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Executive Summary

The current red drum assessment indicates that F has decreased and
escapement and static SPR have increased for the red drum northern stocks
during the current (late) management period. The results from the 2000 stock
assessment indicated that overfishing was occurring, with static SPR values well
below the threshold SPR. The current model estimates are all above 30% static
SPR and, therefore, indicate that overfishing is not occurring. It appears that the
condition of the northern red drum stock has improved and that the more
restrictive management measures implemented during the late period (1999-
2005) have aided in that improvement.

The northern red drum stock was assessed using commercial,
recreational, and independent data from 1986 to 2005. Results were broken into
three regulatory periods with relatively uniform regulations (early: 1986-1991,
mid: 1992-1998, and late: 1999-2005). A major assumption in this assessment
was assigning an accurate length distribution to released fish from the
recreational fishery. While several assumptions on the length distribution of
recreational releases were calculated, the preferred matrix (Tagging) used length
frequencies estimated from modeling of North Carolina Division of Marine
Fisheries (NCDMF) tag returns. Late period age-3 selectivity was estimated to
be 0.48 of fully selected fish (age-2), and was estimated from modeling of
NCDMF tag returns. Two models were used: a backward calculating virtual
population analysis (VPA) and a forward calculating spreadsheet catch-at-age
model. Both models were updated from the Vaughan and Carmichael (2000)
assessment. Fishing mortality (F) estimated from FADAPT ranged from 0.50 to
0.49, with escapement ranging from 40.6% to 41.0% and static spawning
potential ratio (SPR) ranging from 40.4% to 40.8%. The spreadsheet catch-at-
age model F estimates ranged from 0.66 to 0.63, with escapement estimated at
32.8% and static SPR estimated at 32.3%. All estimated runs using the
TAGGING matrix from both models were above the threshold of 30% static SPR
and the FADAPT estimates were above the target of 40% static SPR. All runs
showed improvements in escapement and SPR from the previous regulation
period (1992-1998).
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Introduction

Atlantic red drum (Sciaenops ocellatus) are an important marine species
with the most recent stock assessment conducted in 2000. The first
assessments were conducted using catch curves and separable virtual
population analysis (SVPA) and treated the Atlantic red drum as a single stock
(Vaughan and Hesler 1990; Vaughan 1992; Vaughan 1993). More recent
assessments (Vaughan 1996; Vaughan and Carmichael 2000) divided the
Atlantic coast into two stock regions: the northern region from North Carolina and
north and the southern region from South Carolina through the east coast of
Florida.

This assessment is an update of the northern region stock assessment
that was conducted in 2000. The 2000 assessment is the approved assessment
for Amendment 2 to the Atlantic States Marine Fisheries Commission (ASMFC)
Red Drum Fishery Management Plan (FMP). The North Carolina Division of
Marine Fisheries (NCDMF) Red Drum Plan Development Team (PDT)
consensus in the development of this stock assessment was to maintain a
methodology consistent with that used in the previous assessment. Exceptions
to the previous methodology occurred as a result of regulation changes since the
last assessment. These included assumptions about estimates of the length
composition from recreational releases and the relative selectivity at age.
Assumptions for these estimates were no longer valid primarily due to reductions
in the bag limit and the prohibition of red drum greater than 27 in from harvest
and new methods were developed to estimate these parameters. The North
Carolina Marine Fisheries Commission (NCMFC) and Red Drum Advisory
Committee will use this assessment to update the North Carolina Red Drum
FMP.

Commercial Fishery Description

A directed commercial red drum fishery does not currently exist in North
Carolina and historically red drum have made up only a small portion of North
Carolina’s total commercial landings. However, North Carolina’s red drum
landings are highest for all states along the Atlantic coast (Table 1). From 1999
to 2005, 96% of all red drum harvested commercially were landed in North
Carolina. From 1972 to 2005, commercial landings of red drum in North Carolina
fluctuated annually, averaging 161,433 pounds (lb) and ranging from 19,637 Ib in
1977 to 372,942 Ib in 1999 (Figure 1).

Red drum have been commercially harvested over the years using a
variety of commercial gears, with Outer Banks fishermen occasionally targeting
large red drum in Pamlico Sound (SAFMC 1990). Throughout the 1970’s long
haul seines and common haul seines were generally the most productive gears,
while gill nets, pound nets and trawls were also commonly used (Mercer 1984).
Since the 1980’s, gill nets have become the dominant gear. In the years leading
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up to the implementation of daily trip limits in 1999, nearly one-half of the total
annual commercial harvest of red drum was harvested by a small number of trips
with high landings. From 1994 to 1998, nearly half of all red drum landed
(48.5%) was taken by only 1.1% of the total number of trips that harvested red
drum. During this time, runaround gill nets became a significant contributor to
the red drum commercial harvest (Figure 2). The runaround gill net and long haul
seine fisheries typically had the largest individual red drum landings per
individual trip during this time because of their effectiveness in encircling large
schools of red drum. Pamlico Sound had the highest annual red drum landings
in the state (Table 2). Much of the harvest and the largest individual catches
occurred from Oregon Inlet to Ocracoke Inlet. Although there were a few
exceptional long haul seine catches of up to 10,000 Ib, a typical catch for a
runaround gill net ranged from 100 to 1,000 Ib per trip. Now that regulations
prohibit a directed fishery, red drum are most commonly encountered as bycatch
in the southern flounder estuarine gill net fishery but are also still common
bycatch in many of the gears in which they were traditionally captured.

With the changes in regulations over the years, the size structure of the
commercial harvest has also shifted towards larger fish (Figure 3). During the
initial management period of 1987 to 1991 most red drum harvested were ~14 in
total length (TL) and age-1. In 1992, when the size restrictions changed (18 — 27
in TL), the modal length for red drum harvested shifted to 19 in TL and age-2. As
a result of decreasing the available sizes that can be retained within the slot limit,
landings are now primarily from a single year class of fish and dependent on year
class strength. While the regulatory changes in 1999 removed the ability to
retain one fish over 27 in, the reductions in harvest resulting from the daily trip
limit did correspond with a shift in the modal length of harvested fish from 19 in
TL to 23 in TL. In addition, fish at the upper end of the slot limit that were once
rare in the landings are now commonly encountered.

Recreational Fishery Description

North Carolina accounts for most of the recreational landings in the
northern region (Table 3 and Table 4). Landings in Virginia can be substantial for
some years. Landings are minor North of Virginia. Angling methods used to
catch red drum include conventional, spinning, and fly tackle; using live, dead,
and artificial bait. Red drum are targeted by recreational anglers year-round
throughout the sounds, rivers and beaches of North Carolina. Red drum are
consistently reported as one of the top target species by shore-based
recreational anglers, and were the number one or two target species in 1993,
1995, 1996 and every year from 1999 to 2003.

Recreational fishermen must adhere to the same slot limit (18 — 27 in TL)
as commercial fishermen and are allowed to harvest one fish per person per day.
Similar to the commercial fishery, recreational landings vary annually in response
to changes in year-class abundance. For example, landings increased from
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38,286 Ib in 1997 to 591,435 Ib in 1998 (Table 3). When there was a five fish
creel limit, recreational landings averaged 286,548 |b and accounted for
approximately 60% of the total red drum harvested in North Carolina from 1992
to 1998. After the creel limit was reduced to one fish per day, annual landings
dropped to an average of 204,628 Ib from 1999 to 2005 and accounted for
approximately 56% of all red drum harvested.

Undersized red drum accounted for 19% of the recreational harvest from
1994 to 1998, with a range of 1% in 1998 to 35% in 1997. Undersized red drum
only accounted for 3.4% of the harvest from 1999 to 2005, with a range of 0% in
2003 and 2005 to 5.5% in 1999. Prior to the prohibition of red drum greater than
27 in TL in 1999, North Carolina offered award citations for red drum captured
weighing 45 |b or greater. A citation could also be received for the release of a
captured red drum greater than 40 in TL. All award citations issued since 1999
are for releases only. Trends in the NCDMF citation data show an increasing
trend in the percentage of citations that were awarded for releases prior to 1999,
indicating an increasing tendency by anglers to practice catch and release ethics
(Table 5). In addition, release citations increased substantially in 1999 and
appear to be trending upward. While this appears encouraging, it is difficult to
ascertain if this is due to increases in availability of large fish, increases in fishing
effort or due to increased popularity of the citation program.

General Life History

Red drum is an estuarine-dependent species, common along the Atlantic
coast over a wide range of habitats from Chesapeake Bay to Key West, Florida.
Historically, red drum have ranged as far north as Massachusetts and there was
a moderate commercial fishery off the New Jersey coast in the 1930’s (Lux and
Mahoney 1969, Mercer 1984). There are few landings reported from areas north
of Chesapeake Bay since the 1950’s, suggesting a decline in red drum
distribution along the Atlantic coast.

Red drum spawning has been observed occurring at night in high salinity
areas in or around the major estuarine passes and inlets (Pearson 1929,
Johnson 1978). Evidence now suggests that substantial spawning activity may
take place inside the estuaries. Red drum have been collected in spawning
condition inside Hatteras and Ocracoke Inlets and near the mouths of bays and
rivers on the western side of the Pamlico Sound (Ross et al. 1995). More recent
work used passive acoustic techniques to document suspected spawning
activity. Using the drumming sounds produced by males during courtship,
Luzkovich et al. (1999) documented spawning activity along Ocracoke Inlet and
in the mouth of the Bay River in western Pamlico Sound. Barrios (2004) further
documented spawning red drum with this technique in western Pamlico Sound
near the mouth of the Neuse River.

Subsequent to spawning, larvae are distributed throughout the estuary by
wind and tidal currents. The maijority of larvae will settle out in shallow, low
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salinity areas with abundant food supplies. These habitats include coastal
creeks, protected bays with sandy or mud bottoms, and grass beds (Mercer
1984, Daniel 1988, Wenner et al. 1990, Ross et al. 1992). Juvenile distribution in
the estuary varies seasonally as the fish grow and disperse. In North Carolina,
juvenile red drum are found year-round over a wide range of salinity and habitats,
although they generally prefer the shallow shorelines of various bays and rivers
and the shallow grass flats behind barrier islands (Ross and Stevens 1992). Red
drum grow rapidly during the first few years and most will reach the legal size
limit of 18 in TL by 20 months of age. Most red drum have grown beyond the
current maximum size limit of 27 in TL before they reach age-3. The earliest
mature females occur at age-3 and all are mature at age-4 (30-35 in TL). Males
mature sooner with 100% maturity occurring by age-3 around 27-32 in TL (Ross
et al. 1995).

Movement and migration of red drum in North Carolina and along the
Atlantic coast have been documented using tagging studies. Studies in North
Carolina and South Carolina indicate high site fidelity. For subadult and adult red
drum tagged in North Carolina estuaries, 99% of the red drum tag recaptures
occur in North Carolina coastal waters (Ross and Stevens 1992, Marks and
DiDomenico 1996). South Carolina tagged fish were mainly caught within nine
nautical miles of their release site (ASMFC 2002). Less than 5% of subadult
recaptures occurred outside of South Carolina coastal waters and no adults were
recovered outside coastal waters (ASMFC 2002). Further north, large red drum
schools have been reported to move from Virginia south along the beaches of
the Outer Banks during the fall as water temperatures decline. These schools
then return north in the spring (Mercer 1984). Tagging data provides evidence
for separate stocks that should be considered as separate management units.
Therefore, beginning with the 1995 assessment, red drum have been assessed
as northern and southern stocks, with the stock split occurring at the North
Carolina/South Carolina border (Vaughan 1996, Vaughan and Carmichael 2000).

Regulations and Management History

When assessing the northern stock of red drum the assessment results
can easily be segregated into three distinct management periods which will be
referred to throughout this document: early (1986-1991), mid (1992-1998), and
late (1999-2005). A regulatory summary for each period is summarized in Table
6.

Red drum regulations in North Carolina began in 1976, with a 14 in TL
minimum size limit and a limit of two fish per day exceeding 32 in TL. In
December of 1987, proclamation authority for the NCDMF director was
established for areas, seasons, quantity, means/methods and size. Management
of red drum at the federal level began in the 1980’s with red drum being
managed by multiple management entities. The first plan was developed by the
ASMFC in 1984, although this plan had no regulatory requirements. The South
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Atlantic Fishery Management Council (SAFMC) FMP was subsequently adopted
in 1990 and closed federal waters to the harvest of red drum. This plan was then
adopted as Amendment 1 to the ASMFC FMP in 1991. The goal of Amendment
1 was to obtain optimum yield from the fishery over time. Optimum yield (OY)
was defined as the amount of harvest that could be taken while maintaining a
30% spawning stock biomass per recruit (SSBPR). This goal however, was not
attainable due to a lack of information on the adult population. This led to a 30%
spawning potential ratio (SPR) being used as a proxy to SSBPR. Because the
SPR at this time was estimated to be 2 to 3%, Amendment 1 recommended that
all states implement harvest controls to attain at least a 10% SPR as a phase-in
approach to rebuilding the stocks. The result was a significant increase in
management of red drum in North Carolina during the 1990’s. In 1990, the
recreational creel limit was set at five fish per day, harvest of red drum over 32 in
TL was limited to one fish per day, and a 300,000 Ib commercial cap was
established. A commercial cap was enacted to prevent North Carolina’s
commercial red drum fishery from expanding beyond historical harvest levels at a
time when other markets (i.e. Florida) were prohibiting the sale of red drum. The
commercial cap was further reduced to 250,000 Ib in 1991 and the size limit was
changed to a slot limit of 18 to 32 in TL with one fish greater than 32 in. All of
these regulations constitute the ‘early’ period as defined above. By 1992, North
Carolina had in place the current 18 to 27 in TL slot limit, a five fish creel limit,
and allowed the harvest of one fish over 27 in TL. The regulations from 1992-
1998 remained unchanged and referred to as the ‘mid’ period in this report.

In 1998 the SAFMC adopted new definitions of overfishing and OY for red
drum, setting the levels at 30% SPR and 40% SPR, respectively. Later in 1998,
North Carolina, through the development of a state FMP, implemented
management measures designed to eliminate overfishing and achieve OY. As a
result, the recreational bag limit was reduced to one fish per day and a 100 Ib
daily commercial trip limit (set at the Director’s discretion) was imposed, while the
previous 250,000 Ib commercial cap remained in place. Harvest of any fish
outside of the slot was prohibited. After exceeding the commercial cap in 1999
and 2000, a commercial trip limit of seven fish per day was established in 2001.
In addition to the daily commercial trip limit, targeting of red drum was prohibited
by requiring that the total weight of red drum make up no more than 50% of the
total marketable catch (excluding menhaden) for each trip. The North Carolina
FMP with these regulatory changes was approved by the NCMFC in 2001.
Amendment 2 of the ASMFC FMP was adopted in 2002 and required that all
states implement management measures necessary to obtain a 40% SPR. As a
result of the North Carolina Red Drum FMP of 2001, no additional management
measures were required by North Carolina. With the exception of changing the
trip limit in the commercial fishery, regulations in North Carolina have remained
unchanged since 1999 and comprise the ‘late’ period. This assessment will
determine if the management action taken in the ‘late’ period was adequate to
obtain OY as defined in the NCFMP and Amendment 2 to the ASMFC FMP.
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Virginia’s regulatory history is similar to North Carolina’s regulations. In
1986, a 14 in TL minimum size limit was established with a possession limit of no
more than two fish greater than 32 in TL. In late 1992, the slot limit was
established at 18 - 27 in TL with a five fish bag limit, allowing only one fish
greater than 27 in TL to be harvested. In 2003, the slot limit was changed to 18 -
26 in TL with a three fish bag limit and no allowance for red drum harvest outside
of the slot limit. Virginia’'s regulations apply to both commercial and recreational
fisheries.

Previous Assessment Results

Atlantic red drum have been previously assessed on five occasions, with
the most recent coastwide assessment occurring in 2000. The first assessment
was conducted using catch curve analysis and VPA. The best estimates
indicated that SPR and escapement (relative survival from age at entry into
fishery to age four) were low (Vaughan and Helser 1990). All of the estimates
were well below the SAFMC threshold of 30% SPR. Assessment updates
occurred in 1992 and 1993. For assessment purposes, the stock was split into
northern (North Carolina and north) and southern (South Carolina, Georgia, and
the east coast of Florida) regions beginning in 1995. Estimates of escapement
from 1992 to 1994 for the northern region were 10.4%, which was an increase
from the estimate of 0.6% for the early period (Vaughan 1996). The SPR
estimate increased from 0.2% for the early period to 9.0% in the 1992-1994
period, putting it just below the 10% SPR level for first phase recovery. Results
of the 2000 stock assessment used data through 1998 and indicated that
escapement had improved for the entire period of 1992 to 1998 to around 18%
(Vaughan and Carmichael 2000). This estimate however, falls short of the 30%
overfishing definition. This assessment is intended to evaluate the effectiveness
of the most recent regulatory changes in improving the red drum stocks. This
iteration of the red drum stock assessment was conducted as part of the North
Carolina Red Drum FMP update. The next coastwide assessment is scheduled
for 2009 by the ASMFC.

Assessment Data

Commercial

North Carolina commercial landings data have been collected through the
North Carolina Trip Ticket Program (NCTTP) since 1994. Between 1978 and
1993, landings information was gathered through the National Marine Fisheries
Service (NMFS)/North Carolina Cooperative Statistics program. Reporting was
voluntary during this period, with North Carolina and NMFS port agents sampling
the state’s major dealers (Lupton and Phalen 1996). Since 1994, commercial
landings reporting has been mandatory. For further information on the sampling
methodology for the NCTTP, see Lupton and Phalen (1996). Virginia has also
had mandatory commercial reporting since 1993. Like North Carolina, Virginia’'s
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landings information prior to 1993 was collected on a voluntary basis through a
cooperative program with the NMFS.

Commercial length frequency data were obtained by the NCDMF
commercial dependent sampling program. Red drum lengths were collected at
local fish houses by gear, market grade (not typical for red drum) and area
fished. Individual fish were measured (mm, FL) and total weight (0.1 kg) of all
fish measured in aggregate was obtained. Subsequent to sampling a portion of
the catch, the total weight of the catch by species and market grade was
obtained for each trip, either by using the trip ticket weights or some other
reliable estimate. Length frequencies obtained from a sample were then
expanded to the total catch using the total weights from the trip ticket. All
expanded catches were then combined to describe a given commercial gear for
a specified time period. Sample sizes obtained for Virginia commercial length
frequencies were inadequate to describe the length distribution of red drum taken
by gear type and year. As a result, North Carolina length frequency distributions
from the same or similar gears were used to describe Virginia’s commercial
harvest (Table 7). Commercial length sampling intensity was determined by
number of fish sampled per thousand pounds of catch for four major gears: gill
nets, long haul seines, pound nets and winter trawls (Table 8). A rough
reference for sampling adequacy used in the 2000 assessment was a minimum
of 100 fish sampled per 200 metric tons. This converts to the current standard of
greater than 0.23 fish sampled per 1,000 Ib. By this standard, the major gears of
gill net, long haul seine, and pounds nets were sampled adequately during the
late time period. It is important to note that the nature of this fishery (small
landings, large variability) likely requires larger sampling proportions. Gill nets
and long haul seines had previously been determined to be adequately sampled
for all years but 1986 and gill nets in 1987 and 1988 (Vaughan and Carmichael
2000). Commercial samples were taken throughout the year and from all areas
where red drum are landed. Combined, gill nets, long haul seines and pound
nets made up over 98% of all commercial landings for the northern region for the
period of 1999-2005. Of these, qill net landings dominated, accounting for
between 88% and 94% of all commercial harvest annually.

Recreational

The Marine Recreational Fishery Statistics Survey (MRFSS) collected the
recreational landings data. The survey has two parts: a coastal county
household telephone survey and an angler intercept survey at access sites. The
survey data were combined to estimate numbers of fish caught, released, and
harvested, harvest biomass, total trips and numbers of people fishing
recreationally. Beginning in 1987, North Carolina has supplemented the MRFSS
sampling targets for the state, increasing the sample size by nearly six times.
The supplemental sampling has greatly improved catch estimate precision.
Proportional standard error (PSE) is used to examine the precision of MRFSS
estimates. For further information on MRFSS and the recreational sampling
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methodology see
http://www.st.nmfs.gov/st1/recreational/pubs/data_users/index.html.

Trip effort estimates for 1986-2005 were generated using programs
developed by Holiman (1996). Trips where red drum were identified as a species
of interest were defined as target trips. Both successful and unsuccessful trips
were included. From this data set, two indices were generated including a catch-
per-unit effort index that used targeted trips and corresponding catch data and a
probability of success index that used the proportion of successful targeted trips
to the total number of targeted trips (Figure 4).

Ageing

Red drum sagittal otoliths were collected from the commercial and
recreational fishery, with supplemental samples collected from fishery
independent surveys. Age samples were collected monthly with sampling targets
set for specified length bins. When possible, fork and total length to the nearest
millimeter, weight to the nearest 0.1 kg, date, gear and water location were
recorded for each sample. Otoliths (sagittae) were excised from all fish and
stored dry. Dorso-ventral sections of the left sagitta were made through the core
to the nucleus perpendicular to the anterior-posterior plane with a Hillquist thin-
sectioning machine as described by Cowan et al. (1995). Sections were
mounted on slides with ultra-violet curing glue. All sections were read from a
high resolution monitor coupled to a video camera mounted on a microscope.
Otolith sections were read independently by two readers. Age determination for
red drum was based on the presence of annuli but had to be adjusted because
the first annulus is not formed until 19-21 months after the hatching date.
Validation of this technique is presented in Ross and Stevens (1992). Age-
length data for this updated assessment were provided by the NCDMF (2,917
fish from 1999-2005) and Old Dominion University (via Virginia Marine
Resources Commission (VMRC); 289 fish from 1999-2005). Old Dominion
University has been ageing red drum since 1998 from Virginia catches. Samples
from North Carolina and Virginia were combined to generate age-length keys for
the red drum catch-at-age.

Fishery Independent Data

North Carolina Seine Survey

A juvenile abundance index (JAI) was developed using data from the
NCDMF red drum beach seine survey. The program was established to
determine a red drum JAI and to evaluate habitat requirements for juvenile red
drum. The survey was first conducted in 1987 as a pilot study. Through 1990,
between 20 and 24 stations were randomly selected for sampling. Since 1991,
set stations in internal waters have been sampled twice monthly from September
to November. Seining is conducted using a bag seine measuring 18 m (60 ft) by
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1.8 m (6 ft) with 6.4 mm (1/4 in) bar mesh in the body and 3.2 mm (1/8 in) bar
mesh in the bag. A standard tow has one net end at the water's edge while the
other end is pulled perpendicular to the shore. The end in the water is pulled a
quarter sweep in the direction of tide or flow, and then fished to shore. The
CPUE was defined as the average number of juvenile red drum captured per
tow.

The assessment included the time period from 1991 to 2005, excluding
only 1996 because of known environmental causes that decreased availability of
fish (Figure 5). The trends prior to 1999 were highly variable. It appears that
juvenile abundance was generally low from 1999 to 2001. Since 2001, the JAI
has steadily increased to present.

Pamlico Sound Independent Gill Net Survey (IGNS)

Age-1 and age-2 indices were calculated using data from the Pamlico
Sound independent gill net survey. The program began in 2001 with four
objectives: to calculate annual abundance indices for key species in Pamlico
Sound (including red drum), to provide supplemental samples for age, growth,
and reproduction studies, to evaluate catch rates and species distribution in
relation to bycatch, and to characterize habitat utilization. The survey used a
stratified-random survey design with depth (greater or less than 6 ft) and region
as strata. Regions were overlaid with a one-minute by one-minute grid system,
with sampling sites selected randomly using PROC PLAN in SAS (SAS 2006).
Each grid selected was sampled with a net array of 30-yard segments of 3, 3 %,
4,4%,5,5%,6, and 6 Y2 in stretch mesh webbing for 240 total yd of gill net
fished in each regional deep and shallow strata. For each month, random
samples were obtained from 16 shallow and 16 deep water sites. Gear was
deployed within an hour of sunset and soaked for approximately 12 hours before
retrieval. The sampling season occurred from February 15 to December 15
annually. The CPUE was defined as the number of red drum captured at age per
sample.

The short time period limits the ability to determine trends for the age-1
and age-2 indices independently, although they appear highly variable from year
to year (Figure 6). There are indications that the IGNS can follow cohorts as they
progress through time. An example is the large age-1 value in 2002, which does
appear as a high value in the age-2 index in 2003. The 2003 age-1 value is low,
which corresponds with a low age-2 index value in 2004.

Life History Parameters

Natural Mortality

The natural mortality (M) rates previously used by Vaughan and
Carmichael (2000) for the northern region were 0.20 for subadults (ages 1-5) and
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0.12 for adults (ages 6 and older) and were based on a size at age relationship
(Boudreau and Dickie 1989). These values are used in this assessment.

Age and Growth

Age and growth data were used both to estimate the von Bertalanffy-type
growth equations and to develop annual age-length keys for converting catch at
length data to catch at age. In order for the for the results to be based on a
calendar year it was necessary to adjust the ages so that the age assigned to an
individual red drum would coincide with a calendar year. Because September 1
is the theoretical birthdate for red drum in the northern region, all ages were
adjusted so an age-1 fish (based on a January-December calendar year) would
range in actual age from 5 to 16 months (Vaughan and Carmichael 2000). All
age-length keys were annual and used two-inch length bins with bin designation
using the midpoint (Table 9).

Previous red drum assessments have fitted growth data to both standard
and linear versions of the von Bertalanffy (1938) growth equations (Vaughan
1996; Vaughan and Carmichael 2000). The linear von Bertalanffy equation
assumes that L. is a linear function of age rather than a constant, which is the
assumption in the standard von Bertalanffy equation. The equations were fitted
using the PROC NLIN function in SAS (SAS 2006). The preferred parameters
for the previous assessment were estimated from the linear growth equation as
opposed to the standard equation. The linear growth equation includes an extra
parameter that is significantly different from zero. The linear model is capable of
better fitting the higher growth rates at earlier ages and the slower growth rates
at later ages. For this assessment linear and standard von Bertalanffy parameter
estimates are shown in Table 10 and equations can be found in Appendix 2.

Maturity at Age

The maturity schedule used in this assessment is based on Ross et al.
(1995) and is consistent with that used in the previous update. The maturity
schedule was used to determine the percent SPR and used only the female
maturity schedule. The maturity schedule at age was as follows: age-2 was 0.01,
age-3 was 0.58, age-4 was 0.99, and age-5 was 1.00. All fish collected during
the maturity study were collected between September 1 and the end of the
calendar year and for this reason no adjustments were necessary to align the
adjusted calendar based ages with the age at maturity data.

Catch at Age Matrices

Annual catch-at-age (CAA) matrices were calculated for the period from
1999 to 2005 and followed the assumptions used by Vaughan and Carmichael
(2000). The period from 1986 to 1998 used the existing CAA calculated for the
2000 assessment. For the current period, a CAA matrix was generated for four
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major commercial gears including gill nets, long haul seines, pound nets and
winter trawl. The remaining commercial gears were not sampled and accounted
for less than 1% of the annual commercial harvest in any year. These gears
were combined with gill nets in the CAA workup. The recreational CAA matrices
were generated based on information derived from MRFSS. The age-length
keys used to in calculating the CAA are based on 12-month periods rather than
6-month periods.

Five different CAA matrices were calculated for different assumptions
about the length frequency distribution of the recreational releases (Tables 11-
13). The first, BASEOQ, assumed that there was no recreational discard mortality.
The BASE1 matrix assumed 10% discard mortality and that the length frequency
distribution was the same as the observed recreational harvest length frequency.
The DELTA matrix assumed a 10% discard mortality rate and assumed that the
length frequency distribution equaled the positive difference between the
observed recreational harvest length frequencies of the early period (1986-1991)
and the late period (1999-2005). The PROP catch matrix assumed a 10%
discard mortality rate and used a weighted average of the MRFSS length
frequencies from the BASE1 and DELTA catch matrices. The weights were 40%
BASE1 and 60% DELTA, based on the 40% reduction that was required by
Amendment 2. The last, TAGGING matrix, assumed a 10% discard mortality
rate and based the length frequency distribution on the estimated selectivity at
length for the B2 catch from an analysis of the North Carolina tagging data
described below (Figure 7).

Length-based selectivity patterns were estimated for recreationally
released red drum using NCDMF mark-recapture data (Burdick et al. 2006). The
differences in selectivity were examined by time periods established for fisheries
regulation changes. The selectivity of discards (fish released alive) and
harvested fish could be estimated separately for recreational tag returns.
Selectivity patterns were estimated using a generalized linear model that fitted an
expected tag return rate using the rate of tag recovery by gear (Myers and
Hoenig 1997). In this method, length-based selectivity of red drum for
recreationally released fish is estimated by fitting a model for the expected tag
return rate of tagged fish through multiplying four factors: the number of fish
tagged by tag type and length bin, the tag recovery rate for recreationally
released fish and tag type, the exploitation rate by gear type and tag type, and
the selectivity of gear type in each length bin, with the equation in Appendix 2.
The tag recovery rate is the product of the proportion of fish that survive tagging,
the proportion of tags that are not lost (shed), and the proportion of recovered
tags that are reported. This method assumes that tag loss, tagging mortality, M,
and tag reporting are independent of length and age for recapture. It also
assumes exploitation and recovery did not change and that fish did not grow out
of their assigned length bin before recapture. For length-based analysis, the
maximum allowed time at-large and length bin designations were adjusted to
achieve the optimum combination given available data. If fish grew out of
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assigned length bins before recapture, the resultant selectivity curves could be
biased and the optimal combination was 100-mm length bins and 90-day time
periods (Burdick et al. 2006). The GENMOD procedure in SAS was use to
perform the analysis (SAS 2006) and data were log transformed with an
assumed binomial error distribution. The GENMOD procedure was modified to
scale to the length bin with the maximum selectivity.

Commercial discard estimates were not available for this assessment and
have not been available for previous assessments. Research is currently being
conducted to determine commercial discard estimates for the 2009 coastwide
assessment.

Methods

Separable Virtual Population Analysis (SVPA)

Previous red drum assessments used SVPA to estimate fishing mortality
(F) and population numbers. For this assessment, an SVPA was employed
solely to estimate the terminal year selectivity vectors for the FADAPT analyses.
For the SVPA, catch-at-age data (ages 1-5 and years 1986-2005) were divided
into the three previously defined management time periods. The catch-at-ages
were analyzed separately for each management period and B2 calculation.

The SVPA computer program requires specification of a fully recruited
reference age and relative selectivity for a second age (Clay 1990). Typically,
the selectivities of the first fully recruited age and the oldest age are equal; within
the model both would be equal to 1.0. This is not appropriate for this
assessment because of the decreased availability of older fish from harvest. In
the previous assessment, as well as this assessment, the age at full recruitment
was age-2 and the second age to be determined was age-3. How this selectivity
was determined varies by time period. For the early period, selectivity for age-2
and age-3 was considered equal. The selectivity of age-3 fish during the mid
period was initially estimated to be 0.43. This estimation was based on an
investigation of the size distribution of age-3 fish relative to age-2 fish that fell
within the 18 to 27 in TL slot limit for the northern region. This value was
considered inappropriate because the selectivity of 0.43 assumes no harvest of
red drum outside the slot limit and during the mid period harvest of one red drum
greater than 27 in TL was allowed. As a result an age-3 selectivity assumption of
0.7 was used in the 2000 stock assessment. This assumption is no longer
appropriate for the late period, as fish can no longer be harvested above the slot
limit.

For the late period, two selectivities were initially investigated. Because
the slot limit remained unchanged from the mid to late periods and harvest of red
drum greater than 27 in TL was prohibited, the 0.43 selectivity estimated for age-
3 red drum during the last assessment was considered for this assessment. A
second selectivity was estimated for age-3 red drum based on tag return
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analyses conducted on the NCDMF tagging data for red drum (Nathan Bacheler,
NCSU, unpublished data). A total of 22 years of tagging data from the NCDMF
were used to assess the effect of two previous regulation changes, occurring in
1991 and 1998, on F and selectivity patterns of red drum in North Carolina. The
model chosen was an age-dependent tag return model (Brownie et al. 1985;
Hoenig et al. 1998a; Hoenig et al. 1998b) that accounted for both harvest and
catch-and-release fishing by separating mortality of the tags (where the fish are
released alive but the tags are removed and reported) from mortality experienced
by the fish (Jiang et al. 2006). This model was very similar to the Jiang et al.
(2006) model, but age-dependent M values were input, and the model estimated
the tag reporting rate. Related equations can be found in Appendix 2. Tag
retention of less than 100% was accounted for the two different tag types. Red
drum were placed into four age groupings (age-1, age-2, age-3, and age-4+) at
tagging based on a 6-month age-length key provided by NCDMF, which provided
very good separation of length groupings. Hooking mortality was accounted for
using Jiang et al.’s (2006) method of adjusting F upwards given a previously
reported hooking mortality rate for red drum (10%; Jordan 1990) and an estimate
of F’, the tag mortality defined above. Burdick et al.’s (2006) estimate of annual
tag retention of dart tags (0.74) was used based on double tagging analyses and
annual tag retention of internal anchor tags (0.91). Age-dependent natural
mortality rates (0.30 for age-1, 0.22 for age-2, 0.16 for age-3, and 0.10 for age-4+
fish) were fixed based on a life history estimator that related M to body size
(Boudreau and Dickie 1989). The selectivity was allowed to vary by age and
regulation period in our model, and model parameters were estimated using
maximum likelihood estimators. Fish recovered within 7 days of tagging were
excluded to allow time for mixing to occur. Assumptions were: (1) no deaths
occurred from the tagging process, (2) tagged fish are independent, (3) equal
reporting rates whether harvested or released, (4) no ageing errors, (5) selectivity
of harvested and caught-and-released fish are equal, and (6) 7 days was enough
time to allowed fish to mix adequately. Overall, the model produced robust
estimates of age- and regulation period-specific selectivity that were usable in the
North Carolina red drum stock assessment. The age-3 specific selectivity
produced by this model for the late period was 0.48.

Spreadsheet Model

A forward projecting catch-age analysis was performed using Microsoft
Excel and iteratively solved using the Solver function to produce estimates of F
(Carmichael et al. 1999). This formulation allows for the inclusion of auxiliary
information. The data included in this model were the catch-at-age matrix for
1986-2005, the JAI for the NCDMF from 1991 to 2005, which was used to tune
recruitment estimates, and two MRFSS target indices, a CPUE and a probability
of success, which was used to tune total annual abundance from 1987 to 2005.
A second data configuration added the Pamlico Sound IGNS CPUE that was
used to tune ages 1 and 2 from 2001 to 2005. Three selectivity periods were
used to correspond to regulatory changes in the fishery. Each model run was

13



SEDAR 18-RD42

Appendix 3

restarted from several points to determine if the model had reached a global
solution and uses a lognormal error structure. Basic equations can be found in
Appendix 2.

FADAPT VPA

The FADAPT program is a modification of Gavaris (1988) by Restrepo
(1996) and was the preferred assessment model from the 2000 assessment.
This program does not assume separability and does allow for tuning by
abundance indices at age. The model requires that a terminal year selectivity be
input, which was determined by the SVPA runs (Table 14). Basic equations can
be found in Appendix 2.

Data inputs include the catch-at-age matrix from 1986 to 2005, the
NCDMF JAI from 1991 to 2005 and two MRFSS indices: a target CPUE from
1987 to 2005; and a probability of targeted trip successes from 1987 to 2005.
This configuration was an update of the 2000 assessment. Additional runs were
made including the Pamlico Sound IGNS CPUE for ages 1 and 2.

Escapement and SPR

The spawning stock biomass (SSB) for red drum cannot be directly
estimated because data on adult fish are lacking. Overfishing thresholds and
targets are determined through percent escapement and spawning potential ratio
(SPR). The SPR benchmarks set by the ASMFC Amendment 2 were a 30%
SPR threshold and a 40% SPR target. Escapement is determined as the
percentage of fish recruiting to the adult population at age-4.

SPR is calculated using the %Maximum Spawning Potential (%MSP)
method from Gabriel et al. (1989). Additional data required to calculate static
SPR are a female maturity schedule and the growth estimates from the von
Bertalanffy equation. Both escapement and SPR use the average F at age for
each time period, recreational B2 discard assumption, and selectivity
assumption. Basic equations can be found in Appendix 2.

Model Assumptions

The VPA models assume that the catch is aged without error. The
forward projecting spreadsheet model does not have that assumption. Both the
spreadsheet and FADAPT models tune to the catch-at-age matrix and the
incorporated indices. Indices are assumed to reflect the actual population
abundance and influences on abundance measurements (i.e. regulation changes
in a dependent index) must be kept in mind when including the indices and
analyzing the results. VPA models tend to exhibit some degree of retrospective
bias, where the estimates are initially either over or underestimated. As the
terminal year is replaced by subsequent terminal years, the estimates converge
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to a ‘true’ value. Concern about retrospective bias has resulted in the previous
assessments omitting the terminal year estimates from the average F at age
results, which was continued for this assessment. A limited retrospective
analysis was also conducted to determine the extent and possible effects of the
bias.

Data Limitations

Data limitations impact the assessment. There are no commercial
discards included in the catch estimates. Available data are inadequate to
estimate commercial discard levels. Therefore it is likely that model results are
optimistic, though to what extent is unknown. The length characteristics of the
B2 catch were estimated, as the MRFSS does not sample the fish that are
caught and released. The MRFSS sampling can be limited in particular areas. A
particular deficiency is the absence of intercepts for fisheries prosecuted at night.
There is a notable catch-and-release fishery for over the slot limit red drum that
occurs at night, though no extra red drum lengths would be observed, as fish
greater than 27 in should be released. The adult spawning population cannot be
estimated, therefore SSB is unknown and condition of the adult stock is inferred
through the escapement estimates. There is also limited independent data on
relative abundance of exploited ages (1-5).

Preferred Runs

The model configurations differed due to various assumptions and the
inclusion or exclusion of various indices. The major assumptions were for
selectivity and the assumed length frequencies of recreational discards. The red
drum PDT met and determined the preferred runs that would be considered for
the stock status determination. The decision was made to include runs with
selectivity vectors of 0.48 for the late period. Sensitivity runs using the 0.43
selectivity vectors were conducted and are detailed in Appendix 1. These runs
do indicate that lower selectivity vectors result in lower F estimates and higher
estimates of escapement and SPR and that the FADAPT model is more sensitive
to different selectivity vectors. While there are differences, 0.48 was selected as
the appropriate value because it was estimated quantitatively through the tagging
data and is more conservative than 0.43. The mid period used runs with a
selectivity vector of 0.7, which was used in the previous assessment to determine
stock status. The second major decision was selecting a preferred method to
estimate the size distribution of recreational discards. A decision was made to
solely use the TAGGING catch matrix in the late period as the preferred run. The
PDT selected the TAGGING catch matrix because the results are based on
analysis of observed recreational releases from the red drum fishery. In addition,
because the data are based on observed lengths, the TAGGING matrix includes
fish lengths not typically obtained by the MRFSS (the large fish released above
slot limit fish during a predominantly night time fishery). The remaining other
model runs for the late period using the various B2 discard assumptions can be
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found in Appendix 1. The mid period used the DELTA assumption for the
preferred run for both this and the previous assessments.

Results
Fishing Mortality (F)
FADAPT VPA

The inclusion or exclusion of the IGNS showed little difference in the
estimated F. Estimates of F for the late period ranged from 0.50 to 0.49 at age-2
for the TAGGING run (Table 15). Estimates of F at age-3 ranged from 0.24 to
0.23 and decreased dramatically for ages 4 and 5. The late period F vectors
were lower than the mid period F Delta vectors.

Spreadsheet Model

When compared to the FADAPT results, the spreadsheet model had
slightly greater variability in estimated F. Estimates of F for the late period were
higher in the spreadsheet VPA than were exhibited by the FADAPT estimates.
The TAGGING F ranged between 0.66 and 0.63 at age-2 (Table 16). Age-3
estimated F ranged from 0.32 to 0.30 then decreased dramatically at ages 4 and
5.

Escapement and SPR
FADAPT VPA

The escapement estimates for the TAGGING configurations ranged from
40.6% to 41.0% and the static SPR estimates were 40.4% to 40.8% (Table 15).
All of the TAGGING configurations were just above the 40% static SPR target.
Runs that included the IGNS indices were slightly lower than those runs that
were strict updates of the 2000 assessment.

Spreadsheet Model

The escapement estimates for the TAGGING configurations were 32.8%
and the static SPR estimates were 32.3% (Table 16). All the TAGGING
configurations were above the 30% static SPR threshold and below the 40%
static SPR target. Runs that included the IGNS indices were identical to those
runs that were strict updates of the 2000 assessment.

Model Fit and Configuration

The residual sum of squares (RSS) was examined to determine the
goodness of fit. The FADAPT runs including the IGNS indices fit slightly better
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than those that were strict updates of the 2000 assessment. When compared to
PROP runs (see Appendix 1), TAGGING runs had consistently smaller RSS,
indicating that TAGGING runs were better fits.

Residual plots for the tuning indices were examined (Figures 8-11).
Plotted values are the difference between the observed survey value and the
survey value predicted from the estimated catchability (q) and abundance. A
‘good’ residual plot shows a random scattering of points with no trends over time.
For TAGGING run, regardless of inclusion or exclusion of the IGNS index, the
MRFSS (CPUE and proportional) indices showed increasing trends through time
for the late period (Figures 8 and 9). This could indicate changes in catchability
over time. The residuals are only slightly different in magnitude between the
IGNS included and excluded runs. For the JAl indices, the scatter of points
appeared to be random (Figure 10). The IGNS indices also appear to be
randomly distributed (Figure 11). For all of these analyses, the time period is
fairly short as they have been constrained to the late period only and long-term
trends cannot be determined.

The spreadsheet analysis goodness of fit was determined using a
minimized sum of squares error for the catch and indices. The strict updates of
the 2000 assessment had lower values than did those runs with the IGNS index
included. Generally, the MRFSS CPUE and probability index estimates fit fairly
well with a few notable departures in 1990, 1998, and 2002 (Figure 12). While
the JAI estimates prior to 1996 were consistently over estimates and the IGNS
index fit fairly well, except for 2002, which was much higher than the population
estimate (Figure 13). Between IGNS included and excluded runs, predicted
values were quite similar (Figure 14).

FADAPT Retrospective Analysis

A retrospective analysis was conducted to examine the uncertainty in the
data for the assessment and the performance of the model configuration. The
preferred runs did exhibit some degree of retrospective pattern. However, while
the direction was relatively consistent, the magnitude and the duration did not
exhibit clear consistency. Generally, F is overestimated and, as time passes, the
estimates decrease (Figures 15 and 16). This is particularly true in 2002. The F
overestimation in the 2002 terminal year was the highest of any years examined
in the retrospective analysis. Typically, the bias is resolved within two to four
years. The convergence is not perfect and there are some years in some
configurations (2005 in the TAGGING configuration) that remain lower
throughout the converged time series (Figures 15 and 16). The variation
between runs was largely without pattern, except that 2002 consistently had the
highest F values at ages two and three.
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Discussion

The current red drum assessment indicates that F has decreased and
escapement and static SPR have increased for the red drum northern stocks
during the current (late) management period. The results from the 2000 stock
assessment indicated that overfishing was occurring; with static SPR values
were well below the threshold SPR. The current model estimates are all above
30% static SPR and, therefore, indicate that overfishing is not occurring. In
general, it appears that the condition of the northern red drum stock has
improved and that the more restrictive management measures implemented
during the late period have aided in that improvement.

Results for both models, including and excluding the IGNS indices, over
the entire assessment time period are summarized below:

Period Model/Run F Escapement SPR
Early FADAPT/BASE1 1.39 1.0 1.1
Spreadsheet/TAGGING IGNS  1.31 2.3 24
Spreadsheet/ TAGGING 1.32 2.2 2.3
Mid FADAPT/DELTA 0.75 18.3 18.7
Spreadsheet/TAGGING IGNS  0.59 30.3 30.4
Spreadsheet/ TAGGING 0.60 30.1 30.3
Late FADAPT/TAGGING IGNS 0.50 40.6 40.4
FADAPT/TAGGING 0.49 41.0 40.8
Spreadsheet/TAGGING IGNS 0.66 32.8 32.3
Spreadsheet/ TAGGING 0.63 32.8 32.3

Assumptions of table runs (above): The B2 assumptions in the early and mid
periods were the same across both models (early used BASE1 and mid used
DELTA). The notation of TAGGING in the early and mid periods denotes the B2
assumption made in the late period only. Highlighted rows in early and mid
periods denote preferred model runs. The early period age-2 to age-3 selectivity
was 1.0 and 1.0. The mid period age-2 to age-3 selectivity was 1.0 to 0.7 and
the late period age-2 to age-3 selectivity was 1.0 to 0.48. The external review
also recommended using the TAGGING as the preferred run.

When compared with the 2000 stock assessment results, the average F
values in the current assessment do not appear to be greatly different than those
in the previous assessment, yet the estimates of SPR were improved (Tables 15-
16). This may be the result of changes in selectivity between the two periods.
During the mid period, the harvest of a single red drum over the slot limit was
allowed. During the late period, possession of red drum over the slot was
prohibited. This prohibition likely decreased F on the older fish and thus would
have resulted in higher SPR estimates. Other possible reasons are the overall
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decrease in harvest, which occurred at basically all ages and may have had a
more considerable cumulative effect.

The spreadsheet model indicated few differences in terms of F,
escapement, and static SPR between the mid and late regulation periods. It
should be noted that during the previous assessment, the red drum TC
considered the results of the spreadsheet model to be optimistic and that may
continue to be true for the period. This was not true of the late period, as both
models gave more similar results with the spreadsheet estimating static SPR
values that were less optimistic than the FADAPT. The mid period has remained
highly divergent between the two models. It may be the result of the significant
change in regulation that occurred between the early and mid periods, as the
FADAPT estimates were determined in discrete periods while the spreadsheet
estimated the entire time period with the selectivity fixed by period. It is not clear
why the differences still exist but the spreadsheet mid period estimates may still
be considered high.

The retrospective analysis indicated that the model configurations or data
exhibit some uncertainty. The 2000 assessment did not include the terminal year
in the average F at age calculation from the FADAPT because of retrospective
bias concerns. The bias tendency is to overestimate F and to converge within
two to four years. Therefore, estimates for the late management period may be
conservative in nature. However, while there appears to be direction in the bias,
it is important to note that the estimates are clearly uncertain in the most recent
years.

The other source of uncertainty is discard characterization for, both the
commercial and recreational fisheries. Commercial discards are not included in
the assessment because reliable estimates are not available. The length
frequencies could be inferred in a similar manner as the DELTA method, but the
magnitude, unlike the B2 estimates, is unknown. While the quantity of loss due to
discards in the gill net fisheries continues to be unknown, the NCDMF has taken
steps to minimize the loss of undersized red drum. In October of 1998, as part of
the North Carolina Red Drum FMP, measures were taken requiring the attendance
of small mesh gill nets (<5” stretch mesh). Gill nets of this mesh size select for red
drum less than 18” TL and are a significant source of the bycatch mortality,
particularly in months when water temperatures are high. Current North Carolina
regulations require the attendance of small mesh gill nets from May 1 through
October 31 in areas known to be critical for juvenile red drum. These include all
primary and secondary nursery areas, areas within 200 yd of any shoreline, and
the extensive area of shallow grass flats located behind the Outer Banks.

Because commercial discard mortalities were not included, the overall fishing
mortality is likely underestimated and the escapement and SPR are likely
overestimated to an unknown degree. Recreational discards are estimated, but
the length and age characterization must be inferred, as it cannot be directly
measured. The red drum PDT believed that the assumed TAGGING discard
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length frequency distributions most accurately reflected the current recreational
fishery releases.

Current and ongoing research using tagging data from North Carolina fish
was explored in this assessment. The age-3 selectivity for the current regulation
period estimated from the tagging model was 0.48, which was similar to 0.43, the
estimate from the length frequency analysis done for the 2000 assessment. The
analysis of the NCDMF tagging data that was incorporated into the TAGGING
run was capable of examining fish that were captured and released for regulatory
reasons. It found that the late regulatory period had the highest estimate of older
fish in the CAA of any of the discard assumptions (Table 13). This may be a
reflection of a catch-and-release fishery that exists for red drum over the slot
limit. The sizes and ages of fish captured in the over the slot limit fishery could
not be captured in MRFSS and therefore could not be appropriately factored into
the CAA. The tagging studies had returns from the over the limit fishery, which
were the basis for the TAGGING CAA.

Research Recommendations

The previous assessment listed the following as the three primary needs
for future assessments: 1) Catch statistics (sampling of at-sea discards in
particular), 2) Length frequency distributions by gear, and 3) age-length keys. Of
these, commercial at-sea discards and discard size frequencies remain data
gaps for this update.

The lack of at-sea commercial discard sampling continues to be a data
limitation in the northern region. The needed data include the amount of fish
discarded, the discard mortality by gear type, and the size distribution of those
discarded fish. The data on recreational discards continue to be limited in terms
of characterizing the fish size distribution. The tagging model estimates may be
a step in the direction of observed size distributions. All the methods for
recreational B2 size distribution continue to be limited because a common size
distribution is used throughout a regulation period. Methods for determining size
distribution on an annual basis should be investigated. Also, as recreational
landings represent the majority of landings coastwide, the MRFSS intercepts
should be increased to accurately characterize this large segment of the total
fishery.

The VPA models that were used for this update can be sensitive to M.
Better estimates of both subadult M and adult M should be investigated. The
model was also demonstrated to be sensitive to changes in the selectivity vector.
Research should continue to determine vectors that most closely represent the
fishery selectivity and the migration pattern of the fish. Maturity at age was last
investigated in 1995 and that data should be updated to reflect the current
population conditions as much as possible.
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The current TAGGING configuration is based analysis of tagging data that
allowed for the combined selectivity of harvest and released fish to be estimated.
Updated tagging models conducted during the completion of the assessment
allow for separate selectivity estimates for harvested and released fish (Bacheler
et al., In progress). Altering the models to accommodate two selectivities based
on the fate of the fish was beyond the scope of this update, but should be
investigated for future assessments.

The previous assessment called for continued standardized sampling of
the subadults. The northern region had a single fishery-independent index at the
time of the last assessment (the North Carolina JAI). Currently, there is also the
North Carolina IGNS, which was included as a tuning index for this assessment.
Though the time series is short (2001-2005), the IGNS index could track the
large 2001 cohort and may be a good indicator of recruitment to the fishery.
Future assessment should thoroughly examine the index for its use in those
assessments.

There is still a need for the monitoring of adult red drum to provide a
fishery-independent spawning stock index. As was discussed in the previous
assessment, applying a VPA to the entire age structure, which would extend
through ages 50 to 55, is functionally impractical. There are currently very few
adult fish age samples and because of the extremely slow adult growth there are
too many ages that could be applied to a given length. However, information on
the adult population abundance, length, and age structure could provide some
indication of the condition of the spawning red drum stock.
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Table 1. Annual commercial landings (Ib) of red drum by state along the mid-
Atlantic coast.

Year RI NY NJ DE MD VA NC SC GA FL* Total
1972 - - - - - 5,900 42,919 1,200 3,400 128,400 181,819
1973 - - - 900 - 6,200 70,264 600 3,700 166,500 248,164
1974 - - - - - 15,700 142,437 2,300 3,100 137,300 300,837
1975 - - - 200 - 19,600 214,236 12,400 10,000 83,300 339,736
1976 - - - - - 18,600 168,259 2,600 7,300 106,000 302,759
1977 - - - 200 - 300 19,637 800 5,000 103,500 129,437
1978 - - - 300 - 2,100 21,774 4,325 328 104,696 133,523
1979 - - - - 100 1,900 126,517 1,767 935 92,684 223,903
1980 - - - - - 400 243,223 4,107 1,493 191,222 440,445
1981 - - - - - 200 93,420 - 261 258,374 352,255
1982 - - - - - 1,700 52,561 2,228 251 139,170 195,910
1983 - - - - 100 41,700 219,871 2,274 1,126 105,164 370,235
1984 - - - - - 2,600 283,020 3,950 1,961 130,885 422,416
1985 - - - - - 1,100 152,676 3,512 3,541 88,929 249,758
1986 - - - - 1,000 5400 249,076 12,429 2,939 77,070 347,914
1987 - - - - - 2,600 249,657 14,689 4,565 42,993 314,504
1988 - - - - 8,100 4,000 220,271 - 3,281 284 235,936
1989 - - - - 1,000 8,200 274,356 165 3,963 - 287,684
1990 - - - - 29 1,481 183,216 - 2,763 - 187,489
1991 - - - - 7,533 24,771 96,045 - 1,637 - 129,986
1992 - - - - 1,087 2,352 128,497 - 1,759 - 133,695
1993 - - - - 55 8,637 238,099 - 2,533 - 249,324
1994 | 5,094 - - - 859 4,080 142,119 - 2141 - 154,293
1995 - 668 - - 6 2,992 248,122 - 2,578 - 254,366
1996 - 8 - - 215 2,073 113,338 - 2,271 - 117,905
1997 43 - - - 22 4,049 52,502 - 1,39 - 58,011
1998 165 57 311 - 336 6,436 294,366 - 672 - 302,343
1999 - 47 241 6 504 12,368 372,942 - 1,115 - 387,223
2000 - 1,215 - - 843 11,457 270,953 - 707 - 285,175
2001 - 58 14 - 727 5318 149,616 - - - 155,733
2002 - 116 - - 1,161 7,752 81,364 - - - 90,393
2003 - 43 - - 631 2,716 90,525 - - - 93,915
2004 - - - - 12 638 54,086 - - - 54,736
2005 - - - - 37 656 128,770 - - - 129,463
Total 5,302 2,212 566 1,606 24,357 235,976 5,488,734 69,346 76,715 1,956,471 7,861,285

*Florida landings are for the East coast of Florida only.
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Table 2. Percentage of commercial landings of red drum in North Carolina by
water area.

Croatan
and Pamlico/ Bogue
Albemarle Atlantic Core Roanoke Pamlico Neuse Sound
Year Sound Ocean Sound Sounds Sound River south Unknown Total
1972 0.70 40.39 20.07 0.23 34.32 404 0.24 - 100
1973 0.24 46.69 31.79 0.31 19.41 1.21 0.35 - 100
1974 0.65 24.87 29.06 5.61 36.57 222 1.02 - 100
1975 6.17 50.97 10.58 254 25.12 423 0.39 - 100
1976 18.22 16.56 3.01 246 3257 2628 0.89 - 100
1977 - 31.84 20.81 0.96 33.13 12.54 0.72 - 100
1978 - 71.69 897 - 14.97 437 - - 100
1979 0.08 21.06 39.47 0.40 27.86 10.87 0.27 - 100
1980 - 29.26 27.12 0.06 36.44 6.78 0.34 - 100
1981 - 29.85 12.97 - 53.39 341 0.39 - 100
1982 0.33 58.57 17.32 0.21 14.43 5.61 3.4 - 100
1983 0.82 31.54 26.87 0.53 24.27 3.33 12.65 - 100
1984 0.25 58.39 19.68 0.85 7.16 2.60 11.08 - 100
1985 0.03 47.78 2147 0.02 945 0.76 2048 - 100
1986 1.68 27.81 20.78 0.23 24.65 11.19 13.66 - 100
1987 13.03 16.78 19.51 217 28.85 8.26 11.41 - 100
1988 5.02 23.19 26.03 0.60 24.96 9.12 11.08 - 100
1989 357 19.31 23.02 1.50 35.68 714 9.77 - 100
1990 043 26.04 21.79 1.16 35.34 1.88 13.37 - 100
1991 5.56 13.95 244 1.03 36.94 1.57 18.51 - 100
1992 9.37 10.75 13.32 3.19 47.02 1.99 14.34 - 100
1993 19.07 15.08 6.65 575 41.23 2.54 9.68 - 100
194 6.74 24.39 476 0.71 51.75 402 7.63 - 100
1995 1.75 10.73 8.51 1.33 63.39 6.73 7.56 - 100
1996 1.26 15.20 12.71 0.46 4275 7.33 20.28 <0.01 100
1997 0.70 13.39 277 273 40.02 6.83 13.56 - 100
1998 6.4 2.27 3.39 529 76.40 2.84 287 - 100
1999 19.64 1.90 6.17 11.42 50.06 7.16 3.66 - 100
2000 9.38 10.40 592 15.73 46.14 7.65 477 - 100
2001 7.82 4.83 9.01 20.65 43.00 9.53 5.15 - 100
2002 9.68 2.68 10.28 14.09 3202 20.01 11.24 - 100
2003 6.31 3.62 8.88 16.63 33.86 15.13 15.55 - 100
2004 3.09 573 10.48 12.71 47.16 6.35 14.47 - 100
2005 6.11 2.37 14.71 5.33 40.05 18.55 12.87 - 100
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Table 3. North Carolina red drum catches for recreational anglers (MRFSS), for
1989 — 2005 with PSE. All weights are in pounds. Commercial weights are

included as a reference with combined weights reported.

Recreational

Numbers
A+ B1* B2* A+ B1 Commercial Total
Year # Landed PSE  #Released PSE_Weight (Ib) PSE Weight (Ib) Weight (Ib)
1986 17,501 66 - 31,594 67 249,076 280,670
1987 61,100 20 18,499 37 166,031 28 249,657 415,688
1988 142,626 18 24,874 58 451,979 29 220,271 672,250
1989 62,359 16 7,566 34 214,851 20 274,356 489,207
1990 33,149 28 12,452 38 302,996 64 183,216 486,212
1991 38,658 15 121,178 14 108,269 16 96,045 204,314
1992 23,593 19 60,230 18 109,136 20 128,497 237,633
1993 49,493 12 182,301 20 266,461 14 238,099 504,560
1994 28,953 16 107,662 14 192,062 21 142,119 334,181
1995 83,686 11 155,421 10 382,431 11 248,122 630,553
1996 35,061 13 34,286 18 194,136 14 113,338 307,474
1997 8,580 26 254,219 11 38,286 28 52,502 90,788
1998 114,638 12 199,701 11 591,435 13 294,366 885,801
1999 64,739 14 247,146 10 326,307 15 372,942 699,249
2000 61,618 13 203,967 14 316,032 12 270,953 586,985
2001 23,142 16 238,552 14 132,580 17 149,616 282,196
2002 42,541 15 640,857 11 182,227 17 81,364 263,591
2003 25,481 16 75,561 15 118,809 18 90,525 209,334
2004 30,165 19 191,593 10 114,435 19 54,086 168,521
2005 53,154 21 327,859 15 242,021 21 128,770 370,791

Definitions of recreational catch type:
*A = fish brought ashore in whole form which can be identified, enumerated,
weighed, and measured by interviewers.
*B = fish not brought ashore that can be separated into: B1 = fish caught used as

bait, filleted, or discarded & B2 = those released alive.
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Table 4. Northern region red drum catches for recreational anglers (MRFSS), for
1989 — 2005 with PSE. All weights are in pounds. Commercial weights are
included as a reference with combined weights reported.

Recreational

Numbers
A+ B1* B2* A+ B1 Commercial Total
Year # Landed PSE  #Released PSE_Weight (Ib) PSE Weight (Ib) Weight (Ib)
1986 58,444 27 7,595 68 931,280 55 255,476 1,186,756
1987 63,286 19 18,499 37 191,830 24 252,257 444,087
1988 146,938 18 28,832 51 461,009 29 232,371 693,380
1989 75,381 14 17,521 30 244,434 18 283,556 527,990
1990 34,427 27 13,386 36 305,674 64 184,726 490,400
1991 58,522 16 140,071 15 144,486 14 128,349 272,835
1992 36,867 19 75,914 17 164,462 20 131,936 296,398
1993 63,498 14 232,736 18 311,967 12 246,791 558,758
1994 30,331 16 118,346 13 195,746 20 152,152 347,898
1995 87,350 10 187,699 11 448,449 10 251,788 700,237
1996 35,631 13 36,712 17 195,643 14 115,634 311,277
1997 10,495 24 366,469 13 40,081 27 56,616 96,698
1998 127,709 11 296,129 10 626,296 12 301,671 927,967
1999 77,164 14 482,187 16 419,102 15 386,108 805,210
2000 84,222 12 401,966 19 411,628 12 284,468 696,096
2001 30,384 15 268,917 13 184,471 13 155,733 340,204
2002 98,131 14 1,461,896 9 353,455 15 90,393 443,848
2003 39,088 17 122,606 17 176,023 17 93,915 269,938
2004 35,140 19 224,809 10 146,183 19 54,736 200,919
2005 55,827 20 359,005 14 249,387 21 129,463 378,850

Definitions of recreational catch type:

*A = fish brought ashore in whole form which can be identified, enumerated, weighed,
and measured by interviewers.

*B = fish not brought ashore that can be separated into: B1 = fish caught used

as bait, filleted, or discarded & B2 = those released alive.
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Table 5. The number of NCDMF award citations issued on an annual basis for
catches of red drum. Citations are awarded for releases = 40 in and weigh-ins* =

45 |b.
Year # Citations # Released % Released
1987 215 150 70
1988 324 266 82
1989 335 275 82
1990 419 374 89
1991 335 308 92
1992 451 427 95
1993 644 627 97
1994 876 868 99
1995 622 607 98
1996 685 655 96
1997 737 704 96
1998 515 483 94
1999 1,073 1,073 100
2000 1,200 1,200 100
2001 1,156 1,156 100
2002 1,330 1,330 100
2003 1,030 1,030 100
2004 1,337 1,337 100
2005 1,520 1,520 100

*Due to regulations all citations since 1999 are for release only.

Table 6. Primary size and bag limits for recreational and commercial fisheries
within each of the regulatory periods for North Carolina.

Regulation period

Recreational regulations

Commercial regulations

1987-1991

1992-1998

1999-2004

14 in TL minimum size limit
Only 2 fish over 32 in TL

18-27 in TL slot limit
5 fish bag limit
1 fish >27 in TL allowed

18-27 in TL slot limit
1 fish bag limit

14 in TL minimum size limit

250,000 Ib commercial cap
18-27 in TL slot limit
1 fish >27 in TL allowed (no sale)

18-27 in TL slot limit
7 fish daily trip limit
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Table 8. Commercial sampling intensity of major gears, determined by numbers
of fish sampled per thousand Ib of catch, 1999-2005. Gill net includes estuarine
gill nets, sink nets, beach seines, and others.

1999 2000 2001 2002 2003 2004 2005
Gill net 2.6 2.6 2.7 5.6 4.3 6.2 6.2
Pound net 6.0 2.6 6.1 6.9 0.8 3.2 7.8
Long haul seine 8.7 13.2 4.0 315 16.9 6.0 34
Ocean Trawl 0 21.2 16.8 0 0 0 0

Table 9. Age-length key for the northern red drum stock, 1999-2005.

Length Bin

Age by period 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 Total
1999

1 100 100 56.6 49.17 33.64 25 102 253 0 O 0 0 0 0 0 173

2 0 0 434 5083 66.36 75 75.51 77.22 83.78 50 2222 33.33 0 0 0 391

3 0 O 0 0 0 0 1429 20.25 16.22 50 77.78 66.67 0 0 0 51

6 0 0 0 0 0 0 0 0 [V 0 0 100 100 100 14
2000

1 100 100 100 63 43.93 43.53 12.9 0 0 0 0 0 0 0 0 0 0 133

2 0 0 0 37 56.07 56.47 85.7 90.63 73.68 48.94 69 7.14 0 0 0 0 0 289

3 0 0 O 0 0 0 1.43 938 26.32 51.06 90 8571 7857 50 0 O 0 98

4 0 0 O 0 0 0 0 0 0 0 35 7.14 2143 50 100 100 0 10

6 0 0 o0 0 0 0 0 0 0 0 0 0 0 0 0 o0 100 7
2001

1 100 94 404 33.77 27.78 15.2 0 0 0 O 0 0 0 0 O 0 9

2 0 59 59.6 66.23 7222 84.9 71.74 44.44 1452 83 0 0 0 0 O 0 247

3 0 O 0 0 0 0 28.26 55.56 85.48 83 53.85 0 25 0 O 0 129

4 0 O 0 0 0 0 0 0 0 83 4615 100 75 50 O 0 20

5 0 0 0 0 0 0 0 0 0 0 0 0 0 50 100 0 3

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 o0 100 5
2002

1 94 60 63.29 44.23 309 4.76 0 0 O 0 0 0 o0 0 0 150

2 6.3 40 36.71 55.77 69.1 9524 92.86 92.31 70 0 0 0 0 0 0 243

3 0 0 0 0 0 0 714 769 20 16.67 0 100 33 0 0 9

4 0 0 0 0 0 0 0 0 10 83.33 100 0 0 o 0 M

5 0 0 0 0 0 0 0 0 0 0 0 0 67 100 0O 3

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 100 9
2003

1 0 24 17.54 517 0 0 0 0 0 0 19

2 100 76 8246 948 100 88.71 67.74 O 0 0 237

3 0 0 0 0 0 11.29 3226 88 60 0 27

4 0 0 0 0 0 0 0 13 40 0 3

6 0 0 0 0 0 0 0 0 0 100 1
2004

1 100 100 100 100 98.15 65.5 0 0 0 0 0 0 0 245

2 0 0 0 0 1.85 345 83.33 50 3.03 21 125 0 0 33

3 0 0 0 0 0 0 16.67 50 96.97 79 75 50 0 65

4 0 0 0 0 0 0 0 0 0 0 125 50 0 2

6 0 0 0 0 0 0 0 0 0 0 0 0 100 3
2005

1 100 93.3 74.32 37.84 7.89 0 0 0 O 0 0o 0 0 151

2 0 6.67 25.68 62.16 921 100 98.11 98.25 85 0 0O 0 0 318

3 0 0 0 0 0 0 189 175 15 100 0o 0 O 6

5 0 0 0 0 0 0 0 0 0 0 100 0 O 1

6 0 0 0 0 0 0 0 0 0 0 0 100 100 7
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Table 10. Estimated von Bertalanffy parameters for the northern red drum stock,

standard and linear.

Standard Linear

Linax 47.1615 bo 40.8008

k 0.1539 b, 0.1541

to -1.7434 k 0.3161
to 0.1095

Table 11. Catch-at-age matrices in numbers of fish with the recreational B2

length frequency assumptions included for the early period, 1986-1991.

Early (1986-1991)

Basel
1 2 3 4 6+
1986 101,938 24,874 2,452 74 91 21,382
1987 116,635 28,332 3,578 2,174 149 2,264
1988 141,765 60,424 25,013 146 94 3,031
1989 126,086 44,436 7,492 66 53 3,648
1990 85,935 15,926 4,621 182 27 1,974
1991 80,141 20,584 1,211 824 28 394
Base1
1 2 3 4 6+
1986 102,376 24,951 2,452 74 92 21,627
1987 118,127 28,617 3,584 2,233 153 2,267
1988 143,310 61,301 25,453 148 96 3,046
1989 127,161 44 977 7,601 66 54 3,673
1990 87,017 16,079 4,694 187 28 2,001
1991 91,236 23,176 1,369 973 31 407
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Table 12. Catch-at-age matrices in numbers of fish with the recreational B2
length frequency assumptions included for the mid period, 1992-1998.

Mid (1992-1998)

Basel
1 2 3 4 6+
1992 4,064 64,480 4,746 306 51 266
1993 4,837 76,259 31,366 47 20 419
1994 7,401 29,995 20,006 3,416 45 1,327
1995 11,718 114,051 11,038 1,135 520 294
1996 18,487 30,534 10,983 985 37 399
1997 18,516 8,043 4,116 371 77 75
1998 12,056 209,647 5,076 388 350 1,156
Base1
1 2 3 4 6+
1992 4,594 70,976 5,301 306 53 271
1993 6,241 92,744 36,644 51 24 514
1994 8,960 34,862 23,977 4,373 60 1,787
1995 13,822 128,965 12,407 1,366 629 336
1996 19,853 31,921 11,774 1,071 40 435
1997 37,768 15,700 12,359 1,426 331 262
1998 12,436 237,416 6,125 471 430 1,405
Delta
1 2 3 4 6+
1992 6,725 68,879 4,773 338 58 729
1993 14,459 88,284 31,452 143 42 1,836
1994 15,160 33,230 20,061 3,466 56 2,046
1995 25,789 117,440 11,118 1,194 547 1,436
1996 21,411 31,024 10,995 1,002 40 622
1997 49,485 10,933 4,469 536 112 2,308
1998 25,918 223,329 5,174 514 421 2,926
Prop
1 2 3 4 6+
1992 6,150 69,445 4,915 329 57 605
1993 12,240 89,488 32,854 118 37 1,479
1994 13,486 33,671 21,118 3,711 57 1,976
1995 22,558 120,552 11,466 1,241 569 1,139
1996 20,990 31,266 11,206 1,021 40 572
1997 46,322 12,220 6,599 776 171 1,756
1998 22,278 227,132 5,431 502 423 2,515
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Table 13. Catch-at-age matrices in numbers of fish with the recreational B2

length frequency assumptions included for the late period, 1999-2005.

Late (1999-2005)

Base0
1 2 3 4 5 6+
1999 12,233 117,782 30,517 1,747 0 0
2000 3,776 74,179 62,195 1,372 0 0
2001 1,518 20,709 34,263 4,129 40 234
2002 24,625 88,979 3,104 1,943 797 0
2003 915 48,706 10,621 641 0 0
2004 9,214 17,783 18,675 323 0 0
2005 1,377 82,195 2,097 43 0 0
Base1
1 2 3 4 5 6+
1999 15,990 150,989 40,858 2,667 0 0
2000 4,860 93,698 81,298 1,867 0 0
2001 2,288 28,486 49,120 7,375 76 439
2002 57,431 195,351 6,310 4,575 1,982 0
2003 1,092 58,337 12,909 806 0 0
2004 13,958 27,335 26,721 463 0 0
2005 1,576 116,967 3,025 43 0 0
Delta
1 2 3 4 5 6+
1999 32,348 141,615 30,679 2,077 372 3,403
2000 21,236 93,304 62,383 1,647 310 2,837
2001 10,348 36,387 34,353 4,313 248 2,132
2002 97,967 148,884 3,596 2,943 1,926 10,319
2003 4,336 56,459 10,662 725 95 865
2004 28,832 18,654 18,751 477 174 1,587
2005 19,891 96,401 2,217 289 277 2,534
Prop
1 2 3 4 5 6+
1999 25,805 145,365 34,751 2,313 223 2,042
2000 14,685 93,462 69,949 1,735 186 1,702
2001 7,124 33,226 40,260 5,538 179 1,455
2002 81,753 167,471 4,682 3,596 1,948 6,191
2003 3,038 57,210 11,561 757 57 519
2004 22,882 22,126 21,939 471 104 952
2005 12,565 104,627 2,540 191 166 1,520
Tagging
1 2 3 4 5 6+
1999 31,221 136,541 33,049 2,637 1,138 5,919
2000 19,013 89,540 65,028 2,249 949 4,935
2001 10,424 31,317 36,734 5,104 675 3,534
2002 86,809 143,062 5,139 8,446 4,248 17,946
2003 4,592 54,673 11,103 981 289 1,505
2004 23,235 20,741 20,385 828 531 2,759
2005 17,753 94,683 2,907 1,016 847 4,407

Table 14. SVPA estimated selectivity vectors for the FADAPT modeling runs.
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Period/Configuration 1 2 3 4 5 6+
Early 0.781 1.000 1.000 0.184 0.074 0.074
Mid/Delta 0.173 1.000 0.701 0.080 0.015 0.015
Late/Prop 0.134 1.000 0.481 0.038 0.005 0.005
Late/Tagging 0.184 1.000 0.481 0.070 0.030 0.030

Table 15. FADAPT estimates of average F, escapement, and static SPR by
regulation period for TAGGING runs.

Early (1986-1991)

TAGGING without IGNS ~ TAGGING with IGNS

Age-1 1.05 1.05
Age-2 1.39 1.39
Age-3 1.72 1.72
Age-4 0.41 0.41
Age-5 0.21 0.21
escapement 1.0 1.0
SPR 1.1 1.1
Mid (1992-1998)
TAGGING without IGNS  TAGGING with IGNS
Age-1 0.21 0.21
Age-2 0.75 0.75
Age-3 0.39 0.39
Age-4 0.03 0.03
Age-5 0.005 0.005
escapement 18.3 18.3
SPR 18.7 18.7
Late (1999-2004)
TAGGING without IGNS  TAGGING with IGNS
Age-1 0.13 0.13
Age-2 0.49 0.50
Age-3 0.23 0.24
Age-4 0.03 0.03
Age-5 0.015 0.016
escapement 41.0 40.6
SPR 40.8 40.4
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Table 16. Spreadsheet model estimates of average F, escapement, and static
SPR by regulation period for TAGGING runs.

Early (1986-1991)

TAGGING without IGNS ~ TAGGING with IGNS

Age-1 0.97 0.97
Age-2 1.32 1.31
Age-3 1.32 1.31
Age-4 0.20 0.20
Age-5 0.07 0.07
escapement 2.2 2.3
SPR 2.3 2.4
Mid (1992-1998)
TAGGING without IGNS  TAGGING with IGNS

Age-1 0.13 0.13
Age-2 0.60 0.59
Age-3 0.42 0.41
Age-4 0.05 0.05

Age-5 0.014 0.014
escapement 30.1 30.3
SPR 30.3 30.4

Late (1999-2004)
TAGGING without IGNS ~ TAGGING with IGNS

Age-1 0.13 0.13
Age-2 0.63 0.66
Age-3 0.30 0.32
Age-4 0.05 0.05
Age-5 0.032 0.032
escapement 32.8 32.8
SPR 32.3 32.3
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Figure 1. Annual commercial landings of red drum in North Carolina.
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Figure 2. Percent landings of red drum by gear type for each harvest period.

38



SEDAR 18-RD42

Appendix 3

40

0 1987-1991
35 B 1992-1998
30 019992005

25

20 -
15 A

Percent Frequency

10 A

7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 55
Total Length (in)

Figure 3. Length frequency of red drum sampled from the North Carolina
commercial harvest (all gears combined) for the periods 1987-1991 (n=462),
1992-1998 (n=1,216), and 1999-2005 (n=4,174).
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Figure 4. Target MRFSS catch per unit effort (CPUE) and MRFSS probability
(PROB) indices for the northern red drum stock, 1987-2005.
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Figure 5. North Carolina JAI calculated from a state seine survey, 1992-2005.
The 1996 value is excluded because of environmental conditions.
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Figure 7. Recreational release length selectivity curve from tag analysis, from
Burdick et al. 2006.
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Figure 8. Residual plots of the MRFSS CPUE index for TAGGING FADAPT
model runs including the IGNS indices and excluding the indices for the late
period (1999-2005).
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Figure 9. Residual plots of the MRFSS probability index for TAGGING FADAPT

model runs including the IGNS indices and excluding the indices for the late
period (1999-2005).
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Figure 10. Residual plots of the JAIl for TAGGING FADAPT model runs including
the IGNS indices and excluding the indices for the late period (1999-2005).
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Figure 11. Residual plots of the IGNS age-1 and age-2 indices for TAGGING
FADAPT model runs.
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Figure 12. Estimated fits of the MRFSS CPUE and PROB indices for TAGGING
spreadsheet model runs including the IGNS indices (A) and excluding the indices

(B).
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Figure 13. Estimated fits of the JAl and IGNS age-1 index for TAGGING
spreadsheet model including (A) and excluding the IGNS indices (B).
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Figure 14. Estimated fits of the IGNS age-2 index for TAGGING spreadsheet
model runs.
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Figure 15. FADAPT retrospective analysis for the TAGGING configuration
without the IGNS indices, 1992-2005.
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Figure 16. FADAPT retrospective analysis for the TAGGING configuration with
the IGNS indices, 1992-2005. The 2001 run could not be completed due to
model errors.
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Appendix 1. Alternative discard and selectivity assumption sensitivity runs

Introduction

The previous assessment (2000) investigated four different discard
assumptions. For this assessment, the same assumptions were examined and
were not considered as preferred runs. The BaseO, Base1, Delta, and Prop
assumptions were all considered unlikely to represent the red drum fishery for
the most recent regulation period. Also, the 2000 assessment used a slightly
lower relative age-3 selectivity, 0.43 as well as the 0.7 selectivity vectors. These
values were not used in favor of the 0.48 age-3 selectivity vectors that were
estimated from tag returns.

This appendix contains the results and discussion of the assumptions that
were not considered preferred runs. These results should be considered
sensitivity runs to further understand model output in light of extreme model
configurations compared to the preferred runs.

The methods used were the same as those described in the methods
section of the assessment. These results were also conducted using the 0.48
selectivity assumption unless otherwise noted.

Results

FADAPT VPA

Base0 FADAPT runs had a fully recruited F ranging from 0.90 to 0.92
(Table A1). Full recruitment occurred at age-3, which differed from the results of
the preferred runs. Escapement values ranged from 3.2% to 3.4% and static
SPR values ranged from 3.2% to 3.3% (Table A1). Runs that included the IGNS
indices had lower F values and higher percent escapement and static SPR.

Base1 FADAPT runs had a fully recruited F ranging from 0.99 to 1.02
(Table A1). Full recruitment occurred at age-3, which was different from the
results of the preferred runs. Escapement values ranged from 2.5% to 2.8% and
static SPR values ranged from 2.3% to 2.5% (Table A1). Runs that included the
IGNS indices had lower F values and higher percent escapement and static
SPR.

Delta FADAPT runs had a fully recruited F ranging from 0.67 to 0.71
(Table A1). Full recruitment occurred at age-2. Escapement values ranged from
26.4% to 30.1% and static SPR values ranged from 26.6% to 30.3% (Table A1).
Runs that excluded the IGNS indices had lower F values and higher percent
escapement and static SPR.
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Prop FADAPT runs had a fully recruited F ranging from 0.69 to 0.70
(Table A1). Full recruitment occurred at age-2. Escapement values ranged from
27.6% to 28.4% and static SPR values ranged from 27.9% to 28.7% (Table A1).
Runs that excluded the IGNS indices had lower F values and higher percent
escapement and static SPR.

The 0.43 selectivity vector FADAPT runs had a fully recruited F of 0.44
(Table A2). Full recruitment occurred at age-2. Escapement values ranged from
45.4% to 45.6% and static SPR values ranged from 45.3% to 45.5% (Table A2).
The runs that included the IGNS indices had slightly higher estimates of F,
escapement, and SPR when compared to those without the indices. All of the
estimates of fully recruited F were lower and the escapement and SPR estimates
were higher than the comparable estimates with the higher 0.48 selectivity vector
(see Table 13).

Spreadsheet VPA

BaseO spreadsheet runs had a fully recruited F ranging from 0.55 to 0.65
(Table A3). Escapement values ranged from 35.8% to 42.0% and static SPR
values ranged from 36.2% to 42.3% (Table A3). Runs that excluded the IGNS
indices and used the 0.48 selectivity vector had lower F values and higher
percent escapement and static SPR.

Base1 spreadsheet runs had a fully recruited F ranging from 0.67 to 0.75
(Table A3). Escapement values ranged from 30.3% to 34.3% and static SPR
values ranged from 30.7% to 34.7% (Table A3). Runs that excluded the IGNS
indices and used the 0.48 selectivity vector had lower F values and higher
percent escapement and static SPR.

Delta spreadsheet runs had a fully recruited F ranging from 0.68 to 0.75
(Table A3). Escapement values ranged from 27.3% to 34.3% and static SPR
values ranged from 27.4% to 34.7% (Table A3). Runs that excluded the IGNS
indices and used the 0.48 selectivity vector had lower F values and higher
percent escapement and static SPR.

Prop spreadsheet runs had a fully recruited F ranging from 0.68 to 0.72
(Table A3). Escapement values ranged from 29.8% to 32.6% and static SPR
values ranged from 30.0% to 32.8% (Table A3). Runs that included the IGNS
indices and used the 0.48 selectivity vector had lower F values and higher
percent escapement and static SPR.

The 0.43 selectivity vector spreadsheet runs had a fully recruited F
ranging from 0.62 to 0.65 (Table A4). Full recruitment occurred at age-2.
Escapement values ranged from 33.2% to 34.7% and static SPR values ranged
from 32.8% to 34.2% (Table A4). The runs that included the IGNS indices had
lower estimates of escapement and SPR and higher estimates of F than those
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that did not include those indices. All of the estimates of fully recruited F were
lower and the escapement and SPR estimates were higher than the comparable
estimates with the higher 0.48 selectivity vector (see Table 14).

Discussion

The Base0, Base1, Delta, and Prop runs were not retained as preferred
runs because the red drum PDT determined that they were unlikely to be
reflections of the existing recreational fishery. BaseO assumed that there was no
discard mortality in the recreational fishery, which seemed to be extremely
unlikely. The Base1 discards are assumed to have a length frequency that is the
same as those fish that are caught and retained. Given the slot limit that has
been in place since 1992, it was believed to be unlikely that anglers would only
catch fish within the slot. The pre-slot limit period regularly caught fish both
above and below the limits. The Delta assumption had many more smaller and
younger fish than occurred in the Base1 length frequencies and did allow for
regulatory releases. However, Delta essentially assumed that all fish released
were regulatory releases due to fish captured outside the slot limit and with the
current bag limit set at one, it is likely that some releases are occurring within the
slot limit. The PROP catch matrix assumed a 10% discard mortality rate and
used a weighted average of the MRFSS length frequencies from the BASE1 and
DELTA catch matrices, with the weights 40% BASE1 and 60% DELTA. The
Tagging assumption does contain observed lengths of released fish. Generally,
the Base0 and Base1 catch-at-age has a very high peak at age-2 and few fish at
ages one, three, and four. Both catch-at-ages only rarely had fish ages 5 and 6+.
The Delta catch-at-age had fish at ages five and 6+ and higher proportions of fish
at ages one and four. The PROP run distribution falls between the Base1 and
Delta runs. The Tagging catch-at-age distribution falls between Base1 and Delta
up through age-3. At age-4 and greater, there are more fish than any of the
other assumptions.

Both models estimated more optimistic results with the 0.43 selectivity
vector. The spreadsheet model consistently estimated a level of SPR that meet
or exceed the SPR threshold of 30%. For the spreadsheet model, these
estimates may be related to the lower levels of F at ages greater than three,
which would allow for more fish to escape to reproduce (Table A4). The
FADAPT estimates of F were generally lower through all ages, which likely
resulted in the higher estimates of escapement and SPR.

The FADAPT model was much more sensitive to the B2 assumptions than
was the spreadsheet model. It appears that the extremely small numbers of fish
at the oldest ages had a significant impact on the assessment results. Zeros that
occur between non-zero values in a cohort cannot be handled in the model
calculations. In fact, where there were zeros in catch-at-ages, the zeros were
replaced with ones to prevent the model from failing to solve. The FADAPT
model interpretation of the low catch numbers assumes that the population
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numbers were low. The Delta and Prop runs were similar to each other, though
still estimating lower levels of escapement and SPR than the Tagging runs.

The spreadsheet model was much less sensitive to differences in the B2
discards. The highest escapement and static SPR percentages consistently
occurred for the Base0 assumption of no discards. Spreadsheet model runs only
showed slight improvements in escapement and SPR from the mid to late
periods, except for the Delta assumption. The full Delta and Prop runs including
the IGNS indices estimated higher levels of escapement and static SPR in the
mid period than in the late period. It is important to note that the previous
assessment indicated that escapement and SPR in that time period was much
higher than the estimates from the FADAPT model. The spreadsheet model
results were similar to those results from the preferred runs.
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Table A1. FADAPT estimates for the late regulatory period for the BaseO0, Basef1,
Delta, and Prop discard assumptions using 0.48 selectivity vectors.

Late (1999-2004)

Without IGNS With IGNS

Base0 Base1 Delta Prop Base0 Base1 Delta Prop

Age-1 0.08 0.1 0.24 0.15 0.08 0.10 0.18 0.15
Age-2 0.92 1.02 0.71 0.70 0.90 0.99 0.67 0.69
Age-3 1.37 1.49 0.36 0.41 1.35 1.45 0.32 0.40
Age-4 1.06 1.06 0.03 0.03 1.06 1.05 0.03 0.03
Age-5 0.55 0.79 0.007 0.004 0.54 0.77 0.007 0.004
escapement 3.2 25 26.4 27.6 34 2.8 301 28.4
SPR 3.2 2.3 26.6 27.9 3.3 2.5 30.3 28.7

Table A2. FADAPT estimates for the late regulatory period for the TAGGING
discard assumptions using the 0.43 selectivity vectors.

Late (1999-2004)
TAGGING with IGNS _TAGGING without IGNS

Age-1 0.12 0.12
Age-2 0.44 0.44
Age-3 0.20 0.20
Age-4 0.03 0.03
Age-5 0.012 0.012
escapement 456 45.4
SPR 45.5 45.3
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Table A3. Spreadsheet catch-age model estimates for the late regulatory period
for the Base0, Base1, and Delta discard assumptions using 0.48 selectivity

vectors.
Early (1986-1991)
Without IGNS With IGNS
Base0 Base1 Delta Prop Base0 Base1 Delta Prop
Age-1 1.00 1.01 0.97 0.97 1.00 1.01 0.97 0.98
Age-2 1.41 1.41 1.34 1.33 1.42 1.42 1.34 1.33
Age-3 1.41 1.41 1.34 1.33 1.42 1.42 1.34 1.33
Age-4 0.22 0.23 0.21 0.21 0.23 0.23 0.21 0.21
Age-5 0.08 0.08 0.07 0.074 0.08 0.08 0.08 0.074
escapement 1.7 1.7 2.1 2.2 1.7 1.7 2.1 2.1
SPR 1.8 1.8 2.2 2.2 1.8 1.8 2.2 2.2
Mid (1992-1998)
Without IGNS With IGNS
Base0 Base1 Delta Prop Base0 Base1 Delta Prop
Age-1 0.06 0.11 0.13 0.12 0.06 0.11 0.13 0.12
Age-2 0.62 0.64 0.61 0.57 0.64 0.65 0.62 0.57
Age-3 0.43 0.45 0.43 0.40 0.45 0.45 0.43 0.40
Age-4 0.05 0.06 0.06 0.05 0.05 0.06 0.06 0.05
Age-5 0.014 0.017 0.015 0.014 0.014 0.017 0.015 0.014
escapement 31.3 28.5 29.3 32.0 30.2 27.9 29.2 31.9
SPR 31.5 28.7 29.5 32.1 30.4 28.1 29.3 31.9
Late (1999-2004)
Without IGNS With IGNS
Base0 Base1 Delta Prop Base0 Base1 Delta Prop
Age-1 0.04 0.05 0.15 0.11 0.04 0.05 0.16 0.11
Age-2 0.55 0.67 0.68 0.66 0.65 0.75 0.75 0.72
Age-3 0.26 0.32 0.33 0.32 0.31 0.36 0.36 0.35
Age-4 0.02 0.03 0.03 0.03 0.02 0.03 0.04 0.03
Age-5 0.0002 0.0002 0.012 0.007 0.0002 0.0002 0.012 0.007
escapement 42.0 34.3 30.3 32.6 35.8 30.3 27.3 29.8
SPR 42.3 34.7 30.4 32.8 36.2 30.7 27.4 30.0
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Table A4. Spreadsheet catch-age model estimates for the late regulatory period
for the PROP and TAGGING discard assumptions using the 0.43 selectivity

vectors.
Early (1986-1991)
TAGGING with IGNS TAGGING without IGNS
Age-1 0.97 0.97
Age-2 1.30 1.31
Age-3 1.30 1.31
Age-4 0.20 0.20
Age-5 0.07 0.07
escapement 2.3 2.3
SPR 2.4 2.4
Mid (1992-1998)
TAGGING with IGNS TAGGING without IGNS
Age-1 0.12 0.13
Age-2 0.56 0.57
Age-3 0.39 0.40
Age-4 0.05 0.05
Age-5 0.013 0.013
escapement 324 31.8
SPR 32.5 32.0
Late (1999-2004)
TAGGING with IGNS TAGGING without IGNS
Age-1 0.13 0.13
Age-2 0.65 0.62
Age-3 0.28 0.27
Age-4 0.05 0.05
Age-5 0.029 0.029
escapement 33.2 34.7
SPR 32.8 34.2
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Appendix 2. Relevant Equations

von Bertalanffy (1938):

Standard:
L, =L, (1-exp(-k*(t-t,))
Where L;is the length at time t and L., k, and {, are estimated parameters.
Linear:
L,=b,+b*t

Burdick et al. (2006):

Elc,.,]=N,R,U,,S

ig,l ihg~ig>g,l

Where E[C,g,J is the expected tag return rate, N, is the number of fish tagged,

R, , is rate of tag recovery for gear type g for fish tagged in experiment i, U, ; is

the exploitation rate of fish tagged in experiment i and recaptured by gear type g,
and S, is the selectivity of gear type g in length (or age) bin /.

Bacheler et al. (in review):

EIR, |=N,P,
1 Ffselk+j—i o
- (Hs,vk]( I/k/( jl+Fj)Se/k+/_,- +Mﬂ (when j>i)
: (1—8 \ F;Sel,
ik

when j=i
/(F,+F,)Sel, + M (when j=1)

S = exp|- (F/. +F; "\Sel,., , M|

K+j—i
Where E[Rj] is the expected number of tag returns from fish tagged at age k,
released in year i, and harvested in yearj. Nj is the number of fish tagged at
age k and released in year i, Pji is the probability a fish tagged at age k and
released in year i is harvested in year j, Sjx is the annual survival rate of fish
tagged at age k and released in year i then harvested in year j, F;is the
instantaneous fishing mortality in year j, F;’is the instantaneous fishing mortality
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on tags taken from caught and released fish in year j, M is natural mortality, Sely
is the selectivity of age k, and A is the tag-reporting rate of harvested fish.

E|.Rijk|J: NikPijk'

(ﬁs ](1 s, )5 (when | > i)
v —9j ; w 1>1
' L W(F'+F, )Sel,, . +M

o) F;'Sel, o
(1-Sy) (when j =i)
) (F+F,)Sel, + M

Where E[Rj] is the expected number of tag returns from fish tagged at age k,
released in year i, and caught and released in year j. Py is the probability a fish
tagged at age k and released in year i is caught and released in year jand 1’is
the tag-reporting rate of caught and released fish.

Spreadsheet catch-at-age model:

N,1yq=N,, exp(— (M +s.F ))

a''y

- F.

ay — F‘Iy:a‘yNa,y (1 - eXp(— (M + Fa,y )))

Where F, is the fishing mortality at age a in year y, s, is the selectivity at age a,
Ify is the fitted fishing mortality in year y, Ns+1,+1 is the population abundance at
age a+1 and year y+1, N, is the population abundance at age a and year y, M is
natural mortality, and CAa,y is the predicted catch at age a and year y.

FADAPT model:

Na+1,t+1 _ Za,t * eXp(— Za,f)

Ca,t Fa,t 1- eXp(— Za,t )
Z,,=F,,+M
N P = Za,t * Cat
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Appendix 3

Na,t = Na+1,t+1 exp(M)+ Ca,t eXp(I\%)

Where N,.1+1 is the population abundance at age a+7 and time t+1, C,;is the
catch at age a and time t, Z,; is the total mortality at age a and time {, F,;is the
fishing mortality at age a and time £, N, is the population abundance at age a
and time t, and M is natural mortality.

% SPR from Gabriel et al. (1989):

B= Z:NaSaWaPa

Where B is female biomass, N, is the cohort numbers at age a, S; is the
proportion of females, W, is the mean weight of females at age a, and P, is the
proportion of mature females at age a.
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