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Executive Summary

A SEDAR stock assessment workshop (AW)! was convened at the NOAA Center for Coastal Fisheries
and Habitat Research, Beaufort, North Carolina, on Tuesday, March 15, 2005. The workshop’s objectives
were to conduct an update assessment of the black sea bass ( Centropristis striata) stock off the southeast-
ern U.S. and to conduct stock projections based on possible management scenarios (terms of reference,
Appendix A). Participants in the SEDAR-02 benchmark assessment of black sea bass (Appendix B) and in
this update assessment (Appendix C) included state, federal, and university scientists, as well as SAMFC
AP members and various observers. The AW worked at Beaufort until March 17 and continued its work
by email through April 22. All decisions regarding stock assessment methods and acceptable data were
made by consensus.

Available data on the species included abundance indices, recorded landings, and samples of annual
size compositions from indices and landings. Five abundance indices were developed by the preceding
data workshop: one from the NMFS headboat survey and four from the SC MARMAP fishery-independent
monitoring program. Landings data were available from all recreational and commercial fisheries.

A statistical model of catch at age was formulated as the primary assessment model. In addition, an
age-aggregated production model was used to investigate results under a different set of model assump-
tions. The AW developed base runs of both models, analogous to those of the benchmark assessment.
The base run of the catch-at-age model was the basis for estimation of benchmarks and stock status.

The 2004 spawning stock biomass is estimated at about 27% of SSBygy. By the Council’s usual defini-
tion of MSST as (1 — M)SSBysy, the stock is estimated at about 39% of MSST. The 2003 fishing mortality
rate is estimated at about 6.15Fgy, where Fyqy is the MFMT. These results indicate that the stock is
overfished and that it is undergoing overfishing.

Projections were used to evaluate the potential of the stock to be rebuilt. Projections with F = 0 indi-
cated that the stock could rebuild within 10 years, and thus, the rebuilding duration was set to 10 years
in subsequent analyses. Three management scenarios designed to rebuild the stock were evaluated: (1)
maximum constant F that allows rebuilding, (2) maximum constant landings rate that allows rebuilding,
and (3) F = Fygy for the first three years followed by maximum constant landings rate that allows rebuild-
ing with F < Fyy in each year. Under scenario 1, projected landings are initially lower than current levels,
but exceed current landings within a few years. Under scenario 2, a small reduction in current landings
allows rebuilding; however, the reduction is not sufficient to end overfishing during the first several years
of projection. Under scenario 3, projected landings in the first three years are lower than current levels
and projected landings in subsequent years are slightly higher. Of the three scenarios, total projected
yield is largest under scenario 1.

1 Abbreviations and acronyms used in this report are defined in Appendix D on page 101.
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1 Introduction

At the December, 2004 SAFMC? meeting in At-
lantic Beach, NC, the Council requested an update
assessment of black sea bass, to be available by
the end of April, 2005. This is to be accomplished
through a SEDAR update process, although the
procedures for SEDAR updates are still being de-
veloped.

A SEDAR Assessment Workshop (AW) was con-
vened at the NOAA Center for Coastal Fisheries
and Habitat Research, Beaufort, North Carolina,
by the South Atlantic Fishery Management Coun-
cil (the Council) and the NMFS Southeast Fisher-
ies Science Center (the Center) under the SEDAR
process. The AW met for three days, from March
15 through March 17, 2005. Participation in the
workshop (Appendix C) included representatives
of the Council and its Scientific and Statistical
Committee; representatives of the fishing indus-
try; and scientists from the states of Florida, Geor-
gia, North Carolina, and South Carolina; from
state and federal (NMFS) agencies; and from aca-
demic institutions, including Brian Murphy, who
chaired the AW.

The AW’s major objectives were to conduct an
update to the SEDAR-02 benchmark assessment of
black sea bass, Centropristis striata, off the south-
eastern US, and to conduct corresponding stock
projections. In support of those tasks, the AW re-
ceived data and recommendations resulting from
a scoping workshop (SW) that was convened on
December 15, 2004. The SW was charged with
recommending any model or data changes to be
made in this assessment, which was otherwise to
be based on the benchmark assessment of black
sea bass conducted during SEDAR-02.

As an update report, this document is less de-
tailed than full SEDAR assessment reports. Mate-
rial not covered in detail here is given in more de-

tail in the benchmark assessment report (SEDAR
2003).

2 Scoping Workshop

The Scoping Workshop (SW) met by conference
call on December 15, 2004. Its purpose was to
discuss and specify any changes in data process-
ing and modeling approach from the preceding
SEDAR benchmark assessment of black sea bass.
This section summarizes major conclusions of the
SW.

Participants concluded that the update assess-
ment should be conducted with best available sci-
ence and be reviewed in an appropriate manner,
maintaining independence of reviewers and revie-
wees. As this is the first SEDAR update assess-
ment, the experience of conducting and reviewing
it will be helpful in developing general procedures
for such updates.

After some discussion of process, determina-
tion of the appropriate review process was de-
ferred to the SEDAR Steering Committee. Partic-
ipants then proceeded to discuss data and model-
ing issues, the stated goals of the Scoping Work-
shop conference call. A follow-up conference call
was held on January 31, 2005, to discuss any ques-
tions about data provided since the original con-
ference call.

The following sections (§2.1-§2.6) summarize
conclusions of the SW.

2.1 Data availability and additions

Workshop participants agreed that it would be im-
possible to obtain and prepare all 2004 data in
time for the update. Problems and uncertainties
associated with expanding data from partial-year

2 Abbreviations and symbols are defined in Appendix D on page 101.



to whole-year were discussed and found substan-
tial. Thus, participants concluded that the assess-
ment would use data through 2003.

2.2 Abundance indices

In the benchmark assessment of black sea bass,
an abundance index was computed from headboat
catch and effort data, using only data on full-day
trips. The update will include half-day trips also,
as they typically catch black sea bass.

The SW considered adopting results of a recent
MARMAP trap-comparison study, which would al-
low tying together several short indices of abun-
Although the SW
thought that desirable in helping to detect pop-

dance into one long index.

ulation trends, the SW declined to accept the new
index without further analysis.

2.3 Landings

Landings data from the Beaufort headboat survey,
the NMFS general canvass, and the NMFS MRFSS
program will be used through 2003. In a departure
from the benchmark assessment of black sea bass,
the coefficient of variation (CV) assumed for com-
mercial landings will vary over time, as in SEDAR-
04 assessments. This recognizes the increasing
precision of those data in more recent years.

2.4 Life history

The natural mortality rate will be set at M =
0.3/yr, as in the benchmark assessment. The
SW agreed that sex ratio and maturity schedules
should be smoothed using a logistic function, as
done in SEDAR-04. A proposal to combine the
three time periods of maturity data into a single
maturity schedule was not accepted.

2.5 Modeling
2.5.1 Exploitation rates

Exploitation rates (based on age 1* fish) will be
reported in addition to the usual fishing mortal-
ity rates on fully selected fish. It was noted that
the SAFMC uses the exploitation-rate estimates in
making decisions and that it would improve the
assessment.

2.5.2 Discards

The probability of death for discarded fish will be
set at 0.15, as in the benchmark assessment. How-
ever, the benchmark assessment assumed com-
mercial discards to be zero, which is clearly an
underestimate. To account better for commercial
discards, the approach to modeling discard selec-
tivity will be changed slightly. Participants de-
cided to estimate discards in the 1999 and later
years using the difference in selectivity between
the 1983-1998 and 1999-present time periods.
A sensitivity run will use the complement of se-
lectivity, which will most likely overestimate dis-
cards, and thus will be labelled as an extreme ex-
ample.

2.5.3 MSY-related benchmarks

Benchmarks required by SFA will be computed us-
ing effort-weighted recent selectivity and will be
estimated by simulation. The simulation method
of estimation was proposed as most consistent
with simulations used in rebuilding projections.
Resulting benchmark estimates will be screened
using existing methods to ensure that the esti-
mates from simulation are sensible.

2.5.4 Sensitivity runs

The benchmark assessment used a 3 x 3 grid of
natural mortality and steepness values surround-



ing the base run as the basis for sensitivity runs.
This grid will be retained, but the weighted aver-
aging of model results (used as one set of esti-
mates in the benchmark assessment but not rec-
ommended by the SEDAR Review Workshop) will
be discontinued. Some other sensitivity runs (fe-
male SSB with steepness estimated, female SSB
with steepness fixed, MRFSS index included, alter-
native weighting scheme with growth estimated)
will be dropped.

2.5.5 Projections

If the stock is estimated to be overfished, recovery
projections will be run. Previously, seven differ-
ent recovery scenarios were examined, but some
of them may no longer be necessary. Reducing
the number of scenarios would reduce the num-
ber of computations and the amount of reporting
needed.

The allowable time for rebuilding will be re-
computed, based on the generation time and the
ability of the stock to recover at F = 0, starting
in 2007. The rebuilding time may differ from 18
years, the time frame used in previous analyses.

2.6 Report

The report will be brief, and it will be written
with references to the benchmark assessment re-
port wherever possible, but it will include a com-
plete description of changes from the benchmark
assessment. It will also include new tables and
graphs of data and estimates from the update.

3 Background information

3.1 Regulatory history

This stock is managed by the South Atlantic
Fishery Management Council (SAFMC 1988; 1991;

1998; 2000). For a summary of regulatory history,
see Table 1 on page 29.

3.2 Assessment history

Two assessments of black sea bass were con-
ducted prior to the SEDAR process, both based
on tuned VPA. The first (Vaughan et al. 1995)
included data through 1990 and estimated that
overfishing was occurring during the 1980s. The
second (Vaughan 1996) included data through
1995 and estimated that overfishing was occur-
ring to an even greater extent during the early
1990s.

The preceding SEDAR benchmark assessment
was conducted in 2002-03, as part of the second
SEDAR cycle.

4 Life History

4.1 Management unit

The black sea bass, Centropristis striata, is a pro-
togynous serranid that occurs along the U.S. At-
lantic coast from Cape Cod, Massachusetts, to
Cape Canaveral, Florida, and in the Gulf of Mex-
ico. Two populations, separated by Cape Hatteras,
North Carolina, have been reported to occur along
the Atlantic coast, although strong genetic similar-
ities have been noted (Robert W. Chapman, pers.
comm.). Black sea bass in the Gulf of Mexico are
considered a separate subspecies.

Black sea bass north of Cape Hatteras are man-
aged as a stock by the Mid-Atlantic Fishery Man-
agement Council; black sea bass south of Cape
Hatteras to Florida are managed as a second stock
by the SAFMC. This assessment, conducted for the
SAFMC, concerns the stock unit south of Cape Hat-
teras, including waters off North Carolina (NC),
South Carolina (SC), Georgia (GA), and the east
coast of Florida (FL).



Black sea bass occur in depths of 2 to 120 m,
but most adults are found in 20 to 60 m. Although
black sea bass north of Cape Hatteras are migra-
tory, tagging studies indicate movements of black
sea bass south of Cape Hatteras are limited and
less well-defined (Ansley and Davis 1981; Collins
et al. 1996).

4.2 Mortality rates

This assessment used a natural mortality rate of
M = 0.3/yr, as recommended and adopted by the
SEDAR-02 data and assessment workshops. In ad-
dition, the SEDAR-02 data and assessment work-
shops recommended and adopted a release mor-
tality fraction of 0.15.

4.3 Length conversions

Conversions among TL, FL, and SL, and between
weight and TL, are given in Table 2. As in the
SEDAR-02 black sea bass assessment, the relation-
ship between length and weight was estimated
using bioprofile data from the headboat fishery.
These data were from the years 1975-2003.

4.4 Weight-length relationship

The power model of weight and length (W =
w1L®?) was linearized as

In(W) = w; + w2In(L) + €,

where W is weight in kg, L is total length in mm,
€ is a random variable distributed normally with
mean 0 and variance o2, and w; and w> are es-
timated parameters (Table 2). The linearized rela-
tionship was fit by ordinary least squares. In es-
timating W at length, the estimate was corrected
for transformation bias using exp(%z).
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4.5 Growth models

In the SEDAR-02 assessment, the von Bertalanffy
growth equation was taken directly from McGov-
ern et al. (2002), who expressed length (SL in mm)
as a function of age a in years, based on a sam-
ple of 3,494 fish captured during 1987-1998 using
blackfish or chevron traps:

SL = 398.1(1 — exp[-0.164(a + 1.295)]). (1)

For this update, J. McGovern re-estimated the von
Bertalanffy growth equation from the same data,
expressed as TL in mm (Figure 1):

TL = 544.5(1 —exp[-0.16(a + 1.16)]). (2)

The CV of size at age was estimated for each
age, 1-7. (The sample sizes were very small, N < 5
for ages 8 and 9). The CV for age 0 was set to that
for age 1, and the CV for ages 8-11 was set to the
mean CV for ages 6 and 7. Lengths and CVs at age
are summarized in Table 3.

4.6 Reproductive biology

Black sea bass are protogynous hermaphrodites
(i.e., change sex from female to male). Individu-
als undergoing this transition have been observed
throughout the year; however, the percentage of
those in transitional is much lower during the
spawning season and highest when spent and
resting individuals are collected. According to Mc-
Govern et al. (2002, p. 1156): “Most black sea bass
undergoing transition were 160-259 mm SL (94%)
and ages 2-4 (92%).” Males occur in all size and
age groups, but are most frequent at sizes greater
than 250 mm TL and ages of 4 and older. Black
sea bass can live for at least 10 years.



Black sea bass spawn from January through
July along the southeastern U.S. coast. Occasion-
ally, spawning is also observed in fall (October and
November). The greatest percentage of females in
spawning condition occurs during March through
May. Females are believed to produce new eggs
throughout the spawning season (indeterminate
spawning). Eggs are pelagic, as are early-stage lar-
vae, which have been found in inlets, bays, and off-
shore waters. Larvae become demersal at approxi-
mately 13 mm TL. Juveniles have been recorded
from bays, estuaries, inlets, and near-shore wa-
ters.

To estimate proportion of females at age, a lo-
gistic curve was fit to MARMAP data on sex ratio at
age (the same data used in the benchmark assess-
ment). Age-specific estimates are summarized in
Table 4.

To estimate maturity of females at age, logistic
curves were fit to the same MARMAP data used in
the benchmark assessment, separated into three
time periods (1978-1983, 1984-1989, and 1990-
2003). Age-specific estimates of the proportion of
females mature are summarized in Table 4.

Male maturity at age is the same as that used
in the SEDAR-02 assessment (0% for age 1, 100%
for ages 1 and older).

5 Commercial fisheries

5.1 Overview

Black sea bass is a valuable species in commercial
fisheries. The most common commercial gear has
been traps (pots), with some fish taken by hand-
line or by trawling. However, trawling for black
sea bass has been banned since January 1989
(SAFMC 1988) (Table 1).
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5.2 Commercial landings

Commercial landings were updated to include
2002 and 2003, using the same corrections devel-
oped in the SEDAR-02 data workshop. These cor-
rections excluded landings believed to originate
from north of Cape Hatteras, NC, as indicated by
NC trip-ticket data. Excluded from analysis were
all NC trawl landings and 8% of NC trap landings.

The black sea bass commercial fishery peaked
in 1974 at 615 mt (1.36 million 1b) and again in
1981 at 543 mt (1.20 million 1b) and since then has
fluctuated between 250 and 450 mt (0.6 to 1.0 mil-
lion 1b) (Figure 2). Commercial landings are sum-
marized by gear in Tables 5 and 6, and by state in
Tables 7 and 8.

During the assessment time period (1978-
2003), commercial trap landings peaked in 1981
at 454 mt (1.01 million lb), but have generally av-
eraged around 214 mt (0.47 million lb) with little
trend over the last 20 years. Commercial handline
landings have averaged about 94 mt (0.21 million
Ib) with little trend, while the commercial “other”
category (includes trawl and miscellaneous gears)
has averaged only 6.6 mt (0.01 million Ib), also
with little trend.

Previous SEDAR workshops have concluded
that uncertainty in the quality of landings data
should be acknowledged quantitatively in the as-
sessment. As noted in SEDAR-04, confidence in
commercial landings data has increased substan-
tially since the 1960s.

Increasing recognition of the importance of
fishery data resulted in greater efforts through
the 1970s and mid-1980s to collect landings data.
In 1984, the state of Florida implemented a trip-
From 1984 to 1994, all U.S.
South Atlantic states improved commercial land-
In 1994, the North Car-
olina trip-ticket program was implemented. As

ticket program.

ings data collection.

of 2003, Georgia and South Carolina also imple-



mented trip-ticket programs. The coefficients of
variation (CV) of landings data in this update as-
sessment reflect these progressive improvements
in landings data. CVs for commercial landings
were set at 30% for 1973-1984 data, 5% for 1994-
2003 data, and were linearly interpolated for in-
tervening data (Table 5).

5.3 Age and length composition

Length compositions were updated for commer-
cial gears (trap, handline, and other) for 2002-
2003, using the same methodology as in the
SEDAR-02 assessment.
including those from recreational and fishery-

Sample size by gear,

independent sources, is summarized in Table 9.
Commercial length compositions are summarized
by gear for 1978-2003 in Table 10 through Table
12 and in Figure 3.

No age-composition data were used in this as-
sessment. Such data were available to the bench-
mark Assessment Workshop (SEDAR-02), but were
characterized by that workshop as unreliable, and
were not used in the benchmark assessment.

6 Recreational fisheries—description
and data

6.1 Overview of components

The general recreational fishery is sampled by
MREFSS. The headboat fishery is sampled sepa-
rately, and for that reason is distinguished here
These
two recreational sectors are referred to here as
“MRFSS” and “Headboat.”
eries use hook-and-line gear almost exclusively.

from the general recreational fishery.

Both recreational fish-

Recreational landings are shown in Figure 2 and
are summarized by fishery in Tables 5 and 6, and
by state in Tables 7 and 8.

During the early 1980s, before commercial
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data were available by species, the MRFSS and
headboat sectors each contributed about 37% to
the black sea bass total landings. In recent years,
the commercial and recreational landings are ap-
proximately equal.

6.2 General recreational (MRFSS)

The general recreational fishery is defined here to
include all recreational fishing from shore, private
boats, and charter boats (for-hire vessels that usu-
ally accommodate six or fewer anglers as a group).

6.2.1 Landings

The recreational fishery shows high and quite vari-
able landings in the 1980s, peaking in 1984 at
1,014 mt (2.2 million 1b), with declining landings
through the 1990s (averaging 291 mt, or 0.64 mil-
lion Ib since 1990).

Data on landings (in weight) were taken from
the MRFSS database, updated for 2002-2003.
Landings are estimated as MRFSS category A
(landed and available for sampling) plus Bl
(landed and unavailable for sampling) plus 15%
of B2 (released), as in the benchmark assessment
(SEDAR-02). To characterize the CV of landings,
the reported MRFSS proportional standard errors
(PSE) were used, in contrast to the use of a con-
stant value of 5% in SEDAR-02.

6.2.2 Length composition

Data on length composition of general recrea-
tional landings were updated for 2002-2003 us-
ing the same methodology as in the benchmark
assessment (Table 13 and Figure 4).



6.3 Headboat fishery

6.3.1 Overview

The headboat fishery comprises larger, for-hire
vessels that generally charge a fee per angler.

6.3.2 Landings

Landings during the assessment period were ini-
tially high, peaking in 1982 at 318 mt (0.70 mil-
lion Ib). Landings then declined and since 1990
have averaged 81 mt (0.18 million 1b).

While preparing data for this assessment, con-
cern was raised over the mixing of sea basses
(principally black and bank sea basses) in the
headboat logbook database. In the years 1978-
1980, there was no separation, but during 1981-
1987 these species were increasingly separated in
the data base.
proportion of black sea bass to total sea bass was
calculated for 1988-1990 (0.9536) and applied to
total (black + bank) sea bass landings for 1978-
1987.

Headboat landings, 2002-2003, were updated
In the SEDAR-02 black sea
bass assessment, a CV of 5% was assumed for all
years (1978-2001).
headboat landings retained the assumed CV of
5% for 1988-2003, but doubled this CV to 10%
for 1978-1987 to reflect the correction described
above.

To correct for this mixture, the

for this assessment.

For this update assessment,

6.3.3 Length composition

Data on length composition of headboat landings
were updated for 2002-2003 (Table 14 and Figure
4) using the same methodology as in the SEDAR-
02 benchmark black sea bass assessment.
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6.3.4 Abundance index

An abundance index was developed using data
on CPUE from the headboat sector. Because the
headboat trip data (logbooks) for 1973 were ex-
tremely sparse (10 trips in July and August, and
one corresponding measured fish in the biopro-
file data), this year was not used in developing the
index. To address the mixing of black and bank
sea basses in this context, the same correction de-
scribed in §6.3.2 was applied when computing the
abundance index, 1974-1987.

Only catches in weight (not number of fish)
were available on catch records for 1974-1991. To
avoid converting catches in weight to catches in
numbers, the abundance index is based on weight
directly.

A lognormal GLM (general linear model) ap-
proach was used, and was based on positive trips
only, as in the benchmark assessment. Factors
used in the GLM were year, month, area fished,
and trip type (half- or full-day). The resulting
abundance index Figure 5, Table 15) describes
years 1974-2003 and is expressed in weight per
unit effort (Ib of fish per angler-trip).

7 Fishery-independent survey
data—MARMAP

Fishery-independent data used in this assessment
were provided by the MARMAP program. The
program is funded by NMFS and conducted by
SCDNR.

7.1 Methods, gears, and coverage

Four indices of abundance from MARMAP were
used in the SEDAR-02 black sea bass assessment:
hook & line (1981-1987), blackfish trap (1981-
1987), Florida snapper trap (1981-1987),
chevron trap (1990-2001). For this assessment,

and



the chevron trap index was updated through 2003;
the other three indices were unchanged (all, Figure
5 and Table 15). The index from hook & line gear
is in units of number fish per collection-hour, and
the indices from trap gears are in units of number
fish per trap-hour.

7.2 Length composition

Length compositions of MARMAP chevron-trap
Length
compositions from other MARMAP gears (1981-

samples were updated through 2003.

1987) were left unchanged in this update assess-
ment. Length compositions from MARMAP gears
are shown in Figure 6 and are summarized in Ta-
bles 16 through 19.

8 Stock assessment methods

8.1 Model 1: catch-at-age model

The primary model in this assessment (as in the
preceding benchmark assessment) was a forward-
projecting, statistical catch-at-age model (Quinn
and Deriso 1999). The model was implemented
in the AD Model Builder software (Otter Research
2000) on a microcomputer (code in Appendix E on
page 102). The model is detailed in Table 20. Its
major characteristics can be summarized as fol-
lows:

Natural morality rate The natural mortality rate
was assumed constant over age and time.

Stock dynamics The standard Baranov catch
equation was applied. This assumes exponential
decay in population size due to fishing and natural
mortality processes. The oldest age class allowed
for the accumulation of fish (i.e., a plus group).
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Growth A von Bertalanffy growth model, con-
stant over time, was used, with parameters as de-
scribed in §4.5.

Recruitment A  Beverton-Holt recruitment
model was estimated internally. Estimated an-
nual recruitment was loosely conditioned on that

model.

Biological reference points (benchmarks) In
SEDAR-02 assessment of black sea bass, the quan-
tities Fygy, SSBygy, and MSY were estimated by
the method of Shepherd (1982). In that method,
the point of maximum vyield is identified from
the recruitment curve and parameters describ-
ing growth, natural mortality, fecundity, maturity,
and selectivity. While that method is widely used,
it has the disadvantage that the estimated Fygy
may not always lead to SSByy in recovery simu-
lations.

In this update assessment, Fygy, SSBysy, and
MSY were estimated by age-structured simulation,
rather than by the Shepherd (1982) method. The
new method has the advantage that calculations
closely mimic those used for recovery projections.
Estimates from the two methods are expected to
be similar, but not identical.

As its starting point, the new method uses the
equilibrium population size and age distribution
corresponding to Fygy as estimated by the method
of Shepherd (1982). From that population state,
k = 1000 simulated populations are projected for-
ward for tgm = 200 yr under a trial value of F and
constant selectivity values (described below). In
the simulated populations, recruitment is treated
as a stochastic process with multiplicative lognor-
mal variation around the estimated stock-recruit
curve, as in the assessment model. Multiplicative
recruitment deviations are drawn from a lognor-
mal distribution truncated to two standard devia-



tions, with mean equal to one and variance as esti-
mated by the assessment model. This variance is
derived from the recruitment residuals estimated
for 1978-2000, years not heavily constrained to
the stock-recruit curve. After some time, the sim-
ulated populations reach a moving equilibrium in
age structure, yield, and population size.

Once the moving equilibrium has been
reached, estimates of SFA benchmarks are made
from properties of the k simulated populations.
The sustainable yield for each of the k popula-
tions is computed as the median yield during the
final teq = 100 yr of the simulation. The average
sustainable yield ASY for that trial F is then com-
puted as the median of the k sustainable yields.
The estimate of Fygy is the trial value of F giving
the highest ASY, and the estimate of MSY is that
ASY. The SSB at Fygy is computed as the median
of medians (the same procedure used in comput-
ing ASY), providing the estimate of SSBysy-

In either method, selectivity at age must be
specified, because MSY is conditional on selectiv-
ity pattern. The selectivity pattern used here was
the effort-weighted selectivities at age estimated
for the last three years (2001-2003), a period of
unchanged regulations.

Fishing Five fisheries were modeled individually:
commercial handline, commercial trap, commer-
cial other, recreational headboat, and general rec-
reational (sampled by MRFSS). Separate fishing
mortality rates were estimated for each fishery.

Selectivity functions Rather than estimating in-
dependent selectivity values for each age, selectiv-
ity curves were fit parametrically. This approach
reduces the number of estimated parameters and
imposes structure on the estimates. Selectiv-
ity was modeled using a doubleUlogistic function

(dome-shaped) for MARMAP trap gears, and a lo-
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gistic function for all other gears.

The selectivity parameters were estimated in-
ternally by the assessment model. Selectivity pa-
rameters of the major fisheries (commercial trap,
commercial handline, recreational headboat, and
general recreational) were estimated separately
for three different periods of regulations: 1978-
1982, no size limit; 1983-1998, 8 inch size limit;
and 1999-2003, 10 inch size limit (Table 1). Selec-
tivities of recreational headboat and general recre-
ational were assumed equal. Commercial “other”
(the smallest sector) and the MARMAP gears were
each assumed to have constant selectivity over
time.

Discards Discarded fish are routinely estimated
in the MRFSS and are accounted for in the esti-
mate of total landings. However, no discard infor-
mation from other fisheries was made available by
the Data Workshop (DW). Discards from commer-
cial handline, commercial trap, and headboat fish-
eries were approximated from discard-selectivity
curves estimated across different regulation peri-
ods. In the period prior to regulations, discards
were assumed to be zero. In subsequent peri-
ods, the discard selectivity curve was estimated as
the greater of zero or the difference between cur-
rent selectivity and that in the period immediately
prior. This approach is likely an underestimate of
discards, because it assumes that no discards oc-
curred prior to size regulations, and that discards
only result from changes in the size limit. Any
regulation, such as trap escape vents, that reduce
size-based discards are not specifically modeled.
Discard mortality rates were then estimated by
assuming release mortality rates of 0.15, as spec-
ified by the DW. The product of release mor-
tality, the estimate of fishing mortality rate, and
the estimated discard selectivity curve provided
age-specific instantaneous discard mortality rates



(Quinn and Deriso 1999).

Abundance indices The model was fit to the
five indices of abundance described above: four
fishery-independent indices (hook-and-line, 1981-
1987; blackfish trap, 1981-1987; FL snapper trap,
1981-1987; chevron trap, 1990-2003) and one
fishery-dependent index (headboat, 1974-2003).
The assessment model estimated a catchability co-
efficient for each index.

Initialization The assessment period starts in
1978 when landings data are available on all fish-
eries. However, the assessment model starts in
1967. This initialization period (1967-1977) was
used to define the age structure at the start of
the assessment period, and its duration was set
Re-
cruitment during the initialization period was con-

to the maximum age modeled (11 years).

strained to follow the stock-recruit curve, because
the data provided little information to estimate re-
cruitment. The initial age structure in 1967 was
set to the stable age structure, given the estimated
total mortality rate of that year.

Some preliminary model runs depicted a stock
that was severely depressed (biomass < 5% virgin
biomass) as far back as 1967. Despite substantial
landings in the early 1960’s, the AW did not be-
lieve the stock to be severely depressed in 1967.
Thus, to initialize the assessment model, total
biomass in 1967 relative to unexploited biomass
(B1967/Bp) was treated as a fixed quantity, rather
than estimated. By use of a constraint, the AW
fixed initial relative biomass at Bjgg7/By = 0.75,
as estimated by the age-aggregated production
model (§8.2).

Fitting criterion The fitting criterion was a like-
lihood approach in which observed landings were
fit almost exactly, and the observed length compo-
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sitions and abundance indices were fit to the de-
gree that they are compatible. Landings data and
abundance index data were fit using a lognormal
likelihood, the value of which is inversely related
to the coefficient of variation (CV; Table 15, Table
5). Composition data were fit using a multinomial
likelihood.

The total likelihood also included penalty
terms to discourage large variability in recruit-
ment during the last three assessment years, large
variability in fully selected F during the last five
assessment years, and fully selected F greater
than 5.0 in any year. Relative statistical weighting
of each likelihood component was chosen by the
AW after examining many candidate model runs.
The criteria for choice were a balance of reason-
able fit to all available data and a good degree of
biological realism in estimated population trajec-
tory. The chosen weighting scheme helped define
the base run of the assessment model.

8.1.1 Quality control

The assessment model was repeatedly tested on
simulated data prior to the AW. It accurately es-
timated model parameters, indicating that the
model has been implemented correctly and can
provide an accurate assessment. In addition, com-
puter programs used for benchmark estimation
and projections were reviewed and tested by sev-
eral stock assessment biologists. Computer files
of data input were reviewed for accuracy by par-
ticipants in the AW.

8.1.2 Measures of precision

The simulation procedure used to estimate bench-
marks allows consistency with recovery projec-
tions. In addition, the procedure can provide mea-
sures of precision of most benchmark quantities.
However, the procedure as implemented does not



provide measures of precision of Fygy.

Precision of estimated benchmarks (other than
Fysy) is represented by the 20th and 80th per-
centiles of the 1000 simulations used in the
benchmark estimation procedure. Likewise, pre-
cision of projections is represented by the 20th
and 80th percentiles of the 1000 simulated pro-
jections (§11). These measures of precision re-
flect uncertainty due to stochasticity in recruit-
ment, but not uncertainty in the data or model
structure. Hence, the actual uncertainty of esti-
mated quantities is likely larger than that depicted
by percentiles from the simulations.

8.1.3 Sensitivity analyses

As in the SEDAR-02 assessment, the update as-
sessment applies a 3 x 3 grid of natural mortal-
ity and steepness values surrounding the base run
as the basis for sensitivity runs. The base run
used M = 0.3; sensitivity runs used M = 0.2 or
M = 0.4. The base run estimated steepness (h),
a key parameter of the stock-recruit curve; sensi-
tivity runs fixed steepness at h = 0.4 or h = 0.8.
In addition, one sensitivity run assumed discard
selectivity to be the complement of fishery selec-
tivity, which most likely overestimates discards.
This run is labelled, “extreme discards.”

8.2 Model 2: production model

Though the SW considered production model runs
unnecessary, the AW concluded that such runs
would be useful.

The age-aggregated production model used
the
production model (Schaefer 1954, 1957; Prager
1994).
conditioned on catch, that does not assume equi-

was Graham-Schaefer logistic surplus-

This is a continuous time formulation,

librium conditions. By conditioning on catch, the
landings data are assumed more precise than the
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abundance indices. The model fits more than one
abundance index by assuming they are correlated
measures of stock abundance and that differences
between indices can be considered sampling error.
Abundance indices fit by the production model
were in units of weight per effort (Figure 7).

One form of the production model was fit:
the Schaefer (1954; 1957) model, which assumes
Bysy = 0.5K, where K is the carrying capacity of
the stock (virgin stock size, equivalent to By in the
age-structured model). The Schaefer form is of-
ten used as a default because of its theoretical
simplicity and because it is considered a central
case among possible shapes of production model.
To fit the production models, version 5.08 of the
ASPIC software of Prager (1995) was used.

For use in the production model, the time se-
ries of total landings was extended to include
1950-
1977. Extended commercial landings were ob-

years prior to the assessment period,

tained via the Internet from Fisheries Statistics
of the NOAA Fisheries Service (http://www.st.
nmfs.gov/stl/commercial). Recreational land-
ings during this pre-assessment period were
found to have been considerable. The 1960, 1965,
and 1970 Saltwater Angling Surveys (Clark 1962;
Deuel and Clark 1968; Deuel 1973) indicated rec-
reational landings of 295 mt, 770 mt, and 5600
mt, respectively, by anglers from the South At-
These
estimates are higher than the documented com-

lantic Region (Cape Hatteras to Florida).

mercial landings in those years.

To evaluate effects on the assessment of land-
ings from the pre-assessment period, three appli-
cations of ASPIC were made using the extended
landings for 1950-1977. Because 1950-1977 rec-
reational landings data were not available, each
application of ASPIC assumed a different level of
recreational landings relative to commercial land-
ings during the pre-assessment period (Table 21,


http://www.st.nmfs.gov/st1/commercial
http://www.st.nmfs.gov/st1/commercial

Figure 8). These assumptions were that recrea-
tional landings were equal to commercial landings
(R = C), two times commercial landings (R = 2C),
30).

These levels were used because, during the as-

or three times commercial landings (R =

sessment period, the ratio of recreational landings
to commercial landings ranged from one to three.
The AW recommended that the middle assump-
tion (R = 2C) be considered the base run.

9 Assessment results

9.1 Results of catch-at-age model

9.1.1 Model fit

In general, the model fits the available data well.
Fits to length compositions from fisheries are
close in most years (Figure 9 through Figure 13).
Fits to length compositions from MARMAP are ad-
equate, though not as close as those from fisher-
ies, indicating that the MARMAP length composi-
tions are somewhat incompatible with other data
(Figure 14; Figure 15).

Of the data sources used in this assessment,
observed landings are believed to have the least
sampling error. Consequently, the model was con-
figured to fit observed commercial and recrea-
tional landings closely, and that was achieved (Fig-
ure 16, Figure 17).

Fits to indices of abundance were reasonable.
MARMAP indices based on blackfish trap and
chevron trap samples were fit well, but those from
the FL snapper trap and hook & line were fit less
well due to high annual variability in the data (Fig-
ure 18). The headboat index, a time series with a
pronounced trend, was fit quite well by the model
(Figure 19).
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9.1.2 Selectivity

Commercial gears Estimated selectivities of
commercial gears are presented in Table 22 and
in Figures 20-22. Commercial handline shows full
selectivity by age four, with little change in se-
lectivity across periods of regulation, other than
a decrease in selectivity of age-three fish in the
third period. Selectivity of commercial trap shows
a gradual slope in the earliest period, knife-edge
thereafter, with a shift toward larger fish between
period two and period three. Commercial other
was approximately knife-edge and fully selected
by age four.

Recreational gears For each period of regula-
tion, a single recreational selectivity was applied
to headboat and MRFSS. From the earliest to most
recent period, the recreational selectivity shifts to-
ward older, larger fish (Table 22, Figure 23 ).

9.1.3 Mortality rates

The estimated time series of fishing mortality rate
(F) shows an increasing trend between the early
1980s and recent years (Figure 24, Table 23). Over
the assessment period, F is estimated to have in-
creased from about 0.5/yr to 2.5/yr.

The estimated time series of exploitation rate
(E) depends on the ages used in computation (Fig-
ure 24). For ages that are fully selected (ages 47)
or almost fully selected (ages 3%), the pattern of
E is close to that of F. However, if younger fish
are included (ages 2%), the pattern of E shows a
different trend, decreasing since the mid-1990s.
Exploitation of ages 1* shows little trend across
time, fluctuating around a mean of about 0.23 and
decreasing slightly since the mid-1990s (Table 23).



9.1.4 Abundance and biomass at age

The catch-at-age model provides estimates of
abundance in numbers at age (Table 24) and in
biomass at age (Tables 25 and 26). Numbers and
biomass of younger ages display a general de-
crease until the early 1990s and are relatively sta-
ble since. Abundance of older ages depicts a de-
crease throughout the time series, with marked
truncation of the age structure in recent years.

9.1.5 Total biomass and spawning stock

Total biomass (B) and spawning-stock biomass
(SSB) show similar patterns: relatively stable un-
til the mid-1980s, declines between the mid-1980s
and mid-1990s, and slight increases since then
(Figure 25). By 1995, B had declined to about 45%
of its 1978 value, and SSB had declined to about
48% of its 1978 value.

9.1.6 Stock and recruitment

The estimated stock-recruitment relationship
shows the usual scatter about a fitted Beverton-
Holt recruitment curve (Figure 28). Virgin SSB is
estimated to be about SSBy = 17,739 mt (39.11
million 1b) and SSBygy is estimated to be about
SSBysy = 6812 mt (15.017 million 1b). Virgin re-
cruitment is estimated to be about Ry = 1.523 X
107 fish and recruitment at MSY is estimated to
be about Ry, = 1.209 x 107 fish. These esti-
mates, in conjunction with Figure 26, imply that
during the assessment period, stock and recruit-
ment have been low relative to their potentials.

The estimated time series of recruitment de-
clines during the 1980s (Figure 29). This decline
precedes the decline in estimated SSB. Estimated
recruitment events in 1994-1996 are stronger
than in surrounding years, contributing toward
the slight increase in SSB during the late 1990s
until present.
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9.1.7 Per recruit analyses

Static spawning potential ratio (SPR) shows little
trend over time (Table 23, Figure 26). Static SPR
of each year is computed as spawners per recruit
given that year’s fishery-specific Fs and selectivi-
ties, divided by spawners per recruit that would
be obtained in an unexploited stock. In this form,
SPR ranges between zero and unity and represents
SPR that would be achieved under an equilibrium
age structure at the current F (hence the desig-
nation static). Estimated SPR reached its lowest
value in 1995, and has increased since, but in gen-
eral it fluctuates near a mean value of about 0.25.

Yield per recruit and SSB per recruit were com-
puted as functions of F (Figure 27). These com-
putations applied the average ratios of F among
the five fisheries from the last three years (2001-
2003), along with the most recent selectivity pat-
terns. The yield-per-recruit curve is nearly flat
over the range of Fs estimated to have occurred
during the assessment period. The SSB-per-recruit
curve approaches an asymptote of about 25%,
which is due to the fish reaching maturity before
becoming susceptible to harvest. This asymptote
helps explain why an increase of F over the last
decade does not necessarily translate into a de-
crease of SSB.

Overlaid on these curves are values of Fpax,
F30%, Faox, and Fygy. The value of Fpax = 2.055/yr
was computed as the F that maximizes yield per
recruit; the values of F3g4% = 1.44/yr and F40%% =
0.61/yr were computed as those Fs correspond-
ing to 30% and 40% SSB per recruit, respectively;
and the value of Fygy = 0.429/yr was computed
by simulation as described in §8.1. Mace (1994)
recommended F40% as a proxy benchmark when
Fysy cannot be estimated; however, later studies
have found that F4gy is too high across many life-
history strategies (Williams and Shertzer 2003)



and can lead to undesirably low levels of biomass
and recruitment (Clark 2002). Figure 27 suggests
that a value near Fyey corresponds to Fygy in this
stock, but of course, a proxy is unnecessary here
because Fyy is estimated directly.

9.1.8 Miscellaneous

The model specification in ADMB language is
given in Appendix E on page 102. Raw model out-
put, including all parameter estimates for the base
run, is given in Appendix F on page 127.

9.2 Results of production model

Fits to the age-aggregated production model, un-
C, R = 2C, or R = 3C,
are shown in Appendix G on page 129. Though

der assumptions R =

the model structure is quite different from that of
the catch-at-age model, the qualitative results in
terms of estimated stock status are the same, as
described below.

10 Biological reference points

10.1 Estimation methods

As described in §8.1, biological reference points
were estimated by simulation. This approach is
consistent with simulations used for projections.
Values estimated by simulation were compared
to those estimated by standard analytical meth-
ods, and the values were quite similar. The refer-
ence points estimated were Fygy, Eygy, MSY, and
SSBysy- Based on Fygy, three values of F at opti-
mum yield (OY) were considered: Foy = 65%Fyqy,
Foy = 75%Fysy, and Foy = 85%F,gy. For each, the
corresponding OY was computed using the same
simulation procedure.
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10.2 Results

Estimates of biological reference points are sum-
marized in Table 27. Time series of estimated
SSB, F, and E(17) relative to corresponding MSY
benchmarks are shown in Figure 30. The trajec-
tory of SSB/SSBysy is near 0.5 during the early as-
sessment period, consistent with the substantial
fishery of black sea bass in the 1960s and 1970s.
This trajectory declines during the late 1980s and
early 1990s, and it remains between 0.2 and 0.3
since. The trajectory of F/Fygy is highly variable
but consistently above one, indicating that over-
fishing has occurred throughout the assessment
period. This trajectory shows an increasing trend
over the last two decades. Like F/Fyqy, the tra-
jectory of E/Eygy of ages 17 is consistently above
unity.

Results of the catch-at-age model are com-
pared to those of the base-run production model
in Figure 31. For consistency with the production
model, Figure 31 displays relative biomass from
the catch-at-age model in terms of total biomass,
rather than spawning stock biomass. Both mod-
els depict F > Fygy and B < Bygy throughout the
assessment period.

10.3 Status indicators

10.3.1 Definitions

The maximum fishing mortality threshold (MFMT)
was taken to be Fygy, and the minimum stock size
threshold (MSST) was taken to be (1 — M)SSBysy
(Restrepo et al. 1998). Overfishing is defined by
F > MFMT and overfished by SSB < MSST. Current
status of the fishery is estimated to be that of the
latest assessment year, and current status of the
stock is estimated to be that at the beginning of
2004.



10.3.2 Status of stock and fishery

At the beginning of 2004, the status of the
stock is estimated as SSB5g4/SSBysy = 0.273 and
SSByoa/MSST = 0.390. The status of the fish-
ery is estimated to be Fyyy3/Fysy = 6.151 and
E>p03/Ensy = 1.617 (Table 27). Thus the stock is
estimated to be overfished and to be undergoing
overfishing.

10.3.3 Sensitivity analyses

Sensitivity analyses (described in §2.5.4) included
nine model runs in addition to the base run. All
ten of the model runs estimate that the stock is
undergoing overfishing, and nine estimate that
the stock is overfished (Table 28). Though quan-
titative results may differ among model runs, the
qualitative results appear to be robust: the stock
is overfished and is undergoing overfishing.

11 Projections (rebuilding analyses)

11.1 Projection methods

Because the stock was estimated to be below
MSST, recovery projections were made. The struc-
ture of the projection model was the same as
that of the assessment model, and parameter esti-
mates were those from the assessment’s base run.
Time-varying parameters, such as the female ma-
turity schedule and fishery selectivity curves, were
the most recent values used during the assess-
ment period.

11.1.1 Initialization

The recovery period starts in 2007. Because the
assessment period ended in 2003, projections re-
quired a three-year initialization period (2004-
2006). The initial abundance at age in 2004, other
than age 0s, was taken to be the 2003 estimate
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of abundance at age, discounted by natural and
fishing mortalities. The initial abundance of age
0s was computed using a stochastic recruitment
model (described below) and based on the 2003
estimate of SSB. The fishing mortality rates in the
initialization period were estimated to be those
that maintain current landings. Current landings
were defined as the arithmetic mean of observed
landings in the last three assessment years, 2001-
2003.

To incorporate fishery-specific selectivities, the
projected total F was distributed among fisher-
ies in proportion to current effort. Current effort
by fishery was estimated as the geometric mean
of the estimated fishery-specific Fs during 2001-
2003.

11.1.2 Stochasticity

Projections used a bootstrap procedure to gen-
erate stochasticity in the stock-recruit relation-
ship. The Beverton-Holt model fit by the assess-
ment was used to compute expected annual re-
cruitment values (R,). Variability was added to
the expected values by choosing multiplicative de-
viations at random from a lognormal distribution,

Ry = R, exp(yy). (3)
Here y, was drawn from a normal distribution
with mean 0 and standard deviation 0.28, the
value estimated by the assessment for years with-
out heavy constraint on the stock-recruit curve
(1978-2000).
two standard deviations, which includes 95% of all

The distribution was truncated at

possible values, but excludes extreme recruitment
events from the tails of the distribution.

The bootstrap procedure generated 1000 repli-
cate projections, each with a different stream of
stochastic recruitments. Annual estimates of SSB,
F, recruitment, and landings were represented by



median values computed across bootstrap repli-
cates. The stock was considered to be rebuilt
when the projected median SSB reached SSBygy =

6811.641 mt (15.017 million 1b).

11.1.3 Projections with F =0

The time frame for rebuilding was based on
projections with fishing mortality equal to zero.
Those projections estimated that the stock can
be rebuilt within 10 years (Table 29, Figure 32).
Thus, in accordance with the National Standards,
the time frame for rebuilding was set at 10 years.
In projected management scenarios, the criterion
for rebuilding is that SSB has reached SSByy =
6811.641 mt (15.017 million 1b) by the start of
year 2017.

11.2 Management scenarios considered

Projections considered three management scenar-
ios designed to rebuild the stock:

e Scenario 1: Maximum constant fishing mor-
tality rate that allows rebuilding

e Scenario 2: Maximum constant landings rate
that allows rebuilding

e Scenario 3: F = Fygy in the first three
years, followed by maximum constant land-
ings that allow rebuilding, under the con-
straint F,, < Fygy for all y (i.e., in every year)

11.3 Projection results

Under scenario 1, projections estimate that the
stock can rebuild if F remains constant at no
greater than F = 0.29/yr, which is about 68% of
Fysy (Table 30, Figure 33). Landings drop initially
to about 27% of the current level, but rebound
quickly as the stock recovers.

Under scenario 2, projections estimate that the
stock can rebuild if landings remain constant at
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no greater than 526 mt (1.16 million 1b) (Table 31,
Figure 34), a modest reduction from the current
level. However, to sustain 526 mt of landings, the
annual fishing mortality rate exceeds Fygy in four
of the ten rebuilding years.

Under scenario 3, fishing at F = Fygy leads to
landings that increase during the first three years
(2007-2009), from about 38% to 88% of the current
level (Table 32, Figure 35). Starting in 2010, land-
ings must remain constant at no greater than 607
mt (1.34 million lb). Larger constant landings may
still allow the stock to recover by 2017, but would
lead to a violation of the constraint F, < Fygy.

A comparison of management scenarios re-
veals that landings under scenario 1 are initially
below those of scenario 2 and scenario 3, but re-
bound quickly to surpass them within a few years.
By 2016, cumulative landings of scenario 1 are es-
timated to be about 533 mt (1.17 million Ib) higher
than those of scenario 2, and about 391 mt (0.86
million 1b) higher than those of scenario 3.

11.4 Comments on projections

As usual, projections should be interpreted in
light of the model assumptions and key aspects
of the data. Some major considerations are—

¢ Initial abundance at age of the projections
are based on estimates from the assessment.
If those estimates are inaccurate, rebuilding
will likely be affected.

¢ Fisheries are assumed to continue fishing at
their estimated current proportions of total
effort, using their estimated current selectiv-
ity patterns. New management regulations
that alter those proportions or selectivities
would likely affect rebuilding.

¢ In constant-landings scenarios, it is neces-
sary to reduce the fishing mortality rate F



continually as the population increases. This
implies decreasing the annual fishing effort
throughout the recovery period.

e The projections assume no increase in the
proportion of catch that is discarded. As
recovery generally begins with the small-
est size classes, management action may be
needed to meet that assumption.

e The projections assume that the estimated
stock-recruit relationship applies in the fu-
ture and that past residuals represent future
uncertainty in recruitment. The assessment
results suggest that the stock may be charac-
terized by periods of unusually high or low
recruitment, possibly due in part to environ-
mental conditions. If so, rebuilding may be
affected.

12 Recommendations for future
research and assessment

12.1 Progress on previous recommendations

The AW considered existing recommendations for
research and data management and discussed
what progress had been made on these recom-
mendations since the SEDAR-02 assessment work-
shop. Future efforts to address these recommen-
dations were also identified.

The numbered items below are taken verbatim
from the benchmark assessment document:

1. Representative age sampling is needed (pro-
portional); also commercial age sampling.
Response: The MARMAP program will ensure
that all sampled black sea bass are aged,
which will provide age-composition data on
MARMAP samples.

2. Increases in fishery independent sampling.
Response: The MARMAP program is con-
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tinuing to increase sampling at the north-
ern and southern extremes of its range, and
has already extended its range considerably.
For example, sampling stations suggested by
commercial fishermen have been added to
the sampling plan.

. Development of logbook indices is recom-

mended. Response: In response to this
and similar recommendations, the Popula-
tion Dynamics Team at Beaufort has de-
veloped logbook indices for other species;
those indices have been used or considered
in recent SEDAR assessments. The technol-
ogy should be applicable to future assess-
ments of black sea bass.

. Information about fecundity is needed

(batch fecundity and frequency at age
and/or size). Response: MARMAP is cur-
rently conducting a fecundity study, which
should be complete by the next assessment
of black sea bass. In the meantime, spawning
biomass has been used as a widely accepted
proxy for population fecundity.

. Further consideration of implications of

change in sex for fishery management. Re-
sponse: These issues have been considered.
Presently, the assessment uses total mature
biomass, rather than mature biomass of fe-
males only. The AW recommends consider-
able additional research, which will require
added resources to conduct. Funding for a
relevant study is being pursued by investiga-
tors at Virginia Tech.

. Further development of analytical models

to incorporate historical catch information.
Response: The methodological development
has been done, but under the rules of a
SEDAR update assessment, catch data were
not extended back in time longer than the



preceding benchmark assessment. The AW
concluded that historical data (1950-1972)
can and should be used in the next bench-
mark assessment.

7. (Unnumbered in original document.) Fu-
ture research should be conducted to fur-
ther develop age-structured models that
could account for historic landings. Specif-
ically, methods that allow scaling of un-
certainty in landings records over time are
needed. We need to include more historical
records which are more uncertain than cur-
rent records, this may be done by changing
CVs over time as opposed to constant CV for
a data series. Response: The first part of this
recommendation is addressed in the preced-
ing item. The second part was addressed in
this update by incorporating CVs that vary
over time in accordance with our knowledge
of data precision, a process used in SEDAR-
04 and approved at the Scoping Workshop.

12.2 New recommendations

New recommendations for research, data collec-
tion, and assessment procedure were then put
forth. To improve future assessments of black sea
bass, the AW further recommends the following
research, not necessarily in order of importance:

1. Development and implementation of more
extensive methods to estimate bycatch and
discards are required, preferably by age and
size class. This should improve future as-
sessments and help managers better under-
stand the effects of possible management
measures.

2. As representative age-composition data be-
come available, they should be incorporated
into the assessment.
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3. Tagging and genetic studies should be used

to gain information on population structure.
At present, tagging studies by Gary Shepherd
and others have been taking place. Bert Ely
(University of South Carolina) is conducting
a genetics study that could provide useful in-
formation.

. A study is recommended to examine

whether a recruitment index could be de-
rived from such sources as the BridgeNet
sampling program at Beaufort, the SEAMAP
program, or other monitoring programs
(e.g., state or inter-jurisdictional projects).

. A study is recommended to determine

whether the MARMAP gear-standardization
study currently being conducted can be used
to effectively combine trap indices in future
assessments. This standardization would
provide an additional relatively long index
of abundance. The possibility was consid-
ered by the SW and deferred because only
one year of the three-year study had been
completed.

. A study of ghost pots (unrecovered traps)

is recommended. Of interest are estimat-
ing occurrence, configuration, and possible
effects of such gear, both on the fish stock
through unreported mortality and on the
habitat through mechanical damage. The po-
tential for removing traps is also of interest.

. The AW recommends that the next bench-

mark assessment of black sea bass be con-
ducted in five years.

. The AW recommends that the headboat pro-

gram commence collecting depth and more
detailed location information (e.g., GPS or
VMS coordinates) with catch records.



9. To date, SEDAR assessments have computed
MSY-related benchmarks based on existing
selectivity patterns. However, MSY varies
with selectivity. The AW recommends that
in future assessments, possible changes in
selectivity be modeled, to estimate whether
better yield per recruit, and thus increased
sustainable yield, could be attained.
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13 Tables

Table 1. Black sea bass regulatory history®

Date Amendment Details

31 Aug 1983 [FMP] 8" TL minimum size limit and 4" trawl mesh size

12 Jan 1989 1 Prohibit trawls.

1 Jan 1992 4 Prohibit fish traps, entanglement nets, and longline gear within
50 fathoms; black sea bass pot gear and identification require-
ments.

Dec 1998 8 Limited entry program; transferable permits and 225-pound

non-transferable permits.
24 Feb 1999 9 10" TL minimum size limit and 20 fish recreational bag limit;
escape panel in traps.

4 This table is provided for convenience. It should not be considered definitive.

Table 2. Black sea bass length-length and length-weight relationships

Equation Source Units n R?

TL=FL SEDAR-02 DW — — —
(for TIP)

TL = 1.35SL — 10.83 McGovern TL and SL 34,382 0.98
et al. (2002) in mm

W =exp(—16.952 + 2.7941In(TL)) Headboat TL in mm; 107,895 0.90
(1975-2003) W in kg

Note: assessment uses TL in mm.
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Table 3. Black Seabass: Length at age (mid-year)

Age Length (mm) Length (in) CV of length (imm)
0 127.0 5.0 0.088
1 188.7 7.4 0.088
2 241.3 9.5 0.147
3 286.2 11.3 0.155
4 324.4 12.8 0.137
5 356.9 14.1 0.122
6 384.6 15.1 0.107
7 408.3 16.1 0.104
8 428.4 16.9 0.106
9 445.6 17.5 0.106

10 460.2 18.1 0.106
11 472.7 18.6 0.106

Table 4. Maturity and sex ratio of black sea bass.

Proportion of females mature Proportion
Age 1978-1983 1984-1989 1990-2003 male
0 0.000 0.000 0.000 0.000
1 0.473 0.986 0.854 0.101
2 0.905 0.992 0.980 0.237
3 0.990 0.995 0.998 0.462
4 0.999 0.997 1.000 0.703
5 1.000 0.998 1.000 0.868
6 1.000 0.999 1.000 0.948
7 1.000 0.999 1.000 0.980
8 1.000 1.000 1.000 0.993
9 1.000 1.000 1.000 0.997
10 1.000 1.000 1.000 0.999
11 1.000 1.000 1.000 1.000

Note: All males are assumed mature.
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Table 5. Landings of black sea bass (mt) by gear, as used in assessment.

Commercial (mt) Recreational (mt) Total Coefficients of variation
Year Handln Trap Other Hdbt MREFSS Idgs Handln Trap Other Hdbt MRFSS
1973 29.3 369.6 15.5 - - - 0.30 0.30 0.30 - -
1974 41.8 554.3 18.6 - - - 0.30 0.30 0.30 - -
1975 46.8 338.6 10.5 - - - 0.30 0.30 0.30 - -
1976 34.6 152.8 11.5 - - - 0.30 0.30 0.30 - -
1977 29.9 117.1 12.4 - - - 0.30 0.30 0.30 - -
1978 48.3 54.3 12.6 237.5 584.7 937.4 0.30 0.30 0.30 0.1 0.17
1979 65.7 294.2 9.3 259.1 584.7 1213.0 0.30 0.30 0.30 0.1 0.17
1980 50.0 387.9 11.0 280.2 584.7 1313.9 0.30 0.30 0.30 0.1 0.17
1981 74.1 4544 14.5 307.7 362.1 1212.8 0.30 0.30 0.30 0.1 0.22
1982 71.9 344.6 12.0 318.1 795.2 1541.8 0.30 0.30 0.30 0.1 0.16
1983 74.8 210.9 3.9 313.2 432.2 1035.0 0.30 0.30 0.30 0.1 0.19
1984 96.9 176.6 4.3 301.1 1014.5 1593.4 0.30 0.30 0.30 0.1 0.12
1985 79.7 171.8 7.2 257.8 632.5 1149.1 0.275 0.275 0.275 0.1 0.14
1986 82.3 220.1 4.0 246.5 256.3 809.3 0.250 0.250 0.250 0.1 0.14
1987 69.3 176.5 16.2 287.3 492.7 1042.1 0.225 0.225 0.225 0.1 0.12
1988 116.8 223.7 15.1 288.1 721.9 1365.7 0.200 0.200 0.200 0.05 0.28
1989 124.2 226.1 9.2 216.8 554.9 1131.1 0.175 0.175 0.175 0.05 0.14
1990 128.1 298.7 15.2 172.2 256.5 870.7 0.150 0.150 0.150 0.05 0.12
1991 139.1 267.9 49 129.8 409.4 951.2 0.125 0.125 0.125 0.05 0.16
1992 116.5 235.9 7.1 97.9 324.8 782.2 0.100 0.100 0.100 0.05 0.12
1993 95.8 218.2 18.5 64.9 282.5 679.9 0.075 0.075 0.075 0.05 0.16
1994 115.9 225.6 5.6 60.1 350.2 757.3 0.05 0.05 0.05 0.05 0.15
1995 76.2 182.8 4.3 57.9 326.5 647.8 0.05 0.05 0.05 0.05 0.16
1996 78.6 224.2 5.0 66.5 342.8 717.1 0.05 0.05 0.05 0.05 0.17
1997 112.8 242.7 2.7 67.0 288.8 714.0 0.05 0.05 0.05 0.05 0.15
1998 124.4 193.5 2.1 64.6 219.0 603.5 0.05 0.05 0.05 0.05 0.18
1999 110.9 222.8 2.0 88.5 206.6 630.8 0.05 0.05 0.05 0.05 0.26
2000 53.7 188.1 1.3 65.6 214.7 523.4 0.05 0.05 0.05 0.05 0.27
2001 52.1 215.7 2.3 78.0 370.5 718.6 0.05 0.05 0.05 0.05 0.18
2002 49.7 175.1 1.7 55.9 214.9 497.3 0.05 0.05 0.05 0.05 0.22
2003 49.0 189.8 2.7 60.8 264.6 566.9 0.05 0.05 0.05 0.05 0.19
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Table 6. Landings of black sea bass (klb) by gear.

Commercial (klbs) Recreational (klbs) Total
Year Handln Trap Other Hdbt MREFSS Idgs

1973 64.59 814.83 34.21 - - -
1974 92.21 1221.98 41.02 - - -
1975 103.23 746.52 23.10 - - -
1976 76.34 336.96 25.41 - - -
1977 66.01 258.20 27.29 - - -
1978 106.54 119.67 27.76 523.53 1289.03 2066.53
1979 144.81 648.54 20.50 571.23 1289.03 2674.11

1980 110.31 855.12 24.28 617.79  1289.03 2896.52
1981 163.26 1001.76 32.02 678.37 798.32 2673.72
1982 158.43 759.79 26.55 701.36  1753.01 3399.14
1983 164.93  464.90 8.65 690.38 952.85 2281.70
1984 213.72 389.32 9.49 663.76 2236.53 3512.81
1985 175.81 378.69 1590 568.36 1394.47 2533.23
1986 181.51  485.14 8.89 543.49 565.08 1784.11
1987 152.85 389.20 35.66 633.32 1086.27 2297.31
1988 257.57  493.24 33.33 635.22 1591.49 3010.86
1989 273.80 498.44 20.23 478.03 1223.23 2493.73

1990 282.43 658.44 33.61 379.57 565.43 1919.48
1991 306.64 590.67 10.82 286.24 902.66 2097.02
1992  256.82 519.97 15.60 215.87 716.15 1724.41
1993 211.14  481.04 40.89 143.02 622.90 1499.00
1994 255,50 497.31 12.38 132.44 771.97 1669.60
1995 168.03  403.08 9.41 127.62 719.89 1428.04
1996 173.25 494.34 11.06 146.54 755.68 1580.87
1997 248.61 535.10 6.01 147.74 636.61 1574.07
1998 274.20 426.49 4.62 142.50 482.76 1330.56
1999 244.59  491.09 441 195.12 455.39 1390.61

2000 118.39 414.66 2.82  144.59 473.42 1153.88
2001 114.93  475.57 5.08 172.02 816.73 1584.33
2002 109.57  386.03 3.75 123.27 473.77 1096.38
2003 108.03  418.43 5.95 134.11 583.34 1249.86
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Table 7. Landings of black sea bass (mt) by state

Commercial Recreational (headboat) Recreational (MRFSS)

Year NC SC GA/FL NC SC  GA/NFL SEFL NC SC GA FL

1974  495.88 60.92 57.91 — — — — — — — —
1975 278.07 66.48 51.37 — — — — — — — —
1976 116.41 40.59  42.00 — — — — — — — —
1977 116.63 7.53 35.28 — — — — — — — —
1978 51.59 25.23 38.38 46.69 119.00 82.88 0.46 204.20 123.70 30.80 226.00
1979 237.86 100.01 31.29 49.59 15531 61.20 5.62  204.20 123.70 30.80 226.00

1980 322.74 96.86 29.33 3735 194.80 59.78 1.94 204.20 123.70 30.80 226.00
1981 230.57 283.22 29.17 58.10 188.10 74.51 1.91 202.24 114.23 4.93 40.72
1982 161.35 232.12 35.07  55.83 171.89 105.65 0.74 74.69 92.81 139.84 487.82
1983 158.72 105.78 25.11 4496 162.44 120.44 0.52  225.73 58.73 3.34 144.40
1984 169.01 77.53 31.29 43.16 155.36 111.21 4.72  239.29 135.34 10.62  629.23
1985 171.40 64.81 22.51 4150 153.53 72.11 8.48 204.96 172.03 17.23  238.30
1986 179.67 107.22 19.53 32.24 142.56 76.78 3.75 35.00 111.92 25.89 83.51
1987 138.30 101.97 21.79 23.62 165.06 97.49 7.08 200.16 107.37 40.26  144.95
1988  223.53 107.94 24.21 22,59 159.09 100.29 6.16 511.88 82.67 745 119.89
1989 230.41 107.07 21.97 13.71 109.66 80.48 12.98 144.13 238.18 27.55 144.99

1990 251.62 156.27 34.13 20.78 73.56 75.09 2.74  125.36 35.60 20.78 74.74
1991 243.59 146.25 22.09 15.00 75.25 38.41 1.18 63.63 222.84 7.80 115.17
1992 238.84 108.36 12.22  10.73 61.64 24.56 0.99 105.55 99.42 37.33 82.54
1993  239.13 82.51 10.87 12.59 41.21 10.20 0.94 77.34 108.72 43.51 52.96
1994 228.75 107.57 10.77  10.65 40.12 8.72 0.73 63.51 145.16 51.42 90.08
1995 174.33 78.98 10.01 10.47 32.25 14.13 1.05 70.27 161.81 53.57 40.89
1996  239.97 60.30 7.56  20.78 34.47 11.21 0.04 64.48 53.96 78.39 145.94
1997 277.11 75.28 5.82 15.39 39.74 11.47 0.41 74.51 80.39 66.45 67.42
1998 256.46 55.34 8.12 21.01 35.91 7.08 0.97 93.35 59.84 17.45 48.34
1999 247.97 83.76 3.97 29.32 42.05 16.99 0.13 38.41 78.01 4.02 86.13

2000 204.34 37.38 1.35 28.99 27.42 9.85 1.31 83.08 39.02 27.19 65.45
2001  224.25 43.84 2.07  25.30 41.66 9.26 249 114.70 79.40 63.16 113.21
2002 194.02 27.40 5.08 1991 26.93 8.04 1.04 63.25 58.01 11.69 81.99

2003  216.11 19.53 5.86 19.40 29.44 10.56 1.43 89.03 39.58 61.14 74.90
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Table 8. Landings of black sea bass (klb) by state

Commercial Recreational (headboat) Recreational (MRFSS)

Year NC SC  GA/FL NC SC  GA/NFL SEFL NC SC GA FL

1974 1093.23 134.31 127.68 — — — — — — — —
1975 613.05 146.55 113.25 — — — — — — — —
1976 256.64 89.48 92.58 — — — — — — — —
1977 257.13 16.59 77.78 — — — — — — — —
1978 113.74 55.62 84.61 102.94 262.36 182.71 1.01 450.18 272.71 67.90 498.24
1979 524.40 220.47 68.98 109.33 34241 13491 12.38 450.18 272.71 67.90 498.24

1980 711.53  213.53 64.65 82.34 429.46 131.79 4.27 450.18 272.71 67.90 498.24
1981 508.33  624.39 64.32 128.09 414.70 164.26 4.21 445.86 251.83 10.87 89.76
1982 355.72  511.75 7731 123.08 378.95 232.92 1.63 164.66 204.62 308.29 1075.46
1983 349.91 233.20 55.37 99.12  358.13 265.52 1.15 497.64 129.49 7.37 318.36
1984 372.60 170.93 69.00 95.15  342.52 245.17 10.40 527.54 298.38 23.42 1387.21
1985 377.88 142.89 49.63 91.50 338.47 158.98 18.71 451.87 379.25 38.00 525.37
1986 396.11  236.39 43.05 71.08 314.29 169.27 8.27 77.15  246.75 57.08 184.10
1987 304.89 224.80 48.03 52.07 363.90 214.94 15.61 441.27 236.70 88.75 319.56
1988 492.81 237.97 53.37 49.81 350.73 221.11 13.58 1128.50 182.26 16.43 264.32
1989 507.98  236.06 48.44 30.22  241.76 177.44  28.61 317.76  525.09 60.74 319.66

1990 554.72  344.53 75.23 45.81 162.16 165.55 6.05 276.37 78.49 45.80 164.77
1991 537.03 32242 48.69 33.07  165.90 84.67 2.59 140.28  491.28 17.20 253.90
1992 526.55 238.90 26.94 23.66 135.89 54.15 2.17 232.70  219.19 82.30 181.97
1993 527.19 181.91 23.96 27.75 90.86 22.50 2.07 170.52  239.69 95.93 116.77
1994 504.32 237.15 23.74 23.47 88.45 19.22 1.60 140.01  320.02 113.36 198.59
1995 384.33 174.11 22.08 23.08 71.09 31.15 2.31 154.92 356.73 118.11 90.15
1996 529.05 132.94 16.67 45.82 76.00 24.71 0.09 142.15 11897 172.83 321.74
1997 610.93 165.97 12.82 33.92 87.61 25.30 0.91 164.26 177.22 146.51 148.63
1998 565.40 122.00 17.90 46.32 79.16 15.61 2.14 205.80 131.93 38.46 106.57
1999 546.68 184.66 8.75 64.63 92.71 37.46 0.28 84.68 171.99 8.85 189.88

2000 450.49 82.40 2.98 63.91 60.44 21.71 2.88 183.17 86.02 59.95 144.28
2001 494.38 96.65 4.56 55.78 91.84 20.41 5.50 252.87 175.05 139.24 249.58
2002 427.75 60.41 11.20 43.90 59.37 17.72 2.29 139.44 127.88 25.78 180.76
2003 476.44 43.05 12.92 42.76 64.91 23.29 3.14 196.28 87.25 134.78 165.13
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Table 9. Sample sizes of available length-composition data.

MARMAP Commercial Recreational
Hook Blackfish FL snapper Chevron All  Hook Trawl
Year & line trap trap trap trap &line & other Headboat MRFSS
1978 - - - - - - - 2357 -
1979 - - - - - - - 1655 361
1980 - - - - - - - 2420 158
1981 439 1772 1088 - - - - 3035 194
1982 728 1671 2423 - - - - 3686 417
1983 950 3384 1378 - - - - 5734 173
1984 694 2860 1760 - 870 1453 29 6091 285
1985 680 2972 1798 - 654 1124 14 5860 488
1986 411 1719 1444 - 41 1393 968 6551 380
1987 394 1494 932 - 761 1274 34 6443 668
1988 - - - - 1260 981 304 4256 595
1989 - - - - 369 706 15 3836 651
1990 - - - 6771 770 1256 201 6200 417
1991 - - - 4105 1172 1684 157 5381 223
1992 - - - 4667 1482 1450 26 5186 612
1993 - - - 4544 395 1144 783 3941 349
1994 - - - 4772 1019 997 680 4215 323
1995 - - - 4518 218 600 338 3325 314
1996 - - - 3698 213 713 376 3212 315
1997 - - - 4324 935 1009 261 3678 306
1998 - - - 4324 428 1638 54 4365 357
1999 - - - 4779 868 1749 2 4114 419
2000 - - - 4589 448 1083 173 3419 367
2001 - - - 4215 587 1880 417 2983 568
2002 - - - 2798 4265 1578 4 1958 267
2003 - - - 1808 7781 1014 8 2366 744
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Table 10. Length compositions in 10 mm bins—Commercial hook and line

Year N 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290
1984 1453 0 0 0 0 0 0 0 0 1 3 6 10 29 39 51 67 89 66 77 95
1985 1124 0 0 0 0 0 0 0 0 0 2 1 6 18 21 46 43 65 73 73 63
1986 1393 0 0 0 0 0 0 0 0 1 3 6 18 25 45 48 70 65 65 82 86
1987 1274 0 0 0 0 0 0 0 0 1 2 9 13 26 41 52 67 66 86 92 79
1988 981 0 0 0 0 0 0 0 0 0 3 10 14 27 31 47 79 63 63 98 57
1989 706 0 0 0 0 0 0 0 0 1 2 4 9 18 31 41 31 40 41 37 45
1990 1256 0 0 0 0 0 0 0 0 0 0 4 18 34 49 63 74 80 89 108 101
1991 1684 0 0 0 0 0 0 0 0 0 0 6 23 61 94 101 104 118 113 110 103
1992 1450 0 0 0 0 0 0 0 0 0 0 3 12 41 53 77 109 111 105 91 79
1993 1144 0 0 0 0 0 0 0 0 0 0 0 1 9 23 36 49 73 71 81 78
1994 997 0 0 0 0 0 0 0 0 0 0 4 10 18 31 21 35 50 52 40 45
1995 600 0 0 0 0 0 0 0 0 0 0 0 1 1 8 13 18 16 28 27 37
1996 713 0 0 0 0 0 0 0 0 0 1 1 3 6 15 26 29 29 27 35 40
1997 1009 0 0 0 0 0 0 0 0 0 0 0 0 5 18 27 48 57 61 70 68
1998 1638 0 0 0 0 0 0 0 0 0 0 2 3 10 16 30 53 92 104 123 115
1999 1749 0 0 0 0 0 0 0 0 0 0 0 1 4 20 33 66 104 123 117 138
2000 1083 0 0 0 0 0 0 0 0 0 0 0 0 2 1 4 26 64 72 85 88
2001 1880 0 0 0 0 0 0 0 0 0 0 2 0 4 1 11 39 89 95 117 108
2002 1578 0 0 0 0 0 0 0 0 0 0 0 2 11 13 12 38 38 59 65 76
2003 1014 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 18 20 42 50 49
Year 300 310 320 330 340 350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500
1984 100 115 101 74 76 65 71 53 61 42 35 39 27 21 14 3 10 4 4 1 4
1985 65 71 59 50 49 48 61 43 39 55 35 32 29 26 16 12 13 5 3 0 2
1986 79 81 87 75 76 60 64 56 53 51 49 41 30 22 13 13 10 8 5 2 4
1987 69 85 79 59 67 53 44 47 45 30 33 39 24 23 18 6 7 4 4 3 1
1988 48 62 57 49 37 37 32 38 28 25 15 18 12 10 9 4 4 3 0 1 0
1989 50 41 40 38 23 34 33 27 29 19 17 14 9 9 11 5 2 2 0 1 2
1990 92 88 76 76 51 51 30 33 23 19 22 21