975 25,683 3,610 3,726 1,162 1,183 324 240 78 13 4 1 3
2007 526,041 338,213 323,925 77,210 13,248 9,370 4,470 6,127 1,088 1,303 438 462 128 96 31 5 1 2
2008 227,074 352,268 224,954 201,066 34,819 3,376/ 1,762 933/ 1,604 337 441 155 166 46 35 11 2 1
2009 61,766 152,106 235,001 141,791 99,996 12,389 1,023 559 329 614 134 180 64 68 19 14/ 5 1
2010 330,805 41,352 101,375 147,538 68,481 34,620 3,850 350 218 141 274 61 83 29 32 9 7 3
2011 663,054 221,530 27,553 63,132 69,667 22,308 9,712 1,185 125 87 60 120 27 37 13 14 4| 4
2012 292,513 443,650 146,918 15,287 18,284 10,862 3,091 1,646 251 30 23 16 32/ 7 10 4 4 2
2013 90,741 195,557 293,675 85,586 4,751 2,190 870 306/ 230 44 6 5 3 7 2, 2 1 1
2014 417,269 60,753 129,924 181,124 37,339 1,104 350 150 67 61 13 2 1 1 2 1 1 1
2015 443,017 279,392 40,438 79,294 77,954 10,232 249 84 42 21 20 4 1 1 0 1 0 O
2016 293,582 296,493 185,853 24,428 31,785 18,774 2,053 56 23 13 7 7 1 0 0 O O O
2017 165,182 196,503 197,152 114,032 10,402 7,901 3,755 476 16 8 5 3 3, 1, 00 0 O O
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Table 310. Predicted landings at ageumbers of fishjor the ARcomm fleet from the base run of the stock assessment modél, 1991

2017.
Year | O 1 2 3 4 5 6 7 8 9 10 11 112 | 183 | 14 | 15 16 17
1991 | 1 71 | 343 | 5471 6,939 4,564 2,537 1,507 802 424 | 249 188 139 91 62 43 29 | 46
1992 | 1 56 | 180 2,626 14,205 4,219 1,355| 632 | 401 | 244 | 146 | 93 | 73 | 55 36 25 | 17 30
1993 | 3 84 | 185 1,781 8,912 12,240 1,869 | 492 237 | 168 | 115 | 74 | 49 | 40 | 30 20 14 26
1994 | 6 | 280 | 310 2,048 6,627 | 8,068 | 5,564 702 | 194 | 106 85 63 | 43 1 29| 24 | 18 | 12 | 24
1995 | 5 | 509 | 948 3,137 6,788 | 5,182 | 3,098 1,768 237 | 75 47 41 1 32 1 22 15|12 9 | 19
1996 | 9 | 353 |1,410 7,831 8,514 | 4,236 1,538 755 | 461 | 72 26 18 16 | 13| 9 6 5 11
1997 | 3 | 414 | 609 | 7,365 14,253 3,764 897 | 261 | 133 | 93 16 6 5 4 3 2 2 4
1998 | 3 | 163 | 953 | 4,251 18,195 9,279 1,264 | 242 | 71 40 31 6 2 2 2 1 1 2
1999 | 2 | 253 | 485 | 8,674 13,903 15,772 4,171 | 458 | 88 29 18 15 3 1 1 1 1 2
2000 | 5 | 121 | 796 | 4,627 29,136 12,388 7,379 1,585 176 37 13 9 8 2 1 1 0 1
2001 | 2 | 401 | 377 | 7,519 15,131 24,258 5,271 2,552 560 69 16 6 5 4 1 0 0 1
2002 | 1 | 149 1,284 3,653 25,030 12,703 10,383/1,845 920 226 31 8 3 2 2 0 0 1
2003 | 1 = 130 | 553 14,578 14,580 25,101 6,437 (4,322 799 | 449 | 124 | 19 | 5 2 2 1 0 1
2004 | 1 48 | 351 | 4,496 41,186 10,561 9,239 1,921/1,330 277 | 175 | 53 | 8 2 1 1 1 0
2005 | 4 @ 113 | 145 3,178 13,613 30,847 4,009 2,893 628 492 @ 116 4 80 25 4 1 0 0 0
2006 | 4 @ 388 | 448 1,689 11,656/ 11,653 13,435/1,508/1,183 297 | 265 68 49 16| 3 1 0 1
2007 | 8 @ 540 (2,241 7,346 | 7,529 10,445 5,107 /5,422 717 | 686 | 201 198 53 | 39 13 | 2 1 1
2008 | 1 | 252 | 698 | 8,544 8,469 1,531 834 | 354 | 463 | 78 90 30 31 9 6 2 0 0
2009 | O 79 | 527 | 4,351 17,469 3,992 | 342 | 151 | 68 | 102 20 25| 8 9 3 2 1 0
2010 | 3 39 | 413 8,231 21,876 20,587 2,371 173 82 42 72 15 20 7 8 2 2 1
2011 | 4 160 | 86 | 2,714 17,182 10,254 4,629 453 | 37 20 12 23| 5 7 2 3 1 1
2012 | 4 616 | 885 1,276 9,669 12,003 3,488 1,407 157 | 15 10 6 | 13| 3 4 1 1 1
2013 | 2 | 396 2,580 10,352 3,474 3,242 1,343 363 | 200 | 31 4 3 2 4 1 1 0 1
2014 | 3 53 | 492 9,393 11,112 614 203 70 | 24 17 3 0 0 0 0 0 0 0
2015 | 3 | 234 | 147 | 3,949 22,544 5,624 | 143 39 15 6 5 1 0 0 0 0 0 0
2016 | 3 | 358 | 974 | 1,758 13,414/ 15,131 1,701 | 37 11 5 2 2 0 0 0 0 0 0
2017 | 2 | 220 | 955 7,576 4,002 5,752 | 2,837 | 286 | 7 3 2 1 1 0 0 0 0 0
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Table 3.11. Predicted dead discards at §ggambers of fishjor the ARcomm fleet from the base run of the stock assessment model,

1991 2017
Year | O 1 2 3 4 5 6 7 8 9 1011 12 13 14 |15 16 | 17
1991 | 3 | 112 | 257 | 856 714 | 376 | 163 | 70 | 24 | 7 2 1 0 0 0 0 0 0
1992 | 3 88 | 135 411 | 1,462 348 87 29 12 | 4 1 0 0 0 0 0 0 0
1993 | 9 | 133 | 138 | 279 917 /1,008 121 23 7 3 1 0 0 0 0 0 0 0
1994 | 19 442 | 232 | 321 682 | 665 | 359 33 6 2 1 0 0 0 0 0 0 0
1995 | 16 | 804 | 710 | 491 699 | 427 200 82 7 1 0 0 0 0 0 0 0 0
1996 | 30 | 557 |1,055 1,226 876 | 349 99 | 35 14 1 0 0 0 0 0 0 0 0
1997 | 9 | 653 | 456 | 1,153 1,467 310 | 58 12 4 2 0 0 0 0 0 0 0 0
1998 | 11 | 257 | 713 | 665 | 1,872 764 | 82 11 2 1 0 0 0 0 0 0 0 0
1999 | 5 | 399 | 363 | 1,358 1,431 1,299 269 | 21 3 0 0 0 0 0 0 0 0 0
2000 | 16 | 190 | 596 | 724 | 2,998 1,020 476 74 5 1 0 0 0 0 0 0 0 0
2001 | 6 | 633 | 282 | 1,177 1,557/1,998 340 119 | 17 1 0 0 0 0 0 0 0 0
2002 | 4 | 235 | 961 | 572 | 2,576 1,047 670 86 27 4 0 0 0 0 0 0 0 0
2003 | 2 | 206 | 414 2,282 1,500 2,068 415 201 | 24 | 8 1 0 0 0 0 0 0 0
2004 | 5 76 | 263 | 704 4238 870|596 89 | 40 | 5 2 0 0 0 0 0 0 0
2005 | 12 | 179 | 109 | 497 | 1,401/2,541 259 135 19 | 8 1 0 0 0 0 0 0 0
2006 | 12 | 612 | 336 | 264 H 1,200 960 | 866 70 | 35 | 5 2 0 0 0 0 0 0 0
2007 | 24 | 852 /1,678 1,150 775 | 861 329 252 21 | 12 | 2 1 0 0 0 0 0 0
2008 | 5 | 398 | 522 | 1,337 872 | 126 | 54 16 14 | 1 1 0 0 0 0 0 0 0
2009 | 1 | 124 | 395 681 | 1,798 329 | 22 I 2 2 0 0 0 0 0 0 0 0
2010 | 9 61 | 309 1,288 2,252 1,696/ 153 8 2 1 1 0 0 0 0 0 0 0
2011 | 14 253 | 65 425 | 1,768 | 845 299 | 21 1 0 0 0 0 0 0 0 0 0
2012 | 12 | 973 | 663 | 200 996 | 990 | 225 65 5 0 0 0 0 0 0 0 0 0
2013 | 5 | 625 /1,931 1,620 358 | 268 | 87 17 6 1 0 0 0 0 0 0 0 0
2014 | 11| 84 | 368 1,470 1,144 51 13 3 1 0 0 0 0 0 0 0 0 0
2015 | 11 | 369 | 110 | 618 | 2,321 | 464 9 2 0 0 0 0 0 0 0 0 0 0
2016 | 10 | 566 | 729 | 275 | 1,381 1,248 110 2 0 0 0 0 0 0 0 0 0 0
2017 | 5 | 347 | 715 1,186 412 | 474 | 183 13 0 0 0 0 0 0 0 0 0 0
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Table 312. Predicted harvest at a@umbers of fishjor the ASrec fleet from the base run of the stock assessment modél209291

Year | O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1991 | O 0 76 | 3,143 | 3,292 | 2,256 1,548/1,232 876 | 576 | 385 311 236 156 108 75 | 50 | 79
1992 | O 0 31 | 1,198 | 5,351 | 1,656 | 656 | 411 348 | 263 179 /122 99 | 76 | 50 | 34 | 24 41
1993 | O 0 33 834 | 3,448 | 4,933| 928 | 328 | 211 187 145 100 69 56 43 28 19 37
1994 | O 0 | 45 767 | 2,049 2,598 2,207 373 | 138 | 94 | 86 68 47 32 27 | 20 13 27
1995 | O 0 | 130 | 1,120 | 2,002 | 1,592 1,172 897 161 64 |45 42 34 24 16 13 10 20
1996 | O 0 174 | 2,520 2,263 | 1,172 524 | 345 | 282 | 55 23 16|16 | 12 9 6 5 11
1997 | O 0 66 | 2,072 | 3,312 911 | 267 | 104 71 62 | 12| 5 | 4 | 4 3 2 1 4
1998 | O 0 | 241 | 2,804 | 9,911 5,266 | 883 | 226 89 62 |55 /11| 5 | 4 3 3 2 5
1999 | O 0 80 | 3,742 | 4,953 5,854 1,908 281 72 29 12119 4 2 1 1 1 2
2000 | O 0 | 232 3,507 18,238 8,080 5,931 1,707 253 | 67 28 20 18 | 4 2 1 1 3
2001 | O 0 | 113 | 5,851 9,724 16,241 4,349/ 2,823 827 | 127 34 14 10 9 2 1 1 2
2002 | O 0 | 266 | 1,968 11,135 5,888 5,929 1,413 941 287 | 45 12 | 5 | 4 3 1 0 1
2003 | O 0 50 | 3,423 | 2,827 | 5,071 1,602 1,442 356 | 249 | 79 13 | 3 1 1 1 0 0
2004 | O 0 59 | 1,964 | 14,858 3,969 4,278 1,192 1,103 286 207 66 | 11 | 3 1 1 1 0
2005 | O 0 19 | 1,089 3,854 9,097 |1,457/1,409 409 399 107 79 25 4 1 0 0 1
2006 | O O | 44 | 431 | 2,457 | 2,558 | 3,635 547 574 | 179 183 50 | 37 | 12 | 2 1 0 0
2007 | O 0 | 150 | 1,281 | 1,084 | 1,566 | 944 1,346 238 | 283 | 95 100 28 | 21 | 7 1 0 0
2008 | O 0O 134 | 4283 3,506 | 660 | 442 | 253 | 442 | 93 122 43 46 | 13| 10| 3 1 0
2009 | O 0O 104 | 2,230 7,394 | 1,759 186 | 110 66 | 124 | 27 36 | 13 | 14 | 4 3 1 0
2010 | O 0 12 607 1,332 1,306 185 18 | 11 7 14 | 3 4 2 2 0 0 0
2011 | O 0 14 | 1,147 5995 3,726 2,072 272 | 29 20 | 14 1 28| 6 9 3 3 1 1
2012 | O 0O 290 1,088 6,812 8,805 3,152/1,706/ 255 30 ' 23 |16 /32| 7 10| 4 | 4 2
2013 | O 0 | 219 2,285| 633 615 | 314 | 114 84 16 2 2 1 2 1 1 0 0
2014 | O 0 53 | 2,636 | 2,576| 148 @ 60 | 28 | 13 11 2 0 0 0 0 0 0 0
2015 | O 0 | 47 | 3,310 /15,606 4,053 | 127 | 46 | 23 11 11 2 0 0 0 0 0 0
2016 | O 0 64 300 1,889 2,219 307 9 4 2 1 1 0 0 0 0 0 0
2017 | O 0 79 | 1627 710 | 1,062 645 87 3 1 1 0 0 0 0 0 0 0
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Table 313. Predicted dead discards at &gembers of fishjor the ASrec fleet from the base run of the stock assessment modél, 1991
2017.
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Table 314. Predicted harvest at agaumbers of fishjor the RRrec fleet from the base run of the stock assessment modéRa9B1

Year | O 1 2 3 4 5 6 7 8 9 10 | 11 12 13 | 14 15 16 17
1991 | O 0 150 11,196 9,646 4,067 1,353 413 | 90 14 2 0 0 0 0 0 0 0
1992 | O 0 35 | 2,402 8,825 1,683 | 323 | 77 20 4 0 0 0 0 0 0 0 0
1993 | O 0 41 | 1,851 6,293 | 5,551 | 509 69 13 3 0 0 0 0 0 0 0 0
1994 | O 0 47 1,449 3,186 2,491 1,031 67 7 1 0 0 0 0 0 0 0 0
1995 | O 0 134 | 2,078 3,055| 1,498 537 | 158 9 1 0 0 0 0 0 0 0 0
1996 | O 0 154 | 4,022| 2,971 | 950 | 207 52 13 1 0 0 0 0 0 0 0 0
1997 | O 0 64 | 3,609 4,745 805 | 115| 17 4 1 0 0 0 0 0 0 0 0
1998 | O 0 221 | 4,628 13,454/ 4,405 | 361 | 36 4 1 0 0 0 0 0 0 0 0
1999 | O 0 89 | 7,427 8,085 5,888 934 | 53 4 0 0 0 0 0 0 0 0 0
2000 | O 0 202 | 5,501 23,526/ 6,421 2,294 254 | 12 1 0 0 0 0 0 0 0 0
2001 | O 0 94 | 8,769 11,985 12,336/1,607, 401 | 36 1 0 0 0 0 0 0 0 0
2002 | O 0 338 | 4,512 20,998 6,843 3,355 307 62 5 0 0 0 0 0 0 0 0
2003 | O 0 35 | 4,297 2919 3,227 | 496 | 172 | 13 2 0 0 0 0 0 0 0 0
2004 | O 0 50 | 2,987 18,583 3,060 1,607 172 | 48 3 0 0 0 0 0 0 0 0
2005 | O 0 39 | 3,958 11,518 16,758 1,306/ 486 | 43 10 1 0 0 0 0 0 0 0
2006 | O 0 131 | 2,306 10,811 6,941 4,797 277 88 7 1 0 0 0 0 0 0 0
2007 | O 0 470 | 7,232 | 5,037 | 4,490 1,315 716 | 38 11 1 0 0 0 0 0 0 0
2008 | O 0 102 | 5,843| 3,936| 458 | 150 33 17 1 0 0 0 0 0 0 0 0
2009 | O 0 144 | 5,561 15,168 2,229 115 26 5 2 0 0 0 0 0 0 0 0
2010 | O 0 60 | 5631 10,168 6,147 | 425 | 16 3 0 0 0 0 0 0 0 0 0
2011 | O 0 20 | 2,975 12,797 4,907 1,329 67 2 0 0 0 0 0 0 0 0 0
2012 | O 0 376 | 2,545/13,113 10,458 1,823 378 | 17 1 0 0 0 0 0 0 0 0
2013 | O 0 281 | 5,284 1,206 725 | 180 | 25 6 0 0 0 0 0 0 0 0 0
2014 | O 0 67 | 5976 4805 171 34 6 1 0 0 0 0 0 0 0 0 0
2015 | O 0 29 | 3,628 14,074 2,258 | 35 5 1 0 0 0 0 0 0 0 0 0
2016 | O 0 244 | 2,061 10,685 7,749 | 524 | 6 1 0 0 0 0 0 0 0 0 0
2017 | O 0 146 | 5,436| 1,952 | 1,804 535 28 0 0 0 0 0 0 0 0 0 0
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Table 315. Predicted dead discards at &gembers of fishjor the RRrec fleet from the base run of the stock assessment modél, 1991

2017.
Year | O 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17
1991 | O 7 | 446 | 3,809 2,058 1,043 624 | 470 | 327 | 214 143|115 87 | 58 | 40 | 28 | 19 | 29
1992 | O 3 1132|1034 2,383 | 546 189 112 93 | 69 47| 32| 26| 20 13| 9 6 11
1993 | O 5 153 | 789 | 1,683 /1,782 292 98 | 62 | 54 | 42| 29 | 20| 16 | 12 8 6 11
1994 | 0 | 11 | 156 | 551 760 713529 8 | 31 |21 19 15 10 7 6 4 3 6
1995 | 0 | 20 | 505 | 895 825 | 486 312 226 | 40 | 16 11| 10 | 8 6 4 3 2 5
1996 | 0 | 31 1,636/ 4,868 | 2,255| 865 338 210 168 32 13 10 | 9 7 5 4 3 7
1997 | 0 | 65 1,288 8,341 | 6,878(1,400 359 132 88 | 76 15 6 5 4 4 3 2 5
1998 | 0 | 16 1,235/ 2,951 | 5,381(2,116 310 | 75 | 29 | 20 18 4 2 1 1 1 1 2
1999 | O | 16 421 | 4,036| 2,756 /2,410 685 95 24 | 10 7 6 1 1 0 0 0 1
2000 | O 4 3391057 2,836 930 | 596 162 | 24 | 6 3 2 2 0 0 0 0 0
2001 | O | 10 123 1,309 1,122 1,387 324 | 199 | 57 | 9 2 1 1 1 0 0 0 0
2002 | O 3 327 | 499 1456 570 501 113 74 | 22| 4 1 0 0 0 0 0 0
2003 | O 1 72 | 1,013 432 | 573 | 158 | 134 | 33 | 23| 7 1 0 0 0 0 0 0
2004 | O 3 250 | 1,713 6,684 /11,321 1,243 327 | 296 | 76 | 55| 18 | 3 1 0 0 0 0
2005 | O 7 | 119 | 1,393 2,542 4,440 620 567 161 156 42| 31 | 10| 2 0 0 0 0
2006 | O | 13 | 195 | 393 | 1,155 | 890 | 1,103 157 161 | 50 51 14 10 3 1 0 0 0
2007 | O 11 590 | 1,036| 453 | 484 | 254 | 342 | 59 | 70| 23 | 25| 7 5 2 0 0 0
2008 | 0 | 29 1,060 6,951 2,937 409 | 239 | 129 | 221 46 60 21 23 6 5 2 0 0
2009 | O 7 | 592 | 2618 4480| 789 73 | 41 24 44 10 13 | 5 5 1 1 0 0
2010 | O 2 | 234 | 2,492 | 2,823 2,047 253 | 23 14 | 9 18 4 5 2 2 1 0 0
2011 | 0 | 10 72 | 1,206 | 3,255 1,497 726 90 9 I 4 9 2 3 1 1 0 0
2012 | 0 | 26 507 392 1,266 1,211 378 193 | 28 | 3 2 2 4 1 1 0 0 0
2013 | O | 14 1,231 2,646 379 | 272|121 42 | 30 | 6 1 1 0 1 0 0 0 0
2014 | O 5 | 632 6,463 | 3,260 139 49 21 10 9 2 0 0 0 0 0 0 0
2015 | 0 | 14 120 1,731 4,213 810 22 8 4 2 2 0 0 0 0 0 0 0
2016 | O | 11 410 39 | 1,289 1,121 135 | 4 1 1 0 0 0 0 0 0 0 0
2017 | 0 | 11 634 2,693 607 672 356 45 2 1 0 0 0 0 0 0 0 0
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Table 316. Annual estimates dishing mortality (numbersveighted, agesi®) and associated
standard deviations (SDs) from the base run of the stock assessment model, 1991

2017.
Fishing Mortality
Year | Value SD
1991 | 025  0.015
1992 | 023  0.012
1993 | 035  0.021
1994 | 032  0.020
1995 | 0.28  0.019
1996 | 0.20 = 0.012
1997 | 0.15  0.0082
1998 | 021  0.012
1999 | 0.15  0.0071
2000 | 0.26 = 0.013
2001 | 0.24 = 0.012
2002 | 029 = 0.017
2003 | 0.15  0.0066
2004 | 0.30  0.0099
2005 | 0.42  0.011
2006 | 052 = 0.026
2007 | 0.48  0.030
2008 | 021  0.013
2009 | 0.28 = 0.015
2010 | 0.34  0.0094
2011 | 0.44  0.010
2012 | 1.3 | 0.057
2013 | 0.35 = 0.023
2014 | 0.23 | 0.0091
2015 | 0.50 = 0.017
2016 | 0.75 = 0.045
2017 | 027 = 0.025
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Figure 1.2.

Fit of the agdength function to available age data for female striped bass.
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Figure 1.3.

Fit of the agdength function to available age data for male striped bass.
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Figure 1.4. Fit of the lengthweight function to availablbiological data for female striped bass.
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Figure 1.5. Fit of the lengthweight function to available biological data for male striped bass.
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Figure 1.6. Estimates of natural mortality at age based on the method of Lorenzen (1996).
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Figure 1.7. Annual total landing®arvestin metric tons of striped bass from the ASMA and
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Figure 2.1. Annual commercial landings of striped bass in the ASRRRMA, 1962 2017.
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Figure 2.2. Annual length frequencies of striped bass commercial landingsj 2082.
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2017.

100



14

12 _

10 - _

Thousands of Fish
]
]
]

2 A

0
N > o} A 9 \ > o) A 9 N ™ 5 A
SIS IS A SC N SN SN S BN N RN SN
NN N N N S S S S S M SN

Year

Figure 2.8. Annual estimates of commercgill-net discards, 1992017. Note that values prior
to 2012 were estimated using a hindcasting approach.
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Figure 2.9. Annual length frequencies of striped bass commerciahgtldiscards, 2002017.
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Figure 2.10.Sampling zones anakccess sites of the striped bass recreational creel survey in the
ASMA.
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Figure 2.11. Annual estimates of recreational harvest for the Albemarle Soundi 2@P2.
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Figure 2.12. Annual estimates of recreational dead discards for the Albe®auied, 19912017.
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Figure 2.13. Annual length frequencies of striped bass recreational harvest in the Albemarle
Sound, 19962017.
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Figure 2.14. Annual length frequencies of striped bass recreational discards in the Albemarle
Sound, 199172017.
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Figure 2.16. Ratio of recreational dead discardsrégreational harvest in the Roanoke River,
1995 2017.
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Figure 2.17. Annual estimates of recreational harvest for the Roanoke River; 2082.
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Figure 2.18. Annual estimates of recreational dead discards for the Roanoke Ri8&r20927.
Note that discard values prior to 1995 were estimated using a hindcasting approach.
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Figure 2.19. Annual length frequencies of striped bass recreational harvest in the Roanoke
River, 19942017.
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Figure 220. Annual length frequencies of gigd bass recreational discards in the Roanoke
River, 2005 2017.
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[ )
River; INorth)
[River3
[Chowan[River]
[Sound]
[Uittle]
Zone | : RN
Discontinued
January 1991 [26[z8]%0]
[15] Zone IV [23]25]27]29
16[18[20] |24]
s 17]19]21]22] [Sound]
[1]s
o 19247 Zone VI Zone VI
s e a= : 13 Implemented
3 191 1517 [ 7] ]
: L4 2124 [1]2]s]10[13][16[18[20[21] [2[4]7]10 22|
8 North, o 151 st mm
13 3|7 (11141719 LR
Bl Lty Dl e B
e | one
151‘:'1:51522‘6912 &Te e
= 15
Zonel ll
Alligator,
[RoanokelRiver]
Semrd
2950
J
Miss Kilometers
J ! 1T T !
0 10 20 0 10 2

Figure 2.23. Map of sampling grids and zones for theCDMF Independent GitNet Survey
(Program 135)

113



=@=Nominal
1.0 + =@=GLM

0.8 +
0.6 +

04 +

Relative Abundance

02 +

0.0 } +—t —+—1
S ™ ) 4 )
S 9
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Figure 2.25. Nominal and GLMstandardized indices of relative abundance derived from the
spring component of theICDMF Independent Gi#Net Survey (P135), 1992
2017.
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Figure 2.26. Annual length frequencies of striped bass sampled from the fall/winter component
of theNCDMF Independent GitNet Survey (P135), 1992017.
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Figure 2.27.  Annual length frequencies of striped bass sampled from the spring component of
theNCDMF Independent GiNet Survey (P135), 1992017.
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Figure 2.28. Annual age frequencies of striped bass sampled from the fall/winter component of
the NCDMF Independent GitNet Survey (P135), 1992017. Thea ag&5 bin
represents a plus group.
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Figure 2.29. Annual age frequencies of striped bass sampled from the spring component of the
NCDMF Independent GiNet Survey (P135), 1992017. The agd5 bin
represents a plus group.
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Figure 2.3l. Nominal and GLMstandardized indices of relative abundance derived from the
NCWRCRoanoke River Electrofishing Survey, 192017.
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Figure 2.32. Annual length frequencies of striped bass sampled frorND®RC Roanoke
River Electrofishing Survey, 1992017.
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Figure 2.33. Annual age frequencies of striped bass sampled frolN@WRC Roanoke River
Electrofishing Survey, 1992017. The agd5 bin represents a plus group.
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Figure 3.1. Annual (A) ARcomm landings, (B) ASrec harvest, and (C) RRrec harvest values that
were input into the SS model, 192D17.
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Figure 34. Summary of the data sources and types used stdbk assessment model for striped
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Figure 39. Observed and predicted relative abundance (top graph) and standardized residuals
(bottom graph) for the P100juv survey from the base run of the stock assessment
model, 19912017.
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Figure 311 Observed and predicted relative abundance (top graph) and standardized residuals
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Figure 3.13. Observed and predicted length compositions for each data source from the base run
of the stock assessment model aggregated across time. N adj. represents the input
effective sample size (number of trips sampled) and N eff. repreentaodel
estimate of effective sample size.

134



{1991 Nadj=7 41995 N adj.=3.61999 N ad =712003 Nad=12.1
8-?2 N eff.=21.4 N eff.=22) N eff.=35.7 N eff.=65.1

0.10 - ¢ ) & Q
005
0.00
o4 o o ot
Nad=431996 N ad) =8.62000 Nadj=12.82004 Nadj =78
N eff 242 8 N eff 2153 N eff 2163 2 N eff 2322

0.05 -
0.10
0.15 -
¢ ¢ ¢ 8 ¢
o8 o d d
N adj.=4.31997 N adj.=15.3 2001 N adj.=1
N eff.=24.8 N eff.=14.9 N eff.=15

S
A
v

0.10
0.05
0.00
0.05
0.10
0.15
0.20
0.20 1993

0.15
0.10
0.05
0.00
0.05
0.10
0.15
0.20
0.20 | 1994

0.15
0.10
0.05
0.00
0.05
0.10
0.15
0.20

2005 N adj.=10.6)
N eff. =263 6]

15, 15N
N

Proportion

0.90 1992
0.15 -
N adj.=3.8/1998 N adj.=13.7]2006 N adj.=13
N eff.=26.6 N eff.=63.7 N eff.=158.8]

¥ @

N adj.=8.12002
N eff.=47.7

@ ¥

4 o d o}

naiih aniinaliing

R AR AR

T T T T T T T TT T T T T T T TT T T T TT T T T T T T T
0 20 40 60 80 120 0 20 40 60 80 120 0 20 40 60 80 120 0 20 40 60 80 120

Length (cm)

Figure 3.14. Observed and predicted length compositions for the ARcomm landings from the
base run of the stock assessment model, 73836. N adj. represents the input
effective sample size (number wips sampled) and N eff. represents the model
estimate of effective sample size.
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Figure 3.15. Observed and predicted length compositions for the ARcomm landings from the

base run of the stock assessment model, IZH77. N adj. represents the utp
effective sample size (number of trips sampled) and N eff. represents the model
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Figure 3.16. Observed and predicted length compositions for the ARcomm discards from the
base run of the stock assessment ma@04 2017. N adj. represents the input
effective sample size (number of trips sampled) and N eff. represents the model
estimate of effective sample size.
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Figure 3.17. Observed and predicted length compositions for the ASrec harvest from the base
run of the stock assessment model, 1204 1. N ad|. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 3.18. Observed and predicted length compositionglierASrec harvest from the base
run of the stock assessment model, 2@DA7. N adj. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 3.19. Observed andrpdicted length compositions for the ASrec discards from the base
run of the stock assessment model, 129712. N ad|. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 320. Observed and predicted length compositions for the ASrec discards from the base
run of the stock assessment model, 2@D3.7. N ad]. represents the input effective
sample size (humber of trips sampled) and N eff. represents the mateke sif
effective sample size.
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Figure 321 Observed and predicted length compositions for the RRrec harvest from the base
run of the stock assessment model, 1209 7. N ad|. represents the input effective
sample size (number of trips sampled) &hdff. represents the model estimate of
effective sample size.
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Figure 322. Observed and predicted length compositions for the RRrec discards from the base
run of the stock assessment model, 2208.7. N ad]. represents the input effective
sample ze (number of trips sampled) and N eff. represents the model estimate of
effective sample size.

143



o015 41991 N adj=121995 N adj=13 1999 N adj=15.12003 N adj.=9.4
: N eff =38.2 N eff =63.9) N eff. =188.5| N eff.=102.9)
0.10
005 - Q@ Q Q @
0.00
0.05
o of o o
0.10
0.15
1992 N adj.=121996 N adj.=9.92000 Nad=11.42004 Nad=112
0.15 7 N eff.=35.5 N eff.=33.9 N eff.=98 N eff.=87.3
0.10
005 - ¢ ¢ ¢ ¢
0.00
0.05
c o8 o d d
S 0.10
%' 0.15
Q 5 {1993 N adj=12/1997 N adj.=10.92001 N adj.=10.12005 N adj.=10.1
o o N eff.=31.1 N eff =82.2 N eff =88.9) N eff =80.6)
o 0.10
Q@ Q Q Q
0.05
0.00
0.05
o o o o8
0.10
0.15
o015 1994 N adj.=10.91998 N adj.=13.8/2002 N adj.=13 2006 N adj.=11.7|
: N eff =16.3) N eff.=90) N eff =48.7] N eff =72.9)
0.10
005 - Q@ Q Q @
0.00
0.05
o of o o
0.10
0.15
T T T T T T T TT T T T T T T TT T T T T T T TT T T T T T T T
0 20 40 60 80 120 0 20 40 60 80 120 0 20 40 60 80 120 0 20 40 60 80 120
Length (cm)

Figure 323. Observed and predicted length compositions for the P135fw survey from the base
run of the stock assessment model, 129D6. N adjrepresents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 324. Observed and predicted length compositions for the P135fw survey from the base
run of the stock assement model, 2002017. N ad]. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 3.25. Observed and predicted length compositions for the P135spr surveyhedbase
run of the stock assessment model, 129D6. N ad|. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 3.26. Observed and predicted lengtbmpositions for the P135spr survey from the base
run of the stock assessment model, 2Q072.7. N ad]. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective sample size.
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Figure 3.27. Observed and predicted length compositions for the RRef survey from the base run
of the stock assessment model, IZHD6. N adj. represents the input effective
sample size (number of trips sampled) and N eff. represents the model estimate of
effective ample size.
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Figure 3.28. Observed and predicted length compositions for the RRef survey from the base run
of the stock assessment model, 2&W7. N adj. represents the input effective
sample size (hnumber of trips sampled) and N eff. representsdatiel estimate of
effective sample size.
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Figure 329. Pearson residuals (red: female; blue: male) from the fit of the base model run to the
ARcomm landings length composition data, 1II98117. Closed bubbles represent
positive residuals (observed expected) and open bubbles represent negative
residuals (observed < expected).
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Figure 3.30. Pearson residuals from the fit of the base model run to the ARcomm discards length
composition data, 1992017. Closed bubbles represent positive residuals
(observed > expected) and open bubbles represent negative residuals (observed <
expected).
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Figure 331 Pearson residuals from the fit of the base model run to the ASrec harvest length
composition data, 199@017. Closed bubbles represent positive digss
(observed > expected) and open bubbles represent negative residuals (observed <

expected).
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Figure 332 Pearson residuals from the fit of the base model run to the ASrec discard length
composition data, 1992017. Closed bubbles represent pusitiresiduals

(observed > expected) and open bubbles represent negative residuals (observed <
expected).
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Figure 3.33. Pearson residuals (red: female; blue: male) from the fit of the base model run to the
RRrec harvest length composition data, 12®87. Closed bubbles represent
positive residuals (observed > expected) and open bubbles represent negative
residuals (observed < expected).
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Figure 3.34. Pearson residuals from the fit of the base model run to the RRrec discard length
composition data,20052017. Closed bubbles represent positive residuals
(observed > expected) and open bubbles represent negative residuals (observed <
expected).
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Figure 3.35. Pearson residuals (red: female; blue: male) from the fit of the base model run to the
P135fv survey length composition data, 192017. Closed bubbles represent
positive residuals (observed > expected) and open bubbles represent negative
residuals (observed < expected).
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Figure 3.36. Pearson residuals (red: female; blue: male) from tlud fite base model run to the
P135spr survey length composition data, 12@17. Closed bubbles represent
positive residuals (observed > expected) and open bubbles represent negative
residuals (observed < expected).
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Figure 3.37. Pearson residuals (rei@male; blue: male) from the fit of the base model run to the
RRef survey length composition data, 102017. Closed bubbles represent
positive residuals (observed > expected) and open bubbles represent negative
residuals (observed < expected).
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Figure 338. Comparison of empirical and moealedicted agéength growth curves for (A)
female and (B) male striped bass from the base run of the stock assessment model.
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Figure 340. Predicted lengtibased selectivity for the P135fw and P135spr surveys from the
base run of the stock assessment model.

156



=== Feomale

e=g==\ale

Selectivity

SODE P D OO DS

Total Length (cm)
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Figure 342 Predicted recruitmendf ageO fish from the base run of the stock assessment
model, 19912017. Dotted lines represent + 2 standard deviations of the predicted
values.
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Figure 343. Predicte recruitment deviations from the base run of the stock assessment model,
1991 2017. Dotted lines represent + 2 standard deviations of the predicted values.
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Figure 344. Predicted female spawning stock biomass from the base run of thasseslksment
model, 19912017. Dotted lines represent + 2 standard deviations of the predicted
values.
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Figure 345. Predicted Bevertoilolt stockrecruitment relationship from the base run of the
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Figure 346. Predicted spawner potential ratio (SPR) from the base run of the stock assessment
model, 19912017. Dotted lines represent + 2 standard deviations of the predicted
values.
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Figure 347. Predicted fishing mortality (humbeveeighted, agesi®) from the base run of the
stock assessment model, 182Q17. Dotted lines represent + 2 standard deviations
of the predicted values.
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Figure 348. Sensitivity of modebredicted (A) femalspawning stock biomass (SSB) and (B)
fishing mortality rates (numbesseighted, ages %) to removal of different
fisheriesindependent survey indices from the base run of the stock assessment

model, 19912017.
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Figure 349. Sensitivity of modebredicted (A) female spawning stock biomass (SSB) and (B)
fishing mortality rates (numbesgeighted, agesi®) to theassumption about
natural mortality 1991 2017.
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Figure 4.1. Estimated fishing mortality (humbevgeighted, agesi®) compared to fishing
mortality target E4s4~0.13) and thresholdHzs+~=0.18). Error bars represent + two
standard errax.
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Figure 4.2. Estimatedfemale spawning stock biomassmpared tespawning stock biomass
target (SSBse—=159 mt) and threshold (S&8~121 mt) Error bars represent + two
standard errors.
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10 APPENDIX

Addendum to the External Peer Review Report for the 2019 Stock Assessment of the
Albemarle SoundRoanoke River Striped Bassn North Carolina

The SAT was able to satisfactorily resolve se
model reviewed during the December 2019 workshop. The growth functions fit to observed
length-atage data external to the assessment model to generate stdutexgyfuathe assessment

model (i.e., empirical growth estimates) showed improved fits to the data and the growth

functions predicted by the revised assessment model were more consistent with the empirical

growth estimates, particularly for males. Resicaaterning from fits to the length composition

data in the revised assessment model are still present indicating some model misspecification,

but were generally reduced. The corrected P135 indices were more consistent with the decline in
recent years obsexd during the RRef survey, reducing some conflict the original base model

was forced to reconcil e. ltdés i mportant to no
values for both P135 indices and the RRef index during the last three years ottkertans,

indicating the abundance estimates may still be biased high in these recent years. However, the
consistent overfished status determination estimated across the revised model and natural

mortality sensitivity runs (see below) lessen this concern.

The revised base modgbecified an ageand sexconstant natural mortality of 0.72 based on
Harris and Hightower (2017). The RP still believes the empirical natural mortality estimates
from Harris and Hightower (2017) are higher than reality and suggyesnsitivity runs

exploring the effects of lower natural mortality rates. The RP was less concerned with variation
in natural mortalityatage, as this can be less influential on parameter bias (Deroba and
Schueller 2013) and because model insensitiviggespecific natural mortality was

demonstrated by the SAT in the revised report, and more interested in effects of lower natural
mortality for all ages. Therefore, various agmstant life histonpased natural mortality

estimators were applied to te&iped bass data. Ultimately, the Alverson and Carney (1975),
Hoenig (1983), and Cubillios et al. (1999) estimators were included in sensitivity runs because
they estimated high (relative to the other life histbaged estimators, but lower than Haamsl
Hightower 2017 estimates), moderate, and low natural mortality rates, respectively. Additionally,
an average across the estimators, which was slightly lower than the Hoenig (1983) rate, was
included in the sensitivity analysis. The SAT conducted athgr sensitivity analysis of natural
mortality with model configurations that included sspecific and sexaggregate natural

mortality rates with growth fixed or estimated. The sensitivity runs that converged on a solution
produced some differences in theale of estimates, but similar stock trajectories, particularly
since the decline in SSB in the ’2000s (Figures-B). The various natural mortality rates had

the greatest effect on a@erecruitment as the model needs to estimate higher recruitnbart un
high mortality scenarios to match the data on subsequent ages that are vulnerable to the fisheries.
All sensitivity runs indicated the stock was overfished and experiencing overfishing in the
terminal year (Table 1).

The SAT recommended the modelhv# high, sexaggregate natural mortality (M=0.40) as the
most appropriate to acknowledge estimates from established life Histeeg methods, but also
the higher empirical rates estimated directly from the striped bass population by Harris and
Hightower(2017). A sexaggregate natural mortality rate is consistent with the similar growth
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estimated between sexes from the available data. Further, a subsequent sensitivity run requested
by the RP showed this model configuration is not sensitive to exclutkérigRef survey data, as

was a primary concern with the original base
recommendation and recommends this model be used for management advice. The population
trajectory and overfished and overfishing stock status estiftataghis model are consistent

with the available data sets that show poor recruitment in recent years, declining abundance to
historically low levels, and a truncated age structure.

Needs for Future Assessments

The RP along with the SAT weoellectively concerned about declining recruitment in the time
seriesOne key uncertainty identified in this review is to incorporate the effects of changes in
river flow on recruitmentlt appears that substantial data exists, but they have not yet been
incorporated into the stock assessmEuture assessments should consider key environmental
drivers of recruitment such as river flow, because declining recruitment in the time series does
not appear to result solely from reduced abundance due to hdive®P suggests that future
assessments shouittorporate flowrecruitmentrelationships into the stock assessment formally
to understand howspring flow conditions influence recruitment and ultimately stock abundance
Another potential influence on tistriped bass stock is the prevalence of-native catfishes,
primarily blue catfistctalurus furcatusand flathead catfisRylodictis olivaris Both species

occur in North Carolina river systems and it seems the blue catfish population is expanuing in t
Roanoke River and Albemarle Sound ar@asdation by catfishes could potentially impact
recruitment of striped bass directly, or could influence food resources for striped bass through
competition for prey (e.g., Pine et al. 200B)e degree to whicthis occurs is not known, but

future assessments should consider this as a factor that may influence abundance and is not tied
to striped bass harvest.

Moderate and evident differences in growdig(res 1.2 and 1.3, main repaate not resolved
within the model. The effect on estimation of specific M are not readily quantifiable at
present. Factors potentially contributing to the poor resolution of male and female growth
trajectories, as estimated by the von Bertalanffy growth function, include-teqatessentation of
older age classes and lack of sgecific length data for Ages 0 t6 ear old fish The RP
accordingly encourages collection of sspecific lengthat-age data from juveniles (agei2)
and as well from older fish to better inform gith estimates.
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Tables

Table 1. Specified natural mortality, terminal year and threshold model estimates, and stock
statusacross the revised base model (Baseline) and natural mortality sensitivity runs.
The RP recommends the fihighMsamesex (est
advice.
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